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ABSTRACT

In this research an in vitro multiplication protocol for Cannabis sp. was developed for growing and
obtention of new varieties. In stage 1 germination percentage of different landraces was evaluated in
vitro and using peat. In stage 2 germinated achenes were subcultured in peat plus 6-benzyl amino
purine (6-BAP), macro and micronutrients; and in stage 3 the process for in vitro multiplication of
shoots was optimized. Landraces CRNTIO, M.B., and V.P., as well as culture medium GENNBIO were
used. Treatments were evaluated using percentages, and quantitative characters were analysed
among landraces through analysis of variance (ANOVA). The percentage of in vitro germination for
M.B. = 32%, followed by CNRTIO = 16%, and using peat P.V. = 8%, and M.B. = 93.75%. In stage 2 the
number of leaves (mean) was statistically different between P.V. = 14 and M.B. = 10.67; the explant
length (cm), and the number of shoots were similar between P.V. and M.B. In stage 3 significant
differences were obtained for number of shoots or leaves (mean + S.E.) between P.V. = 1.70 + 0.51 and
M.B. = 0.00 * 0.51, also for explant length (mm) between P.V. = 2.00 + 0.57 and M.B. = 0.00 + 0.57;
and in CRNTIO2 was observed callogenesis response in presence of kinetin in the selected medium.
The impact of this approach is the development of an efficient protocol for shoot multiplication, and
regeneration of hemp plantlets to be genetically transformed, and conserved in germplasm banks for
industrial uses in Cotopaxi-Ecuador.

Keywords. landrace; plant growth regulators; achene; mother plant; micropropagation.

Author a: Universidad Técnica de Cotopaxi (UTC), Facultad de Ciencias Agropecuarias y Recursos Naturales
(CAREN), Carrera de Agronomia, Campus Salache Km 7.53 Via Salache, Latacunga, Ecuador.

0. GENNBIO (Breeding_ Genetics_ Biotechnology), Breeding Department, Latacunga, Guayaquil St. and Quijano
y Ordofez, Ecuador.

I INTRODUCTION

In the industry of Cannabis spp. There are many hundreds of psychoactive and non- psychoactive
varieties whose uses are mainly destinated to the medicinal, cultural, and recreational field; the
cannabis industry has high potential of growing due to the increase in number of countries focused in
its medicinal use. The production of Cannabis in the world has increased since 2011 to 2017 to 406.1
tons (1), and it is expected that licit global market change from 7% in 2018 to 44% in 2025, moving 214
billion of dollars (166 licit and 48 illicit) (Ramirez, Naranjo and Torres 2018).

Among the advantages found to make cultivation of these species viable in countries close to the
equator, it is mentioned an adequate legal framework, lower production costs (lighting, labor, inputs),
good productive infrastructure, availability, and a favorable productive fabric (pharmacy and
floriculture). It is important to promote Cannabis industry due to its potential for creation of job, and
export (Ramirez, Naranjo and Torres 2018).

The Cannabis plant has existed for about 10000 years since the discovery of agriculture in the Old
World; it is one of the oldest crops of man, it is a source of hemp fiber, oil, achenes (food seeds),
narcotic properties used in medicine and pharmacology in the treatment of diseases, and accepted in
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many world religions (Schultes et al. 2000). Botanically, the Cannabis is part of the Cannabaceae
family, which contains two genres, Cannabis and Humulus; and three species for the current crop, C.
indica, C. sativa, and C. ruderalis, different by their form of growth, achenes, and mainly by their fiber
(Schultes et al. 2000; Thomas 2012). In recent years, the active principle cannabidiol (CBD), an
indirect antagonist of tetrahydrocannabinol (THC), has received more importance due to its
pharmacological and non-addictive effects.

In Ecuador, given the event of legalization of Cannabis on September 17 in 2019, approved by the
national assembly, there is a legal regulation for medicinal or therapeutic and industrial purposes. The
content must be less than 1% THC and between 10-15% CBD. In addition, there are seven licenses: 1)
Import and commercialization of seeds; 2) Sowing and production of seeds; 3) Cultivation of Cannabis;
4) Cultivation of hemp for industrial use; 5) Processing and production of derivatives; 6) Plant breeding
and/or germplasm banks and research; 7) Acquisition of derivatives and/or biomass or Cannabis
flower (Ministry of Agriculture and Livestock 2020; Changoluisa and Pefafiel 2021).

In this country there are approximately 7.3 million hectares for agricultural production (ESPAC 2019);
approximate extension for permanent and transitory crops and cultivated pastures is 4872049.88 ha,
19% of the national territory (INEC 2016; Morales and Andrade 2023). Therefore, 10000 ha of hemp
cultivation would not affect another productive sector, consolidating the power of cutting-edge
technologies such as in vitro micropropagation of hemp. In Ecuador about 700 companies are
associated with hemp and the use of its derivatives in various products (Salgado 2020); being an
industrial crop, an efficient regeneration protocol is necessary for genetic transformation,
micropropagation and germplasm conservation (Cheng et al. 2016). Therefore, it is described an in
vitro shoot multiplication method using achenes as initial explant.

ll.  MATERIALS AND METHODS

The achenes of Cannabis sp., landraces CRNTIO, M.B. and P.V., were acquired by the company
GENNBIO (Breeding_Genetics_ Biotechnology) through REDES DE LIBERTAD. The experimental
work covered the following stages: introduction and germination (Stage 1), germinated achenes (Stage
2), and in vitro shoot multiplication (Stage 3). In Stage 1, GENNBIO culture medium (Morales and
Andrade 2023; Morales and Chiluisa-Utreras 2022) was used, with 2.5% (p/v) sucrose and 0.05% (p/v)
activated charcoal, pH adjusted to 5.8 and previously autoclaved at 121 °C for 20 minutes; in Stage 2
peat was used plus the addition of 6-benzyl amino purine (6-BAP) (Galan-Avila et al. 2020; Villezcas
2020), macro and micronutrients; and in Stage 3, in vitro shoot multiplication process was optimized
by adding kinetin (KIN) to the treatments (Wang et al. 2009). In all stages, cultures remained in
growth chamber at temperature of 24 + 2 °C, and photoperiod of 16 hours of light and 8 hours of
darkness.

2.1 Introduction and germination (Stage 1)

A disinfection treatment was applied prior to in vitro introduction by soaking the achenes in running
water for 20 minutes (Chaohua et al. 2016), and superficially sterilizing with alcohol 75% (v/v) for 2
minutes and 30 seconds, followed by immersion in sodium hypochlorite (NaClO) 3% (v/v) with a
surfactant agent for 25 minutes (Galan-Avila et al. 2020), and several washes with sterile distilled
water after each disinfectant agent. The disinfection treatment combined investigations with achenes as
initial explant. The variables were germination percentage, and contamination.

In Vitro Multiplication of Hemp (Cannabis sp.) in Cotopaxi-Ecuador
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2.2 Germinated achenes (Stage 2)

Germinated achenes CRNTIO (in vitro), M.B. (in vitro), and P.V. (peat), were subcultured in previously
autoclaved peat, containing 2.0 mg-L* of 6-BAP (Galan-Avila et al. 2020; Villezcas 2020), macro and
micronutrients in sealed plastic vessels to avoid explant dehydration. The variables were number of
leaves, explant length (cm), and number of nodes.

2.3 Invitro shoot multiplication (Stage 3)

Nodal segments of germinated achenes were subcultured in GENNBIO medium with different
concentrations of plant growth regulators (Table 2). The data were arranged in 2 x 2 factorial design,
two varieties, two hormonal treatments, and n replicates; and through analysis of variance (ANOVA)
means were compared using Tukey's test. Additionally, exploratory cultures were carried out with
explants from a mother plant. The variables were number of shoots or leaves, and explant length (mm).
Statistical packages InfoStat 2016, and Minitab 16 were used.

Table 2: Growth regulators applied to nodal segments of germinated achenes

Explant Growth regulators References

Stage 2 explant B B (Galan-Avila et al. 2020;
(M.B.and P.V.) 0.25 mg-L" AIA and 1.0 mg-L* BAP Villezcas 2020)
Stage 2 explant .
(M.B. and P.V) 2.0 mg-L* KIN (Wang et al. 2009)
Mother plant 0.25 mg-L'* AIA and 1.0 mg-L* BAP; gﬁiﬁ;ﬁ‘;};ﬁ ;3\']:;)2:;
(CRNTIO) 2.0 mg-L* KIN » vang
al. 2009)

. RESULTS AND DISCUSSION

The material consisted of achenes product of mass selection process, adapted to the equatorial line. The
method was developed for cultivars of Cannabis sativa L.; landraces are heterozygous populations due
to cross-pollination; and represent an important gene pool in plant breeding programs.

3.1 Introduction and germination (Stage 1)

In this research, an achene is considered germinated (Figure 1), when the radicle exceeds 1 mm in
length outside its cover (Prohens, Soler and Nuez 1999). The use of antibiotics is recommended after
disinfection with alcohol or chlorine (Smith 2000), to avoid contamination once the achenes have
germinated.

3.1.1 Percentage of germination

The highest percentage of in vitro germination (n = 50) was obtained with M.B. = 32%, followed by
CNRTIO = 16%, and in peat with P.V. = 8%. Previous studies with Cannabis mention an in vitro
germination percentage (5%) similar to that obtained with P.V., however, the concentration of
agar-agar and landraces are key factors to increase these percentages and reduce germination time and
emergence of cotyledons (< 7 days), due to the fact that by traditional methods germination and
emergence of cotyledons occurs after the fourth day with imported varieties of hemp (Simbana 2005).
Previously, higher germination percentage was obtained in peat (n = 16) with M.B. = 93.75% (Figure 2).
By using these methods, in vitro and in peat, controlled nutritive microenvironments are generated
(Toannidis, Tomprou, and Mitsis 2022), space is reduced, and times are optimized.

In Vitro Multiplication of Hemp (Cannabis sp.) in Cotopaxi-Ecuador
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Figure 2: Introduction and germination in peat and in vitro physiology of achenes. Source: GENNBIO.

3.2 Germinated achenes (Stage 2)

As the explants developed, those called off type were discarded.

3.2.1 Number of leaves

The number of leaves (mean) was higher in P.V. = 14 (n = 2) compared to M.B. = 10.67 (n = 3);
assuming that the variances are the same, and applying T test for independent samples, these means
are significantly different, with p-value = 0.0099.

3.2.2 Length of explant

While, the explant length (mean) did not present significant differences between P.V. = 11.7 cm and
M.B. = 9.0 cm, with p-value = 0.3067.

3.2.3 Number of nodes

On the other hand, the number of nodes was statistically similar between P.V. = 6.5 and M.B. = 5.0,
with p-value = 0.2048 (Figure 3).

=

o o 23
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Figure 3. Germinated and subcultured achenes in peat inside growth capsule. Source: GENNBIO.
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3.3 In vitro multiplication of shoots (Stage 3)

In vitro shoot multiplication in Cannabis sp. was executed by adding antibiotic solutions to the
protocol, mainly fungicides and bactericides in standardized concentrations during the process.

3.3.1 Number of shoots or leaves

In a completely randomized design (DCA), the landrace*regulator interaction did not present
significant differences, since p-value = 0.2213; therefore, the analysis was continued with the main
effects landrace and regulator, sending the landrace*regulator effect to the error; thus, the number of
shoots or leaves (mean + S.E.) was statistically different between P.V. = 1.70 + 0.51 and M.B. = 0.00 +
0.51, with p-value = 0.0304 (Table 3; Figure 4). In previous studies with Cannabis variety Changtu, it is
mentioned the obtention of 1.83, 2.00, and 1.74 auxiliary shoots using KT in proliferation stage,
fourteen days after subculture (Wang 2009), similar to the number of shoots or leaves obtained in this
research with P.V. using young explants, since they response better to in vitro conditions compared to
differentiated tissues, due to the high rate of mitosis (Zwenger 2014).

Table 3: Number of shoots or leaves in landraces of Cannabis at multiplication stage.

Landrace Mean =+ S.E. n Group
P.V. 1.70 £ 0.51 10 B
M.B. 0.00 + 0.51 10 A

T

Figure 4. Multiplication of shoots using nodal segments of germinated achenes. Source: GENNBIO.

3.3.2 Explant length

In a completely randomized design (CRD), the landrace*regulator interaction did not present
significant differences, since p-value = 0.2213; however, applying Tukey's test, different groups were
observed, being the experimental point P.V.:Cit = 3.20 mm =+ 0.77 the largest explant (Figure 5), which
means that the best result was obtained with application of KIN in P.V.

In Vitro Multiplication of Hemp (Cannabis sp.) in Cotopaxi-Ecuador
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Figure 5: Explant length (mm) in Cannabis landraces with different growth regulators. Distinct letters
form groups with differences in their means according to Tukey's test.

The analysis was continued with the main effects landrace and regulator, sending the
landrace*regulator effect to the error; thus, explant length (mean + S.E.) was statistically different
between P.V. = 2.00 mm + 0.57 and M.B. = 0.00 mm = 0.57, with p-value = 0.0234 (Table 4; Figure 6).
Normality of errors was checked using Ryan-Joiner's test (similar to Shapiro-Wilk), with p-value =

0.061.

Table 4. Explant length (mm) in landraces of Cannabis at multiplication stage.

Landrace Mean + S.E. N Group
P.V. 2.00 £ 0.57 10 B
M.B. 0.00 £ 0.57 10 A

-0
=~

Figure 6: Explant length (mm) in P.V. landrace at multiplication stage in presence of kinetin. Source:

GENNBIO.
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V. CONCLUSIONS

In stage 1, the cannabis landrace with the highest in vitro germination and using peat was M.B. = 32%
and 93.75%, respectively; followed by in vitro germination in CNRTIO = 16%, and P.V = 8%.

In stage 2, the number of leaves (mean) was statistically different between P.V. = 14 and M.B. = 10.67.
The explant length (cm) and the number of nodes were similar between P.V. and M.B.; however, the
latter are essential for shoot multiplication process at industrial scale.

In stage 3, it was significantly demonstrated the highest number of shoots or leaves (mean + S.E.) in
P.V. = 1.70 + 0.51, also the largest explant length in P.V. = 2.00 mm + 0.57 in presence of cytokinin
fourteen days after subculture, respectively. Finally, in CRNTIO2 was observed callogenesis response in
presence of kinetin in the selected culture medium.

The impact of this project is the development of an efficient protocol for shoot multiplication, and
regeneration of hemp plantlets to be genetically transformed, and conserved in germplasm banks for
industrial uses in Cotopaxi-Ecuador.
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l INTRODUCTION

Model selection is a challenging step in statistical modelling. Modelling any data requires charac-
terization of the associated data generating process (DGP). The DGP is unknown and therefore
we face several admissible competing models. Model selection consists on selecting a model,
which mimics such unknown DGP, from a set of admissible models according to a criterion. One

retains the model which makes such criterion optimal, Tibshirani et al. (2015), Ferraty and

London Journal of Research in Science: Natural and Formal

Hall (2015) and Li et al. (2017). There exist various model selection criteria in the literature

when admissible models have fully parametric specification, such as the Wald test, the likelihood

ratio test, the Lagrange multiplier test, the information criteria and so on, see Hamilton (1994),
Greene (2003) and Hooten and Hobbs (2015). The other case, when admissible models contain
simultaneously parametric and nonparametric specifications, seems underdeveloped, Hendry et
al. (2008). Encompassing tests appear to be helpful for the latter situation where an encom-
passing model is intended to account the salient feature of the encompassed model. Therefore,

encompassing test can detect redundant models among the admissible models.
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Encompassing tests are based on two points, that the encompassing model ought to be able
to explain the predictions and to predict some mis-specifications of the encompassed model,
Hendry et al. (2008). We know that there are various considerations and developments of en-
compassing tests, we refer readers to Mizon (1984), Hendry and Richard (1989), Gouriéroux and
Monfort (1995) and Florens et al. (1996). For an overview on the concept of encompassing tests,
see Bontemps and Mizon (2008) and Mizon (2008). Applications of encompassing tests can be
found inside the model selection procedure of general to specific (GETS) modelling developed
by Hendry and Doornik (1994), Hoover and Perez (1999). For application in real data, see Nazir
(2017).

Recently, Bontemps et al. (2008) have developed encompassing tests which cover large set of
methods such as parametric and nonparametric methods. Among their results, encompassing
tests for kernel nonparametric regression method are established. They provide asymptotic nor-
mality of the associated encompassing statistics under the independent and identically distributed
hypothesis (i.i.d). We extend their results by relaxing the independent hypothesis. We then fo-
cus on processes with some dependence structures. This extension lies on the generalization of

encompassing test to dependent processes.

The paper is organized as follows. In section 2, we provide an overview of encompassing test. In
section 3, we study the asymptotic behaviors of the encompassing test associated to the linear

parametric modelling and the kernel nonparametric method. In last section, we conclude.

Il ENCOMPASSING TEST

This section introduces the encompassing test and then builds the corresponding encompassing
hypothesis. So, given two regression models M; and My, we are interested in knowing if the
model M; can account the result of model Ms. In other words, we want to know if M7 encom-
passes My or in a short notation M;EMs. Testing such a hypothesis will be done using the

notion of encompassing test.

Generally speaking, model M; encompasses model My, if the parameter 0, of the latter
model can be expressed in function of the parameter 6,4, of the former model. In other words,
let A(Or,) be the pseudo true value of 64, on M;. In general, the pseudo-true value is defined
as the plim of 6, on M, Bontemps et al. (2008). For more discussion on pseudo-true value
associated with the KLIC!, we refer to Sawa (1978) and Govaerts et al. (1994) among others.
The encompassing statistic is given by the difference between 6 M, and A(é M, ) scaled by a coef-
ficient a,. Specification of the encompassing test will depend on the estimation of the regression

method: parametric or nonparametric methods.
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Let S = (Y, X, Z) be a zero mean random process with valued in RxR4xR? where d, g € N*. For
z € R? and 2 € RY, consider the two models Mj and My as the conditional expectations m(z)

and g(z), respectively. These can be defined as follows:
Mi: m(z)=EY|X=2] and Msz: g(z)=E[Y|Z=2] (2.1)

Moreover, the general unrestricted model is given by r(z,2) = E[Y|X =z, Z = z|.
Following the encompassing test in Bontemps et al. (2008), we are interested in testing the

hypothesis that M; encompasses Mo, and then introducing the null hypothesis:
H:EY|X =2,Z=z2]=EY|X =2z (2.2)

This null states that My is the owner model, and My will be served on validating this state-
ment and is called the rival model. We test this hypothesis H through the following implicit

encompassing hypothesis:
H*:E[EY|X =2|/Z =z =E[Y|Z =z]. (2.3)
The following homoskedasticity condition will be assumed all along this work:
VarlY|X =z, 7 = 2] = o2 (2.4)

Moreover, a necessary condition for the encompassing test relies on the errors of both models
where the intended encompassing model M should have smaller standard error than the en-

compassed model M.

In general, My or M can be estimated using nonparametric or parametric regression method.
We will consider these different situations when the processes (S,), are dependent. We begin
by constructing the encompassing statistic associated to each of these four situations and then

discuss their asymptotic behaviors.

. ASYMPTOTIC BEHAVIOR OF THE ENCOMPASSING STATISTIC

We are interested on the asymptotic behavior of the encompassing statistic associated to the
null hypothesis M1EMy. We can encounter the following four situations: M7 and My are both
estimated parametrically, M; and My are both estimated nonparametrically, M1 is estimated
nonparametrically and My parametrically and M is estimated parametrically and Ms non-
parametrically. We will consider the kernel regression estimate for nonparametric methods and
the linear regression for parametric methods. For both dependent processes, we will study and

establish the asymptotic normality of the corresponding four encompassing tests.

Kullback-Leiber Information Criterion
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Consider a sample S; = (Y;, X;, Z;), i = 1, ..., n, which can be viewed as realization of the random
process S = (Y, X, Z) with valued in RxR?xRY where d,q € N*. We suppose that S;, i = 1,...,n
has a joint density f. Moreover, ¢(.,.), ¢(. | .) and ¢(.) will denote the joint, the conditional
and the marginal densities of the process (Y, Z), respectively. That is, for y € R and z € RY,
©(y,2), ¢(y | z) and ¢(z) correspond to the density of the following processes (Y, Z) at point
(y,2), (Y | Z = z) at point y and Z at point z, respectively. Similarly, h will denote the joint,
the conditional and the marginal densities of the process (Y, X), according to the argument that

it takes.

To get the asymptotic normality of the associated encompassing statistic, we need the following

assumptions from Bosq (1998). The first assumption characterizes the dependence structure.

Assumption 3.1. (S;) is a-mizing with a(n) = O(n™") where p > ”2;;4 for some positive v.

The next assumption collects regularity conditions on the continuity and on the differentiability

of the density functions.

Assumption 3.2. ¢ and gx¢ are Cy 4(b) for some real b where Cy q(b) the space of twice contin-
uously differentiable real valued functions f, defined on R?, such that ||¢||se < b and ||e®||s < b
with ) denotes any partial derivative of order 2 for . Next, Supisil|o(Z1, Zi)||oo < 00 and
last, () E[Y{|Z1 = ] is continuous at z.

The last assumption concerns finiteness of the moments of (Y, Z, ).

Assumption 3.3. ||E[|Y1[*"|Z1 = || < 00; E[|Z1|*"7] < o0 for some positive v;

SuptGNHE[YfYﬂZt =71 =]||oc <00 wherei>0,5>0,i1+j=2.

Throughout this section, we assume the existence of continuous version of the various joint and
marginal density functions and of the three conditional means m, g and r. In addition, the

square integrability will be assumed.

For more precision, N(u,v) will denote the Gaussian distribution with mean p and variance v.
We now consider the first case that is the encompassing test when the two models M7 and My

have parametric specification.
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3.1 Parametric modelling for M1 and M2

Encompassing test for parametric modelling has been developed a lot in the literature. We discuss
briefly one parametric encompassing test where models M; and My have linear parametric
specification. In that case, the two models M; and My are given in relation (3.1) with the

nesting model r:

m(x) = 'z with B = (E[XX']) 'E[XY]
9(2) =~z with v = (E[ZZ')) ' E[ZY] (3.1)

r(z,2) = d'w with o = EWW/ | 'EWY] and W = (X, Z).

We can get the estimates B , ¥ and & of the paramaters 3, v and «, respectively, using the sample

Si = (Y, X, Z;),i=1,...,n. Now, testing M7;E My corresponds to the test of the null hypothesis
‘H where the conditional mean is just the linear projection. Therefore, the encompassing statistic

of the null M1EMs can be written as follows.
06 =4 — (), (3.2)

where 7 (3) is an estimate of the pseudo-true value vz (8) associated with 4 on H;. Remarking
that the pseudo-true value is defined by v1,(8) = (E[ZZ']) "' E[ZX']3, we state in the following

theorem the asymptotic behavior of the encompassing statistic in relation (3.2).

Theorem 3.1. Assume that the relation 2.4 is satisfied. When the sample S; = (Y;, X;, Z;),

t=1,...,n are i.i.d., then under H, we get:
Vnds, — N(0,0%Q) in distribution as n — oo. (3.3)

where Q = Var(Z) 'E[Var(Z | X)|Var(Z)~ L.

For development on this asymptotic behavior of the encompassing statistic, we refer to Gouriéroux
et al. (1983) and Mizon and Richard (1986). For recent discussion on this encompassing test for

fully parametric case, Bontemps et al. (2008) is a good reference.

Development of the parametric encompassing test goes beyond independent processes in the
literature. As encompassing test for dynamic stationary models and time series regressions have
been discussed in Govaerts et al. (1994), Hendry and Nielsen (2006), among others.

Next, we will study the completely nonparametric case.
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3.2 Nonparametric modelling for M1 and M2

We now consider the case where the two models M; and My defined in (2.1) are estimated
using nonparametric techniques. To test the hypothesis " M7 encompasses My ", we build the
corresponding encompassing statistic and establish asymptotic property of such statistic.

Considering the functional estimates m, and g, of the unknown functions m and ¢ in relation

(2.1) respectively, we define the encompassing statistic as follows:

dimg(2) = gn(2) = G(ma)(2), (3.4)

where G(m,,) is an estimate of the pseudo true value G(m) associated with g, on H, which is

defined by G(m) = E[m | Z = 2].

Using the sample S; = (Y;, X;, Z;), i = 1, ..., n, the kernel regression estimates m,, of the function

m, and g, of the function g have the following expressions:

1 —Xi —Z;
@Z?:l K1 (5.21)Y; ) @Z?:l Ko(5.20)Y)
- In\Z) = ,
—X; —7Z;
@ Zy:l Kl(xhln ) @ Z?:l KQ(Zh?.n )

(3.5)

my () =

where hj, and K, j = 1,2 are window widths and kernel densities, respectively. The kernel

densities satisfy

K;(u) >0 and /Kj(u)du =1j=12 (3.6)

We provide in the following, a theorem establishing the asymptotic convergence of the encom-

passing statistic.

Theorem 3.2. Suppose that assumptions 3.1-3.3 hold. Moreover, suppose that relation (3.6) is
satisfied. Then, under H, we get:
. 2 [ K3(u)d
\/nhd om g(2) = N(O, UI(Q()U)U) in  distribution as n — o0. (3.7)
w(z
¢(z) is the marginal density of the Z at z and 0® = VarlY|X =z, 7 = z].

Proof of theorem 3.2 The proof of this theorem will be based on the decomposition of the

expression of the encompassing statistic into two parts as follows:
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nh n Y, — — " m, (2
QH(; Yo Ko (5 Zt) ;Zt K (52 nZt) ()
Z Zt

=./n 2n22t v h2nz Zt)(yt—m(a;t)) (3.8)

han
t

z Z
T y/nhg, z zt y Zt) (m(x1) = ma(z))
= (Ch + Cs.

The first part C7 coincides to the kernel regression of the residuals ¢, = Y; — m(z;) onto Z;.
When assumptions 3.1-3.3 hold, then under H, we achieved the convergence in distribution of
the first part to a normal distribution using Rhomari’s result in Bosq (1998). The second part
Cs reflects the limit in probability of the supremum of the difference my,(z;) — m(z;) at 2; € R?
scaled by m and its convergence can be derived from the rate of covergence of the uniform

convergence of the estimate m,,(x;) which has been provided by Bosq (1998).

3.3 Parametric modelling M1 vs nonparametric modelling M2

We consider the case that model M is a linear parametric model and Mo is estimated by kernel
nonparametric technique. Therefore, the hypothesis H will have linear parametric specification.

The encompassing statistic associated to the null M{EMs can be written as follows:

0p.9(2) = gn(2) = GL(B)(2), (3.9)

where G1(8) is an estimate of the pseudo-true value G, (3)(z) associated with g, on H, which

is defined by GL(8)(z) = f'E[X | Z = z].

London Journal of Research in Science: Natural and Formal

For the nonparametric specification of Ms, we consider the estimate g,, as the kernel regression
estimate of g given in (2.1). Since the rival model g is estimated using kernel method, the various

assumptions on kernel density and window width will be maintained.

Even the process exhibits some dependences, we can still establish the asymptotic normality of

the encompassing statistic defined in relation (3.9).
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Theorem 3.3. Assume that relation 2.4 and assumptions 8.1-3.8 are satisfied. Then, under H
with linear specification and when the bandwidth heo, satisfy kernel reqularity condition, we get:
A 2 [ K2(u)d
nhi 05 4(z) = N(O, M) in distribution as n — 0. (3.10)
2n"P,9 ‘70(2)
©(2) is the marginal density of the Z at z.

Proof of theorem 3.3 Using similar techniques as previously, we can write the encompassing
statistic as follows:

nh8,85.4(2) = \/nhd, (9n(2) — CL(B)(2)

n K2(z Zt z Zt)

nhgn(z Zt 1K2 z Zt Z z Zt)B/Xt)

t=1 t=1 =1 K Ton

ZZt

- ,/nhgnz Z = zt)(Yt — B'Xy) (3.11)
t= l

" K Z—Zf .
Y ”hgnzz?l(K]Tz_)zt)X{(ﬁﬁ)

t=1 hn

= Dy + Ds.
When assumptions 3.1-3.3 hold, then under H, D; converges in distribution to a normal law
with mean zero and variance % [ K2(u)du, see Bosq (1998). Concerning Do, using central
limit theorem for linear processes in Peligrad and Utev (1997), the normality asymptotic of
the linear process has been established. Therefore, this implies the normality asymptotic of
Vn(p — B) The remaining expression in Do vanishes to zero as n tends to infinity. Thus, Do

converges in distribution to zero. This completes the proof.

3.4 Nonparametric modelling M1 vs parametric modelling M2

We consider the owner model M to be estimated using a nonparametric method and the rival
model M to be a linear parametric method. Therefore, the encompassing statistic associated

to the null M1EM,; is given by:
Omy = = F(ma), (3.12)
where 4(my,) is an estimate of the pseudo-true value (m) associated with 4 on H, which is

defined by v(m) = (E[ZZ']) " E[Zm].

When the estimate of model M is obtained from the kernel regression and the model Mo is

from linear parametric modelling, we summarize the asymptotic results in the following theorem.
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Theorem 3.4. Assume that relation (2.4) is satisfied. When the kernel Ky and the bandwidth

h1n satisfy the usual regularity condition and when we have one of the following points:

Assumption 3.1 holds and the kernel regression estimate m, and the process (Y, Xn)n satisfy
assumptions 3.2 and 3.5.

Then, under ‘H, we get:

Vi~ — N(0,%) in  distribution as n — oo. (3.13)

where ¥ = plimy, ooV ar(y/ndm.)-

Proof of theorem 3.4 We split the encompassing statistic \/ﬁSmW into two parts. The first part
yields Fy = /n(2 3" Z:Z;)7 (2 7, Zi(Yi — m(z;))) which gives the asymptotic normality
of the theorem, Peligrad and Utev (1997).

The second part is Fy = vi(L Y0, Z,2,)7 (L S0, Zi(m(a;) — ma(2:))). Again, we bound
this by taking the supremum with respect to x;. Thus, F5 vanishes to zero from the uniform

convergence of my,(z;), Bosq (1998). This completes the proof of theorem 3.4.

We remark that we should be careful about mutual encompassing of both models which concerns

the bijection of the pseudo true value function G(.).

V. CONCLUSION

We have considered encompassing test for functional parameters. As stated in Hendry et al.
(2008) that the work of Bontemps et al. (2008) is the starting treatment of such type of encom-

passing test based on nonparametric methods. We have extended that work to dependent process.

When using kernel method and linear regression as estimator of conditional expectations, we
have established asymptotic normality of the encompassing test for dependent processes. These

results would be helpfull for analysing non-nested non-parametric and parametric models.

Development of encompassing test to nonparametric methods opens new research direction in
theory as well as in practice. Application of the various results on real data would accelerate

such development.
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ABSTRACT

The consequences of the previously proposed model of accelerated expansion of the Universe based on
the idea of a hypothetical 4-dimensional substance with an inverse population of energy levels are
considered. Based on the data on the time and redshift of the beginning of recombination and the last
scattering, taking into account the dependence of the redshift on time obtained in this model, the age
of the Universe was found, which turned out to be =230 billion years. The dimensions of the Universe,
which is a 4-dimensional spherical layer with a radius of 2400 Gpc, are determined. The dynamics of
black hole mass growth is found to coincide with the observed data on the growth of black hole
masses in elliptical galaxies, where there is no gas, the accretion of which could explain the growth of
their masses. The dynamics of the masses of black holes in the considered model is compared with the
dynamics of the masses in the model based on the standard model. It is shown that the dynamics of
the growth of the energy of baryonic and dark matter coincides in form with the dynamics of the
growth of the masses of black holes. The rate of matter formation is compared with the rate of star
formation. It is concluded that currently dark matter is practically not formed, and it was formed at
the most rapid temps at a redshift of more than two.

AHHOTALNA

Paccmompennt caredecmeus u3 npedaoxceHHol paHee modeau YcKOpeHHO20 pacuiupeHus Bceaennotl,
OCHOBAHHOU Ha npedcmasaeHuss O 2UNOMeMuU4ecKoll 4-mepHoll cybcmaHuuu ¢ UHBepcHoll
3aceneHHOCMbI0 dHepeemuyeckux yposHell. Ha ocHoge 0aHHbIx 0 8pemMeHU U KPACHOM CMewjeHUulU
Hauana pexkomoOuHauuu u nocaedHe20 paccesHus C Ydemom MNoAYHeHHOU 8 OaHHOl modenu
3a8UCUMOCMU KPACHO20 CMeuweHUs om gpemeHu HaildeH so3pacm BceaenHoll, komopbwlil oxasancs
=230 Mmap0 aem. Onpedenenvl pasmepvbt BceaeHHoll, npedcmasasiowell coboil 4-mepHblil
cepuueckuil caoit ¢ paduycom 2400 Ink. HaildeHa OuHamuxka pocma Macc HepHwvlx Oblp,
cosnadarwasn ¢ HabawdaembiMu OAHHLIMU POCMA MACC HePHDBIX Oblp 8 INAUNMUUECKUX 2AN1aKMUKAX,
20e omcymemeyem 2a3, akkpeuus Komopoz2o mozaa 0ul 06ssicHums pocm ux macc. IIposedeno
cpasHeHue OUHAMUKU MACC YepHblx Oblp 8 paccmampueaemoil modeau ¢ OUHAMUKOU macce 8 Modenu,
0CHOBaHHOU Ha cmaHdapmuoill modeau. IlokazaHo, wmo duHamuxka pocma sHepauu 6aApuoHHoll u
memHOlU mamepuu no ¢opme cosnadaem c OUHAMUKOLU pocma macc 4epHwuix Ovip. IIposedero
cpasHeHue ckopocmu opmuposaHus mamepuu co ckopocmuio 38e3doobpasosarusn. CoeaaH 6vl800,
YmMo 8 Hacmosee gpems meMHas Mamepus npakmuyecku He obpasyemcs, a Hauboee 6biIcMPbIMU
memnamu oHa 06pa308bl8aNaCcL NPU KPACHOM cmeujeHuu 6oavule 08YX.

Kntoyesble cnos8a. 4-mepHas cyOcTaHIUA, 4-MepHBbIA cepUUecKUil CJIOoM, KpacHOe CMEIEHHUE,
CBEPXHOBBIE THIIA Ia, KBa3apbl, TraMMa-BCIIJIECKH, 4Y€pHbI€ AbIPDbI, JSJIJIMIITHYECKHE Ta/IaKTHUKU,
6apI/IOHHaﬂ 1 TEMHAasA MaTepud.

Author: ®usnueckuit uactutyT um. I1.H. JlebeneBa PAH, 119991 MockBa, Poccus.
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. BBEOEHWE

B pabGore [1] Ha ocHOBe mpejcTaBJeHUs O THIOTETHYECKOH 4-MEPHOU CyOCTAHIIUU C WHBEPCHOM
3aCeJIEHHOCThI0 DYHEPreTUYECKUX YPOBHEH ObLIa IpeasoKeHa MOJeNIb YCKOPEHHOIO PpacIlIupeHust
BceneHnHo#, KOTOpast ¢ OOJIBIIION TOYHOCTHIO OMUCHIBAET AUarpaMMbl Xab061a 111 CBEPXHOBBIX THIIA [a
[2], kxBazapoB [3] M MCTOYHHUKOB TramMMa-BCILUIECKOB [4]. OHaA Takke MO3BOJIAET OOBACHUTH IOUEMY
mapamerp Xab0s1a, ONpe/ieJIEeHHBIN 0 PEJTUKTOBOMY H3JIYYEHHIO, OTJIMYAETCs OT mmapamerpa Xab0:a,
HaWJIEHHOTO HAa OCHOBE JIECTHHIIBI PACCTOSTHUH [5, 6].

Kak u B [7-10] B paccmaTtpuBaemMoii Mosienu, Hama BeeseHHas 3akyioueHa B 4-MePHOM chepruIecKOM
cj10oe, 0Opa30BaHHOM IIepeJl PACHIUPSIONIAMCS 4-MEPHBIM IapOM, BHYTPH KOTOPOTO HAaXOUTCSA
HUCTOYHUK pacmupeHus. OgHAKO, B OTJIMYUE OT PaboT [7-10], UCTOYHUK paCHIUPEHUs MUMeEeT UHYIO
npupoay u reomerpuio. B [1] mcTouHMK 00yCyIOBJIEH BBIHYKAEHHBIMHU IIEPEXO/IAMU C BEPXHETO HA
HIDKHUHM YPOBHU JHEPTUU 4-MEPHOU TUIOTETUYECKOH CyOCTaHINU, a 4-MePHBIA chepruuecKuil caou
BO3HUKAaeT Ha OIpe/leJIeHHOM STalle pacIlMpeHHs ee IIapoBoH objlacT B pesysbrare (pa3oBOro
repexojia B TBepZl0e cocTossHUEe (MexaHu3M (Pa3oBOro mepexosia He pacCMaTPUBAETCs, IOCKOJIBKY He
BJIMSET Ha pe3yabTaThl paboThl). Kak mokazaHo B [1] TBepablii 4-MepHBIH chepuuecKuil coi
OKa3BbIBAET CWIbHOE BJIMAHHUE HA JUHAMUKY pacliupeHus BcesleHHON B CHJIy CBOEH THTaHTCKOH II0
CPaBHEHUIO ¢ OOBIYHBIMU TBEPBIMU TeJIAMHU YIIPYTOCTBHIO, 00eceunBaloliell pacIpocTpaHeHe B HEM
BOJIH JlehopManuii co CKOPOCTHIO CBeTA.

Takoii cyioi yep:KuBaeT BOHBI JepopMaIiuil BelecTBa 3TOro 10 BO30yKAaeMble B HEM B IIpoIiecce
«OOMOapAMPOBKU» BHYTPEHHEN ITOBEPXHOCTU CJIOS KBAaHTAMHU U3JIy4eHHUs, O0pa3yoIIUMUCA IpU
BBIHYK/IEHHBIX IlepexoJlax C BepXHEero Ha HI)XHUN YPOBHU 3HEPIHUU 4-MePHOU TUIOTETUYEeCKOHU
cyocrannmu. CoOCTBEHHbBIE BOJIHOBbIE (DYHKIIMU, OMUCHIBAIOIIME AedopMaliui BellecTBa CJI0s WJIH,
JPYTUMHM  CJIOBaMH, MOJBbI CJIOA CONOCTABJAIOTCA B 3aBUCHMOCTH OT YHCJIA IIOJIYBOJH,
YKJIQJIBIBAIOIIUXCA B HAIpPaBJIeHUH HOPMaJd K CJIOI0, TEM HJIM WHBIM 3JIEMEHTapHBIM YaCTHI[AM.
TBEpAbIN cheprdecKUil CJION /IS ATUX YACTHUII-BOJIH U 00pa3yeMbIX UMU MaKpPOOO'HEKTOB BBICTYIIAET
KaK BaKyyM, KOTOPBII IPAKTHYECKU HE OKA3bIBAET COMPOTUBJIEHUS UX ABIKEeHUI0. Mo/a, OTBevaroas
MHUHHUMAJIBHOU SHEPTUH, COTIOCTABJISETCS C 3JIEKTPOHOM, ITO3TOMY TOJIIINHA C(HEPUIECKOTO CII0S PaBHA
IIOJIOBUHE KOMIITOHOBCKOHM JIJIMHBI BOJIHBI BJIEKTPOHA M HECOU3MEPHMA Maja II0 CPAaBHEHUIO C €r0
paguycoM U JOCTYIIHBIMU HaM /I HAOJIOJIeHHs KOCMUYEeCKHMU PpacCTOSHUAMU. B cuiay srtoro
4-MepHBbIA chepruyecKui 0N B STHUX K€ MacIITabax MOXKeT pacCMaTPUBAThCA KaK HEOTPAHUYEHHBIH
IUIOCKOTIAPAJUIEIBHBIA  CJIOW  [11, 12], 00pa3oBaHHBIA YIOMSHYTOH TBEPAOHU CcyOCTaHI[MEH, a
IIPOCTPAHCTBO BHYTPHM HEro MOKET paccMaTpUBaThCs KaK 3-MepHOe IIJIOCKOe IIPOCTPAHCTBO.
[ToguepkHEM, YTO Aake Takas rpyboas MOJAe]b MOTEHIHNAJa, y/IeP>KUBAIOIIEr0 BOJHBI B CJIO€, KaK
OecKOHeUHO TJIyOOKasi MOTeHIUaIbHasl Ma, ClIocoOHA KaK MOKa3aHo B [13-15] TOYHO ONMHUCHIBATH KaK
KHHEMAaTHUKY, TaK ¥ JITHAMUKY PeJIATUBUCTCKUX 3(PDEKTOB.

OtMeTuM, YTO JJaHHAS MOJIEJIb He IMPOTHBOPEUYUT Mojienu Bosbmioro B3pbiBa. OT/IMYHE JIUIIL B TOM,
YTO 9JIEKTPOHBI, IPOTOHBI M HEUTPOHBI BO3HUKAIOT B Iporecce 0Opa3oBaHUA 4-MEPHOTO
chepruyecKoro caos Kak MOJBL STOTO CJIOS M ¢ MOMEHTA UX BO3HUKHOBEHUS HAUYMHAETCS NEPBUYHBIN
HyKJIeocuHTe3 [16, 17]. MoMeHT 06pa3oBaHUsA 4-MEPHOTO CHEPUIECKOTO CJI0SI MOKHO pacCMaTPUBATh
KaK MOMeHT 00pa30oBaHUs Halllell BecesleHHOM KaK MPOCTPAHCTBA, 3aTI0OJTHEHHOTO Pa3IMYHBIMU BUIAMU
MaTepHHu.

B [1] 6puT0 mOKAa3aHO, YTO B JJAHHOM MOJieJId BeJIMYMHA 13.8 MJIPJ JIeT XapaKTepusyeT He BO3pacT
BcesneHHOI, a BpeMs pacIpoCTpPaHEHUs CBETA OT TeX FaJaKTHK, YCKOPEHUE yAaJleH!us KOTOPhIX UMeeT
MHUHUMaJIbHOE 3HaueHne. Ha ocHOBe HeZlaBHO 0OHApy»KeHHOU KPUBU3HBI BeesenHoi [18] 6bL1H 1aHbBI
OLIEHKU DPaJifyca 4-MepHOT0 ceprdecKoro cjos U Bo3pacTta BceseHHOH. DTH OLIEHKU HOCAT BechbMa
pUOTU3UTETHHBIN XapakTep. Kak moka3zaHo HUKe HAUTHU 3TH XapaKTEPUCTUKH BceesreHHOM ¢ 60JIbIIei
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TOYHOCTHIO MOXKHO, UCIIOJIb3YA MOIydeHHbIE B [1] GOpPMYyJIBI JIJIs 3aBUCKMOCTH KPACHOTO CMEIEeHUA U
paguyca 4-MepHOTO CGhEepUYEecKOro CJI0osi OT BpeMeHH, MPOIIEAIIero ¢ MOMeHTa 00pa3oBaHUA
BcesieHHOH, KOTOPOE OIpeziesiseTcs 0 MOMEHTY BpEMEHHU U KPAaCHOMY CMeIleHUI0 Hayasia IePBUYHON
peKoMOUHaY ¥ MOMEHTY BpeMeHH! U KPAaCHOMY CMeEIIleHUIO II0CIIeZTHETO PaccessHUA.

. BO3PACT BCEJIEHHOW 1 PAOWYC COEPbI MOCNEOHEFO PACCEAHMSA

3aBUCUMOCTh KPacHOTO CMeIeHUs OT BPEMEHU PpACHPOCTPAHEHUs H3JIyYeHUsA OT HCTOYHUKA B
paccMaTpuBaeMol MozesId onuchiBaeTcs GopMyaoin

Hyg, 1,
z(x):HOtoﬁexp 2—07;)R—°|:x—ln(l+x):| .
0

rae x = (t — t.)/t,; H, — mapamerp Xab0s1a; t — HACTOAIINA MOMEHT BPEMEHH; . — MOMEHT BPEMEHHU, B
KOTOPBIH ITPOUCXOJIUT W3JIydeHHWE HCTOUYHHUKA; t, — MOMEHT BPEMEHH, KOIJla BO3HHUK 4-MEPHBIU
chepHUUecKU# CJI0H, TO ecTh Hallla BceseHnHast; R, — pajguyc 4-MepHOTo chepUIecKoro cJiosi B MOMEHT
€ro BO3HHWKHOBeHus t,; T, = ct,. Bce mapamerpsl, Bxozsmue B GopMysay ompezeseHbl B [1] u3
CpaBHEHUs IOJIyYEeHHBIX 3aBUCUMOCTEH ¢ JuarpaMMaMu Xab0sia JJjis CynepHOBBIX la, KBa3apoB U
ramMma-BcIvieckoB: H, = 67.7 km/c/Muxk; t, = 27.7 mipg jaet; Hyt, = 1.92; R, = 2.24 I'nk; T, = 8.5 I'ik;
Hit,T,/(2nR,) = B/4, tne B = 4.64 [1]. MoMeHT BpeMeHHU f, 3TO MOMEHT, KOTOPBIH HaOJIIOaeTcs B
IIPOIILJIOM W3 HACTOSIIET0 BpeMeHU. Pa3zHOCTh HACTOSIIET0 W HAOJII0ZJaeMOTO MOMEHTOB BpPEMEHU
Oynem o603HaYaTh OYKBOU T.

Kak wm3BecTHO, B Mojiesin Bosbiioro B3pbiBa [16] mpubIU3UTENFHO Uepe3 JBAAIATh MUHYT IIOCJIE
BO3HUKHOBEHUS 4-MEPHOTO ¢(PEPUUECKOTO CJIOA MEPBUYHBIA HYKJIEOCUHTE3 3aBEPIIAETCSA U BEIECTBO
BO BcesleHHOU mpejicTaBiisieT cOO0M MOHU3UPOBAHHYIO 3JIEKTPOH-(POTOH-IIPOTOHHYIO IIA3MYy, OUE€Hb
IJTOTHYIO U TOPSAYYI0. DHEPIHUsA TEIJIOBOTO ABIIKEHUS CTOJIb BEJIMKA, YTO JIIOObIe HEUTPaIbHbIE aTOMBI,
eZBa 00pa30BaBIINCH, ITIOYTH CPA3y PACHaJAIOTCA B COYIAPEHUSIX HA MMPOTOHBI U SJIEKTPOHBI. POTOHBI
B3aMMO/IEHCTBYIOT C MHEPBUYHOU IIJIA3MOM, MU3JIy4yasch NPU YCKOPEHHOM JIBUKEHUM 3apSKEHHBIX
YACTHIl U paccernBasCh HAa HUX.

ITo mMepe paciiupeHusi BeesleHHOM 11a3Ma OCThIBAeT. B Kakoii-To MOMEHT (POTOHBI PACCESIBIINCH B
MOCJIEIHUN pa3, CTAHOBATCS CBOOOJHBIMM W PaBHOMEPHO VCTPEMJIAIOTCA BO BCE CTOPOHBI,
chopMUpOBaB TO, UYTO Ha3bIBAETCSA PEJIMKTOBBIM u3aydeHueM [19]. Takum obpaszom, HabJI0/1aeMoe
CErO/THS  PEJUKTOBOE U3JydeHHe 00pa3oBajioch BO BpeMs Iepexo/ia IepBOHAYaJIbHOMN
BBICOKOTEMIIEPATYPHOU IJIa3MbI B COCTOSTHIE Ta3a HEUTPaIbHBIX YACTHUI[ — AaTOMOB BO/IOPO/Ia U TEJIHA.

O6Jjlacth KOCMOCa, B KOTOPOW 00pa30BajiOCh PEJUKTOBOE HW3JIydeHHEe, Ha3bIBAIOT ITOBEPXHOCTHIO
rocyieTHer0 paccesiHusA [16]. OHA OKpy»KaeT HAC CO BCEX CTOPOH M MOJKeT OBITh IpeJICTaBJIeHa B BUJIE
ceprl paauyca Ry BHyTpu moBepxHOCTH IOCJIe[[HEro paccesHHUs BcesleHHas sABjsAeTcsA IPO3pavyHOM.
[ToBepXHOCTh TOCJIEHETO paccessHUs oOpasoBajiach IMPHU TeMIlepaType IUIa3Mbl OKOJI0 3000 K u
nmpuMepHOM Bo3pacte Bcesennoir 380000 et [20]. KpacHoe cMmemeHuwe s ITIOBEPXHOCTH
HOCJIEZTHETO PAacCesHHsA COCTaBJIAeT Zr ~ 1090 [21]. Ho 70 MoMeHTa mocse/iHero paccessHUsA ObLIa 310Xa
OCTBIBAaHUA IEPBOHAYAJIBHOU IIA3MbI U CJIEAYIOMIAs 3a HeW dmoxa pekoMOuHanuu. Hawano smoxm
PEKOMOUWHAITUHA COOTBETCTBYET 200000 JIET OT t, U Z, = 1400 [22]. YKa3aHHbIE BbIIIIe 3HAUEHUs BpEMEH
ompezieJieHbl B CTAaHZAPTHOM KOCMOJIOTUUYECKON MOiesi. B paccMaTpuBaemMod MOJIe T 3aBUCHUMOCTH
Pa3HOCTHU HACTOSAIIET0 U HAOJII0aeMOr0 MOMEHTOB BPEMEHHU T OT KPACHOTO CMEIIeHUsI, OTIMYAETCS OT
3aBUCUMOCTH B CTaHJApPTHOH MOJEJN U omuckiBaercsa ¢opmysnon (1), puc. 1. BumgHo, yTo mpu
paccMaTpUBAaHUHU MIPOIIECCOB, IIPOTEKABIINX B IMIPOIILIOM, ITPOU3BOHAS
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d _ ¢ x(1+ x)

dz  z(x)1+bx*/4’

rje x = 1/t,, yMeHbIlaeTcsA, TO eCTh BpeMsd 3amessAerca. KpacHOMy CMeIeHUIo Z = Zy COOTBETCTBYeT
MOMeHT Bpemenu Ty = 214.4 MJIpJ JIET, a Z = Z, COOTBETCTBYeT MOMeHT BpemeHnu T, = 221 Mipz Jier.
Cunras, yTo npoMexyTok BpeMenu T, — Ty = 6.65 MJIpA JIeT IPONOPIUOHAIEH IIPOMEXKYTKY BPEMEHU B
craggaptHoii Mmozaenu (3.8 — 2.0):10° = 1.8:10° ner, a T — T,, tne T — Bo3pact BcesieHHOH,
MPOIOPIIMOHAJIEH TIPOMEKYTKY BpeMeHHU 2.0°10° JieT, noaydaeM, uto T — T, = 7.4 mupp jset. Otcioza
HaxozuM Bo3pacT Becenernot T = 221 + 7.4 = 228.4 = 230 MuIp/ J1eT. ITOMY 3HAYEHHUIO, KaK CIIETyeT U3

popmyibl

,]’

150 |

100

MOMEHTOB BpeMeHH, T (MJIPII JIET)
17
—]

PazHocThk HacTosero U HaﬁJHO,HaEMOI‘O

1 2 3
0 1000 2000
KpacHoe cMmeliieHue, z

Puc. 1: 3aBUCHMOCTh PA3HOCTH HACTOSAIIETO M HAOJII0aeMOT0 MOMEHTOB BPEMEHH T OT KPACHOTO
cmerennsa. Touka 1 (z = 1090) OTBeUaeT MOMEHTY BPEMEHH ITOCJIETHETO PACCESTHUA 214.4 MJIP/ JIET
(Touka 1); Touka 2 (z = 1400) OTBeUaeT HAYaJIy STIIOXU PEKOMOMHAIIMY 221 MJIP/ JIeT (Touka 2"); Touka
3 (z = 1850) oTBeyaeT MOMEHTY BO3HUKHOBEHUS 4-MEPHOTO chepUUecKoro cjosi, To ecTb Bo3pacrty
Bcestennoit 228.4 muipp siet (Touka 3.

Z=H, T/t exp T
T T )T 4

oJIydyeHHoOU u3 (1) mpu 3ameHe t, = t,, t — t, = T 1 z = Z, COOTBETCTBYeT KpacHOe cMelleHue Z =~ 1850,
YTO MPOWJLIIOCTPUPOBAHO IpadIKOM Ha pHC. 1.

HaiinenHslii 371ech Bo3pacT BeesreHHON 230 MIp/ J1eT Ha 15% MeHbIIle TIOJIy9eHHOH paHee B [1] o1jeHKH
[0 KpUBU3He mpocTpaHcTBa BcenenHoW. Eciu OTCUMTHIBATH BO3PACT OT MOMEHTA 3apOXKIEHUS
4-MepHoro 1mapa, To T* =T + t, = 258 mipp Jer.
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B [1] mosnyuena ¢opmyna aja paccTosiHUA, KOTOPoe (GOTOHBI MPOXOAAT OT UCTOYHUKA U3IYIEHU /10
TOYKH HAOJIIO/IEHUS B 3aBUCUMOCTH OT BPEMEHH PaCIIPOCTPaHEeHUA (POTOHOB

« ¥ Ht, ct i @ x¢ O
D(x)= ct, 00 In(1+ 1+ 600 =7 = dxg.
(x) ctyQ), exp% 2 Rogcsé- n(l+ x Q?H o ¢

ITO TO3BOJIAET HAUTU paguyc chepbl IMOCTETHETO paccessHUsA. B TaHHOW MOJENH 3TOT pajguyc
HCKPHUBJIEH, TdK KadK COOTBETCTBYIOIIIEEC €My PACCTOAHHE JICXKUT HaA THIIEPIIOBEPXHOCTHU 3-MepHOI71
ceprl. Vicnonb3ysa npusesieHHyI0 GopMyJy, B KOTOpoi mosaraem x = Ty/t,, momaydyaem BeJIMYHHY
pazuyca chepsl IOCJIETHETO PACCETHUS

I 1o ,B , , Ht x' : ,
R, =D(3,[1,)=T,] exp{z[x —1n(1+x)]} l{ﬁﬁj dx' ~5.6x10° T'n.
Il PA3MEPbI BCEJIEHHOV

3Has Bo3pacT BcesleHHOM, MOXKHO ITOJIYYHUTh CBEJEHU 0 ee pa3Mepax. Iloaras B popmyiie s
pazuyca 4-MepHOTO chepUIECKOro CJI0s

R(t)=R, exp{é{t;—t"—ln(nt;% H} )

MOJIy4eHHOH B [1], t — t, = T, Haxoaum paauyc Beesennoit R = R(t, + T) = 2.4°10° 'k, 4TO IPpUMEPHO B
pasa MeHBbIIIE C/IeJITAaHHOH B [1] OlleHKHU

[Tosy4yeHHBIN pe3yabTaT MO3BOJISIET OOBACHUTD, TOYEMY Ja’Ke HA TAKUX OTPOMHBIX PACCTOSTHHUAX KaK
o cambix gasmekux ranaktuk UDFj-39546284 um GN-z11 Mbl BUauM IUTOCKyI0 Bceenmennyro. Kak
IIOKAa3aHO B [1] paccTossHUE JI0 3THUX TaJlaKTUK COCTaBjsgeT npuMepHO D, = 80 I'mk. Iy 00bsACHEHUSA
HaWJIeM OTKJIOHEHHE KacaTeJIbHON K 3-MepHOH cdepe B TOUKe pACIOJIOKeHUs Halled ['aJlakTuKu oT
cdepryecKoil MOBEPXHOCTH B TOUKE PACIIOIOKEHUS HAOII0/IaeMOU raJaKTHKU, KOTOpas yAaieHa Ha
paccrosHue D,. YTojl Mexay HalpaBIeHHAMHU U3 LIeHTpa 3-MepHoOH cdeprl B Hamry 'aakTuky u B
JajeKkylo ralakTuky a = D,/R. OTkIoHeHue KacaTeJbHOH B TOUKe HaOJIIO/IeHUsA OT HMCTOYHMKA
usiydenus 6 = R(1/cosa — 1) = Ra?*/2. Iloacrasnasa cioza a, noitydaem 6/R = (D,/R)?/2 = 0,55°107 <<
Q, trme Q = 0.04 —kpuBu3Ha BceneHHol, HahneHHas B [18]. Takum oOpas3oM, OTKJIOHEHHE OT
3-MepHOU cdepbl HA PACCTOSTHUHU /0 CaMbBIX JAJIEKUX TaJlaKTUK IPHUMEPHO B 73 pa3a MEHbIIE
KPUBHU3HBI BcesleHHOUW, 4YTO BpsAA JIM MOXHO 3aMeTUTh HAa COBPEMEHHOM STale pa3BUTHUA
ACTPOHOMHYECKON U3MepUTEbHON TeXHUKHU. UTOOBI MOKHO OBLIO 3aMeTUTh KPUBU3HY BceesleHHO 1o
Ha0JII0/IEHUAM TaJIaKTHK He0OX0IMMO OOHAPYKMTh raJIaKTHKH ylaJleHHble OT Hamel ['anakThku Ha D,
> R(2Q,)"? = 680 I'nk.

B paccmarpuBaeMoii MoJieJTi MOKHO BBECTU IOHATHE JJIMHBI SKBaTOpa BceseHHOU, TO €CTh JITMHBI
9KBaTOopa 3-MepHOU cdepbl L. = 2nR, xoropass cocraBiseT = 1.5°10* I'mk. Beramesnssa oTHOIIEHHE
Ry/(L./2) = 0.74 BUAMM, 4YTO PEJIMKTOBOE H3JIydeHHEe IPHXOJMT M3 00jacTd, KoTropas OoJblie
MOJIyIIapusi 4-MepHoro Imapa. TakuM o0pa3oM, MOKHO CZeJlaTh BBIBOJ, YTO B paccMaTpHUBAaeMOU
Mozieu 60JIbIasi YacTh BecesleHHOM Mpo3padHa Jjisi PeJIMKTOBOTO U3JIyUEHHUS.

Tak>ke MOKHO TOBOPUTH 06 00beMe BeesreHHOM, V KaK IJIONIAIi THIIEPIIOBEPXHOCTH 3-MEPHOI cdhephl
S;: V=38, = (4/3)m°R3 = 1.7-10" I'nmk®. B cOBOKyNHOCTU C HalJleHHOH B [1] AMHAMUKOHN IIOTHOCTH
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SHEPTHUU B 4-MEPHOM IIIape M BO BcesleHHOU 3TO MO3BOJISIET MPOAHATM3UPOBATh JUHAMUKY ITOJTHON
sHepruu BeceseHHOM.

V.  OMHAMUKA NOSTHOW SHEPT W BCEIEHHOW

3Has Bo3pacT BcesleHHON MO’KHO TeIlepb OIPEIETUTh BO CKOJIBKO pa3 BO3pOCJIa IJIOTHOCTh SHEPTHHU
BHYTPHU 4-MEPHOTO I11apa, K KOTOPOMY IIPUJIETAET 4-MEPHBIN chepruUecKri CJION U, COOTBETCTBEHHO, BO
CKOJIBKO pa3 YMEHBIIWJIACh IUIOTHOCTh SHEPTUH MaTepUH OT MOMeHTa 00pa30BaHUs 4-MEPHOTO
cepuyeckoro cios. Ilopcrasias B moydeHHoe B [1] Beipaskenue p=(t) = ps(t,)(t/t,)’ 3Hauenne t = T +
t,, momydaem ps(T)/p=(t,) = (1 + T/t,) = 3-10%. Bo CTOIBKO e pa3 yMEHbIIUIACH IJIOTHOCTh SHEPIHH
MaTepuH Bo BeesieHHOU pg(t), Tak Kak B JaHHOU Mozesu pg(t) = const/pz(t) [1]. [IoCKOIBKY IIJIOTHOCTH
SHEPrUHd MaTepuu BO BcesleHHON B HACTOAIIMU MOMEHT IIPeZIIOJIaraeTcsi pPaBHOM KPUTHUYECKOU
IJIOTHOCTH U COCTaBJIsIET 5.2:10° I'sB/em3 [23], To B MoMeHT oOpasoBanus Beenennoii pg(t,) = pe(T)(1
+T/t,)P = 0.16 T'aB/cms.

[TosrHAast SHEPTHUA U3JTyUYeHUs BHYTPH 4-MEPHOTO IIapa

x(f)@R(t)‘f‘

T Ok

X(O)= ry @V, ()=

C yuerom Toro, uro ps(t,)(R,)* = E(t,), ps(t) = p=(t,)(t/t,)}, a orHOmenue R(t)/R, MoOxeT ObITH
IIPE/ICTaBJIEHO B BUJIE

Bl4
RO _ ol B0 /(14170

— - =exp (2)
RO 4 tO tO

IOJTHAsl JHEpPrus BHYTPU 4-MEPHOTO Ilapa Bo3pacTaeT Kak E(t) = E(t,)exp[x(t — t,) B moaHOM
COOTBETCTBUHU C UCXOAHBIM B [1] ypaBHenuem dE/dt = k&, rae k = 5.31x107® ¢ — onpegenensas B [1]
BEPOATHOCTh Tepexosia B (POTOHHOE COCTOSTHHE C BEPXHUX DHEPreTUYECKHX YPOBHEH 4-MepHOM
THIIOTETHYECKOI CyOCTAaHITUN Ha HUKEIeKaII[He.

[MTostHAs SHEPTUS MAaTEPUH BO BeesleHHOM MEHSIeTCs B COOTBETCTBUH ¢ (hOPMYJIOi
3

t ,R )y
E@)= r, (V@)= E<r0>—E() ()

rae E(t,) = pe(t,)V(t,) = (4/3)7*(R,)*px(t,) — mosHas sHeprus BeeseHHON B MOMEHT ee obpa3oBaHus. C
yaeroMm (2), u Toro, uto p(t) = pg(t,)(t/t,)”, monygaem

7b/4
X -
E(t)zexpa@it 48 &
EQ) 414

3)

Q|-|-lO:
Q- I IO

I'padpux zaBucumoctu E(t)/E(t,) mpencraBieH Ha puc. 2. BuaHO, YTO CHayasa IOJIHAsS HHEPTHsA
BceneHHO! TMajjaeT MpUMepPHO B 9 pas3, a 3aTeM HAYMHAET PACTH U 4epe3 IPOMEKYTOK BPEMEHH,
paBHBIA BO3pacTy BcesleHHOMH, yBelnuuBaeTcs B 4°10% pa3 10 CpaBHEHHUIO ¢ 9Heprueil BcesleHHON B
MOMEHT ee obpa3oBaHusi. Takum 06pa3oM, MPUXOIUM K BBIBOJY, YTO UMEIOT MECTO KaK ITOTEPH, TaK U
IIPUTOK SHEPTHHU MaTepuu Bo BeeseHHy0. UTOOBI BHISICHUTH COOTHOIIIEHUE MEXK/TY IPUTOKOM SHEPTHHU
U ee TOTEePSIMHU BOCIIOJIb3YEMCS BBIPAKEHHEM I CKOPOCTH H3MEHEHUs] SHEPrHuu BO BcesieHHOM,
KOTOpoe Tostydaetcs auddeperiiupopanueM (3) o BpeMeHHU:
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S

E

t g 1+ (t- 1+ (- 1,48 (4)

C~C:‘

d4E
d

[IpaBasg yacth (4) COCTOMT W3 TMOJOXKUTENbHOU dYacTu 3PE/(4t,) W OTpUIlaTEeJIbHOW YacTh
dE/dt = —(7BE/4t,)[1+(t — t,)/t,]". VI3 moBeneHus rpaduka Ha puc. 2 U u3 Gopmyssl (4) BUTHO, YTO
npu t = t, Mpou3BoHAA oTpuUIaTessbHa. CITyCTs TPOMEKYTOK BpEMEHH, OTCUUTHIBAEMBIA OT MOMEHTA
BpeMeHHu obOpaszoBaHus BceneHHOU t — t, = 4t,/3 = 37 MJIPJ JIET IPOU3BOAHAA OOpaIlaeTcs B HyJIb, a
3aTeM MOHOTOHHO BO3pacTaeT W IIpH t — t, — © CTpEeMUTCA K 3HaueHUIo 3[/4t,. HaunHas ¢ MmoMeHTa
~ 37 MJIP/ JIET MPUTOK HAUWHAET IIPEBBIIIATH IOTEPH.

107

10°

10°

EQ)VE(to)

10!

10"

0 100 200 300

Bpewms ot momeHTa o0pasoBanus Beenennoi (Miipy nier)

Puc. 2: TloBeneHue IIOJIHOW 3Hepruu BcesleHHON BO BpeMeHUM C MOMeEHTa ee OOpa3oBaHMUA.
BeprukaspHas IITpUXOBas IpsAMas COOTBETCTBYeT Bo3pacTy BceesmeHHoW 228 wiIpa  JIerT,
paccuyuTaHHOMY II0 pacCMaTPUBAEMOM MOJIEH.

V.  OMHAMWKA MACC YEPHbIX ObIP

Bo3MorkHOe 00bsICHEHHE TIOTEPh SHEPTUH OCHOBBIBAETCS HA TOM, YTO YaCTh SHEPTUH, ITOCTYTAIOIIENH BO
BcenenHyio u3 4-MepHOro Iapa, morjoinaercs depHbiMu abipamu (YJ) [24]. Uucio KBaHTOB
U3JIyUYeHHUs B 4-MEPHOM IIIape PacTeT SKCIIOHEeHIUAIbHO [1]. Tak Kak «6oMOapAMpPOBKa» BHYTPEHHEN
TPaHUIBI 4-MepPHOTO c¢hepUUecKoro cjosi BHadasle cjabasg W3-32a MayOTO KOJWYECTBA KBAHTOB
U3JIy4eHUs B 4-MEPHOM IIIape, TO IPOIECC MOIJIOMeHus 3Hepruu Y/ mpeBasupyeT HaJ MPOIECCOM
BO30YK/IEHUS MOJ| B 4-MEPHOM c(epruuecKoM cJjioe, 00yCI0BIEHHOM «O0MOapANPOBKOM» BHYTPEHHEHN
TPAHUIBI 4-MEPHOTO C(hEepUUecKOro CJIos KBAaHTAMU U3JIyYeHUs THIIOTETUYECKOH 4-MEPHOU
cyocrannuu. Ilo Mepe 3KCIIOHEHITMAJIBHOTO POCTa YHCJIAa KBAHTOB HU3JIyUYE€HHUS B 4-MEPHOM IIape
yacTtoTa «00MOAp/IUPOBKU» YBEJIMUUBAETCS U MPOIIECCHI POK/IEHUs BJIeMEHTAPHBIX YaCTUIl HAUMHAIOT
MpeBaJINPOBATh HAJT IOTEPSIMH dHepruu B U/I.
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Kak roBopwmsioch BbIIlE, IMpaBas 4YacTh (4) COCTOUT U3 ITOJIOKUTETBHOU M OTPHUIIATETLHOU YaCTeH.
[Tonaras, 4To oTpUIlaTeIbHAA YacTh O0YyC/I0OBIeHA HoryomeHueM sHepruu Y/, u nmoacrasisasa B Hee E
u3 (3) nosyyaeM GopMyIIy JIJIsl CKOPOCTH U3MeHeHUs SHepruu B U/]

ThE(t 8 0 /e 8"
gy _ (O)exp ﬁ%xp b 1% T
dt 4, 49 4 ¢, )]

VHTerpupysa 3TO BBIpa:KEHHE II0 BPEMEHU U BbIAEJAA B HEM JBA CJaraeMbIX, OJHO U3 KOTOPBIX
OTIMCHIBAET DHEPTHIO, KOTOpas morsomaercss Y/l oT MoMeHTa BOBHUKHOBEHUS BcesleHHOW K MOMEHTY
Hayasia ee HaOJO/IeHUd t,, a JPyroe — 3a MPOMEXKYTOK BpeMeHU T =t — t, MEXAY t, 1 HACTOAIINM
MOMEHTOM BpeMeHH t, paBHbIM t, + T (T =t, + T — t,), mosyyaem

EBH (to + T) = EBH (t0)+ EBH Z + EBH |Z+t0
r7e t, ipeficTaBiaeHo BBuse . =t, + T — T:
r N 1+ T/
E,, |Z+to = (7b/4)E(t,)e ™" - :)/to S (X)dx

EBH

= (/) E)e Q" fy () dx

b

(3b/4)x

e
Jon (%)= ey

ITockonbky cooTHolleHue 3Hepruu Y/l u mosiHOU 5Heprum HabromaeMoil BcesleHHON B MOMEHT ee
BO3HUKHOBEHUSI HEU3BECTHO, TO IOJIOXKUM, YTO JI0JIsA SHepruu Epy B MOMEHT oOpa3oBaHus BecesleHHOM
B moJiHOU sHepruu E paBHa u: Egy(t,) = pE(t,), 0 < u< 1. Ecyiu cuurath, uyto yuciao Y/l Bo BeenenHou
3a MPOMEXKYTOK BPpeMEHH T He MeHseTcs, To Jyis U/I, ylaleHHBbIX 110 BpEMEeH! Ha T OT HACTOSIIETO

. M
MOMEHTA BPEMEHH, MacCCa Ka’KA0Uu kil BH ¢ MmomeHTa Ha6JIIO,ZleHI/IH t. BO3pacreT B

EBH |Z+t0/§rE(t0)+ EBH

0 Bl B

L — +(T- t)/1

S (X)dx

1) mE()+ Bl me(7b/a)e 00" () ax

1, U
ot pas.

- 3b/4 1+ T/t

_MBH(
= (

BH

(5)

CoBMecTHO ¢ ¢opmysioit (1), B KOTOPOH X = T/t,, IOJIydaeM IlapaMeTPUYEeCcKyI0 3aBUCHMOCTh (pakTopa
pocra F maccel UJ[ oT KpacHOTO CMeIeHUsT U3JTydeHus 3Be3]] POAUTEIHCKON TaJIaKTUKH, B KOTOPOU
Haxoautcsa AanHass YJI. Otmerum, uto dopmysia (5) cmpaBeaiMBa TOT/Ia, KOTZIA HET aKKPEIUH ras3a Ha
Y/ u cussamst Y/I.

I'paduk 3aBucuMocTH F OT KpAacHOTO CMeIlleHus B JUalla30He 3HAUeHUU O < Z < Z MPH Pa3HbIX
3HAUEHUAX [, N300pa’keH Ha pHUC. 3a. BuaHO, YTO B COBpeMEHHYIO 310Xy (z << 0.1) pocTt macc Y/
He3HAUYUTEIbHBIH. HarmpoTus, mpu 0.1 < Z < 2 TPOUCXOUT UHTEHCUBHBIN pocT Macc Y/ mpakTuyecku
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OJIMHAKOBBIN JIJII BCEX PACCMOTPEHHBIX 3HAUEHUU L. 3aTeM pOCT 3aMeJIseTcs W B JUana30He
3HAUYEeHUU Z > 10 CTAHOBUTCA 3aMETHO pas3jluue pocTa Ipu pa3HbixX u. [Ipu z > 1000 macca Y/ moxer
[perepreBaTh OrPOMHbIE M3MEHEHUS, HAITPUMeEP, IS ( =1/100 B 10° pa3. BuaHO, 4TO B AUana3oHe O <
Z = 1.2 Bo3pacraHue macc Y/l mpoucxoauT B 7 pa3, a B ;Uanas3oHe O < Z = 2 — B 20 pa3, YTO XOPOIIO
COBII3JIaeT C IPEJCTABJIEHHBIMU B [25, 26] maHHBIMU HaOII0eHUHN pocTa Mace Y/l B 3/UIMITHYECKUX
rajakTUKax.

VI, OMHAMMKA MPUTOKA QHEPTI M M CKOPOCTb ®OPMIPOBAHINS
BAPVIOHHOW 1 TEMHOW MATEPUI

107 o

—
=
£

[
>
@

105 -

10" - 10' |

®daxrop pocta maccel YJ1, F
—
<
®daxrop pocra dHepruu marepun, G
—
%

107 T L] | Y N Y1 107 ! I i ] [ R A N
0.1 1 10 100 1000 0.1 1 10 100 1000
Kpachoe cmemenne, z KpacHoe cmenenue, z

Puc. 3. 3aBucumMocTb ¢pakTopa pocra F Macc 4epHBIX JbIP OT KPACHOTO CMEIEHUS U3JTyYeHUs 3Be3]]
rajlakTHK, B KOTOPBIX pacmosokensl Y/ (a); sHeprum matepuu (b). Kpusble,uayiiyue cHU3y BBEpPX,
IIOCTPOEHBI JIJIs1 HAYaIbHBIX J1oJel sHepruu Y/ u maTtepun 1 1 1/100. 3Be3/I0UKH — JIaHHBIE paboT [25,
26].

PaccMOTpUM Tereph AMHAMUKY IPUTOKA sHepruu. O003HAYMM IPUTOK sHepruu kak EX). Tloacrasiss
B IOJIOKUTEJIPHBIN YJIeH paBod yacTu (popmysisl (4) BeipaskeHue (3) mist E(t), mosyyaeM BbIpasKeHUE
U1 mpousBogHon dEW/dt:

de®)  3bE(t,)
de 4¢,

Taxke Kak M B Cjydyae pAacCMOTpeHUA AWHAMUKU sHepruu Y/l mpezcraBumM OTHOIIEHHE IIPUTOKA
SHEPTrUu 3a MEepPHOoJi BPeMeHH OT MOMEHTAa BO3HUKHOBEHWs BceleHHOM K MOMEHTy Havajaa ee
HaOJIoieHus t,, a APyroe — 3a MPOMEKYTOK BpeMeHU T =t — t, MeXAy t, 1 HACTOSIIUM MOMEHTOM
BpeMmenu t, paBubiM t, + T (1 =1t, + T — t.),

T+1, 1+ T/t

. (+) - 3b/4 X (+)
.- E()(t)= E . _ (3b/4)e qm_%f (x) ax

EV) ne(r)+ B neb/a)e oty A0 () dx

M

fy
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rae f(E) = exp(36&/4)/EP4; v — nons sueprun E) B momeHT 06pasoBaHus BceseHHOU B MOJIHON
sueprun E: E®(t,) = vE(t,); 0<v<1, v + u = 1. CoBMecTHO ¢ dopmysoi (1), B KOTOPOH x = T/t,,
[OJTy9aeM ITapaMeTPUUECKYI0 3aBUCUMOCTD (pakTopa pocra G IPUTOKA S3HEPTUU OT KPACHOTO

cMmeleHns1, rpaduKk KOTOPOH mpexacraBiaeH Ha puc. 3b. BujpHo, 9To HWCTOpHA poCTa MPUTOYHOU
cocTaBJAOIIeN dHeprum U noryomaeMor Y/l cxoxu no ¢opme. TO TOBOPUT O KOIBOJIIOIUM ITUX
COCTaBJISIONINX SHEPTUH, UTO COOTBETCTBYET BBIBOZIaM [27].

Munumym dE®/dt Taxxke xak u pynxuuu E(t) peanusyercsa npu t — t, = 4t,/3 =~ 37 MJIPZ JeT OT
obpazoBanusi BcenenHoii. Mcmomwsays dopmyny (1), HaxXoAMM, YTO 3TOMY MOMEHTY BpeMeHH
cootBercTByeT Z = (4/3)H,t.exp(8/3)/(7/3)4#4 ~ 1.93. Kak msBectHo [28], npu TakoM 3HAYEHHH Z
JIOCTUTAEeTCs] MAaKCHMyM CKODOCTH 3Be3/I000pa3oBaHMsA. B CBA3M € 3TUM PacCMOTPUM (QYHKIIHIO
nponoprroHanbHyo Gyakuun [dE®/dt]?, B KoTOpoil pasHOCTh t — t, 3aMeHeHa Ha T:

(6)

B coBokymHocTH ¢ ¢dopmysoH (1) mosyyaeM mapaMeTpPHYECKyI0 3aBUCUMOCTb My OT z. I'padpuk sToit
3aBUCUMOCTH H300paKeH Ha PHUC. 4 CIUVIOMIHON KpuBOoU. Makcumym ¢yHKIuu (6) mpuxoauTcs Ha
munuMyM ¢yuknuu dEW/dt, To ecTh Ha 3HaYEHUE Z = 1.93, @ OTHOILIEHHE MAKCUMAILHOTO 3HAYEHUA K
3HAUEHUI0 Ipu z = 0 cocrasisier (7/3)7?4exp(—f) = 9.4, UTO COBIAZAET C XapaKTEPUCTUKAMU IIHKA
CKOpOCTH 3Be3/1000pa3oBanus [28].

[To mamHBIM paboThl [29] TemMn oOpa3oBaHUsS 3Be3/ NMPHU Z = 1.125 IO MEHbBIIEH Mepe B 4 pasa
MIPEBBINIAET AHAJIOTUYHYI0 BeJUYMHY NOpu Zz = 0.375. [lo mamHbIM pabor [28, 30] ckopocTh
3Be3/1000pa30BaHus MPH Z = 2.75 B TPU Pasa MPEBBIIIAeT COBpeMEHHOEe 3HaUeHre, HO B YeThIpe pasa
HIOKe, yeM 1pu z = 1. E1e B Tpu pa3a HabJro1aemMasi CKOpOCTh 3Be3/1000pa30BaHUsI CHUIKAETCA K Z = 4.
[TocTpoeHHBIH IO 3THM JaHHBIM IpadUK 3aBUCHMOCTH CKOPOCTU 3Be371000pa30BaHHsA OT KPaCHOTO
CMellleHUs1 Hu300pakeH Ha pHC. 4 ITpuxoBoud JuHUed. CiieBa OT MaKCHMyMa CKOPOCTb
3Be3/1000pa30BaHUsA IIPAKTHYECKH COBMAZIaeT CO CKOPOCTHIO (DOPMUPOBAHHs MaTEPUH, a CIIpaBa —
IIPOXOIUT 3HAUMTEIBHO HIKe ee. VIHTerpas oT z =1.3 710 Z = Z cocTaBisieT = 90% OT BCero MHTerpaia
TI0 Z OT Z = O JI0 Z = Z, UTO 3HAUYUTEIbHO 0O0JIbIIE 50%, 4eM IpH 3Be371000pa3oBanmuu [28].
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Puc. 4: 3aBUCUMOCTh CKOPOCTH (DOPMHUPOBAHKSA MAaTEPUH OT KPACHOI'O CMeIleHusl (CIIOIHAS KpUBasi)
U CKOPOCTH 3Be3foo0paszoBaHus (IITpuxoBas KpuBas). TOYKHM MPOCTaBJI€HBI B COOTBETCTBUH C
JlaHHBIMU paboT [28-30].

Ecsm gomyctuth, 4TOo MMeHHO GQYHKIHUA (6) OMUChIBAE€T CKOPOCTh (POPMUPOBAHUA MAaTEPUH, TO MOKHO
IIPEJINOJIOKUTD, UTO paccMaTpuBaeMas QYHKIIHA XapaKTEPU3yeT CKOPOCTh (OPMHUPOBAHUS HE TOJIBKO
0apHOHHOH MaTepuH, U3 10% YacTH KOTOPOU COCTOSIT 3Be3/Ibl, HO U CKOPOCTh (DOPMHUPOBAHHUSA
XOJIOTHOM TEMHON MaTepwu. JTO MPEAIOOoKeHHe TpeOyeT J0Ka3aTeIbCTBA, KOTOPOE BBIXOAUT 3a
PaMKU JaHHOU paOOTHI.

VII.  OBCYXOEHWME PE3YJIBTATOB

Kak oTrmeuanoch B [1] orleHeHHBIN B Hell Bo3pacT BcesleHHOU B 270 MUIPA JIET W ONpPEEIEHHBIA B
JlaHHOW paboTe U paBHBIM 230 MJIpZ, JIeT COIJVIACyeTCs C JAHHBIMU HaOJIOJeHUH, B KOTOPBIX
OOHApy:KEHO, YTO POXK/IeHUEe MaJOMEeTAJJINYHBIX 3BE37] U Ja)Ke IeJIbIX TaJIAKTUK IPOUCXOJUT BO
BceneHHO# BO BCE BpeMs €€ KU3HU, CM., Hanpumep, [31]. B [32] roBopuTcs, 4To HA OCHOBAaHUU 3TUX
JIAaHHBIX BO3HUKJIO MHEHHE, UYTO Ha JIAHHOM 3Talle yTBEPKAATh UTO-JIM00 0 Bo3pacre BceseHHON HeT
HUKAKUX OCHOBAaHHUU. Bojiee TOro BBICKA3bIBAJIACh MBICJb O TOM, UTO HAOJIIOJIEHUS TOCTEIHUX JIET,
CBU/IETEIbCTBYIOIIME O IPOAOJDKAIOIIEMCS 3apOXKAEHUM 3BE3/] U TaJIAKTUK, JAIOT OCHOBAaHUE JIJIsS
YTBEP)K/IEHUS O BEYHOM CYIeCTBOBAaHMHU BcenenHoil. PaccmaTpmBaemas MoOAes b He JlaeT TOBOJA
corjlamaTbes ¢ TaKUM IpefnoJiokeHueM. [losydeHHBIN B Hell Bo3pacT BceseHHOU =230 MiIpZ, JeT
X0TA Oosiee yeM B 16 pa3 OoJbllle IPUHATON B CTAHJIAPTHOU KOCMOJIOTHU OLIEHKH = 14 MJIPZ, JIET, HO
KOHEYEeH.

Onenka B [1] paguyca Bcenennoil, ucxopamaa us ycnosusa 6/D, = D,/(2R) < 0.1Q, gana ana R
3HaueHue ~10* I'mk, a misa Bodpacra Beenennoit 270 muipp jet. Eciu ucxoauts us yeiaoBus 6/R =
(Dg/R)*/2 < 0.1, TOo momyuyaeM R = 900 I'mk, a BospacT BcejeHHOH NIpu TakOM 3HadeHHMH R
COCTaBJIsIeT =~ 200 MiIpA JeT. Takum o0pa3oM, IMOJIydyeHHas Ha OCHOBE JAHHBIX O PEIUKTOBOM
U3JIyUeHUU U JAHHBIX O NEPBUYHON pekoMOuHaIruu paauyc Beemennoit R = 2,4-10° I'nk 3axioueH
MeX/y 3HaueHUuAMU 900 u 10* I'K, moJIydeHHBIMH Ha OCHOBE JIAaHHBIX O KPHUBU3HE IIPOCTPAHCTBA
BcesienHol, a Bo3pact Beesennoii T = 230 MiIpz jieT — MeX/y 3HAaUeHUAMHU 200 U 270 MJIPJ, JIET, UTO
YBEJIMYUBAET JJOCTOBEPHOCTh Hal/IEHHBIX B JaHHOU pabote 3HaueHuii R u T. OtHommenue R/R, = 1000,
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TO €cThb II0 CPaBHEHUIO C COBpPeMeHHOHW BcesieHHON mepBoHavasbHAsA BceesleHHas B MOMEHT
BO3HUKHOBEHHUS IIPEJICTABJISETCS TOYKOU, UTO COTJIACYETCS C IPEACTABJIEHHUSMU TEOPUH BOJIBIIOTO
B3pbIBa.

W3 pesysbTaTOB aHAIW3a AUHAMUKUA IIOJHON 3Hepruu BceeneHHOW u pocra macc YJ[ MoxKHO
3aKJIIOYUTh, UTO yTBep:KAeHHe 00 obpazoBanmu dvactu YJI cpady mpu poxkzaeHuw BceneHHOU He
IIPOTHBOPEYUT PACCMATPUBAEMOUM MOJEIU M SHEPTUs 3aKJIIOUEHHAs B HUX COCTABJIsIET HEKOTOPYIO
JIOJTIO [ OT TIOJTHOM HavyaJbHOU 3Hepruu Bcenennon. OxHako u3 rpaduKoB HA PUC. 3a BUJTHO, UTO JJIA
omnpeziesieHus u motpedyroTes Habmoaenus Y/1 npu z > 10.

UccnemoBanusa auHamMuku Macc YJI[, obcy:xmaemble B 0030pe [33], a Takke wuccaeqOBaHUS,
IIpOBe/IEHHbIE, HANIPUMeEpP, B [27], IOKa3bIBAIOT, YTO B 00IIEM ciy4yae, u3MeHeHue Macchl YJ/[ BO
BpeMeHHN 3aBucut ot mozaenu YJI. McciemoBaHue, NMpPOBEAEHHOE B JJAHHOUW paboTe, MPUBOAUT K
3aKJIIOYEHHI0, YTO AUHaMuKa Macc Y]l He 3aBucuT oT Mozenu Y/I, a 3aBUCUT B MpeHEOpEIKEHNN UX
CIUSTHUEM W aKKpeIlMeHd raza Ha HUX TOJIBKO OT JUHAMHKU DHEPTUU U3JIYYEHUsS B 4-MEPHOM IIape U
JTUHAMUKHA paciupeHusi BcenmenHoil. B amanasoHe 3HaueHHMH O < z < 10 AumHaM#uika macc Y/
MMPaKTUYECKU He 3aBUCUT OT JIOJIU SHEPTHH, 3aKJIIOUEHHOU B HUX IIPU POXKJIEHUH BceesleHHOM.

CpaBHeHue amHamMuku YJ[, paccMOTpeHHOW B JaHHOW paboTe, C pe3ysjbTaTaMU HCCJIeTOBAaHUN
nauHaMUKH /1, TOIydeHHBIX B IPYTHX pab0Tax, MMOKa3bIBaEeT, UTO B HEKOTOPBIX IMAMla30HaX 3HAUEHU N
Z WMeeTCcsl JIOCTaTOYHO YJOBJIETBOPUTENIBHON coBmazieHuwe. Tak, B [34] mnpeanaraercs
oJIHOTIapaMeTpuueckuii poct macc Y/l B TepMmHax macmrTabHOro ko3dUIMeHTa CTaHIAPTHOU
KocMoJtoruueckoit mogenu a, M(a) = M(a;)(a/a), rae a; - maciuraGHbIA K03(pGUIUEHT, IIPU KOTOPOM
OOBEKT CTAHOBUTCSA KOCMOJIOTMUECKH CBA3AaHHBIM, d > a; Tak kKak a/a; = (1+2)5, roe k - cuna
KOCMOJIOTUUECKOM CBsA3H, TO dakTop pocra macesl U]l F, = (1 + z)*. B [25] Ha ocHOBaHMM HAGJII0A€HUI

k= 311"
Y/l B S/UIMOTHYECKUX TaJaKTHKAX HaW[EHO, UYTO LB (ki = 1.78; k. = 4.3). Ecoin Obl
KOCMOJIOTHYECKasi CBSI3b OTCYTCTBOBAJIA, TO k = O.

Ha puc. 5 npencrasyiens rpadpuku ¢pakropa pocra Macc Y/l paccuuTaHHbIE KaK IO pacCMaTpUBAaeMOU
Mozenu i 1 = 1 (kpuBas 1) 1 u = 1/100 (kpuBas 2) Tak u pakTopoB pocta Mmacc Y/l B mosenu [34],
paccuuTaHHbIE IIPU Pa3HBIX 3HAUYEeHUsX k. BuaHo, uTo dakTop F, pacCYUTAaHHBIHN 10 pacCMaTPHUBAEMOI
MOJIEJTN MTPAKTUYECKU COBIAJIaeT B 00JIaCTH 3HAYEHHH 1 < Z < 4.5 C KPUBOH, paCCUUTAaHHOU /i1 F, Ipu
k =2.96 (kpuBasa 3). I[Ipu k = 3.11 (kpuBas 4) UMelTCS CyIIeCTBeHHbIe OT/INYMs. [IoKa3aHbI TaKKe
KpuBble s F, mpu k,, (kpuBasg 5) u npu k., (kpuBas 6). BumgHo, 4TO KpHBBIE 1 H 2,
WUTIOCTPUPYIOIKE TOoBeneHne dakropa F 1o paccMaTpuBaeMOW MOJIEJIM B JHAlla30HE 3HAUYEHUH
1 < z < 8 JIeskaT MeXK/y STUMU IIPeieIbHPIMU KPUBBIMU, HO TIPH Z, BBIXOZAIIEM 3a IIPE/IesIbl IMara30Ha
1< 7 < 4.5, 3BHAUYUTEJIbHO OTJIMYAIOTCS OT KPUBOH 3, pacCUMTaHHOU Ui k = 2.96. [Ipu z > 8 orTiinune
ere 6osbie. BRIBO/T O TOM Kakue 3aBUCUMOCTU aJIEKBaTHBI UCTHHHOMY pocTy Macc Y/l MoKeT ObITh
c/ieJIaH Ha OCHOBE HOBBIX HAOJIIOIEHUH TaJIaKTUK, YAAJIEHHBIX OT HAC Ha Z > 4.5.
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Puc. 5. ®akropel pocta macc YJ[ F OT MOMEHTa W3JIy4yeHUs 3Be3]l POJUTELCKOU TaJIaKTUKU,
paccYUTaHHBIE TI0 paccMaTpuBaeMou Mozeu s i = 1 (1); 1/100 (2);F, nipu k = 2,96 (3); 3,11 (4); npu
kmax = 473 (5); HPH kmin = 1’78 (6)

CpaBHeHue (opmysbl (6) CO CKOPOCTHIO 3BE3000pa30BaHUS MPHUBOJIUT K IIPEJIOJIOKEHUIO, YTO
CKOPOCTh 3Be371000pa30BaHUs U CKOPOCTh (POPMHUPOBAHUSA MaTepUH OOPATHO IIPOMOPIHOHATIBHA
CKOPOCTU IIPUTOKA YHEPTUU BO BceesleHHYIO 32 BbIYeTOM sHepruu, norsomaemon Y/1. Takum obpazom,
MOXKHO IIPEJIIIOJIOKUTD, UTO paccMarpuBaeMas GyHKIuUA (6) XxapakTepusyeT CKOPOCTb GOPMHUPOBAHUSA
He TOJIbKO 0apHOHHOU MaTepuu, U3 10% KOTOPOH COCTOAT 3Be3/Ibl, HO U XOJIOJHON TEMHON MaTepUU.
To, uTo mpu z = 1.9 xapakTepuctuku GyHKIUU (6) COBIAZAIOT C XapaKTepPUCTUKAMU CKOPOCTH
3Be371000pa30BaHusA, a HUHTEIPAJI OT Hee B IMANla30He 3HAUYEHUH 1.3 < zZ < Z CYIIECTBEHHO IIPEBBIIIAET
COOTBETCTBYIOIIUI MHTErpayl OT CKOPOCTH 3Be3/1000pa30BaHUs TOBOPUT O TOM, UTO B Oojiee paHHIOIO
a1oxy ¢dopMupoBaHHe OAapHOHHOW W XOJIOAHOW TEMHOW MaTepud 010 0oJjiee MHTEHCUBHO II0
CPaBHEHHUIO CO 3Be3/1000pa3oBaHMEM M BIOXOH, JieXkallell B AuanasoHe O < z < 1.9. Paznenenue
CKOpOCTH (HOPMHUPOBAHUSA XOJOJHOU TEMHOU MATEPUU U CKOpOCcTH (OPMUPOBAHUA OAPHOHHOU
MAaTePHUH BBIXOJUT 32 PAMKH JAHHOU paboThI 1 TpeOyeT OTAEeIbHOTO PACCMOTPEHHA.

VI 3AKJTIOYEHWE

B nannO# paboTe paccMaTpUBAIOTCS CJIEACTBUA U3 IPEJIOKEHHOU paHee B [1] Moie I yCKOPEHHOTO
paciupeHnus BcesleHHOM, OCHOBaHHOM Ha IPEJICTAaBJIEHUs O THIIOTETHYECKOH 4-MePHOU CyOCTaHITUH C
WHBEPCHOHN 3aCEJIEHHOCThI0 HHEPreTHYECKUX YpOBHeH. Ha OCHOBe JaHHBIX O BpeMEHU M KPacHOM
CMeIlleHUH Hadajla PEeKOMOWHAIUM U IIOCJIEHEr0 paccesHUs W IOJIyYeHHOW B [1] 3aBHCHUMOCTH
KPacHOTO CMEIEHHsA OT Pa3HOCTH HACTOSIIEro MOMEHTa BpEMEHU U MOMEHTAa BPEMEHH, B KOTOPBIH
HabJrIoaoTess 00beKThl BeesleHHOM, HaieH Bo3pacT BcesleHHOM, KOTOPBIN OKa3ayicsl paBHBIM ~230
MJIPJ, JIET. DTO COTJIACYETCS C BBIBOJAAMH W3 HCCAEAOBAHUM ITpOIlecca POXKAEHUS MaJIOMeTa/UTUUHBIX
3B€31 [31] U ¢ oleHKaMu Bo3pacra BeesileHHOM, MOJTy4eHHBIMH B [1] HA OCHOBE KpUBHU3HbBI BeesileHHOA.

B
PaccuuTaH pasuyc 4-MEpHOrO Iapa, K KOTOpDOMy IIpWjeraeT Hallla CeJIeHHad, TO €CTb DPajuycC
Bcenennoii, R = 2.4-10° I'mk, a Takke jjuHa 5KBaTOpa 3TOro Imapa L, = 2nR, koropas cocraBiser
~ 1.5°10* I'mk. ITokazaHo, 4TO HaliZileHHOe 3HaUeHue R corsacyeTcs ¢ OIleHKaMU Ha OCHOBE KPHUBU3HBI
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Bcenennoii. Haiinen Tax:ke o6beM BeesteHHOM V Kak IUIONIA/b TUIIEPIIOBEPXHOCTH 3-MEPHOU cdepsl:
V = 1,9-10" I'nk3.

PaccunTan paauyc cdepsl nocyieHero paccesHusa Ry, KOTODBIN OKasajics PaBHBIM = 5,6-10% I'mk. 13
cpaBHeHHsA R; ¢ L. czesaH BBIBOZ, UTO B paccMaTpuBaeMoil Moziesnn Oosblnas yacTh BceseHHOMI
MIpo3pavHa JijIsl PeJIMKTOBOTO U3JIyUeHUsI.

B npennosioxkeHny, YTO B HACTOAIee BpeMs ILIOTHOCTh SHEPruU BO BcesleHHOU paBHA KPUTUUECKOH
OIleHeHa IUIOTHOCTb SHEPTUU IPU BO3HUKHOBEHHU BcesleHHOM, KoTopas cocramissiaa 0.16 I'sB/cmd.
[Ipoanasm3upoBaHa JAMHAMHUKa IOJHOU 3Hepruu BcesnenHoil. [lokazaHO, YTO B JaHHOUW MoOJlesd
IoJIHasA 5Heprus BcesleHHOU MeHseTcas BO BpeMeHU. B TeueHue nepBBIX 37 MJIpZ, JIET IIOCie
BOBHUKHOBEeHUs BcesleHHON ee MoJIHAsA SHEPrus IaJlaeT MPUMEPHO B 10 pa3, a 3aTeM HAYMHAET PacTu
U K HACTOAIIEMY MOMEHTY BpPeMEHU YBEJMYWUIACh IMIPUMEPHO B 10* pa3 MO CPaBHEHWIO C DHEPTHUEH
BcenenHOI B MOMeHT ee oOpa3oBanus. TakuM o6pa3oM, cziesiaH BBIBOJ, YTO UMEIOT MeCTO KaK IIOTepH,
TaKk ¥ IIPUTOK DHEpPruu BO BceneHHyo. Ha ocHOBe aHaim3a CKOPOCTH H3MEHEHUS SHEPTUU BO
BcesleHHOH M cpaBHeHHsA € JIAHHBIMHM HAOJIIOIEHUU 3a POCTOM MAacCC YEPHBIX JIBIP B SJUIMITUYECKUX
raJakTUKax c7ieJlaH BBIBOJI, UTO IOTepU HHEPruu Bo BceseHHOU OO0YyCJIOBJIEHBI ee IOIVIOLeHHEM
YepHbIMU JbIpAMH, a IPUTOK OOYCJIOBJIEH BO30Y:K/IEHHEM MOJ B TBEPJAOM 4-MEPHOM CJIO€ IIOJ
nericTBueM «b60MOApIUPOBKI» BHYTPEHHEN I'DAHUIIBI STOTO CJI0SI KBAHTAMHU HU3JIyUYe€HUS B 4-MEPHOM
Iape, BO3HUKAKOIIUMM B IIpoIllecce CTUMYJIUPOBAHHBIX II€PEXO/IOB C BEPXHUX SHepPreTUYecKux
YPOBHEH THUIIOTETUYECKOU 4-MEPHOH CyOCTaHIIUM HA HIDKesexkaniue. [loka3zaHo, YTO JUHAMHUKA POCTa
MacC YepHBIX JIBIP, OMHCHhIBaEMasi MOJYYEHHBIMU B HaCTOsIeld pabore dopmysaMu, He 3aBUCUT OT
MO/IEJT! YEePHOU ABIPHI. Pe3ysbTaThl pacyeToB IMOKA3bIBAIOT, UTO MAacca YEPHBIX JBIP B AUANA30HE
0 < z = 1.2 BO3pacTaeT IIOYTH B 7 pa3, a B /IMalla30He O < Z = 2 — B 20 pa3. ITO XOPOIIIO COBIA/IAET C
pesysbTaTaMu HAOJIIOZEHUM YEepPHBIX JBIPp B SJUIMNTUYECKUX TaJlaKTUKax [25, 26], r/le K MOMEHTY
Ha0JII0/IeHUs YePHBIX JBIP He OCTAJIOCh BEIECTBA JJIsl yBEJIUYEHUA UX Macc.

CpaBHenme nuHamMuku YJI, paccCMOTpeHHOH B JaHHOW paboTe, ¢ pe3yJbTaTaMH HCCJIEIOBAHUU
nauHaMUKH /1, TOIydeHHBIX B IPYTHX pab0Tax, MMOKa3bIBAEeT, UTO B HEKOTOPBIX /IMAMTa30HaX 3HAUEHUN
Z UMEETCS JIOCTATOYHO YZIOBJIETBOPUTEIBHOU COBIIaieHUE. Tak B OlHOIIapaMeTpUIeCcKoi Mozienu [34],
omupamoIneicss Ha CTAaHAAPTHYI0 KOCMOJIOTHYECKYIO) MOJIeJIb, IPHU CHJIE KOCMOJIOTUYECKOH CBS3H,
paBHOU 2,06 MMeEETCS YAOBJIETBOPHUTEIBHOE COBIAJIEHVE B JIMAlla30HE 3HAYEHUH 1 <z < 4.5. [Ipu
BBIXO/IE 3a IIpefiesibl YKa3aHHOTO JHala30oHa pe3yJbTaThl pPacuyeToB II0 MoOJieau [34] cuiabHO
OTJIMYAIOTCA OT PE3YJITATOB PACUETOB 110 (OpMysIaM HaCTOAIIENH pabOThI. /11 BBIICHEHUSA TOTO KaKue
3aBUCUMOCTH aJIeKBaTHbI HCTHHHOMY pocty Macc Y/l HeoOXoauMbl HAOJIIOEHUs IOAXOMSIIIAX
TAJIAKTHUK, y/IaJIeHHBIX OT HAC HA Z = 4.5.

[TokazaHo, YTO AMHAMHUKA POCTa SHEPruu OAPMOHHON M TEMHON Marepud mo (opMe COBIAJIaeT C
JVHAMUKOU POCTa MAacC YepHbIX AbIp. IIpoBe/iIeHO cpaBHEHHE CKOPOCTU (POPMHUPOBAHHS MATEPUH CO
CKOPOCTBIO 3Be3/noobOpas3oBaHus. CrejlaH BBIBOJI, YTO B HACTOsAINEe BpeMs TeMHas MaTepus
MpAaKTUYeCKU He obpasyercs, a Haubosiee OBICTPHIMH TeMIIAMHU OHa OOpa30BBIBAjIach MPU KPaCHOM
CMeIleHIH OOJIbIIIE IBYX.

KOHOJIMKT MHTEPECOB

ABTOD JIeKJIapUPYET OTCYTCTBUE KOH(JIMKTA HHTEPECOB, CBI3aHHBIX C MyOJIUKAIEeH TaHHOW pabOoTHI.
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The Story of Human Evolution is based on
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Allan G. Krill

ABSTRACT

In a new version of the aquatic-ape theory, Homo sapiens evolved directly from isolated
chimpanzees on Galapagos-like volcanic islands in western Africa. The theory explains human
features such as the lack of fur, the ability to accumulate subcutaneous blubber, the large brain, and
bipedal locomotion. It fits well with principles of evolution, and with anatomy, physiology, genetics,
geography and geology. But it does not fit with hominin fossils. This calls for an alternative
hypothesis: humans evolved without fossils being formed, and supposed hominin fossils are all
misunderstandings. I have studied the published literature, and am convinced that some of the most
famous fossil evidence is false: Bones of the Lucy skeleton are probably modern, taken from a burial
vault near the discovery site. The Laetoli footprints are probably from Homo sapiens of Pleistocene
age. The footprint layer has been covered up to protect it, so geological misinterpretations have not
been noticed by visitors. The Turkana Boy Homo erectus skeleton is probably not a fossil, but is a
mutilated child of the Congo atrocities of 1885-1908, whose bones were planted at Nariokotome to
be discovered by scientists. The Little-Foot skeleton of Sterkfontein Cave is a composite, including
probable human foot bones from a medical school. The century-old story of human evolution on the
savanna 1is like an historical fiction novel, in which details need to be invented to make the story
educational, interesting, and convincing to readers. Fossils have been required, to quell the
unscientific belief in creationism.

Keywords: human evolution, lucy, laetoli, turkana, nariokotome, little-foot.

. INTRODUCTION

Paleoanthropologists study fossils, which they use to write the story of human evolution. The fossils
they need are found in dry parts of Africa. Western Africa lacks mammal fossils, because the hot and
humid climate there causes bones to decay before fossilization can occur.

We know from DNA that chimpanzees are our closest relatives, and gorillas are our next closest. Over
the past 10 Ma, gorillas have evolved in four different locations (Fig. 1) into four different taxa (Gorilla
gorilla gorilla, Gorilla gorilla diehli, Gorilla beringei beringei, Gorilla beringei grauert). Similarly,
chimpanzees have evolved in five different locations into five different taxa (Pan troglodytes verus,
Pan troglodytes vellerosus, Pan troglodytes troglodytes, Pan troglodytes schweinfurthii, Pan
paniscus). There are no fossils in any of these humid areas.
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Figure 1: Locations where gorillas and chimpanzees evolved. Some of the best known hominin
fossils are from Hadar (Lucy), Laetoli, Turkana, and Sterkfontein (Little-Foot). Base map from
Google maps.

Where did humans evolve? Paleoanthropologists tell us that it was in arid eastern Africa, where
fossils can be found. I think that is a cognitive bias, an example of The Streetlight Effect (Fig. 2).
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Figure 2: The lack of interest in western Africa may be an example of The Streetlight Effect.
Drawing by Alex Krill

Why did humans evolve? There is no clear answer. A survey (1) among life-scientists shows that
there is no consensus as to the evolutionary cause of any of the remarkable human traits, such as
naked skin, large brain, subcutaneous fat, external nose, and bipedal locomotion.

Human traits can all be explained by the unorthodox aquatic-ape theory, in which humans evolved
from a chimpanzee-like ancestor during a period of semiaquatic habitat (2, 3). Now a new version
of the aquatic-ape theory has been published (4), with humans evolving in western Africa, in a
scenario similar to evolution of animals on the Galapagos Islands. In this theory, a few
chimpanzees rafted to barren islands of newly formed proto Bioko. There was no forest where they
stranded, and they were forced to live on a marine diet. They adopted a semiaquatic habitat, and
become bipedal by wading in seawater to gather shellfish and seaweed. Like many marine
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mammals, they lost their fur, and evolved fat cells for producing subcutaneous blubber. They
evolved large brains from the omega-3 fatty acids of the marine diet. All other human features can
also be explained in this way. The theory fits well with principles of evolution, with geology,
geography, and with human and chimpanzee anatomy, physiology, and genetics. But it does not fit
well with hominin fossils—that paleoanthropologists tell us are human ancestors.

Since learning about the aquatic-ape theory, I have studied the primary literature on the most
important hominin fossils. Fossils have been needed to argue against the non scientific belief in
creationism. But I think the savanna story and the fossils that support it are incorrect. I see that
key fossil evidence has been invented, like details in a historical fiction novel, needed to make an
educational story convincing and interesting. Here I show why some of the best known hominin
fossils should no longer be believed.

Non-scientific practices in paleoanthropology

Ape fossils are rare. There has never been reported a fossil bone of the gorilla or the chimpanzee.
Three teeth of a chimpanzee were once found near Lake Turkana in Kenya (5), but I think they
were planted there to fool scientists.

Because of the rarity of ape fossils, paleoanthropology has special practices to encourage more
people to look for them and find them. Some of these practices go against good science, in which
evidence should be reproducible by impartial scientists. Three of the practices that are especially
problematic are: 1) the acceptance of surface-finds, 2) the prevention of hands-on study by
outsiders, and 3) the lack of blinding in age-determination studies.

The acceptance of surface-finds

Most hominin fossils are surface-finds. A fossil is found lying loose on a layer of known geologic
age, and nothing more is found by digging. A fossil can only lie exposed that way for a few years
before it either found or is destroyed by weathering.

A surface-find is not good scientific evidence, because it is easily falsified, and cannot be verified or
obtained again. Any type of irreproducible evidence should be subject to doubt. But in
paleoanthropology, a finder’s claims are not questioned. A scientist may suspect that a fossil find
was not legitimate, but a public accusation could not be proven and would ruin the reputation of
the accuser.

In contrast to hominins, dinosaur bones and complete skeletons are abundant. They are found by
looking for a fragment lying loose on the ground. But this is not a surface-find. The searcher moves
uphill to where the fragment is eroding out of the sedimentary layer, and then excavates complete
bones. For dinosaurs, the claim that a fossil bone or partial skeleton was found loose on the
ground would not be taken seriously.

The prevention of hands-on study by unbiased scientists

To encourage fossil hunting, the finder of a hominin fossil has exclusive rights to study it. The
finder can prevent independent scientists from seeing the material until the finder's team is
finished publishing (6, 7). The finder's study can go on for decades. Even afterwards, the material
is too valuable and fragile to allow outsiders to handle it. They must work with photographs,
replicas, and descriptions of the original materials.
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The finder selects specialists to study the fossil material. These scientists are not impartial. If they
cast doubt on the material's authenticity or suitability, it will spoil the team's chance

for important publications. Chemical and physical tests that might disprove a fossil’s authenticity
are not carried out.

Specialists glue fragments together in suitable positions. This involves decisions about how the
fragments should fit, and how to fill in missing pieces. These decisions can determine such things
as brain size and upright stance. Once glued, it is not possible for others to propose alternatives.
Any objection to the exciting results would appear to be motivated by envy.

Lack of blinding in age-determination studies

When minerals or rocks are radiometrically dated, the result will not be publishable if it is not
sufficiently precise, or if the date is outside the range of acceptable ages. Publishability trumps
reliability. To make the results publishable, it is often necessary for scientists to ignore parts of the
data that would spoil the final result. Deletion of some data is no secret to those who do the dating,
but it is rarely mentioned.

I know from geological experience with isotopic dating, that radiometric dates are often incorrect
because of observer expectation bias. I think that for a radiometric date to be trustworthy, it
should be obtained by workers who do not know what age is preferred. Ideally, the material should
be dated twice, in independent laboratories. This is never done.

A critical look at published reports of famous human fossils.
Java Man

Eugene Dubois was a Dutch anatomist who collected fossils. After reading about the concept of a
missing link, he moved to Java in 1887 “obsessed with finding it and winning scientific fame and
fortune.” (7), p 29). He succeeded: in 1891 he announced Java Man. It consisted only of three
items, which were not actually found together: a femur (thigh bone), a tooth, and a skullcap.

Discussions of Java Man greatly contributed to the awareness and status of paleoanthropology.
Within 10 years, almost eighty books or articles had been published on this topic. Most scientists
who saw Dubois’ three items rejected his claims that these were human fossils. Therefore, he kept
them hidden away for several decades.

Peking Man

Peking Man was a missing-link sensation in the 1930’s. The fossils consisted of skull fragments
from as many as 15 individuals, found together with stone tools. High-quality casts and scientific
descriptions were made. But somehow, all the original material was lost in 1941, and has never
been found (7). Paleoanthropologists currently assign both Java Man and Peking Man to Homo
erectus.

Piltdown Man

Piltdown Man was a missing link found in England in 1912. It consisted of a skull with a large
braincase and a protruding jaw, that confirmed the assumption that the large brain evolved before
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other human features. Despite some doubt, it was accepted for almost 40 years, and then proven
to be a hoax. The pieces actually came from the cranium of a human, and the jaw of an orangutan.
They had been broken so that they might fit together. They were stained to look old, and dirt was
cemented into the cracks. A long canine tooth was filed down, to make it look human.

The trickster was Charles Dawson, an amateur archeologist and respected solicitor. He claimed to
have gotten the main pieces from the Piltdown gravel pit. He planted additional bones and tools at
the locality, and led experts to where they could be discovered. It was later shown that Dawson
owned a collection of false artifacts (8).

Three anatomy experts who studied the original material constructed the braincase to be 1070
cm?®, much smaller than it actually was. They saw human-like features in the jaw, and ape-like
features in the cranium. No one today doubts that these were honest errors in judgment. They
received British knighthood, largely as a result of their contribution to the scientific status of
England. Some scientists were skeptical, but no one could suggest that the fossil was a hoax.

It was fluorine testing that finally debunked Piltdown Man. Bones absorb fluorine from the
ground over time, so ancient bones should be rich in fluorine (9). Bones from the same individual
buried in the same sediments will have absorbed about the same amount of fluorine. After the
scandal of Piltdown Man, one might expect that fluorine testing would be required for all hominin
fossils. But there is no incentive to carry out a fluorine test, or a carbon-14 analysis, or look for
DNA, because such tests require destruction of a small amount of the fossil material.

Piltdown Man generated immense public interest that boosted the science of paleoanthropology.
Several hundred scientific papers were published. It was often mentioned by the media in 1925
during the famous Scopes monkey-trial, where an American school teacher was accused of
teaching evolution. Fossils were needed to argue against the unscientific belief in creationism.

Lucy (Hadar, Ethiopia)

The Lucy skeleton was found by Professor Donald C. Johanson on Sunday, November 24, 1974, in
Hadar, Ethiopia. In Johanson's books (10, 11, 12) it is clear that the bones were a surface-find, with
nothing found by digging. Yet on the web page of the Institute of Human Origins (IHO), which
Johanson founded in 1981, he is shown excavating a bone (Fig. 3).
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Figure 3: Despite the implications of this photograph, all the Lucy bones were lying loose on the
surface. Image from the Institute of Human Origins

Lucy's Story was written to imply that some of the bones were found by digging (13):

Within moments, he spotted a right proximal ulna (forearm bone) and quickly identified it as a
hominid. Shortly thereafter, he saw an occipital (skull) bone, then a femur, some ribs, a pelvis, and
the lower jaw. Two weeks later, after many hours of excavation, screening, and sorting, several
hundred fragments of bone had been recovered, representing 40 percent of a single hominid
skeleton.

Much less than 40 percent of that skeleton was actually found, and nothing was found by excavation.
But this misleading information is useful against creationism, and therefore benefits science. We
might call it a noble lie. My complaint is that misinformation pervades paleoanthropology and is used
against the aquatic-ape theory, which is also science.

I think the discovery of the Lucy bones was a Piltdown-type hoax. I contend that it is impossible for a
partial skeleton to be lying loose on the surface in a badlands terrain like Hadar. Bones are buried and
preserved in a horizontal layer of sediment. As that layer is eroded on a hillside, rain removes only a
centimeter or so at a time. A few fragments of weathered bone loosen, and are washed downhill, while
the remaining bone stays covered in the horizontal layer. In the next rainstorm, the first fragments are
washed away and a few new ones are loosened. Sometimes a large part of a bone with rock matrix can
tumble down the hill, but never a collection of bones with no rock matrix from a single individual.

Finding many bones at once, with nothing found by digging, verges on the miraculous. I think that the
bones were planted by Johanson’s student Tom Gray in order to fool him and to help him. Here you
can read the first two pages of Johanson's book Lucy's Legacy. It is a long citation, but it is important.
Since outsiders are not allowed access to original fossil material, this is the sort of evidence that we
must use (12), p. 3-4).
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Lucy's Legacy by Donald C. Johanson and Kate Wong

Never in my wildest fantasies did I imagine that I would discover a fossil as earthshaking as Lucy.
When I was a teenager, I dreamed of traveling to Africa and finding a “missing link.” Lucy is that
and more: a 3.2-million-year-old skeleton who has become the spokeswoman for human evolution.
She is perhaps the best known and most studied fossil hominid of the twentieth century, the
benchmark by which other discoveries of human ancestors are judged.

Whenever I tell the story, I am instantly transported back to the thrilling moment when I first saw
her thirty-four years ago on the sandy slopes of Hadar in Ethiopia's Afar region. I can feel the
searing, noonday sun beating down on my shoulders, the beads of sweat on my forehead, the
dryness of my mouth— and then the shock of seeing a small fragment of bone lying inconspicuously
on the ground. Most dedicated fossil hunters spend the majority of their lives in the field without
finding anything remarkable, and there I was, a thirty-one-year-old newly minted Ph.D., staring at
my childhood dream at my feet.

Sunday, November 24, 1974, began, as it usually does for me in the field, at dawn. I had slept well in
my tent, with the glittering stars visible through the small screen that kept out the mosquitoes, and
as sunrise announced a brilliant new day, I got up and went to the dining tent for a cup of thick,
black Ethiopian coffee. Listening to the morning sounds of camp life, I planned with some
disinclination the day's activities: catching up on correspondence, fossil cataloging, and a million
other tasks that had been set aside to accommodate a visit from anthropologists Richard and Mary
Leakey. I looked up as Tom Gray, my grad student, appeared.

“I'm plotting the fossil localities on the Hadar map,” he said. “Can you show me Afar Locality
162, where the pig skull was found last year?”

“I have a ton of paperwork and am not sure I want to leave camp today.” “Can you do the
paperwork later?”

“Even if I start it now I'll be doing it later,” I grumbled. But something inside — a gut sense that I
had learned to heed — said I should put the paperwork aside and head to the outcrops with Tom.

The first sentence is clearly false. Johanson made it clear in the second sentence, and in the last
sentence of the second paragraph, that he had always dreamed of finding an earthshaking missing
link. Tom Gray drove him to the place where his dream came true. The Lucy bones were lying in
such a way that (12, p. 7): “a single desert thunderstorm could have washed them off the plateau,
over a cliff and into oblivion, forever.”

Johanson immediately decided that this was a female Australopithecus, and they named it Lucy.
As he wrote in his first book (10, p. 18):

The camp was rocking with excitement. That first night we never went to bed at all. We
talked and talked. We drank beer after beer. There was a tape recorder in the camp, and
a tape of the Beatles song "Lucy in the Sky with Diamonds" went belting out into the
night sky, and was played at full volume over and over again out of sheer exuberance. At
some point during that unforgettable evening—I no longer remember exactly when—the
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new fossil picked up the name of Lucy, and has been so known ever since, although its
proper name—its acquisition number in the Hadar collection—is AL 288-1.

Within a few days, Johanson contacted government authorities and arranged for a press
conference (12), p. 8). After publicly announcing such a sensational success, it would be difficult
for Johanson to doubt his fossil's authenticity. But we should doubt it. In 2015, experts studying a
Lucy replica suspected that a neck vertebra belonged to a baboon. One of them flew to Ethiopia to
study the original material, and confirmed their suspicion (15).

It took paleoanthropology 40 years to discover that mistake. But the abstract of the published
paper included a sentence to downplay the scandal (15): “This work does not refute previous work
on Lucy or its importance for human evolution, but rather highlights the importance of studying
original fossils, as well as the efficacy of the scientific method.”

The Lucy-bones were found in an obvious place that had been visited many times before. In his
memoir, geologist Jon Kalb wrote: (14, p. 151):

The Lucy locality, L288, was surrounded by a cluster of seven other fossil localities
mapped by Dennis Peak and myself. At one time or another in 1973, probably everyone in
camp had walked across L288, Johanson included.

Gray’s friends may have known that these bones were planted there, and that Gray took
Johanson out to find them. Johanson wrote how Gray announced the recovery of the Lucy
fossils to others in the team (10, p. 17):

“Cool it,” I said.

But about a quarter of a mile from camp, Gray could not cool it. He pressed his thumb on
the Land-Rover’s horn, and the long blast brought a scurry of scientists who had been
bathing in the river. “We’ve got it,” he yelled. “Oh, Jesus, we’ve got it.

We’ve got The Whole Thing!”

The Lucy bones were found toward the end of the 1974 field season, after little else of interest had
been found. The same thing had happened in 1973. Johanson and Gray were together, when
Johanson made a sensational find that saved the 1973 field season from failure (11), p. 82):

Day after day I scrambled around in the stifling heat. But if there were hominids to be
found, they were keeping themselves well hidden. After several weeks of exploring, I had
exhausted most of a grant that was supposed to have lasted two years, and had nothing to
show for it. I wondered how I was going to explain that to the NSF.

Then, near the limit of our time in the field, Hadar suddenly fulfilled its promise. While
surveying late one afternoon with a colleague named Tom Gray, I uncovered what looked
to be a monkey’s proximal tibia—the top end of a shinbone. A few yards away, I noticed a
distal femur—the lower end of a thighbone—lying in two pieces on the ground. I put the
two pieces of femur together, and then carefully fit them against the tibia. That they
matched perfectly was not surprising, since they were the same color, lay next to each
other, and thus might be expected to form the knee joint of a single individual. What was
surprising—astonishing, in fact—was the way they fit together. The thigh and shin bones
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met at an angle, the femur slanting outward. There was only one living primate endowed
with such a knee joint. Human femurs angle outward in order to give balance for walking
on two legs. I could scarcely believe the evidence in my hands. If our preliminary dating of
the Hadar deposits was correct, I was holding the knee joint of a hominid over three
million years old: the earliest record of a bipedal ancestor yet discovered.

Johanson then wanted a modern human femur to compare with this 3 Ma-old one. He and Gray
knew just where to get one, only a short walk from their camp. As Johanson explained in his
previous book: (10, p.159):

“T have to have a femur.”

By that time we had arrived at the burial mound. It was a loosely made dome of boulders
and was probably a good many years old, because one side had fallen away. I looked in.
There was a large heap of bones inside—a family burial place. Lying on the top, almost
asking to be taken, was a femur. Tom took it. We looked around. There was no one in
sight. Tom put the bone in his shirt and carried it back to camp. That night I compared it
with the fossil. Except for size, they were virtually identical.

The burial vault had probably been raided earlier, since a femur was now lying on top. The fossil
knee-joint and the Lucy bones are said to be smaller than those of a human, but so was the
cranium of Piltdown Man. The geologist Jon Kalb shared camp with Johanson’s team on the day
Johanson supposedly discovered the knee joint. Kalb noted irregularties with Johanson’s behavior
and his registration of this fossil discovery. Kalb summarized his suspicions by writing: “there was
something rotten in Denmark” (14, p.105).

My current hypothesis is that Gray returned to this burial vault, carefully chose some human
bones, and planted them and some baboon bones near the pig-skull locality, in order to guarantee
that the 1974 field season would be successful. This hypothesis might now be tested by analyzing
the bones for fluorine, carbon 14, or DNA.

If the Lucy bones are indeed true fossils, they were nevertheless a surface-find, that is now being
misrepresented on IHO’s webpage (13). Johanson made it clear how desperate he was to succeed.
It is naive to accept Johanson’s claim that these fossils are from the KH-1s sandstone, between the
Kada Hadar Tuff and Confetti Clay, and are therefore as old as 3.2 Ma.

Laetoli footprints (Tanzania)

Thousands of animal tracks, together with footprints of bipedal hominins, were discovered at
Laetoli, south of Olduvai Gorge (Figs. 4, 5) in 1978. The tracks were said to be about 3.5 Ma old.
They were published by Mary Leakey and geology professor Richard Hay, first in an article in
Nature in 1979 (16), and then in an article in Scientific American in 1982 (17). Already in 1979,
before independent scientists could visit the site, Leakey and Hay had the hominin footprints
covered up by soil and boulders to protect them (Fig. 6). They have remained covered since, only
opened a few times to remove acacia trees and document the damage that soil and tree roots had
caused (18).

The cover-up made it difficult for independent geologists to study the footprint layer, and no one
has corrected what I think are significant errors in the geological interpretation. I have studied the
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published works on Laetoli and Olduvai (19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35). I contend that the 3.5 Ma dating of the hominin tracks is invalid, because the rock layers
are sedimentary, not volcanic. I think the footprints are Homo sapiens, similar to fossil footprints
that occur near Lake Natron, about 100 kilometers to the northeast (36). A local animal tracking
expert engaged by Mary Leakey thought that the Laetoli animal tracks looked modern (24), p. 7),
and they have never been properly described or identified.
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Figure 4. Geological map showing horizontal layers as white (From 16). Basement (including
inselbergs) consists of Precambrian metamorphic rocks in the west and volcanic rocks in the east.
My orange stars indicate volcanic inselberg basement.
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Figure 5: Figure from Hay & Leakey (17). My orange annotations added.
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Figure 6: The footprint layer was covered up in 1979 by soil and boulders, purportedly to protect it.
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The cover-up also kept visiting geologists from seeing it. (Photo from Getty Conservation Institute,
18).

The footprint layer is one of 18 layers, averaging about 1 centimeter thick, that are perfectly flat
and horizontal. Over half of the layers show animal tracks, pits from raindrops, and mudcracks.
One layer shows hominin footprints. The obvious geological hypothesis would be that these were
muds on the margin of a large shallow lake. In the rainy season, a layer of mud is deposited and
tracks are made by animals near the lake. In a dry period, the layer dries and hardens, while
mudcracks form and the tracks are preserved. In the next rainy season, the process is repeated,
and this can easily occur 18 times. The minerals of such sedimentary layers have different source
ages, all older than the layers themselves. The minerals can be dated, but they do not give the age
of the layers.

The lake-margin hypothesis was never mentioned in the publications by Hay. His explanation was
outlandish: each thin layer represented a volcanic eruption that left an ash-fall on a smooth flat
landscape (16, 17). After each eruption, there came enough rain to moisten the ash and make it
cohesive and able to record tracks, but not enough rain to wash the ash away. It hardened to form
the rock called ash-fall tuff. But there is no ash preserved (23), and no angular volcanic shards in
these supposed tuffs. The layers are carbonate-rich, like lake sediments and unlike volcanic ash
(24). There are rounded sand grains (35), typical of sediments. Hay wrote that most of the layers
have a “polygonal fracture pattern”, which in his photograph (his figure 4, 24) looks like the
mudcracks of sediments. Such fractures are unknown in tuffs. Mudcracks and rounded grains
would be easily seen by visitors if the rocks were not covered.

The dated minerals show a spread of radiometric ages, which also argues against the layers being
from volcanic eruptions of about the same age. But Alan Deino, who did the dating, simply
accepted Hay’s volcanic interpretation. He also accepted the conclusion from the dating study
decades earlier in the same laboratory, that the layer of footprints was about 3.5 Ma old (31, p. 78).
To improve the precision of the previously determined ages, he analyzed 325 feldspar mineral
grains from different layers. First he threw out 23 of his analyses, because they were
inappropriately young. Then he threw out 119 because they were inappropriately old (31, p. 80):

Of the remaining 302 analyses, many are simply too old to reflect a true eruptive age. These
are most likely xenocrysts, acquired immediately prior to or during the eruptive process, or
during transport to the site of deposition. At Laetoli, where the current dating effort, as well
as prior work, indicates that the oldest strata of the Laetoli Beds are ~4.2—4.4 Ma, a cutoff of
4.7 Ma is used to classify 119 grains as ‘obvious xenocrysts.” The most precise of these (< 3%
error in age) are up to 600 Ma, with prominent modes at ~7.6, 6.5, and 5.5 Ma.

He used the grains that gave the ages and precisions that he needed to publish this paper. The
others he called xenocrysts, or foreign grains in volcanic rocks. He did not describe or show any
thin-section pictures of rocks or mineral grains. I think all his analyses are actually correct,
including the young and old ones. But they are all detrital grains in sedimentary rocks, and he
should have thrown them all out.

I contend that the beds of Laetoli are sedimentary, which makes the ages invalid. There is one
valid dating result: a 2.3 Ma age of the volcanic basalt of the Ogol Lavas (see Fig. 7, right column).
However, I am convinced that Hay misinterpreted the position of the Ogol Lavas, by thinking that
they occur above some beds. Neither Hay nor others discuss exactly which beds the lavas
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supposedly occur above. Also at Olduvai Gorge, Hay interpreted some Ngorongoro volcanics to lie
above some layers of Bed I (see Fig. 7, left column). Louis Leakey wrote that Hay was probably
wrong about that stratigraphic position (19, p. 2).

Anyone can see that the footprint layer at Laetoli is covered up. Only a geologist who has studied
the regional literature would be able to see that geologic information at Laetoli and Olduvai is
covered up and that the Laetoli ages are incorrect.

The incorrect ages have led to regional geologic problems. The Olduvai Gorge (see Fig. 4) cuts
through the horizontal beds of the Serengeti Plain like a mini version of the Grand Canyon. Unlike
the Grand Canyon, there is no published geologic map or cross-section showing the beds and their
continuity. This is because the incorrect Laetoli dates make a map and cross-section impossible. It
is like the M. C. Escher waterfall: the beds at Laetolil are supposedly old, at a low level, while
similar beds at Olduvai are young, at a high level. To put more distance between Olduvai and
Laetoli, at least mentally, geologists now call the Laetoli land surface the Eyasi Plateau instead of
the Serengeti Plain (as in Fig. 4).
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Fig. 7: Horizontal strata at Olduvai (left diagram, from 18) and Laetoli (right diagram, from 19).
Hay (20) thought Ogol volcanics lie over Laetolil Beds. I think the Ogol Lavas are volcanic
basement, which includes inselbergs like Namorod and Engelosin.

The academic books (19, 21, 24, 27, 28) that one needs in order to study the geology of Olduvai and
Laetoli are expensive and not easily available. Few independent geologists have gotten involved in
the regional geology there. As I read the scientific papers in these books, I notice the avoidance of
obvious geological hypotheses, types of data, and routine descriptions. Key omissions have helped
keep the incorrect 3.5 Ma age covered up until now. Only a geologist with all the sources could
notice that the information is missing;:

e Geological maps and cross sections of the beds of Olduvai and the beds of Laetoli. « The
hypothesis that the ash-fall tuffs could be sedimentary and not volcanic. « The hypothesis that

Hay’s “polygonal fracture pattern” could be sedimentary mudcracks.
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e Chemical analyses (whole-rock, trace-element, and isotopes) of the supposed ash fall tuffs,
which would be needed to properly show they are volcanic and not sedimentary.

e Thin-section descriptions and photomicrographs of the dated rocks and minerals, which would
be needed to show volcanic ash-fall origin.

e Information on the stratigraphic position of the Ogol Lavas, and contact relationships of these
lavas with supposedly underlying beds.

My hypothesis is that the layers and animal tracks at Laetoli are of Pleistocene age, and the
footprints are Homo sapiens. Geological data that would show this have been covered up, just as
the geological features at the Laetoli tourist locality have been covered up by soil and boulders.

Protsch discoveries

Reiner Protsch was a respected German anthropology professor whose career ended in disgrace in
2004. Some of the fossil material he had dated was taken from him and sent to an independent
laboratory for testing. It was shown that he had faked discovery locations and dates of bones for
decades, in order to publish exciting scientific results (37, 38, 39).

His Hahnhofersand Man, supposedly from a bog in northern Germany, was not a fossil at all.
Neither were two other of his discoveries, the Binshof-Speyer Woman and the Paderborn-Sande
Man. A 50-million-year-old primate fossil that Protsch had said was from Switzerland was actually
from a previously known site in France.

Protsch’s background was at Olduvai Gorge and Laetoli. As part of his Ph.D. thesis at UCLA in
1973, he dated a Homo sapiens fossil that had once been thought to be from the million-year-old
Bed II of Olduvai (see Figure 6). It was debunked by fluorine analysis, and then Protsch helped to
correctly date it, at about 17,000 years old (40, see 22, p.165). In a later report (41), Protsch noted
that there were location discrepencies and missing fossil items in the Laetoli area (see 34, p.143,
p-147). He must have realized that errors in paleoanthropology can go uncorrected, and that
falsehoods can lead to success.

Turkana Boy (Nariokotome, Kenya)

Turkana Boy is the most complete skeleton of a hominin ever found. It was found in 1984 in the
dry Nariokotome River valley, just west of Lake Turkana, Kenya (42). The braincase of 880 cc is
smaller than a modern human’s, but otherwise the bones and teeth are strikingly human.

The skeleton is described in a book of scientific papers The Nariokotome Homo erectus skeleton,
edited by Alan Walker and Richard Leakey (42). The skeleton was determined to be a boy that was
about 12 years of age when he died, possibly because of a tooth infection (43, p.53, 7, p-24).
Although he lived about 1.5 Ma ago, the bone proportions are similar to modern Africans, and
unlike Neanderthals or modern Eskimos (7, p. 161).

A detailed account of the discovery and context are available in a popular-science book by Walker,
co-authored by his wife Pat Shipman, an anthropology professor: “It is my story, but she wrote
most of the words.” (7), p. xii). Turkana Boy was discovered by the hominin fossil hunter Kamoya
Kimeu. Here is how Walker and Shipman described the discovery (46) p. 11):
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He went to an improbable place, a little hill on the opposite bank of the sand river, near a
small acacia tree and a good-size salvadora tree. ... Not only had the place been trampled
and scuffed and walked over, but it wasn’t much of an erosional surface anyway, not a
place to find fossils.

Kamoya went anyway. And amidst the litter of black lava pebbles and dried leaves and
sticks, he found a piece of hominid frontal bone. It was the size of a matchbook and the color
of the pebbles. Lord knows how he saw it. He picked it up because it was lying loose on the
surface, and then he turned it over. To him, it was obviously a fragment of bone from the
cranial vault, the bony covering of the brain. The inside was smooth, from the impression of
a large brain — not as it would be on a pig or gazelle but as it would be on a hominid. He
knew from the thickness that it was Homo erectus, the species that immediately precedes
modern humans.

How did Kimeu know that this piece was a Homo erectus, and not a modern human fragment?
And how did he know that more of the fossil could be found by digging in that little hill? Since
Kimeu began working for the Leakey family in 1960, he has shown an uncanny ability to find
sensational hominin fossils. He said on various occasions that hominins talk to him in a mystical
language, Kikishwa (7, p.22). Scientists think it is quaint when people have unscientific beliefs.

Kimeu found the fragment on August 22, 1984, and reported to Alan Walker and Richard Leakey,
who were in Nairobi. They arrived the next day by private plane, to a landing strip that Kimeu had
previously prepared (7, p.12). Kimeu and his coworkers excavated the skull bones in a few days,
and nearly all the other bones within four weeks. The first results were published in Nature in

1985 (44).

The skeleton is remarkable, because it lacks bones of the hands and feet. All the vertebrae were
present, except the upper six vertebrae of the neck. Why were these particular bones not found?

Here is my hypothesis: The skeleton was not a Homo erectus at all. It was one of thousands of
children who had been killed and mutilated in the Congo Free State between 1885 and 1908. Those
atrocities were carried out under orders of King Leopold II of Belgium. To terrorize families,
soldiers routinely cut off a hand or foot of a child. Hands were delivered to the soldiers’ superiors,
as proof of their work. Hundreds of Congo children survived and many were photographed with a
missing hand. But many others had their heads, hands, and feet chopped off. These missing parts
are a sort of fingerprint to these Congo corpses. Maybe the ghost of one of these boys moved his
bones to Nariokotome, and then used the language Kikishwa to tell Kimeu where to find them.

Walker glued the fragments of the cranium (calvaria) in the field, working together with Leakey’s
wife (7, p.19). The pieces were “corrected by adjusting the glue joins.” They made the braincase
appropriate for a Homo erectus. Here is Walker’s description of that process (45, p.328):

The calvaria was recovered from the disturbed surface sediment and desert lag at
Nariokotome. Only the facial skeleton was seen in situ and that was embedded in the roots
of an Acacia tree. The individual skull bones were assembled in the field by gluing many
Jragments with Durofix (Rawlplug Ltd.) Most of the nearly 70 pieces did not have much
adhering matrix, but any still present was removed in the laboratory using pneumatic
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Airscribes (Chicago Pneumatic Corp.) The individual bones were then reassembled into the
calvaria and the slight distortion in the curvatures of the fossilied bones were corrected for
as much as possible by adjusting the glue joins.

The facial skeleton was said to be dug out of the 1.5 Ma layers, in other words in situ. But this bone
had roots of an Acacia tree growing in it. Roots grow in soil, and bones in soil can only survive for a
few thousand years at most. So I do not accept that this is in situ. Photographs (42, p. 94b, 94c) of
supposedly in situ bones show that they lie in coarse deposits, not in the 1.5 Ma-old layers, which
are fine-grained mudstone. These coarse deposits would be moved and replaced during occasional
floods in the Nariokotome River within a few hundred years at most.

The 1.5 Ma mudstone layers were excavated after the bones were found (Fig. 7). Many
paleoanthropologists visited while the layers were being excavated in 1985-1988 (7, p. 23). Hippo,
tortoise, and catfish bones were found in those layers, but nothing more of the boy’s skeleton. The
debris from this excavation was dumped in mounds, about where the bones had been taken from
the little hill in 1984 (Figs. 8, 9). The excavation documented the geological and environmental
conditions of the supposed source of the fossils.

By 1985 it was clear that the skeleton was missing hands and feet, and neck bones. Mary Leakey
thought that they might be found by further excavation (7, p.23). In 1986, Kimeu and coworkers
did find a few more bones, about 15 meters away from the little hill (see Figs. 7, 8). They were
hand, foot, and a vertebra, from a juvenile, just what was needed. But Walker determined that they
were not from Turkana Boy. I think he had to write about these bones, because they were known
to the others. But he wrote about them without using the words hand, foot, or neck (43, p.46):

A word must be said here about three bones that may belong to the skeleton but were situated
a long way from the main hominid concentration. These bones are definitely metapodials of
a juvenile mammal. If they are hominid, then two are first metacarpals and the other is a
first metatarsal. They were found in 1986 about 15 m northeast of the main hominid
concentration. Nearby was an immature vertebra that was thought to be hominid but, when
cleaned, proved not to be. All three metapodial bones are from immature individuals and
lack their epiphyses and articular ends. What remains of the details of morphology is
sufficient to cast doubt on their hominid status, but they cannot be securely placed in another
taxon either. That they were widely separated from the main concentration of hominid bones
is yet another hint that they might not belong to the hominid skeleton.

My hypothesis is that these new hand and foot bones, and one vertebra, came from the grave of
some other boy. I think they were planted to be discovered during the excavation in 1986 to match
the defective skeleton from the little hill. But they didn’t match. So we have bones of two different
juveniles here: one with no hands and feet, and the other with no bones of the body, only hands
and feet.
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Fig. 8: Figure from (46, p. 22). The area of the orange parallelogram, redrawn from folding Maps 1
and 2, includes all the bones of the skeleton. The orange circle indicates the location of two
hand-bones, one foot bone, and one vertebra from another juvenile.
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ibefor) The Mariokotome excavation in 1986, after two year’s of work
Eventually, we moved 1,500 tons of sediment by hand and we recovered
40 per cent of the boys tkeleton.
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Fig. 9: The piles of rock from excavations in 1986 cover the area where the bones of the skeleton
were found in 1984. (Photograph from 7, p.148b), with orange annotations added.

Modern bones are hard and porous and do not feel like fossils. But Walker made the bones heavy
and hard, by saturating them in plastic that filled the pores. He wrote: “The bones are relatively
hard, by and large, but a plastic preservative (vinyl acetate solution) was used to make them
stronger.” (42, p.434). This process also made it impossible for anyone to later carry out
carbon-14 dating, or DNA-analysis, or fluorine testing.

Experts who studied these bones were told that they were 1.5 Ma old. They were not given
evidence that might cause doubt. For example, the original teeth were not actually seen by the
expert who studied them. Casts of the teeth and jaw had been made in Nairobi, where the originals
were kept. Walker and Shipman had this statement from the expert: (7, p. 149.)

“They were really nice, sharp casts,” she remembered later, “quite beautiful. I could see
every tooth on at least one side. There were nice X rays of the mandible. You could see
everything.”

Turkana Boy was actually the second Homo erectus skeleton that was found. The first was a
mature woman, found east of Lake Turkana. Walker and Shipman wrote (7, p.128):
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Kamoya first noticed the fragments of skull and teeth, which he knew immediately were
hominid, in 1973, though it took some years before we unraveled their meaning. They were
terribly broken up and they seemed to be scattered over an area roughly the size of a football
field. That was bad enough, but the area was liberally sprinkled with other fossils too:
crocodiles, turtles, hippos, antelopes, elephants, giant baboons, and giraffes, all in hundreds
of pieces. In all, the team collected enough fossils to fill five museum drawers (wooden boxes
about two and a half feet long by one and a half feet wide) to a depth of several inches and
left piles of very large or otherwise obviously nonhominid bones at the site.

Like the Turkana Boy, this skeleton also turned out to be defective: all the bones, except the skull,
were damaged by excessive bone growth (7, p.128). Walker concluded that this Homo erectus
woman suffered from Hypervitaminosis A, a sickness that causes bone growth. Walker was
impressed that as early as 1.5 Ma years ago, a sick woman was kept alive by the care of others (7,
p-134). I suspect that these were human bones from a modern grave, and that the healthy skull
bones belonged to a different individual, not the woman with the diseased body. Did these bones
come from the Congo? And the three chimpanzee teeth that Kimeu found 30 years later (5, p.108)
south of Lake Turkana — did they come from the Congo, where chimpanzees currently live? It
seems unlikely that chimpanzees ever lived in the arid region of ancient Lake Turkana.

Together with the bone fragments of the sick Homo erectus woman, there were about 40,000
fragments (7, p.128) of crocodiles, turtles, hippos, antelopes, elephants, giant baboons, and
giraffes. Maybe these are still in five museum drawers and can be tested. The larger bones were left
in piles at the site and not saved — do fossil bones associated with Homo erectus have so little
value?

It does not seem geologically reasonable that such an assortment of bones and fragments could
occur in this way. I think that Kimeu was playing games with gullible scientists by breaking and
planting modern bones. Maybe if there had been some kangaroo bones, scientists would have
questioned whether any of them really belonged there. Kimeu has been involved in the discovery
of some of the world’s most important hominin bones, beginning with the famous “Zinj” found by
Mary Leakey in Olduvai Gorge in 1959.

Little-Foot (Sterkfontein Cave, South Africa)

In South Africa there is a region of limestone caves with crevasses and small openings to the
surface. Animals have fallen in and died. There are bones of large monkeys, hyenas, leopards, and
bovids. There may be human bones. Some of the bones were transported

by streams in the caves, some were covered by rock falls, and all are cemented by limestone
dripstone. Bones are visible in the cave walls, and more can be found by excavating. Cave-fill of
this type is chaotic, and dating is uncertain.

A few of the caves are being touted as The Cradle of Humankind. They are registered as an
UNESCO World Heritage Site. The Sterkfontein Cave is currently the leading paleoanthropological
tourist attraction in Africa, with 15 guided tours a day, year round. The most famous fossil from
Sterkfontein is the skeleton called Little-Foot.

In the 1920's, miners blasted out some of the limestone. Bones lying outside of the caves were
taken away by visitors as souvenirs. In the 1970's, some of these bones were saved at Wits
University. In 1994 the paleoanthropologist Ronald J. Clarke found a few human like foot bones in
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storage, and then in 1997 he found more, including parts of lower legs at the Wits University
Medical School (48, video time 1:45). Foot bones of hominins are typically missing. Clarke realized
that with these human-like foot bones as a starting point, he could make a more complete
Australopithecus skeleton than any that had been made before.

Clarke explained the project in a lecture at CARTA, the Center for Academic Research and
Training in Anthropogeny, in California. The lecture is available on Youtube. Here is my exact
transcript of five minutes of his lecture (49) (video time 13:55-18:54) and three screen shots (Fig.
10):

In 1978, miner's rubble such as this was removed from this very deep shaft, which we call the
Silberberg Grotto in Sterkfontein Cave. It was taken to the surface and the fossils were
developed out of it. They were cleaned out of the rocks and put into bags and boxes.

One day in 1994 I was looking through one of these boxes when I found this ankle bone that I
recognized as being an Australopithecus ankle bone. And this was quite astonishing because
there were no other fossils, not even a single tooth or tooth fragment, of an Australopithecus
from that particular part of the cave.

And then I found more. There’s the ankle bone that I found among these the other bones that
fitted in front of it leading down to the big toe. And what was important about it, as I said,
that it showed that it had this slightly divergent big toe. Now at the time I and Philip Tobias
published this, and Owen Lovejoy was very skeptical, and said we were, this was patently
absurd to say it had a divergent big toe. But now with Ardipithecus, he’s found that that has
an even more divergent big toe.

Then in 1997, I found more of the same foot, several more foot bones, and the lower part of a
tibia, a shin bone. Not only, here they are put together, and compared to the same region in a
modern human foot and lower leg. Not only that, but I found a piece of tibia from the other
side, and part of another foot bone from the other side.
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So I had the lower legs and the feet from the left and the right side. And I said if that’s the
case, the rest of the skeleton must be down there in the cave. So I gave this piece of tibia to my
two assistants Stephen Motsumi and Nkwane Molefe and said go into the cave with torches
and see if you can find anywhere that that will fit on. After one and a half days of searching,
they found the spot. There’s the piece in his hand and there’s where it fits on.

So we began excavating. There’s the slope on which it was found, just in this spot here. We
began excavating, and we uncovered the lower legs, up to the knee joints here, and we
uncovered the lower thigh bones. This is the radius of a monkey, lying next to it.

And when we got up to here there was no more. And we carried on and we carried on up the
slope and didn’t find any more. And we were in a state of despair. And we said "How can this
be? You cannot have two lower legs side by side and not the rest of the skeleton.”
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Figure 10: Screen shots of Clarke’s lecture on Youtube (49), with his green circles and these

spoken comments: "we uncovered the lower legs", "we uncovered the lower thigh bones", "This is
the radius of a monkey"

And obviously we couldn’t make this public. We worked in secrecy. We didn’t want to make
this public and make fools of ourselves by saying we’'d got a complete skeleton, when we'd
only got the lower legs. So we kept looking and we kept chiseling away month after month in
this solid rock. This is solid very very hard rock.

And then I realized that there was a cavity beneath this skeleton. And I remembered this
saying of Sherlock Holmes who said. “When you've eliminated the impossible, whatever
remains, however improbable, must be the truth.” And the impossible was that there could
not be any more of the skeleton. That was impossible. It was unthinkable. It had to be there!
So the improbable was that it was situated beneath a thick layer of stalagmite.

We chiseled through that stalagmite, and we got the rest of the skeleton. Firstly the skull. And
these are the stages in revealing the skull. The back of the mandible here and part of the
cheekbone. And next to it was the upper arm bone, the humerus. A bit more cleaning and a
bit more and then we got this and then this is the final stage of the cleaning. A complete skull
with the jaw in articulation and the humerus next to it.

We continued up the slope, and to our delight we got the arm and the hand. Here’s my hand
next to it for comparison, showing you how the fingers are curled across the palm.

My hypothesis is that Little-Foot skeleton was put together from four different individuals: 1.
From Wits University Medical School storage: Homo sapiens ankle-bones and foot bones. 2. From
the cave: lower legs, knee joints, lower thigh bones, and an arm bone that were all found together.
Although the arm bone was in correct position relative to the legs, Clarke could not use it, because
it was too long. He did not say the word "arm”: it was "the radius of a monkey". 3. From elsewhere
in the cave: a skull and arm of suitable length. 4. From a third location in the cave: another arm
and a hand.

Clarke gave this lecture in 2010 to professional paleoanthropologists of CARTA. I doubt that
anyone asked about the monkey arm bone. Such a question would be uncomfortable for
paleoanthropologists. CARTA has decided not to include an aquatic-ape paper (4) on their list of
2807 publications (50). That paper would be uncomfortable for paleoanthropologists to read.
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Clarke had the attitude of a successful paleoanthropologist: the fossils that we need must exist, so
we will do what we must to get them. "...that there could not be any more of the skeleton. That
was impossible. It was unthinkable. It had to be there!" He knew that with the foot bones from the
medical school they could eventually make a nearly complete skeleton. But it took many months to
find appropriate bones. "We worked in secrecy. We didn’t want to make this public and make
fools of ourselves by saying we’d got a complete skeleton, when we’d only got the lower legs."

In 1979, Clarke had helped with the Laetoli footprint layer (his bare feet are seen in my Fig. 3).
There, too, they worked in secrecy. Then the layer was covered up, and the secrecy was
maintained.

Il CONCLUDING REMARKS

For scientific claims that cannot be repeated or reproduced by impartial scientists, the default
hypothesis should be that the claims are incorrect or even possibly falsified. But in
paleoanthropology, there seems to be no place for this sort of normal scientific skepticism. It is
considered impolite or unprofessional for a paleoanthropologist to suggest that a fossil-find might
be a hoax.

I think that one-time fossil finds, especially surface-finds, should be highly suspect.The bone
material may be modern, like Piltdown Man, and therefore not too old for DNA analysis or
carbon-14 dating. Hominin bones and other fossils from the same sedimentary layers should be
fluorine tested, to help demonstrate that the hominin bones actually came from those layers.

The century-old story of human evolution on the savanna is a story. It is like a historical fiction
novel, in which details have been invented to make the story more educational, interesting, and
convincing to readers. Fossils have been needed to argue against the unscientific belief in
creationism. Only a few people have been aware of the false fossil evidence that I have uncovered.
Most paleoanthropologists have put doubts aside, to publish papers that advance their careers
within the paradigm of the science. Now we have DNA analyses that convincingly prove human
evolution, so fossils are no longer needed for that purpose. It is time to actually test all of the
claimed hominin fossils.
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