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Tidal interactions and
principle of corresponding states:
from micro to macro cosmos.
A century after van der Waals’ Nobel Prize

R. Caimmi*

October 2, 2012

Abstract

The current attempt is aimed to honor the first centennial of
Johannes Diderik van der Waals (VDW) awarding Nobel Prize in
Physics. The VDW theory of ordinary fluids is reviewed in the first
part of the paper, where special effort is devoted to the equation of
state and the law of corresponding states. In addition, a few mathe-
matical features involving properties of cubic equations are discussed,
for appreciating the intrinsic beauty of the VDW theory. A the-
ory of astrophysical fluids is shortly reviewed in the second part of
the paper, grounding on the tensor virial theorem for two-component
systems, and an equation of state is formulated with a convenient
choice of reduced variables. Additional effort is devoted to particu-
lar choices of density profiles, namely a simple guidance case and two
cases of astrophysical interest. The related macroisothermal curves
are found to be qualitatively similar to VDW isothermal curves below
the critical threshold and, for sufficiently steep density profiles, a crit-
ical macroisothermal curve exists, with a single horisontal inflexion
point. Under the working hypothesis of a phase transition (assumed
to be gas-stars) for astrophysical fluids, similar to the vapour-liquid

* Physics and Astronomy Department, Padua Univ., Vicolo Osservatorio 3/2, 1-35122
Padova, Italy email: roberto.caimmi@unipd.it  fax: 39-049-8278212
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phase transition in ordinary fluids, the location of gas clouds, stellar
systems, galaxies, cluster of galaxies, on the plane scanned by reduced
variables, is tentatively assigned. A brief discussion shows how van
der Waals’ two great discoveries, namely a gas equation of state where
tidal interactions between molecules are taken into account, and the
law of corresponding states, related to microcosmos, find a counter-
part with regard to macrocosmos. In conclusion, after a century since
the awarding of the Nobel Prize in Physics, van der Waals’ ideas are
still valid and helpful to day for a full understanding of the universe.
keywords - galaxies: evolution - dark matter: haloes.

1 Introduction

One century ago (1910), the Nobel Prize in Physics was awarded to Johannes
Diderik van der Waals (hereafter quoted as VDW). In his doctoral thesis
(1873) the ideal gas equation of state was generalized for embracing both the
gaseous and the liquid state, where these two states of aggregation not only
merge into each other in a continuous manner, but are in fact of the same
nature. With respect to ideal gases, the volume of the molecules and the
intermolecular tidal forces were taken into account.

The VDW equation was later reformulated in terms of reduced (dimen-
sionless) variables (1880), which allows the description of all substances in
terms of a single equation. In other words, the state of any substance, defined
by the values of reduced volume, reduced pressure, and reduced temperature,
is independent of the nature of the substance. This result is known as the
law of corresponding states.

The VDW equation of state in dimensional and reduced form, served
as a guide during experiments which ultimately led to hydrogen (1898) and
helium (1908) liquefaction. The Cryogenic Laboratory at Leiden had devel-
oped under the influence of VDW’s theories. For further details on VDW’s
biography refer to specialized textbooks (e.g., Nobel Lectures 1967).

The current paper has been written in honor of the first centennial of
VDW awarding Nobel Prize in Physics. The ideal and VDW equation of
state, both in dimensional and reduced form, are reviewed, and a number
of features are analysed in detail, in Section 2. Counterparts to ideal and
VDW equations of state for astrophysical fluids, or macrogases, are briefly
summarized and compared with the classical formulation in Section 3. The
discussion and the conclusion are drawn in Section 4.

Intellectual Archive Vol. 1, No. 5, Sep. 2012



2 Equation of state of ordinary fluids

Let ordinary fluids be conceived as fluids which can be investigated in lab-
oratory. The simplest description is provided by the theory of ideal gas,
where the following restrictive assumptions are made: (i) particles are iden-
tical spheres; (ii) the number of particles is extremely large; (iii) the motion
of particles is random; (iv) collisions between particles or with the wall of
the box are perfectly elastic; (v) interactions between particles or with the
wall of the box are null.

The equation of state of ideal gases may be written under the form (e.g.,
Landau and Lifchitz, 1967, Chap.IV, §42, hereafter quoted as LL67):

pV =kNT (1)

where p is the pressure, V' the volume, T' the temperature, N the particle
number, and k£ the Boltzmann constant.

In getting a better description of ordinary fluids, the above assumption
(v) is relaxed and tidal interactions between particles are taken into con-
sideration. The VDW generalization of the equation of state of ideal gases,
Eq. (1), reads (van der Waals, 1873):

<p + Ag) (V= NB) = kNT ; (2)

where A and B are constants which depend on the nature of the particles.
More specifically, the presence of an attractive interaction between particles
reduces both the force and the frequency of particle-wall collisions: the net
effect is a reduction of the pressure, proportional to the square numerical
density, expressed as A(N/V)?. On the other hand, the whole volume of the
box, V, is not accessible to particles, in that they are conceived as identical
spheres: the free volume within the box is V' — N B, where B is the volume
of a single sphere. For further details refer to specific textbooks (e.g., LL67,
Chap. VII, §74).

The isothermal (7' = const) curves for ideal gases are hyperbolas with
axes, p = FV, conformly to Eq. (1). In VDW theory of real gases, the isother-
mal curves exhibit two extremum points below a threshold, which reduce to
a single horisontal inflexion point when a critical temperature is attained,
as shown in Fig.1. Well above the critical isothermal curve, T' > T, the
trends exhibited by ideal and VDW gases look very similar. Below the criti-
cal isothermal curve, T' < T, the behaviour of VDW gases is different with
respect to ideal gases and, in addition, the related isothermal curves provide
a wrong description within a specific region where saturated vapour and lig-
uid phases coexist. Further details are shown in Fig.2. Above the critical
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Figure 1: Isothermal curves related to ideal (left panel) and VDW (right
panel) gases, respectively. Isothermal curves (from bottom to top) corre-
spond to T'/T. = 20/23, 20/22, 20/21, 20/20, 20/19, 20/18. No extremum
point exists above the critical isothermal curve, T'/T, = 1.

isothermal curve (7' = T¢) the trend is similar with respect to ideal gases.
Below the critical isothermal curve and on the right of the dashed curve,
the supersaturated vapour still behaves as an ideal gas. Below the critical
isothermal curve and on the left of the dashed curve, the liquid shows little
change in volume as the pressure rises. Within the bell-shaped area bounded
by the dashed curve, the liquid phase is in equilibrium with the saturated
vapour phase. A diminished volume implies smaller saturated vapour frac-
tion and larger liquid fraction at constant pressure, and vice versa. The
VDW equation of state is no longer valid in this region. The dashed curve
(including the central branch) is the locus of intersections between VDW and
real isothermal curves, the latter being related to constant pressure where
liquid and vapour phases coexist. The dotted curve is the locus of VDW
isothermal extremum points.
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A specific (T'/T. = 20/23) VDW and corresponding real isothermal curve,
are represented in Fig. 3. The VDW isothermal curve and the real isothermal
curve coincide within the range, V' < V) and V' > V. The VDW isother-
mal curve exhibits two extremum points: a minimum, B, and a maximum,
D, while the real isothermal curve is flat, within the range, VA <V < Vg.
Configurations related to the VDW isothermal curve within the range, Vy <
V < Vi (due to tension forces acting on the particles yielding superheated
liquid), and Vp < V < Vg (due to the occurrence of undercooled vapour),
may be obtained under special conditions, while configurations within the
range, V3 < V < Vp, are always unstable. The volumes, V, and Vg, cor-
respond to the maximum value in presence of the sole liquid phase and the
minimum value in presence of the sole vapour phase, respectively.

The surfaces, ABC and CDE, are equal, as first inferred by Maxwell (e.g.,
Rostagni, 1957, Chap.XII, §19). The VDW and real isothermal curves
represented in Fig. 3 being related to the same temperature, 7', the cycle,
ABCDECA, is completely both isothermal and reversible, and the work, W,
performed therein cannot be positive to avoid violation of the second law of
the thermodynamics. The cycles, ABCA and CDEC, occurring in counter-
clockwise and clockwise sense, respectively, are also completely both isother-
mal and reversible. Accordingly, Wagcpeca = Wasca — Wepee < 0. A sim-
ilar procedure, related to the reversed cycle, ACEDCBA, yields Wacepcea =
Weepe — Wegac < 0. Then Wagcpeca = Wacepcea = 0, which implies
Wasca = Wepec = Weepe = Wegac and, in turn, the equality between the
related surfaces. For further details refer to specific textbooks (e.g., LL67,
Chap. VIII, §85).

In order to simplify both notation and calculations, it is convenient to
deal with (dimensionless) reduced variables (e.g., Rostagni, 1957, Chap. XII,
§16; LL67, Chap. VIII, §85). To this aim, the first step is the knowledge of the
parameters related to the critical point, V., p., T.. Using the VDW equation
of state, Eq. (2), the pressure and its first and second partial derivatives, with
respect to the volume, read:

kENT N?
P=v—NEB AW’ N = const ; (3)
kENT N?
( ) ~ (V-NB)? T2 )
2kNT N2
g 0ATT (5)
<8V2>‘,’T (V- NB)? V4

where the domain is V' > NB, V = NB is a vertical asymptote, and p = 0
is a horisontal asymptote. The critical isothermal corresponds to the highest
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temperature allowing a liquid phase, which occurs therein only at the crit-
ical point. The critical isothermal curve exhibits neither a minimum nor a
maximum, which are replaced by a horisontal inflexion point coinciding with
the critical point. Accordingly, (9p/0V v, 1, = 0, (8?°p/OV?)y.1r. = 0, and
p. = kNT./(V. — NB) — AN?/V2. The solution of the related system is:

Ve =3NB ; (6)
c:%%% ; (7)
b= gy 0
i ®

where, in general, the compressibility factor, Z = pV/(kNT), defines the
degree of departure from the behaviour of ideal gases, for which Z = 1,
according to Eq.(1). For further details refer to specific textbooks (e.g.,
Rostagni, 1957, Chap. XII, §20; LL67, Chap. VIII, §85).

With regard to the reduced variables:

y=v o #=Li r=1 (10

the ideal gas equation of state, Eq.(1), and the VDW equation of state,
Eq. (2), reduce to:

lf‘Y/:gT; (11)

S T
and Egs. (3), (4), and (5), reduce to:
_.s8r 3

o\ . Ar 6
<0V>%T DESAREE (14

(82,75) 144 1 18
v, r

%)y, BY 1P Y 1

where, for assigned 7', the domain of the function, y(y),is ¥ > 1/3, ¥V =
1/3 is a vertical asymptote, and p = 0 is a horisontal asymptote. In the

(13)
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special case of the critical point, ¥ =1, 1" =1, § = 1, the partial derivatives
are null, as expected.
The extremum points, via Eq. (14), are defined by the relation:

By — 1) ,

f(V)—4—W—T» (16)
which is satisfied at the critical point, as expected. The function on the
left-hand side of Eq. (16) has two extremum points: a minimum at J = 1/3
(outside the physical domain) and a maximum at ¥ = 1, where 1" = 1.
Accordingly, Eq. (16) is never satisfied for 1" > 1, which implies no extremum
point for related isothermal curves, as expected. The contrary holds for
I' < 1, where it can be seen that the third-degree equation associated to
Eq. (14) has three real solutions, related to extremum points. One lies outside
the physical domain, which implies ¥ < 1/3. The remaining two are obtained
as the intersections between the curve, f( V'), expressed by Eq. (16), and the
straight line, y = 1, keeping in mind that f(1/3) = 0, f(1) = 1, and
limy 400 f(V) = 0.

The third-degree equation associated to Eq. (14), may be ordered as:

V2 —9ay?+6ayY —a=0 ; (17a)

1
= ﬁ ; (17b)

with regard to the standard formulation (e.g., Spiegel, 1968, Chap.9):

a

4 az? +ar+a3 =0 ; (18)

the discriminants of Eq. (17a) are:

3 _ 42
Q:—a29 al:a(2—9a) ; (19)
9ajay — 27az — 2a3  a(l — 18a + 54a?)
R dma 543 1 . , (20)
21-4
=@ ypp =010 v Qi (21)

where D = 0 in the special case of the critical isothermal curve (1'=1,a =
1/4), D <0 for I'<1,and D > 0 for ' > 1. Accordingly, three coincident
real solutions exist if D = 0, three (at least two) different real solutions if

D < 0, one real (outside the physical domain) and two complex coniugate if
D > 0.

Intellectual Archive Vol. 1, No. 5, Sep. 2012



The three real solutions (D < 0) may be expressed as (e.g., Spiegel, 1968,
Chap.9):

Vi= 2\/5005 (71’ + g) — %al ; (22a)
Vo= 2\/5008 (7T + g + 2%) - %al ; (22b)
Vs = 2\/5008 (7T + g + 4%) - %al ; (22¢)
0 = arctan J_%D ; (22d)
where a; = —9a and, in the special case of the critical isothermal curve,

a=1/4,Q = —1/16, D = 0, which implies ¥y = min( V1, V2, V3), Va = Vs =
Vo = Vb = Ve = max(Vi, Vo, V3). In the special case, T' — 0, Eq. (17a)
reduces to a second-degree equation whose solutions are Vo, = Voo = 1/3,
while the related function is otherwise divergent as a — —+o0o. In general,
the extremum points of VDW isothermal curves (1" < 1) occur at Y = V3
(minimum) and ¥ = Vp (maximum), V5 < Vp. As ' — 0, Vs — 1/3,
Vb — 400, where, in all cases, 1/3 < Vg <1 < Vb.

The two areas defined by the intersection of a generic VDW isothermal
curve (1" < 1) and related real isothermal curves (see Fig. 3), are expressed
as:

Wi [ eav = [ pav = pove [getFe - v - [ bay | 2z
Wom [ pav = [ peav = pove | [ gay — bette - yo o

and the substitution of Eq. (13) into (23) allows explicit expressions for the
integrals. The result is:

L/BPIRE PR/l SR 10l /S BN
pCvC_ﬁc(VC Va) ?)T1 BY/A—1+ VaVe (24a)
pcVo =37 3Vo— 1 VeVe po(Ve—Vc) 5 (24b)

and the condition, Wi = W, after some algebra reads (Caimmi 2010, here-
after quoted as C10):

P o 8Ve-1 3

bo=3 Ny
“73 Va 3Va—-1 VaVe '’

Vi (25)
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where, for a selected isothermal curve, the unknowns are po = ga = g, Va,
and Vg.

The reduced volumes, Va, Vo, Vg, see Fig. 3, may be considered as inter-
sections between a VDW isothermal curve (1" < 1) and a horisontal straight

line, ¥ = pPo, in the (OY §) plane. In other words, Va, Ve, Vi, are the real
solutions of the third-degree equation:

3 8 I ) 2, L.

P (i) P R0 ()
which has been deduced from Eq.(13), particularized to y = po. The re-
lated solutions may be calculated using Eqgs. (22). The last unknown, pc, is
determined from Eq. (25).

An inspection of Fig. 3 shows that the points, A and E, are located on the
left of the minimum, B, and on the right of the maximum, D, respectively.
Keeping in mind the above results, the following inequality holds: Vi <
Vs <1< Vb < Vg, which implies further investigation on the special case,
Vo = 1. The particularization of the VDW equation of state, Eq. (13), to the
point, C = Cy, assuming Vg, = 1, yields:

p-tots, (27)

and Eq. (26) reduces to:
Vi— (14200 +3bY —b=0 ; (28a)
A (28b)

¢Cl

with regard to the generic third-degree equation, Eq. (18), the three solutions,
x1, Ta, T3, satisfy the relations (e.g., Spiegel, 1968, Chap.9):

X1+ To+ T3 = —ay ; (298,)
T1Xo + ToX3 + T3T1 = Ay (29Db)
T1ToT3 = —a3 | (29c¢)

where, in the case under discussion:
ap=—1-2b ; as = 3b ; a3 = —b ; (30a)
=Va ;s wm=Vo=1; 23=V&; (30b)
and the substitution of Egs. (30) into two among (29) yields:

Va=b—-Vb2—10 ; (31a)
Vo= bt VE—D ; (31b)
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and the combination of Egs. (27), (28b), and (31) produces:

1-2/1-71 |
Va = “ar—3 ' <1 ; (32a)
e Ny

Ve = r<1; ; (32b)

Ar—3
which, together with Y, = 1, are the abscissae of the intersection points be-
tween a selected VDW isothermal curve in the (O} §) plane and the straight
line, y = Po,, in the special case under discussion.

The substitution of Eqgs. (32) into (25), the last being related to the real
isothermal curve, yields:

T 1n3—2T+3,/1—T:6 ; (33)
V-1 3-21-3/1-1T1T

which holds only for the critical isothermal curve, 1" = 1. Accordingly, the
abscissa of the intersection point, C, between a selected VDW isothermal
curve and related real isothermal curve, see Fig.3, cannot occur at Vo =1
unless the critical isothermal curve is considered. Then the third-degree equa-
tion, Eq. (26), must be solved in the general case by use of Egs. (22). The
results are shown in Tab. 1, where the following parameters (in reduced vari-
ables) are listed for each VDW isothermal curve, see Fig. 3: the temperature,
T, the lower volume limit, V4, for which the liquid and vapour phase coexist;
the extremum point (minimum) volume, Vg; the intermediate volume, V¢,
for which the pressure equals its counterpart related to the corresponding
lower and upper volume limit, for which the liquid and vapour phase coexist;
the extremum point (maximum) volume, Vp; the upper volume limit, Vg, for
which the liquid and vapour phase coexist; the extremum point (minimum)
pressure, pp; the pressure, ps = Pc = Pg, related to the horisontal real
isothermal curve; the extremum point (maximum) pressure, pp. The locus
of the intersections between VDW and real isothermal curves is represented
in Fig. 2 as a trifid curve, where the left, the right, and the middle branch
correspond to Va, Vg, and Vg, respectively. The common starting point
coincides with the critical point. The locus of the VDW isothermal curve
extremum points is represented in Fig. 2 as a dotted curve starting from the
critical point, where the left and the right branch corresponds to minimum
and maximum points, respectively.

A fluid state can be represented in reduced variables as (Y, ¢, 1'), where
one variable may be expressed as a function of the remaining two, by use
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Table 1: Values of parameters, 1", Va, Vs, Vo, Vb, Ve, ¥5, Pc, P, within
the range, 0.85 < 1" < 0.99, using a step, A 1" = 0.01. Additional values are

computed near the critical point, to increase the resolution. The true value of
the reduced temperature on the last row is 1" = 0.9999 or 10 7" = 9.999. All
values equal unity at the critical point. Index captions: A, C, E - intersections
between VDW and real isothermal curves; B - extremum point of minimum;
D - extremum point of maximum. Extremum points are related to VDW
isothermal curves, while their real counterparts are flat in presence of both
liquid and vapour phase. To save aesthetics, 01 on head columns stands for
unity.

107 [ 10V | 10Vs |01Vc |01V |01V | 1045 | 104c | 10pp

8.50 | 5.5336 | 6.7168 | 1.1453 | 1.7209 | 3.1276 | 0.4963 | 5.0449 | 6.2055
8.60 | 5.6195 | 6.8003 | 1.1337 | 1.6821 | 2.9545 | 1.2750 | 5.3125 | 6.4005
8.70 | 5.7116 | 6.8883 | 1.1225 | 1.6436 | 2.7909 | 2.0346 | 5.5887 | 6.6011
8.80 | 5.8106 | 6.9814 | 1.1116 | 1.6052 | 2.6360 | 2.7752 | 5.8736 | 6.8076
8.90 | 5.9176 | 7.0804 | 1.1009 | 1.5669 | 2.4889 | 3.4965 | 6.1674 | 7.0205
9.00 | 6.0340 | 7.1860 | 1.0905 | 1.5285 | 2.3488 | 4.1984 | 6.4700 | 7.2401
9.10 | 6.1615 | 7.2994 | 1.0804 | 1.4900 | 2.2151 | 4.8807 | 6.7816 | 7.4669
9.20 | 6.3022 | 7.4221 | 1.0706 | 1.4511 | 2.0869 | 5.5430 | 7.1021 | 7.7014
9.30 | 6.4593 | 7.5561 | 1.0610 | 1.4117 | 1.9634 | 6.1849 | 7.4318 | 7.9443
9.40 | 6.6369 | 7.7040 | 1.0516 | 1.3715 | 1.8438 | 6.8058 | 7.7707 | 8.1963
9.50 | 6.8412 | 7.8697 | 1.0425 | 1.3300 | 1.7271 | 7.4049 | 8.1188 | 8.4584
9.60 | 7.0819 | 8.0593 | 1.0336 | 1.2867 | 1.6118 | 7.9811 | 8.4762 | 8.7319
9.70 | 7.3756 | 8.2830 | 1.0249 | 1.2404 | 1.4960 | 8.5328 | 8.8429 | 9.0185
9.80 | 7.7554 | 8.5611 | 1.0164 | 1.1892 | 1.3761 | 9.0576 | 9.2191 | 9.3209
9.90 | 8.3091 | 8.9461 | 1.0081 | 1.1278 | 1.2430 | 9.5510 | 9.6048 | 9.6437
9.95 | 8.7471 | 9.2353 | 1.0040 | 1.0876 | 1.1618 | 9.7830 | 9.8012 | 9.8157
9.98 | 9.1727 | 9.5049 | 1.0016 | 1.0540 | 1.0972 | 9.9158 | 9.9202 | 9.9240
9.99 | 9.4018 | 9.6456 | 1.0008 | 1.0377 | 1.0670 | 9.9585 | 9.9600 | 9.9614
9.99 | 9.8035 | 9.8856 | 1.0001 | 1.0117 | 1.0204 | 9.9960 | 9.9960 | 9.9960
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of the reduced ideal gas equation of state, Eq.(11), or the reduced VDW
equation of state, Eq.(12). The formulation in terms of reduced variables,
Egs. (10), makes the related equation of state universal i.e. it holds for any
fluid. Similarly, the Lane-Emden equation expressed in polytropic (dimen-
sionless) variables, describes the whole class of polytropic gas spheres with
assigned polytropic index, in hydrostatic equilibrium (e.g., Chandrasekhar
1939, Chap.1V, §4).

The states of two fluids with equal (¥, §, 1), are defined as corresponding
states. The mere existence of an equation of state yields the following result.

Law of corresponding states. Given two fluids, the equality between two
among three reduced variables, V', §, T', implies the equality between the
remaining related reduced variables i.e. the two fluids are in corresponding
states.

The law was first formulated by van der Waals in 1880. For further details
refer to specific textbooks (e.g., LL67, Chap. VIII, §85).

3 Equation of state of astrophysical fluids

Let macrogases be defined as two-component fluids which interact only gravi-
tationally. For assigned density profiles, the virial theorem can be formulated
for each subsystem, where the potential energy is the sum of the self potential
energy of the component under consideration, and the tidal energy induced
by the other one. The virial theorem for subsystem can be expressed as a
macrogas equation of state in terms of dimensionless variables, Xy, X,, Xr,
related to axis ratio, mass ratio, virial (i.e. self + tidal) potential energy
ratio, respectively. The result is (C10):

XvaFX(Xp, Xv) = XT ) (34&)
Xp=m*; Xy=-; Xp=¢; (34b)

where the function, F'y, depends on the selected density profiles, m is the
(outer to inner component) mass ratio, y is the (outer to inner component)
axis ratio along a generic direction, ¢ is the (outer to inner component)
virial energy ratio, and the density profiles are restricted to be homeoidally
striated. The variables, Xy, X,, Xp, play a similar role as the volume,
the pressure, and the temperature, for ordinary fluids. Accordingly, Xy, X,,
X7, may be defined as macrovolume, macropressure, and macrotemperature,
respectively. For further details refer to the parent paper (C10).
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Macroisothermal curves on the (OXyX,) plane exhibit a similar trend
with respect to VDW isothermal curves on the (OVp) plane, with two main
differences. First, no critical point occurs for sufficiently mild density profiles,
where all macroisothermal curves are characterized by two extremum points,
one maximum and one minimum. Second, a critical macroisothermal curve
appears for sufficiently steep density profiles, above (instead of below) which
macroisothermal curves exhibit extremum points. For further details refer
to the parent paper (C10) and an earlier attempt (Caimmi and Valentinuzzi
2008).

The last inconvenient may be avoided turning Eq. (34) into the following:

Vi YwEy (Y, Yv) = Y7 (35a)
1 1 1
Y o — — . Yo — — - Vi — — -
p Xp ) 14 XV ) T XT y (35b)
Fy(Y,,Yy) = Fx(X,, Xv) (35¢)

as suggested in the parent paper (C10).

The existence of a phase transition moving along a selected macroisother-
mal curve, where the path is a horisontal line (“real” macroisothermal curve)
instead of a curve including the extremum points (“actual” macroisothermal
curve), must necessarily be assumed as a working hypothesis, due to the
analogy between VDW isothermal curves and macroisothermal curves. Un-
like the VDW equation of state, Eq. (3), the theoretical macrogas equation of
state, Eq. (3ba), is not analytically integrable, which implies the procedure
used for determining a selected macroisothermal curve, must be numerically
performed.

The main steps are (i) calculate the intersections, Yy, , Yi, Y, Y, <
Yvi. < Yis, between the generic horizontal line in the (OYy/Y,) plane, Y, =const,
and the theoretical macrogas equation of state, within the range, Y,, <Y, <
Y, , where B and D denote the extremum points of minimum and maximum,
respectively; (ii) calculate the area of the regions, ABC and CDE; (iii) find the
special value, Y, =Y., which makes the two areas equal; (iv) trace the real
macroisothermal curve as a horisontal line connecting the points, (Yy,,Y,,),
Yo, Yoo)s Vi, Yoi), Yoo = Yoo = Y, = Y,.. For further details refer to an
earlier attempt (C10).

The procedure related to point (ii) above is rather cumbersome and should
be performed again with the new variables, Yy, Y}, and Y, with respect to an
earlier attempt (C10). For this reason, the current paper shall be restricted
to theoretical macroisothermal curves and related extremum points. In order
to preserve the analogy with ideal and VDW gases, the tidal potential energy
shall be excluded and included, respectively, in the formulation of the virial
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theorem and related equation of state. The following cases shall be dealt
with: UU macrogases, where no critical point occurs; HH macrogases, where
the critical point occurs; HN/NH macrogases, where the critical point occurs.

In presence of the critical point, Eq. (35) may be translated into reduced
variables, as:

Voo By (Y Vo) 22—y (362)

T(‘
Y, Yy Yy
D —_ = —_— 36b
)/p }/pc ) 1% YVC ) YT YTC ) ( )
Fy (Yo, W) = iy (VYo YWwYv) (36¢)

where Y, , Yy., Y., are the values of the variables related to the critical point.
The counterpart of Eq. (36a) for ideal macrogases reads:

Yw

Yo WwGy (Yo, VW) === =Yr ; (37)

(‘

where Gy (Y, Yv) is the expression of Fy (Y, ¥v) where the interaction terms
are omitted. For further details refer to an earlier attempt (C10). Ac-
cordingly, the equation of state for ideal macrogases where Gy (¥,, ¥v)Y,./
(Yv.Yr.) = 3/8, coincides with its counterpart related to ideal gases, con-
formly to Eq. (11).

Macroisothermal curves related to IUU (tidal potential energy excluded)
and AUU (tidal potential energy included) macrogases, are plotted in Fig. 4,
left and right panel, respectively, for values of the macrotemperature, Yo =
20/23, 20/22, 20/21, 20/20, 20/19, 20/18, from bottom to top. The coordi-
nates, Yy, Y}, Y, may be conceived as normalized to their fictitious critical
counterparts, Yy, = 1, Y, =1, Y, = 1 (C10). The comparison with ideal
and VDW gases, plotted in Fig.1, shows a similar trend, except the ab-
sence of a critical macroisothermal curve, above which the extremum points
disappear.

Macroisothermal curves related to IHH (tidal potential energy excluded)
and AHH (tidal potential energy included) macrogases, are plotted in Fig. 5,
left and right panels, respectively, for infinitely extended subsystems and val-
ues of the reduced macrotemperature, ¥r = Y /Y = 20/23, 20/22, 20/21,
20/20, 20/19, 20/18, from bottom to top. The general case of bounded sub-
systems makes only little changes. The comparison with ideal and VDW
gases, plotted in Fig. 1, shows a similar trend where macroisothermal curves
are more extended along the horisontal direction with respect to isothermal
curves.
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Macroisothermal curves related to IHN/NH (tidal potential energy ex-
cluded) and AHN/NH (tidal potential energy included) macrogases, are plot-
ted in Fig. 6, left and right panels, respectively, for infinitely extended sub-
systems and values of the reduced macrotemperature, ¥Yr = Yr/Yr, = 20/23,
20/22, 20/21, 20/20, 20/19, 20/18, from bottom to top. The general case
of bounded subsystems makes only little changes for AHN/NH macrogases,
while the scale change tends to disappear for IHN/NH macrogases. The
comparison with ideal and VDW gases, plotted in Fig.1, shows a similar
trend where macroisothermal curves are more extended along the horisontal
direction with respect to isothermal curves, and the occurrence of a scale
difference for ideal macrogases. The last is due to a mass divergence for in-
finitely extended N density profiles, which makes tidal effects higly increase.

The comparison between the VDW critical isothermal curve and its coun-
terparts related to HH and HN/NH macrogases is shown in Fig. 7. The bro-
ken curve is the same as in Fig. 2. Accordingly, the vapour and the liquid
phase of ordinary fluids coexist within the bell-shaped region bounded by
the broken curve. Both HH and HN/NH macroisothermal curves are more
extended along the horisontal direction with respect to VDW isothermal
curves, which implies a more flattened counterpart of the above mentioned
bell-shaped region. The critical point belongs to all curves.

4 Discussion and conclusion

Tidal interactions between neighbourhing bodies span across the whole ad-
missible range of lengths in nature: from, say, atoms and molecules to galax-
ies and clusters of galaxies i.e. from micro to macrocosmos. Ordinary fluids
are collisional, which makes the stress tensor be isotropic and the velocity
distribution obey the Maxwell’s law. Tidal interactions (electromagnetic
in nature) therein act between colliding particles (e.g., LL67, Chap. VII,
§74). Astrophysical fluids are collisionless, which makes the stress tensor
be anisotropic and the velocity distribution no longer obey the Maxwell’s
law. Tidal interactions (gravitational in nature) therein act between a single
particle and the system as a whole (e.g., C10).

In both cases, an equation of state can be formulated in reduced vari-
ables: the VDW equation for ordinary fluids and an equation which depends
on the density profiles for astrophysical fluids. For sufficiently mild density
profiles, macroisothermal curves are characterized by the occurrence of two
extremum points, similarly to isothermal curves where a transition from lig-
uid to gaseous phase takes place, or vice versa. For sufficiently steep density
profiles, a critical macroisothermal curve exhibits a single horisontal inflex-
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ion point, which defines the critical point. Macroisothermal curves below
and above the critical one, show two or no extremum point, respectively, in
complete analogy with VDW isothermal curves. In any case, the existence
of an equation of state in reduced variables implies the validity of the law of
corresponding states for macrogases with assigned density profiles.

For astrophysical fluids, the existence of a phase transition must neces-
sarily be assumed as a working hypothesis by analogy with ordinary fluids.
The phase transition has to be conceived between gas and stars, and the
(OYvY,) plane may be divided into three parts, namely (i) a region bounded
by the critical macroisothermal curve on the left of the critical point, and
the locus of onset of phase transition on the right of the critical point, where
only gas exists; (ii) a region bounded by the critical macroisothermal curve
on the left of the critical point, the locus of onset of phase transition on the
left of the critical point, and the vertical axis, where only stars exist; (iii) a
region bounded by the locus of onset of phase transition, and the horisontal
axis, where gas and stars coexist. The locus of onset of phase transition,
not shown in Fig. 7 for reasons explained above, is similar to its counterpart
related to ordinary fluids, represented by the bell-shaped curve in Fig. 7, but
more extended along the horisontal direction.

In this view, elliptical and SO galaxies lie on (ii) region unless hosting hot
interstellar gas, and the same holds for globular clusters; spiral, irregular, and
dwarf spheroidal galaxies lie on (iii) region, and the same holds for cluster
of galaxies; gas clouds in absence of star formation lie on (i) region, and the
same holds for hypothetic galaxies with no stars.

In conclusion, van der Waals’ two great discoveries, more specifically a
gas equation of state where tidal interactions between molecules are taken
into account, and the law of corresponding states, related to microcosmos,
find a counterpart with regard to macrocosmos. After a century since the
awarding of the Nobel Prize in Physics, van der Waals’ ideas are still valid
and helpful to day for a full understanding of the universe.
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Figure 2: Same as in Fig. 1 (right panel), where the occurrence (within the
bell-shaped area bounded by the dashed curve) of saturated vapour is consid-
ered. Above the critical isothermal curve (T" = T.) the trend is similar with
respect to ideal gases. Below the critical isothermal curve and on the right
of the dashed curve, the gas still behaves as an ideal gas. Below the crit-
ical isothermal curve and on the left of the dashed curve, the liquid shows
little change in volume as the pressure rises. Within the bell-shaped area
bounded by the dashed curve, the liquid phase is in equilibrium with the sat-
urated vapour phase. A diminished volume implies smaller saturated vapour
fraction and larger liquid fraction at constant pressure, and vice versa. The
VDW equation of state is no longer valid in this region. The dashed curve
(including the central branch) is the locus of intersection between VDW and
real isothermal curves, the latter being related to constant pressure where
liquid and vapour phases coexist. The dotted curve is the locus of VDW
isothermal extremum points.
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Figure 3: A specific (T'/T, = 20/23) VDW and corresponding real isothermal
curve. The above mentioned curves coincide within the range, V < Vi
and V > Vi. The VDW isothermal curve exhibits two extremum points: a
minimum, B, and a maximum, D, while the real isothermal curve is flat within
the range, V) < V < V. Configurations related to the VDW isothermal
curve within the range, VA < V < Vg (due to tension forces acting on
the particles yielding superheated liquid), and Vp < V < Vg (due to the
occurrence of undercooled vapour), may be obtained under special conditions,
while configurations within the range, Vg < V < Vp, are always unstable.
The volumes, V) and Vg, correspond to the maximum value in presence of
the sole liquid phase and the minimum value in presence of the sole vapour
phase, respectively. The regions, ABC and CDE, have equal area. For further
details refer to the text.
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Figure 4: Macroisothermal curves related to IUU (left panel) and AUU (right
panel) macrogases, respectively. Macroisothermal curves (from bottom to
top) correspond to Yr = 20/23, 20/22, 20/21, 20/20, 20/19, 20/18. No
critical macroisothermal curve exists, above which the extremum points dis-
appear. The coordinates, Yy, Y, Y1, may be conceived as normalized to
their fictitious critical counterparts, Yy, =1,Y, =1, Y5, = 1.
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Figure 5: Macroisothermal curves (Y, = Y,/Y,. vs. Vv = Yy/Yy,) related
to IHH (left panels) and AHH (right panels) macrogases, respectively, for
infinitely extended subsystems. Macroisothermal curves (from bottom to
top) correspond to Yt = Y /Y =20/23, 20/22, 20/21, 20/20, 20/19, 20/18.
The general case of bounded subsystems makes only little changes.
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Figure 6: Macroisothermal curves (¥, = Y,/Y,. vs. YW = Yy/Yi.)
related to THN/NH (left panels, to be noted the scale difference) and
AHN/NH (right panels) macrogases, respectively, for infinitely extended
subsystems.. Macroisothermal curves (from bottom to top) correspond to
Yr = Yr/Yr, =23/20, 22/20, 21/20, 20/20, 19/20, 18/20. The general case
of bounded subsystems makes only little changes for AHN/NH macrogases,
while the scale difference tends to disappear for IHN/NH macrogases.
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Figure 7: Comparison between VDW critical isothermal curve (full), HH
critical macroisothermal curve (dotted) and HN/NH critical macroisothermal
curve (dot-dashed). With regard to ordinary fluids, the vapour and the lig-
uid phase coexist within the bell-shaped region bounded by the dashed curve
and, in addition, Yy =V, Y, = p. More extended (along the horisontal direc-
tion) bell-shaped regions are expected for HH and HN/NH macroisothermal
curves. The critical point belongs to all curves. Different letters denote the
expected location of different astrophysical systems. Caption: EG - elliptical
galaxies; SO - lenticular galaxies; SG - spiral galaxies including barred; IG
- irregular galaxies; DS - dwarf spheroidal galaxies; GC - globular clusters;
CG - clusters of galaxies; WC - wholly gaseous clouds i.e. in absence of star
formation; WG - (hypothetical) wholly gaseous galaxies i.e. in absence of
star formation.
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WEIGHT OF THE THERMO-INSULATED CONTAINER EQUIPPED WITH ELECTRIC
HEATER

Alexander L. Dmitriev

. Petersburg National Research University of Information Technologies, Mechanics and Optics,
S. Petersburg, 49 Kronverksky Prospect, 197101, Russia

Experiment with weighing of the thermo-insulatechi@ner in form of three tight metal vessels, inichhthe
internal one is heated up by an electric spirahrisfly described. Results of the experiment skzovather strong

temperature reduction of weight of the vessel nfemta titan with a relative value in the order a0°K™.

Keywords: gravitation, weight, temperature

Researches of influence of temperature of dmdin results of their exact weighing are actudl axdy in
gravimetry and metrology of mass, but also in @mtion with importance of this problem for physios
gravitation. The body temperature is a measumnefgy of chaotic movement of the microparticleis inade of,
which is directly connected with their speed andeteration; the temperature - the factor describihg
electromagnetic interaction of particles of a bodgrces of gravitation also cause the acceleratfamodies, and
researches of deep and not trivial interrelatiomarfeleration and gravitation have fundamental iamee’ Last
years these researches draw special attentionninection with the fact that in a number of experitsethere is
observed a rather strong negative dependence &drites of gravitation on the temperatire.

A simple experiment with weighing of the tighermo-insulated container, inside which the eledteater is
placed, has been described below.

The design of container in form of three thayloly hermetically sealed rigid metal vessels, eswibin each
other, is shown in FIG. 1.

—a

5

FIG. 1. The design of the container. 1 - a vessadarof steel, 2 - vessels made of titan, 3 - copfemtrodes, 4 - a suspension
bracket, 5 - an electric spiral.

Full weight of the container is 166.§, diameter of the external steel cylinder is BUM, height is 53MmMm,
thickness of walls of the steel cylinder is 1M8M, walls of the titan cylinders is PnM. Heater - a wire spiral
made of Nichrome with weight of 540g and electrical resistance of 1043 ; the voltage of the power source is

12.5V , duration of the spiral heating is Z0.

Weighing of the container before and aftertbater switching ON was made on analytical balafiokDV200
make by the elongation method with the period afdout of the current values of weight being abddit <L

Duration of operations of removal and installatafrthe container for connection to the power sotsck.5min,
accuracy of selective readouts of the containerglteis not worse than 50MCg . An example of typical

experimental time dependence of the container wésghiven in FIG. 2.
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FIG. 2. Time dependence of change of the contaipparent weight. The dash line specifies the "mah@&nON and OFF of
the heater. One division on the vertical scaleasponds to 1001ICJ , the period of weight readouts is 1852

Significant, more than 300NCg in value, reduction of the container weight duriveating and first 2-3 minutes

after action of the heater, has regular characterisanot connected to errors of operation of remhawnd installation
of the container on the beam of analytical balditde proved to be true by the repeated carefidsneements).

Principal causes of changes in weight of thenledically sealed container with the heated upa$pire:

- change of buoyancy of a weighed body, owing toperature-dependent change of volume of the extsteal
vessel;

- convective flows of air near the wall of theerxtal vessel, owing to its being heated;

- temperature changes of weight of the electripabhtand weights of the container, to the greadesfree, weights
of the internal cylinder.

Change of the surface temperature of the extestialder is shown in FIG. 3.

18

16
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FIG. 3. Change of the surface temperattiref the external cylinder. Time of heating is £ the moment "0" corresponds to
ON position of the heater.

Obviously, in the first three minutes of measureta¢e increasé T of temperature of the external steel cylinder
does not exceed 0.K .

ChangeAm of apparent weight of the container, caused bygbaof volume of the steel cylinder owing to
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thermal expansion of its material is equal to:
3n
Am = " od*halT , 1)
where p - density of air,@ - factor of linear expansion of material of thdinger, d - its diameter,h - height. At
p=11%g/m*, @ =11900° and AT = 04K Am =1mcg .

ChangeAm, of apparent weight of the container, caused byrmedtions of walls of the cylindrical vessel,

owing to temperature change of air pressiMe within its volume, as it is possible to show oe thasis of the
theory of elasticity, is equal to:

Am, = 7ohd*AP N mpd® | 3(L-v)dAP
AE 16 2

)

where 0 - thickness of wallsE - the modulus of elasticity and - Poisson’s ratio . The sizZAP is connected
to change of temperatuT of air within the volume of the external cylindAP = PAT /T , where P - normal
pressure of atmosphere arkl- temperature of air in the cylinder. For examme, AT =1K , T = 298K,
P= 101300°N/m*, AP =340N/m*. At 5 =15mm, E=210"N/m*, v = 0.3, Am, =50mcg .

The given estimate is overestimated, as in therskaddend of formula 2, describing deformationaufef walls of a
vessel, such walls are presented by thin membracasally, the deflection of end faces is less th@isupposed in
conclusion 2.

The changeAm, of apparent weight of the container, caused bgaivection due to differencAT of

temperatures of surface of the external steel dgliand temperatures of air in the closed box afyéical balance,
will be estimated on the basis ofaccording to which

Am, B ) ) ]
Ay = 920107 gom*/ K, @

where the area of lateral surface of the cylinderA = 7dh. With the maximum differenceAT = 04K,

Am, = 40mcg .

Reduction of weight of the container during thestfi2-3 minutes of measurements is equal to abodit rB8g
which exceeds the surd\m, + Am, + Am;) by more than three times.

The observed "defect" of mas£dm, with value of 260mMcg can be explained by temperature change of weight o

the container with weightn, of the internal titan vessel in the greatest degree

As shown by the thermo-physical calculatidhs, changeAT, of temperature of the internal vessel in the first
minutes from the moment ON of short-time switchargof the heater is equal to about KO (AT, = AQ/m.c,

where AQ =100J - the energy transferred to a vessel during heattangem, = 002kg, ¢ =574J/kg(K -

the specific thermal capacity of titan).
The factory describing relative temperature change of weiglarointernal vessel,

Am,
mAT,

y= (4)

which is not less thal.5 10 °K ™ that is close to the values of this factor easietained for metal%®

The detailed description of dynamics of tempaechange of the container weight can be exeautttrdaccount
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for specific features of the container design, afsb for the design and the mode of operation efdlectric
heater.

So, the described experiment confirms theeragirong negative temperature dependence of wefjhihe
container, containing a heated up vessel madetanfi.ti Researches of temperature dependence of tweigh
materials, conducted in a wide range of temperafunéll allow to expand the existing concepts bfygics of
gravitational interaction and its connection witbotromagnetism.
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Relativistic Theory of Black Holes

Daniele Sasso *

Abstract

The gravitational theory is the most accredited theory for explaining black holes.
In this paper we present a new interpretation based on the relativistic theory that
explains black holes as a consequence of the relativistic speed of departure
between the speed of celestial system and the speed of both light and quantum
rays at very high energy, calculated with respect to the observer.

1. Historical introduction to black holes

The term “black hole“ was introduced by American physicist J.A. Wheeler because
everything, inclusing the light, that went into that astronomical zone wasn’t able to
get out and consequently it appeared black.

In the 18" century Laplace and Michell hypothesized for the first time the existence
of a celestial body provided with a greatest mass that was able to cause an
escape velocity greater than the speed of light for which neither light was able to
resist the strongest gravitational force generated by the celestial body.

This hypothesis got on with Newton’s corpuscular theory of light but not with the
wave theory: on this account the concept of black hole was abandoned.

Some month after the publication of General Relativity by Einstein (1916) the black
hole was again contemplated because gravitation in GR was considered a
geometric variation of the space and not a force. In 1919 Eddington on the
occasion of a total solar eclipse!'! measured the deflection of light coming from a
remote star when light passed near the sun. He deduced that in place of the sun
a greatest celestial mass should have produced a so great deflection of light that
this once gone into the even horizon wasn’t able to get out any longer.

More or less in the same years also Karl Schwarzschild calculated that the black
hole should have possessed a greatest mass because the calculus implied a
smallest radius of the celestial body (R=2GM/c?) and consequently in order to have
an acceptable value of radius a very great mass was necessary.

It is also suitable to say that lastly a few published papers have denied the
existence of black holes . Future further experiments will say if black holes
represent a physical reality also if already now there are many evidences in this
regard. In the gravitational theory the black hole looks like an astronomical monster
that devours all what passes in the proximity of its even horizon, the relativistic
theory intends also to propose a more friendly explanation of the black hole.

* email:dgsasso@alice.it
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2. Gravitational theory

Whether in Newton’s or Einstein’s gravitational theory black holes can be explained
with a very strong intensity of the gravitational field that is caused by a greatest
mass. In fact in Newton’s theory the Fg gravitational force on a m mass in a
point at r distance from the centre of gravity is given by

Fe = GMm (1)

r2

where G=6,67x10"'Nm?Kg? is the constant of universal gravitation and M is the
mass of the celestial body generating the gravitational field. The gravitational force
is the more strong the more M is great and the more r is small.

A body with m mass in order to leave the surface of M celestial mass has to be
provided with an escape force Fe=ma. with opposed direction with respect to the
direction of the gravitational force. In order to calculate the initial minimum speed
(ve escape speed) that a m mass has to possess at the r distance for leaving
definitively the celestial body it has to be

GMm =- mdyv (2)
r? dt
Being
dv = dv dr (3)
dt dr dt
we have
dv dr =-GM 4)
dr dt P
vdv = - GMdr (5)
r2
V2=2GM (6)
r
and
Ve=([2G M (7)

From the (7) equation we deduce that the escape speed depends on both the r
distance from the centre of gravity and the M mass of the celestial body.
From the (6) equation, in the event of light (v=c), we find again Schwarzschild’s
radius

R=2GM (8)

C2
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In this theory R represents the radius of the even horizon because M mass is
concentred into a smallest volume because of the strongest gravitational field.
A graphic representation of black hole is given in fig.1.

Fig.1 Graphic representation of black hole in the gravitational theory. R is the radius of the event
horizon: all what is inside cannot go out, all what passes very near to the horizon (also the
light) is attracted inside. The observer is in the O point.

In the gravitational theory black hole represents an astronomical entity whose
prospective motion would have no revealing effect on its behavior. In GR the
gravitational force is replaced with the space and time warp that is the more
strong the more M mass is great and consequently the behavior of black hole is
equivalent to a suction effect so great that also the light isn’t able to go out.

3. Relativistic theory

Let us consider an O observer who is in the origin of the S reference frame
supposed at rest and similarly consider a celestial body which constitutes the S’
reference frame. Suppose still that S’ moves with V velocity in reverse with respect
to S. Any object launched with speed u from the surface of the celestial body
towards the S reference frame along the conjoining line the centre of gravity of S’
and the O point where the observer is placed (fig.2), has with respect to S the
vector velocityI*

v=u+V (9)

In concordance with intensities of V and u the following cases can happen:
1. V<u: the launched object reaches the O observer with scalar velocity v=u-V

in a time d/(u-V) only if the resultant velocity v is greater than the escape
speed of the celestial body ve=\|2GM/R (v>Ve).
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2. V=u: the launched object doesn’t reach the O observer and the object
staies at a constant distance from O.

3. V>u: the launched object doesn’t reach the O observer and in any case
it moves away from O with speed v=V-u (this case is represented in fig.2).

A

Fig.2 Graphic representation of black hole in the relativistic theory where V is the speed of
departure of black hole with respect to the O observer, u is the speed of an object
launched from the surface of black hole and u+V is the speed of the same object with
respect to S. In figure the case V>u is represented. In the graphic the black hole is
represented by a sphere with R radius which because of very great distance from the O
observer appears like a small sphere with r radius. d is the distance between the observer
and the launch point of the object. In the event of the light the u speed coincides with c.

In the event of light or energy rays emitted by the celestial body we have u=c.
The following cases can happen:

1. V<c: the light reaches the O observer with velocity v=c-V in a time
d/(c-V)H.

2. V=c: with respect to O observer the light has null velocity and consequently
it isn’t able to reach the O observer.

3. V>c: the light isn’t able to reach the O observer.

In the both cases 2. and 3. the celestial body behaves like a black hole. If during
its motion black hole collides with couds of cosmic dusts these behave towards
the black hole like a friction that raises by far the temperature of dusts with
emission of electromagnetic radiations at very high energy.

4. Black holes and binary stars
With reference to fig.3, supposing that V is the speed of the bynary system and

that the orbital speeds of the two stars are smaller than ¢ (vi<c, vo<c), the
following cases can happen:
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a. The V speed is greater than c (speed of light and speed of quantum rays
at high energy): V>c.
In figure the star binary system moves away with V speed from the
observer, but the speed of each star with respect to the observer depends
on the reciprocal position. In positions of figure star1 moves away with
V-vi speed and star2 moves away with V+v, speed. In that event star2
certainly is a black hole while star1 is a black hole only if V-vi>c.

b. The V speed is equal to c: V=c.
In that event star2 is certainly a black hole and star1 isn’t certainly a black
hole in reciprocal positions of figure.

c. The V speed is smaller than c: V<c. Always with reference to the situation
in figure star1 is an ordinary star while star2 is a black hole if V+vy>c.

Vo Sz
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Fig.3 Graphic representation of a binary star. o; is the orbit of star1 and o, is the orbit of star 2.
B is the centre of mass of the binary star system which moves away from the observer with
V speed. In the situation of figure, v, is the approach orbital speed of the star1 with respect
to the O observer and v, is the departure orbital speed of the star2.

It is interesting to observe that in the relativistic theory the binary star system has
a different behavior according to the reciprocal position between the two stars
inside the binary system. Only astromical observations will be able to confirm this
behavior.

The relativistic theory here described represents an alternative way with respect to
the gravitational theory for explaining astronomical nature and physical behavior of
black holes.
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Abstract

This part of the series is devoted to the generalization of exterior differential calculus. I
give definition to the integral of a five-vector form over a limited space-time volume of
appropriate dimension; extend the notion of the exterior derivative to the case of five-vector
forms; and formulate the corresponding analogs of the generalized Stokes theorem and of
the Poincare theorem about closed forms. I then consider the five-vector generalization of
the exterior derivative itself; prove a statement similar to the Poincare theorem; define the
corresponding five-vector generalization of flux; and derive the analog of the formula for
integration by parts. I illustrate the ideas developed in this paper by reformulating the
Lagrange formalism for classical scalar fields in terms of five-vector forms. In conclusion, I
briefly discuss the five-vector analog of the Levi-Civita tensor and dual forms.

A. Equivalence classes of two-, three- and
four-dimensional volumes

Consider a set Ry of all smooth parametrized two-
dimensional surfaces going through a fixed space-time
point Q. Let us lable these surfaces with calligraphic
capital Roman letters: A, B, C, etc. The two param-
eters of surface A—its two inner coordinates—will be
denoted as /\S) and )\f).

If f is a real scalar function defined in the vicinity
of @, one can evaluate its derivatives at @ relative to
the parameters of a given surface A:

df (PO, AD))
aAp

)

1 AY=AL @ AP =AD (@)

where k£ = 1 or 2, and let us denote these derivatives
as Q(f) flo-

Let us focus our attention on the behaviour of two-
dimensional surfaces in the infinitesimal vicinity of Q).
From that point of view R5 can be divided into classes
of equivalent surfaces that coincide in direction or
in direction and parametrization. As in the case of
parametrized curves, one can consider several degrees
to which two given surfaces, .4 and B, may coincide:

1. The two surfaces have the same direction at Q). A
more precise formulation is the following: there
exists a real 2 x 2 matrix, [|a®||, with a positive

*Former affiliation.

determinant and such that for any scalar func-
tion f

k 1
0 flo =Y a9 fla. (1)
1=1,2
where k£ =1, 2.

2. The two surfaces have the same direction at Q);
in the vicinity of @ the direction of the corre-
sponding inner coordinate lines is the same; and
along these lines the corresponding parameters
change with equal rates. More precisely: for any
scalar function f

k k
0% flo =5 fla, (2)
where k =1, 2.

3. In the infinitesimal vicinity of @, the two surfaces
have the same direction and parametrization.
This means that

2P(@) =2 (@) (3a)

and for any scalar function f

k k
0% flo = 05 flo (3b)
where k =1, 2.

It is a simple matter to check that relations (1),
(2) and (3) are all equivalence relations on Ry, and
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for each of them one can consider the corresponding
quotient set—the set whose elements are classes of
equivalent two-dimensional surfaces.

It is apparent that one can establish a one-to-
one correspondence between the equivalence classes
of parametrized surfaces associated with relation (2)
and ordered pairs of four-vectors, (A, A®)  such
that for any surface A from a given class

3% flo = dam fla

for any scalar function f. It is evident that the vec-
tors in a pair should be linearly independent: other-
wise the pair will not correspond to any nondegener-
ate surface.

In a similar manner one can establish a one-to-one
correspondence between the classes of equivalent two-
surfaces corresponding to relation (3) and ordered
pairs of five-vectors, (a!), a(?), according to the for-
mulae

(k=1,2)

OV flo = 0w flo and AF) = Naw (K =1,2)
for any surface A from a given class and for any scalar
function f. In this case, besides being linearly inde-
pendent, the five-vectors in a pair should satisfy one
more requirement: neither of them should be an ele-
ment of £. Pairs where one of the five-vectors belongs
to £ can be considered as a special case correspond-
ing to degenerate two-dimensional surfaces, which are
lines.

In a similar manner one can consider a set R3 of
all smooth parametrized three-dimensional hypersur-
faces going through a fixed space-time point @ and a
set R4 of all parametrized four-dimensional volumes
containing ). If f is a real scalar function defined in
the vicinity of (), one can evaluate its derivatives at )
relative to the parameters A%) of a given hypersurface
or four-volume A, and I will denote these derivatives
as Q(f)ﬂg (here k = 1,2,3 for a hypersurface and
k=1,2,3,4 for a four-volume).

One can then focus one’s attention on the be-
haviour of hypersurfaces and four-dimensional vol-
umes in the infinitesimal vicinity of @ and consider
different degrees to which two given hypersurfaces or
four-volumes may coincide. The analogs of relations
(2) and (3) will have exactly the same form, only k
will now run 1 through 3 or 1 through 4.

Finally, one can consider the quotient sets corre-
sponding to the latter two equivalence relations and
observe that it is possible to establish a one-to-one
correspondence between their elements and triplets
or quadruples of four- and five-vectors, respectively.
The vectors in these triplets and quadruples should

be linearly independent and, in addition, none of the
five-vectors should belong to £ unless the correspond-
ing hypersurface or four-volume is degenerate.

B. Integrals over m-dimensional volumes

Let us first consider integrals over parametrized
curves. Each of them can be viewed as a rule that
assigns a certain number to every finite continuous
parametrized curve within a certain region of space-
time. This number is additive and therefore can be
presented as an integral

Ap
[ are. (4)
Aa
where A\, and A, are the end-point values of the curve
parameter and ¢(A) is a certain numerical function,
which may depend on the curve direction in the in-
finitesimal vicinity of the integration point.

In applications one is usually interested in invari-
ant integrals, whose value is independent of the curve
parametrization. This is impossible if ¢ in formula
(4) depends only on the integration point (if there
exists a scalar function f such that ¢(\) = f(P()))
for every curve), so the dependence on the curve di-
rection is quite essential. This dependence can be of
different types. Within four-vector exterior calculus
one considers integrals where ¢(\) is a linear function
of the tangent four-vector U(\) and therefore can be
presented as a contraction of U(\) with some four-
vector 1-form, g, defined in some region of space-time
containing the curve:

Such an integral is denoted simply as [ S and is re-
ferred to as the integral of 1-form S along the specified
curve.

In a similar way one can consider integrals over lim-
ited two-, three- and four-dimensional volumes. Each
of them can be presented in the form

/ AV A p(AD A,
A

where m = 2, 3, or 4; A is the range of variation
of inner coordinates; and ¢(A™®,... X\("™) is a cer-
tain numerical function, which may depend on the
direction of the given m-dimensional surface in the
infinitesimal vicinity of the integration point. Within
four-vector exterior calculus one deals with integrals
whose integrand is a linear function of each of the tan-
gent four-vectors U*) (k = 1,...,m) that correspond
to the selected surface parameters. It is easy to show
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that for such an integral to be invariant, the function
¢ has to be antisymmetric with respect to permuta-
tions of UM | ... U Tt therefore can be presented
as a contraction of the multivector UL A ATUM
with some four-vector m-form S:

p=<S,UDA. . AUM >

Such an integral is referred to as the integral of m-
form S over the specified m-dimensional surface.

We thus see that in those cases where a given m-
dimensional surface is considered only as an integra-
tion volume for the integrals discussed above, it is
more adequate to characterize its local direction and
parametrization with the multivector UM A ... A
U™ rather than with the set of m individual tan-
gent four-vectors. One can then consider the corre-
sponding equivalence relation, according to which two
nondegenerate parameterized m-dimensional surfaces
going through a given point ) belong to the same
equivalence class if and only if their multivectors co-
incide. It is not difficult to see that this relation
is equivalent to relation (1) (and to its analogs for
three- and four-dimensional volumes) with the addi-
tional requirement that the matrix ||a%|| be unimodu-
lar. One should also notice that at m = 1 this equiv-
alence relation reproduces relation (2) of part II for
parametrized curves.

Let us now see what will happen if the integration
volume is characterized by tangent five-vectors. Since
we are generalizing exterior calculus, it is natural to
consider the case where the integrand is a linear func-
tion of each of these five-vectors.

Let us, again, start with parametrized curves. Ow-
ing to the invariant decomposition of V5 into the di-
rect sum of Z and &, any integral of the considered
kind can be presented as

kb >\b
/ d\ <§,uz>—|—/ dx <3 ,u¢ >, (5)
A A

a a

where u()\) is the tangent five-vector and § and s’
are some five-vector 1-forms. The first term in this
formula is an invariant integral, whose value coincides
with that of the integral [ S along the same curve,
where S is the four-vector 1-form that corresponds to

$Z. The second term in formula (5) is proportional
to

Ap

/ Ad\ <§'1>

Aa
and is not an invariant integral unless < §',1 > is
identically zero. Therefore, any invariant integral of
the considered type should have the form of the first

term in formula (5). The latter will be referred to as
the integral of five-vector 1-form s along the specified
curve.

In a similar way one can deal with invariant inte-
grals over two-, three- and four-dimensional volumes.
One can show that each of them can be presented in
the form

/d)\(l) Codam) <3, (u(l))z/\.../\(u(m))z >, (6)
A

where m = 2, 3, or 4 and s is now some five-vector m-
form. Integral (6) will be denoted as [§ and will be
referred to as the integral of m-form s over the speci-
fied m-dimensional surface. As one can see, only the
Z-component of s gives contribution to the integral,
so for any integration volume the value of the latter
coincides with that of the integral [*S, where S is the

four-vector m-form that corresponds to §Z.

There exists another interesting way of construct-
ing invariant integrals. For that one should consider
the given m-dimensional integration surface (now m
=1, 2, 3 or 4) as a degenerate volume of dimen-
sion m + 1 and characterize it with the multivector
uMA. . .Aul™ Ae, where ul® are the five-dimensional
tangent vectors that correspond to nondegenerate in-
ner coordinates and e is a nonzero five-vector from &.
The integral itself will have the form

/dA(l)..,dA(”” <t,uM A Au™ae >, (7)
A

where t is some five-vector form of rank m + 1.

One should now select the five-vector e from &. It
is evident that allowing e to vary from one point to
another is equivalent to introducing a certain weight
factor into the integral. As a rule, such factors are not
considered, but even if one does introduce one, it is
more convenient not to absorb it into the multivector,
so that the role of the latter would consist only in
specifying the infinitesimal integration volume, as it
does in ordinary exterior calculus. Considering this,
it will be taken that e is a constant vector.

For the same reason one can choose e to have any
nonzero size. If one wishes the five-vector exterior
calculus to be applicable to manifolds without metric
and without affine connection (as is its four-vector
analog), one should select the size of e without any
reference to the inner product nor to parallel trans-
port, and the only distinguished choice is then e = 1.

Since uMA. . . AU™AL = (uM)ZA. . A(U™)EAT,
for any integration volume integral (7) will have the
same value as integral (6) in which s is defined by the
condition

<5, uMZA. . A@UM)E >
=<t,uD A AuM™ AL > .

(8)
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One should also notice that contrary to the case of
integral (6), the contribution to integral (7) is given
by the g—component of form t.

We thus see that a given five-vector m-form s (m =
1, 2, 3 or 4) can be integrated over volumes of two dif-
ferent dimensions: (i) over an m-dimensional surface,
in which case the integral is determined only by the
Z-component of s, or (¢i) over an (m—1)-dimensional
surface, in which case the integral depends only on
the E-component of s. At m = 1 the integration vol-
ume in the second case degenerates into an isolated
point (or several isolated points), and the integral is
replaced by the value of the contraction of the given
1-form with the five-vector 1. Five-vector 5-forms
can be integrated over volumes of only one dimen-
sion: four. For an obvious reason, they do not have
a Z-component.

From our analysis it also follows that each additive
rule for assigning numbers to limited m-dimensional
volumes (m = 1, 2, 3 or 4) produced by the inte-
grals considered in this section can be interpreted in
three different ways. It can be regarded as an inte-
gral of a four-vector m-form; or as an integral of a
five-vector m-form; or as an integral of a five-vector
(m + 1)-form, over the considered volume. The three
mentioned forms—which have been denoted above as
S, S, and t, respectively—are related to one another
in the following way:

<S, UL A...AUM >
<35 uMZA. A @M)E >
:<E,u(1)/\.../\u(m)/\1>,

where u*) € U®) for k = 1,...,m. This invari-
ant relation between forms of different types exists
at each m owing to the isomorphicity of the three
corresponding vector spaces: (1) the space of multi-
vectors of rank m made out of four-vectors; (2) the
space of multivectors of rank m made out of five-
vectors from Z; and (3) the space of wedge prod-
ucts of 1 with multivectors of rank m made out of
five-vectors. At m = 1 these three vector spaces
are respectively V4, Z, and the maximal vector space
of simple bivectors over V5 with the directional vec-
tor from &, the isomorphisms between which have
already been discussed in part II. In view of the
mentioned isomorphicity, the equivalence relation be-
tween parametrized m-dimensional volumes obtained
by equating the corresponding multivectors is exactly
the same for all three types of multivectors considered
above.

C. Generalized Stokes theorem

Let OV be the closed m-dimensional boundary of an
(m + 1)-dimensional surface V' and let S be a four-
vector m-form defined throughout V. The integral of
S over 0V, which will be denoted as

1,
oV

is called the flux of form S through the closed surface
0V. The generalized Stokes theorem states that this
flux equals the integral over the interior of V' of a
certain (m + 1)-form, which is denoted as dS and is
called the exterior derivative of S:

]iv’s]:/vdé. )

One can give several equivalent definitions to the
exterior derivative. As a first step, one usually defines
it for a scalar function (regarded as a four-vector 0-
form): df is such a four-vector 1-form that

<df,U>=0uf (10)

for any four-vector U. This enables one to present the
basis 1-forms dual to a coordinate four-vector basis
associated with coordinates x® as exterior derivatives
dz®. One can then define the effect of d on an arbi-
trary form in the following way: for the m-form

S = Slar.am Az AL A DT (11)

one has
dS = dS|a, _a,.| Adz® AL Adzo (12)
Another, equivalent definition of the exterior

derivative can be given by induction: for any m-form
S and any n-form T

d(SAT)=dSAT+ (-1)"SAdT, (13a)

and for any form S

dds = 0. (13b)

One can also define the exterior derivative of any
four-vector form a la equation (10): if S is a 1-form,
then dS is such a 2-form that

<dS,UAV>= 9y <S8,V >

0 > 14
<8 U>- <8 [Uv]>

for any four-vector fields U and V; if Sisa 2-form,
then dS is such a 3-form that

<dS,UAVAW >
—9u<S,VAW >+ 0y <S,WAU >
+ 0w <S,UAV>—<S [UV|AW >
—<S,[V,W]AU > - <S,[W,UJ AV >

(14b)

Intellectual Archive Vol. 1, No. 5, Sep. 2012

36



for any four-vector fields U, V and W; etc.

Let us now generalize the concept of flux and the
Stokes theorem to the case of five-vector forms.

It is natural to define the flux of a five-vector m-
form t through a closed m-dimensional surface OV
as the integral of t over 9V, and I will denote this

particular integral as
f'a
oV

According to section B, this flux equals the flux
through 9V of the four-vector m-form T correspond-

ing to tZ. If AV is the boundary of the (m + 1)-
dimensional volume V', then by virtue of the general-
ized Stokes theorem for four-vector forms, one has

E%E:fmfz/di
ov ov \%

Now, using the one-to-one correspondence that exists
between four-vector forms and Z-components of five-
vector forms, one can present the flux of t through 0V
as an integral over the interior of V' of a five-vector
(m—+1)-form whose Z-component corresponds to dT.
It is natural to call this form the exterior derivative
of t and to denote it as dt. We thus obtain the fol-
lowing variant of the generalized Stokes theorem for

five-vector forms:
f t= / dt, (15)
v %

where in both integrals the rank of the form equals
the dimension of the integration volume.
It is not difficult to show that if

Izt\Al...Am\ 6A1 /\.../\’6147"7 (16)

where 04 is the basis of five-vector 1-forms dual to a
passive reqular coordinate five-vector basis, then

(dE)Z = Dty B% A AL A, (1T)

The g—component of dt is not fixed by the above cor-
respondence, and to determine it one should consider
the flux of t through a closed surface of dimension
m — 1. Let us denote this surface, again, as 9V. The
flux in question will then be the integral of t over AV
According to section B, it equals the flux through 0V
of the five-vector (m — 1)-form § related to t by an
equation similar to equation (8). If V' denotes an m-
dimensional volume limited by 0V, then according to
the variant of the generalized Stokes theorem we have
obtained above, one has

f{ E:f §:/d§.
ov oV 1%

If now one uses the one-to-one correspondence be-
tween the Z-components of five-vector m-forms and
the £-components of five-vector (m + 1)-forms, one
can present the flux of t through OV as an inte-
gral over the interior of V of a five-vector (m + 1)-

form whose £-component corresponds to (ds)Z. This
(m + 1)-form also has the meaning of an exterior
derivative of t, and since its ZN—component is not fixed
by the above correspondence, one can take that this
is the same form dt we have introduced above. We
thus obtain another variant of the generalized Stokes
theorem, which has the same form as equation (15),
only now in both integrals the rank of the form is one
unit greater than the dimension of the integration
volume. It is not difficult to show that

(dt)® = Datiay..ap_1]5 OF AB™T AL A1 NG,

which together with equation (17) gives one the fol-
lowing general formula for calculating the exterior
derivative of m-form (16):

dt = 0atja, a, 0" AN AL AT (18)

As in four-vector exterior calculus, one can define
the exterior derivative of a five-vector form without
any reference to the Stokes theorem, i.e. as a certain
operator that produces an (m + 1)-form out of an m-
form. One should, again, start with a scalar function
f, which is now regarded as a five-vector 0-form, and
define its exterior derivative as such a five-vector 1-
form df that

<df,u>=04f (19)

for any five-vector u. One can then present formula
(18) in a form similar to equation (12):

dt =dt|4, a, A0 AL AT, (20)

and take this to be the definition of dt.

Another way of defining the exterior derivative for
five-vector forms is similar to equations (14): if t is a
1-form, then dt is such a 2-form that

<dbunv>= 9y <tv> (21)
-0y <t,u>—<t,[uv]>
for any two five-vector fields u and v; etc.
Finally, from formula (20) one can derive the
analogs of equations (13): for any m-form s and any
n-form t

dEAt)=dsSAt+ (—1)"sAdt,  (22a)

and for any form t

ddt = 0. (22b)

Intellectual Archive Vol. 1, No. 5, Sep. 2012

37



However, unlike the case of four-vector forms, the
latter two equations (together with equation (19))
are not enough to define the exterior derivative com-
pletely. To gain a better understanding of this fact,
one should recall how things work out in the case of
four-vector forms.

From the generalized Stokes theorem one obtains
the following formula for the exterior derivative:

dS =dSja,. 0, AO“ A...AO%", (23)

where O is any basis of four-vector 1-forms dual
to a coordinate basis. Provided the effect of d on a
scalar function is known, equation (23) is equivalent
to equation (13a) and the requirement

dO® =0 (24)

(the latter, by the way, is a necessary and sufficient
condition of the corresponding basis of four-vectors
being a coordinate basis). From equation (10) one
can derive that O® equal dz®, and so equation (24)
follows from equation (13b) and can be replaced with
it.

In the case of five-vector forms, equation (20) is
equivalent to equation (22a) and the requirement

do”* =0, (25)

which is a necessary condition of the corresponding
basis of five-vectors being a regular coordinate basis.
However, from equation (19) one can only derive that
0% = dz®. The fifth basis 1-form, which in this case
equals J, cannot be presented as an exterior derivative
of any O-form (this is also true of any basis of five-
vector 1-forms dual to a standard basis). Thus, its
exterior derivative is not determined by the rule dd =
0, and to make equations (22) equivalent to equation
(20) one should supplement the former with a third
equation:

dj = 0. (26)

The fact that basis four-vector 1-forms dual to a
coordinate basis can be presented as exterior deriva-
tives of scalar functions, whereas in the case of five-
vector forms this is possible only for the first four
basis 1-forms, is closely related to the Poincare the-
orem in application to four-vector forms and to its
analog for forms associated with five-vectors. The
Poincare theorem states that each four-vector m-form
S with m > 1, which in a certain region of space-time!
satisfies the equation dS = 0 (such forms are called
closed), can be presented in this region as an exterior

IThis region should satisfy certain requirements, which can
be found e.g. in ref.[1].

derivative of some four-vector (m—1)-form. In agree-
ment with this theorem, the basis four-vector 1-forms
O, which satisfy equation (24), can be presented as
exterior derivatives of certain scalar functions (which
in this particular case can be chosen to coincide with
coordinates). A statement similar to the Poincare
theorem can be easily shown to hold for forms corre-
sponding to five-vectors:

Any five-vector m-form's with m > 2, which
in a certain region of space-time (subject
to the same constraints that are imposed
within the Poincare theorem for four-vector
forms) satisfies the equation ds = 0, can
be presented in this region as an exterior
derivative of some five-vector (m — 1)-form.

At m = 1 the theorem works for the ZN—component
only. The &-component of any five-vector 1-form,
if it is nonzero, is not an exterior derivative of any

scalar function; in this case from d(s¢) = 0 follows
£

§% = const -J. One can easily see how this theorem

manifests itself in the case of basis five-vector 1-forms
o4, which satisfy equation (25).

The representation of basis four-vector 1-forms o°
as exterior derivatives of coordinates is a convenient
way of indicating that the selected basis of 1-forms
is dual to a coordinate basis. We see that no similar
convenient representation exists in the case of five-
vector forms, so one should either introduce a special
notation for the basis of 1-forms dual to a regular
coordinate basis or each time indicate explicitly what
kind of a basis is used in the formulae presented.

D. Five-vector exterior derivative

In the previous section we have generalized the con-
cept of flux and of exterior derivative to the case of
five-vector forms. It turns out that one can go far-
ther and consider an operator similar to the exterior
derivative but which differs from the latter in that 0
in the right-hand side of formula (18) is replaced with
its five-vector counterpart: 0 + A -¢- 1. Let us call
this operator the five-vector exterior derivative and
denote its effect on a five-vector form t as dt.

Since the operator 0y + Ay - < -1 will often appear in
the following formulae, it is convenient to introduce
a special notation for it: @,. By definition, for any
scalar function f,

auf = u[f] = auf + §)\uf~ (27)

From equations (13) of part II it follows that the ef-
fect of @, on the product of two scalar functions is
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formally described by the rule

au(fg) :auf'g“!‘f'aug_au-z 'fgv (28)

where 1 is the constant unity function. As in the case
of operators 0 and V, it is convenient to introduce the
notation @4 = @e,, where ey is the selected basis of
five-vectors. Using this notation, one can present the
five-vector exterior derivative of m-form (16) as

dt = @atj4, 4, 0 AOV AL A, (29)
where, let us recall, 6* is the basis of five-vector 1-
forms dual to a passive regular coordinate basis. One
can easily see that there exists a very simple relation
between d and d: for any form t

dt =dt+jAt. (30)

From equation (29) it follows that the effect of d on
a scalar function f (regarded as a five-vector 0-form)
is given by the formula

<df,u>=4d.f, (31)

which is the analog of equations (10) and (19) for d.
One can then present formula (29) in a form similar
to equations (20) and (23):

dE:dt\Al...Am,\ Aot /\.../\6’4*"', (32)

which, together with formula (31), can serve as a def-
inition of the effect of d on an arbitrary five-vector
form.

Another way of defining the five-vector exterior
derivative is similar to equations (14) and (21): if t
is a five-vector 1-form, then dt is such a 2-form that

<dt,Lunv>= 8, <t v>

(33)

—&, <tu>—<t,[uv]>

for any two five-vector fields u and v; etc.
Finally, from formula (32) one can derive the

analogs of equations (13) and (22): for any m-form s

and any n-form t

dEAt) DS Adt —dI ASAL,

—dSAt+ (- (34a)

and for any form t

ddt = 0. (34b)

These two equations are equivalent to equation (32)
and, together with equation (31), can be used to de-
fine the effect of d on any five-vector form by induc-
tion. Indeed, by using equation (31) one can show
that any basis of five-vector 1-forms, 64, dual to a

§=3574%

passive regular coordinate basis associated with co-
ordinates z® can be presented as

0% = dz® — z°d 1
{ o0 — d/ (35)
From equations (34) one then obtains that
do” —d1 Aot =0, (36)

which is nothing but equation (25) expressed in terms
of d. By induction, from the latter equation one can
derive that

d@* A NG —dI ABM AL A =
for any m > 1, which together with equation (34a) is
equivalent to equation (32).

It is evident that the analog of the Poincare the-
orem for five-vector forms presented in the previous
section can be reformulated in terms of d in the fol-
lowing way: any five-vector m-form with m > 2 or
1-form from Z, which in a certain region of space-
time (subject to the constraints imposed within the
Poincare theorem) satisfies the equation ds— _]/\s =0,
can be presented in this region as s = dt—jAt, where
t is some (m —1)-form. There exists another theorem
for d, which can also be regarded as an analog of the
Poincare theorem:

Any five-vector m-form's with m > 1, which
in a certain region of space-time (subject
to the same constraints that are imposed
within the Poincare theorem) satisfies the
equation ds = 0, can be presented in this
region as a five-vector exterior derivative of
some (m — 1)-form. At m = 0 from the
above equation follows s = 0.

Proof : At m > 1, from equation (30) one has

ds = ds+jAs =d(s )+d( )+J/\( ) 0. (37)
Consequently, d(§g ) = (d§)g = 0, and according
to the analog of the Poincare theorem for five-vector

forms presented in the prev10us section, there exists

an (m — 1)-form t such that §% = d(tz). The E-
component of equation (37) yields d(8¢)+JA(8%) =
(d3)¢ =0, so

A(55) = —GASE = —FAd(FE) =d(FATD). (39)

At m > 2, there exists an (m
5 =FAEZ +d(F

— ll—form T such that

) and since JAT® = 0, one obtains

€ A(T24F)4GA(T24+7) = d(E 2 +5°).
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At m = 1, t is a scalar function, so tZ = t

Il
o

From equation (38) it then follows that 8¢ — ¢ -
const - J, and since d(const) = 0, one obtains

—
Il

= d(t+const)+(t+const)-J = d(t+const).

Finally, at m = 0, one has 3% = s, and the E-

component of equation ds = 0 yieldss=0. 1

It is not difficult to see that the (m —1)-form whose
five-vector exterior derivative equals s is unique only
at m = 1. At m > 2 there exists an infinite number
of such (m — 1)-forms, but the difference of any two
of them is a five-vector exterior derivative of some
(m — 2)-form.

E. Five-vector flux and reflected five-vector
ezterior derivative

The concept of exterior derivative is directly related
to the concept of flux: by definition, for any five-
vector form s, the exterior derivative ds is such that
its integral over the interior of any limited volume of
appropriate dimension equals the flux of s through
the volume boundary. We now have a generalization
of d: the five-vector exterior derivative d, and one
can use the above scheme in the opposite direction to
obtain the five-vector generalization of the flux, defin-
ing the latter as a quantity which for a given form s
and any limited volume V' of appropriate dimension,
equals the integral of ds over V. Let us call this quan-
tity the five-vector flux of form s through volume V
and denote it as
f 5
v

The formal analog of the generalized Stokes theorem
for d can then be presented as

/V @ = fv s (39)

Let us now find the expression for the five-vector
flux in the form of an integral of s. If s is an m-form,
then ds can be integrated over volumes of dimension
m + 1 and m. In the former case the integral will
depend only on the Z-component of ds, and since the
latter coincides with (ds)Z, the flux corresponding to
d will be exactly the same as the flux corresponding
to d.

The integral of ds over an m-dimensional volume
V' can be presented, by using equation (30) and the
generalized Stokes theorem (15), as

/Vdg/vngr/IjAg w0)
—¢ 54+ (—

%’;V~ 1)m/v'§/\].

One should now notice that the forms S and t =SAJ
satisfy equation (8) of section B, which means that
the second integral in the right-hand side of equation
(40) is simply the integral of S over V. One thus
obtains the following expression for the five-vector
flux of m-form s through the m-dimensional volume

/fvngwgﬂ—nm/vg. (41)

One should notice that unlike the fluxes of five-vector
forms considered in section C, the five-vector flux (41)
depends on both components of form s.

An important consequence of the generalized
Stokes theorem is the formula for integration by
parts. In the case of five-vector forms, this formula
can be easily obtained by integrating both sides of
equation (22a) over a given volume V and then using
equation (15) to convert the integral of d(8 A t) over
V into the integral of SAt over V. After rearranging

the terms, one has

/VdgAI:fgngIf(q)m/ngdE, (42)

where m is the rank of s. The generalized Stokes
theorem itself can be regarded as a particular case
of this formula where t is the constant unity O-form.
Let us now derive the analog of this formula for d.

Following the same procedure, one integrates both
sides of equation (34a) over a given volume V and
then uses equation (39) to convert the integral of d(SA
t) over V into the five-vector flux of § A t. After
rearranging the terms, one obtains

/VdgAf = fv"s'A'E "

—(—1)m/§AdE+/ JASAL.
Vv 14

It is a simple matter to see that for volume V with
dimension one unit greater than the rank of SAt, this
equation reproduces formula (42). For volume V with
dimension equal to the rank of SAt, it gives one a new
formula, which, however, is not very useful since the
first term in its right-hand side includes an integral
over the interior of V' and, in addition, there exists a
third term, which is also an integral over V. A more
useful formula can be obtained if in the right-hand
side of equation (43) one isolates the integral over
the boundary of V' and combines everything else into
a single second term. After simple transformations
one obtains:

/dgAf :?{ SAt
v av (44)

— (—1)7"/V§A(.1'E—23A¥).
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We thus see that it makes sense to consider one
more operator, which will be denoted as d* and will
be called the reflected five-vector exterior derivative.
By definition, for any form t,

d't=dt—jAt. (45)

Formula (44) can now be rewritten as

/VdgAEzygngE—(—l)m/ngd*E (46)

It is easy to see that the latter equation can also be
presented as

/‘/d*gAE:%angf—(—l)m/‘/gAdE. (47)

Formulae (46) and (47) can be derived directly from
the following equations:

dSAt) = dsSAt+(-1)msadt (48)
= d'sAt+(—1)"sAdt,
which are analogs of equations (22a) and (34a).

In order to express d*t in terms of its components,
it is convenient to introduce the corresponding analog
of the operator @,, which I will denote as @},. By
definition, for any scalar function f

3;.10 = auf - C)\uf-

From equation (28) one can then derive that

8u(fg):9uf'g+f'aflg:atxf'g+f'3uga

which is similar to equations (48) for d, d and d*.
Using this new notation, one can present the reflected
five-vector exterior derivative of m-form (16) as

&t =&%ta, 4, 0" AT AL NG (49)

One can then derive the analogs of equations (31)
through (34), which will differ from the latter in that
everywhere d will be replaced with d* and @, will be
replaced with @7,.

F. Euler-Lagrange equations for classical scalar fields

A good illustration to the ideas developed in this pa-
per can be found in the Lagrange formalism for classi-
cal scalar fields. Let us suppose that we have IV such
fields and let us denote them as ¢, (£ runs 1 through
N and lables the fields, not components). For simplic-
ity let us confine ourselves to the case where all ¢y are
real. Mathematically, the action S corresponding to
these fields is an invariant four-dimensional integral

of the type considered in section B. In local field the-
ory, its integrand depends on the values of the fields
and of their first derivatives at the integration point.
Thus, for an arbitrary four-dimensional volume V one

has
S(V) = /V c

where £ = L(d¢y, ¢¢). According to section B, the
Lagrangian density £ can be regarded as a four-
vector 4-form, or as a five-vector 4-form, or as a five-
vector 5-form. Let us first recall the traditional in-
terpretation. In this case

L= % Lopys dz® A dz? Adaz Ada?,

and for a given volume V,
/ ds < L, EqgANEi ANEyANE3 > :/ d4$[:0123,
\4 14

where E,, is the corresponding coordinate four-vector
basis. The equations of motion for the fields ¢, are
obtained from the action principle: the physical fields
¢¢ are such that their variation inside a given volume
V' with the boundary condition d¢s|lgy = 0 yields
a zero first variation of the action corresponding to
V. In the standard way, from this principle one can
derive the corresponding Euler-Lagrange equations:

0Lo123
a(8u¢€)

which, equivalently, can be presented as

= 0Lo123
dpe

o

8['04 «
%8# {8(8#‘;1‘5) } dz® Ada? AdaY Ada? 50)

= % {Ma%é“’é} dz® A dz? A dz? A dad.

One should now recall the invariant definition of the
derivatives of £ with respect to ¢y and d¢, and find

that
oL 0Ly
Oby JaBys — O¢y

so the four-vector 4-form in the right-hand side of
equation (50) is exactly OL/0¢;. In a similar manner
one can find that the quantities in the curly brackets
in the left-hand side of equation (50) are components
of the four-vector-valued 4-form 0L /9(d¢¢). One can
then use formula (63) of Appendix to present this side
of equation (50) as

Oa {%fé‘,l’?sli‘ } dz® Adzf AdaY A dad®

_ oc \n» A
_d{m}ulﬂvé\/\dxﬁ/\dﬂﬂ/\dx = dJ,
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where J¢ is the scalar-valued 3-form obtained from
0L /0(d¢s) by contracting its upper and its first lower
four-vector indices. We thus see that the Euler-
Lagrange equations (50) can be cast into the following
abstract form: B B

dJ* = K¢, (51)

where K! = OL/O¢y. The integral formulation of
this relation is the following: the flux of the four-
vector 3-form J* through the boundary of any limited
four-dimensional volume V' equals the integral of the
four-vector 4-form K over the interior of V.

Let us now turn to the other two possible interpre-
tations of L.

In the case where the Lagrangian density is re-
garded as a five-vector 4-form one obtains practically
the same results except that now in all the formulae
all Greek indices are five-vector ones and everywhere

L is replaced with £Z. Nothing is said about the E-
component of £ and unless some additional ideas are
invokes, it has no relation to the Lagrange formalism.

More interesting results are obtained if £ is re-
garded as a five-vector 5-form. In this case

L =% Lapope 6 A6® NG9 NGP AGT,
and for a given volume V,
/ d41} < L,eo/\e1 Nexy NegNes > = / d493£01235,
v v

where e, is the corresponding passive regular coor-
dinate basis. Following the standard procedure, one
can obtain the Euler-Lagrange equations

8'601235 _ a'601235
(9. 90) Oy

and considering that in a passive regular basis one
has @, = 0, and @5 = 1, one can rewrite them as

Ol

] =0,

8£01235 B 8501235
(8,90 O(@5¢¢)
One should then change the sign of the second term

by replacing one of the @4 with &% . This enables one
to present equation (52) as

o

|- @ J=0. (52)

OLABCDE | ~A . ~B , ~C + ~D » ~
1o {*} 02 N6P A5 AGP AGE =0 (53a
5O D @500) (532)

or as

OLABCDE | ~A \~B ~C +~D ,~
L @r {} 04 n0B NG AP AGE = 0. (53b
¥\ D@noe) (53b)

One should now recall the invariant definition of the
derivatives of £ and show that the quantities in the

curly brackets in equations (53a) and (53b) are ex-
actly the components of the derivatives 0L/0(d* ;)
and 0L/0(d¢y), respectively. Finally, one can use
formula (64) of Appendix to present equation (53a)
as

oL \H A ~B ,~C « ~
d {(W}HABCD NS AGE AGE AGP =0 (54a)

and equation (53b) as

d* oL\ A
{ O(dgy) }HABCD

and it is a simple matter to show that equation (54b)
can be obtained from equation (54a) by changing
the sign of the g—components of all the quantities
involved. We thus see that the Euler-Lagrange equa-
tions in this case can be presented as

04 AP AGE AGP =0, (54b)

dAf =0, (55)

where A? is the scalar-valued five-vector 4-form ob-
tained from 0L /0(d*¢,) by contracting its upper and
its first lower five-vector indices:

N H
(A)apep = [0L/0@*¢0) Ipapep.  (56)
In the language of integrals, equation (55) means that

the five-vector flux of the 4-form A’ through any lim-
ited four-dimensional volume V is zero:

i/ Al =0. (57)

G. Five-vector Levi-Civita tensor and dual forms

As on any other vector space endowed with a nonde-
generate inner product, one can define on V5 a com-
pletely antisymmetric tensor, €, whose rank in this
case is five. The magnitude of its only independent
component, say, of €p1235, is fixed by the condition:

€01235 = +1 in any orthonormal
basis with positive orientation?,

and then the components of € in an arbitrary five-
vector basis e4 will be

eapcpe =1 - |h|*? - |aBcDE|,

where h denotes the determinant of the matrix hap =
h(ea,ep) (at some particular choice of the constant

2The notion of orientation for five-vector bases is defined in
the usual way. In the following I will consider positive the ori-
entation of a normalized regular basis for which the associated
four-vector basis has positive four-dimensional orientation.
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€); parameter 1 equals +1 if the basis e4 has pos-
itive orientation and —1 otherwise; and the symbol
|aBcDE| is defined in the usual way:

+1, if (ABcDE) is an even
permutation of (01235),
if (ABcDE) is an odd
permutation of (01235),
0, otherwise.

ABCDE| =< —1,

It is easy to show that in any standard basis one has
h = hss - g, where g denotes the determinant of the
4 x 4 matrix gog = g(eq,ep), and therefore in any
active regular basis one has

€01235 = 1] - \g|1/2 K

)

where x = |¢]1/2

has

, and in any passive regular basis one

/2,

€01235 = 1 * |9\ w,

where @ = |¢]'/2 - ¢~ and ¢ is the dimensional con-
stant introduced in section 3 of part II.

As in the case of the four-vector Levi-Civita ten-
sor, it is convenient to introduce the completely con-
travariant tensor corresponding to €, whose compo-
nents are

!’ ’ ’ ’7 !
eABCDE _ hAA hBB hC’C’ hDD hEE €A'B'C'D/E" s

where matrix h4E is the inverse of hap. It is not
difficult to demonstrate that in any standard basis

(ABCDE _ ~1/2

—sign&-n-|hl -|ABCDE]|,

and therefore

GABCDEEABCDE = —5!.sign&.

The latter equation is a particular case of the general
relation that expresses the contraction of € with its
completely contravariant counterpart over a certain
number of indices, in terms of the so-called permuta-
tion tensors:

At AmCr Csomep

B C1...C5_m

6A1A2>--A7n,

=—(5—m)! sign¢- B1Bs...Bp>

where m can be any integer from 0 to 5 and

A1 A Ay, _ A1 cA A,
ghdeAn = mldgtane .o,
Let me say a few words about the differential prop-
erties of €. Since the normalization of the latter is de-
termined by the inner product h and since any non-
degenerate h is not conserved by parallel transport, it

is a priori not clear whether or not € is a covariantly

constant tensor. One can gain an understanding of
the situation from the following general reasoning.

Let us consider an arbitrary standard orthonormal
basis e4 at some space-time point (Q and let us par-
allel transport it to a neighbouring point @’ along
some continuous curve C connecting Q with Q. Let
us denote the transported vector e as € 4.

Owing to the general properties of five-vector par-
allel transport discussed in section 3 of part II, €'5 is,
again, a vector from £ and the Z-components of €',
are orthogonal one to another and are normalized.
Therefore,

e(e/07e/176127e/33 6/5)
Z zZ zZ Z
= e(e/O )ell 7e/2 ,6/3 ,9/5)
= (>\e’5/Ae5) f(eOa €1, e, €3, 65)3

and so € is covariantly constant or not depending on
whether or not parallel transport conserves the length
of the vectors from £. The same result can be ob-
tained by computing the covariant derivative of € in
components and finding that in any standard five-
vector basis where the length of the fifth basis vector
is constant

5
€ABCDE;un = — G5,€ABCDE- (58)

Thus, in the case where the connection for five-vectors
possesses the local symmetry described in section 3
of part II, tensor € is covariantly constant.

As its four-vector analog, tensor € can be used for
converting multivectors into forms and vice versa.
Namely, if w is a multivector on V5 of rank m
(0 < m < 5) with components wA-Am  one can
construct from it a five-vector (5 — m)-form with the
components

(m!)*1 wBl"'B"‘615;1,..13,,1,41...A5_m . (59)

To formulate this correspondence in invariant form,
one should regard € as an inner product defined for
any two multivectors on V5 whose ranks total up to
5, assuming that

€lea, N...Nega, ,ep N...Nep,_ )

=e(€a,y---,€4,,,€B,,--,€B_,. )

Regarding multivectors of rank m as elements of a
vector space with dimension 5!/m!(5 —m)! and iden-
tifying the linear forms on this space with five-vector
m-forms, one can employ the same method that has
been used in subsection 3.E of part II to define the
maps ¥, and ¥}, and put into correspondence to each
multivector w of rank m a certain form 9. (w) of rank
5 — m such that

<Ve(w),v>= €e(w,v)
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for any multivector v of rank 5 — m. It is a simple
matter to check that the relation between the com-
ponents of w and those of the form ¥.(w) is indeed
given by formula (59).

There exists another correspondence between mul-
tivectors and forms, which is determined by the non-
degenerate inner product h on V; or, more precisely,
by the inner product of multivectors induced by A. In
this case to any multivector w of rank m with compo-
nents w?14m one puts into correspondence a form
of same rank with the components

Bi...Bm,
wt hB1A1

hB,. A,

This latter form, which I will denote as ¥, (w), can
be defined invariantly by requiring that for any mul-
rivector v of rank m

< Ip(w),v>= h(w,v),

where h in this case denotes the inner product of mul-
tivectors of rank m induced by the nondegenerate in-
ner product on Vj.

One can now combine the maps ¥, and ¥ and
define a one-to-one correspondence between forms or
multivectors of rank m and forms or multivectors of
rank 5 —m. The image of an m-form w with respect
to this map will be called a form dual to w and will
be denoted as wdua!, Tt is evident that for any form

W
Wdual _ 195 019}:1(«,)7

and the components of wd'® are expressed in terms

of those of w according to the well-known formula:

< dual _ —1
(W) A, 4y, = (M) we, o,
C1B CmBm
x h1Pr R €B,...BpA1.. As_m-

It is easy to prove that

(Wdual)dual — signf W

and that the duality operation transforms the Z-
and E£-components of any form w respectively into
the &- and Z-components of wi" — Let me also
note that in the case of five-vector forms, as in the
case of forms associated with any other vector space
of odd dimension, the rank of the dual form never
equals that of the initial form, so in the general case
one is not able to define the operation of dual ro-
tation. The only exception are the 2-forms with the
zero £-component, which the duality operation trans-
forms into 3-forms with the zero Z-component. Since
there exists another correspondence between these
two types of forms, given by equation (8) at m = 2,
one is able to define a map similar to the duality

operation, which transforms a 2-form with the zero
E-component into a 2-form of the same type. It is
easy to see that such an operation corresponds to the
duality transformation of four-vector 2-forms.

In conclusion, let me mention one useful identity
that involves dual forms: if § and t are any two five-
vector forms of same rank, then

sAtdual — gdual Ap — p(5t)-€,  (60)

where the inner product of forms § and t is defined
in the usual way:

h(AS/,Z) = S|A1~--Am| tAl"'Am.

Appendix: Index transposition identity

There exists a very useful identity of purely combina-
torial nature, which enables one to transpose a single
index with a group of antisymmetrized indices if the
number of the latter equals the number of values the
indices run through. In the general case, this identity
can be formulated as follows:

If the array S;;,..j,, (m > 2) is completely
antisymmetric in ji,...,J, and all indices
run through the same m values, then

Sigreim = m (=185 (61)
Proof : One has
Sijiedm = Silj1..im
M Slijigm] + Stililjegml  (62)
- ... + (_1)m+15[j1..‘jm]i7

where, as usual, the notation [j1 ... jk| % |jk+1 - - - Jm)
means antisymmetrization with respect to all the in-
dices inside the square brackets except for ¢. Since
all indices run through m values only, the first term
in the right-hand side of equation (62) is identically
zero. Since S, j,. is antisymmetric in its last m
indices, one has

(—1)k+Lsy

Jm

R/ T A TS, oy
= (=D (=0)"RS
= (—l)erlS[]l

~jm]i

for all k£ from 1 to m — 1, so the remaining m terms
in the right-hand side of equation (62) are all equal,
and equation (62) acquires the form of equation (61).

We will need the following two particular cases of
identity (61):
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o If 55676 = S[A;ﬁ'w] are components of a four-
vector-valued four-vector 4-form, then

T OpSepys = 3 0aTs13); (63)
where Tjg,5 = )5 5-

o If SHopp = SﬁBCDE] are components of a
five-vector-valued five-vector 5-form, then

% 9HS,I&IBCDE = i 5)[ATBCDE]- (64)

_ ¢H
where Teepr = Sipepi-
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1 Introduction

Recent achievements in the area of information technologies and Internet give the reasons to believe
that the new methods of the organization of the scientific knowledge exchange process have already
been formed by now, and in the near future, one may expect a general passage from the conven-
tional techniques of the scientific knowledge dissemination via the paper journals to their electronic
counterparts.

The present paper is devoted to one of the advanced aspects of the scientific knowledge dissem-
ination — a new form of the transfer of the developed intellectual product, the program complexes
for solving various scientific and applied problems from the developers to the users.

The process of the transfer of computational complexes conventionally consisted of the fact that
the consumer (the future user) acquired the codes (in some cases also the program texts) from the
code developers and then installed them on his computer. To ensure a reliable and declared work
of the program complex the user must have a similar operation medium, including the systems for
visualizing the digital data.

The stage of the installation of computer programs is, on the whole, very complex even when a
support by the developer is provided, and it often causes many difficulties the surmounting of which
requires considerable, intrinsically non-productive expenses of intellectual efforts and time.

The new form of using the computational complexes frees from all problems related to the
installation of the acquired program product.

A special site — the Computer Simulation Center — is created in the Internet. This Center hosts
the program complexes with all their attributes: the preprocessor system for preparing the tasks,
the processor system for executing the tasks (executing the computational operations), and the
postprocessor system for the output of the obtained information in the digital and graphical forms.

The user must only formulate his own computational task by performing the input of numerical
data and starting its numerical solution. He will be provided with the solution of his task upon the
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Figure 1: Main page of the Computer Simulation Center in Internet (a fragment).

termination of computations. Special services of the client’s support must provide a comfort of the
visitor’s stay at the Center. In the economic terms, such a method of using the program complexes
means their leasing from the resource developers.

The Computer Simulation Center SciShop.ru is a pioneer of this new direction of the development
of the advanced information technologies. The Center was created as a result of the execution of
the series of works (see, for example, [T}, 2, [3, 4, 51 6], [7, [8, @, L0, [11]).

A general description and the infrastructure of the Center are presented in [I, 2] 3], and its
content, the information-computational complexes for solving the tasks from a number of scientific
areas are presented in [4, Bl [6] [7, [8]. At present, the Computer Simulation Center is functioning
successfully in the Worldwide web and is subject to its continuous modernization and development
(see [10, [I10).

This project is directed to the application of breakthrough technologies in the domain of the
development and improvement of new techniques for scientific knowledge dissemination with the
use of the Worldwide web and is intended for a remote teaching of the specialists, postgraduates,
and students to the methods of mathematical modelling and practical training in the solution of
scientific and applied problems. The teaching and training are carried out on the basis of efficiently
functioning program complexes whose composition is continuously enriched.

—~

Intellectual Archive Vol. 1, No. 5, Sep. 2012

47



2 Computer Simulation Center SciShop.ru

The project on the development of the Computer Simulation Center (http://www. SciShop.ru)
is oriented towards the development and improvement of new techniques for scientific knowledge
dissemination on the basis of the advanced info-communication technologies for the information
processing, storing, transfer, and protection.

e The Center is intended for the realization of current needs in the commercialization of scien-
tific products and is directed to the solution of fundamental problems related to various scientific,
technological, social and psychological aspects of the development and promotion in the system of
the specialized Internet Web resource.

e The Center structurally consists of two segments: Center-1 and Center-2.

e Center-1 includes four large information-computational complexes “Shock”, “Flow”, “Astra”,
and “Nano”.

e The following services are provided for the visitor of Center-1:

1. The access to the libraries containing the scientific articles in corresponding knowledge areas.

2. The access to tabular and/or graphical databases containing the results of computer simulation
of the corresponding computer tasks.

3. The access to processor systems enabling for the client himself the organization and execution
of computer simulation of the problems, which are of interest to him.

4. The access to the locks to pass to the sites of the leading Russian and foreign journals in
corresponding knowledge areas.

5. The access to the segment “Forum” for obtaining the consultations and discussion of problems.

e In the non-commercial regime, the visitor has the access to the demo versions of the systems
of Center-1. For a full-scale access, one should register and perform the payment.

e The system of the Center for accepting the payments accepts the payment from any electronic
payment systems (WebMoney, Yandex.Money, E-gold, etc., which enter the Robokassa consortium).
The system for accepting payment with the use of the bank credit cards and SMS messages of the
cellular communications has been developed and is now under verification.

e Center-2 is intended for positioning the program developments in various branches of knowl-
edge without any limitations for the themes. The content of this section may be augmented by the
resources of any specialists having the copyright for these information resources.

e All the specialists in the field of computer simulation in any knowledge areas, which have the
program developments and wish to promote them, also on the onerous basis, are invited for a coop-
eration with Center-2. The specialists wishing to place their scientific products at Center-2 should
familiarize themselves with the conditions of their placement, get in touch with the administration
of the Center, and to sign a Contract.

e One can familiarize himself in detail with all aspects of the Center functioning in the special
section “Publications” by using the corresponding hyperlink on the site Main page (Fig. [).

3 General characteristic of the arrangement
of computations at the center and the advantages of the
direct computer simulation in Internet

The comfort of the client’s stay in the Internet center and a convenient form of using its segments:
the bibliographic section, databases containing already obtained tabular and graphical information,

and especially the processor systems are the most important attributes of any program complex.
Right this is usually most difficult for the user.
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Figure 2: Site page with the messages for the client that the computation of the task formed by
him has been launched, and its solution will be accessible at the indicated URL address.

The systems for the pre-processor preparation of tasks (the input of parameters and the start-up
of processor systems) are arranged in a clear, convenient, and simplest form, which eliminates an
ambiguous interpretation and difficulties for the specialists having even a small experience.

The operations with the processor systems are carried out by the user in the regime of remote
access in the Worldwide web on its local portal — directly at the computer simulation center rather
than on its own computer after the installation of the complex. This gives for the visitor of the
Center a possibility to carry out the study of the computational complex, to organize the solution
of the problem of interest, and to obtain the results of computer studies.

The transfer of a computational complex usually consists of the purchase of the license, doc-
umentation, and computer codes. After that, the user performs the installation of the purchased
product on its own computer facility. As a rule, this occurs with large difficulties, which may be
due to various reasons, from using different versions of the operating system to the peculiarities of
the supporting systems installed on computers of the seller and the purchaser.

There are no such problems when the processor systems are placed at the Center. All the
interfaces have been debugged, well tested and adjusted. The functioning of complexes is faultless
in the specified ranges of parameters variation (note that one can always ask any question on the
site forum and obtain the explanation). The fact that the user is freed from the necessity of buying
the hardware (which is often very costly) necessary for performing the needed computations is one
more advantage of this approach.The user in fact “leases” the hardware from the site developers
only for the time of the solution of his task.

We emphasize that such an efficient method of using the processor complexes by the visitors of
the Center has required the development and implementation of original solutions. Since neither of
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the Internet providers will permit the execution of many and, possibly, long-term computations on
his node, which would take many resources and reduce the capacity of channels, one would need the
use of a different scheme for execution of computations.

The client organizes at the Center his computational task (chooses the processor system and
inputs the parameters in it) and starts up the computation on the system. The systems of this site
segment on the support of tasks pack the task into a file and send it via the net to the computing
center containing a number of computers, including the multi-processor systems. The task is solved
here, the results (Fig. [2)) are forwarded either to the Center, if the client waits for them, or to its
home address in the net. This scheme has shown itself very well during its beta testing.

4 The system for registering clients and commercial system
of the center

The program complexes of the Center may be used both free of charge (the demo versions) and on a
commercial basis. The access to the regime of the full-scale functioning of the center is realized after
the visitor registration in the specialized "book of record” (Fig. Bl and after the visitor transfers
the user charge via the electronic payment systems.

The use of the specialized bank system “Robokassa” has been organized (together with the
development of necessary interfaces) for the commercial segment of the center. This system enables
the use of more than 20 electronic payment systems (WebMoney, Yandex.Money, Internet.Money,
Internet.Groshi) as well as a number of foreign electronic payment systems of the type E-Gold,
PayPal, MoneyBookers, EuroCash, etc. for the purpose of a significant broadening of the scope of
clients. A system has also been implemented, which makes it possible to carry out the payments
by using the SMS cellular communications (Fig. H). The safety of the passage of payments, the
transparency of their routing, the necessary messages for the client, the currency conversion in
different electronic payment systems are guaranteed by special structures of the “Robokassa” system
and have been checked in the course of the beta testing of the Computer simulation center.

One should, however, emphasize that the profit earning is not set at present as a predominant
goal of the present many-sided project, which is a functional study of the problems of the scientific
knowledge dissemination based on advanced information technologies.

5 The center content

The site SciShop.ru is a developing Center of computer simulation. At present, it contains four
working information-computation complexes (ICCs):

- “Shock”, the high-velocity internal aerodynamics: the computation of shock-wave structures
at the inlet to the diffuser of a hypersonic scramjet engine;

- “Flow”, the high-velocity external aerodynamics: the computation of the flow around the
objects in the atmospheres of the Earth and Mars;

- “Astra”, the computational astrophysics: simulation of the dynamics of processes in the inter-
galactic gas and protoplanet clouds;

- “Nano”, microelectronics: computer support of the design of nano-structured semiconductor
materials.

Each of these complexes includes the bibliographic section, tabular and graphical databases,
which contain the results of the computation of problems in their subject areas as well as the
processor systems, which enable the visitor to organize independently the solution of the task of
interest. All the resources were created and improved in the course of the execution of numerous
computational experiments.
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Figure 3: Base page of the site section “The system for registration of the visitors of the Computer
Simulation Center”.

ICC “Shock” (Fig. B). A wide spectrum of the investigations of the shockwave flow patterns
arising at the hypersonic scramjet engine inlet was done in the works [3, 4] with regard for the
variation of the gaseous medium properties on shocks. The configuration of shocks, the type of their
interaction (the Mach and/or regular type) and the flow parameters between the shock fronts under
the variation of the flight altitude in the Earth atmosphere from 0 to 100 km, the flight velocities
from 1.5 to 7 km/s, the diffuser angles from 0 to 50 degrees were determined.

ICC “Flow” (Fig. [B). The investigation of steady and unsteady flows of both ideal gas (the
model of Euler equations) and viscous, heat-conducting gas (the model of full Navier—Stokes equa-
tions) around the bodies of different configurations was carried out in the works [5, [6] on the basis
of specially developed methods and numerical algorithms within a wide range of determining pa-
rameters. The flow structures near the forebody, above the body lateral surface and the body base
as well as the flows in the near and far wake of the body were investigated. The characteristic and
peculiarities of these structures were determined depending on flight regimes, including the case of
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a localized energy supply to the free stream with the formation of a complex flow pattern of the
arising internal shock waves, which are determined by the frequency of the sequence of external
source pulses, which may lead to resonance phenomena when an insignificant power of pulses gives
rise to a substantial destabilization of the flow, high force and thermal loads on the body surface.

The complex enables the modelling of the aerodynamics of the supersonic and hypersonic flight
in the Earth’s atmosphere at the altitudes from 0 to 100 km within the speed range from 0.8 to 10
km/s as well as, to a certain accuracy (in accordance with available data), a high-velocity flight in
the Mars’ atmosphere.

In these works, the most important problems of the adequacy of the mathematical model and
the algorithms and codes realizing it to the occurring physical process were studied at a qualitatively
new level. Three segments of this question, which are related to the nonuniqueness, were considered:
the analytic solutions of the Euler equations, numerical solutions of the full Navier—Stokes equations,
and the symmetry loss in symmetric problems. The processes of the evolution of the pattern of the
flow around the body with the possibility of a passage from one solution branch to another were
studied, and the attraction basins of solutions were determined. The trajectories of the computation
motion from the starting solution to the final (steady, quasi-steady, unsteady aperiodic) solution in
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Figure 5: Information-computation complex “Shock”. Tabular-digital and graphical representation
of the results.

the space of solutions were studied.

ICC “Astra” (Fig. [[). The physical, mathematical, and computational problems of modelling
the unsteady three-dimensional problems of the extraterrestrial gas dynamics were considered and
analyzed in the work [7]. The system of the Euler gas dynamic equations, which was completed by the
force and energy components to model the deviation of the equation of state from the ideal one, the
heat-transfer processes (heat conduction, convection, and radiation), gravitation (the gravity field
of the point mass and the self-gravitation of a distributed gaseous cloud), was used as the governing
system of the differential equations of the mathematical model. The modelling was carried out on
the basis of the principle of the decomposition of the complete problem into several sub-problems
corresponding to different physical processes. The structuring of the computational complex into
several autonomous segments, in its turn, corresponded to this decomposition. This ensures the
possibility for extension and supplement of the package of computer programs. The series of the
computations of problems on the motion of shock waves and expansion waves in intergalactic gaseous
media, on the gravitational collapse of motionless and rotating gaseous clouds, the recession of a
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Figure 6: Information-computation complex “Flow”. Tabular-digital and graphical representation
of the results.

gaseous cluster, which model the formation and explosion of proto-stars, were done. A thorough
verification of the theoretical method, the computational algorithm, and complex of computer codes
was done for a comprehensive analysis of their properties (the accuracy of computation and the
speed of the computational process).

ICC “Nano” (Fig. B). Theoretical methods were developed in the work [8] for mathematical
modelling of a number of physical-chemical and mechanical processes of the technological cycle of the
production of new semiconductor materials, in particular, the motion of the oxidation wave in silicon,
including the case of the availability of technological masks ensuring special configurations of the
interfaces “material/oxide” with the formation of multiply connected regions. These methods were
the basis for developing the efficient numerical algorithms and the complex of computer programs.

Special methods, high-accuracy algorithms, and computer codes were developed for computing
the physical processes of the segregation of dopant donor and acceptor admixtures (boron, antimony,
and arsenic) at the oxidation wave front in a free-crystalline and prestressed silicon [9].

The computer simulation of the formation of specific nanostructures — narrow localized zones of
an elevated electric conductivity of the n- and p-types was conducted.

The complex enables the design of nano- and microelectromechanical systems (diodes, capacitors,
transistors, etc.) entering the large, very large, and ultra large integral circuits.

A many-sided experience obtained in the course of the works was implemented in the algorithms
of program complexes, which are granted to the visitors of the Center [I0, 1] for solving their own
tasks in the corresponding knowledge areas.
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6 Conclusion

The infrastructure and content of the Computer simulation center SciShop.ru, the pioneer of a new
form of the scientific knowledge dissemination, were briefly considered in the present paper. This
center is intended for a direct use of program complexes for the mathematical simulation of processes
in various scientific areas, and it provides the possibility of a direct execution of computations in
Internet in the remote access regime. Such a form has wide prospects of the application in scientific
research and applied developments as well as for a remote teaching of specialists, postgraduates,

and students.
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How are white squirrels able to survive in a
forest?

J.C. Hodge!*

IBlue Ridge Community College, 100 College Dr., Flat Rock, NC, 28731-1690

Abstract

The white squirrels’ (Sciurus carolinensis) causes of success in a predi-
tory environment and causes of the apparent population equilibrium with
gray squirrels are mysteries. White squirrels of Brevard, NC are thought
to be a color variant of the Eastern gray squirrels. White and gray squir-
rels were observed from 2001 to May 2010. The squirrel population in the
observation area has changed from predominantly gray to predominantly
white. The observations suggest white squirrels have many physical and
culture characteristics that differ from gray squirrels. These characteris-
tics favor white squirrels over gray in a substantial feral and stray cat (Felis
catus) predation and human environment. That Brevard white squirrels
may be at an evolutionary branching point is suggested.

White squirrels; prey preference; evolutionary dynamics

1 INTRODUCTION

Because white pelage is much more noticeable to predators in a forested envi-
ronment, the cause of the success of the white variant is a mystery. Human
protection may be part of the answer.

White squirrel colonies exist in various places in the eastern US (Glesener
2010). The white squirrels of Brevard, North Carolina are distinct from other
white squirrel variants. The white squirrels of Brevard have dark eyes, a dark
patch on their head, a wide shoulder patch called a saddle, and a dorsal stripe.
The dorsal strip occasionally extends the length of the tail. The white squirrels
are postulated to be a color morph of the Eastern gray squirrel. However,
no head patch has been observed in normal gray variants. Also, a seasonal
variation of head patches ranging from gray to pure black has been observed.
The inheritance pattern of the two morphs is unknown. The white and gray
morphs appear to segregate as separate Mendelian units (Glesener 2001a).

The only other colonies of Brevard type white squirrels are in the south-
eastern US, particularly in Florida. These colonies appear to have a direct

*E-mail:jc_hodgeblueridge.edu
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connection to the Brevard white squirrel (Glesener 2010). Other white squirrel
colonies are true albino or white with dark eyes but without the head patch,
saddle, or dorsal stripe.

Local folklore holds that white squirrels in Brevard originated from islands
off Hawaii or from China and were brought to Florida by a circus. The Brevard
white squirrel descended from a single pair trapped in northern Florida and
released in Brevard in 1951. The Hawaii or China origin story may have been
invented to enhance the appeal of the folklore. Since release, the Brevard white
squirrel has increased in abundance and disbursed over a wide area from Cashiers
to Hendersonville, a span of approximately 50 miles. Admiring humans may
have assisted this distribution.

Periodic sample censuses are conducted (Glesener 2001a,b). This census
investigates the relative abundance of white to total squirrel population (here-
inafter “Ratio”) in an approximate three-mile radius centered on downtown
Brevard. The census methods would miss or underestimate some effects such as
environmental factors, how far squirrels will travel for a sudden large availability
of food, daily activity variance, culture characteristics, and characteristics with
short survival times.

Glesener (2001a) reported the Ratio had remained relatively constant at
between 21% and 25% for several years. Since then, the census has found the
Ratio may be increasing. The April 2010 census found an estimate Ratio of
36.7%, the highest on record, and a 12-year average Ratio of 27.4%. However,
Glesener (2010) noted this change in the Ratio might be caused by changes
in the count protocol. Also, the error bars indicate the recent Ratio increase
may not be significant. Glesener (2010) is confident that the white squirrel
population is doing well and that the Ratio appears stable. This is another part
of the white squirrel mystery.

Glesener (2010) noted variation among the census sectors of both the total
number of squirrels and the Ratio. This suggests that environment affects the
Ratio in addition to the number of squirrels in a sector. Notably, the highest
Ratio (88.9%) and low overall squirrel abundance were observed on the Bre-
vard College campus. The Brevard College campus has several buildings with
moderate, open, and grass covered grounds and sparsely placed trees.

Brevard has a large stray cat population that is considered a nuisance. The
cats hunt and kill squirrels.

Neither a white dominant model nor white recessive model describes the
apparent Ratio equilibrium (Glesener 2001a). This inconsistency between cal-
culations of gene frequency and census observations suggests the existence of
some undetected pleiotropic effect. White squirrels and gray squirrels freely
interbreed and have mixed litters. Current wisdom holds that the offspring
of mixed mating are either white or gray, but not blends. Glesener (2001a)
postulated a gene frequency model to explain the apparent Ratio equilibrium.

This paper suggests that there is a constellation of characteristics includ-
ing genetic traits, culture, and behavioral traits that allow the Brevard white
squirrel to have a higher fitness than the gray squirrel in a highly predatory en-
vironment. The white squirrel is white, is cautious, is more agile, has a smaller
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body structure, and has a shorter and less bushy tail. The gray squirrel is
gray, is more aggressive, is less agile, has a slightly larger body structure, and
has a longer and bushier tail. White squirrels and gray squirrels have different
cultures. Individual survival requires all the characteristics of the variant be
present. That is, the mixing of culture and pelage characteristics within an
individual is selected against. Indeed, the highly predatory environment such
as in the high stray cat population of Brevard is necessary for the white squirrel
to be more fit. The cats introduce a prey preference than causes a stable Ratio.

In section 2, the observations are described The Discussion and conclusion
is in section 3.

2 Observations

A bird feeder was installed in 2001 on the east side of 16 Hosta Lane, Brevard,
North Carolina 28712 to feed and watch birds. This site was approximately one
mile outside Brevard city limits and was outside the squirrel census zone. This
feeder has become a squirrel feeder. The food was sunflower seeds. The feeder
was suspended approximately 1.5 meters above the ground and one meter from
a tree, which was at the edge of a sharply declining slope of approximately 40
degrees. Food dropped to an area of approximately one meter diameter on the
ground (hereinafter “Food Area”). The feeder was located approximately three
meters from a sliding glass door. The “Feeding Volume” included the feeder,
the Food Area, and three meters distant from the feeder. The “Feeding Area”
was on the ground within three meters of the Food Area.

Other than stocking the feeder and being close, I did not interfere or interact
with the critters. Several patterns and characteristics of white squirrels and gray
squirrels have been qualitatively noted.

Distinguishing individuals by their gray pattern determined the number of
white squirrels. The number of gray squirrels was determined by distinguishing
individuals by their body and tail size. The maximum number that was seen
simultaneously within a week determined the number of chipmunks (Tamias
striatus) visiting.

Initially, one white squirrel visited once or twice per week. Up to ten gray
squirrels visited the Feeding Volume daily. One to two chipmunks visited the
Feeding Volume daily.

The number of chipmunks visiting has cycled between none and six. The
number of stray and feral cats (herein simply “cats”) cycled between none and
two. Domestic cats were discounted because they were too fat and slow to be
a serious threat to the squirrels. However, they did harass squirrels. The cat
cycle lagged the chipmunk cycle by approximately two weeks after 1 saw four
chipmunks. Domesticated dogs were running loose in the area - a situation that
may not be present in Brevard city. Also, hen hawks (Accipiter cooperii) and,
occasionally, Red-tailed Hawks (Buteo jamaicens) frequently appeared in the
sky and trees.

The daily visit count of eight or nine white squirrels has existed since 2007.
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Eight active drays were within an 80-meter radius in the summer of 2009 (Rowe
2009). This was the same number of human houses in this area. This implied
approximately 2.8 squirrels per forested acre. Because food was supplied daily,
perhaps this was a squirrel culture limit rather than a mast limit. A neighbor
also feeds squirrels. When he left for more than a day, over 18 white squirrels
visited daily. Therefore, squirrels routinely traveled 80 meters to a food supply
and 160 meters when food was scarce. Apparently, a constant and copious mast
supply bred more white squirrels not bigger white squirrels. That is, smaller
size was an advantage because the group culture structure can be more effective
with more individuals for a given food supply.

By May 10, an average of one to three male gray squirrels visited approxi-
mately twice per week. Five female and six male white squirrels visited daily.
Up to six white squirrels within the viewing area were seen simultaneously daily.
Twice in 2008, in Jan. ’09, and in Mar. '10 nine white squirrels were seen si-
multaneously.

The larger gray squirrels had a larger body size, a longer stride, a longer tail,
and a wider, bushier tail than the largest white squirrel. The medium sized gray
squirrels also had longer and bushier tails than most white squirrels. The larger
white squirrels chased and caught the smaller gray squirrels. The medium and
larger sized gray squirrels chased all white squirrels. However, a gray squirrel
catching a white squirrel has not been observed. Usually, the white squirrel
gained at least a half-meter after a three-meter chase. Among squirrels, the
squirrel with the larger tail size chased the squirrel with the smaller tail.

The feeder usually emptied each day. The limit of view in the forest during
summer was approximately 50 meters. After the feeder was refilled, from five
minutes to two hours (to normal feeding time) elapsed before the first squirrel
arrived. The time lag was dependent on when the feeder was refilled and which
morph arrived first. The shortest time to first squirrel was just after sunrise,
around midday and late afternoon. If the feeder was refilled between these times
such as at 10 AM and if the first squirrel to visit was a gray squirrel, the next
squirrel arrived an average of 40 minutes later. Up to two hours may elapse
before the next squirrel arrived occasionally occured. Other squirrels in the
trees between 20 meters and 50 meters did not come to the Feeding Volume.

If the first squirrel was a white squirrel, the next one to four squirrels arrived
within 20 minutes. Other squirrels in the trees between 20 meters and 50 meters
did come to the Feeding Volume.

The definition of a “dominant” squirrel in a group was refined in 2009 to
mean high in the pecking order, only. Physical fights ultimately determined
pecking order. However, tail size appeared to substitute for fighting.

The definition of an “aggressive” cultural characteristic was refined to mean
a squirrel behavior wherein the squirrel either did not tolerate other squirrels
within a half-meter radius when feeding or left the Feeding Area when other
squirrels were present which applied to squirrels low in the pecking order.

The definition of a “cautious” cultural characteristic was refined to mean
a squirrel behavior wherein the squirrel was tolerant of others in the Feeding
Area. A cautious, dominant squirrel in the Feeding Area chased other squirrels
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for a short distance if they approached within a half-meter or tolerated the
others in the Feeding Area. Other characteristics included more wariness than
aggressive squirrels of new things, of new noises, and of being too close to a
place where it could not see such as corners. For example, the cautious squirrel
slowly approached a new dead stick in the Feeding Area whereas the aggressive
squirrel usually did not approach or investigate. When startled, the cautious
squirrels climbed higher and returned slower than the aggressive squirrels.

The set of squirrels that were aggressive and the set of squirrels that were
cautious were mutually exclusive sets. Each squirrel was in one of these sets.
A dominant squirrel could be either cautious or aggressive. Likewise, a squirrel
low in the pecking order could be either cautious or aggressive.

As long as there were three or less squirrels on the ground, the cautious,
dominant squirrel can maintain the half-meter feeding radius. More than three
gray squirrels within the Food Area have not been witnessed. More than three
and up to six white squirrels in the Food Area simultaneously occurred fre-
quently. The squirrels lower in the pecking order occasionally tested the more
dominant squirrel. If there were three or less squirrels in the half-meter zone,
the cautious, dominant squirrel attempted to chase or fight. This chasing was
little more than a threat if the chased squirrel left or was a chase of less than
four meters. That is, the cautious, dominant squirrel asserted dominance then
quit.

Occasionally two cautious squirrels shared the feeder. If there were three
cautious squirrels in the Feeding Volume, there was a little chasing but they soon
settled into an acceptable eating arrangement. A less dominant, cautious gray
squirrel was tolerated in the Food Area by dominant, cautious, white squirrels.
Two to four cautious squirrels could be on the ground within half-meter of each
other feeding. If there were six or more cautious squirrels in the Feeding Volume,
one or more would settle on a tree branch and wait.

The aggressive squirrel attempted to chase others in the Food Area. If the
other was a more dominant squirrel, a physical fight ensued. The aggressive
squirrel was often injured. Another response of aggressive squirrels was to visit
the Feeding Area alone at times when others were usually absent. This was an
opportunity for predators.

When four or more squirrels were in the Feeding Area, one then another
tested the aggressive squirrel’s half-meter feeding radius nearly constantly. Even-
tually, the aggressive squirrel appeared to loose its temper and started chasing
the unlucky one of its harassers for several tens of meters. During this chase,
which may last a half-minute or more, one or more of the other squirrels in-
vaded the Food Area. When the aggressive squirrel returned, it chased another
one of the invaders. This process continued for a few cycles. The aggressive
squirrel then retreated to an overlooking branch and waited for the larger num-
ber of squirrels to leave. As the aggressive squirrel gains experience, it left
the area without the long chase. That is, it was intolerant of others feeding
nearby. Further, if an experienced, aggressive squirrel visits when squabbling
white squirrels were on the ground, the aggressive squirrel left the area. Domi-
nant squirrels tend to feed on the feeder. When a dominant squirrel was on the
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feeder, aggressive squirrels fed on the ground.

Aggressive behavior in a group carried a huge energy price. However, such
energy expenditure may have a return if the mast was scarce.

The landscape around the house before a recent remodeling provided two
ambush areas for cats that were easily monitored. One was the Feeding Area
and one was in the front of the house. The forest around the house provided
many other ambush sites. The one in front was a carport. A cat would often
hide under the car by the car wheel. When a gray squirrel or chipmunk crossed
in front of the house to travel from the Feed Volume to the forest on the other
side of the house, they usually traveled close to the house, which was a shorter
distance than crossing away from the house. The white squirrels traveled at least
five meters from the carport and usually across the narrow part of the driveway.
Since monitoring started in 2004, over 30 dead gray squirrels and no dead white
squirrels were found within one meter of the carport with a distinguishing bite
in the back of its neck.

Cats were frequently seen killing and carrying away chipmunks at the am-
bush site near the feeder. One white and two gray aggressive squirrels were
seen killed in the Feeding Area. They were alone and on the ground. Cautious
squirrels had also been seen alone on the ground. However, cautious squirrels
were more wary than aggressive squirrels. They sensed the cat approaching
before the cat came within striking distance.

Between 2005 and 2009 squirrel road kill between my house and approxi-
mately one mile toward Brevard was counted during visits to Brevard. The
road was well traveled with forest on both sides of the road. This area seems
to have had more white squirrels than gray squirrels in 2005, 2006, and 2007.
However, the road kill count averaged 14 gray squirrels and two white squirrels
per year. The annual road kill count averaged two gray squirrels and two white
squirrels per year in 2008 and 2009 when the white squirrel ratio was high. Be-
cause road kill was quickly disposed and because counts were taken only one to
four times per week, these counts were likely underestimates of actual road kill.

The nearest, squirrel-supporting tree from the feeder tree was over two me-
ters distant. The white squirrels occasionally jumped this distance rather than
travel a longer route. No gray squirrel has been seen jumping this distance.
When a gray squirrel was chasing a white squirrel, the white squirrel frequently
climbed the tree one to three meters and jumped to another tree approximately
one meter away. The gray squirrel did not follow. If the squirrel chasing was a
white squirrel, it would frequently follow at this height. However, if the chased
white squirrel ascended to over five meters, the chasing white squirrel would
follow only infrequently.

If a cat approached, white and gray squirrels emitted a chattering, went up
trees, and left the area for at least 15 minutes.

The hen hawks tended to glide toward the feeder from the east. A squirrel
feeding on the feeder could not see the hawk approach from this direction. One
to three times per week a hawk perched in the forest overlooking a one-lane
road. The cautious squirrels stopped feeding and watched. Infrequently, the
hawk perched in a tree overlooking a flight path that was an attack path for
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the Feeding Area. Two to four times per year, the hawk was seen diving on the
Feeding Area. White squirrels in the Feeder Volume emitted a higher rate of
chatter than for a cat. Most, but not all, white squirrels scurried under bushes
rather than climb trees. White squirrels on the feeder rapidly descended and
went under the bushes. Gray squirrels climbed trees. Hen hawks have been
known to attack prey in trees. The squirrels returned in two to 10 minutes.
The white squirrels apparently had differing signals and behavior for danger-
from-above and danger-from-the-ground. The gray squirrels did not.

A unique male squirrel started visiting in the early summer of 2005. It had
the body but not tail of gray squirrels and mostly gray hair with white on its
head, neck, and side. It was a blend, one of two noted during the observation
period. It was an aggressive squirrel. This squirrel stopped visiting by mid
sumier.

Each year one or two younger, white squirrel(s) with variation visited. Some
had difficulties or limited abilities. One such white squirrel appeared normal
except for a behavioral trait difference in the summer of 2009. Being young
and small, other white squirrels would chase it from the feed. It would position
itself in a tree close the food and give the danger-from-below call. The other
white squirrels scampered up the trees and soon left. The false caller would
then eat. After a few weeks and when the false caller had given a warning, the
other white squirrels looked but did not leave. A few weeks later, an incident
occurred wherein the false caller was on the ground eating and one other white
squirrel was on the feeder. The white squirrel on the feeder was gathering seeds
and then went to the top of the feeder to eat. Suddenly, the white squirrel on
the feeder left the area unusually rapidly without calling. Within two minutes
a cat attacked the false caller. The false caller escaped. Within two weeks, the
false caller stopped visiting. This was the only squirrel during the observation
period with this characteristic.

An aggressive, female white squirrel with a white tail except for distinguish-
ing dark fur at the end of its tail was in a fight with a larger white squirrel in
May ’09. This aggressive squirrel limped away. The next day this squirrel had a
swollen right front paw. A week later, it was missing its right front paw. Its tail
became thin. It ate only when other squirrels were absent. It survived through
2009 and became stronger with a bushier tail. By May ’10 it could chase smaller
white squirrels and maintained its aggressive personality.

As of May 10, two of the 11 white squirrel daily visitors were aggressive.
Usually none or one aggressive white squirrel was seen in a season. Both aggres-
sive white squirrels were in the middle of the pecking order. Two of the three
male, gray squirrel weekly visitors were aggressive. Both were at the top of the
pecking order. The cautious gray squirrel was near the bottom of the pecking
order.

A black and white, stray cat remained near the house in the summer of 2009
. Usually the stray cats left when the number of chipmunks declined. By Nov.
'09 there were no chipmunks noted in the Feeder Area or around the house,
which was unusual. This cat was seen with an injured right front leg in early
Nov. ’09. This cat was last seen in mid Nov. ’09. Since then, no feral or stray
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cats have been seen.

3 Discussion and conclusion

The gray squirrels evolved in a wild, forested environment. The gray camou-
flage allowed the dominant squirrels with increased mating opportunity to be
aggressive. The white pelage is very noticeable in the forest. Therefore, devel-
oping a cautious characteristic with a white pelage seems plausible a posteriori.
Further, developing the cultural characteristic of tolerance in larger groups in a
concentrated mast supply seems plausible. Also, a smaller size would allow sur-
vival of more individuals for limited mast and for years of low mast availability.
All these changes are difficult to explain in a step-by-step evolutionary model
in an environment that has selected the gray squirrel.

A human involvement in the selection process is a simpler explanation. Be-
cause the initial record was of a circus, the white squirrels may have been se-
lectively bred for the white trait. Selective breeding for wider white underbelly
within an enclosure may have also bred for less aggressiveness, more caution, and
willingness to feed in larger groups. The foreign origin folklore may have been
a circus promotion embellishment. Further, the white squirrel’s slighter body,
more agility, with more developed speech such as the noted warning sounds and,
perhaps, a more developed culture structure such as indicated by the number
of squirrels around the feeder simultaneously may be their key to survival in an
area of substantial predation.

The present observations suggest a different dynamic of the Ratio than gene
frequency of only a pelage trait. The varying Ratio among count sectors (Gle-
sener 2010) and the present observation of a changed Ratio upon the intro-
duction of the feeder and the removal of a cat kill zone suggest the Ratio is
environment dependent. Post et al. (2000) studied the dynamics of two non-
interacting pray populations in an environment where the predator kills in re-
sponse to pray frequency. They found that although chaos is possible in food
webs, pray preference reduces the potential for chaos. The pray preference may
be exercised by the pray. The cautious behavior reduces the cats’ opportunity
and aggressive behavior may trigger the cats’ kill response. This predator-pray
dynamic may result in a stable Ratio. Berezovskaya et al. (2009, and references
therein) argued that evolution should favor heterogeneous settings including
Allee effects. Doebeli & Ispolatov (2010) demonstrated that evolutionary diver-
sity could occur after the population reaches a continuous stable strategy such
as demonstrated by a stable Ratio in a stable environment.
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Abstract

Essence of complex of promotion and his elements is considered, grounded necessity account of type and level
motivation of consumer at forming of communication mix, the types of consumers are selected taking into
account the level of their motivation, which allows developing effective strategy advancement of the product.

Keywords: promotion,communication mix, consumer, motivation, advertising, need.

1. Introduction

The inalienable constituent of marketing complex are marketing communication, role
and the value of which is acquires the special actuality at forming of favour and loyalty of
consumers to the firm’s commodity. Tha’s why the marketing is considered as a system of
communication that by means of the use of psychological mechanisms of influence on
consumers’ behavior and activate objective actual or potential necessities. The
meaningfulness of forming of effective marketing communication is explained and that they
try to co-operate customer with a salesperson, provides the individual approach to a potential
consumer with taking into account of his psychological features, carry out strengthening and
even (at a necessity) change the level of motivation. Therefore, in the article approaches
purchased further development in relation to creation of high-efficiency facilities of
advancement on the basis of psychological analysis of consumers’ types and their personality
characteristics.

2. Formulation of the problem

The increase of advertisement communication efficiency need the deep analysis of
types of consumers, personality descriptions with the help of which it is possible to create
exact and high-efficiency marketing communication psychologically, and also to design

goods and services, that are the most needed by the customers. However, there are some
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disadvantages during the reporting of both economic and psychological character that
considerably reduces efficiency of communication mix. As the achievement of
communication aim is in the sphere of consumer’ psychology, the marketing communication
must form psychological options that would assist and try to achieve marketing
communication targets.

The problems of development of the theoretical bases and different aspects of effective
practical application of complex of marketing communication in economic activity of the
enterprises were investigated by such home and foreign scientists: S.Garkavenko,
T.Lukiynets, T.Prymak, Y.Romate, P.Smith and other. The researches of factors, that
influence on consumers’ behavior found a reflection in scientific works of J.Angela,
0O.Zozuliova, O.Lebedeva-Liybimova, A.Starostina and other. Thanks to the works of the
scientists, it should be noted that separate questions in relation of forming of communication
mix with taking into account of different type and level of consumer’ motivation need
clarification and further study. The Uncompleteness of scientific development in relation to
the indicated problems define the aim of this research, that consists of the selection of
different types of consumers taking into account their personality features and levels of
motivation for the sake of development of suggestions in relation to forming the possible
strategy of advancement of commodity.

3. Results

The system of marketing communication - one of the main instrument of marketing
complex by means of which the enterprises influence on a marketing environment. Thus, the
question of classification of forms of marketing communication in modern literature remains
debatable. That’s why, Y.Romate offers the system of marketing communication that can
conditionally divided into two groups: basic (advertisement, direct-marketing, sales
promotion, public rilations) and synthetic (branding, participating in exhibitions and fairs,
sponsion, marketing communication are integrated in the places of sale). The author proves
that informal verbal marketing communication (generating a communicator rumours) occupy
separate position and can be attributed neither fixed nor to synthetic assets of marketing
communication [4, p. 140]. S.Garkavenko complements the basic elements of communication
mix with the personal sale, distinguishing it’s in independent elements from direct-marketing

[2, p. 410].
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Also there is a division of measure on commodities promotion on ATL -
(advertisement in Mass Media and external advertisement) and BTL- actions (measures on
sales promotion, public relations, advertisement in the places of sale, direct-marketing,
sponsion and others like that). Some specialists (F.Jefkins, F.Kotler and other) according to
independent facilities of marketing communication take packing and so-called collateral (side,
second-rate) facilities (postals, advertisement souvenirs and others like that). Now there are
more than twenty different elements of marketing communication. We are noticed that a clear
limit between the different elements of communication mix sometimes it is extremely difficult
to set, as all the marketing communication facilities are effective only at their complex use
(effect of synergy). Thus, outlets contain cutting or torning off coupons, that, as a rule, give a
right on a discount from a price at a purchase promoted product, that often is one of forms of
sales promotion or to contain the elements of public relations. Direct-marketing that is
realized by the method of direct mail can use outlets, standards promoted product (so-called
sampling, which is attributed to sales promotion) and others like that.

Marketing communication substantially differ both in a technological and in
organizational plan. The application of psychological processes of a consumer, his/her
perception, attention, memory, emotions, process of taking decision about a purchase,
motivations, necessities, reasons, stereotypes, values and others like that helps marketing
specialists to design the reaction of consumer on marketing stimuli, that they are carried in
itself marketing communication. A main task consists of the determination of correlation of
the pre-arranged influences with objective necessities and possibilities of a consumer, with its
numeral psychological features and psychical processes.

At forming the complex of marketing communication it is necessary to take into
account a type and level of motivations of a consumer, in fact the strategy of communication
mix depends on it. On the basis of the conducted analysis of possible consumers’ types and
levels of their motivation is developed a possible strategy of commodity advancement. The
first type - is active customer with the brightly expressed and realized requirement in a
commodity. In this case a consumer can make the active search of concrete object for
satisfaction his necessity (commodity or services), or to understand that these commodity or
services are really necessary for him, goods and services from a certain commodity group on

" n

principle "winter clothing", "transport”, "flour pastry wares", "dairies" and others like that. In
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the first case an advertisement can be examined by a consumer as necessary information
about the methods of commodity purchase, and it will be actively and purposefully perceive it
(to look through the press, catalogues, to search necessary firms and others like that). Such
searching of information is named active. In the second case a consumer is on the stage of
decision-making and that’s why marketing communication helps or induce to do a choice.

If the given presence of requirement is in a commodity group, the task of marketing
specialist is that he must "give some characteristics” to the commodity, to influence at
customer’ choice (for example, by comparison of separate commodities in this category). In
the case when a consumer chose a concrete commodity as method of satisfaction of certain
base necessity, marketing communication must be sent to the grant it the objective
information in an optimal volume and maximally accessible kind in relation to a presence,
property, unique feature, price, place and conditions of sale and other characteristics of
commodity. The researches are showed that in this case even sufferet mistakes at promoting
product do not influence enough on the high level of consumer estimation of given
information as a customer need its not less than the commodity. It explains why an amateurish
advertisement works. Thus, excessive methods of persuasion, influence, bringing in,
suggestions and others like that can be perceived by an active customer as superfluous that
cause an irritation and interfere with an acceptance already made decision. An active
consumer has an increase psychological sensitiveness to the advertisement, easier perceives
mistakes that complicate communication. Having strong motivation, he finds in an
advertisement exactly what he need, pays attention on necessary commodities, distracted from
second-rate, obtrusive.

The second type - a customer does not have the realized necessity, but set possibility
of unrealized (potential) necessity, that a customer has internal and external terms for his/her
origin through the set time. In such case marketing communication will be effective, if they
concentrate on the vivid sphere of consumer and his memory. As a rule, the communication
mix directs for the reiteration of information; detailed explanation of how the commodity
removes the problems of the customer; comparing of commodity advantages with the
analogical commodities be means that does not conflict with a current legislation the aim of
which is creation in the customer right character of commodity, that can effectively satisfy a

potential necessity. For example, a person that does not suffer a disease the medications from
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that are widely advertised, can remember about them, if an advertisement helphim/her to
memorize the name. In its turn, it will act part at the choice of medications, if illness will
appear. At the level of complex marketing communication a psychological effect largely will
be determined by "correct strategy of measures of public relations, as exactly they are sent not
to the direct sale, but on creation of the protracted positive character of commodity of firm"
born in a mind [3, p. 241]. Creation of proof positive character is provided through
memorizing, recognition of trade marks and forming of positive attitude toward them of
potential consumers.

The third and most difficult for marketing specialists type of consumer envisages the
consumer’ absence not only the brightly expressed concrete or potential necessity but also
internal terms for its origin. For example, for a person that does not hear, there can not be a
necessity in buying audiotechnique, but diabetic person will not buy sweets with content of
sugar. Therefore, an advertisement that will call to realization of purchase the commodity
inaccessible or unnecessary for these people on objective reasons will cause an irritation and
feeling of inferiority as all the time will remind them of present disfigurations. Certain success
on such conditions can be scored forming such marketing communication that will suggest by
means of promoted product to satisfy certain additional necessity. Thus, a customer can buy

objectively an unnecessary for him commodity in a gift, for further resale and others like that.

4. Conclusions

Those marketing measures become effective only when they take into account human
necessities and objective terms, and realized through the use of modern instruments of
marketing communication. It is set that marketing communication can satisfy the obvious
(realized) and hidden (unrealized) necessities of consumers for condition if examine them as
certain part of commodity and that is oriented to the certain group of customers. An analysis
showed that marketing communication gain its targets when in the core of their planning
understands the necessity of promotion not only the commodity, but also the satisfaction of
potential consumer needs. Therefore, taking into account the consumer’ requirements,
analysis of his/her necessities and level of motivation as a customer is necessary pre-condition

at forming of effective complex of marketing communication.
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Abstract. The present paper explores the cognitive and iemait organization of a
conceptual metaphor and its components, in paatictthe concept of Fear. Nowadays
metaphor is presented as one of the significantaheperations, the tool of perception, and
understanding of a reality we live in. Conceptu&taphor research is considered as one of
the favorable and effective in various areas ofndog science. The article deals with the
implication of a Qualitative Data Analysis (QDA) camesearch software into a conceptual
metaphor investigation, focusing on the legal thigrtaxts with emotional content. The data
collected via a qualitative research helps to seicely enrich the domains of a conceptual
metaphor, to expand the basic understanding ofntiegistal notion, to enlarge and specify a

set of modern conceptual metaphors.

Keywords. concept, conceptual metaphor, qualitative datalyais, legal discourse,

emotional sphere

A3pIk, Oyayud CpeIcTBOM KOMMYHHUKAIUH, (QYHKIIMOHUPYET B cdepe pedeBo
AKTUBHOCTH. BBICTYHa}I JKC CPCACTBOM IMMO3HAHUA OKPYIKAIOMICTO MUPA, A3BIK UCIIOJIb3YCTCA B
Ka4eCTBE KOTHUTHUBHON CHOCO6HOCTI/I. Bce korHuUTUBHEBIE CHOCOGHOCTI/I YCJIOBCKa MOTI'YT
paccMaTpuBaThCS KaK TIOCTOSHHO DPAa3BHBAIOIIMECS CIHOCOOHOCTH TI0 OpHEHTAlMA |
MO3UIIMOHUPOBAHUIO YeJIOBEKa B MHpe. B TaHHOM acriekTe KOTHUTHBHAS JIMHTBUCTHKA UTPACT

OJIHY U3 BaXXHEUILNX POJICH.
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KornutuBHas Hayka UMeEET JOJITYI0 UCTOPUIO, UCTOKU KOTOPOM MPOCIIEKUBAIOTCS CO
BPEMCH aHTUYHOCTHU. B 1e BpEMCHA UHTCIIJICKT, CO3HAHUC U MOACIIN MBIIIJICHHUA TOHUMAJINCh
U HM3y4aJuch, B OCHOBHOM, B KadeCTBE MPEAMETOB JIOTHKH, ¢uiaocohun u (Gu3nonoruu
(ITmaron, Apwucrorenb, mo3ke ABryctuH bnaxkennsiii, Ilsep AGemsp). B  pamkax
COBpeMeHHOﬁ KOTHUTUBHOM JTMHTBUCTUKU napagurMa HUCCICAOBaHWA H3MCHUJIACH B IIJIAHC
Mpe3eHTAlMM MaTepuaiia, U3MEeHWICs caM noaxon. K mpumepy, 6onee 4eTko 0003HAUYMIIACH
MpUpOJa aKTyaJlbHOTO, TO €CTh, Belied, (eHOMEHOB, COObITHI. OHAa MOXET MO-pa3HOMY
OoTOOpaxxaTbCsl B CO3HAHMM 4YEJIOBEKAa: B OJHOM CIyyae, OHa MOXET OTOOpakaThCs
mocpcaACTBOM BH3yaHBHOﬁ KapTUHBI, B APYTOM — B KaUCCTBC HAUBHOI'O MOHATUA, B TPCTHEM —

B Ka4C€CTBC CUMBOJIA.

OOBEeKTOM U3yueHUs] KOTHUTUBU3MA SIBIISICTCS Y€TIOBEUECKU pa3yM, MBILIUICHUE U T
MEHTAJIbHBIC TPOIECCHI M COCTOSIHUS, KOTOpbIe ¢ HUMH CBsi3aHbl [1]. OCOOECHHO Ba)KHBIM
ABIIIETCS ~ B3aMMOJCIICTBHE  TMPOIIECCOB  BOCHPUSATHS, OOpaOOTKH, XpaHEHUS U
BOCMpOM3BeeHUST HMHQOpManu 00 OKpyXkamolieM Mupe. B pamkax IaHHOro moaxona
HEU3MEHHO (YHKIIMOHHUPYIOT JIBa B3aWMOCBSI3aHHBIX TIOHSATHUS. JIEHCTBUTEIBHOCTH U
COo3HaHMEe. B MOHMMaHUU TOrO, YTO €CTh CO3HAHUE, UCXOJUM U3 MOCTYJIATOB OT€YECTBEHHBIX
IIKOJI TICHXO0JI0THH 1 ricuxonuHrBuctuku (A.H. Jleontses, A.P. Jlypus, A.A. Jleontses, B.B.
Kpacubix u gp.). Co3HaHue ecTh chernuduyeckd dYejgoBedeckas ¢GopMa OTPaKeHHUs
JCHCTBUTENILHOCTU | BhIcMiA Tui NcUxuku (A.H. JleonTheB). JIeHCTBUTEIBLHOCTh — 3TO BCE
cyllee, MaTepuaibHOC W HJCAbHOE, PEabHO CYIIECTBYIOICe M BooOpaxaemoe (B BHUIE,
HanpuMep, BOCIIOMHHAHUNA O MPOILJIOM, MEYTaHUW O OyayiieM, IUIOJ0B BOOOPaKEHUS U

danTaswmii), MpUHAIIEKAIEe CO3HAHUIO U JIe)Kalee BHE ero [2].

VIMeHHO 3TH MOHATHUS ONPENEISIIOT PENpPe3eHTAUI0 U (QYHKIIMOHUPOBAHUE OJJHOTO U3
KJIIOYEBBIX MOHATUH COBPEMEHHOW KOTHUTUBUCTHKH — KOHIICTITyalbHOH MeTadopsl.
LleHHOCTHBIN KOMIIOHEHT JIaHHOTO MOHATHS OIpE/eNieH TEM, YTO KOHILIENTyallbHasi MeTadopa
SBJISICTCS BaKHOW MEHTAJIBHOW omepainuen, CpeIcTBOM IMO3HAHUS OKPYXKAIOIIEro MHpa, TO
€CTh, KOHILIENTYaJIU3allMK, KaTeropu3aluy, OLEHKH M WHTEPHPETALMH BOCIHPHUHUMAEMOTO.
Hamma oObr4Hast KOHIENITyallbHAs CUCTEMa, TIOCPEICTBOM KOTOPOH MBI TyMaeM U JeHCTBYyeM,
B OCHOBE CBOEH TIIy0OKO MeTadopuyHa. 3a4acTyro MOAYEPKUBAETCS, YTO MeTa(opbl MOTYT
CTPYKTYpUPOBaTh Hally KOHLENTYAJIbHYK) CHCTEMY, YTO OHHU <«BCTPOCHBI» B IPUPOLY
yenosek (Lakoff & Johnson). R. Boyles npumepy, elie 1aBHO 3aMETHII, YTO «CPEIU 3araoK

YeJI0BEUECKON peur, MeTaopa ocTaeTcs OJHOU U3 CAMbIX HEMOCTHKUMBIX» [3].
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Haumnas c¢ 1980x, wmeradopa Hauama BOCHPUHUMATBHCA KakK OJMLETBOPCHHE
KOTHUTHBHBIX M MECHTAJIBHBIX PECYpCOB uesjoBeka. MeTradophbl CTaau OYeHb BIHMSTEIBHBIMU
MOHATHSMH B KOTHUTHBHOW JIMHTBUCTHKE, a TakKe B POy APYTHX HAyK, TaKUX Kak
KOHIIENITOJIOTHUS, JIMHTBOKYJIBTYPOJIOTHS, TCHXOJMHIBHCTHKA. MHOTO BHUMaHHUS JTaHHOMY
(GeHOMEHY yIeNsIi TaKKe Bblatonmecs uccnenonarenu, kak Lakoff (1980), Johnson (1980),
Nufes (2000), Kovecses (1986), Turner (1990), Ranieo (1998), O’Keefe (1990), Gibbs
(1995) et al.

Henwp3st HemoomeHWBaTh CTaTyc KOHIENTYyaIbHOW MeTaopsl B COBPEMEHHOM
neiicrButensHoctd. Co Bpemen mybnukanuu Lakoff & JohnsomsuamenuToii u yxe craBmici
COBpPEMEHHOM Kilaccukoil kauru «Metadopsl, KoTopsiMu MBI sxuBem» (Metaphors We Live
By, 1980),nousTre (KoHIENTyaIbHON) MeTadophl Ype3BbIYaiHO PACIIMPHUIOCH, U3MEHHIICS
CTaTycC, U3MEHUJIOCh M BocpusiTHe MeTadopsl. MeTadopa nmpuodpena penyTainuio MOHITH,
KOTOPOE MOXKET OBITh NMPHUMEHEHO B MOBCEIHEBHOHN JKM3HU. MBI HCIONB3YEeM €ro KaKIbId
JICHb, KOT/Ia MBI, K IPUMEPY, TOBOPHM HJIU THIIEM. Ternepb 3T0 MOHATHE He PYHKIIMOHUPYET
B KaKoW-IMOO 0/1HOM 00nacTu 3HaHUA. B pamMkax coOBpeMEHHOTro Hay4HOTO 3HaHUs MeTadopa
yXKe He BOCIIPUHHMAETCS] KaK BHJ] TPOIIa, <CKPBITOE 00pa3HOE CPaBHEHUE» MIIH <dIEPEHOCHOE
yrnoTtpebnenne cioBa» [4]. Tlonemuka uaer He ToabKO 0 Mertadopuyeckom sizpike (Burke,
1945; Goodman, 1968; Locke, 1979, Stern, 20009, Takxke o0 BHEIAPEHHH U
(GyHKIIMOHHpOBaHHU (KOHIIETITYyaJIbHON) MeTaophl B TakuX cepax AeaTeIbHOCTH YeTIOBEKa,
kak mnonutuka (Tushnet, 1982, Lakoff “Moral Politics”, 2002)komMmmyHuKanus u
xypuamuctuka (Perry J. Blackburn “The Code Model of Communigatj 2007),
ncuxoiorus (MacCormac, 1985)ppucnpyneanus (Suchil, 2001).

Takum oOpa3zoM, CTaHOBUTCS 0o0Jiee OYEBUIHBIM, UTO M3ydeHHE MeTadophl B paMKax
KOTHUTUBHOM JIMHTBUCTUKH SIBJISIECTCS 6OJ'II>H_II/IM MNpEuMylicCTBOM IJId Pa3HbIX 06HaCT€I>'I
3HaHui. B JAaHHOM AacCIICKTEC HaI/I6OJIee BBITOJAHO BCKPBIBACTCA TpHadad SA3bIK-CO3HAHUC-
MbIIUIeHHe. M3ydeHue, mpoTekaromee B HHTEPAUCIHUILIIMHAPDHOM KIIOYE, MO3BOJISET
ameJuUIMpoBaTh  HE  TOJNBKO  TOHATHUSMH  KOTHUTHBHOH  JIMHTBHCTHKH. VI3ydeHwue
KOHIIETITyaTbHON MeTadopsl ABJIsIeTCs HanOoJiee BaKHBIM C YUETOM CIIEIYIOUINX KITFOYEBBIX

MOMCHTOB.

Bo-niepBbIX, HHTEPAUCHUIUIMHAPHOE U3YYCHUE HAPALY C KOTHUTUBHOW IICUXOJIOTHEH,
Helporicuxonorueil, HeipoOuonoruel, MNCUXOIMHTBUCTUKON, HMCKYCCTBEHHBIM DPa3yMOM,

KOMITbIOTEpHOM MeTadopoit. JlaHHAs aHTPOIOIEHTPUYECKAs IapagurMa HCCIIeIOBaHM
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BKJIIOYAET B ceOs u3yueHue (PU3MOIOTHUECKUX (TEJICCHBIX), MCUXUYCCKUX (MCHTAJIbHBIX) U
MICHXOJIOTHYECKUX (IMOIMOHAIBHBIX) MPOIIECCOB YeaoBeKa. JlaHHbBIE MPOIECCHI JOCTATOYHO
SIPKO TPOSIBIIAIOTCS B aCMEKTe KOTHUTHBHOTO TE3KCa O «TelieCHO obseueHHocTr» (embodied
cognition thesis)/IpyruMu cioBaMu, W3ydeHHE CYIIECTB U MPEIMETOB JAEHCTBUTEILHOCTH C

TOYKHU 3pCHUA CTPOCHUA U OIJ.IyIJ.[GHI/Iﬁ YCJIO0BCYCCKOI'oO TCaA.

Bo-BTOpBIX, H3ydeHNE KOHIENTYadbHBIX MeTagop u MeTadOopUIECKUX KOHIIENTOB B
AQHTPONOICHTPUYECKOW MapajurMe, B acHeKTe «reiecHod obnedeHHoctn» (embodied
cognition thesis)Ilpupoma u 00pa3bl TEIECHOCTH MOBCEMECTHO MPUCYTCTBYIOT B HAaIIeH
NEeNCTBUTENBHOCTH. B mpoliecce BOCHIPUATHS M KOHLENTYalU3allUd PEealbHOCTH, YEOBEK
3a4acTylo aneuIipyeT UMEHHO K «TeJIECHOI» COCTaBJISIONICH OKpyXaromero Mupa. Tak wium
WHAYe, AaCMeKT «TEeJeCHOCTH» OYeHb YacTO TMPHUCYTCTBYET TPH  HCCICIOBAHUU
KOHIENTYyalnbHbIX MeTaop. OcoOEHHO SIPKO OH MPEACTaBIEH B SMOLMOHAIBHBIX KOHIENTaX C
SIPKO BBIPAXKCHHBIM OTPHUIIATENILHBIM (CTpax, spOCTh) WK OYEHb CHUIIBHBIM MOJIOKUTEIbHBIM
(sitdopust, pamocTh) IeMEHTOM. PaccMOTpuM, K MPHMEPY, TaKyl 3MOIMIO Kak crpax. Ilo
MHEHUIO TICUXOJIOTOB, CTpax SIBJISIETCS COBEPIIECHHO CHenupUYecKol SMOIMel, KOoTopas
3acimyKMBaeT 0c000 TPHCTATBLHOTO BHHMAHUS W UCCIENOBaHMS. OTa 0a30Bas IMOIUS
MIPEACTABISIET coboit 00BEKT KOHKPETHBIX (hU3MOJIOTHYECKUX W3MCHECHUI,
CONPOBOXKAAIOIIUXCS  AKCIIPECCUBHO-IMOIMOHATILHOW — OKpacko. Benymme mcuxonoru
Watson (1930), Arnold (1960), Plutchik (1967), Ekm@972), Frijda (1986pnpenenstor
CTpax KakK OJIHY U3 HEMHOTHX Ba)XKHBIX BPOXKICHHBIX SMOIIUI YeIOBEKa, HAPSY C PalOCThIO

HJIN THEBOM.

Konmenr CTPAX/ FEAR BXOIUT B CHHCOK KOHCTAHT JIFOOOH JIMHTBOKYJIBTYPBI
(Wierzbicka 1992, 1995)Bonbmas uccriemoBaTenbckas paboTa Haj 3MOIMOHAIBLHBIMU
KOHLeNTaMK ¥ (KOHIENTyalbHbIMH) MeTadopaMu OMOTHBHOW c(epbl OTpakeHa B
MHOTOYHCIICHHBIX Tpyaax Tmpodeccopa JHMHTBUCTHKH yHUBepcutera EOtvOs Lorand s
bynanemre, Zoltan Kdvecses (1986, 1990, 200B).qactHocti, Kbvecsesormeuaer, 4To
crpax (fear) MokHO OXapaKTepH30BaTh C IMOMOIIBIO OCHOBHBIX 3MOIMOHAILHBIX MeTadop,
takux kak FLUID IN A CONTAINER, OPPONENT IN A STRUGGLE, BUREN, FORCE,
INSANITY, a Taxxke ¢ momomipio o4yeHb crenuduueckux meragpop, Takux kak HIDDEN

ENEMY nmmn SUPERNATURAL BEING [5].

Ctumyn wu3BHe (OmpeseleHHbIE OOCTOSTENLCTBA) WM BHYTPEHHHH CTHUMYI

(mepexxviBaHWE CHUTYyallMH, KOTOpas e€me He CAy4Yuaach, HO TOTCHIMAIBHO BO3MOXKHO
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BBI3BIBAET CTpax TMepell HEONpPeIeNeHHOCThIO, PHUCKOM, BO3MOXHBIM OTPULATEIbHBIM
HCXO0JIOM) MPOBOIMPYET SMOIIUIO CTpaxa M Jiajee OTBETHYIO, 3a9aCTyI0 3alIUTHYIO, PEAKIIUIO
yesoBeka. B maHHOI muiockocTy Hambosee SiPKO BbIpa)keHa CBA3b Teja, OpraHu3Ma 4elioBeKa

C BOCIIPUSITUEM UM KOHLIENTYyaIu3aluei pealbHOCTH.

Konnent CTPAX/ FEAR umeer o0mmmpHoOe 1moJIe IS KaTeropu3annd, OH O4eHb 0orar
CEMAaHTHUYECCKU. TaK, MOKHO BBIACIIUTE HCKOTOPOC KOJIHNYCCTBO HaI/I60.He€ SAPKUX THUIIOB
CTpaxa, KOTOPbIE MPAKTHYECKU BE3/Ie, TEM WIIM UHBIM CIIOCOOOM, CONPUKACAIOTCS C TIOHATHEM
TenecHOCTH. Pa3zaenuM 3T TUIbI YCIOBHO Ha Tpu rpynmnsl. [lepBas rpymnmna ssisercs 6azoBoit
U HeceT B cebe OOINEYETOBEUCCKHI CTpax, CBS3aHHBIM C OMACHOCTHIO, (CMEPTEIHHOM)
Yrpo30i ISl ’KU3HU YEIOBEKA, HEOMPECIIEHHOCTRIO: <HCIIYTaThCs 10 CMEPTH», <YMHUPATh OT
crpaxa», «t0 scare someone to death », «to be in maetal 6f smth/ smb», «on pain of
death».Bropas rpymnmna BkjIrouaeT B ceOsi COOTHOIICHHE CTpaxa ¢ KaKUM-THOO CYIIECTBOM,
IpeMETOM MJIH 3BEPEM. «y CTpaxa Iiia3a BEIMKH», «IepiKaTh B cTpaxe», «the eyes of fear see
danger everywhere», «fear has a hundred eyeskgeefmin awe».TpeTbs rpymma BKIOYaeT
B C€6$I CTpax KakK CJICACTBHUC BHYTPCHHHX W BHCIIHUX W3MEHCHUN OopraHusma YCJIOBCKA.
HOTH TOJKOCWIIMCHY», «IbIXaHUE mepexBatuiio», «somebody’s heart missed a bit», «to have

a lump in one’s throat», «to give one’s the creeps»

HccnenoBanre  pasauMyHOro poja  ciioBaped  (ITUMOJIOTHYECKHMX, TOJKOBBIX,
(dpa3eonornyecKkux, JMHIBOCTPAHOBEIUECKMX) U TE3aypycoB IIOKa3ajgo, 4TO AaCHeKT
«TEJECHOCTU» OYEHb IIUPOKO NPEACTABICH KaK B AaHIVIMMCKOW, TaKk U B PYCCKOH
muarBoKynbType. Lakoff & Johnson (1981)iacto ykaspiBaiiv Ha BaKHYIO POJIb JaHHOTO
acrmeKkTa B KOTHUTHBHOW JIMHTBUCTUKE TMPU HM3YYEHUU KOHUENTYyaldbHBIX MeTagop U
KOHIIENITOB, oOpa3yronmx ux. Takke MpeACcTaBUTEIM KOTHUTHBHOW Teopuu sMorwmii Arnold
(Arnold, 1960), Lazarus & Schachter (1964, 19l eyanu 3HaUUTEIBHYIO POJIb TEICCHBIX
u3MeHeHui B Oyerournoil meopuu smoyuii. Arnold nucana mo atomy noBoay: «MHTyUTHBHAS
OILICHKAa CUTYallMl MHULIHUUPYET ACHCTBHE, OIIyIIaeMOe KaK dMOILMs, KOTOpas BBIPAXKaeTcs B
TEJIECHbIX HM3MEHEHUSX, M, KOTOpash MOXKET MPUBECTH K HENPHUKPHITOMY BBIPAKEHHUIO

nevictBus» [6]. B maHHOM cerMeHTe cieyeT YUYUThIBATh CICIYIONIHEe MOMEHTBI:

Bo-miepBbIX, BiMsHHE cTpaxa Ha BHYTPEHHHE OpraHbl 4enoBeka. OCOOEHHO YacTo
BCTPCHACTCA YIIOMHWHAHUC O CCPALC, HOT'AX, a TAKKC KPOBU U U3BMCHCHUUN JObIXaHUSA. «epanue
yrnano/ yuuio B nsaTku», «t0 have one’s heart in one’s boots», «somelsodgart sank»,

«mouBa yIuia u3-moja Hor», «legs go week in the knees», «legs got numim»feel/ to have
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the ground slipping away from under one’s feeteax makes somebody’s blood freeze»,
«sI3BIK TIPOTJIOTHII OT cTpaxa», «his tongue was swollen with fear», «with babegath», «he
was speechlessfannas rpymma Hanbosice TECHBIM 00pa30M B3aMMOCBsI3aHA C METOHUMUECH
tuna DROP IN BODY TEMPERATURE, INCREASE IN RATE OF HEABEAT, (see
Kdvecses 1990, 2003).

BO-BTOpBIX, cTpax COHpH)KGHHBIﬁ C BHCIIHUMH TCICCHBIMHU WU3MCHCHUIMU UCIIOBCKA.
«MYpAIIKH 110 KOKE OT CTpaxa», <ObITh KaK Ha MUTOJIKaX», «TPSACTHCH KaK OCHHOBBIHN JTUCTOK,
«BOJIOCHI BCTallU JbIOOMY», <OeHbIN Kak cTeHa», «t0 make one’s flesh creep», «to give/ to
feel cold shivers down one’s spine», «to be oretdioioks», «to be on pins and needles», «to
shake/ tremble like an aspen leaf», «somebody'&istpavith fear», «something makes
somebody’s hair stand on end», «as white as chalmas rpynmna cocTout u3 0OJIbIIOrO
konmyectBa meronnmun tima PHYSICAL AGITATION (see Koévecses 1990, 2003 )axxe
MOVING AGAINST, TENSION (see Davitz 1969).

B-TpeThux, BausHUE cTpaxa Ha pa3yM 4YeJOBEKA: IIOTEPSATh PACCYNOK», «00E3yMETh
OT CcTpaxa», «Iyllia B IATKH yinia», «to go out of one’s mind because of fear», et lone’s
reason», «his mind was blank», «to frighten/ séiaheg daylight out of someonejlannas
rpynmna ompexaensiercs OonpmmM  koiudectBoM  MeroHumuu Tunma  INADEQUACY,

SLUGGISHNESS, SLOW MOTION/ DELAY MOTION, (THOUGHT)PBSTRACTION.

CylmecTByeT HEKOTOPOE KOJHMYECTBO MOAXOAOB K M3YYEHHIO COCTaBJISAIOLIMX
KOHIETITYaJbHOW MeTadophl, 1.€. KIIOYEBBIX KOHIENTOB BHYTpH Meradopsl. Lleap ux
ompeneneHa  BAaXHOCTbIO  TJIYyOOKOTO  TOHUMaHMA  TNPHPOJBI  MPOSBICHUA U
(YHKIMOHUPOBAHUS KIIFOUYEBBIX KOHIIETITOB M CaMoOil KouenTyanbHOi Metadopsl. B nanHoi
001acCTH Ba)XHBIM SBJIAIOTCS CHCTEMBl KaTeropusauuu U KoaupoBaHus. [lpu usydeHun
KOHILIENTYalbHbIX MeTa(gop ¢ SMOLMOHAIBHON COCTaBIAIOIIEH B JIETaIbBHOM JUCKYypCe
BaXHBIM SIBJISICTCS, K IPUMEPY, ONPEAEICHUE CTENCHU BIIUSHUSA SMOLMOHAIBHBIX KOHLIENITOB
C LENBI0 TICHXOJIOTUYECKOTO BO3ACHCTBUS (€.0., MAHUITYJISIIH, YOCXKICHHS, TIPUHYKICHUS),
KOTOpPO€ MOXKET MPHUBECTH K MEHTAJbHOW OLCHKE NpPUHATHs/ HM3MEHCHUsS PpEIICHHS Y
NOPUCSKHBIX MJIM cylapd. JlaHHbIE 3afaud  yYCHIELIHO pellaeT HaOuparomuii 0co0yro

HOMYJISIPHOCTh B HACTOSIIEE BPeMsl KBAIMTATUBHbIH (KaueCTBEHHbIH) aHAIH3.

KBanuraruBHbIi (kayecTBEHHBIN) aHanu3 HCCIIeNyeT  TEKCT B ero
HedopManm3zoBaHHOM Bujae. [locrmegHee necsaTHieTHE TMOKA3aJlo pPOCT TakKOTro poja

HCCHGHOBaHHﬁ, TAKIKC IMPOrpaMMHOC OGGCHG‘-IGHI/IG, MNOAACPIKUBAIOIIICC KBaJIMTAaTUBHBIN
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aHaJu3, BBIILIO Ha Ooyiee KauecTBeHHBIH ypoBeHb (Weitzman & Miles 1995; Feldman 1994,
Coffeez, Holbrook & Atkinson 1996; Thomas Muhr 19€3bbs 2002 et alKpanurarusHbie
METO/IBI MCCJICIOBAHMS, TaKXKe€ M3BECTHBIE KaK HHTEPIPETATHBHBIC, OOJiee CIIOKHBIC IS
KOMITBIOTEPHON  00paboTku. Ilporecc BoCHpHsATHS, TOHHMAaHUS HM  HHTEPIPETAIHN
UH(OPMALIUK — 3TO MHOTOTPAaHHBIN MO CBOEH Mpupoe MexaHu3M. Ha KOMIIBIOTEpHOM pBIHKE
JMIUPYIOIIAE TO3UIMK B OCHOBHOM paHee 3aHMMao IMPOrpaMMHOE OOeCleuYeHHe st
KOJIMYECTBEHHOTO (KOpIycHOro) ananau3a. CIernuaaucTel B 00JaCTH TEXHOJIOTHH IS
COIIMOJIOTHYECKUX HccienoBanuii, Fielding & LeecnpaseamnBo oTMETHIIH, YTO Y HAYYHOTO
MHpa VIDIO JJOCTaTOYHO MHOTO BpPEMEHHM Ha JIOCTH)KEHHE CETOTHSIIHETO YPOBHS
[POTrPaMMHOTO  OOECII€YEeHHUs,, KOTOpPOE HCHONB3YeTCsA ISl  KAuYeCTBEHHOIO aHaim3a
(Qualitative Data Analysis) [7]Ceroaus Takue komruiekcHbie mporpammbl kak NUD*IST,
NVivo, Atlas.ti mmu MaxQDA mnogHuMaroT KBaJWTATHBHBIM aHaiu3 Ha OoJiee BBICOKHI

YPOBEHb.

ITonsATusAM cTpaxa, ycTpalleHus, 3alyTuBaHusl OTBOJUTCS JJOBOJIBHO OOJIBIIOE MECTO B
Xy0KECTBEHHON JINTEpAaType ¢ KPUMHHAIMCTUYEKOW M IOPUIMYECKONM TEMAaTUKOW, KAaK B
knaccudeckoit (Agatha Christie, Arthur Conan Doyle, Harper Lem)k u B coBpemeHHOM
(John Grisham, Michael Connelly, William BernhardtPaccmorpuM oOTpBIBOK 13
XYJO’KECTBEHHOI0 TEKCTa, & MMEHHO, IOPUIMYECKOr0 TPUILIEPA aMEPUKAHCKOTO IHUCATENs
John Grisham “The Last Juror” (2004jexoTopbie UCCIEIOBATEILCKIE BOIPOCH B JJAHHOW
TEMaTHKE MOTYT OBITh HallpaBJCHBI Ha ONpEACICHUE, K MPUMEpY, clieayromero: (a) Kakue
IICUXOJIOTHYECKUE M TAKTUYECKHE IIpUeMBbl Hau0oJIee YacTo MCIOJIb3YIOTCS aIBOKATOM B XOJ1€
cynedHoro mpouecca; (D) kakoBa cTeneHb NCHXONIOTHYECKOTO BIMSHHS JTAaHHBIX IIPHEMOB Ha
JroNel B 3aie cyza; (C) Kakue rpynmsl (ppa3 HeBepOaITbHOTO BBIPAKCHUSI COCTOSIHUS YEIIOBEKA
(BeIpakeHME IUIIA, JKecThl €{C.) Hamboyiee YacTO BCTPEUAIOTCS B TEKCTE, ONHUCHIBAIOIEM

MPOLIECC CYyAa MPUCTKHBIX.

B Xome KBWIMTATUBHOrO aHalW3a M AHAJTMUTHYECKOrO KOTUPOBAHUS TEKCTOBBIX
CHUTYaIMi{, TPOUCXOAUBIINX HEMOCPESICTBEHHO B 3aJie CY/a, BBISICHUIOCH, YTO SMOIUH U MX
BO3JCHCTBHE Ha JIIOJCH B XOJ¢ TNpolecca BechbMa BBICOKH. HyXHO 3aMETHTh, YTO
accolaTuBHO-ceManTudeckoe mosie legal trial/ court trial oBonbHO sSpKO TMpenCTaBIICHO
koHnenryanbHo Metadopoit LEGAL TRIAL IS WAR. Jlannas rpynma BKJIOYaeT B ceOst
P KOHIIETITOB, TECHO CBSI3aHHBIX CO CIICAYIOMIMMHU MOHATHAMHK: argument, fight, battlefield,
war. O6parum OoJbliiee BHUMAHWE Ha TPYIIIBI, CBSI3aHHBIE C MPOSBICHUEM TEX WIIH HHBIX

OMOIIMOHAJIBHBIX BCIIJICCKOB. TaK, ObUIM BBISABIEHHI HauOOJIEE YacTo BCTpCHAIOIHCCSA
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IMOIIMOHAIBHO OKpAlICHHbIE TPYIIBI M TOATPYIIBL, B ToM yucie: 1) Lawyer tactics: general
psychological manipulation, persuasion, intimidati@) Perception influence and attitude
change: persuasion and social influeneesruBHoe 1 HeraTuBHOE BJIMSHHUE), U Perception

tricks to change attitudediie HeratusHOE BIHSIHUE).

K mpumepy, crparermueckasi TakTHKa aJBOKaTa OCOOCHHO IIMPOKO IMPEACTABIICHA
rpynmnoi intimidation ¢ pasHod cremeHbio rpazanuu ycrpamenus (€.9., permissible
intimidation, force intimidation)pnarnenennast Ha MPOOYXIEHUE TAaKUX AMOIUH, KaK CTpax,
yKac, dyBcTBa OecrnokoiictBa u tpeBoru: “When Ernie finished we all felt as though we’'d
been tampered with. Anyone who’d talked about #eec which of course was every person

in the country, seemed in danger of being indittigé&rnie and hounded to the grave” [8].

IMporiecc  Bocmpusitust  (perception) Bcerga CBsi3aH €O CIIOCOOHOCTBIO — OBITH
OCBEJIOMJICHHBIM O 4eM-JTH00, 1aBaTh OILIEHKY YeMY-JIH00 C MOMOIIBIO K Yepe3 (@) Co3HaHue U
(b) uyBcTBeHHOE BOCHpHsTHE C 3eMeHTaMu uHTyuiu [9]. Bocnpusitue TecHbIM 00pazom
CBs3aHO C SMouuoHadbHBIMH uMmnyidbcamu (Forgas 1991; Goleman 1995; Niedenthal,
Halberstandt, Margolin et al. 2000, Ekman 2008)cneayromniemM mpumepe, OLEHKA MPH
BOCIPUATHHA B OOJBIION CTENCHW PETYIUPYETCS CHILHBIMA HETaTHBHBIMH OMOIMSIMHU

(HeHaBHCTh, OTBPAIICHUE, OMEP3CHHUE):

“Then, there were photographs of Rhoda’s corpseri@s of eight by ten’s that were
handed to the jurors and passed around. Theirioeactvere amazing. Every face was
shocked. Some winced. A few mouths flew open. MiaBie closed her eyes and appeared to
pray. Another lady on the jury, Mrs. Barbara Baldwgasped at first sight and turned away.
Then she looked at Danny Padgitt as if she coutbtshim at point black range “Oh my

God,” one of the men mumbled. Another covered hoasitim as if he might throw up” [10].

B nanmHom cnyuyae cpabaThiBaeT CTaHIapTHas CXeMa IOPOXKIACHHUS SMOLUU O
KOTHUTHBHO-(u3HoI0rnueckoii Teopun Schachter (1970)rae mpowcxXoauT KOTHHUTHBHAS
OIICHKA COOBITHS ¥ KOTHUTHBHASI OI[CHKA COCTOSHHS OPraHM3Ma, Y4TO TMPHBOIUT B KOHEYHOM
HUTOIC K OMOLUAM CTpaxa, TrHEBA, COCTOAHUAM IIOKaA, 6€CHOKOﬁCTBa, K 9yBCTBaM OTBpallCHUA,

AHTUIIATHU U TPCBOI'U.

I'pynma perception nambosiee spKoO HpeACTaBlIeHA MOArPYNIOi perception trick to

change attitude:
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“Danny was nicely but casually dressed in a wloteg-sleeved shirt and a pair of
starched khakis. As instructed by Wilbanks, he srading a lot, as if he were really a nice

kid whose innocence was about to be revealed” [11].

OnpatHO OAETHIM, NPUBETIMBBIM YEIOBEK CKOpPEE BBIZOBET IOJIOKHUTEIbHBIE
acconuaiuy u J00pokenaTeaIbHOe K ceOe OTHOIICHHE, HEKENU HENPUA3Hb WM OTBPAILCHHUE
(pattern  manipulation). Takoe HamMepeHHOE ICHXOJOTHUECKOEC MAaHHUITYJIMPOBAHHUC
HAIpaBJICHO Ha MacKUPOBKY MCTHHOW nuuHOCTH mojacyaumoro (wolf in sheep’s clothingh
HOMBITKY HW3BJICYb TMOJIOKHTEIbHBIC 3MOIMOHAIBHBIC HMITYJIbChl Y TPUCSKHBIX, CYAbH HU

MPUCYTCTBYIOIIUX B 3aJI€ Cy/a.

CnmcoKk KOHHIENTYyaJbHBIX MeTadop MOCTOSIHHO pacmmpsiercs. OnxHako HE0OX0auMo
3aMETHTh, 4TO MeTadop MOCBSAIIECHHBIX KOHIENTyaabHOU cBsizke Law and Emotionsio-
IPEXKHEMY OCTaeTCs HEeIOCTaTOYHOE KOJIMYECTBO. [IpUYMHON 3TOMY MOXKET MOCIYXUTh TO,
YTO CONPHUKOCHOBEHHE, U OCOOCHHO B3aMMOIIPOHUKHOBEHHE C(epbl 3aKOHA U Chepbl IMOIHIA
He OBUIO I0CTATOYHO M3y4eHO B cuMOMo3e. [IoHATHS 3ApaBOTO CMBICHIA 10 KAaKOW-TO CTENEHU
MO3UIMOHUPOBATIOCH OTJEIBHO OT 3MOIMKA, YYBCTB U HACTPOEHUN 4YesioBeKa. KOrHUTUBHBIN
aCIIeKT MCCIIEOBAHUS AMOIMOHAIBHBIX KOHIICTITOB B JIETAJHHOM AHMCKYpCE C MPUMEHEHHEM
KBAJMTAaTUBHOTO aHAJIM3a IO3BOJUT OoJjiee JETAIbHO OLEHUTh CIENEeHb BOBJICYCHHOCTU
sMouuii B TeKCcTe (XYIOXKECTBEHHOM, ITyOIUIMCTHYCCKOM, opuamdeckom). Takxke oH
IIO3BOJIUT OLIEHWUTH CTETEHb BIMSIHUS SMOIMHA HAa YMCTBEHHBIC NMPOILECCHI, IPUMEHSIEMbIC B
JeTaJbHOM TpaKTHKE, a UMEHHO IPOIECChl OLEHKH COOBITUH M TPUHATHUS/ HETPHHSATHS
pemenuii. Jlanusie, cobpanHble 1 00paOOTaHHBIE B XOJ€ aHAJIM3a MOTYT NMPHUMEHSTHCS MPU

COCTaBJICHUH WU CHEIU(PUKAIUN KOHLIETITYaIbHbIX MeTadop.
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Semantic development of preschool children

Baisheva M.I.
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Abstract

The purpose of the article is updating of semantic forming approach to development of personality in the
spiritual moral sphere. The main topic of this article is organization of semantic forming context of education in
pre-school childhood. The author pays attention to the semantic forming essence of people's culture of education
and takes necessary the inclusion of spiritual moral reading of oral folklore by children in the educational
system, sensitivity and pedagogical conditions of semantic forming activities of pre-school children is justified.

Keywords: meaningful education, spiritual and moral development, traditional culture, folklore,
independence, pre-school age.

All cataclysms occurring in spiritually-moral sphere of a modern society, confirm
inevitability of transition to a personal-semantic paradigm of education. Probably, today it is
necessary to staticize and comprehend all arsenal of ideas, methods, technologies of semantic
formation and developments of intrinsic bases of the person, proved in domestic pedagogics
for creation of real dynamic conditions of prompting of the person to self-development and
self-creation.

Semantic formation is the most effective at integration of potential of modern education
with Cultural creating and human creating essence of traditional culture of education. In the
course of the development the traditional culture of education of children in Russia was issued
as the greatest spiritually-moral value of the people.

At the time of K.D.Ushinsky in reading book of an initial course of domestic literature
there was a section of the spiritually-moral reading, which main objective — education of love
to native sources. On K.D.Ushinsky's deep belief, education appointment - to grow up the
person having a specific goal in life. The analysis of works of K.D.Ushinsky allows to
conclude that one of the greatest means Semantic forming developments of the person is the
people folklore.

Considering that oral national creativity as the ethnopedagogical phenomenon and a
source of national values demands more substantial approaches to studying and a reflection of

values, we have made an attempt to revive the forgotten tradition of domestic literature and
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have solved in modern quality to rethink process of "spiritually-moral reading» children in
educational institutions of our republic.

In a context of a humanization of pedagogical process essentially important positions of
model of "spiritually-moral reading» were: not assimilation and not accommodation, and
integration into persons original national and universal as comprehension of own cultural
advantage and advantage of others, an openness and creativity to the world; support of
subject-matter of the child at all stages of activity, his Semantic forming activity in self-
development and Destiny building, development of universal infinity, «an exit for limits of>,
openness to the world; Maintenance of Cultural conformity of education and development of
the child when cultural values act: on the one hand, as set of achievements of a society, with
another — as a source of creative transformation of the person; in this context the
understanding of the valuable maintenance of folklore is considered by the child as a
reference point of creating life and mastering by values in own «a reflective key»
(V.M.Rozin); the model end result is an emotionally-moral experience of values of a fairy
tale, bylinas, legends, legends etc. by the child,: understanding of his participation in destiny
of a family, the people, mankind; destiny of native places, the native land and
comprehension within the possibilities of own responsibility and at the same time the security
in each of them;

Spiritually-moral reading of national literature, on the one hand, staticizes an openness
of the child to the world, his valuable-semantic relation to him, and with another, urges on
parents, teachers to Semantic forming development of the person of children. Hence, the
spiritually-humanistic person can be developed only on the basis of amplification of ways,
ascension ways to values-ideals and actualization of an is subjective-personal component of
value. Ignoring of an is subjective-personal component of intrinsic bases of the person leads
to a spiritual impoverishment.

Special sensuality is shown in the process of measurement, an active projection,
interpretation of values, identification of with the creating person at the child. He finds out
own uniqueness, connectivity, responsibility to destiny own both parents; the maintenance
and technology of work with children provide developing influence of values on
consciousness of children and promote psycho-emotional satisfaction, development of steady

emotionally-valuable displays, creative-informative activity, humane style of behavior.
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The preschool age is the sensitive period for formation of spiritually-humanistic bases
of the person, comprehension of own "connectivity" (N.E.Shchurkova) with destiny of a
family, the native people and as a whole mankind.

In researches of domestic psychologists it is established, what exactly ability and
requirement to operate at preschool age at children for the first time are shown, being guided
by «internal ethical instances». On L.S. Vygotsky, this reference point grows out of mastering
of moral requirements of a society. Occurrence of internal ethical instances testifies that
external requirements turn in internal, which kids carry out voluntarily, irrespective of control
of adults show them to another and to himself.

In a context of a studied problem V.A.Petrovsky, S.L.Rubinshtejna, V.E.Frankla's
views are close to us, etc., confirming about infinity of the person. V.E.Frankla's statement:
«to be the person — means to fall outside the limits itself. I would tell that the essence of
human existence consists in his transcendo» speaks about necessity of enrichment of some
approaches to studying of intrinsic properties of the person, allowing to be a social and
spiritual being.

Creation of pedagogical conditions of Semantic forming formations of children of
preschool age should correspond to age of the child, subculture of the childhood and to be
based on following ideas:

- Development of intrinsic valuable potential of the child and if isn't present by the end
of preschool age it has quite often an effect (M.I.Lisina, N.L.not, S.L.Rubinshtejn, etc.) should
become a leading line of development of the person till the end of preschool age;

- The major aspect of sense of the childhood in human culture consists in opening
himself and another as person, in finding of a measure of human in the person
(counokyabTypHOM, spiritual formation) that underlies development of individual; children in
5-6 years (62 % of children) prefer conversations on personal themes in dialogue with adults,
i.e. «in process of a growing preschool children pass to contacts of the profound moral-
personal plan» (Z.M.Boguslavskaya, A.G.Ruzskaya, E.O.Smirnova, etc.);

- Dialogical interaction is natural quality of the child that dialogue along with game is
«this element in which lives and develops the child» (F.Frebel); the organization of

philosophic conversation, under N.E.Shchurkova's statement, this education of ability to
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generalizations that the child could see the life phenomena behind the fact, behind the
phenomenon — laws, and behind laws to distinguish bases of human life »;

It is necessary to underline that today educational activity in educational establishments,
should be considered as construction process of semantic vital concepts of the person and an
ascension in "spiritual- I". Thus the education system which is institute of the state,
responsible for formation and development of the person, should be improved, being
supplemented with the innovative maintenance and being enriched with the technology,

focusing on semantic formation.
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Abstract

The relevance of environmental protection requires thinking how a nearby nature area helps to raise
ecological awareness of the child, because in different seasons the nature can affect different chord in the hearts
of children. It is pedagogically appropriate to organize the rich developing environment for educating of the
child to love his mother nature. The problem of using ecological path in educating preschoolers for love their
mother nature is very important as the process of the child's interaction with nature is contradictory. The purpose
of its creation is teaching children on the examples of specific natural objects, the contact with nature, nurture
relations, caring for it. Attaching the child to the world of local nature, we consciously develop different aspects
of his personality, arouse his interest and desire to learn his native natural environment, cause the child to severe
sympathy to living animals, show the uniqueness of life in any, even the most bizarre form.

The relevance of environmental protection requires to think how a nearby nature area
helps to raise ecological awareness of the child, because in different seasons the nature can
affect different chord in the hearts of children. E.Y. Alexandrov said that a special role in the
process of familiarizing preschoolers for their land was given to the multiplication of the
child's contact with other people. Through these contacts, the children begin to perceive and
evaluate themselves and others in carrying out the conversion of the motivational sphere of
other people. So patriotic feelings raise, the child adapts to the social environment.

It is pedagogically appropriate to organize the rich developing environment for
educating of the child to love his mother nature. Learning Environment in the Preschool
Educational Institution (PEI) is a space of life for children of all ages.

Organizing activity of the child, you need to give him support in his needs. The task of
the teacher is to guide his interest to the right direction. Formation of children’s
representations about the changes in the nature requires constant and direct contact with it.
For example, in the PEI "Kencheeri" it was created a special condition: the creation of an
ecological trail. Nature trail is a variety of educational nature trails. The problem of using
ecological path in educating preschoolers for love their mother nature is very important as the

process of the child's interaction with nature is contradictory. The purpose of its creation is
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teaching children on the examples of specific natural objects, the contact with nature, nurture
relations, caring for it. Attaching the child to the world of local nature, we consciously
develop different aspects of his personality, arouse his interest and desire to learn his native
natural environment, cause the child to severe sympathy to living animals, his desire to help,
show the uniqueness of life in any, even the most bizarre form.

An initial link of educating consciously correct attitude of preschoolers to nature is a
system of specific knowledge, reflecting the major laws of nature: the variety of species, their
adaptation to the environment, changes in the growth and development of life in the
communities. The specificity of the knowledge system is its design in a specific, limited
material, which is available for the observation of children, the knowledge through visual-
figurative thinking. These provisions are criterial for developing of ecological environment in
the PEIL Proper organization of the zone of nature involves assimilation of an environmental
approach to the life of plants and animals and especially methods of environmental education
of children by workers of pre-school institutions.

Ecological environment in the kindergarten - concrete animals and plants that live
permanently in an institution and are under the care of adults and children. It is very important
that teachers and other staff of the kindergarten knew ecological features of each object of
nature - its need for these or other factors of the environment, the conditions in which it is
doing well and growing.

Strict adherence to an environmental approach to the equipment of an area in
kindergartens will allow children to see:

1) the most common and indissoluble bond of the living organism and the
environment;

2) morphofunctional adaptation to specific elements of habitat;

3) the birth of a new organism, its growth, development and facilities, providing these
processes;

4) the specificity of the living organism (plant or animal), it difference from other
subjects;

5) the variety of living organisms, and different ways of interacting with the

environment.
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Nurture love for mother nature in children of the age of 3-4 - a means of formation in
their minds a realistic knowledge of the natural environment, based on sense experience and
upbringing of proper relationship to it. The interaction process of a little child with plants and
animals is contradictory. Individual attitude to the nature may occur in children a moral and
an immoral action. Consciously correct attitude is produced when there is close contact and
various forms of the child's interaction with plants and animals, that are in the room and in the
area of [kindergarten [3, c. 33].

The basic principles of arrangement and equipment of a developing environment in
preschool institutions are: age, group and individual isolation, creating comfortable light
conditions, optimal air-heating systems, providing sufficient physical activity, creating
conditions that are close to natural.

Children adjust to the perception of something unusual, the appearance of the
environmental room is very different from all others, that they see every day. In some
kindergartens it was indicated that adaptation of newly arrived children passes quickly, if they
like unusual conditions [2, c. 33].

As an important element the nature trail is included in the developing environment of
PEI, directed to the upbringing of children’s love to their mother nature.

Often children do not see what trees grow in the area of their kindergarten, on their
own street. Systematic activities and observations of nature of the kindergarten help to ensure
that children immediately recognize the familiar flowers, shrubs and trees. For educating of
love for mother nature it is necessary to organize an environmental activity. The
Environmental activity in preschool educational institution helps to ensure that the process of
becoming consciously correct attitude to nature is accompanied by certain behaviors of a
child, which can serve as a criterion to assess the level of environmental education. These are
independent observations, experimentations, the issues, the desire to talk about feelings and
experiences, to discuss them, to embody in a different activity (to reflect in a game, to create
an art-production, to care for animals and plants) [4, p. 34].

Children of preschool age have "nature-loved instincts”, that with appropriate
leadership can be developed into stable personal qualities, stable patriotic feelings. In objects
of an ecological trail in the kindergarten great attention is paid to the specific natural

phenomena, weather observations, the right skills of ecological culture. Equipping the
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territory of the kindergarten, we should remember that the nature trail is not a flowerbed that
should be completely tidy, decorated with flowers, but a part of nature close to the child,
preserved or carefully recreated by people.

Children’s understanding of natural phenomena in animate and inanimate nature
should grow and multiply. At this time a realistic understanding of these phenomena and the
ability to establish relationships between them are formed. Perception of nature helps to
develop emotional, sensitive, caring attitude towards all living beings.

In the younger group, the developing environment as a nature trail was organized for
educating of love for mother nature. Emotional responsiveness to the effects of the natural
environment is formed by the children in such conditions. Children, learning in this
environment, are able to do useful environmental work, they develop control over their
actions.

Preschool children educator should know the features of this age in his work on the
aesthetic education with children. Children of this age have a great desire for autonomy and
independence. They want to see everything, to open everything themselves.

In the realization of the tasks of upbringing love for mother nature great importance
has the natural environment in the kindergarten. In the kindergarten "Kencheeri" they are
nature corners in all groups, a nature room, a winter garden, a correctly cultivated land, which
provide an opportunity to contact with nature, the organization of systematic observations of
natural phenomena and objects, the familiarizing children to regular labor.

In the kindergarten a special nature trail was created, a natural area with wild plants.
Recommendations of the program "Our home is nature” by N.A. Ryzhov were used for the
development of the ecological trail.

According to the existing recommendations, nature trail is to be connected in such a
way that it crosses as many different types of landscapes, for example, a riverside, a hill, a
lined meadow, etc.

Creating the environmental trail in the kindergarten "Kencheeri" began with
organizational work for production of a map of zoning area. Fragments of natural plant
communities, typical especially for this place, were formed on the trail. Forest, steppe,
meadow corners were equipped on the plots, where children can learn about the local flora,

fauna and ecosystems of meadows and forests. The more diverse the plants on the ecological
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path are, the more children have the representations, associated with certain plants, conditions
of their nutrition and habitat.

Before you allocate a space for the planting of different plant societies, teachers have
to explore the territory of the yard, highlighting the most shaded and areas, wetter and drier
ones. It was determined this way, where are the best conditions for steppe plants (open dry
sites), forest plants (shaded, moistened) etc. If possible, it is necessary to create a small pond
with aquatic plants, which has a positive effect from cognitive and aesthetic points of view.

Trees of different ages, including one withered tree were presented on the ecological
path. It allowed us to introduce children to a number of insects, lichens, fungus, mosses,
which are usually settled on these trees, and to explain the cycling of matter in nature. For this
purpose it was necessary to include in the path a stump and an old fallen tree, covered with
moss and lichen. That tree was brought from the nearest forest.

Diverse life forms of plants: trees, shrubs and grass were presented on the ecological
path of the kindergarten. Beautiful flowering plants were selected in such a way that within a
year one flower replaces the other, so we created a garden of continuous flowering. There was
a small group of weed plants, which did not interfere with other plants to grow, and it was no
need to destroy it. It also became a part of the trail.

On the example of weeds we explain children many biological characteristics of
plants, the human impact on vegetation societies. With the same purpose we left small
trampled areas on the path. Comparing them with others, we clearly showed the children how
the vegetation cover changes under the influence of trampling. We sought to make objects of
the environmental trail various. There is no need to have all of the trail looked perfect: to
clean dry autumn leaves, to uproot old trees, to destroy completely all the weeds.

During walks and excursions on the ecological path we introduced children to plant
and animal life, gave the knowledge about some insects and animals of those places, where
their kindergarten is situated. For example, in order to children understand the harm that leaf-
eating caterpillars bring to plants they were placed in a fish tank with the plant on which they
were found. After watching it could be seen as caterpillars strike leaves in a short term. In the
conversation the teacher underlined the benefit of birds, destroying these caterpillars.
Considering that at present there are very few butterflies, children didn’t catch them and put

into the cages, they watched them on walks, flying or sitting on the plants and grass.
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Moreover, we didn’t allow children to collect a large number of insects, that children
sometimes like to do, they could catch 1-2 species of insect, watch them in cages for a few
days and release, explained what benefits they bring to nature.

Younger preschoolers also were developed their educational interest - they examined
plants, participated in the collective observations, made sketches in their calendars, asked
questions, listened to stories of the educator. We developed aesthetic sense of children, the
ability to notice and assess attractive qualities of plants: the beauty of shape and color of
leaves, vines, flowering plants. Children noticed and react emotionally on emerging shoots,
buds, flowers.

Through training on the ecological trail we developed the perception of plants as
living beings: children could see their poor condition (drying up leaves, pale color, elongated
stems, etc.); detect failure conditions for their life (dry land, low light). Children sympathized
plants: they reported on the observed failures, fulfilled instructions on plant care, helped in
their transplantation.

Children got acquainted with certain types of trees, shrubs, cultivated and wild plants,
garden and kitchen plants. They learned their names, features, structural features (roots,
stems, branches, leaves, flowers, seeds) and the appointment of all organs. They also learned
that all plants are creatures, that for life, growth, maturation of seeds they must maintain their
integrity, they need certain conditions (heat, light, moisture, soil nutrients, air). These
conditions are at the site of the kindergarten, so the plants grow there. The weather conditions
are not constant, they are seasonal. Plants have adapted to life in the changing conditions.

The most favorable conditions for plants of ecological trails are in summer: it is warm,
hot, days are long, a lot of sunshine, rains, loose soil absorbs rainwater, it nourishes roots of
the plants. At this time, there is a lot of grass, flowers, green foliage on trees and shrubs, all
plants have a stormy life - they grow, flower and produce seeds.

In autumn environmental conditions of the path change: it is getting cold, less light
(days are shorter). Winter conditions of the environmental trail are unfavorable: it is very
cold, little light, snow. In spring the conditions change again, it is getting warmer and warmer,
days become longer. The plants come to life, a new life begins.

In the educating children to love for mother nature we used objective, plot and art

paintings, photographs. Viewing paintings should be done repeatedly, as it is necessary to
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provide the perception of the individual parts of the picture, and the whole image, art
paintings, landscapes are essential for the development of aesthetic perception of nature and
feelings of children in relation to it. We plan to work out the "Green Book". Children will
collect materials about the nature of Yakutia, essays, short stories, poems, newspaper
clippings and photographs. For this book we collect puzzles, invented by children, fairy tales
and stories, which are based on knowledge of nature.

Thus, the creation of developing environment in kindergarten promotes educating
children to love for their mother nature. Upbringing a child through his love for his mother
nature will allow to form right attitude to nature, will teach the rules of interaction with its
objects. Conscious relationship with nature can be formed in preschoolers in the conditions of

close contact and various forms of the child's interaction with plants and animals.
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Tolerance formation in the course of intercultural communication

Nikolaeva L.V.,
Master of pedagogical sciences, Yakutsk

Abstract

In the article we reveal the ideas of the pedagogy of tolerance that should be transmitted through education and
cultural policy. We also reveal the theoretical bases of tolerance formation of a personality in the context of
globalization, criteria of individual's tolerance and conditions of its formation. Basis for the formation of
individual's tolerance is learning to intercultural communication. We consider the definition of the theory of
intercultural communication. Linguistic cultural approach is aimed to create an evaluative attitude to language as
a social phenomenon, as a means of reflecting national and universal in the cultures of studied languages as a
means of intercultural communication. It is necessary to educate basis of tolerance from pre-school age children,
form tolerance to each other, understanding, interest and respect for the traditions of their own and other peoples,
introduction to general cultural values, features of communication and culture of the peoples of other countries,
education of friendly relations and training to intercultural communication.

Tolerance is a necessary and fundamental value for realization of human rights and an
achievement of peace. In the simplest and main form tolerance is recognition behind others of
the right to respect of their personality and the self-identity, formed a basis for today's
international standards of human rights.

In the modern conditions, rates which were characterized by increase in globalization and
integration of all vital processes and the phenomena, on the one hand, and aspiration to
isolation of national cultures, with another, - special value is gained by a problem of tolerant
relationship of representatives of various cultural communities. The perception of cultural
diversity and cultural distinctions conducts to understanding of need of the dialogue equal in
rights which main objective is ensuring humane relationship of representatives of different
national cultures, acceptance of principles of tolerance and cultural pluralism.

Scientists of the world, UNESCO documents clearly express idea of need of tolerance for
society, which can't be tolerant to intolerance, and the hostility caused by wars and the
interethnic conflicts. Tolerance recognition as a world condition between the people, human
rights is the main task of democracy.

Implementation of these values in the world community will make the basis «cultures of
the world». Any culture in essence grows out of training. Education is training, at the heart of
which and in which implementation cultural values lie. At the heart of education of culture of
the world values of the world, human rights, democracies and, the most important, tolerances
lie.

The special sphere of the theory and practice of tolerance in the modern world — is
intercultural communication.
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By Furmanova V.P. definition intercultural communication represents dialogue of
cultures. Intercultural communication as dialogue of cultures is way of universal
communication which covers exchange of information and cultural values in a context of
interethnic communication [9, page 38]. The main objective of intercultural communication at
the present stage of development of society consists in making active humanitarian potential,
to aim it at development and the approval of the concept of a priority of universal values,
rapprochement of cultures of the different countries by introduction in consciousness of pupils
of feeling of unity and value of our civilization.

Intercultural communication as dialogue of cultures — the multidimensional phenomenon
representing now interest and philosophers, both linguists, and psychologists, and
nuHareoauaakToB, and methodologists. In its contents interaction is traced: a) the language
reflecting culture of the people; 6) the culture transferring an originality of socio-historical
conditions; B) the personality formed during practical activities.

Intercultural communication is considered as communication process (verbal and
nonverbal) between the communicant being carriers of different languages and cultures or set
of specific processes of interaction of people, belonging to different cultures and languages
(Haleeva L.I.). In the conditions of intercultural interaction between communicating there are
intercultural relations. Participants of communication, making use of the linguo-cultural
experience both the national and cultural traditions and habits, at the same time try to consider
as well other language code, other customs, other traditions, other norms of social behavior. If
it doesn't occur, the act of intercultural interaction can’t take place or be broken because of
emergence so-called «communicative failures», having more serious negative consequences
for mutual understanding of partners in communication, than language mistakes.

The socio-linguistical aspect of studying of intercultural communication is based on
the concept of universality of the communication processes occurring at level of interpersonal,
inter-group and international communication. The insufficient attention to existing socio-
cultural distinctions between contacting groups and native speakers influences extent of
mutual understanding and trust level. Theoretical problems of intercultural communication
and communication are investigated in works M.M.Bakhtina, V.S.Bibler, V.V.Vorobyeyv,
M.S.Kagan, R. Lado, Safonova's Accusative, In the masculine Singer, E.L.Passova,
Furmanova, I.I. Khaleeva, G.A.Zuckerman's Accusative, etc.

Now, when the new relation to international relations is formed, there is an exchange of
cultural values at all levels: international, national and individual. Just as psychoanalysts will
improve theories of communications more completely to describe nature of interaction
between the patient and the doctor, and practice of the international relations needs systematic
immersion in particular this or that culture to find a key to more effective intercultural
communications (Dodd). In this plan the new directions in language pedagogics are the
cultural sociality of education (Safonov V.P.) and research on a lingual cultural science
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(Vorobyov V. V.). The cultural sociality of the content of education by Safonova V.P.
definition is understood as strengthening of functions of educational systems as transmission
media the pupil of universal and national cultural values on the basis of comparative studying
of languages and cultures, their influence at each other, complementarity in world process of
universal culture. «Lingual cultural science — the modern humanitarian discipline of
synthesizing type studying interrelation and interaction of language and culture in its
functioning and reflecting this process as complete structure of units in unity of their language
and extra language (cultural) contents by means of system methods and with orientation to
modern priorities and cultural establishments (system of norms and universal values) [5, page
36]. Lingual cultural science competence means not only knowledge of value of concepts and
words, but also all system of the cultural values expressed in language.

The Lingual cultural science’s approach is directed on formation at trainees of the
valuable relation to language as to the social phenomenon, as to means of reflection of the
national and universal people, as to means of intercultural communication, generalizations of
knowledge of perception of the world by various ethnoses, the people in their spiritual,
material culture and its various forms of existence.

Lingual cultural science arose on a joint of such interdisciplinary sciences, as a Linuval
regional geography, ethnolinguistics, ethnoetiquette, social linguistics, communication
psychology, cultural anthropology, history of world and national cultures which help to carry
out valuable and orientation studying of cultural identity of the people and their contribution
to development of world culture and understanding of as the subject of culture capable to
intercultural communication.

Tolerance is formed on the basis of development of ability and readiness to understand
mentality of representatives of other cultures. Numerous examples testify that the people
rather well knowing a foreign language, having appeared in the environment foreign, very
often meet difficulties because of ignorance of cultural distinctions and sociocultural
standards of behavior in this country. In mentality 3 components forming “a mentality
triangle” are interconnected:

Knowledge
Relations Behavior

The concept "mentalities" calls conditional line behind which there is possible or
impossible a proper response.

At communication of representatives of different cultures there is some threshold
preventing adequately to perceive behavior of each other, i.e. the cultural interference is
observed. According to R. Lado, the culture is the structured system of simulated behavior for
native speakers which doesn't extend the action through borders of cultures [4, page 50].
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Cases when the bad knowledge or a complete ignorance of culture, customs and traditions of
the countries — diplomatic partners of Russia led to considerable interstate friction are in the
history known. The knowledge of customs and culture plays not less important role, than
knowledge of language.

Cultural iceberg
food
clothes
dwelling
living conditions
knowledge (education)

behavior (habit)

belief
ability of perception

The model of culture of R. Gibson is of interest for our research. Robert Gibson
represents culture as a cultural iceberg in which the main aspects of life and customs, habits
and laws of each people are concentrated.

If to present formation of a cultural background of knowledge as the top part of an
iceberg, it is clear that for effective intercultural ties it is important to see and understand the
lower part of an iceberg: behavior, belief, perception, character, i.e. mentality of the people.

Each people have features of communication: sociability, an outlook, self-expression, the
relation to public opinion, social symbolism, national etiquette, symbolics of gifts, colors,
speech etiquette, distance at communication.

Robert Lado in the work «Linguistics over borders of cultures» emphasized that training
to another's culture should be carried out through comparison to the culture. On R.Lado of
unit of the simulated behavior, inherent in each culture, have a form, value, the distribution
which comparison can help with overcoming of difficulties of understanding of another's
culture. For example, same form, different value. It gives an example traditional bullfight in
Spain which was always a source of intercultural misunderstanding.

Form. Bullfight has very exact and difficult form. The person armed with a sword and a red
raincoat, throws down to challenge a bull and kills him in fight. The matador, a bull, picadors,
music, clothes are a part of a form.
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Value. Bullfight transfers a complex of values in the Spanish culture. It is a sport. It
symbolizes triumph of art of the person over a brute force of a bull. It is courage
demonstration.

Distribution. Bullfight is characterized by difficult distributive model. There is a season of
bullfights in an annual cycle, favorite days in a week cycle, favorite time in a day cycle.
Bullfight occurs on the special arena and in the special place, known to any person in this
culture.

Form, value and distribution by eyes of the representative of other culture. The
American viewer will see a form: the man in special clothes, with a sword and a red raincoat
in the hands, provoking and killing bull. For him it is a murder of a "defenseless" animal by
the armed person. It is dishonest, it isn't sports, cruelly.

Such opposite perception speaks different concepts — a bull and the person — in two
cultures. In the Spanish culture of people it is not considered physically strong, but it is
dexterous and clever. The bull strong, but isn't reasonable. In the American culture the people
are physically strong, a bull too. Feelings of pain, grief, pity etc. (stories about animals,
among them «the Bull Ferdinand») are also inherent in a bull. The bull deserves equal
chances in fight.

Thus, mastering by culture of other people assumes assimilation not only corresponding
«the culture facts», but also their specific national mentality that will help to expect possible
misunderstanding between representatives of different cultures, to prevent complications in
relationship and, keeping national originality, to take steps towards each other. The Swedish
researcher K.Yonsson notes that usually at coincidence of interests of the parties, at
cooperation national distinctions aren't noticed, but it is necessary to arise to the conflict as
they start to play important role.

In the tideway of our research we allocate four main components of tolerance is a
recognition, acceptance, respect and understanding. Between people today it is possible to
consider acceptance and recognition of distinctions as the most acceptable form of
intercultural interaction. In the United Nations accepted in 1995 concerning education, a
science and culture it is specified «Declarations of principles of tolerance»:« tolerance means
respect, acceptance and understanding of rich variety of cultures of our world, our forms of
self-expression and ways of manifestation of human identity. Tolerance is a harmony in
variety. This concept meaning refusal of dogmatism, from absolution of truth and approving
the norms established in the international legal acts in the field of human rights» [3, page 44].
Original tolerance is valuable moral quality of the developed personality, i.e. the personality
which has the values and interests and is ready, if it is required, them to protect, but at the
same time yours faithfully treats views and values of other people. Tolerance assumes
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understanding of that the world and the social environment are multidimensional, so, views of
this world are diverse.

At the same time tolerance demands natural, healthy hostility to the negative
phenomena in respect of ideology, communication and behavior.

It is possible to allocate the following criteria of tolerance:

- equality (equal access to the social benefits, to administrative, educational and economic
possibilities for all people, irrespective of their floor, race, a nationality, religion etc.);

- mutual respect, benevolent and tolerant relation to various groups (to disabled people,
refugees etc.);

- preservation and development of cultural originality and languages of ethnic minorities;

- coverage by events of public character, holidays as it is possible bigger number of people if
it doesn't contradict their cultural traditions;

- possibility to follow the traditions for all cultures presented in society;

- freedom of a religious belief provided that it doesn't strike at the right and possibility of
other members of society;

- cooperation and solidarity;

Thus, the modern concept of essence of tolerance is based on recognition, acceptance and
respect of dissimilarity, distinction, readiness for dialogue, for intercultural communication. It
is thus important to form ethno-cultural competence, which assumes only objective
information on other people at younger generation. Ethno-cultural competence is understood
«as process of acquisition by the individual of objective knowledge and experience in area of
ethnology and the interethnic interaction, the various people promoting ethno-consolidation
[3, page 57]. To possess ethno-cultural competence — means to recognize ethno-cultural
pluralism, to have true, accurate knowledge of ethnic community and their culture, to
understand their specifics. Ethno-cultural competence at the same time connects knowledge,
ideas of ethnic community and their culture and the tolerant behavioral relations, which have
been adjusted on interethnic mutual understanding and interaction. And in this plan formation
of ethno-cultural competence is closed with education of ethnic tolerance.

The B.C.Gershunsky specifies, what exactly education is capable actively and to form
purposefully mentality of tolerance [4, page 14] adheres to the current point of view also
academician V.A.Tishkov who has put forward idea of pedagogics of tolerance which should
be broadcast through education and cultural policy.
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On our concepts, tolerance is necessary for bringing up from preschool age when children
only start to build the relations with each other. Education should go in a complex
«kindergarten — school — higher education institution» in continuity of formation of bases of
tolerance: tolerance concerning each other, understanding, interest and respect for traditions
of other people living in the territory of the republic, and then, at learning of foreign
languages, familiarizing with common cultural values and features of communication and
culture of the people of other countries, education of friendship, training of intercultural
communication.
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