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Viscous Plasma with FLR Corrections in ISM

Sachin Kaothekar 2 *
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Abstract

The process of star formation is one of the most fascinating processes in the astronomy and
astrophysics. The effect of radiative heat-loss function and finite ion Larmor radius (FLR)
corrections on thermal instability of infinite homogeneous viscous plasma has been investigated
incorporating the effects of thermal conductivity, finite electrical resistivity and permeability for
star formation. A general dispersion relation is derived using the normal mode analysis method
with the help of relevant linearized perturbation equations of the problem. The wave propagation
along and perpendicular to the direction of magnetic field has been discussed. Stability of the
medium is discussed by applying Routh Hurwitz’s criterion. We find that the presence of FLR
corrections, radiative heat-loss function and thermal conductivity modifies the fundamental
criterion of thermal instability. Numerical calculations have been performed to show the effect of
various parameters on the growth rate of the thermal instability. From the curves we find that heat-
loss function and FLR corrections have stabilizing effect on the growth rate of thermal instability.
Our results are applicable in understanding the star formation in interstellar medium.

Keywords: thermal instability, star formation, radiative heat-loss function, thermal
conductivity, FLR corrections.

1. Introduction

Thermal instability is one of the most prominent aspects for star formation process in
interstellar medium. As soon as an affirmative temperature perturbation is finished in a thermal
unbalanced middling, the perturbation develops and the emanation pace dwindles.
This progression is deliberation to be probable in a quantity of astrophysical circumstances such as
the gas in the interstellar medium, bunches of the galaxies and in the solar corona. The not as
much of understandable is the comparative consequence of this development in an assortment of
conditions. Thermal instability has lots of claims in astrophysical circumstances (e.g. star
configuration, stellar environment, a cluster of interstellar medium, globular clusters and galaxy
configuration and many more situations Meerson, 1966). The instability may be motivated by
radiative cooling of optically skinny gas arrangement or by exothermic nuclear reactions
(Schwarzschild, Harm, 1965).

Linear firmness hypothesis for a dilute gas standard with volumetric foundations and
descend of liveliness in thermal equilibrium was build upped by Field, 1965; he recognize three

* Corresponding author
E-mail addresses: sac_kaothekar@rediff.com, sackaothekar@gmail.com (Sachin Kaothekar)

4



http://www.ejournal28.com/

Russian Journal of Astrophysical Research. Series A, 2016, Vol.(2), Is. 1

unbalanced manners, the isobaric manner (the pressure motivated formation of condensations not
engross gravitation) and the two isentropic manners (the over steadiness of acoustic wave
broadcast in contradictory ways). Hunter, 1970, 1971 lengthened these consequences to arbitrary
non-stationary environment streams, illustrating that chilling dictates media are potentially more
unbalanced then that in balance, while heating supply stabilization. The majority widespread
submissions of thermal instability to interstellar standard and star configuration agreement with
the isobaric manner that was utilized to give details of the scrutinized multi phase construction of
the interstellar medium (Field 1965, Pikel'ner 1968, Goldsmith, Habing, 1969, Wolfircetal, 1995).
In this bearing Aggarwal, Talwar, 1969 have argued magneto-thermal instability in a rotating
gravitating fluid. Sharm, Prakash, 1975 have explored radiative transport and collisional
consequences on thermal convective instability of a composit intermediate. McCray, Stien, 1975
have conceded out the exploration of thermal instability in supernova shell. Nusel, 1986 has argued
the thermal instability in chilling flows. Panavano, 1988 has studied self regulating star
arrangement in isolated galaxies: thermal instability in the interstellar medium. Iabnez, Sancher,
1992 have revised the propagation of sound and thermal waves in plasma with solar abundance.
Bora and Talwar, 1993 have examined the magneto-thermal instability with finite electrical
resistivity and Hall current, both for self-gravitating and non-gravitation arrangements. Prajapati
et al., 2010 have argued the consequence of radiative heat-loss function and thermal conductivity
on gravitational instability of fully ionized plasma with electron inertia, Hall current, rotation and
viscosity. Szunzkiewicz, Millar, 1997 have examined the thermal stability of transonic accretion
discs. Najad-Asghar, Ghanbari, 2003 have accepted out linear thermal instability and arrangement
of clumpy gas clouds including the ambipolar transmission. Vasiliev, 2012 has explored the
thermal instability in a collisionaly chilled gas. Najad-Asghar, 2007 has examined the configuration
of fluctuations in a molecular slab via isobaric thermal instability. Stiele et al., 2006 have accepted
out the problem of thermal instability in weakly ionized plasma. Nipotic, 2010 has explored
thermal instability in rotating galactic coronae. Hobbs et al., 2012 have argued thermal instability
in breezing galactic fuelling star configuration in galactic discs. Nipoti, Posti, 2013 have explored
thermal instability of faintly magnetized rotating plasma. Choudhary, Sharma, 2016 have argued
cold gas in clusture core: global constancy analysis and non linear simulations of thermal
instability.

Along with this in above argued predicaments the consequence of finite ion Larmor radius is
not judged. In lots of astrophysical circumstances such as in interstellar and interplanetary plasmas
the estimate of zero Larmor radiuses is not applicable. Quite a lot of authors Rosenbluth et al.,
1962, Roberts and Taylor, 1962, Jeffery and Taniuti, 1966, Vandakurov, 1964 have positioned out
the significance of finite ion Larmor radius (FLR) consequences in the form of magnetic viscosity,
on the plasma instability. Recently Ferraro, 2007 has exposed the steady consequence of FLR on
magneto-rotational instability. Marcu, Ballai, 2007 have revealed the even out consequence of FLR
on thermosolutal stability of two-component rotating plasma. Sharma, 1974 has exposed the even
out effect of FLR on gravitational instability of rotating plasma. Bhatia, Chhonkar, 1985 have
examined the steady consequence of FLR on the instability of a rotating layer of self-gravitating
plasma. Herrnegger, 1972 has studied the effects of collision and gyroviscosity on gravitational
instability in a two-component plasma and concluded that the critical wave number becomes
smaller with increasing gyroviscosity for finite Alfven numbers and showed that Jeans criterion is
changed by FLR for wave propagating perpendicular to magnetic field. Vaghela, Chhajlani,
1989 have examined the steady consequence of FLR on magneto-thermal stability of resistive
plasma through porous medium with thermal conduction. Thus FLR consequence is a significant
feature in argument of self-thermal instability and supplementary hydrodynamic instability.

In the light of above work, we find that Bora, Talwar, 1993 have measured the consequence of
finite electrical resistivity, electron inertia, Hall current, thermal conductivity and radiative heat-
loss function, but they neglect the effect of FLR corrections, viscosity, and permeability on thermal
instability. Vaghela, Chhajlani, 1989 have measured the effect of finite electrical resistivity,
viscosity, permeability and thermal conductivity, but they ignore the consequence of radiative heat-
loss function on thermal instability. Aggarwal, Talwar 1969 have measured the result of viscosity,
rotation, finite electrical resistivity, thermal conductivity and radiative heat-loss function, but they
neglect the effect of FLR corrections, and permeability on thermal instability. Thus we discover
that in these learning, Aggarwal, Talwar, 1969 and Bora, Talwar, 1993, the cooperative sway of,
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permeability, FLR corrections, radiative heat-loss function, viscosity, electrical resistivity, thermal
conductivity and magnetic field on the thermal instability is not explored. Consequently in the at
hand employment the thermal instability of magnetized plasma with FLR corrections,
permeability, radiative heat-loss function, viscosity, thermal conductivity and finite electrical
resistivity for thermal configuration is studied. The stability of the system is discussed by applying
Routh-Hurwitz criterion. The above work is applicable to dense molecular clouds and star
formation in interstellar medium.

2. Basic set of equations of the difficulty

We take for granted an infinite homogeneous, magnetized, porous, thermally conducting,
radiating, viscous plasma having (FLR) corrections in the presence of magnetic field B (o, o, B).
The MHD equations of the difficulty with these consequences are written as

dv 2 Y, 1
— =-Vp -V-P + puvVv —pv—+ —(VxB)xB,
Py p p PO 2, (V*B) (1)
1 dp y pdp
L B HL-V(VT)=0
y-1ldt y-1p dt o ( =0, @
p=pRT, (3)
dp
it adl Vv=0
oB
— =Vx(vxB),, 6
= x(vxB) (6)
V.B=0, (7)

where P is the pressure tensor situates for finite ion gyration radius as given by Robert and
Taylor (1962) is

ov oV ov oV
P=-pvo| —+—|, P=pvo| —+—|,
ox oy ox oy
P=0, P=P=pv N _v : (8)
ox oy
P=P=-2pv 6_V+Q : P=P=2pu(ﬂ+a—v .
oz oy ox oz

The parameter v,has the dimensions of the kinematics viscosity and called as magnetic
viscosity defined asv, = £2, R?/4, where R, is the ion-Larmor radius and 2, is the ion gyration

frequency. Also p, p,v, T,K, A, R, and y indicate the fluid pressure, density, kinematic viscosity,

temperature, permeability, thermal conductivity, gas constant and ratio of two specific heats
respectively. L(p, T) is the radiative heat-loss purpose and depends on local values of density and
temperature of the fluid. The convective derivative operator is given as

%:(at +v.V), ©)
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where 0, stands foro/ot.

3. Linearized perturbation equations

The perturbation in fluid velocity, magnetic field, density, pressure, temperature and heat-
loss function is given as u(uy, uy, u,), 0B (0Bx, 6By, 0B.), 6p, 6p, 6T andL respectively.
The linearized perturbation equations for such standard are

POV =—V5p—V-P+pUV2V—pUL+i(VXéB)XB, (10)
K 4r
Lo — T PaspiplLop+L, T VAT =0, (11)
y-1 y=1p g
P _oT op (12)
p T p
0. p+pVy=0, (13, 14)
06B = Vx(vxB), (15)
V.6B =0, (16)

where L;, L, are the partial derivatives of temperature dependent heat-loss function

(GL/ or )p and density dependent heat-loss function (8L/ 6,0)T respectively.
We take for granted that all the perturbed measure vary as

exp i(ot+k, x+k,z), (17)

where o is the frequency of harmonic disturbance, k, and k, are the wave numbers of the

perturbations along x and z axes.
The constituents of equation (15) may be given as

oB =Ekv, 0B :E v, OB =—Ekv. (18)
X @ ZX Yy @ ZY z » X X

merged equations (11) and (12), we obtain

(A+a)C2) (19)
Sp=——’5p,

where w=iocand c=(yp/p)"’is the adiabatic velocity of sound in the intermediate.
The stricture Aand ¢ are specified as

2
Az(y—l)(TLT —pr+’1k T],
P
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2
Tpl; , Ak Tj' (20)

§=(7—1)(—
p p

Using equations (13)-(19) in equation (10) with equation (8), we may inscribe the subsequent
algebraic equations for the mechanism of equation (10)

2,2 ik
wrolk2s |V K v J{u (k2+2k2)}v +—§‘.QZS=O, (21)
K ) X 0 X YA y k T
1
v 2?2
—[g(k2+2k2)}v + w+ev| K2+ — |+—2 |v —2evk k v =0, (22)
X z X W y X Z12
1
2 1 ik,
20k Ku +| o+l k“+—||u +—22_Q s=0. (23)
Xz y K z k27T

1

Captivating divergence of equation (10) and using equations (13) to (19), we attain as

2
ik VKO Lok (k2+4k2)v o +oo| K2+ |+ 2% |s=0, (24)
X @ X x \ X z/)y K T
1

where s =Jp/p is the condensation of the medium.

To acquire the dispersion relative, we have made subsequent replacements in above
equations

0€2% + OF 2
Qp=—" @ =cK, _Q,Z=k2(;/—1)[TLT—pr+/1k T],
w+B Yo,
21,2 21,2
N=w+u[k2+ij, Q:N+Vk , M =N+ kz,
K, @ @
2 2 2 H V2k2
a
H 2 2 Ikx Ik 2 2 2
Ny =ik,op (K5 +4k7), F=a F= 50 V=B Jamp.

4. Dispersion relation
The nontrivial explanation of the determinant of the matrix get hold of from equations (21) -

(24) withVX,vy,VZ, s having various coefficients should disappear to give the subsequent

dispersion relative
2 0°k’k?

PQNM +4NM v?kZk’ —(:(—ZXZ.QTZQ(kXZ +4K2)+ NPU? (kx2 + 2k22)+2 OPKZK? (K +2K7)
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2,2
2 vk V22 2
Y0k g2k L 2k)N (k2442 ) - —> 2’NM a7 =0 (26)
o T k T X z X z ) T 0xXZ gp T

The dispersion relation (26) symbolizes the concurrent addition of radiative heat-loss
function, FLR corrections, thermal conductivity, finite electrical resistivity, viscosity, permeability
and magnetic field on thermal instability of plasma. In nonexistence of radiative heat-loss function
the general dispersion relation (26) is identical to that of Vaghela and Chhajlani (1989).
On abandoning the consequence of thermal conductivity and radiative heat-loss function
dispersion relation (26) is identical to Sanghvi and Chhajlani (1986). In lack of radiative heat-loss
purpose, thermal conductivity, finite electrical resistivity and viscosity the general dispersion
relation (26) is identical to Sharma (1974) for non-rotational case. In nonexistence of FLR
corrections, viscosity and dispersion relation (26) is identical to Bora and Talwar (1993) neglecting
Hall current and electron inertia in that case. Also in absence of FLR corrections, viscosity, finite
conductivity and dispersion relation (26) reduces to that obtained by Field (1965) for non-
gravitating medium. Now we argue the general dispersion relation (26) for longitudinal and
transverse wave propagation.

5. Analysis of the dispersion relation
5.1. Longitudinal mode of propagation (k| |B)
In this case the perturbations are taken corresponding to the course of the magnetic

field (i.e. k, =0, k, =k). The dispersion relation (26) reduces to

2,2
o+0| K2+ ||| oo k242 [+ KD g8
K In) 0
1 1
1 wQ? +°
2 2 i
x|+ vl k+— |[+—— |=0. (27)

o+

This dispersion relation represents the collective effect of permeability, viscosity, magnetic
field strength, thermal conductivity, radiative heat-loss function and FLR corrections on thermal
instability of plasma. On evaluate this dispersion relation (27) with dispersion relation (20) of
Vaghela and Chhajlani (1989) we find that two features are the identical but the third feature is
unlike and acquires customized because of radiative heat-loss function. Also on multiplying all the
constituents of equation (27) we get the dispersion relation, which is an equation of degree eight in
@ and it is awkward to inscribe such a extensive equation. If we eliminate the consequence of FLR
corrections, viscosity, and permeability in the above relation then we recover the relation given by
Bora and Talwar (1993) not including Hall current and electron inertia in their case. Hence the
above dispersion relation is the customized form of equation (21) of Bora and Talwar (1993) due to
the enclosure of, permeability, FLR corrections and viscosity, in our case and by neglecting Hall
current and electron inertia in their case for longitudinal propagation in dimensional form. In at
hand case we have believed the effects of, permeability, FLR corrections and viscosity, but Bora and
Talwar (1993) have not believed these consequences. Thus the dispersion relation in the in
attendance psychotherapy is customized due to the presence of permeability, FLR corrections and
viscosity, but circumstance of instability is unchanged by the presence of FLR corrections,
viscosity, and permeability. Thus we terminate that the, permeability, FLR corrections and
viscosity of the medium have no effect on the situation of instability. Also it is clear that the
expansion pace of dispersion relation given by Bora and Talwar (1993) gets tailored due to the
attendance of FLR corrections, viscosity and permeability in the present case. Thus we bring to a
close that medium, permeability, FLR corrections and viscosity, modify the development pace of
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instability in the present case. Hence these are the new result in our case than that of Bora and
Talwar (1993).

The dispersion relation (27) has three dissimilar constituents and we argue each constituent
separately. The first constituent of the dispersion relation (27) gives

@ +0 k2+Ki =0. (28)

1

This symbolizes a constant clammy manner customized by the attendance of viscosity, and
permeability of the intermediate. Thus viscous is competent to become constant the expansion
pace of the considered organization. The above method is unmoved by the company of FLR
corrections, magnetic field strength, thermal conductivity and radiative heat-loss function.
This dispersion relation is the same as to Vaghela and Chhajlani (1989).

The second feature of equation (27) on sweeping statement gives

o*+2]v k2+i o> +{lv k2+i +2(V2k2)+4u2k4 o> +{2|v k2+i (Vzkz)
K K 0 K

1 1 1
+877kzz)§k4}a)+V2k2 =0. (29)

The above dispersion relation demonstrates the viscous magnetized medium having finite
electrical resistivity, permeability and FLR corrections. This dispersion relation is identical to
Vaghela and Chhajlani (1989). The above relation is sovereign of thermal conductivity and
radiative heat-loss functions. Equation (29) is a four degree equation in power of @ having its all
coefficients positive which is a required situation for the constancy of the arrangement.
To accomplish the adequate circumstance the major diagonal minors of Hurwitz matrix must be
constructive. On scheming we get all the principal diagonal minors encouraging. Hence equation
(29) always symbolized stability.

For inviscid, infinitely conducting intermediate in nonattendance of FLR corrections

(v= v = 0) equation (29) becomes

@ +V k2 =0. (30)

This represents the pure Alfven mode.
For inviscid medium (v =0) equation (29) becomes

a)"'+2(\/2k2 +20§k4)a)2 +V4%*4 =0, (31)
The roots of equation (31) are
p z[—(vzkz +2 u§k4)i200k2 (V2k2 + ugk“)/] (32)

Hence FLR corrections modify the Alfven mode by changing the growth rate of the system.
Equations (31) and (32) are the customized form of Vaghela and Chhajlani (1989) by intermediate.

The third component of the dispersion relation (27) on simplifying gives

10
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TpL 2 TpL 2
o+ o) k24 +(r-1) LS P (y-1) L SLIN P IS
K p p p p K

1 1

KT
+(czk2)]w+{k2(y—l)(TLT —plL,+ J} 0. (33)
yo,

This dispersion relation (33) corresponds to the joint influence of permeability, radiative
heat-loss function, thermal conductivity and viscosity on the thermal instability of plasma.
But there is no consequence of FLR corrections, finite electrical resistivity and magnetic field on
the thermal instability of the considered system. In nonattendance of radiative heat-loss function
the above relation (33) is identical to Vaghela and Chhajlani (1989). If the steady term of cubic
equation (33) is a smaller amount than zero this agree to at least one positive real root which
communicates to the instability of the organization. The circumstance of instability gained from
unvarying term of equation (33) is given as

2
{k2(7 -1 (TLT -pL,+ M;T )} <0. (34)

The medium is unbalanced for wave numberk <Kk;, . Here it may be memorandum that the
tailored critical wave number engrosses the derivatives of temperature dependent, density
dependent heat-loss function and thermal conductivity of the medium. ¢'=(p/p)"* is the

isothermal velocity of sound in the intermediate. In nonattendance of permeability and viscosity,
equation (33) is indistinguishable to Field (1965), as the viscosity and permeability of the medium
have no consequence on the condition of instability. It is clear that the growth pace of the
dispersion relation given by Field (1965) is getting customized due to the occurrence of viscosity
and permeability in our present case. Hence these are the innovative verdicts in our case than that
of Field (1965).

Fig. 1 demonstrates the outcome of k, on the enlargement pace of thermal instability for
permanent values of other parameters. From curves it is clear that as the value of k; increases both

the peak charge and the growth rate of thermal instability decreases. Thus the parameter k; moves
the present system towards the stabilization. In Fig. 2 we have designed the enlargement pace of
thermal instability against wave number for different values of the parameter k; . From figure we

terminate that as the value of k; increase, the peak value of curves diminishes and the area of

development pace also reduces. Hence, the presence of k; also become constant the organization.

In Fig. 3 we have exposed the consequence of viscosity on the expansion pace of thermal instability.
Figure exhibits that on growing the worth of viscosity the enlargement rate of thermal instability

reduces. Therefore, the parametersk k; and v’ viscosity stabilize the system.

To discuss the consequence of all stricture on the enlargement tempo of thermal instability
we resolve equation (33) numerically by pioneer the following dimensionless quantities

To study the belongings of viscosity, and radiative heat-loss functions on the growth rate of
thermal instability, we solve Eq. (33) numerically. Therefore Eq. (33) can be written in non-
dimensional form with the help of following dimensionless quantities

] = ] k =, k = _pl k = _T
ke, U K Tk (85)

*

a =

Using Eq. (35), we write Eq. (33) in non-dimensional form as

11
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wave number (k*) —

a)*+k—(k;—1+k;jk*2)=o. (36)

Fig. 1. The normalized growth rate (") as a function of normalized wave number (k") for
different values of V" withk; =o0.5and K; =1, k," = 0.1.
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different values of k: with k; = 0.01 and Kl* =0 =10
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Fig. 3. The normalized growth rate (@ ) as a function of normalized wave number (k') for
different values of k, with k; =o0.5and K; =v" = 1.0.

To argue the constancy of the arrangement given by equation (33), if constant term of cubic
equation (33) is superior to zero, then all the coefficients of the equation (33) must be positive.
Equation (33) is a third degree equation in the power of @ having its coefficients positive, which is
a compulsory circumstance for the stability of the organization. To achieve the adequate

13



Russian Journal of Astrophysical Research. Series A, 2016, Vol.(2), Is. 1

circumstance the principal diagonal minors of Hurwitz matrix must be positive. The principal
diagonal minors are

TpoL 2
A=1v k2+Ki +(7/—1)( Tﬂ“] >0,

) p p
2
A = u(kz +Kij|:4(;/—1)(%+’1kTT]+czk2}+(g/—l)k2pr >0, (37)
1

2
A, =A2{k2(;/—1)[TLT -pL,+ AT }} > 0.
o,
If ©7>0,0¢>0andy >1, then it is clear that all the Asare positive hence organization
symbolized by equation (33) is stable system.

For viscous, radiating, thermally non-conducting and self-gravitating porous medium
(v=Ly , #0,4=0) equation (33) becomes

@ + U(kz-f-ijﬁ-ﬁ @° + u£k2+ijﬁ+c2k2 )
K, Cp Ki) ¢,
L
e S PR (38)
c, TL,

The condition of instability from constant term of equation (38) is

2 12 _p_Lp
{k (c ™ j}<o, (39)

Thus we terminate that for longitudinal wave propagation as given by equation (27) the
system is unbalanced only for Jeans condition, else it is stable. Also for longitudinal wave
propagation the Jeans criterion remains unchanged by FLR corrections, viscosity, magnetic field,
finite electrical resistivity and permeability, but thermal conductivity and radiative heat-loss
function modify the expression and the original instability criterion becomes radiative instability
criterion.

5.2 Transverse mode of propagation (k L B)
In this case the perturbations are taken perpendicular to the way of the magnetic
field (i.e. k, =k, k, =0). The dispersion relation (26) decreases to

2,2
®+0 k2+Ki w+0 k2+Ki > +wuv k2+i +a)V K

(4
1 1 1
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w? + ?

+—1 Uiy 0%%k* |=0. (40)
0+ 0

This dispersion relation (40) is customized due to the attendance of permeability, radiative
heat-loss function, FLR corrections, thermal conductivity, viscosity, finite electrical resistivity and
magnetic field. The dispersion relation (40) has two different mechanisms. The first constituent of
the dispersion relation (40) symbolizes a steady viscous mode modified by the presence of
permeability of the medium as argues in equation (28).

The second constituent of the dispersion relation (40) on make things easier gives

ToL 2 Tol 2
o' +{20| K2+ L +(r-1) T AT 3l K2+ 2 [(r-1) v, AT
K Y p K p

1

1

2

TpoL 2
+0? k2+Ki V22 + u§k4+c2k2}a)z+ [(7—1) T+;LkTH vk +Ki +u§k4

1 p p 1
2 i 2
RYEI U(k2+1]+(y— )[T’)Lumj +cK2 v[k2+1j + kz(y-1)[TLT-pr+m] o
Kl p p K1 ] P
TpL 2 2
+{Vk?*(y-1) —T+/1k—T kz(;/—l)[TL -pL +/1k T =0. (41)
p p T P Yo,

The above dispersion relation symbolize the joint influence of thermal conductivity, radiative
heat-loss function, FLR corrections, finite electrical conductivity, viscosity, permeability and
magnetic field on thermal instability of plasma through porous medium. In nonappearance of
radiative heat-loss function equation (41) is indistinguishable to Vaghela, Chhajlani, 1989.
When unvarying term of equation (41) is a smaller amount than zero this allows at least one
positive real root which communicates to the instability of the arrangement. The situation of
instability obtained from unvarying term of equation (41) is given as

2 2
{Vzkz(y—l) (%MKTT}L k2(y 1) (TLT -pL,+ AT j} <0. (42)
o

Thus to converse the consequence of each restriction (viz. heat-loss function, viscosity,
permeability and FLR corrections) on the growth rate of unstable modes, we solve equation (41)
numerically by introducing the following dimensionless measures

* k * * k * * k
o g ek K =2 kT:k—T, v, =2
k,C C k K, k, C

*

w0 = (43)

Using Eq. (43), we put pen to paper Eq. (41) in non-dimensional form as
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PR P I 3 G T PR e A [k*+k*k*2}+u*2 K2y L
K T A K T A K

1 1 1

VK2 4 u*zk*4+c*2k*2}a)*2+{[k*+k*k*2} B I M T VA
0 T 2 K 0

1

*2
xv*[k*z +1*]+k; +k;k*2}+c*2k*2 l:u*[k*z o2 Hﬂ[k}* KKk —1}}0)*
K K 4

1 1

*2
+{V*2k*2[k* i k*k*2}+k—[k* KK 4}}:0. (41)
T A ¥ T A

In Figures 4-8 the dimensionless expansion pace (@ ) has been plotted touching the

dimensionless wave number (k") to see the consequence of a variety of physical stricture such as
viscosity, radiative heat-loss function and FLR corrections. It is clear from Fig. 4 that augmentation
pace diminishing with increasing the value of viscosity. Thus the effect of viscosity is stabilizing.

From Fig. 5 we see that as the value of k) augment the growth rate diminishes. Thus the

consequence of limitation K, is also become constant.

*
—s—v = 0.25
0.8 *
—e—Vy = 0.55
*
—a—7vy = 0.85
0.6
"3
@ _
4§ 0.4
=
=
o
= 0.2
00 1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

wave number (k') ———

Fig. 4. The normalized growth rate (@) as a function of normalized wave number (k™) for
different values of v~ withk; = 0.3 and k; =0.2, K, =v;," = 1.0.
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Fig. 7. The normalized growth rate (@") as a function of normalized wave number (k") for
different values of v, withk; = 0.2, k; =0.3and K =v" =1.0.

From Fig. 6 we terminate that expansion rate decline with growing parameter k; .Thus the

presence of K; become constant the development pace of the organization. Fig. 7 exhibits the

authority of FLR corrections on the development pace of thermal instability. From figure it is
understandable that the FLR correction has a become constant effect on the enlargement pace of
thermal instability. Therefore, the limitation viscosity, radiative heat-loss functions and FLR
corrections have steady authority on the arrangement.

For non-viscous, radiating, thermally conducting, magnetized, finitely conducting, medium

with FLR corrections (v =0, LT =V=A= Uo # 0) equation (41) becomes

Y%
TpL 2
o> +{(y-1) T, AT a)2+{V2k2+ 02k4+c2k2}a)+ uk{(y-l)[ﬂﬂk—TH
p p 0 p p
2 2
+v2k2(y—1)(%+ﬂkTTj {kz(y—l)(m oL+ K Tﬂ —0. (45)
Y2,

The above equation is adapted form of Vaghela and Chhajlani (1989) by inclusion of radiative
heat-loss function. When constant term of equation (45) is less than zero this agree to at least one
positive real root which communicates to the instability of the organization. The condition of
instability attained from steady term of equation (45) is given as

2
{kz (TLT -pL,+ ’“;T ]} <0. (46)
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From the above situation of instability given by equation (46) we finish that FLR corrections
try to become stable the system. Also on contrast equations (41) and (46) we see that enclosure of
viscosity take away the effects of FLR corrections and medium from circumstance of instability.
Soin both the holders either the organization is viscous or non-viscous, FLR corrections and
steadies the growth rate of thermal instability.

For in viscid, thermally non-conducting, radiating, magnetized, finitely conducting, medium

with FLR corrections (v =4=0, L =V =v #0) equation (41) becomes

o’ (}/LT]a) +(V k? +0ik* +c%k® )a)+{ gW[ﬁ}rvzkzﬁ
Cp Cp Cp

, pL
+é{kz[chT _?pﬂ}apo. (47)

When steady expression of equation (47) is a smaller amount than zero this consent to at
least one positive real root which communicates to the instability of the organization.
The condition of instability gained from steady expression of equation (47) is given as

2 12 _p_Lp
{k (c ™ J} <0, (48)

For in viscid, infinitely conducting, radiating, thermally conducting, magnetized, porous
medium with FLR corrections (v =0, L » =V = A=y, #0) equation (41) becomes

® +{(7/ 1)[T'OpL ?}}w +{V2k2+uok4+c 2+ {(u§k4+V2k2)(y—l)

2 2
+(%+M7Tj+k2(y—l)£TLT —pr+’1k Tj}zo. (49)
o

When steady term of equation (49) is not as much of as zero this permits at least one positive
real root which communicates to the instability of the arrangement. The circumstance of instability
attained from invariable term of equation (49) is given as

2 2
{( 24 1\ 2%k )[T’[;L M(TT]+k2[TLT—pr+M;TJ}<O. (50)

The above circumstance of instability (50) is the tailored form of equation (41) of Prajapati et
al., 2010 by and FLR corrections, exclusive of electron inertia in their case. From the circumstance
of instability prearranged by equation (50) we bring to a close that, FLR corrections and magnetic
field try to stabilize the system. Also on comparing equations (41) and (49) we see that inclusion of
viscosity remove the effect of FLR corrections, and magnetic field from circumstance of instability.
So in both the cases whether the system is viscous or non-viscous FLR corrections become stable
the enlargement pace of thermal instability.

Thus we conclude that FLR corrections, heat-loss function, thermal conductivity, magnetic
field strength and viscosity have stabilizing influence on the augmentation pace of thermal
instability,
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6. Conclusion

In the in attendance difficulty we have deliberate the consequences of permeability FLR
corrections on the thermal instability of infinite homogeneous viscous plasma with thermal
conductivity, radiative heat-loss function, permeability. The general dispersion relation is obtained
which is modified due to the presence of considered physical parameters and is discussed for
longitudinal and transverse mode of propagation to the direction of magnetic field. We find that
the basic principle of thermal instability regarding the size of initial break up is significantly
modified due to radiative heat-loss function, and FLR corrections. The effect of heat-loss function
parameters is found to stabilize the system in both the longitudinal mode and transverse mode of
propagation.

In the case of longitudinal mode of propagation, we find Alfven mode customized by the
attendance of permeability, FLR corrections and viscosity. The thermal mode is obtained
separately which is modified by the presence of permeability, radiative heat-loss function, thermal
conductivity and viscosity. The condition of thermal instability is unaffected by the presence FLR
corrections, permeability and viscosity. From the curves we find that the heat-loss function has a
steady position on the growth rate of the organization in longitudinal mode of propagation.

In the container of transverse method of propagation, we acquire a thermal manner
customized by the attendance of permeability, FLR corrections, radiative heat-loss function,
thermal conductivity and viscosity. We find that the condition of instability is independent of FLR
corrections and viscosity, and depends only on thermal conductivity and radiative heat-loss
function. But the growth rate is pretentious by the attendance of all the measured limitations.
For the case of inviscid and thermally non-conducting medium it is found that the condition of
instability modified due to the presence of FLR corrections and radiative heat-loss function. It is
experimental that for an inviscid medium the condition of instability is modified due to the
presence of FLR corrections, magnetic field, thermal conductivity and radiative heat-loss function,
and it is sovereign of permeability and viscosity. From the curves we discover that the heat-loss
function has become constant effect on the enlargement pace of thermal instability. Also it is
interesting to see that in both the cases the peak value of the curves decreases on growing heat-loss
meaning these earnings that the organization becomes more constant on raising the value of heat-
loss function. The consequence of FLR corrections is to become stable the organization.

Whilst the cloud density arrives at dangerous value, the cloud fragments into chilly dense
condensations via thermal instability. When the serious density augment as metallicity diminish,
and also as radiation augment. Condensations have a collision with each other and self-gravitating
clumps will be shaped when the denote cloud density becomes adequately elevated; then stars will
appearance. Development of the H II region in the region of the enormous star and supernova
explosions will gust rotten neighboring gas and conclusion star arrangement development. When
the denote density at the time of star structure is elevated, towering virial velocity stop
development of the H II region. Also, in such high-density environments, the star configuration
timescale is smaller than the lifetime of an enormous star. Then the gas in cluster-forming district
will be rehabilitated into stars efficiently, before the gas is disconnected by get beggaring H II
region or supernova explosions. High density is comprehended in the constricting low-metallicity
gas, and if the configuration of a contracting gas cloud is probable, a physically powerful radiation
situation is one more contender. Thus, it is not compulsory that far above the ground star
configuration efficiency and jump cluster configuration are predictable attained in low-metallicity
and/or strong-radiation surroundings. Such surroundings survives in dwarf galaxies, the near the
beginning phase of our Galaxy and starburst galaxies.
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1. BBegenue

JIMHTBUCTUYECKU TIOHATHS «IIPOCTPAHCTBEHHOE 3HAHWE» U «3HAHUE O IPOCTPAHCTBE» HE
PaBHO3HAUYHBI. «3HaHHE O IMPOCTPAHCTBE» MOXKET COJIepKaTh JII00Oe 3HaHWE, B TOM YHCJIE U He
MIpOCTPaHCTBEHHOE. «IIpocTpaHCTBEHHOE B3HAHUWE» SBJAETCA CIENUAJIBHBIM TEPMHUHOM U
JIMHTBUCTUYECKU sIBJIsieTCs AedUHUINEH, MPOU3BOAHON OT TEPMHHA «3HaHHWE». B Imo3HaHUHN
JeUHUIUSA — JIOTUYEeCKas WM JUHTBUCTHYECKasl oIlepaliis yCTaHOBJIEHUS CMbICJIa T€PMUHA.
B maremaTtuke neUHUIIUA - BBEJAEHHE HOBOTO MOHSATHS B MaTeMaTHYECKOe PaCCyKeHHUE IyTEM
KOMOWHAIMM WM YTOYHEHUs paHee oOIpeseieHHbIX moHATHH (I[BeTkoB, 2016; Donhowe,
Fennema, 1994). CuHOHUM JebUHHUIINH — ONpeAeeHne. B iuTepaType vaiie yroTpeosaioT 3TOT
TepmuH. Onpenenenue uMeer o0beM u coaep:kanue (LBerkoB, 2012a). CnenuaJbHBIA TEPMUH
BCerjia SBJISETCS IIPOU3BOAHBIM OT 00Iero TepMmuHa. OOpasoBaHUe NTPOU3BOAHOIO TEPMHHA
OCYIIIECTBJISIETCSI MOA0OHO 00pa30BaHHI0 IIOAMHOMKECTBA N3 MHOXKECTBA IIyTeM ydeTa u
Jo0aBJieHHs JIOIIOJTHUTEIBHBIX CBOHCTB 5JIEMEHTOB OCHOBHOTO MHOXKECTBa. 3aKOH 0OpaTHOTO
otHomenus (300) Mexay oOBEMOM H COAEPKAHUEM IIOHSTHUSA COCTOMT B TOM, UTO YEM IIIHpPE
00BEM TOHATHSA, TEM MEHBIIIE ero cojepkaHue, 1 HaobopoT (L[BeTkoB, 2012a). O6GBEM HOBOTO
MIOHATHUSA MOJKET BXOJUTH B OOBEM JAPYroro MOHATHS W COCTABJIATH IIPH STOM JIHIIb €r0 YacTh.
[ToHATHA «KOCMHYECKOE 3HAHUE», «IIPOCTpaHCTBeHHOe 3HaHue» (Galton, 2009; IIBeTKOB, 2015¢;
Hernandez, 1994) u «reo3nauue» (Po3eHbepr, BosueceHckas, 2010; Kymarun, IIBeTkoB, 2013;
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CaBI/IHbIX, 2016&) ABJIAIOTCA IIPOU3BOAHBIMHU OT IIOHATHUA 3HAHUE. Hpe/'lCTaB.TIHeT HWHTEPEC BbIABUTDH
CXO0ACTBO H pa3jidyue MeEXAy oOTHMH IIOHATHAMHU B AacCII€KT€ BBE€ACHHA HOBOI'O TEpMHHA
«KOCMHYECKOE SHAHHE».

Ilenp nccaeqoBaHUs — BBEJIEHUE U 000CHOBaHIE TEPMHUHA «KOCMHUYECKOE€ SHaHHE» N OIlCHKa
€ro B CUCTEME TEPMUHOJIOTUYECKHX OTHOIIIEHUI B IPpUKJIaAHBIX 00J1aCTAX.

2. MaTepuaJ 1 METOAbI HCCIEJOBaHUA

B xauecTBe MaTepuaja KCIOJIb30BAJIHCH CYIIECTBYIOIINE PabOThl B 00JIACTH KOCMUUYECKHX
HCCJIEAOBAHMM, IIPOCTPAHCTBEHHBIX 3HAHUN UM reO3HAHUH. B KauecTBe METOAUKH HCCJIEIOBAHUA
MIPUMEHSIJICS CHCTEMHBIN aHAIN3 U JIMHTBUCTUYECKUN aHAJIHA3.

3. O0cy:kaeHne U pe3yabTaThl

BBezenre TepMHUHA «KOCMUYECKOE 3HAHHE» AUKTYEeTCs € OJHOM CTOPOHBI pPa3sBUTHEM
KOCMUYECKUX WCCJIEZIOBAaHUN, C JIPYTOH HEOOXOAMMOCTHIO CHCTEMATUKH STOTO IMOHATUS
B TEPMUHOJIOTHYECKOM T0oJie. OGOOIIEeHHO B3aMMOCBS3b 3HAHHSA, IMPOCTPAHCTBEHHOTO 3HAHWUSA,
reo3HaHUs U KOCMHYECKOTO 3HAHUA MPUBeeHa Ha puc. 1. Ha HeM nmoka3aHO pa3BUTHE MTOHATUHN U
OTHOIIIEHUsI 3TUX MOHATUH C Pa3HBIMH MPEIMETHBIMU 00IacTAMHU. J[JIs1 3HAHUS ATO OIYINEHO, TaK
KaK 3HaHHUE MPUMEHSIOT BO BcexX oOsacTax. /I crenuasbHbIX 3HAHUH BBIJIEJIEHBI IIPEMETHbBIE
obJiactu.

Uesl0oBEUECTBO  CYIIIECTBYET B peajJlbHOM MPOCTPAaHCTBE. PeasbHOE MPOCTPAHCTBO
OIMCBHIBAETCS IIPOCTPAHCTBEHHOW uWHGOpMAIUed MW CIOYyKAT WCTOYHUKOM (POPMHUPOBAHUS
MIPOCTPAHCTBEHHBIX 3HAHUHA. OITO OOYyC/JIaB/JIMBAEeT BbIJIEJIEHHEM W3 TOHATHUS 3HAHUE
IpocTpaHCTBeHHOTO 3HaHus (1[BeTKoB, 2015¢).

3HaHue
McKycCTBEHHBIN
WHTENNEeKT
MpocTpaHcTBEHHOE
3HaHue
"eonHdopmaTmka
Haykun o 3emne
eo3HaHue
"leonHdopmaTuka
NcecnegoBaHue
3emnun n3 kocmoca
K NcecnegoBaHue
ocmmnteckoe OKOJT03EMHOro
sHaHne NnpocTpaHCcTBa
NcenegoBaHue
KOCMUNYECKOro
npocTpaHCcTBa

Puc. 1. Bzaumocss3b 3HaHUA, IDOCTPAHCTBEHHOT'O 3HAHUSA, T€O3HAHUA 1 KOCMHUYE€CKOI'o SHAaHUA
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CoBpeMeHHBIH STall Pa3BUTHA OOIIeCTBA XapaKTEPU3YETCS IMHPOKUM HaKOIIEHHEM U
HCIIOJIb30BAHUEM IIPOCTPAHCTBEHHONW WH(OpPMAaNuU, KOTopas CIYKUT OCHOBOHM IIOJIyYeHH
npoctpaHcTBeHHOro 3HaHusA (CaBUHBIX, 2016b). IIpocTpaHCTBEHHOe 3HAHHE HWMeEET /Ba
HaIlpaBJIeHUs Pa3BUTHA: HCKYCCTBEHHBI HHTEJ/UIEKT W TeounH@opMaTnka. I[lepBoHaYaibHO
HCCIEJIOBAaHUSA B 00J1aCTH IIPOCTPAHCTBEHHOTO B3HAHUSA BEJIWCh B OCHOBHOM B pycie
HCKyCCTBEHHOTO uHTesUlekTa. C  mosiBJleHneM TeoMHGOPMAaTHUKH paboThl B 00OJsacTu
MIPOCTPAHCTBEHHOTO 3HAHUS CTAJIM IIPOBOAUTHCS B cdepe peaslbHOro mpocTtpaHcTBa. IIpu sTom
HayajlaCh WHTETrPAIlis METOJ0B TeOMH(OPMATHKH M METO/IOB HCKYCCTBEHHOTO HHTEJIEKTa B
obJyiacTH TpeACTaBJeHMsA IPOCTPAaHCTBeHHbIX 3HaHuii (Moratz et al., 2002). [0OIOJHHUTEIBHO
MIPOCTPAHCTBEHHbIE 3HAHUS U3YYaIOT B IICUXOJIOTUH, KOTHUTOJIOTUH B B 0OpazoBaHuu (I'puropnes,
2001). Bce 9T0 meaer akTyasibHBIM 000OIIEHUsT OIBITA B 00JIACTH MPOCTPAHCTBEHHBIX 3HAHUU U
(opmMupoBaHUs HOBBIX TIOHATUH.

CrienyronyM 5TarioM Pa3BUTHSA IIOHATHU 3HaHUeE, IIPOCTPAHCTBEHHOe 3HaHMe (Puc. 1) uuer
TEPMUH «Teo3HaHHE». IIOHATHIO «TeO3HAHHE» IPEIIIECTBOBAIM HCCIeNOBaHUsA B 00JacTH
IPOCTPAHCTBEHHOTO 3HaHWsA. ['e03HaHHWE IPUMEHSIOT TakyKe B JIBYX HallpaBJIeHUAX. [lepBoe
HalpaBJieHHE B5TO IPUMEHeHHe B o0jlacTh HayK O 3eMJle, HalpuMep B TeoJIOTHH. B 3ToM
HaIpaBJIeHUU OHO MeHee CTPYKTYPUPOBAHHO U CJIY3KUT CPEZICTBOM OIHMCAHUS M HAKOIUIEHUS OIIbITA.

B reoundopmaTuke reo3HaHHe 0Oojiee  CTPYKTYPUPOBAaHHO, UTO  0OOYCJIOBJIEHO
dopmupoBaHueM reo3HaHUs Ha ocHOBe reomaHHbBIX (CaBuHBIX, I[BETKOB, 2014), KOTOpBIE
SIBJITIOTCSI CUCTEMOU JIAHHBIX, CTPATU(MUIIMPOBAHBI U SBJIIOTCSA CUCTEMHBIM WH(OPMAITIOHHBIM
pecypcoM. biaroziaps ToMmy reo3HaHue JIETKO UCCIe/I0BAaTh METOZJaMU CUCTEMHOTO aHAIN3a

HccemoBanne 3HaHUE KocMUUYecKkoro mpocrpaHcersa (I[BeTkos, 2015b), HabmoaeHe 3eMIn
n3 Kocmoca, rimobanbHbeili MoHuTOpPHUHT (Bommyp, CaBuH, 1992; Tsvetkov, 2012), pemieHue
Mpo0JIeMbI aCTEPOUTHO-KOMETHOH OITACHOCTH IIPUBEIO K HEOO0X0AUMOCTH (HOPMHUPOBAHUSA
IIOHATHA KOCMHYECKOTO 3HAHHUA KaK HOBOTO CIEIMAJIbHOTO 3HaHUsA. KocMuueckoe 3HaHue 6ojiee
TECHO CBSI3aHO C T€03HAHUEM, UeM C IIPOCTPAHCTBEHHBIM 3HaHHeM (Puc. 1)

OObenuHsAeT Teo3HAHME U KOCMHUUYECKOe 3HaHWEe TPHU KOMIIOHEHTa: KOH(UTYpalnOHHOE
3HAaHHE, KOOPJAWHAIIMOHHOE 3HaHue, B3auMHOe 3HaHHe (IIBeTKOB, 2015C). ATH TPHU 3HAHUA
CBSI3aHBI C OTHOIIEHUSAMH: (OPMBI, CHCTEMBI, B3aUMHOCTH. KoH@UIypariOHHOe 3HaHHE B
KayecTBE OCHOBHOTO OTHOIIEHUS HCIOJb3yeT OTHommeHuss ¢dopmbel. Haubosee spkum
MIp€eJICTAaBUTEJIEM 3TOTO 3HAHUS SABJISETCSA TEOMETPUSA — T€OMETPHS.

KoopauHanimoHHOe 3HaHWE paccMaTPUBAET IO3UIHMI0 O0BbEKTa B Pa3IUUYHBIX CHCTEMAX
KOODJIMHAT I Pa3HbIX ToueK oTcuera. KoopauHAaNMOHHOE 3HaHWE (OPMHUPYETCS C YIEeTOM
OTHOIIIEHUI PaCITOJIOKEeHUs U HarpaBiieHus. OHO TO3BOJISET CUCTEMAaTU3UPOBATh OOBEKTHI 110 MX
PACIIOJIOKEHUIO M OCYIIECTBJIATH TPYIIIUPOBKY HA 3TOM OCHOBe. Hampumep, 0 3TOMY HMPUHITUAILY
chopmupoBanbl  1wtaHeTbl  CosiHeWHOM — cucTteMbl. OOJIaCTH — TO3UIHMOHHOTO  3HAHWUA
XapaKTepU3yeTcsi CUCTEMaMU KOOPAWHAT U KOOPAMHATHBIM IpocTpaHcTBoM (Posenbepr, 1BeTKOB,
2009). CucreMbl KOOPJUHAT MOTYT IIPOCTHPATBhCSA CKOJIb YTOJHO Jajieko. KoopauHaIrmoHHOe
MPOCTPAHCTBEHHOE 3HAHHE WCCJIEyET IMPOCTPAHCTBEHHbBIE CUCTEMBI, BUJ 3THUX CHUCTEM, CBA3b
Mexay cucremamu. [lociesHee MPUBOAUT K aHAIM3Y 3a7ay KOOPAWHATHOTO ITpeoOpa3oBaHUS.
Ha Puc. 2 npuBezieHbI CBA3K MEXAY KOCMHYECKUMHU U 3eMHBIMHU CHUCTEMaMu KoopauHaT. OHU He
TOJIBKO 3a/IaI0T MEPAPXHUI0 PA3HBIX IIPOCTPAHCTB, HO IOAYEPKUBAIOT CBA3b MEXKY pPa3HBIMU
BHUIaMU 3HAHUU, MPUBEIEHHYIO HA Puc. 1.

Ecnu paccmarpuBaTh KOCMHUYECKOE IIPOCTPAHCTBO 3a IMpefiesiaMu 3eMJIM, TO MOKHO
BBIJIEJTUTD CJIEYIONIIYIO HepapXuio OTHOIIIEHU I MIPOCTPAHCTB: rajlakTHIeCKHUH,
TeJTUOIIEHTPUUECKHH (KOCMUYecKoe 3HaHHe) W OKoJio3eMHON kocMmoc (BapmuuH u jp., 2014)
(kocMHuUyeckoe 3HaHUE W TeO3HaHHWE). JTa WepapxXus 3a7aeT MEPAPXUI0 KOOPAUHATHBIX CHCTEM.
Ha Puc. 2 o6o3nauensr: 3JIKII — 3ayHHOE KOCMUUYECKO€E ITPOCTPAHCTBO (0/THA aCTPOHOMUYECKAS
equunna); IIJIKII — momiyHHOe KOCMHUYeckoe mpocTpaHcTBO (paguyc opbutsl Jlyasr); OKII -
OKOJIOBEMHOE KOCMHUYECKOe IPOoCTpaHCTBO (oKoso 60 paauycoB 3emun) (BapmuH u np., 2014;
IIBeTKOB, 2015a).

CBsa3b Teo3HaHHs OOYC/JIOBJIEHA TEM, UYTO METOAbl 3€MHBIX HAyK NPUMEHSIOT I
KOCMHUYECKUX HccaeoBaHUU. Hampumep, KocMuyeckas Teofe3usi Win reorpadus BHE3EMHBIX
TEPPUTOPUU SABJIAIOTCS TPUHATHIMH MOHATUSIMH.
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Puc. 2. CucremMbl KOOpAUHAT, 00eCIIeUnBaIOIIHe CBA3b MEXK/Ty PA3HBIMH BHU/IAMU 3HAHUU

CBs13b KOCMHYECKOTO 3HAHUS W T€O3HaHHUs OOyCJIOBJIEHA TEM, UYTO METOJbl KOCMHUYECKUX
HCCJIEAOBAHUN IIPUMEHSIOT He TOJIBKO JIJIA UCCIIEIOBAHUS BHEIITHETO KOCMHUYECKOTO IIPOCTPAHCTBA
(IIBeTKOB, 2015a), HO JJIs KCCJIEJTOBAHUS OKOJIO3EMHOTO IIPOCTPAHCTBA U JIAKe JIJIsl UCCIIEIOBAHUS
3emiu u3 kocmoca (Puc. 1).

B 1mociemHee BpeMs IOSBMJIOCH HOBOE HAydyHOE HaIlpaBJeHHE KOCMHYecKas
reoundopmatuka (Tsvetkov, 2015), KoTOpoe HampaBjeHa Ha H3y4eHHE psAAa IIPOCTPAHCTB:
BQJIyHHOTO  KOCMHYECKOTO  IIPOCTPAHCTBA;  IOJUIYHHOTO  KOCMHYECKOTO  ITPOCTPAHCTBO;
OKOJIO3€MHOT'O KOCMHUY€ECKOTO ITPOCTPAHCTBA.

BzanMHOe TpPOCTpAaHCTBEHHOE 3HAHWE MaTeMaTH4YeCKd 4Yallle BCEro CBS3bIBAIOT
C TOTIOJIOTHEH. DTa YacTh 3HAHUSA BXOAUT B NpocTpaHcTBeHHOe 3HaHMe (Galton, 2009; 1IBeTKOB,
2015), B reo3Hanue (CaBUHBIX, 2016a) U B KocMHYecKoe 3HaHUe. OJTHAKO B 3eMHBIX HayKaX 3TO
3HAHWE XapaKTEPHO CTAaTUYHOCTBHIO TOITOJIOTMYECKUX MOJieJied W OTCYTCTBHEM JUHAMUKH.
Kocmuueckne O0OBEKTHI XapaKTEPU3YIOTCS AWHAMHUKOW. I[l03TOMy B KOCMHYECKOM B3HAaHUH
TOITOJIOTHYECKHE METOJIbl HCIIOJIB3YIOTCS YCJIOBHO U C OIpPEJeIeHHBIMU OTrPaHUYEHHUSIMU
B OTJIMYKME OT HPOCTPAHCTBEHHOIO 3HAHUS U TeO3HAHUS, CBA3AHHOIO C 3€MHBIMH OOBEKTaMHU.
KocMuuyeckre HCCIeIOBAaHUA CIIY»KAT BaKHBIM CIENHU(PUYECKUM IPUIJIOKEHUEM B3aHMHOIO
IIPOCTPAHCTBEHHOIO 3HAHWA. B3auMHOe pacmooKeHre OOBEKTOB COJIHEUHOH CHCTEMBI,
PACIIOJIOXKEHHS CIYTHUKOB IIAHET CJIYXKAT OCHOBOM (DOPMHPOBAHHUS KOCMHYECKOTO 3HAHHSA C
y4eTOM AUHAMUKH 00BeKTOB. I103TOMYy KOCMUYECKHE HCCJIEOBAHUA TaKyKe BKJIIOYAIOT 00J1aCTh
B3aMMHOTO IIPOCTPAHCTBEHHOTO 3HAHHWs, HO C CYIIECTBEHHBIM OTJIHMYHUEM: BKJIIIOYEHHEM
BpPEMEHHOTO (pakTOpa BO B3aUMHbIE 3HAHHUS.

CBA3BIBAIOT TeO3HAHUSA W KOCMHYECKHE 3HaHHWsA IIPOCTPAHCTBEHHBIE OTHOIIEHUS.
[IpocTpaHCTBEHHbIE  OTHOIIEHUS  SABJISIOTCS OJAHUM W3  HCTOYHHUKOB  (OPMHPOBAHUSA
MIPOCTPAHCTBEHHBIX, TE€O3HAHWUN W KOCMHUYECKUX B3HaHWU. [IpocTpaHCTBEHHBIE OTHOIIEHHUS
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HCCIeyIOTCS TeOMeTpHH, B 00JacTH HCKyccTBeHHOro wunreiekta (Moratz et al., 2002;
Kangpammua u ap., 1989) u B reoundopmartuke (I[BeTkoB, 2012b). OHAKO U 3/1€Ch UMEIOTCS
pasyinuns. B mepByio ouepezns 5TO MaciITad MpOCTPAHCTBEHHBIX OTHOIIEHUH B 3€MHBIX YCJIOBUAX U
B KOCMHYECKOM IIPOCTPAHCTBE. B KOCMHMYECKHUX MPOCTPAHCTBEHHBIX OTHOIIEHMSAX CYI[ECTBYIOT
WHbIE €IUHMIBI M3MepeHuss W Maciitaba. Kpome Toro, /iif KOCMUYECKUX ITPOCTPAHCTBEHHBIX
OTHOIIIEHUI NMEeeT MECTO AUHAMUKA, KOTOpas JJIsl 3eMHBIX OObEKTOB OTCYyTCTBYET.

ITo 5TOH MpUYMHE KOCMHUYECKHE IPOCTPAHCTBEHHBIE OTHOIIEHUS CBA3aHBI CO BPEMEHEM.
Takast CBA3b yKe OTpaXkaeTcsi B HEKOTOPBIX paboTax, HampuUMep, B cTaTbe DHTOHH I'3ToHA
(Galton, 2009). Ero pabora siBasgercss pyHmaMeHTaTIbHOM, IMOCKOJIBKY OHa 0000iaer 6osiee uem
100 pabor B 93TOH oOOsactu. B Hel aBTOp BBOAUT B PACCMOTPEHUE JOTOJTHUTETHLHO
K «IIPOCTPAHCTBEHHOMY 3HAHHIO» €Ille M «IIPOCTPAHCTBEHHO-BpEMEHHOE 3HAHUE», UTO HMEET
IPsAMOE OTHOIIIEHHE UMEHHO K KOCMUYECKOMY 3HAHUIO OO0JIbIIIE, YeM K Te03HAHHUIO.

B reoumHdopMaTike H, COOTBETCTBEHHO, B T€O3HAHWH, IIPOCTPAHCTBEHHBIE OTHOIIEHUS
HanboJiee MCCAeNOBAaHbl M IIPEACTABJIEHbl B TPEX BU/AX: B BHJE TOIMOJOIMYECKHX OTHOIIEHHI, B
Buzie reopedepenruii  (Posenbepr, BosHecenckas, 2010; Hill Linda, 2009), B Buzue
IIPOCTPAHCTBEHHBIX HepapXuueckux oTHomieHud Buya ISA, AKO (IIBerkoB, 2015c¢; Kynarus,
[IBeTkoB, 2013). OHH OIKMCHIBAIOT OTHOIIEHHE MEXKAY IPOCTPAHCTBEHHBIMU OOBEKTAMH U
OTHOIIIEHHsI  MEXJIy  IPOCTPAHCTBEHHBIMM  MOZEIAMH W peaJbHBIMH  OOBEKTaMHU.
IIpocTpaHCTBEHHBIE OTHOIIEHMS BKJIIOYAOT nH@opmaruonusie otHomenus (Tsvetkov, 2015d),
4TO 00OYCJIOBJIEHO IIMPOKUM MpPUMeHeHHeM HWHGOPMAIMOHHBIX METOJO0B U HH(POPMAIHOHHOIO
moaxoza (KoauH, 1998; KoBasieHKO, 2015) B KOCMHUYECKUX HCCIEIOBAHMAX.

KocMuueckoe 3HaHHME KaK Pe3yJIbTaTa KOCMUYECKHX NCCIEIOBAHUH.

Kocmuueckme wuccaeoBaHUA SBJSAIOTCA BUKHBIM HCTOYHHKOM HU3YYEHUS OKPYKAIOIIETO
mMupa u dopmupoBanusa kaptuasl mupa (KoBasmenko, 2015; CaBunblx, 2015). Crenyer
IIO/TYEPKHYTH, UYTO KOCMUUYECKHE HCCIIe/IOBAaHUS He BOBHUKIM HE3aBUCUMO, a (popMHUPOBAIHUCH HA
OCHOBE B3€eMHBIX HAyK M MeETO/IOB, IpPUMeHseMbIX B Hayke. COBpeMeHHble KOCMUYECKUE
VICCJIEZIOBAHUSA U IIOCTPOEHNE KAPTUHBI MUPA CBS3aHBI C IPUMEHEHNEM «3€MHBIX» HayK (OU3UKH,
MareMaTuKy, WHOOPMATUKH, TeomHpopMaTtuky, reorpaduu, reoze3uu. CyliiecTByeT U
IPUMEHSIeTCS] KOCMUYecKas reofie3wsi W KocMmudeckas reorpadus (CaBuUHBIX U JIp., 2009).
TeoundopmaTrKa Kak HayKa, HHTETPUPYIOIAs HAYKH O 3eMJie, TAKXKE MMeeT BCE OCHOBAHUS Ha
TEPMHUH KOCMHYECKasi. ITO C OHOUN CTOPOHBI CIIY>KUT PA3BUTHEM HaYK, C IPYTOU CTOPOHBI TpebyeT
BHEJIDEHUsI HOBBIX METOJIOB aHain3a, OOYCJIOBJIEHHBIX HOBBIMHU 33/ladaMH U TPeOOBAHUSIMU.
ITH MeTOABI U JaeT KocMuueckas reouHdopmatuka (Bondur, Tsvetkov, 2015). Ee oco6eHHOCTBIO
SIBJISIETCSI KOMIUIEKCHBIA TIO/IXOJ] K MCCJIEAOBAaHUIO KOCMHYECKOTO IMpocTpaHcTBa. Kocmuueckast
reonHdopMaTiKa o0ecrieunBaeT HAa YPOBHE JAHHBIX COIMOCTAaBHMOCTh W aHaiau3. Ha ypoBHe
TEXHOJIOTHH KOCMHUYECKas reonH(pOpMaTUKa CO3/IaeT HHCTPYMEHT oOMeHa MeTOJaMU aHAJIN3a U
obpaborku. Ha ypoBHe mO3HaHMA KOCMUUYecKasg TeoMH(MOpPMAaTHKa aHAJIOTUYHA 3eMHOU
reonHGOPMAaTHKE U TAKIKE CIIOCOOCTBYET MHTErPAIUN HaYK.

HaxomieHHBIN ONBIT MPUMEHEHUs] 3€MHBIX HAyK B KOCMHYECKUX HCCJIEOBAHUAX C OHOMN
CTOPOHBI U CIIeNHAIU3alis BUJOB 3HAHUA C JPYTOW CTOPOHBI, IPUBOMAAT K I€J€CO000pPa3HOCTH
BBeJIEHUs] IOHATUS KOCMHYECKOe 3HaHWe. JTOT BHJA 3HAHUA SBJAETCA  CJIEACTBHEM
SBOJIIOIMOHHOTO DPAa3BUTHsA IPOCTPAHCTBEHHOTO 3HAHUA M HMeeT CBOM crueruduyeckue
0COOEHHOCTH, OTJIMYAIOIIWE €ro OT JPYI'MX BHUJOB 3HAHUA. ITU OCOOEHHOCTH COCTOAT B
CJIETYTOIIIEM.

1. Husdkas TOYHOCTh B HEKOTOPOH TeOMETPUU OOBEKTOB. B OTHOIIEHWU OpPOUT IUIAHET U
HeOECHBIX TeJI YacTO JONIYCKAIOT IIOHATHE PaAuyC OPOUTHI, XOTS BCE OPOUTHI SBJISIIOTCSA
SJUTUIITUYECKUMH.

2. Macmrabbl MPOCTPAHCTBA M CKOPOCTEH, €IWHUIBI HU3MePEHHSA. ACTPOHOMUYECKAs
eIVMHUIIA W CBETOBOH TrOj] He MPUMEHSIOTCA B B3€MHBIX YCJIOBUAX W IPHU HCCIETOBAHUHU
OKOJIO3EMHBIX IPOCTPAHCTB. KocMuyeckre CKOPOCTH TaK»Ke He IPUMEHUMBI K 36 MHBIM 00'bEKTaM.

3. Bpemennas Tomosnorus. Tomosioruss B 3eMHBIX HayKaxX, TeOMH(MOpPMATHUKE W
IIPOCTPAHCTBEHHBIX 3HAHUU SIBJISETCS CTATHYECKOH. B KOCMUYECKOM 3HAHUU TOTIOJIOTHUS SIBJISIETCS
JIMHAMUYECKOH, TO €CTh TOIIOJIOTHYECKUE OTHOIIEHUS 3aBUCAT OT BDEMEHH U MOTYT MEHATHCS.

4. TemmopanpHble IIPOCTPAHCTBEHHBIE OTHOIIEHHA. I[IpOCTpAHCTBEHHBIE OTHOIIEHUS
BKJIIOYAIOT TOIOJIOTHYECKUE U SBJIAIOTCS 0OJiee IIMPOKHUM THOHATHEM. I[IpocTpaHCTBEHHBIE
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OTHOIIIEHUsI B 3€MHBIX VCJIOBUAX SABJAIOTCA (QUKCUPOBAHHBIMU. B KOCMHYECKOM 3HAHUHU
MIPOCTPAHCTBEHHBIE OTHOIIEHU YaCTUUHO (DUKCUPOBAHBI U JIOMYCKAIOT JUHAMHUKY.

5. JIuHaMuKa MOJI0KeHUA. B KOCMUYECKOM 3HAHUU MPUXOAUTCA UMETh €0 C Pa3HbBIMU
00beKTaMH, KOTOpbIe He TOJIbKO IMOBHKHBI, HO M UX TPAEKTOPHHU BeCbMa CJIOXKHBI JIJIsI OI[EHKH,
BCJIEZICTBHE OOJIBIIIOTO KOJTMYECTBA BO3ZMYIIIEHHH U MHOKECTBA Pa3HbIX (PaKTOPOB.

6. PensatuBuaM. BbICOKHE CKOPOCTH [IBIKEHUSI KOCMHUYECKHMX OOBEKTOB HAMHOTO
IIPEBOCXO/ISIT CKOPOCTH 3€MHBIX O0OBEKTOB M B OTAEIBbHBIX CIydassX TPeOYIOT IPUMEHEHUs TEOPUH
OTHOCUTEJIbHOCTH.

7. CIleKTpaIbHbIE 3aBUCUMOCTH. P51 KOCMHUYECKHX 00OBEKTOB UMEIOT CIIEKTPHI, OTINYAIOIIIE
HX OT CIIEKTPOB 3€MHBIX 00BEKTOB.

8 dusuko-xumuueckuil cocraB. CocraB psAga HEOECHBIX TeX CYIIECTBEHHO OTJIMYAETCS OT
(pU3UKO-XMMHUUECKOTO COCTaBa 3eMHBIX TeJ.

JlaHHBIM TlepeueHb He ABJIAETCA HcUYepnbIBalOIUM. OH JIMIIb OIpeJiesisieT HEeKOTOpbIe
Ba)KHBIE IYHKTHI B KOCMHUYECKOM 3HAHUU.

Oco0eHHOCThIO HAYYHBIX HCCJIEJIOBAHUN SBJISAETCS TEHJIEHIUS K YIIyOJIEHHOMY H3YYEHUIO
He TOJIbKO IPOIIECCOB U SIBJIEHUU, HO M K YIJIyOJIEHHOMY WU3Y4YeHHIO MMOHATUU I 0003HAUYEeHUs
otux siBjeHud (MwukemuHa, 2005). 9TO MPUBOJUT K TEPUOAUYECKOH CHUCTEMATH3AIMH
CYIIECTBYIOIUX MOHATUN M JONOJHEHUU TMOHATUA HOBBIMU IOHATUAMU, OOYCJIOBJIEHHBIMU
pPa3BUTHEM HAYKH.

UccnepoBanue TMOHATHS 3HAHUA W MHOTOOOPa3HBIX ero ¢GopM BcCerjia IPeJICTaBIIAIIO
WHTEpeC, KaK /I MPUKJIAJIHBIX, TaK U /IS QYHJaMEeHTaIbHBIX HayK. BBe/leHe HOBBIX TEPMHHOB
00yCJIOBJIEHBI HEOOXOAUMOCTBIO 00Jiee TOYHOTO OIMCAHHS HOBBIX HAaIIpaBJIEHMs, BbIAEICHUS
crenudpUIecKuX 0COOEHHOCTEH HOBOTO TTOHATHSA, BbIZIEJIEHUS] PA3IUUUNA MEKAY CYIIECTBYIOIIUMUI
MIOHATHUAMU U JleTATU3aIed TEPMUHOJIOTHYECKOTO MoJiA. [Ipu 5ToM BaskHBIM (DaKTOPOM SIBJISETCS
COXpaHEeHHeE CYIECTBYIONNX TEPMHUHOJIOTHUECKUX oTHOIIeHu ! (TUXOHOB U Ap., 2009).

[TosiyueHre HOBOTO 3HAHUS B NPUKIAJHBIX HayKaxX XapakTepusyeTcs BepudHUKaruei
B 00JIaCTH TEOpUH, JIOTUKU W JIMHTBUCTUKU. VCTOYHMKOM HHGOPMAIUM U 3HAHUM SBJIAETCSA
nHpopMmarmonHoe mnose (Bouayp, 2015). B 3TOM WHGOPMAIIMOHHOM II0JIE OCYIIECTBIIAETCS
Bepu(dUKaIUsA HOBBIX TEDMUHOB U MOHATUH. KocMuueckne 3HaHUS MOXKHO paccMaTpUBATh Kak
pe3yJsIbTaT TOJIydeHUs1 3HAaHUUW B HOBOU Teopuu. HOBBbIE TEOpHU OKa3bIBAIOT BO3JIEUCTBHE Ha
YCJIOBHS UCCJIEIOBAaHUS U HHTEPIIpeTanuio sspiaeHud (YexapuH, 2014). CBA3HW U OTHOIIIEHUS] HOBBIX
U CTapbIX TEOPUU 33/JaI0T HOBBIN «B3IJIsA/ HA MUP». DTOT HOBBIH B3TJISA/T HA MHUP U CITy>KaT OCHOBOH
IIOCTPOEHUsI HAYYHOW KapTHHBI MHpa. KocMuuyeckrue B3HAHHA JIAlOT HOBBIA HHCTPYMEHT
HCCJIEIOBAHUSA U ONTUCAaHUA KapTUHbI Mupa (CaBUHBIX, 2015a).

Kocmuueckoe 3HaHME YKJIQJBIBAETCS B TEPMHHOJIOTHYECKOE II0JI€ HAYKH KaK YTOUHSIOIIEe
MOHATHE TEeO3HAaHWE W OTJHYAIoIeecs OT Hero psafgoM cHenuuiecKkux ocoOeHHOCTEeN.
Kocmuueckoe 3HaHHE €CTECTBEHHBIM O0O0pa30oM pa3BUBAeT HANpaBJIeHWE KOCMUUYECKUX
HCCJIEIOBAaHUM M CO3/IaeT YTOUHSIOIIYIO IMHTBUCTUYECKYIO 00JIaCTh /I 3TUX UCCIET0BAHUH.

Hcnosib30BaHMEe Pa3/IMYHBIX 3€MHBIX HayK IPU HCCIIEIOBAHUM KOCMOCA, B KOHIE KOHIIOB,
TpeOyeT BBeJIeHHUs cBOel 00JsiacTH 3HaHHA. Takoi 00JIaCThI0 3HAHUS CMOKET OBITh KOCMHUUYECKOE
3HaHUe, KOTOpoe Oy/IeT CITI0COOCTBOBATh KOHIIEHTPAITUH U PA3BUTHI0 KOCMUYECKUX UCCIIEOBAaHUH.

4. 3axjIoueHue

PasBuTHe HayKyd IIpeArnoJaraer IEPUOJUYECKYI0 CHCTeMaTH3alluio 3HaHui. Hapsay c
cucTeMaTHh3arieil CylecTBYeT TEHAEHIIUS IOJydeHWs HOBBIX BHAOB 3HaHMA. MHOrooGpasue
OTpeJie/IEHU «3HaHUe» O00yCJIOBJIEHO OOBEKTHBHBIM Pa3BUTHEM HAyKH W IIPUMEHEHUEM 3THX
MIOHATUH B pa3INYHbIX chepax, UTo U MPU/IaeT UM CIEI[HATIbHBIA OTTEHOK, HAalpUMED, KOCMUYECKOe
3uanue. O6paiaer Ha cebst BHUMAaHHE TEH/IEHIINA B COBPEMEHHOM HAYKH TOJIyYEHNs] HOBBIX 3HAHUH
¢ mpuMeHenremM merozoB uHGopmatrku (KoBanenko, 2015, CaBUHBIX, 2015b) 1 reonHdpopMaTHKy
(CaBuHBIX, 2015¢).

CraThsl JOKA3bIBAET CYIIECTBOBAHUE MPSAMBIX CBA3EH MEXKAY IMPOCTPAHCTBEHHBIMH 3HAHUSAMU
(Papadias, Sellis, 1994; Waller, Hunt, Knapp, 1998; 1IBeTkoB, 2013), reo3nanusmu (Po3enbepr,
BosHeceHnckas, 2010; Kymarus, I[BetkoB, 2013; CaBuHBIX, 2016a; OkepeibeBa, 2016) u
KOCMHUYECKMMH 3HaHUAMH. OCOOEHHO TECHO 3Ta CBA3b MPOSBIISETCA IIPU HCCIEAOBAHUU
OKOJIO3EMHOI'O IIPOCTPAHCTBA B KOTOPOM IIHPOKO IPHUMEHSIOT METOAbl reOnH(pOPMATHKH, UTO
IIPUBEJIO K TOSBJIEHUI0 KOCMHUYECKOW reonHopMaTtuku. FIMEHHO KocMu4ecKasi TeonH(popMaTHKa
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CBA3BIBAET T'€O3HAHHWE M KOCMHUYECKoe 3HaHue. Bce 3TO fesaer AKTyaJIbHBIM HCCIIEJOBAHHE
KOCMHNYECKHX 3HaHPII>i, KaK HOBOI'O HAy4YHOTI'O (l)eHOMeHa.
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YK 52-32

OO0 OTHOIIEHUHU MOHATUH KOCMUYECKOe 3HAHUE, Te0O3HAHUE,
MPOCTPAHCTBEHHOE 3HAHUE

BuxkTtop IlerpoBuu CaBUHBIX -
a MOCKOBCKUH IOCyZlapCTBEHHBIN YHUBEPCUTET re0/ie3UU U Kaptorpadun, Poccutickas ®enepamnus

AnHoTanmuA. CTaTbs aHAIN3UPYeT TEPMUH KOcMUuecKoe 3HaHUe. CTaThsi 0OOCHOBBIBAET
BBeJleHHE TepMHHA KOCMUUYECKOe 3HaHUEe B COBPEMEHHOe TepMHUHoJoruueckoe mosie. Crarba
aHAJIU3UPYeT SBOJIIOIUIO IOHATUI: 3HaHUE, IPOCTPAHCTBEHHOE 3HAHUE re03HaHNe U KOCMUYECKOe
3HaHUe. CTaThs MOKA3bIBAET TECHYIO CBA3b MEK/Iy KOCMUUECKUM 3HaHUeM U reo3HanueM. Crarbs
PACKpBIBaEeT CO/iEpPrKaHre BaXKHBIX IPOCTPAHCTBEHHOTO 3HAHUA U reo3HaHusA. CTaThs MOKA3BIBAET,
YTO BTH CBOMCTBA IeEPEHOCATCSA B KocMuueckoe 3HaHHe. CTaThA NHOKa3bIBaeT creruduyeckue
OTJIMYUA KOCMUYECKOTO 3HAHUA OT IPYTUX BUAOB 3HaHUA. CTaThs J0Ka3bIBaeT BBeJileHNEe TEPMUHA
KOCMHYECKOe 3HaHUe B A3bIK COBPEMEHHON HAYKU.

KaroueBble cioBa: acrpodu3nKa, KOCMHUYECKHEe HCCIe[JOBAHUA, KOCMUYECKOe
IIPOCTPAHCTBO, OKOJIO3€MHOE IIPOCTPAHCTBO, KOCMUUYeCKHe 3HaHWsA, IPOCTPAHCTBEHHbIEe 3HAHUA,
reo3HaHus, MO/IeJIN, IPOCTPAHCTBEHHBIE MO/IeJIN, IIPOCTPAHCTBEHHbIE OTHOIIEHU A, JUHAMUYeCKue
MO/IeJI¥, KapTHHA MUpa.
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Abstract

This article describes the problem of asteroid and comet hazard. The article reveals the
history of the problem. This article describes a feature for monitoring the small celestial bodies.
The article proves the need for a global monitoring for solving the problem of asteroid and comet
hazard. Article assesses the danger zones of convergence of small celestial bodies with the Earth.
The article provides recommendations for the development of analytical software.
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1. BBegenue

IIpoGema acrepouaHo-KoMeTHOH omacHOcTH (AKO) cymecrBoBaia Bcerga. Ho crenensb ee
OTIaCHOCTH CTaJIa OCO3HABATHCS JIUIID B IOCJIEHEE BPEMS B CBSI3H C BBIIIOJITHEHUEM HCCJIEIOBAHUN
B BTOM o0s1acT ¥ WHGOPMHUPOBAHUEM IIMPOKUX CJIOEB HacesieHUs 00 3TOH yrpose. B mociienHee
CTOJIETHE 4YeJIOBEUECTBO IIOCTOSIHHO JKHBET II0J] KaKOH-TO YIPO30H BCEMY YeJOBEYECTBY.
C cepenuHbl MPOILJIOTO BeKa OCHOBHOM yrpo3oil Obuta simepHast BoiiHa (Crutzen, Birks, 1984).
3aTeM Ha ITlepBOe MEeCTO BBIIIIA yTPO3a 3KoJoTUUecKoi karactpodsl (Rees, 2003). B HacTosIee
BpeMsa nuimyT ©u rToBOpAT 00 yrpo3e AKO. He ciemyer cOpachlBaTh CO CUETOB U
OakTepuosioruueckoii opyxkue (Borio et al., 2002), KoTopoe MOKa He JOCTUIJIO KPUTHYECKHUX
OIacHOCTeH B MacIinTabe uejoBeYecTBa, HO PabOThI B 5TOM HAIIPABJIEHUU IIPOIOJI?KAIOTCH.
Tak>ke cyliecTByeT yrpo3a BO3HHUKHOBEHUS KOCMHYECKOH BOWHBI, ITOCKOJIBKY Hapall[MBaHUeE
pecypcoB B 3TOM HatpaBiieHuu npoaosnkaercs (erman, PackuH, 2008; CaBuHbIX, 1[BEeTKOB, 2013;
BapmuH u 1ip., 2013). CyIiecTByeTt yrpo3a KOCMHYECKOTO BTOPIKEHUsI, [IOCKOJIBKY 000POHUTEIbHbIE
pecypchl 4esloB€YecTBa B 3TOM OTHOIIEHUHM MU3EPHBI, TEXHUUECKUU YPOBEHb B OTHOIIEHUU
OCBOEHHUS U CYIIECTBOBAHUSA B KOCMHYECKOM IPOCTPAHCTBE IIPEYBETUUYMBAETCSA U OJIM30K K HYJIIO.
BMecTo MOJrOTOBKM K COBMECTHOMY OTPa*KEHUIO IMPOUCXOJIUT KOH(POHTAIUSA TOCYAAapCTB, YTO
TOJIBKO CHIDKAaeT OOOPOHUTENIbHBIA IOTEHIMAT dYesjoBeuecTBa. MOXKHO KOHCTAaTHPOBATh, YTO
YeJIOBEYECTBO JKWIO TIOJ[ Yyrpo3aMu U OyzeT KuTh 1oa HuUMHU. OJHAKO 5TO HE IOBOJ IS
IIeCCUMU3Ma, @ MOTUB K ITPOBEJIEHUI0 HAYYHBIX UCCIEI0BAHUH.

[ens wuccsenoBaHusA — aHAIN3 MPOOJEMBI aCTEPOUIHO-KOMETHON OMACHOCTA W aHAIN3
METO/IOB YMEHBIIIEHUS 3TOH OMIACHOCTH
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2. MaTepnaJI U ME€TOoAbI UCCIeAJO0BaHUA

B kauecTBe MaTepHasia HCIIOJIb30BaINCh pa6OTbI B obJiacTu HCTOPpHUH CTOJIKHOBEHUA
HeOecHBIX TeX C IIOBEPXHOCTBIO 3emsn. B kauecTBe MeETOAUKU MCCAEIOBAHUS IIpUMEHAICA
CHCTEMHBIN aHa/Inu3, HpOCTpaHCTBeHHbeI u BepOHTHOCTHbeI aHaJ/In3.

3. Pe3yabTaTrhl

JBosonuAa npooaemMsl. IIpobiiema acteponaHo-KOMeTHOU omacHocTu (AKO) mpusHaHa
6osee 30 Jier Hazaza. B OOH co3zan cnenuantu3upoBaHHbIN [I0AKOMUTET, 3aHUMAIOIIUKACSA 3TOMH
temaTtukoi (MHbopMalua o IpoOBOAUMBIX, 2005). COJTHEUHOH CHCTEMBI, KOTOPBIE B PE3YJIHTATE
CTOJIKHOBEHUs ¢ 3eMJIEN MOTYT IPUBECTH K KaTtacTpode obIerianeTrapHoro macirada (Jlomakux
U JIp., 2009; Kynarun u np., 2013). CyiiecTByIoliye JaHHbIE TO3BOJISTIOT IIPOBOAUTH HEKOTOPHIE
0000IIeHUsT W IIOSABJIEHUS OIIACHBIX OOBEKTOB M BEPOATHOCTEH THUIIOBBIX KAaTacTPO(GUUECKHUX
cutyanuii. ITosiBUIach BOBMOKHOCTh OOBEKTHUBHO OIIEHUBATh KJIIOUEBBIE ACIIEKTHI aCTEPOU/THOU
OIIACHOCTH ¥ HaMevaTh KOHKPETHbIE MePhI MPOTHBOeHCcTBUS (MEeHBIINKOB H JIp., 2010).

HakomieHHBIH OIBIT ITOATBEPXKIAAET PEAIbHOCTh YIPO3bl, B UYACTHOCTH, 3a IIOCJIETHUE
100 JieT 3eMJIsA MOABEPIVIACh aTaKe TPEX KPYIHBIX TeJI: TYHrycckoro — 1908 r. (BacuiabeB, 2004),
Opasmibckoro — 1930 T. (Bailey et al., 1995), CuxoT3-AJIUHBCKOTO — 1947 T. (CUXOT3-AJTUHBCKUN
’KeJIEBHBIH METEOPUTHBIN JI0Kb, 1959, 1963). YIaUHBIM SABJISAETCSA TO YTO STH aTaKU IMPOUCXOIUIN
B 0€3JII0IHBIX paliOHaX TAWTH U JUKYHIVIEH W B YCJIOBUSX OTHOCHUTEJLHO MAaJIOTO KOJIMYECTBA
JkuTesled 3emuin. Kpome TOro B 30He Ia/ieHUS OTCYTCTBOBAIN Pe3yJIbTAaThl COBPEMEHHOTO
r7100aJTBHOTO OCBOEHHs IUUIAHEThl TEXHUYECKUMH CPEACTBAMU: SIZIEPHBIE DJIEKTPOCTAHIINH;
Mopckue HedTaHble MIaThOPMbI; XUMUYECKHe MPEAIPUSITHA; MOTWIBHUKH PaZuOaKTUBHBIX
OTXOJZIOB; HedTemepepabaThIBaOIINE MOPEANPUATHS; TpaHCHAIIMOHAJIbHBIE He(DTEIPOBOIbI;
CyIllepTaHKephl, IepeBO3sAIIe HeDTEmpPOAYKTHI M TakK jJajee. JIOMOJTHUTEIBHO CYyIIECTBYET
OTIaCHOCTH IIOIAJIaHUsI B 30HYy BEUHOW MEP3JIOTHI, UTO IMPUBEJIET K OOJIBIIIOMY BBIJIEJIEHHIO Ta30B,
OTPABJIAIONIUX aTMOcdepy.

B HacTosilllee BpeMsl CTOJIKHOBEHHE Ja)ke ¢ HeOOJIBIIMM IO acTEPOUZIOM HJIM 0OJIOMKOM
KOMETHI, MOXKET IIPUBECTH HE TOJIPKO K JKEPTBAM M MaTepHAJIbHOMY yiepOy, HO U CTaTh OCHOBOM
Uil T100aJIbHOTO KaTakiau3Ma. Jlake TIIOmaZjaHHe TaKOro acTepoua B JIEJSSHOW IIOKPOB
AHTapKTHABI BBI3OBET IJIOOAJIBHO IOATOIIEHHE M MHPOBYIO Karactpody. IlomagaHue Takoro
acTepouia B 30HY pasjioMa 3e€MHOH KOpBI WJIM OdYara BYJIKAHUYECKOW aKTUBHOCTU MOJKET
CIIPOBOIIMPOBATh KaTacTpody II0 SHEPTETHKE IIPEBBIMIAIOIIYI0 HEMOCPEACTBEHHOEe COTHU pas
SHEPreTUuKy camoro Tesa. [lonaganue manoro HebecHoro Tena (MHT) B pacmosioskeHue aTOMHBIX
CTAHITUA MOXKET TIPUBECTHU K PAJUOAKTUBHOMY B3apa’kKe€HHIO0 TEPPUTOPUI, HaA IOPSIIKU
MIPEBBIMIAIOITUX 30HBI TOCJIEACTBUH YepHOOBUIBCKON aBapuHW. Bce 5TO JieylaeT akKTyaJbHBIM
MOHUTOPHHT ITPO0JIEMbI ¥ CAMUX TEX, a TAK)Ke Pa3pabOTKy Mep IPOTHUBOJIEHCTBUS.

I'/106a/IbHBIM MOHUTOPHUHT Kak OCHOBa KOHTpoJiaA AKO. I'7106a7bHBIH MOHUTOPUHT
SBJIAETCS €AUHCTBEHHBIM MHCTPYMEHTOM HAaOJIIOAEHNS KOCMUYECKUX 00BEKTOB IPU COOTHECEHUU
X B 3eMHYIO crucreMy koopauHat (Barmin et al., 2014; Eropos, IIBeTtkoB, 2012; Dunham et al.,
2013). [Ipumenenune reonH(pOPMAaTHKN, KOTOpas HHTETPUPYET AUCTAHIIMOHHOE 30HAUPOBAHHE,
reo/ie3rio U KapTorpaduio, MO3BOJIHIIO CO3/IaTh CUHTE3 KOCMUYECKOTO U reonH(GOPMAIIHOHHOTO
MOHUTOpPUHTA. ['eorHGOPMAIMOHHBIA I100aJIbHBIE MOHHUTOPHUHI OCHOBAaH Ha (DOPMUPOBAHUU U
npuMeHeHun reofaHHbIX (CaBuHbBIX, IIBETKOB, 2014), KOTOPBIE SIBJISAIOTCA CHCTEMHBIM
UHQOPMAITMOHHBIM  pPECypcOM ¥  IIO3BOJISIIOT ~ MPOBOJWTH  MHOTOACIIEKTHBIM  aHAIU3
MHOTOYKC/IEHHBIX SIBJICHUH.

I'7106a1bHBI MOHUTOPHHT 10 OTHOIIEHUIO K 3eMJie pa3/essaioT Ha BHEITHUH U BHYTPEHHUH
MOHUTOPHUHT. BHYTpeHHUH MOHUTOPUHT HaIpaBJieH Ha U3y4eHHe ITOBEPXHOCTU 3eMJIH. BHeIHui
MOHUTOPUHT HAIlpaBJIeH B CTOPOHY ITPOTHUBOIOJIOKHYI K 3emsie. VIMEHHO 3TOT MOHHUTOPHHT
npuMeHuMm uid caexxeHuda 3a AKO. Bo BHelIHEM MOHUTOPHHTE BBIJIESAIOT CIIEAYIOLIYIO
KOOD/IMHATHYI0 HEPApXUI0: OKOJIO3€MHOM, TeOJIUOIeHTPUUECKHUH, JajlbHUN KocMoc (CaBUHBIX,
IIBeTKOB, 2012). BIAEIISAIOT CIEAYIONINE KIOUEBbIe XapaKTEPUCTUKH COBPEMEHHOTO MOHUTOPHHTA
[Bouayp um gap., 2004; Tsvetkov, 2012): BuUA MOHHUTOPHHIA, OOBEKT MOHHTOPHHIA, IIE/Ib
MOHUTOPHUHTA, I10JIE MOHUTOPUHTA, CUCTEMA MOHUTOPHUHTA, METOJbl MOHUTOPHWHTA, TEXHOJIOTHS
MOHHUTOPHUHTA.

Ilosie MOHUTOPHUHTA — 5TO 00JIaCTh BO3MOKHBIX OOBEKTOB U SIBJEHUH, JIJII KOTOPBIX MOXKET
ObITh TIPUMEHEH JaHHBIA BHJ MOHUTOPUHTA. IloJle MOHUTOpDHWHTA OIPENEsAeTcss MEeTOAaMH
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HaOmoeHuii U1 00paboTKM W HAOOPOM HCXOJHBIX JAaHHBIX. UeM Iupe HAOOpP TEXHOJIOTUH H
METO/IOB, KOTOpPblE MOXKHO HCIIOJIb30BaTh MPH MOHUTOPHUHTE, TEM IIIUpe I10Jile MOHHUTOPHHTA.
OOBEKT MOHUTOPUHTA — 3TO KOHKPETHBIH 00BEKT, 32 KOTOPBIM BezieTcsl Habsoienne. O60beKTOM
MOHHUTOPHUHA B JIaHHOM ciydae sBisietcsi AKO. AcrepoupHO-KOMETHasi OMacHOCTh — YyTpo3a
HAaHECEHUsI CePhE3HOr0 yinepba YeloBeuecTBY B pe3yJIbTaTe CTOJKHOBEHUs KOCMHUECKUX TeJl
pasmepoM 0oJiee HECKOJIBKO JEeCATKOB MeTpoB ¢ 3eMuieil. OOBIYHO, HIDKHIOIO TPAHUILy pa3MepOB
oIlacHOro Tejia ompezaenseT B 50—100 Mm (CaBenbeB, 2014). CpeaHsAsA OIleHKa DSHEPTHU,
BBIJIEJIAIOIIENCST TIPU CTOJIKHOBEHWH Teyla 60—70 M, CpaBHUMA C OHEPTHEHd MOIITHOTO
TepMOosiepHOTO B3pbiBa (XouH, ['oyoBemKuH, 2011).

B Hacrosimmee Bpems uH(POPMAIMOHHBIA (OHA MOHUTOPUHTA OITACHBIX HEOECHBIX TeJl
BKJIFOYAET:

- KOMILIEKC HOPMAaTHBHO-CIIPABOYHBIX MAaTEPHAJIOB, HUCIIOJIb3yeMbIX MPU (GOPMUPOBAHUH
0a3 JaHHbBIX;

- CUCTEMATH3WUPOBAHHbBIE B OIPEJIEJIEHHOM IOPS/IKE MHOTOJIETHHE JIaHHbIEe HAOJIIO/IEHUS
3a OTaCHbIMU HeOEeCHBIMHU TeJIaAMU;

- KOMILJIEKC CTaTHUCTUYECKUX ITOKa3aTesel, XapaKTepU3YIOIIUX ITOBeJIEHHE U 0COOEHHOCTH
OTIaCHBIX HEOECHBIX TeJT;

- CHenHuaJu3UpOBAHHBINA KapTorpaduueckuii GOoH/I.

JlaHHbIe CBeJIeHHUs MOTYT IIOCIY>KUTb OCHOBOW /I (OPMUPOBAHUS PETHMOHAJIbHBIX
MHOOPMAITMOHHBIX pecypcoB. OmHako 1A UX 3(P@PEKTHBHOTO HCIOJIB30BAHUA HEOOXOIMMO
pa3paboTaTh MHTETPAIIOHHBIE METOAUKH CO3TAHUA COMPSKEHHBIX MAaCCHBOB JJAHHBIX U METOJIOB
MIOJTyYeHUsT ITPOU3BOAHBIX IIOKasaTesJeldd W WHAUKATOPOB Ha 0Oa3e IIPUBEEHHBIX HCTOYHHUKOB
WHOpPMAITUK, U CYIIECTBYIOIINUX PETHOHAIBHBIX 3JIEKTPOHHBIX HWH(OPMAIIMOHHBIX PECYpPCOB.
Takue TeMaTuueckre HaOOPHI TAHHBIX MOTYT IOCTY>KUTh OCHOBOU JIIs1 (POPMHUPOBAHUSA TOU YaCTU
MH(POPMAITUOHHBIX PpeCcypcoB, Ha 0a3e KOTOpPbIX OyAyT NIPOTHO3UPOBATh IOCJIEICTBUSA
B3aUMO/IEMICTBUSI C OIIACHBIMU HeOecHbIMU TejaMHu. JG@EKTUBHOE HCIIOIb30BAHNE TaKOU
nHbopMaruu 6a3upyeTcsi Ha WHTETPAlMOHHBIX METOJUKAX CO3JaHUS CONPSIKEHHBIX MacCHBOB
JIAHHBIX ¥ METO/IOB IOJIyUeHHUsI IIPOU3BO/THBIX ITOKa3aTesIeld U HHUKATOPOB.

B umciie OCHOBHBIX 3a37jlad CHUCTEMBI MOHHTOPUHTA OIIACHBIX HEOECHBIX TeJl B acIeKTe
nHGOpPMAITMOHHOU mo/ep:KKu (CaBUHBIX, 2014) pPacCMaTPUBAIOTCSA: KaTAJIOTH3AIMSA OIACHBIX
00'BbEKTOB, BBISIBJIEHHE CPEIU HUX TaKUX TeJI, KOTOPble HAaXOAATCS Ha TPAeKTOPHAX CTOJIKHOBEHUS
c3eMsiell Ha WHTEpBaJie BPEMEHU OT HECKOJbKHUX YacOB /IO HECKOJbKO JIECATWIETHH |
ompezieJieHHEe TI0JIOCHI Ha 36MHOH ITOBEPXHOCTH, B IIpejiesiaX KOTOPOW BO3MOJKHO TajleHue Tesa
(Tmos10ChI prcKa).

AHainu3 o0beKTOB, cOoMmKaIIuxXca ¢ 3emaei. I[Tog o0bekTaMu, COMMKAIOIMIUMUCS C
3emsient (OC3), HOHUMAKOT acTEPOU/IbI 1 KOMETHI, YbH OPOUTHI COTMIKAIOTCA ¢ OPOUTON 3eMyIH Ha
paccrosiHue He 60J1ee 50 MJIH.KM (TOYHee, IepUTEINITHOE PACCTOSTHUE OPOUTHI g < 1.3 a.e.). I3 nx
YHCJIa BBIZIEJISIOTCSA MOTEHITUAIBHO omacHble 00beKThl ([T00), moa KOTOphIMU MTOHUMAIOT Tela,
YbU OPOUTHI COMMIKAIOTCA ¢ OpOUTON 3eMJTH 10 MUHHUMAJIBHOTO PACCTOSHUSA, HE TPEBBIIAIOIIETO
7.5 MJIH.KM (q < 1.05 a.e.). YIPOIIEHHO MOKHO CUMTAaTh 0CO00 OMAaCHBIMU OOBEKTAMH TE, UbHU
TPAeKTOPHUHU IIE€PECEKAIOT IMOJJIYHHOe IpOCTPaHCTBO. OIMACHBIMU CYUTAIOT OOBEKTHI, KOTOPBIE
mepecekaroT 3aJyHHOe mpoctpaHcTtBo (Bapmus u Jip., 2014). Ects Touka 3penus (Illycros, 2010)
CYUTATh OMACHBIMH TeJla Ha OpOUTAX, MPOXOAINIUX OT 3EMJIM HA PACCTOSHUAX JI0 20 PANYCOB
JIyHHOU opOuThl. OCHOBAHME /IJIsI 3TOTO SBJISIETCS TO, YTO:

1. B Takux mpenesiax MOKHO OKHJATh W3MEHEHUS PACCTOSHUN MeEXKAy OpOUTaMU IIOJ
BJIMSTHUEM ILIAHETHBIX BOZMYIIIEHUH.

2. JTa BeJIMYMHA — XapaKTEPHBIM MaciTab 00J1acTH HeOIpPeIeJIEHHOCTH OPOUTHI Majioro
TeJla BCJIEJICTBHE HETOYHOTO 3HAHWA IIapaMETPOB JBHUKEHHUS DTOTO Teja B HACTOSAIIYIO BIIOXY.
IIpu BecoMOli BEPOSATHOCTH BCTPEUH acTepouza ¢ 3eMJéd oH cumtaercs yrposkawomum (Ilycros,
2010).

3a moceHuEe TO/IBI BO3PACTaeT HCC/IEOBATENIbCKAsA AaKTUBHOCTh B JIAHHOM ITPEIMETHOU
obstactu. O0OBEKTaMU HCCAEAOBAHUS U HAYYHOU Pa3pabOTKU SIBJISIOTCSA: METO/BI M IIPOTPAMMBbI
pacuera TpaeKTOPUH KOCMHYECKUX OOBEKTOB B KOCMOCE, METOJAbl IPOTPAMMbBI pacyeTa
MOCIEZICTBUN yZlapa Tejla O TIOBEPXHOCTh 3eMJIM. B TeXHWYeCcKOM IIJIaHe CYIIECTBYIOIIHE
pa3pabOTKKU HAIIpaBJIEHbI IMPEUMYIIIECTBEHHO HA: pacueT TPAeKTOPUHM U TOBeAEeHUS OOBEKTa,
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KATJIOTH3AIMI0 OIACHBIX OOBEKTOB, pacyeT TOYKH BXo/la B arMocdepy, TOUKH yaapa Hu
IIOCJIE/ICTBUH, BUSYAJIN3AIMIO BCEX ITOyYeHHBIX JJAHHBIX.

IlesecooOpa3HbIM  IIPEJICTABIAETCA CO3JJaHHE KOMIUIEKCHBIX CHCTEM JUI  pacyeTa
IIOCJIEZICTBUH TeX WJIM WHBIX CUTYaI[Ui, TPeOYIOIIMX BMeIlaTesbcTBa. I aHamM3a CUTyanusd U
pacuera TpaeKTOpHUN HeOeCHBIX TeJ HeOOXOAMMO CO3J/IlaHHe IIPOTPAaMMHOTO obecrevyeHus.
OCHOBHBIMH TpPeOOBaHHUAMU, IPEABABIAEMbBIMU K IIPOTPAMMHOMY OO€CHeYeHUI0, SBJISIOTCSA
ceaymolue:

® CICTEMHOCTb, COCTOAIIAA B paliMOHAIbHON KoMmo3uruu [10 /1 oxBaTa OOJIBIIETO YHCIA
3aJ1a4 UCCJIe/IOBaHUA;

® OTKPBITOCTD, COCTOSAIAsA B CIIOCOOHOCTH CUCTEMBI K PACIIMPEHHIO COCTaBa IMPOrPAaMMHBIX
CPEICTB;

e yHU(DUKAIYA, COCTOAINAA B IIPUMEHEHUU THUIIOBBIX, YHU(MPUIUPOBAHHBIX IIPOEKTHBIX
pereHui 11 6;I09HOT0, MO/TYJIBHOTO IIOCTPOEHUS CUCTEMBI IIPOTPAMM B IIE€JIOM;

e THOOPMAIIOHHOE COOTBETCTBUE COCTOAIIAS B IPUMEHEHUH COTJIACOBAHHBIX MEXy cOO0M
110 popMaram, CTpyKType U TUIIaM JJAHHBIX [IPOTPAMMHBIX IIPOJYKTOB.

K crnenmasnbHBIM TpeOOBaHUAM, IPEABABIAEMBIM K CHCTEME ITPOTPAMMHOIO OOecreveHus,
OTHOCATCSA:

® KOMIUIEKCHAsA MHTerpanus OCHOBAHHAsA Ha NIPUMEHEHUHM TeOJJaHHBIX KaK OCHOBHOTO
CpeJicTBa IpH aHAINU3€e U 00paboTKe MPOCTPAaHCTBEHHOW NH(MOpMAIUH;

® CEMAHTHUUYECKOEe €JIMHCTBO MOjieJied, COCTOAINee B HCIOJIb30BAHUU HHQOPMAIMOHHBIX
eIMHUI] KaK OCHOBBI IIOCTPOEHUS Mozieseld U MHGOPMAIMOHHBIX CUTyallUs KaK COBOKYITHOCTU
Mo/iesiel OCBeIA0IIUX PeaIbHYI0 CUTYaINI0 B KOCMUYECKOM IIDOCTPAHCTBE;

ITpo6aema AKO cBsizaHa ¢ 00J1aCThIO HCCIIEZIOBAHUSA MaJIBIX HEOECHBIX TeJl. YCTAHOBJIEHO,
yro MHT wumeror HeperyaspHyio dopmy (Hsipros, 2012). [To3ToMy OmHMO0YHO CBS3BIBATh
BOpOHKY oT nazienusa MHT c ero pazmepamu. /laxke apTU/LZIEpUCTBI 3HAIOT, YTO pa3Mep BOPOHKU
3aBUCUT OT 3apsA7ia U ero B3pbIBHOTO 9KBUBAJIEHTA, a He OT reOMeTPUYeCKUX Pa3MepoB CHapA/aA.

OnHUMM U3 OCHOBHBIX METOJIOB B3alllUThl CUYUTAeTCA pakeTHasd aTaka [3aiines, 2000;
[ITanenko, 2011]. B aTOM cirydae yrposa CyIeCTBEHHO YMEHBIIIAETCA JaXKe eCJT 3HAYUTEJIbHOE
YHCJIO OCKOJIKOB momazer Ha 3ewmuto. [Ipm pasgpobsieHnM Teja Ha IMOPAIOK YBEJIMYHBAETCS
ITIOBEPXHOCTh CONMPUKOCHOBEHUS OCKOJIOUHOW COBOKYIHOCTH ¢ armocdepsl 3emusin. Menkue
OCKOJIKUA TIPOCTO CTOPAT, OCTAJbHBIE CTOPAT YACTUYHO, YTO YMEHBIIUT KMHETHYECKYI0 DHEPTUIO
ATUX TeX U 0CJIA0UT y/IapHOE BO3/IENCTBUE.

UTo Kacaercsi TOYEK CTapTa S/IEPHBIX PAKET TO IejiecOO0pa3HO COo37aHHWe TakOoW 0a3bl Ha
JlyHe. B aTOM Cily4ae CylleCTBEHHO IOBBIIIAETCA ONEPAaTHBHOCTb PA3TOHA PaKeT U COKpalllaeTcs
IIOJIJIETHOE BPEMs JI0 OMAacHOTO o0BekTa. BmobaBok 3emisa Oyzer uzbaByieHa OT U3JIUIIHETO
9KOJIOTUYECKOT0 3arpsA3HEHUS.

4. O0cy:kaenune

[leproueckd B pPa3BUTHUU ITUBWIM3AIMH BO3HHUKAIOT IPUOPHUTETHBIE IPOOJIEMBI yTIPO3
yesioBeuecTBy. JI0BOJILHO JIOJITO OCHOBHOU ITPOOIeMo ObLIa siiepHast BoiHA. [1032ke BBISCHUIIOCH,
YTO SKOJIOTHYecKass kaTtactpoda 6osiee peasibHa U Oosiee omacHa. OHa craysia mMpobseMoll HoMep
onuH. B mociemHWEe TOABI TOBOPAT 00 AacTepOUIHO-KOMETHON OIACHOCTH, KOTOpas OoJiee
aKTyaJibHa U OoJiee OTlacHa, YeM HKOJIOTUUECKOe 3arpsI3HeHNe WU s/IepHas BOMHA.

HecmoTps Ha Hastmyme mpo0JIeMbl, He CYIIECTBYET €/IMHBIX TOUEK 3PEHUS Ha ee pellleHre U
yMeHbIIIEHNE PUCKA. ITO 00YCIOBJIEHO CYIIECTBEHHO PA3HOW MEHTAJbHOCTHIO PA3IUYHBIX TPYIII,
KOTOpPBIE CKJIOHHBI 3TOU IpoOJIeMOU 3aHUMAaThcsA. ['pyIima BOEHHBIX HalleJeHAa Ha YHUUYTOXKEHUE
KOCMUYECKUX OOBEKTOB, MPUOIIMKAIONNXCA K 3emse, YTO XapaKTepHO I 3TOW TPYIIIBL
BapbiBaTh 1 YHUUTOXKATh — UX Ipodeccusi 1 OoIbllle OHU HUYEero He MoryT. OHU He TTOHHUMAIOT,
YTO KOMETY YHUUTOKUTD HEJIb3s1, TeM O0JIee ee XBOCT.

3HauyuTeIbHASA YacTh (HO He Bce) YUEeHBIX PACCMATPUBAET aCTePOU/ITHO-KOMETHYIO OIIaCHOCTh
KaK WHTEPECHBIN HAY4YHbBIH (peHOMEH JIOCTOWHBIN u3ydeHwus. McciaenoBanue 3Toro eHOMeHa UX
3aHHMaeT MHOTO 0O0JIblile, YeM OLleHKA PeaJIbHON CUTYaIluU U ee IPeJ0TBPAIeHNsA, KOTJa HEKOMY
Oyzet uTo-TO M3y4aTh. IIOJIMTUKHU, KOTOPbIE TOBOPAT 000 BCEM, HO HUYETrO HU B YeM He IIOHUMAIOT,
HAJIEIOTCA HA «aBOCh», MIOCKOJIBKY HE IPEACTABJIAIOT IMOCIEACTBUUA CUTYAIlUW W MPUBBIKIA TaK
MIOCTYTIaTh BCET/A.
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I'ymanutapuu u 0cOOEHHO «3eJIeHble», B TIEPBYIO OUYepeb IMTPOTUBOAEHCTBYIOT BOEHHBIM H
roBOpAT 00 BKOJIOTHH, XOTs B ciydae nmpeneseHtTa AKO He OyZeT HUKAKOH 9SKOJIOTHH.
[IpencraBuTesy peJIMTHO3HBIX KOHI[ECCUH YTIOBAIOT HA BCEBBIIIHETO U HUYETO HE JIeJIatoT.

TosibkO HeOOJIbINIAs TPyINIa yUYEeHBIX IBITAETCA JaTh KOMILIEKCHYIO OIEHKY BO3MOXKHOM
CUTyalli¥, OIIEHUTh OOBEKTUBHO TIIOCIEACTBUA TpelefeHTa U BbIpabOTaTh CTPATETHIO
IIpeIoTBpaIeHus mnociencTBuii. Ho Takux y4eHBIX CMOTPSAT, KaK Ha BparoB B IIEPBYIO OYEPED
IIPABUTEIBCTBA CTPaH, IOCKOJIBKY OHHM TPeOyIOT CO3/JaHUs pecypca 3alluThl, KOTOPBIH Tpebyer
CYIIIeCTBEHHBIX OIOJ/IPKETHBIX 3aTpar.

5. 3aKJII0OYeHue

IIpo6rema AKO obGcy:xmaercss kKak 3a pybexkom, Tak u B Poccuu. OfHaKO 710 CEro BpeMeHU
YeTKUX PeIlleHUu, MPU3HAHHBIX MEXXAYHApOJAHBIM COOOIIECTBOM He mosiydeHo. CKopee Bcero,
Poccuu mpuziercs ogHOW OTpaskaThb STOT OMACHBINA yAap, UCIOJb3ys CBOU pecypchl. OTHAKO U B
Poccuu Takike He cHOPMHPOBAHO €IMHON KOHIENIIMU. B 5TOM HamIpaB/IEeHUU CYIIECTBYET
IIIUPOKOE TIOJIE JIJII MOJEJMPOBAaHUA YHU(MHUKAIUA U ONTHMH3AIUH IPOIECCOB MOHHTOPUHTA,
aHaJM3a W METOJ0B IpeNoTBpalleHusa yrpo3. B meaom mpobsema AKO Tpebyer manbHEHIIEro
WU3yYeHUs1 U IPUBJIEUeHUs] HOBBIX METOJOB aHAIW3a U KOHTPOJISA. PemmwuTh 3Ty mpobsieMy MOTyT
TOJIBKO YU€EHBIE.
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YK 52-32
ITpoG1eMBbI aCTEPOUTHO-KOMETHOH OITAaCHOCTU
BuxkTop AxoBiieBuy 1{BeTkoB 2"

allenTp dyHIAMEHTAIBPHBIX U IlepceKTUBHBIX HccaeqoBannit HUMAC, r. Mocksa,
Poccutickas @enepanus

AHHOTamuA. PackpriBaloTcss 0COOEHHOCTH MPOOJIEMBI aCTEPOUIHO-KOMETHOH OIIACHOCTH.
Onucana wucropus npobsiembl. ITokazaHa 0COOEHHOCTh MOHUTOPUHTA 3a MaJIBIMA HeOECHBIMHU
tejaMu. [lokazaHa HeOOXOAMMOCTh IPHUMEHEHHS IJI00AJIPHOTO MOHUTOPHWHTA IPHU PelIeHUU
po0JIeMbl aCTEPOUHO-KOMETHOU ONACHOCTH. JlaHbI OIEHKU 30H OIACHOTO COJIMIKEHUS] MaJIbIX
HeOecHBIX Tesl ¢ 3eMuiel. JlaHbl peKOMeHallMH 10 pa3paboTKe aHAJTUTUYECKOTO ITPOTPAMMHOTO
obecrieueHUsbI PEKOMEH/IAITIH 10 pa3paboTKe aHATUTUYECKOTO POTPAMMHOTO 06ecIieueHus.

KiaioueBble cJIOBa. KOCMHYECKHE WCCIIEOBAHUA, AaCTEPOUIHO-KOMETHAs OIaCHOCTD,
Mastble HebecHbIe TeJla, UH(GOPMAI[MOHHbIE TEXHOJIOTUH, AaHAJTU3.
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Corona Heating Problem from the Standpoint of ZPF Radiation from Vacuum
Takaaki Musha 2"

a Advanced Science-Technology Research Organization, Yokohama, Japan

Abstract

The corona heating problem in solar physics relates to the question of why the temperature of
the Sun's corona is millions of Kelvin higher than that of the surface. The author proposed in his
paper that cosmic background radiation might be due to Cherenkov radiation from superluminal
particle pairs created in a ZPF field of the vacuum. By using this theory, it can be shown that that
the corona heating problem can be explained by Cherenkov radiation from superluminal particles
created from the ZPF field in the hot plasma of the Sun

Keywords: Cherenkov radiation, Superluminal particle, ZPF field, Corona heating problem.

1. Introduction

The corona is the furthest layer from the sun's core, but it's still incredibly hot — and the
reasons for this strange 'layering' of our nearest star are still a mystery.

Conventionally, the Sun is considered to be a natural nuclear fusion reactor, which is
powered by a proton-proton chain reaction which converts four hydrogen nuclei into helium,
neutrinos and energy. The excess energy is released as gamma rays and as kinetic energy of the
particles, including the neutrinos, which travel from the Sun's core to the Earth without any
appreciable absorption by the Sun's outer layers.

The corona heating problem in solar physics relates to the question of why the temperature of
the Sun's corona is millions of Kelvin higher than that of the surface. The high temperatures
require energy to be carried from the solar interior to the corona by non-thermal processes,
because the second law of thermodynamics prevents heat from flowing directly from the solar
photosphere, or surface, at about 5800°K, to the much hotter corona at about 1,000,000 °K
(Erdelyi, Ballai, 2007). Many coronal heating theories have been proposed, but two theories have
remained as the most likely candidates: wave heating and magnetic reconnection (or nanoflares)
(Malara, Velli, 2001). Through most of the past fifty years, neither theory has been able to account
for the extreme coronal temperatures.

The author presented the possibility in his article that cosmic background radiation (CBR)
might be due to the Chrenkov radiation from faster-than-light virtual photons created in a zero-
point-fluctuation (ZPF) of vacuum (Musha, Hayman, 2013). By applying this theory, the author has
proposed another possibility to explain that the corona heating problem can be explained from
Cherenkov radiation from the ZPF field.

* Corresponding author
E-mail addresses: takaaki.mushya@gmail.com (T. Musha)
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2, Discussion

Chrenkov Radiation from Superluminal Particles Created inside ZPF Vacuum

The author has shown in his paper that faster-than-light phenomena can be permitted for
highly accelerated elementary particles if they have a very small mass compared to that of the
electron (Musha, 1998). By using this theory, Cherenkov radiation from pairs of superluminal
virtual particles created from the ZPF field can be estimated shown as follows (Musha, 2005).

From the wave equation taking account of the special relativity (i.e. Klein-Gordon equation)
given by

el
ih—=Hy, 1
ot v (1)

where H =,/ p®c®> +M?%c* (p: momentum of the particle, M : effective mass) and v is a
wave function for the particle, the following equation can be obtained for the accelerated particle;
61// i
———p**+M%y , (2)
op Man P v
where a is a proper acceleration of the virtual elementary particle created from ZPF field.

If virtual particles are created inside the quantum region, which size is |, the proper
acceleration of them becomes

1 Ap
= AL | ; (3)
from the uncertainty of momentum and energy given by Ap-l=#% and AE=Ap-cC

respectively, when we let AE =mc?and At =1/c.
From these equations, the probability of the accelerated particle to tunnel through the light
barrier can be given by (Musha, 2009).
T(w) = exp(—y -1 @) , (4)
where | is a Plank length and

7:_3Iog3—2+3log(h/c) ~562x107 | =)

NE

If a pair of superluminal particles created from the ZPF background have an electric charge,
they radiate photons at the angle of 8, = cos™(1/ n) as shown in Fig. 1, where 0, is a half-angle of

Chrenkov radiation from the particle moving at the speed of f (=v/c) and n is the index of
refraction, which equals to unity in a vacuum.

Thermal radiation
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\ .y
K
j N

[ /f\ Cherenkov radlai]on
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l Thermal radiation

Fig. 1. Cherenkov radiation from tachyon pars created from ZPF field
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According to the SED theory, small fraction of energy from electromagnetic field generated
by Cherenkov radiation from pairs of virtual superluminal particles can be emitted as blackbody
radiation shown as (Musha, 2009).

" 5 i ke—khwl kgT " , . 1
W 0] W
= T () X2 = expl—y | w)-| expl — |-1| , 6
plo) 273 (@) ie—khw/kBT 27%c? p( 4 pa)) [ p(kBT] } ©
k=0

where K is a Boltzman constant and T is a temperature of radiation.

Then the energy density of Cherenkov radiation generated from pairs of superluminal
particles can be given by (Musha, 2009).

-1
0 h 0 ho
Pe = 2.'.0 plw)do = ﬁjo o’ exp(— 4 Ipa))- {exp(kB—TJ —1} dw

keT* = 6 kiT*
= ﬁjo x° exp(—ax) /[exp(x) —1]dx :?;3—03 C(dl+a), )
where ¢'(m,n) is a Hurwitz zeta functionand a =y | kT /7.

From which, the energy density of Cherenkov radiation from pairs of superluminal particles
created from the ZPF field can be estimated.

Light Speed inside the Plasma Field
Inside the medium of electromagnetic field such as inside the plasma, the wave propagation
can be described by (Drummond, 2013)

2
roth—go,uO(1+ e'N

wE, sinwt , (8)
gom(a)ez _a)z)J °

where M is a mass of electron, € is its charge, N is a density of electrons and ®, is a
resonant frequency of electrons given by @, =+/Ze’/a,m (a,: electron polarizability) which

satisfies @, > (upper frequency of visible light).
From which, the light speed in the plasma becomes

e’N
=/ pe— SN
¢ c/\/ " g,M(w? — w*) ©

Then the energy density generated by Cherenkov radiation from virtual superluminal
particles created from ZPF vacuum can be given from Egs. (7) and (9) as

_ 3/2
ho® o’ ho 1 o,
@)= expl—y-1 @ t+— |lexp -2 |-1| |[1+—" | , (10
PO o O T o) [p[ kBTj M @ -oy)

where @, = \Je’N/g,m.

For the case when satisfying @, >> @, we have

2
)
1+ 52— ~1+&?, (11)
w; —®

where ¢ =0,/ @,.

If the effects of the electron thermal speed are taken into account, the electron pressure acts
as a restoring force as well as the electric field and the oscillations propagate with frequency and
wave number, then the plasma frequency can be given by (Andreev, 2000)

w; = wh, +3k*V?, (12)
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where K is a wave number and V is a velocity of electrons.

In the medium where the speed of light is reduced, it is still possible that other high energy
particles, such as electrons, move faster than the speed of light and hence Cherenkov radiation is
produced.

In the hot plasma, the speed of light can be given by

c'=clVl+eg'?, (13)

where ' is the light speed in plasma, C is the speed in a vacuum and &' is

&' = \|ws, +3k*V? | o, (14)

then the calculation result of ¢'/c can be shown as Fig. 2, when we let @, =8x10" and
o, =1.78x10°.

pe

i:',n"i:

w e

Fig. 2. Calculation result of the value v/c vs. ¢'/c

From this figure, it can be seen that the speed of light decreases when the speed of electrons
inside plasma approaches the light speed in vacuum.

Energy Generation by Chrenkov Radiation from the Plasma Field inside Corona

The core of the Sun is considered to extend from the center to about 0.2 to 0.25 solar radii,
which has a temperature of close to 13,600,000 °K . This is hot enough to create conditions
nuclear fusion, where atoms of hydrogen are fused together to create helium.

As solar radiation can be regarded as blackbody radiation, the energy density of thermal
radiation from the core can be obtained by (McMahon, 2006).

8 o’dw i kgT!

Pe = 2 IO exp(ho/k,T)-1 15 1%c®

(15)

From Eq.(10), the total energy density by Cherenkov radiation p; can be given by

-1
r_of” o\a2 M’ ( 2 ) ho
Pc ~2L (1+8 ) mexp— l+¢ }/Ipa) | EXP kB—T -1 dCO, (16)
From which, we have
, (1+g/2)3/2 '
Pe zGWC(Mm), (17)

where a' =V1+&"%a
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As the vacuum can have a temperature due to electromagnetic waves inside of it, then the
ratio of the energy density radiated by Cherenkov effect from the ZPF field and the energy density
of blackbody heat radiation of the Sun becomes

R~ p.!p: >9—?(1+52)3/2§(4,1+a'), (18)
Vs

The electrons accelerated in solar flares have very high velocities as a 30 keV electron has a
speed of about 100,000 km per second, one-third the speed of light. The highest energy electrons
accelerated in many flares travel at nearly the speed of light.

From Eq.(18), the ratio R considering the effects of the electron thermal speed can be
estimated as shown in Fig. 3 inside the hot plasma where T = 20000°K .

Z00

1745
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/o100
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50

25

] o_5 1 1.5 z .5
Wi

Fig. 3. The calculation result of v/c’ vs. R

In media where the speed of light is reduced, it is still possible that other high energy
particles, e.g. electrons, move faster than the speed of light in this medium.

From Fig. 2, it can be seen that the electron can move more than about 2.5 times the light
speed in hot plasma of the Sun. Then the radiation energy reaches over 150 times the radiation
energy of heat from the Sun as shown in Fig. 3.

This might explain that the corona is heated by the energy source except for the heat energy
from the surface of the Sun and the temperature increased for the far-side from the surface of the
Sun because the electron speed may be accelerated to the light speed in the plasma of outer space.

Hence we can consider that the heat by thermonuclear reaction of the core can induce the
thermal radiation at the furthest layer from the sun's core by Cherenkov radiation from ZPF field of
the vacuum and high temperature can be observed inside the corona outside of the Sun.

3. Conclusion

From the theoretical analysis, we can see that the heat by thermonuclear reaction of the core
can induce the thermal radiation at the furthest layer from the sun's core by Cherenkov radiation
from ZPF field of the vacuum and high temperature can be observed as the corona outside of the
Sun. By the astronomical observation, the solar corona above the optical surface of the Sun has a
temperature of 1,000,000 °K , which shows that the corona is heated by something other than the
high-energy photons released in fusion reactions inside the Sun. For the explanation of these
observation results, we need to reconsider the present solar model and another explanation of the
solar energy source must be studied including Cherenkov radiation from the ZPF field.
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