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On the perturbative gravity and
quantum gravity theory onia curved
background.

1. Second-order gravitational

Lagrangian decomposition*
{Revised version})

Bogdan Dimitrov

High Energy Astrophysics Section, Space Research Institute, ':
_ Bulgarian Academy of Sciences |

Introduction and motivation for this research |

The theory of gravitons-quantized gravitational perturba-
tions. has important implications in the present wormhole theory [1] and in the |
contemporary inflationary universe scenario [2]. -J

The old. fundamental theory of quantum gravity, developed by Bryce |
Dewitt [3-6], provides the general theoretical background for the definition of |
the S-matrix, the effective action and etc. - all of them relative to a background |
field. This field was not specified, but most important, it was zissumed to be fixed |
and asymptotically flat. As Bryce Dewitt himself remarks in his well-known pa- |
per [3], “the extension of the theory to worlds in which spacettime is not asymp- ?
totically flat remains a program for the future’. Later on, the necessity to con- 5
struct a gauge invariant effective action, based on the icop exﬁpansion [7land the '
inclusion of ficticious particle loops [8, 9] lead to an investigation of the|

*Work supported in part by the National Science Feundation of Bulgar% under grant Ne NP- I
733 !



perturbative gravitational Lagrangian structure. In this Lagrangian the metric is
decomposed into a flat background metric, denoted by & (g the p-dimen-
sional Kroneker symbol) and also a fluctuating metric / . , identified with the
graviton field [9]:

(1) 2= 4

Again, the assumption about a flat background metric is a Very conven-
ient one because from the invariance of the metric under an infinitesimal gauge
transformation:

@ X% = L EN( )

one can compute also the induced change in the graviton field £ [9].

Further, the necessity to investigate the one-loop divergencies of the sca-
lar field when the gravitational field is treated as an external field [10], provided
the motivation for decomposing the gravitational Lagrangian to second order
on an arbitrary (non-flat) background. However, the decomposition turned out
to be rather cumbersome and inconvenient to deal with [10, 11].

In a more concise and compact manner, the perturbed to second order
Lagrangian was derived in [12] by using covariant derivatives in respect to the
background metric. As is well known [13), the notion of a covariant derivative
implies an important physical meaning, related to the change of a tensor field
under an infinitesimal parallel transport along a given contour. It is instructive
to write down only the gravitational part of the quadratic Lagrangian (for Ein-
stein-Maxwell fields), derived in [12);

T R R ey

+3h(x, + X‘,)&BN]

where the symbot D denotes a covariant derivative and P “**°, X and X,

are fourth-rank tensors, composed only of background fields. In spite of the use
of an arbitrary background metric, an assumption was made in [12], that only
the quantized (perturbed) fields are treated dynamically. This imposes the re-
striction that the variational derivatives of the Lagrangian with respect to the
background (classical) fields and metric vanish. Since these derivatives are in
fact coefficient functions (in front of A) in the first-order perturbed gravita-
tional Lagrangian L: and the performed expansion (perturbation) is around



the fixed background metric, the assumption is equivalent to vanishing of Li.
As will be seen further, such an assumption will no longer hold in this paper,
bacause it will be proved that L, enters also in the expression for the second
order perturbed gravitational Lagrangian L, and therefore it has to be taken
into account.

It is obvious also from expression (3) that the graviton propagator will
no longer have the simple form (in momentum space):

(4) ﬂ]}ln(p) 20 (8 8p, +0,,0p Suﬁaln)

derived in [8], but will have a more complex structure. Indeed, |the need to inves-
tigate the effect of the gravitational perturbations and of the graviton creation
rate in the in flationary universe scenario raised the important problem to find

the graviton propagator (derived from second-order perturbative theory) in some |

real cosmological spacetimes. A number of publications deals,with the problem
of finding the graviton propagator in homogeneous and isotropic spacetimes
(14], in maximally symmetric spacetimes (15] and especially in the de-Sitter
spacetime [16-18). For example. in [19] the graviton propagator in the de-Sitter

spacetime has been found to be divergent. However, the graviton propagator |

has not yet been found for other types of background fields, which are neither
highly symmetric, nor homogeneous. The reason is that the quadratic part of the
perturbative gravitational Lagrangian has not been yet investigated in details,

Perhaps the most serious treatment of this subject remains the paper of Barneby
(20}, where the formalism of covariant differentiation was successfully applied.

However, it is the purpose of this paper to find the most general structure of the
second-order Lagrangian and afterwards (in the next papers) tHe graviton propa-
gator itself. It will be proved in the following paper that some important terms in
the second-order Lagrangian and in the Riemann tensor have been omitted in
[20], which makes the investigation in this paper incomplete. -

Basic assumptions and second- order gravitational
Lagrangian decomposition

QOur aim in this section will be to decom;posc the gravita-
tional Lagrangian:

(5) L=-JgR=-/gg"R, =-Jgg" R,

and to single out those parts of the Lagrangian, corresponding to the background
field Lo , to the first-order perturbation of the gravitational fi ¢ld - Ly and to the
second-order perturbation - L;. Note that in (5) ﬁ“fw is the qurnann tensor and

the geometry of space-time is described by the metric tensor £,, , which is split



into a background part gff,) and a fluctuating part &,

(6) g;.w = p(:'} ke bp\' *

It should be emphasized that (6) is not an expansion around a back-
ground geometry, but represents a fluctuating gravitational field, superimposed
on a curved background geometry. This fact has a profound cosmological impli-
cation, because the fluctuating field may be assumed to be space and time de-
pendent, but the background field may be only time-dependent. It may describe
a real cosmological spacetime-a de-Sitter spacetime for example. In order to
perform the decomposition (5) according to (6), an inverse metric g to sec-
ond-order is defined as follows:

D gnli e g(O)pfi ~ B8y b:huﬂ j
The above formulae should satisfy the relation;

N g,8"=8"

to second-order in A, unlike the definition in [20], where the inverse metric is
defined only to first-order. It is also assumed that an inverse background metric
2 exists and all indices are raised and lowered with the background metric

n?,} and g% Since the Riemann tensor Rfm. is given by the well-known
formulae:

) R,.=8I —ort +rort et

[ Rl 1Y v o nat py et po

the Levi-Civita (symmetric) affine connection I'%, (with a minus sign):

ey

-1 £(0,£.,+0,8,-.8,,).

has to be decomposed first. The assumption that formulae (10} is valid for the
total affine connection ', is equivalent to the assumpticn that the total metric
is a Riemannian one, i.e.

(10) e

(I I) gp.v',u = 8ag].w L r;:-agn: i3 I_‘t;;;gr!.tv =0 :

In other words, the covariant derivative (denoted by the symbol :) of the
tensor field g, with respect to the total affine connection 1"1?\, is zero. In fact ,
it can easily be proved that formulaes (10) and (11) are ¢quivalent and follow
from one another. Of course, an assumption can be made that the background



metric is also a Remannian one;

(12) =0, 80 +T gy + T g =0

where the symbol | denotes a covariant derivative with respect to the background

affine connection I"i?f“ . Since the background metric is a real cosmological metric
and all of them are Riemannian, this is a uatural assumption. As will be shown
in the following papers, the assumptions (11) and (12} will havq', profound conse-
quences for this theory. By using {10) and (6) the total Levi - Civita connection
can be decomposed into:

(13) r:v =I—~$}a+foi}a +H$)“

where I“{{’)“ is the usual background affine connection and IW”“ and H‘”“
are the first and the second fluctuation connections respectwﬂy, given by the
expressions:

14y H =357(0,80 + 0,89 -0,49)-+ £7(0,4,+0,b,~0,8,),
(15) HY =118, 4, + 0,4, - 8.4, )+ DI

s nv

uiere 2} o 8] o) (0}
sy D =-4B 470,80 +0,89 -0,8 )= b, HTR".

uv

The last formulae is in fact the contribution from the n}odiﬁed {with the
term A'A™ inverse metric. In (16) the expression: '

(17) 8.80 +8,8Y -0.8) =201

has been used, which can be obtained from (10) by multiplying both sides with
gbé . From the affine connection formulae decomposition (13) and the Riemann
tensor (9) it can be obtained that:

{18) = ﬂlﬁ_i_ gx‘)ﬁ + 2)5

where Jﬁw = s
first and the second fluctuation Riemann tensors respcctwely

(19) R =0, HUP - o HOP 4 HOPLOP 4 HORTOR }%{11}31—{0}9
_ gerios
H T

; s !
9 is the background Riemann tensor and u arld 28 are the



(20) o8 COP 4 S5

nav

The tensor €12 is the same in structure as the tensor R but with
H::,m {formulae 15) instead of H:IL}B {formulae 14). The same refers also for the
tensor .Sﬁ‘f, obtained from i{’:f by replacing all tensors HL?B with dpf,}ﬁ.

Using (19) and (16), the tensor .Sg’f can be written as:

@) SOP= FOP 4+ 4R, (T8 - TIOF) 1 o0 _ poeron)

v HOo.v v

where Fi2P is, as will be proved later, a tensor quantity:
) Filis (b,,b")‘a LR —(,47) Ti00,

In (21) and (22) the usual symbol for a partial derivative * 5" h.as been
replaced by a comma “,". Finally, in order to perform the gravitational
Lagj@gian decomposition, we need also the expression for the decomposition
of Jg:

% Ve =g (1+30-181 +117)

where A= /; Substituting all expressions (7). (18) - (22) into (5) and represent-
ing the Lagrangian as: :

— Le~ly= L1,
we obtain that

(25) L= / 29 g gl

(26) L[ = %—f}Lo + Jgfo) (g[ﬂ}m’R:tB:-t _ibinflgLﬂ ) )
27

Ly = 4{B = BB )L, + 4 AL, + g™ (B2 1 RO B RUS + g R,

ey pav PV



Discussion

In this paper we have decomposed to second order the to-
tal Christoffel connection form I';, of the Riemann metric g, (formulaes 13 -
16} and also the total gravitational Lagrangian (formulaes 24 - 27). Note that
the second-order Lagrangian (27) is expressed through the preceeding lower-
order Lagrangian L, (25) and L (26). Also, the Lagrangian L, is expressed
through 7.

In paper I it will be proved that the fluctuating Levi -ICivita connection
H;(I”“ (14) is a tensor quantity, while the connection Hﬁ)“! (15 - 16) is not a

v
tensor. However, it will turn out to be possible to single out fr¢m Hﬁ'“ a tensor

and}a non-tensor part and to express the tensor part through the connection
1}a I
This ts an important fact since perturbative quantum gravity deals ex-
clusively with tensor quantities.

Acknowledgements. The author is grateful to Dr 8. Manoff from the Theoretical Physics Depart-
ment at the Institute for Nuclear Research and Nuclear Energy in the Bulgarian Academy of
Sciences for the numerous and helpfu! discussions, advises and critical remarks.
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Bwpxy Teopusra Ha nepTypGaTHBHATA
FPaBUTALMA H KBAHTOBATA ['PABHTAIIUS HA

. M3KpHBEH ¢oH.
I.Pasnarane na rpasutausonting Jlarpaxuan
RO BTOPH NMOPAIXLK | '

borgan Jumurpos

(PezromMe)

B rasu nbpBa paboTa OT cepus 1'31' HAKonko paboTn

CTaHAAPTHHUAT IPABHTALUOHER JIarpaxuaH € pasnoxed 40 BTODH NOPAALK Mo

OTHOUIeHWE HA NEpPTYPOALNK Ha rpaBMTAUHOHHOTO nose. Hanpasero e

Pa3AaraHe 1o BTOPK BOPAALK CHLIO M Ha CBLP3AHOCTTA, M {1a TeH30pa Ha Puman.

B pabortarta ¢ ycraHoBeHo, ye JIarpaxxuaHbvT OFf BTOPHM NOPAIDK ce
H3pa3naBa upes Jlarpaxuana oT MbpBH NOPAXLK 1 TO3M HA POHOBOTO MOTE.
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I1. Application of covariant derivatives
and third rank tensors*

{Revised version)

Bogdan Dimitrov

High Energy Astrophysics Section, I

Space Research Institute, Bulgarian Acadenf y of Sciences

Preliminary notes

In this paper all expressions, derived in the preceeding pa-
per [1] will be simplified and written in another way so that some important
physical conclusions can be made. This will be achieved by applying formulae
(1.12) and defining a covariant derivative of the tensor field h,, again in respect
to the background symmetric Levi - Civita connection Ff,f 48

(1) h

- {o)r {0}
i = Ol + T A1, + 15y “h, #0.

The definition is in accordance with the ‘minus’ sign convention in the
expression (1.10) for F;ﬂ)“ and the covariant derivative 4, is different from
zero because the tensor field £, has entirely different properties from the back-
ground field g{f,)

* Work supported in part by the National Science Foundation in Bulgaria under grant No NIP-
753.
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Throughout the whole paper the Roman letter I will denote forrmulaes,
used in the previous paper 1.

Third-rank tensor ﬂuctuationi connection

In order to define this connection, we shall use expression
(1) to replace all partial derivatives with their covariant ones in the expression
(1.14) for Hlﬂf“ . Remembering also the basic assumption in paper I about the
Riemannian background metric, which means that g“” =0, we derive the fol-

- v
lowing formulae for A{)* :

(2) H ;(1:]“ 5 _é‘g w)m(bvsln + b;tslv T bpvls) *

An important conclusion can be made from (2) : the quantity H'L}“ isa
tensor, unlike the background connection I"flf}“ and it shall be called first fluc-
tuation connection. Formulae (2) was derived also in [2], but there it was not
pointed out that it is valid only under the assumption about the Riemannian
nature of the background geometry. _

By applying again formulae (2), we can rewrite the expression (I.15)
for HZ® in the following way: ‘ -

(3) H::’)'x = fl{f]u E b“bml" {ar

v

where F2'* is the tensor quantity:

2 B = b b (B, + B, — Bas).

nv

Unfortunately, H?* is not a tensor due to the presence of the term

3 - . ]lv . .
£, ' but it is important to mention that a tensor 2w has been singled

uy o
out.

First-and second-order Riemannian tensor and
covariant derivatives of third-rank tensors

In order to write down more concisely'the expressions (I.19)
-(1.22) for R and 2" let us define the covariant derivative of a third-rank

&V

12



fensor ;

g = A8 ey (0)B P (0 Uy (Odp
() Hb = H ~ HOrp O+ gOPT U0y HOPT O

iz rva [

with respect fo 1"53’5. The above definition is consistent with the definition of a
covariant derivative of nth rank tensor, given in [3]. By means of (5) the expres-

sion (1.19) for Iﬁf acquires the form:

(6) 1{2[3 = }1(1}3 = H(I)ﬁ

w o 1en’, 3 perfy "

2)p

oy 2

If we apply the formulaes (3) and (5) to the expression (1.20) for 1{
we will obtain:

%) P = PP - BB, RO 4 h (T 0T OB O O0)

oy s
{(#h,), T —(#8,), 7O | + S8

where .S:Li}f is given by the formulaes (1.21) and (. 22) and [ff;\m is the tensor
quantity: '

2p . pl2)p A (0B | pr(Bo zr(118 _ grlllop (0B
®) B = pAb_ g OB Lo P HURE OB,

o uo|v
It may be verified that both sides of the expression:

© HY =t g%, + B0 — )

can be multiplied by gﬁ] and therefore:

(10) By + By — B =280 HO.

By means of (10} we obtain:

11y PP = -2‘-115’(}3

nv

" Bg
+ by = b, )= gl BH P = g B

vslp

Also, the Leibniz rule for a covariant derivative of a tensor product is
valid:

{12} 1_—,\(2}8 - _gltJ)Bq[zmaH(l)y r g(o)ﬁqbv HN

v nvie

The covariant derivative flmia can ¢asily be expressed through the tensors

13



HY by means of a cyclic change of indices, then summing up the three equa-
tions (10} and finally equating the obtained result from ¢10). The final result is:

(13) bge = | 80 B + giy HP)
Formulaes (6) - (13) can be used to find a modified expression for
(2B .
oo il
(14) }::;Zﬁ =B R 5 goPs g“’}( H(Ilv I)p H(I}v H(”").

It is important also to see that the only terms in the expression (7) for

i}f , which contain partial derivatives, are
(1% (#°8,) T (#8,) T
and also the term;
(16) E2 = (4n,) IO —(4%5,) Tl

which is a part of the tensor .Sm13 {1.21). However, since it is inconvenient to
deal both with partial and covariant derivatives of one and the same tensor field
&, , we will use (1) and aiso the formulae:

am = e T -

to express all partial derivatives through their covariant ones. Afterwards, all
covariant derivatives of 4, are expressed through the third-rank tensor Hf‘?"

by means of (13) and the following expressions are obtained for (15) and (16):

+ B2

dpzv

+ W

Fpew

+ W

a v Ipay 3jucev

a8y  (#h,) T ~(#n,) TV = w

— BRI 4 R (rw}p rlﬂlp) !1;"11”(1“(0”1“‘“}*‘ rw)rl—m}a)

pva -y uv [ty

9 P a(ih), 1 (1) 1
= (11,80 - (11,) X0 =41,

where V0 | is the tensor quantity;
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(20) V¥ o= jzg(r{om Ao _ o Hmp)
Ba w Yo

and Wffm - W“:m are similar tensor quantities:

20 uﬁav i bf(I‘f‘ﬂ”’ H(:;)p i I‘f:_“’ ]_!{nl'}f’),
22) ufm = B ;?(I“f‘ﬂ” HY rltlg)f Hﬁ?"),
& Wi = 8Py (T LY -T2 HLY)
20 o = (T P -T2 ).

Note that expression (19) is invariant under replacement of all partial
derivatives with their covariant ones. This property is not vz*tid for expression
{18), which is similar in structure to (19}, but its tensor indices have a different
disptacement. N

We have obtained all the necessary formulaes for the derivation of I?f,}f .
Using formulaes (7}, (8), (I.21), (1.22), (14). (18} - (24), we can obtain the follow-
ing modified expression for the second-order Riemann tensor ﬁfwﬂ :

)
(25) R‘i{;ﬂ = _}f hy + “tilvﬂ + dp‘!}ﬁ s 6(3}13 + u;::iﬁ +4_'Vp:\£]}

7y ay ey

where we have used the notations:

26) 0 =2, bR - #4,R),
@7 (20 = g g0 T B - B )
B _ gds {0) s {0 o
(28) G;(lavﬁ i Hi 'hps(rgg‘: L Fstlg}.f) * b f)‘Isf(]'_‘s‘lt'lj-g\i = r‘s{w\}g ) *
28 : 2)
e 8
(29) war = 2}: W
2 B s I . |
and V2P and w28 {/=1,...4) are given by expressions (20) - {24) respec-
e ROV av
ively.
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Discussion

The main result of this paper is that the second-order Ri-
emann tensor and therefore the gravitational Lagrangian can be expressed only
through the background variables gw)”" () I‘jﬁfg and the fluctuation vari-

ables 4, H:I?"‘,Hg,}lg Note that to each hackground variable corresponds a
fluctuation variable. There is also a difference - for example to the background
non-tensor connection F (o corresponds the first fluctuation tensor connec-

tion H{ G ; to the partral denvatwe T( ]5 corresponds the covarrant derivative

}flh

nvg
It is seen also that the structure of the second-order Riemann tensor (25)
is rather complicated, unlike the simplified expression, obtained in {2]. The terms
}{]”j = H“’B H('m and also the quadratic connection term

L,V

o
(H“” H“; H:l'i“ H“ ) are present in [2] and also in this paper. The sum of
these terms, a[though comprised of third-rank tensors and their covariant de-
rivatives, is very similar to the expression for the field strength Gf:‘, in non -

abelian gauge theories [4, 5]:
(30) G, =0,A}—08,A, +ge""A’Al;  g=const

where A/, is a vector non-abelian gauge field. Having in mind the well-known anal-
ogy between the theory of gravity and the non-abelian gauge field theory, one may
assign to Am, the Christoffel connection symbols of second kind Fuv , which playa
similar to AJ role, but in general relativity. The investigation on this subject is far
from being completed and that is why some of the subsequent papers will be devoted

to the some aspects of this theory (particularly the integral formulation).
‘It is timportant to mention that besides the familiar from [2] termis, new terms

WP .G® have appeared in the second-order Riemann tensor (25) in this pa-

uuv’ 1L LU Rl P 193

per. The sum of the terms V.2 (20)and W'2P (5=1,2,3, 4)21) - (24) will be

v
called a ‘potential’ term of interacting background and fluctuation connections.
Another interesting consequence from the performed calculations is the pos-
sibility to define new canonical variables. The fact that the fluctuation metric
tensor 4, entersthe  Lagrangian without any partial or covariant derivatives (re-
member they have been eliminated by use of (13)) means that a conjugate canonical

16



impulse cannot be defined similarly to the way this is done in canonical gravity theory
[6] through the relation:

. oL
3l M= G_g (the dot means a time derivative).

However, a generalized canonical impulse.

oL
I—Ipvﬁ =
(32} ' & 3 H:u|3

similar to the one, defined in {2] by the formuiae:

oL
33) . nt? =
( ) 61%1\49

can be introduced. Also, it can be noted that expression {28) fi be (f;’f contains
partial derivatives of the background connection I ;3’“ , which makes it possible
to define canonical impulses:

oL
(34) n]_ == W .

3%

it can be checked that while F:;S} is not a tensor, for the case of the

Lagrangian (1.24) - (1.27)I1. will be a tensor quantity. The question about ca-
nonical variables will be treated in a subsequent publication.
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Bspxy Teopudra Ha meprypOaTHBHATA
IPaBUTALIMS M KBAHTOBATA IPABUTALMS Ha
U3KpHBEH $OH.

II. Tlpunoxkenue Ha KOBapUAHTHH IIPOM3IBCAHH

OT TpPETH paHr
borpan Jaunrpos

Peiwome)

B razm BTopa paloTa ca ONpOCTEHH MOAYYEHHTE B
npeaMiuHarta pafora u3pasd 3a rpaBUTAUHOHHMA JlarpaxuaH oT OBPBH M OT
BTOPH NOPAALK. BbReAEHH Ca KOBAPHAHTHU NPOM3BOJAHM HA TEH30PH OT BTOPH
H TPeTH NOPAABK, Mpe3 KOHTO IPABUTAUMOHHHAT Jlarpaxuax npugoGuea
CPABHHTEIHO KOMIIAKTEH BHA. Pasxpm € CBIND (I)HSH‘-ICCKHﬂT CMHUCH Ha
TEH30PHHUTE uneHoBe B Jlarpaxuaua.
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Can quick nonperiodic variations in
X-ray luminosity be produced in outer
part of accretion flow

Maria Dimitrova

Space Research Institute, Bulgarian Ac&de;{}y of Sciences
|
I
Introduction :
.| .
With the progress in computing machinery and numerical
methods during last decades, the numerical models of accretion flows revealed a
lot of detailes, which were not possible to be predicted analytically. The simplest
standard model [1, 2] was replaced by two-dimensional [3-6] Eand during the last
years by tree-dimensional numetical calculations [7-13]. ;

It was shown that an accretion flow possesses a comphbated structure and
its parameters depend on radial distance from central object as well as on azimutal
angle [3, 4, 13 - I5].

There are not yet fully studied all relationships betwaep structure, respec-
tively luminousity and external parameters (such as dtrectlonl and accretion rate
of inflow gas stream), infernal mechanisms (such as type of viscousity and opa-
city) and their variations.

On the other hand, with the accumulation of more and more observatlonal
data about the X-ray sources, identified as binaries with aclbretlon flows, it is
seen that in many cases the luminosity and spectra are strongly variable. The
variations are very different in amplitude as well as in timescale. The most of
quasi- and nonperiodic behaviour can not be explained initerms of standard
analytical or one-dimensional calculations.

Most of the scientists believe that quick variations are caused by the insta-
bilities in the inner regions of the accretion flow: i

This paper is one of a series where we try to myestlgate the stability of the

accretion flow structure towards the exchanges of external parameters and re-
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sulting behaviour of X-ray luminosity produced at the inner boundary of the accre-
tion flow,

Using a two-dimensional numerical model we investigate the influence of
inflow direction and inflow stream debit changes on the structure of an accre-
tion flow. It is shown that such changes may produce quick variations in the X-
ray luminosity.

Numerical model

The numerical model is based on the largescale particle
method [16]. The calculaticns are performed in cylindrical coordinates in the
noninertial corotating frame, with origin in the center of the compact object,

In the computation equations are included the gravitational forces of the
both stars and the centrifugal force. The presure is the sum of gas and radiative
ones. The energy equation is written for the case of an opticaly tick flow. The
basic equations and numerical method are fully described in Ref. 17.

The calculations have been performed for a close binary, containing a red
giand with a mass M, = 4, wich filied its Roche lobe. The compact object is a
neutron star with the standard parameters as follous-the mass equal to 1,5 M,
and the radius of 10° cm. The magnetic field was assumed to be small enough not
to be important for the gas motion. The distance between the binary system
components is [0" cm. We considered a region up to 5.10' cm from the center of
neutron star which include the first Lagrangian point,

The gas stream through the inner Lagrangian point is with a constant ac-
cretion rate of 10° M| per year and tangential velocity equal to the Keplerian
one. The changes in direction are modelled with variations in radial part of the
inflow velocity. :
Results and discussion

In this paper we try to investigate the influence of instabili-
ties in an inflow gas stream, caused by instabilities in companion star atmo-
sphere, on the accretion flow. These instabilities can be modell by change of the
accretion rate and the direction of the gas in first Lagrangian point.

As a base of investigations it is used the stationary state that the accretion
flow has reached in the case of radial inflow velocity equal 10 0,5 of the azimutal
one. The radial inflow velocity is changed to the value of two times azimutal for
a time of about 0,1 s. This value corresponds to the computation time step. When
the accretion flow reaches a new stationary state, the radial inflow velocity V. is
changed back to the value of 0,5 azimutal inflow velocity Vo

In Fig. I and 2 are shown the surface density distribution in stationary states
in the cases of V_equal respectively to 0,5 and 2 times V.. On the Fig. 3 is shown
the surface density distribution in stationary state after the cﬁangc of ¥, to the initial
value of 0,5 V,p.
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Fig. 1. The surface density distribution in stationary state in the case of V= 0,5V, The compact
object is placed in the point {0,0). The first Lagrangian point have coordinates (-1:0)

e
L

..
] -t £
CasgiE
O
. 1 J:“ﬂ_f
;
;
.

¢

1 =

] 0 s

Fig, 2. The surface density distribution in stationary state in the case of LA 'l{_‘b. The compact object
is placed in the point {0;0). The first Lagrangian point have coordinates {-1;0)
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1
-1
Fig. 3. The surface density distribution in stationary state after the change of V, from€,5t0 2 times V.
The compact abject is placed in the point {0:0). The first Lagrangian point have coordinates {-1;0}

As it is seen from these figures, the accretion flow does not change its charac-
ter but the second shock front becomes stronger.

In Fig. 4 is shown the behaviour of X-ray luminousity L from the central
object surface first 5 seconds after beginning of its variations. As it is seen L_

shows several oscilations with decreasing amplitude. The ttmescaie of them is less
than 1 second.

103?

P
10% \/

36 LS 35

il

Fig. 4. The behaviour of X-ray fumirousity from the compact object surface first 5 seconds after
begining of its variability, defined from the increase of radial inflow velocity
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The variability of L_begins at distance more than 10"°cm after less than 30
seconds. It means that the signal has travelling with a speed of order of 10° cm/s
while the maximal radial velosity in the flow is at least 10 times less than this
value. All this gives the reason to say that the change of flow p:arametcrs at the
outer part of the flow produces wave propagation throuth all the flow region.

Comparing this with the results of investigations of an at:cretlon flow in
binary system with elliptical orbit [15] we can say that the wavesiare propagating
along the shock fronts.

In Fig. 5 is shown the behaviour of L, after the first change of V_till the
moment when it reaches new constant val ue and than after the back change of
V _to the initial value. As it is seen from this figure and from the Fig. 1 and 3,
after all above described processes the accretion flow reaches the new stationary
state, with stronger second shock front and as a result of this, whith strongar
outflow from the region around the outer part of the flow. This new state are less
tuminous. All the process after the change of ¥, takes less thari one minute.

E.
w
q’-
10% |A _ B C
30 Ls 60

Fig. 5. The behaviour of X-ray luminosity from the compact object surface after the increase of
radial inflow velocity till the moment of reaching a new constant value - segment AB and then
after back change of ¥, 1o the initial value - scgment BC

In Fig. 6 is shown the behaviour of L _ after increase of the dccretion rate 10
times for a time of 0,5 5. As a basic state it is taken the same stationary state with
vV, =05V, as in previous calculations. As it is seen from this ﬁlgure and Fig. 4,
the increase of V. coused the similar behaviour like that which is coused by an
increase in accretion rate of inflow stream.

Recently many authors have considered the shock fronts, formed in the
accretion flow in close binary systems as the main place where the energy and
angulare moment transfer occur [18-21].

Some authors have investigated the wave propagation lln axmymmctrlc
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Fig. 6. The behaviour of X-ray luminosity from the compact object surface during the first 3
seconds after begining of its variability defied from the increasing of the inflow stream debit

acretion flow [22-24] as a possibility to defy quick variability in X-ray luminosity.

In this paper we show an evidence for wave propagation in two-dimensional
flow. As a result, the instabilities of the inflow gas stream can produce quick (of the
order of several seconds and less than a second) variations in X-ray luminosity pro-
duced at the inner boundary of accretion flow. It is one alternative possibility
for the origin of these variations, opposite to the mainly believed now that some
instabilities at inner regions of the flow prodiice them.

This work is only first step of this investigation. There was modelled only an
isolated change in the inflow direction and, separately, in the accretion rate. In the
realistic case both these will be acted together and for a longer time. The behaviour
of X-ray luminosity should be very complicated. But it is reasonable to think that the
nature of the processes in the flow medium should be the same.

Conclusion

We have presented two-dimensional largescale particle nu-
merical investigation of the reaction of the accretion flow in close binary coused
by quick changes of inflow stream direction.

The shock fronts forined in the accretion flow not destroied, moreover they
become stronger as a result of such variation of inflow direction.

The numerical model does not show any computation instabilities in this
case, so it seams to be usefull for modelling of the flows with variable inflow
streams.

The X-ray luminosity produced at the inner boundary of the accretion flow
shows strong variations very soon after changes in the parameters at outer boundary
which is one gvidence for wave propagation along the shock fronts. This gives one
alternative possibility for explanation of the quick aperiodic variation in X-ray fumi-
nosity as a result of variation in inflow stream parameters.
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Morat g 6bp3UuTe HENEPUOAUYHH BapHalUH B
pEHTreHOBaTa CBETUMOCT Ja C¢ HOPAXAAT BBB
BBLHIIHATA 4aCT HAa aKPEUHOHHMA [IOTOK

Mapus JumMHTPOBA
{(Peswme}

C noMouiTa Ha ABYMEPEH HMCIEH MOACH C¢ H3CHECABA
PEAKUMATA HA AKPELHOHHUA MOTOK B TACHA ABOMHA 3BE3]HA CHCTEMA CNIPRMO
PE3KM MPOMEHY B HAIIPABACHUETO HA BTHHAlMA €€ ra30B TIOTOK.

M3cneBaHO € NOBEACHUETO Ha PEHTTEHOBATA CBETHMOCT, U3NIBUCHA OT
BLTPELIRATA TPAHULA HA TEHEHHETO CIE] TE3H npomenu. Micneasana e
CTaBMIHOCTTA Ha CTPYKTYPATa Ha TEUEHHETO CIPAMO Te3H NpoMeHH. B ciloTo Bpeme
TOBA € TECT 3@ NPMACKUMOCTTA HA HUCICHHE MOAEN B CAydaH Ha CHAHO

HECTALHOHADHH PEXXUMH.
HabtniopagaT ce HAKOAKD OCLHAALUHH B PEHTreHOBaTa CBETHMOCT HAKONKG
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CCKYH/H ClIEZ NPOMEHUTE Ha BBbHIUHATA TPAHULA HA TeueHueTo. ToBa € egHo
-AOKA3ATE/ICTBO 3@ PA3IPOCTPAHEHHETO HA BLIHYU IO ABKMHATA HA YAADHHUTE
$ponToBE, POPMHPALLK CE B PEIYNTAT OT NPHITHBHOTO BH3AEHCTBHE Ha BTOpata
KOMMOHEHTA Ha IBOHHATA cucTema. OCUMITALIMITE Ca C NEPHOJL OT IOPAAbKA Ha
€AHA cexyHza. ToBa AaBa anTepHATHBHA BEIMOXKHOCT 33 OBACHEHHE Ha Gbp3UTe
HCMEPUOAUUHH MPOMEHH B PEHTIEHOBATA CBETMMOCT KAaTO PEe3yATaT OT
HECTAONIHOCT BB BTHHALIHNS CE PA30B TOTOK.
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Structure of accretion flow in close
binary as a function of radial
inflow velocity - 2D numerical simulation

Maria Dimitrova
Space Research Institute, Bulgarian Academ%l/ of Sciences
Introduction

With progress in computing machmery and numerical
methods during the last decades, numerical models of accretion flows have re-
vealed a lot of detailes, which can not be predicted anahtlcailly The simplest
standard model [1, 2] was replaced by two-dimensional [3 - 6] and during the last
years by tree-dimensional numerical calculations [7 - 13]. i

It was shown that an accretion flow possesses a complicated structure and
its parameters depend on radial distance from central object as well as on azimutal
angle {3, 4, 13-15]. The accretion flow formes two or three spiral shock fronts.
These shocks are regarded as a place where the energy and angular momentum
transphere is accomplished [16].

Two- and three-dimensional calculations are compared in the paper of
Sawada [9]. They showed that the spiral shocks are not diffejent in both cases.

Not yet fully described were all relationships between structure, respectively
luminosity and external parameters {(such as direction and debit of the inflowing
gas stream, and the masses of and distance between the two stars), internal mecha-
misms (such as type of viscosity and opacity) and their variations.

This paper is one of a series works where We will try |to investigate the
influence of ¢xternal parameters on the position, strength anld stability of the
shack fronts in accretion flow.

In this paper we investigate with a two-dimensional nu herical model, the
influence of inflow direction on the structure of accretion flow and the lumino-
sity, produced in inner boundary of the flow. !
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Problem definition

The numerical model is built on the basis of the largescale
particle method{17]. This is a combined Lagrangian-Eulgrian method. Each time
interval is divided into three steps. During the first (Eulerian) step, hydrody-
namic equations are solved over fixed Eulerian grid with the aid of suitable scheme
of finite differences with out account of gas shift into the cells. During the se-
cond (Lagrangian) step we compute the substance fluxes throuth the cell walls.
The gas in each cell is considered as a single large particle. During the third final

step the new values of parameters (V,,Vp,p and T) are recalculated for each

cell in the Eulerian grid. The stability requirement condition is snch that the
time step should be selected in a way that no large particle would leave its cell.

This method describes well the formation of shock fronts with relatively
small number large particles which makes it relatively fast compared to other
known methods. ‘

The calculations are performed in a noninertial cilindrical reference frame,
centered of the neutron star and corotating with the close binary. In this case the
equation system is as follows {1, 4]: Angular velocity of binary system is

G(M, + M,)

Qtlrh = RI ’

where M, and M, are the masses of the stars and R, is the distance between
them.
The equation of motion is

av 1 ]
st S B = B
dt p D
where
GM GM,
F= 3 L_ ? :

[r2 + R’ ~2R,r. cos<p]2
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2 2
1 R, M, R,M
+=0? 1‘2+[-—'2 2 J —2r—%2_¢os
2 “"'[ M, + M, M+M,
is the sum of gravitational and centrifugal forces.

F, is the viscouse force. In this calculations We use kinetic viscosity

ki
n=ned *.
The equation of continuity is
dp

—=—pVV
=

Equation of state involves both gas and radiative pressure

p=ppT+pT"

We use the energy transfer equation for the case of optically thick flow [1]

ot sowtr, FLY )
/i "2 ' 8nr [1 r n,r irg"

where the luminousity from the newtron star surface is

M, .
L, =G_"_I—an
X RI

and the optical depth is

t= [kpdz

[

k=k, +k

es?

k, =02(1+X),
7
k. =kpT 2k, =4310%Z(1 - X)

where Xand Zare the mass fractions of hydrogen and metal respectively
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1
K=pAH, where p = — H is the disk height and A4 is the absorbtion coefficient

8
2p
a1, = {1+ %) is the electron density.
P

The z - longitude of the flow is calculated from the hydrodynamical
equilibrium equation in z direction

Hz(fJ;{G;;,J;'

The cailculation of A was used only as a verification for reliability of two
dimenston aproximation.

Calculations and results

The calculations have been performed for the close binary,
containing a red giand with mass M,=4 Mg wich filled its Roche lobe. The com-
pact object is neutron star with mass equal to 1,5Mgy and radius of 10°cm. The
magnetic field was assumed to be enough small not to be important for the gas
motion. The distance between the binary systems components is 10" em. We
regarded region up to 5. 10" cm from the center of neutron star.

The gas stream through the inner Lagrangian point is with constant temp
of Mg /year and tangential velosity equal to Keplerian one. The change in
direction is modelled with variations in radial part of inflow velosity.

Six cases ware calculated. The radial inflow velosity is equal to 0, 0,1, 0,25,
0,5, 10 and 2 times azimutal, wich corresponds to inflow angles equals respec-
tively to 0°,1°,14°,30°,45" and 60° from tangential direction.

The calculations ware interrupted when the X-ray luminosity L _ estab-
lished a constant vafue. This corresponds to one stationary station of flow.

[n all six cases accretion flows with similar structures are formed . Two
spiral shock fronts are clearly detacted [15]. Similar structure was found by
other autors [3, 6, 9, 14]. In all their works is examined the case of M=M and
they obtained differend position of the shock fronts.

The surface density in cases of ¢ = Qand 60° is shown in Fig. 1. The velocity
field and Hin case of & = 60° are shown in Fig. 2.

The only important difference in structure is that the second shock front is
relatively stronger when the inflow angle is larger. The differences in velocity
field and A are neglectable. The dependences of the maximal tempepature and
surface density from the inflow angle are seen (see Fig.32 and b). The depen-
dence on the inflow direction show L _and outflow stream debit trought the
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outer boundary of examined region too (see Fig.4 4,5).
The difference between the parameters of accretion flow when the inflow
direction is diferent should be leades the change of the flow \Thith the change of
inflow direction.

¥y

.1 0 i

Fig. 1. Surface density in cases of «=0"(a)} and a=60"(8)
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Fig, 2. Velosity field{s) and H(5) in case of o = 66
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Fig. 3. Dependence of the maximal temperature {2) and maximal surface density () from the inflow
angle. The spots corresponds to the case of ®={", 1°, 14°®, 30745 and 60 *. Amplitude of changes in

temperature is 5 times and in surface density - 30
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Fig. 4. Dependence of the X-ray luminosity from the newtron star surface (g ) and the outflow
temp trougth the out boundary {4 } from the inflow angle . The spots corresponds to the case of
o =0%1%14"30 743 %nd 60 * Amplitude of changes in both values is 20
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Conclusion

Some conclusions folous from the results of this mvestiga-
tion. The first one is that in close binary including red giant filled its Roche lobe
and compact object with non strong magnetic field the accretion flow has a struc-
ture with two spiral shock fronts. The second one is that in the cases with differ-
ent inflow direction the parametters of flow are different. The temperature and
surface density, and therefore the optical luminosity from the flow decreased
with the increase of inflow angle. The X-ray luminosity from the central object
surface is maximal in cases of tangential or normal inflow stream and have mini-
mal value for 15 - 25. This means that one comparison between optical and X-
ray luminosity in quiescent phase can give important information about inflow
stream parameters. The [ast conclusion is that a variation of radial inflow veloc-
ity, forced by some kind of instability in red giant atmosphere, must defy the
change in accretion flow and X-ray luminosity from compact object surface.
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CTpyKTypa Ha aKpeliHOHHOTO TSYCHHE B
TACHA ABOMHA 3BE3JHA CHCTEMa KaTo
hyHKIMS Ha paguajHaTa CKOPOCT Ha
BTUYAHE - IByMEpHA YHCISHa CHMYJIalus

Mapus JumutpoBa
(Pezome)

B paboTara € npeacTraseH AByMepeH HUCACH MOAeN Ha
Fa30BOTO TEYSHWE B TACHA ABOHHA 3BE3NHA CHCTEMA, CHABLPKAINA HEPBEH I'MIAHT

34



H HEYTDOHHa 3BE3Ha, KOETO Ce OCHUIECTBABA NpPe3 BHTPEILHATA TOUKA Ha
Jarpanxk. O6¢hXIa ce CTPYKTYpaTa Ha TEYEHHETO.

H3acneapaHo € BIUAHHETO HA PauamHaTaA KOMIOHEHTA Ha CKOPOCTTa Ha
BTHYAMLKA C€ Fa30B IOTOK BBPXY CTPYKTYPATa Ha TedeHUeTo. TTokazaHo e, ue B
3aBHCHMOCT OT PAAMANHATA CKOPOCT HA BTHYAHE TEUEHHETO IOCTHra
CTOLHOHAPHO CHCTGAHHE C PATIHYHY MAKCHMAITHA TEMITEPATYPA, MOBbPXHUHHEA
TUIBTHOCT ¥ CbOTBETHC NPUTEXABA Pa3iiMdHA PEHTIeHOBA CBETMMOCT.

35



Buarapesa akanemua na naykure ® Bulgarian Academy of Sciences
Aepokocmuyecku uscacapasnus 8 Buirapus @ [3 e Aerospace Research in Bulgaria
Cogua #1997 & Sofia

TouHocT Ha MoJenHUTE NpEeCMATAHUA
3a LEJIMTe HA CIIbTHUKOBHUTE
MarHdTOMETPUYHU H3MEPBaHUA

Heumursp Jlanos, Axexcanasp boues

Aabopatopus no cabHYCBO-38MEH BBIASHCTANA, BAN

HepeocTenenua 3agaua npu CHBTHUKOBHTE MArHUTO-
MCTPHYHH H3C/ICABAHHS € CPABHEHHETO HA JAHHHTE ¢ MOZEen Ha MArHWTHOTO
none. TouHOTO No3HABAHE HA MOAEAHOTO MATHHTHO i10M€ € HEOBXOANMO KaKTO
32 CaMud HaY4eH aHAAW3 RA AAHHWTE, TAKa M NIPH PEUIaBAHE HA peAHua
CTIOMAraTeIiK 3afayu. HecTo noayyapaHuTe paziuky ca HEMPHEMIIMBO TONEMHU,
KOETO BOAM [0 ONPEACNEHYM 3aTPYRHEHWA [PH KHTEPNpeTalnaTa Ha
H3IMEPBAHHATA.

Or 198! r. B8 Bmarapus ce usswbpuwsar Npeur3H COBLTHUKOBY
MArHUTOMETPHYHN UIMEPBAKKA C NOMOWITA Ha BbArapek¥ MarHHTOMETpH OT
cepuata UMATL, koWTO ReTAT HA U3KYCTBEHMTE CHBTHUUM Ha 3emsTa (UC3)
“HUrreprocmoc - Brarapus 13007, AIIDKC u KOPOHAC.

Oute npu pasriteskaane Ha aaunute or UMATI-1 ce yeramosu fIpeKbCBaHe
B MPCACTABAHE HA PASNHKUTE HIMEPEHO W MOJENHO MOJE ¢ aMIUIMTYa OKOJIO
300nT no moayn (¢ur.1 [1]). Oxasa ce, 4e TOBA Ce ABL/KM HAa M3MON3BAHATA
nporpama CADR [2] 3a onpeaensHe Ha KOOpPAMHATHTE, KOATO AOMycKa
CkoKk00OpasHO M3MeHeHHe oT nopaabka Ha 1°(125km) no reorpacka JbIKHHA
IPH NIPEMMHABAHE Tpe3 HYNEBMAR HAc (CMAHA HA JEHOHOLUMETO).

Ocsey Ha mporpaMuy rpeuikd, NoA0GHK Ha pasriefaHaTa 10-rope, Heomnpe-
ACNEeHOCTTa B KOOpAUHaTHTe Ha UC3 ce ABb/IKH W HAa HETOYHOCTTA B 3a[aBaHe HA
HEYATHHUTE YCAOBHA [IPH HHTETPHpaHe YPaBHEHHWETO Ha JBIDKEHHE. 3a BcekH 06ekT
TA MOKe Aa 6bAe pasnuuna. 3a HC3 “Uurepkocmoc - Brarapus 1300” 4 e no-manka
oT 12'no vrua w 4 km no pascrosuue [3].
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NporpaMH 3a regjie3antiio npusnpisane Ha UC3 “Mutepkocmoc - Bearapus 13007, opfura 231.
lpexbepaneTo Ha BaZeceTaTa MHHYTA CE ABITKY Ha rpewwka B nporpama CADR- ckok B reorpadicrara
abiouda ot 1°(125km)

Apyr U3TOYHHK Ha rpelika MOKE A3 € CAMHAT Mamu!rreu MOJAES Hiau/n
HEroBaTa NpOrpaMHa peanu3atug,

MaTeMaTHYHUAT MOAET Ha 3€MHOTO MArHMTHO MOJie € Pa3no)KeHue Mo
chepuunu xapmonniku. Koeduiinenture B ToBa pasjiokKeHHE ce ONPEAE/IAT U
YTBBMKAEBAT [Pe3 NeT roguHH. 3a roAMHa, B KOATO Te He ca OnpenesieHH,
KOSPHULHEHTHTE C€ MHTEPROAUPAT WM YTOYHABAT Ype3 MOAEN HA BEKOBM
BapHauus. ChCTaBEHH M YTBBPAEHHM Ca MPOrpaMH, KOUTO MPECMATAT 3EMHOTO
MarHWTHO MO, B CBrNAcHe ¢ U3loXkeHoTo. CMATa ce, Ye CBETOBHMTE MOJEIH ca
G1M3KK MO TOMHOCT M onucBar Jobpe pasnpeneneHuero Ha riasHoro none. Bee
ouie ce cnopu obave koii e Haii-1o6GpUAT MOAEN 3a CLOTBETHATA €MOXa, KOJKO
XapMOHHMYHK €4 JOCTaThMHH MpH ONHCAHHUETO HA 3€MHOTO MATHWUTHO MOJE MpPH
3HAYUTEAHO OTAa/ieyaBaHe OT 3eMHAaTa MOBBLPXHOCT, kakBa € npejcra-
BUTEMHOCTTa Ha MOJENa 33 BEeKOBHTE BapHAUMW W Ap.

B cerawnara pabora ce mocraps 3ajavara Aa ce M3CNe[ABAT BapvaLMMUTE
(momyckaHaTa rpeinka) B CASAHHUTE ClY4YaH, BIHACLIH BBPXY TOMHOCTTA HA
MOENHOTO NpEeACTABAHE Ha TONETO!

1. 'peuika B onpeaenane nosmxennero Ha MC3 - mosupuoHHa rpetka.

2. Paanuyus B cToliHOCTHTE Ha KOSQHUUEHTHTE HA MOAELNR HA IEMHOTC
MArHHTHO TIOJIE. i

3. Henpasnaen u36op Ha 6pos XapMOHHYHH B TIPOTpaMHTe MM rpelika

' |
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NPH U3NGI3BaHEe Ha MoAena.

4. Herouno onpegendHe Ha KoeQHLUUEHTUTE 334 MEXAUHHU €MOXH.

Iox ouenka Ha rpeiikara BLB BCEKHM OT YeTHpHTE ciyyas pazbupame uetupu
BESMYMHH - BapHALMATA B MOAYNa (TOTaJIHHA WHTEH3MTET) HA MArHUTHOTO MOJe
H BapHaHuuTe 32 TPUTE MY KOMIMOHEHTH DpU HMIMEHEHHE HA CHOTBETHHA
napaMersp (KOOpAWMHATH, Mogen u ap.). OueHkuTe <a B “0a308U” TOYKY, €
koopautary (K, 8, ¢) npn auckpeTHoet 1¢ no reorpadeka ABLKMHA B OLUMPHHE
{obwo 360 x 180 Toukn) npu enHa W chiga BHcouuHa 870 kin nag MopekoTo
paBHHLLE.

fipu pasrnexnare Ha NbPBUA cAyYall - NO3HUMOHHATA Tpeiiika, 3@ BCAKA
“Gazosa”™ Touka ca M3bpanu 26 “nepudepun” Touku ¢ koopaunatH (R + SR, 6
£ 38, ¢ = 3¢ ) ¥ rpelKara € MaKCHMaNHUAT MOAYA HA BAPHAUMATA B TNONETO
Meny “Gaszopara” ¢ Tesu TOUKH, B CROTBETCTBHE ¢ FOPEHINTOKEHOTO MpHeMame
98 = 3¢ = 12 1 3R = 4 km. Camoro npecMaTate H3BBPLIBaME ¢ nporpama [4].

34 oUeHKR Ha TOMHOCTTaZ Ha Moaena {caydail 2) cMe W3nonssanu Asa
BAapUaHTa Ha MOZearpaliy nporpamu [4,5], kKOMTO ce pasMuaBaT caMmMo Mo
koedumeHTHTe: B [5] Te ca B3eT oT [6], a B [4] or [7]. Tesu nporpamu ca LIKPOKo
v3noN3BaHy oT uachenosarend B Pycnsa, CAlll n npyrane.

3a na nacneaBame BIMAHHETO Ha n3Gpanug Gpoit chepuuHM XapMOHMKH,
cMe minonssanu nporpamara ot [4]. [TonyyaRame aMNnNMTYAaTa 3a BCAKA
XAPMOHHMYHA BEB BCUHKM “6a3gBH” TOUKHM, CAeA KOETO CYMHpame onpelgieHus
6poil usenore {oT 1 no 10™ nopsavk). [logo6Ho Ha HpyrH uscNefOBaTENM,
[P TIPOYYBAHETO HM IHE AOMYCHEM, Y€ M3MEHEHHMETO HA CEpUHHHM XAPMOHUUHU
roeduumenT (CXK) € MHOTO Manko B DAMKUTE Ha eAHa FOAMHA, OKONO eIoXUTe
Ha OlpefensHeTo UM, Tazu Xunoresa uscneasaMe OTAeRHO (BXK. NO- rope cay4ati
4}, xaTo uznonaseame nporpama {4]. ,

Pezynrature ca npeacrarenu rpadmuso. Cuiumre ca UNOCTPUpaHU ¢ dur. 2
¥ ur. 3. Takusa rpaduku WMa 3a BCEKM OT AHAM3IMPAHNTE CAYYaH, HO TAXHOTO
KOAMYECTBO € TaKkoBa, e He OMXME MOTJU Aa FH NPEeACTaBHM BCHYKHTE,
KauecTBeHO T€ CH MPUWIMYAT, a KONMYECTBEHUTE U3BOJM CA MPEACTABEHH B
TabNuua |, KBISTO € fIOKA3AH ANANASOHBRT HA USMEHEHHE B pasnpelencHueTo
Ha pesyaTaTuTe no reorpadicky KOOPAMHATH.

1-90
Our, 2. Pasnukw B Torandus uatensurer (nT), npecmernar o Mouenu [4] u [5]. na sucoynna 870 km
3a enoxa 1982
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@ur. 3. TpocTpaHeTBEHO M300pakenie Ha “NO3KLHOKHATA” IPLILKA - PA3/INKHTE BTOTAMHAR HHTEHIUTET
[aT], npecmeTnar mo Moegen [4] 3a pucounna 870 km, npu Bapupane Ha KOODJHHATHTE H IIPECMATEHE

Tyk e pasraeaaMe UPSAHMHO PE3YITATHTE 33 TOTAMTHUA HHTeH3HTET, OT
Tabanua | ce BKAa, e HAH-rONEMY PAINHKM CE MOAYHABAT B 3aBUCHMOCT OT
M3NOMI3BAHUS Mojesl, okoao 200nT, TTo3uitHOHHATA rpeilka BOAH A0 FO-MalKy
pasauxkk, okoao 150nT. Fpu uanonssane na 8 smecTo Ha 10 xapMoHuky
PABIUKHTE Ca OLHe MO-MaikH, okoso 70nT, :

Tloapo6Ho mpedcTaBAHE Ha PasjiMKHTE B NIPECMETHATHSA, ho moaenn [5] u
[41, ToTaneH unTen3uTeT 32 enoxa 1982 r. u sucounHa 870 kmi ¢ nampaseno Ha
tur. 2. Ha uucku winpunu (okono 20°), pasnonoxeHd MOYTH CHMETPHHHO, CE
OUEpTABAT NO LIECT EKCTPEMYMa BLB BCAKO MOAYKBADO.

Ot ofemBoTO mpeactasaHe ((pur.3) Ha MO3NLIMOHHATA TPEUIKE B TOTANHHA
MHTEH3UTET C¢ BIDKHA, 4€ TA ¢ HAH-ronsMa Ha CpeAHH LWIHPHMHY. 32 Pasinka OT
ur. 2 Tyx HAMA O4ePTaHH JIOKAITHH MAKCHMYMH, & ABa “xpeferp”, OTHOBO MOUTH
CUMETPHYHY, ¢ ock NprOAN3HTENHO Ha 45°.

B [1] ce Tabpan, ue MTOAUTE 32 ONPESALNIHE HA KOOPAUHATHTE HA CIIETHHKA
AONYCKAaT rpewka, KOATO € HAH-rongMa 3a reorpadcokara WMpHHa, KATO A0CTHIA
ao 1°. ITocoueHo e, e Npeav3BHKAHATA OT TOBA IPEIIKA B [[PECMATAHETO Ha
TOTATHUS UHTEHIWTET ¢ Hal-roNdma Ha CPeAHH WUPHHH. Tona CBOTBETCTBA Ha
ceralliHMTe pezyataTty {¢ur.3).

®urypa | AeMOHCTPHPA AOKOKO M3MOA3BAHETO HA Pa3fHYHHM RpOrpaMu
33 reOAC3HYHO NPUBLP3BAHE BAMAE BbPXY MONYHaBaHUTE pe3yaTaTh. OCBEH
NpeKbCBAHETO, NOJY4eHO OT HinonssaHeTe Ha nporpama CADR (eana mHoro
cTapa Bepcua), HUC BIKIAME U 0706HE B XOJa Ha OTASNHMTE KPUBH, KOUTO ce
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pasnuuasat camo N aMmuTysa. B cberaunara Ha HacToswara pabota MoxeM aa
MPeARONOKHM ABC APHYUHH 32 TOBA: 1) Ha BCAKA CTHIIKA Pa3UKATA B KOOPAHHATHTES
€ pazInyHa, T.e. ABeTe neone'mrmu nporpams paboTAT pasituuHo; 2) Ha BCAKA CTHIKA
PaiINKaTa B KOOPAWHATHTE € KOHCTAHTA, T.€. ABETE NPOTPamMH pabOTAT €AHAKAO, HO
3a/10XKEHHUTE HA4YaAHKM YCnoBus ca pasiuyvbd. B kpafina cMeTka HeTouHOTO
NPECMATAHETO HA KOOPAMHATHTE BOAH JIO CHCTEMATHYHA TPELUKA B TOTANHHSA
HHTCHIHTET, & OTTaM W A0 pasjiniue B KPpHBMTE Ha (ur.1,

Pasauunara mexay moaennte [5] u [4] ce noayyasar suauntenny - dur. 3.
fpuynunTe 32 TOBa ca HAKOJIKO:

- KoedmumenTHTe 33 enoxu 1980 r. u 1985 r. ca pasnuunu B W3nON3BaHMTE
MOAeaupal nporpaMu [3] u [4];

- M3MOJI3BAHA € MEKAWHHA FOAMHA CMIPAMO €MOXHTE Ha ONpejesnaHe Ha
koeduunenTiute (1980r. u 1985r.), karo KOePHUMEHTHTE 3a TE3N ABE €MNOXH &
H3NOJI3BAT 32 JIMHEAHA WHTEPNOAAlHA, KOETO YCHIBA pas/iuKara.

Tonyuenure pesyntaTé npuemame Karo cyMapHa rpeliika OT H3MEHSHHSTa
B MOZeJIa W OT HETOYHOCTHTE| NPH MpeACTaBAHE Ha BEKOBHTE Bapuaumu. Moxem
Ja TPeANOAMKHM, Y€ MOZENET [5] KaTo NMO-CTap BHACK CHILECTBEHH T'PEUIKH.

Tadanuual. Min/Max pasinuy 5a TpHTe KOMIOHEHTH H TOTATHHA HHTCHIHTET {MoayAa)l Ha
MITHATHOTO NOAC 38 PasrfICAaHHTe| CayYai

CAYYAR I'petuka [peuka Fpeuixa {'pemxa
MOy Br [nT} Bt {n'T] Bt [nT]
[nT]
L. Herounu nonokenue
S R=dkm, 6 8= =2 |+33/+173 $5/-244 14/-135 2/-69
2. Moaen (3] sMecto 0
mozen [4] 2204220 =300/+400 =101 10 =300/ +300
3. Ocem BMecto gecer
XAPMONHHYHE -58/+72 =721476 -35/+57 -43/+46
4. CymapHa rpetia
CAHOBPEMEHHO | 1 3 357220 60/ 283 18/ 164 3/93
5. Or unrephonata
1981 r. oo 1983 r. 149/+23 -140 /232 “75/122 914492

CMsATaMe 33 BBIMONHO €AHA IPELIKA FIPH ONpPEACNAHE NONMKEHHETO HA
HC3 na ce xoMneHcHpa OT rpelkaTa npu M3NOA3BaHE Ha MoZena. 3aToBa 3a
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BCHYKH “6a30BH” TOYKH CME CyMUpaH (CbC CHOTBETHHS 3HAK) Ppelukara, nojay4eHa
oT HenpaBunHUs Gpoil XapMOHWKH H “TIO3MLHOHHATA” rpewka (pea 4 B Tabn.1).
Buakaa ce, ye CyMapHaTa rpeilika cTaBa ChbU3MepHMa ¢ Tasu Npu u30op Ha mMoaen
(pen 2 Tabu.1). Heluo no- MHTEPECHO - CHLUECTBYBA BL3MOXKHOCT NP HeA00HP MoJen
Ja uabepeM CbOTBETEH OpOH XapMOHHWYHH W aKO HMaMe rpelluka B onpeje/iHe
nonoxenuero Ha UC3, aa nosyunm no-go6pu pesynraTd, OTKOJKOTO ¢ M0-1005p
mojen npu Gukcupan Opoil xapMoHuuHU. 3a Hac BaKeH pe3yaTar e, 4e
nabnoaasanara B rnofajHOTO pa3npe/e/ieHHe Ha rpelkarTa UMKIH4HOCT 1o
reorpa)ckuTe KOOPAMHATH MPH BCEKHN OT PA3IIIEKAAHUTE ClyHaH € HHCKOMECTOTHA.
Ha exBpaTopManHH LIMPHHKM rpelukara € Hai-manka. I1ontoCHO HACTBMBAT MBPBO
MAKCHMYMMTE Ha [PELIKATa OT MOJENa, a Cfiel TOB2 TE3H Ha MO3HLMOHHATA MPeLIKa.
Scko ce BuxAa, ye 3abeIekHUMO U3MEHEHNE B Pasnpeie/ICHUATa HMa Iipes OKoJIo
10°, Xapaxktepanar Matual, T. Hap. “apeGHomainabru” aBneHns, € nojt 2°. INo tasu
NpHYKHA CHWTAME, Y€ WicneApaHuTe B Ta3W paboTa W3TOMHMLM HA HETOUHOCTH B
NPEACTABAHETO HA MOASHOTG MACHUTHO FOJIE €A HECHLUIECTBEHH TPH aHAAM3A HA
“apeOHomawabHuTe” Asaenya. [lpn ABHXKEHHETO Ha }/11?3 OKOJ0 3eMmsiTa
M3CAEABAHATA OT HaC peillka ce BKJOURA B PasiuKaTa HZ W3MEPEHOTO Noae M
mogenHoro none. JlecHo Mokem aa npecmerhem, ue ako UC3 npasu exun obopor
okono 3emsTa 3a noseue or 70 min “BKAlOYeHaTa” rpeluka ce NposBiBa KaTo
HuckoMetotHa { £< 0,05 Hz), cverasawa (pur.1).

Mioro u3cieAoBaTeAN NPHEMAT, Ye 3a eAHa roAWHA HIMEHEHHETO B
KOSHUUHEHTHTE Ha MOZENa & He3HadnTeNHO. BeiieAcTBYE HA TOBA B PAMKHMTE Ha
efHa roansa T¢ paboTaT ¢ exuy n ChILM KoeduuueHTn. ToBa He € B chrnacue ¢
APYro MPeAnofokKeHHe, NPaBeHo OT ChLUMTE W3C/IEN0BaTe/H, KOraTo A0mycKar,
qe xoeiMUMEHTHTE Ce M3IMEHST JMHEHO 32 MHTepBaj OT MET TrOAWHM.
[TocneaHoTo ¢ H3NOA3BAHO M B Mozeawpawure nporpamu [4,5]. Hue cpasHnuxme
HPECMETHATOTO MAarHMTHO none [4] 3a MexkauHHuTe enoxu 1981 r. v 1983 r.
PesysiTaTute ca mpeAcTaBeHH Ha ped 5 B Taba. 1. YCTaHOBeHM ca pasiuKu OT
nopaabka wa 70nT. PasnpenencHuero UM € ChIIO TaKa UMKIMHHO, HO ¢ No-106pe
H3paleHH eKCTPEMYMM OKOJIO MArHWTHHTE nomiocu. [oneMuHaTa Ha Te3H
PA3TUKK HU [aBa OCHOBaKWe [a cMATame, ue jiuHelna MHTepnonauus Tpabea
fa GBae NpuAaraHa ¥ B paMkuTe Ha rofuHara. [lo To3n HaduH KoeGUUMEHTHTE
HA MOAENA 32 ASKEMBpPH e Ghaar no-Gansku Ao koeduunentHTe 3a Cneasamara
POANHE, OTKOAKOTO KO Te3U 32 TEKYUIATA (KAKTO € NIPHETO cera).

Ouakpame NONYUSHUTE pe3yiTary Aa MOMOTHAT U Ipu M3CleABaHE HA
fioHOC(pepHUTE TOKOBH CHCTEMH.
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On the dccuracy of the model of the main field
in satellite magnetometer measurements

Dﬁm'tazj, Danov, Aleksander Bochev

I
{Summarly)

The comparison with the main field model,plays a major
role in the satellite magnetometer data analyses.It is accepted that the accuracy
of the main magnetic field model is determined by the positional error as well as
by the accuracy of the model itself (including the secular variation representa-
tion).

In this work the positional|error is simulated by varying the coordinates of
the observed point.For the examination of the accuracy of the model itself two
models [3.4] have been compared (for epoch 1982).

It is shown that the the main field model is free from significant errors in the
equator zone.Poleword from the equator the largest model field error appears
(LAT = 25°), then the positional error effect comes to its maximum (LAT =
45°). These types of error exhibit a very low frequency fluctuation (f = 0,05 Hz).
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DYHKIMOHAIHA TUAarHOCTHKA Ha CUCTEMH
3a yIpaBJieHUe Ha JIETATEHH anapaTu
Ha 6asaTa Ha IeHTU(GUKALMS Ha
KOe(hHUIUMEHTUTE OT Pa3IOKEHUETO Ha
MPEeXoAHUTe PYHKIMH B pell OT
GyHk1uy Ha Your

Iersp Ientos, ITnamer Xprcros,
Iramen AHreI08

HueTutyT 38 KOCMHYECKH Hscnensarnd, BAH

Tasu cTaTug ¢ npoabkerne Ha “TToaxo 3a npoekTUpaHe
M MICASABAHE HA KOMMIOTEPHY CHCTEMMU 32 YNPABJIEHHE HA JIETATENHH anapaTH
Ha 6azaTa Ha MoZeau Ha Xoap”, nybaukysana B kH. 12/1996 r. Ha nopeauuaTa
“AepoKoCMUYECKH N3CNEABAHNA B Buarapua”. B Hea ce npemuiara MeTon 3a
KOHTPOJ M AMArHOCTHKA HA CUCTEMH 3a YNPABJICHUE HA JIETATENIHU anapatH,
Basupall ce Ha HMUTAUHMOHRO MO/JENHPAHE HA CTPAHHYHOTO ABMXKEHHE U
ANTOPUTMY 33 MASHTUPUKAUNA HA KOCPUUMEHTUTE HA pasjlokKeHne Ha
NpexoAHMTE QYHKLUMU B PEA HA OPTOrOHAIHM (QYHKLMHK HA Yo,
BHeapaBaHETO HA GOPAOBUTE UMPPOBH M3UHUCTHTENHH NMALINHH TIO3BOJIK
M3MOI3BAHETO HAa NPOrpaMHH METOAM 38 KOHTPOJ M IMArHOCTHKA HA CHCTEMUTE
3a ynpaBiieHHe Ha neTaTeqHy anapati. OTCHCTBHETO HY ROTBAHUTENHE
anapaTypa 3a KOHTPON ¥ [BBKABOCTTA NPH NPEHACTPOHKA HA ANTOPHTMUTE K
PEXHMHUTE 3a KOHTPOJ ¥ JUArHOCTHKE, KAKTO U BbIMOXKHOCTTA 38 OTKPHUBAHE
Ha OTKA3M U JIOKATU3ALMATA HA HENINPABHOCTUTE 1O nporpamqfﬂ nbT, 0OyCAaBAT
BCE MO-LIMPOKOTO PA3NPOCTPAHEHUE Ha TE3M METOAM 32 OOeKTH OT yKa3aHus
THIL.

I Mscncasannstu oc dusancupar o Hauuonasex dona “Hayuuy Hzc.ncnaam}m" nps MOHT aoro-
sop M HU-305/93
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PaspaGorenara cxema (dlir. 1) nossonsea aa ce ¢chuerast BE3MOKHOCTHTE 33
KOHTPOJ Ha TEXHUYECKOTO CHCTOAHNE HA O0eKTa KaxTO B NPOCTPAHCTBOTO Ha
CHTHANHTE, TaKa H B [IPOCTPAHCTBOTO Ha NapamMeTpHTe.

B mbpBus ctytaih ce ochuIecTBABA CpaBHABaHE Ha NPEeXOAHHUTE (PYHKUHH
Ha NpoBepaBaHMs 0BeKT y{f ) |n Ha eTancHHUN Moaes Yu(£), npu koeto Tpabea
[la € B CHAA 2EBUCHMOCTTA! |

]
(1) WD - rh0l <3,
Kbaero r=1,2, .. n ¢ SpoAT Ha KOHTPOAHUPAHUTE HIXOAH Ha CHCTSMATA H
Moaena, i

Eranonuusar Monen e paspaGoren B chLOTBeTCTBHE C ITbAHMS JIUHeeH
MOAEJS HAa KOHTypa 3a crabuiuzauus Ha CTPAHHYHOTO ABHeHHe [1] ,
CTPYKTypHaTa cXema Ha KOWTO e nokasaHa Ha ¢ur. 2 . [lo csosra CTPYKTYpa
CTAIOHHHUAT MOJEJI ChBNANA ¢ 00EKTa 32 KOHTPOJ, KOETO € YCTAHOBEHO B [2]
Upe3 CpasHABAHE Ha peaxunmel UM NPH €AMHHYHH BXOJHH Bb3/ICHCTBMS.

x(9 Terarenen| YA
anapar | i
x.(9)
Yerpoiicrso
32 €TANOHHN
CHIHa/H
e, ()
Y - Bnok 3a
CHHXpOHH3aTOp Egnonss ‘_-*(5 EpasHiHg}e
Mogen £,(f)
) IMparogo k
T'eneparop YD YitD yerpoiierso 3
W. 1 HIHai
Ha dynkumnre | W, (9 Hnenruduxarop i 3a OTKas
Ha Yonu ’ a a, :|—|T—E» Ry
T el B
il é Homep Ha
po}";iaMHO 4, | YerpoiicTso 3a CHTYALIUATA,
YCTPOHCTRO ' a3rno3HaBaHe F

Dur. |

BnoxwT 3a cpaBussane ochuiecTBABa MPOBEPKA Ha M3MBIHEHHETO Ha
ycnosue (1) m nonasa curnaln 3a orkas (00=1) uau HznpassocT (A =0), B
SABHCHMOCT OT BE/IHUHHATA Ha pa3cbriacyBaHeTo € (7). Ilpu Tosa eTanoxumsT
MOZAEN M3MTbAHABA QYHKUMM HA UMHTAUMOHEH MOLEN C MIXOLHM CHTHA H, KOUTG
€2 ROCTATBYHO BIIM3KH RO CHTHAMUTE HA W3XOANTE HA peannns ofext. Hanenuar
KPHTEPHi RNO3BOAABA Aa ce qTKpHAT rpy6u rpemixn (BHE3aNHW OTKa3u) B
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cuctemara. CHrHaNBT 338 OTKa3 ce (JOpMMpa B 1paroBOTO YCTPOHCTBO MpPH YC/IOBHE,
ye €,(£)>8,.

OcBeH BHEZaNHUTE OTKA3H, NPEAIOKEHATA CXEMa MOXKE ;1![1 onpeaeny HagHO
H3MEHSHIM C€ MPOrPecHBHM OTKIOHEHHA OT HOPMATHHA PExkM HA paboTa Ha obekTa
M CHCTEMATa 33 YNIPABAEHHE, NTPH KOHTO OTKIOHEHHATA HA M3XOAHUTE CurHany y(f)
He W3NK3AT OT FPAHHUATA Ha AOMYCKOBHS HHTepBan (-§ .3 ). [['oBa ChCTONNKE €
XapakTepHC 38 OABHOM3MEHALIUTE CE NapaMeTPY HA €/IEMEHTHTE HA CHCTEMATA B
Pe3YATAT Ha CTAPEEHE, KAKTO H IPH T.HAp. MOCTEAECHHH OTKa3H, 3a OTKPHBAHETO HA
noaoBHK AedexTH U W3MEHEHHS B cxeMaTa (Qur. 1) ce npensmxaa yeTpoRcTso 3a
pasfio3HaBaHe, KOETo Mo KOe(PHIHEHTUTE Ha PasNoKEeHHe 4, Ha QyHKUMUTE Ha Yonm

W(t ) no3soasBa OTKPUBAHETO HA CHIAANATA CC CHTYAUMR H CPABHABAHETO M €
NIPEABAPHTEAHC 3aJa/ICHHTE,

AY
INT>—

57

bur. 2

Cucremara or QyHxuum Ha Yonmm W(!) ce aABfBa NbaHA cHCTeMa
oproHopMupany GyHxuum [3-5], 7. €. Beaka abcomoTHO uHTErpupyema s [0, 1]
Gyskuua y (£} Moxe aa GbAe OPEACTABEHA ChC 3a48JCHA TOUHOCT BLB BUA Ha
Cyma oT KpaeH 6poil dhyHkumy Ha Vonu (dur.3a) :
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@) y(t)y= Sa(T) Wit), i=1,2,.,1,

W 1031 pea fpHTexaBa CBOHCTBOTO PABHOMEPHA CXOAUMOCT, &KO (QYHKLHATA €
HETPEKBLCHATA B TO3M HHTEPBAJL. :

HUnentuduxaropsT ((ur.l) nauncnsea nepuoauuso (B CLOTBETCTBHE C
KOMaHAWTE Ha NPOFPaMHOTO YCTPOHCTBO) KOQULIMEHTHUTE 4 U 4, HA PA3IOIKEHUTE
B P&l Ha Yonut npexonuy Gyukuun  y(¢t) u y,(¢): '

1 T Y
O D= o we d. ayn= | o woa
{4 5 0
KbaeTo 7 € nepHoA Ha HACHTHHKALHS.

@yHKuKuTe Ha Yon W.(¢) n koedpuunenTHTe Ha pasnoxeHue B pel ace
327aBAT H ONPEACAAT NPOrpaMHO CHOTBETHO OT “reHeparopa Ha (yHkuuuTe Ha Youu”
u “naenTnguxaTopa”, CXEMHTE HA KOMTO ca NoKas3aHu Ha dwr. 36.

Wnentuduxarop
1R W,(t) 7t
FNC E MUL SUM >
! i
DyaxgRozases 2 | Yuroxuten Cymarop
opesbpaiyiaTen
CON
ar, 3z
['eneparop Ha QyHKIHUTE
Ha Yo Y)Y | Val8)
Wt ala
mv 4 e 29 Moo o | INT = [ils™
Tafimep Cyzygyonanen ¥unoxaTen Hzterpatop
npecfpaIynaTeR -
Our. 34

[Monyuenure xoepuuuenty 2, 3a npexoaHurte PyHKLUMM HA MOAEna
MOTAT Ba Ce HINOM3BAT 32 IPOBEPKa Ha paboTocnoco6HOCTTA Ha CaMHA MOJEn
4pe3 CPAaBHABAHETO UM ¢ NPEABAPUTENHO 3aJajeHH KOeDUUHEHTH B
YCTPOHCTROTO 32 Pa3no3HABAHE MPU €TANOHHO CMYLIABAILO Bb3AeHCTBHE.



Teau MpoBEPKM C€ HIBBLPUIBAT NEPHOAUUHO B 3ABUCHMOCT OT KOMAHAWTE Ha
NpOrpaMHOTO YCTPOHCTBO.

Koeduuuentute a,Ha npexoaHure GpyHkuuu y,(f) ce cpasHABAT B
YCTPOHCTBOTO 3a pasno3HaBaHe ¢ 4, KOETO MO3BO/ABA [a CC JOKATHIKP
MACTOTO Ha OTKa3a, KaTo C€ OMpe/e/]d HOMEPHT HA CHTYAUMATA.

Ha ¢urypa 4 e npuseseH npuMep ¢ UIYHCIEHHTE KOEDHLHEHTH 2 Ha
CHOTBETHHA pea Ha GyHKumMuTe Ha Yonil 1 ChOTBETHATA rpaduKa 3a NPEeXoAHaTa
byukuua y(f) =y (f)Habrona va y (1) .

"y (£), Y (1)
[°]
oy |
4 ¥ (£)
1] 8,0t
\ L . i L /Pblt(g)
1 3 4 2]
8= 0,7532 a,=-0,0279 8,=-00128  3,=-0,0037
a= 1,2006 a= 00014 8,= - 0,0606 a,=- 0,0037
2= - 0,7456 a.=-0.2730 2,=-00880  a,= 02889
a,=-02188 a,=-0,5349 a,=-02547 | a, 00767

T

Dur. 4

HonyueHuTe Pe3yITaTH NOKA3BAT, Y& NPSATOWEHHAT METOR € MPHIOKHM
PH CHUCTEMHTE 32 KOHTPON M AMArHOCTHKE Ha CHCTEMMTE I3a ynpasjenye Ha
NleTaTesHy anapaTH. Te ca OpueHTHpaHs KM uMposa peanhisaius ¥ MoraT aa
6BAAT ePEKTHBHO peanisupaiy Npefl BCHHKO C UnDPOosK GOPAOBH MALUKHH,
T.¢. OCHOBHATA OBJACT 338 TAXHOTO M3IION3BaHe C¢ ABABAT LPDPOBHTE CHCTEMH
32 yNpaBieHHE HA ODEKTH M W3MUTATEIHK CTEHACBE C uutbp:onn H3HUCAHTEIHH
MalLIHHH.
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The aircraft antomatic control systems
functional diagnostics based

on the coefficients identification of the step
responses expanding in the order

of the Walsh function

Peter Getzov, Plamen Christov, Plamen Angelov

{Summary)

The paper presents a method for aircraft antomatic con-
trol systems’ {ACS) functional diagnostics, based on the coefficients identifica-
tion of the siep responses expanding in the order of the Walsh functions. The
developed scheme combines the possibilities for control of aircraft ACS techni-
cal state for both the signal space and the parameters space. The reference model
device is developed according to the stabilizing loops complete linear model of
the side motion. Besides sudden failures the proposed scheme can detect the
appearance of slowly changing progressive abnormalities during operation of
the object and the control system, where the deviations of the output signals do
not pass beyond the limits of the admissible interval, The Walsh functions and
the distribution coefficients are given and determine according to the program
from the Walsh function generator and the identifying unit. The obtained
coeficients for the model step functions can be used for diagnostics of the work-
ing capacity of the model itself by comparing them with the predetermined val-
ues,

The obtained qualitative and quantitative results show that the proposed
approach and algorithm are¢ applicable in systems for control and diagnostics of
aircraft ACS. They are oriented towards digital realization and can be used mainly
in computer-aided diagnostics.
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Onpenenenns yrna GopMUpOBaHHsS
TICEBIOMETEOPUTHEIX YACTHUL] ITPH

L= b

“HOPMANTEHOM™ CXEME CXJIOTIHIBAHMS
KyMyJISTHBHOM 0OIHIOBKY

Buxrop Bapanos, Xpucto Xprctos®,
Tapo Mapaupocsa**

Tyasckuil rocyAapCTBEHHBIN yHHBEPCHTET,| Poccin
* BocHHsii HayYHbIT TEXHHYECKHH HHCTHNYT, HOArapHs
** LHCTHTYT KOCMHYCCKHX HCCACAOBaHHH, BAH

Onpeaenetue yraa GopMupoBalng McesJoMETEOPHTHBIX
HACTHLL, TIPH “HOPMANLHOW™ CXEME CXJIOTBIBAHMA KyMYJIATHBHONH OGNHLOBKH B
3apsjax ¢ JMH30# Wiy U3 HEOAHOPOAHOTO B3PHIBYATOFO BEWECTBA ABASETCH
MEXIMHHON 3ajaucit onHcaHmsa npouecca GopMuUpOBAHHSA, Pa3BUTHA M
MPOHHKAHHA METEOPHTHLIX YaCTHIL B OOLIMBKY M KOHCTPYK{IMIO KOCMHHECKHX
annaparos [1]. '
OnySaukosasublii cnocof onucaHus (GOpPMUPOBAHHA TNCERAO-
METEOPHTHBIX HaCTHL NPH “PasManbHOR” CXEME CX/IOMLIBAHHA KyMYIATHBHOH
OONMUOBKM MMEET LE/bi PSA HEAOCTATKOB, HE NMO3BONAIOLIHE ONUCATH
GOpMUPOBAHMA NCEBAOMETEOPHUTHBIX HACTHL ¢ 3afaHHOH TOMHOCTHIO (2].
“PaguansHas” CXeMa He YuMTHIBaeT [PH CXJIONbIBAHWK OCEBOE CMElleHHE
TICEBAOMETEOPHTHBIX YACTHL, YTO NPUBOAWTH K HAKOTUIEHHIO TOTPEUIHOCTH IMPH
pacueTe cKOpOCTeN 06KaTHe 3AEMEHTOB OONMUOBKM 3apsaia, 0COOEHHO eciu
o6NMLUOBKE ¥MeeT GOpPMY OAHONMOAOCTHOrO runepbosionaa, YTo O4eHk yAauHo
AN GOPMUPOBAHHA BHICOKOCKOPOCTHOTO MOTOKA MNCEBAOMETCOPHTHEIX HaCTHLL.
HeobX0AMMOCTh NOBbILIEHHA TOYHOCTH NPH ONUCAHWM NPOLIECCE
bopMHpOBaHMA MCEBAOMETEOPHTHBIX YaCTHLL MPHBOAHT }< M310JIb30BAHHIO
“HOPMAaNILHON™ CXEMbl CXJIONbIBAHHA KYMYJSTHBHOH OONULOBKY - MeTaHue
OGNIMLIOBKH OCYLIECTBAAETCA B HANpaBICHUM, nepncumxyn{npnom BHYTPEHHOM
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AOBEPXHOCTH O0AHLOBKH.

HNpn onucaumu npouecca cxaonsiasus as OnpeLe/eHHA yraa
GOPMEPOBAHHA NCEBROMETEOPUTHBIX YACTHI HCNOIb3OBAHI chaeayompe
RonyweHHs: GopMa ACTOHAUMOHHOH BONHBI OnpeAenseTca PACMONOKEHHEM K
koHQurypauneh nuussl [3] nau HEOAHOPOAHOCTEI) B3PLIBHATOTC BEwECTsa [4]
("noABKXHAS" NWH3A CO CKOPOCTHIO ABUKCHUS COU3BMEPHMOH CKOPOCTH
AeTOHauUKH), Oeperosoit >dext oTcycTByerT, Matepuan o0GAMULOBKH
HECKUMACMBIH; He YYHTBIBAETCS TOPMOKERHE M HArPeB 0GAHUOBKH NpH
cxaonvisaHuH. Ha puc.l nsofpaxena “HopmansHas” cxema CXI0IbLIBAHKS
KYMYAATHBHON OONHLOBKY 3apafa, B KOTOPOH 06pasyomue BHelHeH U
BHYTPEHHEH NMOBCPXHOCTH OBAMLOBKH 331aHb byHxunamu y = efx) u y = r(x),
HE ABAAIOUIUMMCS JIHHEHHAIMH,

KDy 4y
= 2:‘“ ~d._ wﬁ o)

—
'\\ -~

™ TR B
B~

: OB+ dB(x)
i IA F

o ol "M | \s

2D |, x P dx x.c

Puc. 1. “HopManshas®” cxema cxIonbisanns KyMYARTHBROH 0fnuuonksu

Pacnpoctpakenne uskpusnennoro annsoit [3] unu HEOAHOPOAHOCThIO
B3pLIBYATOrO sewlecTsa (4] dpoHTa AETOHALMOHHOK BOMHBI TIPOU3XOHAUT H3
roukn K(D,} ¢ pagnycom R (D), orcrosueii va paccTesHuM af{D) ot Havano
KOOPAMHATHOM cHCTeMbl. B ciytae ToweuHOro MCTOMHMKE AETOHANMH HA rpauu
muksel D, = const, R (D, )= const u a,(D,) = const [2]. B cayuae muH3BI CAGKHOTO
npoduns (D, = const) unu HeogHOpORHOTO sapaga (D, = f(y)) - R(D)u
3(D,) aBAIOTCA PYHKLUMAMYU NOBEPXHOCTH NHHIB! HAH HEOHOPOAHOCTH 3apina
[3,4].

B MOMEHT BpeMeHy £, ceuenme anemMeHTa OBAULOBKH dX HauMHaeT
ABHXKEHHE K OCH CHMMETDHH 3apA/ia 1O HOPManH K BHYTPeHHelN NOBEpXHOCTH
OOMHLUOBKH. 3a Bpema ¢f Touka A’ npoiizer nyTs &,
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(1) m= Wdt = Dﬂ(y)

rae W, - CKOpOCTb ABHXKEHHS 3/IEMEHTa MO HOpMalH o6ALoBKM B TOo4ke A’ K
ocu 3apana; @ - dyHKuus BAMAHMA AMH3bI WIM HEOAHOPOAHOCTH 3apAaa [3.4].
Torna oc'ranmni‘lcu nyTh A0 coBMmenieHus ¢ ocH Ox ToukM A', BpeMs ABHKEHHS
Touky A’ 10 CXJTONbIBaHKA ¥ TyTh TOUKH B’ 1m0 MecTHOM HOpPMA/TH K BHYTPEHHEH
DOBEPXHOCTH 32 3TO Bpems ONPEASIRIOTCA COOTBETCTBEHHO (2)f? {3), (4):

P S .
@ £ cospB Iiy)

rae A’ A” - paccrosHue 10 ocu 110 Hopmain k £ (x) B Touke A’y B - MecTHei#
Ha4anbHbiil YLOJI HaKIOHa OGIULOBKH;

3 i gl
() = COSB qlv) % *
4 __r - W, dw;
(.) .5' cosp li)/) {1-{- W

Takum ofpazom, TaHFeHT yraa GOpMAPOBAHMA BIIEMEHTA MCEBAO-
METEOPUTHOT'C NOTOKA NPH “HOPManbHOM” CXJIONBIBAHKH [MECTHON HacTH
KyMyASTHBHOM 0BAULOBKH ANUHOH X OIpefensercsa U3 Tpeyronb?-mxa A'B"C kax
{cM. puc.1}):

A"K

(5) . g x)=

rae B ’K=B"'Ccos(B+dB); A"K =Csin(f+dB).
YunTeiBasg, uTc:

6) B+dB=arctgls (x)+7(x)dx]

u Tiocne npeoGpazosaHiii, BbipakeHHe (5) NpUMET BHA:
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rcos[arctg{r’ 3 r"dx)] _rdw; cos[arctg (s r"dx)]

() g x)={r+ «:ﬂ_'— cos{arctgr) W; cos(arctgr’)
» W@, cos[ arctg(r' + r”d'\’)] Js dos rsin[arctg (r+ z"dx)]
d _y) cos( arctg'r')
LI sinfarctg(r + r'dy)] WO, sinfarctg (r + r"dx)| &
W cos( arctg'r') r '

®opmyna (7) aengeTcs Gonee TOUHOM, YeM BbIBEICHHON B [1-3] n
fIO3BOJIACT NPONIBOANTL PacyeT yria (OPMUPOBAHMA TICEBIOMETEOPUTHDIX

HaCcTHU, NP “HOpMAanbLHOM™ cXeMe CXNONLIBAHWS A NPOU3BOJIbLHBIX

0Opasyonx noBepXHOCTeH 06ANLOBKY, NPH HATHYHH B KOHCTPYKLMM 3apsia
AMH30BOCC Y3JIa WK HEGAHODOAHOCTH 3aPaJa B3PLIBYATOrO BELLECTBA,

IMonyueHHbilt yron SBAfeTcs MCXOMHOM XapaKTEPUCTUKOMH ona
MOAETHPOBAHUA IPOLIECCA PAIBUTHA M ABHIKEHUS MTOTOKA NMCEBLAOMETEOPHUTHBIX
JACTHIL,
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Determination of the angle of formation of
pseudometeorite particles in a normal scheme of
angle approach of a cumulative lining

Victor Baranov, Christo Christov,
Garo Mardirossian

(Summary)

The determination of the angle of formation of
pseudometeorite particles in 2 normal scheme of angle approach of a cumulative
lining by a shielded charge or another one with an inhomogeneous explosive
agent is an intermediate task from the description of the process of formation,
development and penetration of meteorite particles in the spacecrafts lining and
construction. As a result there’s obtained an expression for the angle spoken
above, as a function of parameters of the charge,
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Mexanusm IpoOUTUA KepaMUUECKOH
OOLIMBKH a3pOKOCMUYECKOrO aNnapara

Buxrop baparnos, Hrops Jlona,
Xprcro Xprcros* 3seznenny Ynpixos**

Tymscknl rocyqapersersstii yuasepenter, Poccus
* BoeHHsIH HAYYHBIN TCXHHYICCKHI Hﬂcm'ryr Cogus
¥ Nywapur” EOOJ, Pyce

Bricokan TBepmocTh Tcpmocmﬁxocn KEpaMHKH B
COYETaHUHN C OTHOCHTENHO HeOONbLIOH MNOTHOCTHIO AENAIOT € MEPCNEKTHBHBIM
3AUHKTHLIM MaTEPUATOM MPH MPOSKTHPOBAHMU PABAHUHBLIX KOCMHUYECKHX
anmnaparos, 0cOGeHHO MHOKPATHOrO RONL30BAHMA. B cBA3K ¢ TMM axTyanbHa
npobnemMa M3yueHUs ee CTOHKOCTH K BbiCOKOCKOPOCTHOMY yAapy H
NpoRUWKAOWEMY BO3ACHCTBHIO MECTKHWX METEOpHUTHBIX 4acTui. Huxke
AHAIHZUDYETCA MEXAHN3M Pa3pylIeHNd KepamMuueckoll mperpans ToAHHON /
HKECTKUM LIMITMHADHHECKUM YAAPHUKOM MACCOH A ANf Cnyuas HOpMasibHOro
yAaapa co ckopocTsio V.

B MomeHT ynapa oT AULEBON NOBEPXHOCTH TIPErpaisl HaYMUHAET
FeHepHPOBATLCA BOJIHA HANpAXKeHus CKaTHA. Tak Kak B KepaMUKe B CHIY ee
XPYIIKOCTH HE pa3BUBAIOTCA 3HAUWTENbHbIE NAACTHYECKHUE Redopmaudn gaxe
NpY paspylieHie, TO NepeAHNUH QPOHT HECET HanpsKeHUs

VEp1Ep,
0= Vo
\/'E;P': 3 \/Ezpz .

rae £, 5, - Mogynu ynpyroctv MaTepHaioB Aperpaisl W yAapHUKE; PP, -
TAOTHOCTH MAaTEPHANOB liperpadb M YRApHUKA, COOTBETCTBEHHO.

Ipy ROCTHXEHHH (POHTOM BONHBI HATIPAAEHMS CHKATHA THUILHO
TICBEPXHOCTH NpPErpansl NpOU3XOAUT €€ OTPaKeHHEe M TPAHCHOPMALMS B BOJTHY

(1)
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HanpsKeHHH PacTAKEHHA, KOTOPas PAaCIpOCTPAHACTSH B oﬁpzmt?u HanpaB-JleHHH,
HurephepHpys ¢ napawlue#t BoMHOH Hanpsxenns cxartud. Foraa cymmapuoe
HamnpsDKeHHe B IPOU3BONBHOM CeYeHHH riperpaasl [1]

') 0,(2)=0,-0,(2),

rae o,(2)- Hanpsxenne ckaTua B MaTEpHANE KEPAMHUKY B cev-Jemm Z B MOMEHT
NPYUXOAa B HETO OTPMKEHHON BOMHBI RaNpaxenuit pacTaxenhs t={(2h-2)/a

208
(3) a(z) =0, exp[——fT(b—z)],
rae a= !—Ei - CKOPOCTh pacnipocTpaHeR i ynpyroi BoAHb B xep*uuxe; 8- momwain

P
MHZENEBA CEYEHHH YRapHHKA.

I c

e \‘
/

Puc. 1
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2h-

PacemoTpum MoMenT Bpemenm "1‘_'T4 (puc. 1). Marepuan
Nperpaisl Nepel yAAPHUKOM JIeBEE CEUEHWA Z, HAXOAWTCS B CXKATOM
COCTOAHMUA, npas¢e B pacTaHyToM. IlycTh B ceyeHuu 2z, HanpsxeHnue
pacTaxenns o,{Z,j pasHo ponyckaemomy. Toraa B HeM resepupyercs
TPELUIKA, HAPYLIACTCH COOWHOCTS, - M JIeBAs M TpaBas 4acTh B AajbHelieM
GyayT sectu ceba asTonomuo. [TpuueM B neBoit uacTu Oyner npoaonxarsces
pacnpocTpanene GpoHTa BONHBI HANPSKEHUH PACTIKEHUA, a B npaeoii
APOU30MACT OTPAXKEHHE BOSHLI HANPMKEHHH PACTSKEHHS M npeobpasoBaHue
e B Boay Ckats. Tlpu 3roM cooTseTcTBYIOMIME aMINUTYAbI BOIH HAnpsKeHHii
B KaXAOH 4acTH nperpaabl SyRyT paBHbl N0 MOAY/IO W BABOE MEHbIe
MePBOHAANLHONO HATIPAXKEHHUS O, (Z, ) .

Paccmotpum npasyio nonosuHy nperpagsi. Hanpsikenue pacrsxenus

B CCYSHHH Z, paBHO:

c,(z)=0, 1-exp[-2—§}§(b—%)] =[o],,

OTKYA2 KOOPAMHATA BEPOATHOrO 00pa3OBaHMA MEPBOHt TPEWHNHLI B nperpage
fipH npobuTHK

M [s],]
(4) zZ =h+ Infl - —2£
I 2p,S Gy l

OGpazosalike TpeLinHb! B CEYERMM 2, - HeobxoauMoe HO HE HOCTATOMHOE
ycaosHe o0pazoBaHuid B HEM OTKOABHOTO paspyluenud. JdononHuresnbHbiM
YCAOBHEM AN NOC/ACAHErO ABAACTCA HAAHYUME TPEUIWH U NO HOKOBOH
MOBEPXHOCTH UHAHHIAPA AnameTpoM d,. B cuny orcycrTems Pa3BUTBIX
TUIACTHYECKKX AedopMaliuii B BOHE, PACHPOCTPAHAIOWANCH B ApaBoil 4acTH

MPErpaibl, BOAHA HANPAXKEHHIE PACTANEHNA UMEET MOCTONHHYIO AMDAMTYAY
clz)= E[a] o 4 renepupyeT Ha Gokosoit noBepxHOCTH YOOMAHYTOrO HUAMHAPA
KacaTenbHblie HaNlpAREeHU UHTEHCHBHOCTHIO!

[c],$
2nd,(4- z,)

[pu BbinOHEHHE YestoBus 7 > [r] B Mperpaje peansnsyeTcs ThiAbHbliH 0TKON
H COOTBETCTBYIOLIEE 3HAYCHHE Z, OTIPEAENUTCA TAK:
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) Pk b_ﬁzﬂ.
e v, SekF]

PaccMOTPHUM Teneph JIeBYIO NOJIOBUHY nperpajasl. B MomenT obpa-
30BaHUs TPELLMHbI 3TA HACTh HATPYXKEHA CKUMAIOILIMM HAMPAKEHNEM, OMpPee-
neHHbIM o dopmyse (3). Pacnpoctpansiowumijest p 3Tol YacTu (pOHT BOJHbI
HanpsKeHUH PacTAKEHUA ¢ aMIUTHTYION U,STJPT (puc. 1) Bymer co3aasathb
CYMMApHOE HanpsmKEeHHEe crz(z), onpezensemMoe rno GpopmyJie:

2p,S 1
251 -el, |

[Moa peficTBHEM 3TOrO HANPAKERNS HA LMITMHAPHYECKOH NOBEPXHOCTH
d, 6yayT TEHEPUPOBATLCH KACATENbHBIC HANPSXEHNA [2], KOTOpbIE MOTYT MpH
OTIpEHE/ICHHBIX YCIOBUAX MPUBECTH K obpazosanuio npobku. [NpunenenHoe
KacaTenbHOE HANPAXKEHUE, YIHTHIBAIOIEe HEPABHOMEPHOCTD pacrpelenenis
CYMMAaPHOTO HOPM@ILHOTO HAMpMKeHus (6) Mo AIMHE JIEBOW H4acTH. MOKHO

OMpefelnTb TAK:
S “dolzt
(7} Tpp = J( I)a'z .
ndyz, ; OZ
Teneps ycnosue o6pazoBanus npodku B 1€BOH YacTH pperpanbl UMeeT

) 0.(2) =0, exp| -

BUA T,, 2 [7] . wnu, c yuerom (6) u (7):

1 2p, 1S 2p Sq)
(&) = -t (——l— -1z .
7 %% exp|: W ] exp| 11> zf7]

Boinonnenne yenobus (8) B cCOBOKYNHOCTH ¢ {4) # (3) nojn qeCKH O3HAMACT
nosHoe MpobuTHE yAapHUKOM Nperpabl B 3oHe [1 8 $a3oBoy MIOCKOCTH Z0¢
{pHCYHOK). '

Ecnu ycnoBue (8) He BbHNOAHAETCH, TO B JIEBOH HACTH NpPErpajb!
BOIMOMNCHBI MHOXECTBEHHbIE IOBTOPHbIE OTKOJIbI, X MOIHOE NPQOUTHE NPErpaibl
MOMET NPOU3ONHTH, HanpuMmep, B 3oHe IV (a3oBoil miockocTy. Crnenyer
OTMETUTD, uTO B 30He 11I paspyiueHue BOSHUKHYTb HE MOJKET, TAK KaK OTKOJIOB
TaM HET M MEHbIUAS NO CpaBHEHMKC ¢ 30HOM II amMnuuTyna COKHUMAKOLIMX
HANpsXeHWit Npy PUKCHPOBAHHOH TUIOLWAAN CPe3a HE MOXCT NMPUBECTH K
obpazoBanuo npobku. Bpems BepoaTHOro obpasosaHus BTOpPOro (u
HOCHEAYIOMNX) OTKOMOB £, (PHCYHOK) M COOTBETCTBYIOUICE EMY CEHCHME Z,
MOXKHO OMPEAETUTEL €3 MPUHLMITHANLHBIX 3aTPYAHEHUH C MOMOIIBIO TEX XKE
ypaBHeHUH, ¢ COOTBETCTRYIOIUHMMEI HM HAYAALHBIMY YCIIOBUA A 1.

Taxum oBpazom, NOKA3aHO, 4TO paspylleHue xepamncrecxoi& nperpajs
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MOXET MPOH3ONTH 3 CUET MHOKECTBEHHOI'O OTKONA 6 ThUTLHOM YacTH H3-3a
AEHCTBUA OTPAXKEHHBIX PACTATHBAIOIMX HANPAKEHNIL H OIHOBPEMEHHOTO cpesa
JIMLEBOM 4acTH B BUAE NPOOKK M3-3a ACHCTBUA KacaTeMbHbIX HaNpAXKEHHi,
TCHCPHDYCMBIX BOJHOH HanpaxeHnit coxatua, CHopMyIHPOBAHHEBI
HEOOXOAMMbIE M IOCTATOYHBIE YCTOBHS MPOGHTHI nperpajgbl ¥ oNpeneneHs!

BEPOATHbIC KOOPAUHATE! Ce4EHHS NPETPAbI, B KOTOPLIX BOHHKAIOT OTKOIIbHBIE
pa3pylieHHs. !
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The mechanism of performation of the ceramic
lining of aero-space vehicles |

|
Victor Baranov, Igor Lopa, Christo Christov,
Zwezdelin Chiwikov : !
|

Summary) |

This paper analyzes a normal impact of a rigid rod upo!n a
ceramic bulkhead with limited thickness in a wave scenery. There are formu-
lated the necessary and sufficient conditions for the formation of a multiple rear
breaking off, as well as the associated conditions for formation and cutting drf a
cork.
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Qualitative analysis of the free processes

in a generalized linear oscillating circuit
with periodic parameters. 1. Structure
of the differential equations and
classification of the free prdcesses in
Hamiltonian oscillating circuits'

Nikolai Birjuk, Viadimir Dam, lov*

Vorongj State University, Department of Bhysics
394693 Voronej, Russia =
*Space Research Institute, Bulgarian Acadetyy of Sciences

Introduction

The analysis of linear oscillating systen!zs with variable pa-
rameters, and particularly of such with parameters that remain periodical in
time, is of fundamental importance for the investigation of oé_cillating systems in
a general form [1]. The parameters of nonlinear oscillating lsystems depend on
the voltage applied and on the currents that flow through them, and these, in
their turn, are functions of time. Thus, in the long run, noplinear systems are
also systems with variable parameters, In this connection al principle of linear
linkage is formulated in mathematics [2]. It is related to the idea that the phe-
nomena and properties of nonlinear systems can be realized (ih the sense of simu-
lated) for each specific (particular) case in the respective lineair systems with vari-
able parameters.

Qualitative analysis assumes considerable importanise in the investiga-

I An investigation supported by the Bulgarian National Fund “Scientific I:{cscarch” ynder
Ne TH-549/95. '
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|
tion of complex oscillating systems, since it allows of identifying the most gen-
eral features of system behaviour. ?
The paper reveals a general method for analyzing linear systems with peri-
odic and almost periodic parameters. -
The generalized linear oscillating circuit (Fig. 1) with periodic parametersj is
called so forth to play an important part in the theory of nonlinear osciilatidlns
and in radiophysics. Its direct significance is that it is used in radiophysics as a
signal oscillating circuit parametric amplifier or generator, in the process of és—
cillation moduiation in generator systems, etc. Its indirect significance is condi-
tioned by the fact that it is a heuristic model of nonlinear autonomous and non-
autonomous second-order systems employed in the analysis of process stability
in such systems. : l
The paper provides an analysis of the free processes in an oscillating circuit
from the peint of view of their bounded or unbounded nature, or, in other words,
it studies issues of the stability and instability of the oscillating circuit. The diffi-
culty of the task is predeterminated by its most general set-up, which requires
the application of complex mathematical techniques. Yet such a general per-
spective of the task makes it interesting from a practical point of view, since the
parametric oscillating circuit is quite rich in particular cases, but principle no
specific particular case can reveal the overall diversity of possibilites for the os-
cillating circuit, '
Further down we have quoted a basic system of two linear differential equa-
tions of the generalized parametric oscillating circuit, as well as some particular
cases derived from the basic system through variable substitution. The attention
is mostly focused on the canonical second-order system, to which the basic Sys-
tem of circuit equations is rc.:*.ced. ' !
Mathieu’s equation is equivalent to a rather particular case of a canonli-
cal system with periodic coefficients. It is well-known that Mathieu’s various
equations can be classified within a definite set of classes by zones of stabili}y
and instability. These zones can be presented in a two-dimensional plane as ar-
eas with sufficiently complex form which intertwine and overlap in a complex
way. It turns out that the canonical systems of a general type have analogotlks
properties but the respective stability and instability areas are fixed in cylindricgl
space obtained by rotating the plane round an axis lying in this plane. The re-
spective results are obtained by employing incomparably more complex meth-
ods than in the case of Mathieu’s equation and a broader system of mathemat
cal concepts.
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Structure of the differential equatlons
describing linear oscillating systepls
with positive parameters

Linear oscillating circuits can be described by applying a
first-order vector linear differential equation

d
() Ez:A(r)z+f(r),

where z is a ~dimensional vector, whose elements can represerjt capacitor charges,
magnetic flux running through inductances, etc. A(#) is a n x »n -dimensional
matrix whose elements can be expressed by circuit paramete{'s (inductances, ca-
pacitances, resistances), £{#) is a free n-dimensional vector, rwhose components
are determined by the electromotive forces connected to the; circuit and by the
parameters of the system.

In order to identify the structure of equation (1), we shall |nitially analyze the
following equation of the free processes with “frozen” (time-independent) pa-
rameters:

d
— A
(2) o X = Ax,

where A = const. If all the parameters of the system are positi]lre, the solution will
satisfy the condition: lim X(l‘) 0.

It is obvious that the !atter equatlon meets the condition that ISpA'<0 {SpA is the

sunt total of the main diagonal terms of matrix A). i

Lemma 1. Any radiophysical system with constant positive param-
eters, containing active resistances with currents flowing th;rough them, is de-
scribed by a system of differential equations with constant ¢oefﬁcients whose
matrix includes non-positive main diagonal elements, at Iea,st one of which is
negative. i
Lemma 2. The main diagonal in the matrix of tl1e first-order vector
differential equation of a radio circuit with constant positive parameters, con-
taining only real reactances (with losses), consists only of negative elements.

The condition that Sp.A<Q and the following Lemma are valid for circuits
made up of ideal reactances with constant positive parameters. |

Lemma 3. The matrix of the vector differential equatﬁon of a radio circuit
containing only ideal reactances with constant positive parameters has a zero main
diagonal.
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The Lemmas formulated above are also valid for a certain subclassllof
linear radio circuits {we shall term it a structurally stationary one) with variable
positive parameters. They are characterized by the fact that matrix A4 in (2) co
tains no derivatives of the circuit parameters with respect to the time. The f -
lowing theorem can be formulated in this connection.

Theorem 1. Any radio circuit with variable parameters containing no
capacitive loops or inductive nodes are structurally stationary.

The proof of Theorem | is based on Kirchhoff’s laws. It demonstraJes
that the derivatives of the circuit parameters with respect to time emerge onlly
after excluding one of the charges in a capacitive loop, or one of the magnetic
fluxes in an inductive node. |

With a view to extending the scope of action of the Lemmas on structur-
ally stationary circuits considered above, the latter can be reformulated as sepia-
rate theorems. ‘

Two connected oscillating circuits with intrinsic capacitive coupling can
serve as an example off a structurally stationary circuit. Two connected oscillat-
ing circuits with external capaclt:ve coupling cannot be regarded as a structulr-
ally stationary circuit, since in this case the three capacitances form a capacntlve
loop. !

Vector differential equation describing |
a linear oscillating circuit with

time-dependent parameters

The free process in a linear generalized oscillating circuit
with changing parameters (Fig. 1) is described by a linear vector differential equa-
tion

d
3 ~x = Alt
(3) X = Alx,
( _9g : | . i
X = colon Xw"z), X = — normalized charge of the capacitor , XS
13 ’ ;
00

normalized magnetic flux of the inductance, A(t)= {a,j(t)}, iLj= I,é,
i

o) Vgt i €
() = —tyy ol <0,4 a,(t) = qu(w) 0,"“2;“)* ®,.C() >0
t, R(2)

() = -2 <0,

L(¢)
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Fig. |. Linear generalized oscillating circuit with changing parameters
If x, is excluded from system (3), the result will be a scalar differential

equation with regard to x,. A scalar equation with respect to x, can be obtained
in an analogous way. These are equations of the type

d2

@) ot al(r)- +a,(0x =0,

where
- in the case of x = x,,a,(t)...::lnL(f) + oo gg; ﬁg]
b [t%Tff)] ., t{E‘C(;:)t);l k) + L(t)C( )[”R(')G(')]

- in the case of x = Xx;, respectively a(f) = %ln C(¢) + tw[% g%ﬂ

2({)___“[1'001?(:)]4_:{,, R(¢) 4. ) +—"n

o) |70 @ 1+ GORE)].

L(r)C( )

1 t
A substitution of variable in (4) by x = epr:— 3 fa (.Jr)dsJ ¥ yields
! <

®) drz

1
+Pt)y =0, Plt)=a(r) -—-af(r) 3__
Given the assumptions that in (4) x= x,, then i
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L) |ty 7| G(S)  R(S)
Y =0=5T0) exp{— J[‘CT(E)" m]ds }

£ R 1(t.G R
P(t) =% (1+ RG) + Id(t"“G 59“_] +—(L-~’“0—Ji1nf, |

2'dtN—C¢ L 2% L /dt
34 ] 1t W)z 1 ac
HZ g DO e o Ry, et

In the case of x = x, in (4), it follows that
_ . _x |C@ R(s) | GLS)
Y =EYa=X; C(O) exp{ J.I:L(S) C(S) }dt}

nC |

ld(t.R t.G\ 1(t.R £.G)d
Pt m’1 __(00 _&_] _[_oo____w_J
O A G R - by e i
l[im 0)2 _l[#—‘u"R +_touGJ2 _ldc¢
dt 4\ L C 20 dt* °

|
Equation (3) can be reduced to a vector equation of a canonical type i
analogous to {5) by carrying out the following substitution: |

x:zexp{ ]a,l(t )+ a,{t)dt }

o

We obtain

d |
= oy Is o [
(6) =7 B(t)z , where

z = colon(z,, 2, ), B(t) = {b,(0)}. 1,/ =1 |

1 .
by ==~b, = 5(3:1 _322)§ by = a0, = ay

The condition that SpB(#)=0 is indicative of the canonical characte
equation (6). In the case under consideration it is in a rather simple form.

r of

If we introduce a Hamiltonian function, i.e. square form of the system

. ;
\
|



(7 H(z‘, zi,.zz) =

R |-

_ 1
b, ()2} - b,(t)z,2, - -2-b,2(r)232 :
Equation (6) can be written in the form of the following system

(8) azi I 6H 323 T 3H )

ot oz, Ot oz

Let us compare the canonical system (6) with the equation of a general
type (3). It is evident that the elements of the second diagonal of the
matrix are identical, while the elements of the main diagonals differ. They
are presented in an extended form:

[L()
Reqv B —p chvip e . C(I) .

Hence the conclusion that the necessary and sufficient condition for
the oscillating circuit to be described by a canonical equation is

R, = -p*G,,
It is obvious that any conservative oscillating circuit (R =0, G=0)
is described by a canonical vector differential equation.
It is not difficult to verify that if a Hamiltonian oscillating circuit is de-
scribed by equation (8), the coefficients of the first derivative has an average
value equal to zero, since

d d
a, =~&;ln£, or & =ElnC.

Let us express the Hamiltonian functien of system (8} by using the cir-
cuit parameters



R
Lo | Qoo > p 00 2

©) H(frznzz)fz_ 0,00 T Jie ot g%

When analyzing the canonical system it is important to identify the non-

" negative condition, & (t &525 ) 2 0, for all values of the arguments, for which *he

solution of the equation z, and z,are unknown. The bracketed middle term in (9 aLs a
serious impediment to such an estimate. That is why we use the ineguality

zi+z;] zl+ 2]

S S22, < —~—2—‘ to obtain the following bilateral estimate

f 1 Rl|| ¢q D
10 D ——ba-= L0 52 E stHt, :
va 2 ( 2“)0 pD[(DooC T +‘I00L = ( z”z-)

I q @ ]
<l w_ 2 0 2|
2[ 2Pe- D((D AT LT

As a result off these inequalities, in the absence of any dissipative losses
(G =0,R=0), the following equation is obtained

t D
H(r zlzz)——&[q)qwc 2+~*-9'i—z§J.
ﬂu

This is the normalized instantaneous energy accumulated in the reactances
of the oscillating circuit. Canonical systems and their equivalent equations can
be either stable or unstable, but they cannot be asymptotically stable.

Let us consider some other forms of the canonical vector system (4),
for example the following one:

e ) ne(y )
(11) Ez=ﬂlz, f—[_l 0> H= b, b
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o, ©C(2) 2 1 c(n) _m
"4 fw _c_"_{f_)._, ﬂ.{_). Loy Py ‘
2 'C{!) L{I} QUuL{l‘]

H is a symmetrical matrix of the Hamiltonian function (9}.
Since 7! = 7 ,equation (11) can also be written in the form

d
— = H
{(12) fdrz b

Sometimes it is convenient to present the initial system (3} in the form of

an integral system of equations. If, for instance, X(t) = {Xy(f)} , Lj=1,2isa

fundamental system of solutions to {3), it will satisfy the integral equation

x(t) = x(l‘a) + IA(S )x(S)ds,
where x(to) is the matrix of the initial conditions.

This form of the oscillating circuit equation is convenient when using
the successive approximations method, in the case of seeking a solution in the

form of x(¢} = X(fg) + ZXk(f) , where x,(f)= IA(S)X‘,_I(S)dS, k=1.2,..,
k=1

£

x, = x(t, ).
This recurrent formula allows of consistently identifying all series terms in
the solution. It would not be difficult to show that this series is absolutely and evenly

convergent over an arbitrary finite interval.
Further on we shall demonstrate a multistage transformation approach.

If the variables in (3) are substituted in the following way

L) PO

(13) x=B({)y, B()= gﬂ(r)
1

the equation will assume the form
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d
(14) —y=C(t)y,

dt
e =0 SO, G (L) L

A comparsion between (14) and (3) shows that equation{14) describes an
oscillating circuit with constant capacitance or constant inductance, while all
other respective parameters vary in time.

Let us continue the transformation by performing the following substi-
tution in {14)

ek |
y= zexp{g ﬂc”(s)w(snds}.
The result is

d
(15) Et-z=D(t)z,

wers D(f){f“") 2 (1) f)(t)) dy(6) = [ Bt dj?'}

Obviously (15} is a snmphf ted canonical system, since one of the malu ix
elements is constant. |
Finally, if we carry out the following substitution in equation (15) |

2(8) = R, R(t)=[;f.;(r) 1

we shall obtai
0) al mn

0 |
(16) %U =M@, M= [r( 9 0) |
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dd
where r{r) = a,2, +dj) -— .

System (16) describes an oscillating circuit without IoLses, which con-
tains one time-dependent reactance. I

The system (16} is much simpler than the initial system iS), and the solu-
tions of both equations are related in the following way: '

(17) x(6) = k{t,¢,)N()U
1 day(1) 1
where k{z,t,) = exp ~2-J a, (1) +a,(1}+ Tk ol de e,
6, N
L[ g Ld_] 1
N(t) =| 2a, e o dt an
1 0

The investigation of the free processes in linear oscillating circuits with
time dependent parameters of a general type is connected with enormous
mathematical difficulties conditioned by the general character|of the problem.
Indeed, it is necessary to examine a huge number of equations (3) characterized
by four functions - the elements of the matrix 2;, ;7/=1,2.

‘The canonical systems lend themselves to a sufficiently a¢curate and clear
classification by boundedness or boundlessness of their solutiops. The possible
canonical systems make up a set that can be visualized as a s¢t of points in a
three-dimensional cylindric space. The cylindric space breaks down into a set of
alternating areas of stability and instability. Certain investigations have been
carried out and they have yielded a sufficiently comprehensive picture of the
general properties of the free processes in a linear oscillating circuit with periodic
parameters,

Classification of the free processes
in Hamiltonman oscillating circuits

The canonicai systems lend themselves to a sufficiently dis-

tinct and clear classification by boundedness or boundlessness of theirsolutions.
It is possible to create a comprehensive picture of the general regularities gov-
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erning the free processes in a linear oscillating circuit with periodic parameters. For
the sake of visualization we shall use a three-dimensional cylindric space which is
broken down into a set of alternating areas of stability and instability.

Consider a canonical system with periodic coefficients in the following
vector form

18 i = JH:

The fundamental matrix of the solutions of the vector equation (18),
given the initial conditions z (0) =/ where / is a unit matrix, is presented as

(19) z{t) = P(t)e".

The properties of the matrices in (19) are as follows:
a)At) is a real matrix-function, which is either periodic, i.e. A#++T) =

d
P(#) or antiperiodic, P(t++T)=-P{t), T-period, P(0)=/, 7 P is piece - wise continius,

i.e. it exists almost everwhere and is summable;

b) DetP(=1 , .

¢} K is a real square matrix with constant elements, SpX = 0.

The investigation of the properties of matrix X is of crucial importance
in the stability analysis. If the matrix function of the vector equation (18) is
known, matrix K will be determined in the following way:

(20) = %ln[i 2(1)]. f

The alternative sign in (20) is chosen in such a way as to secure a real
matrix K,

Let us dwell more elaborately on matrix sets {1{} and {P(r)} ; Fonjé the

sake of visualization we shall use geometrical terms.

|
|
L. Structure of the set {K } |

We shall present the set of various constant second-order
matrices K with zero spur in the following form 5

-X y=-z |
Kis
(_y+z X J

where x, y, z are various values along the axes of the Cartesian coordinate sys-
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tem Qxyz. This presentation yields an ordinary three-dimensional {Euclidean) space.
A completely defined matrix K corresponds to each point in this space. :
The characteristic equation of the matrix,

21) Det(K-Al)=0
has the following form; A2= x2+ y?- z2, i
Given a real ) , this characteristic equation represent{ a single-band hy-
perboloid, whose canonical equation is in the following formi. '
2 2 2 .
N A |
/SRy TR ¢

Hyperbola

2 b
Fig. 2. Single-band hyperboloid illustrated the characteristic equation of the mafrix at a real { a); double-
band hyperboloid illustrated the same at imaginary {5

The graphic representation of the single-band hyperboloid is shown in
Fig. 2a, where 2= A and b =2 are the real semi-axes and ¢|= jA is the
imaginary semi-axis.

If } is imaginary, {21) determines a double-band hyperboloid:

The graphic representation of the double-band hyperboloid is given in
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Fig. 25, where a= jh and b= jA areimaginary semi-axes, and ¢ = A is a real
semi-axis. 1

When A =0 | the result is a borderline case of 4 cone: X° + }’2 = z?
separating the two families of the above mentioned hyperboloids. Convention-
aily, we shall ascribe a plus sign to the cone and hyperboloid tops, and a minus
sign to their bottoms. The set of the points on the cone surface will be denoted as
C* and C” respectively. The set of the points in the interior of the cone
(x* + y? < z?) will be denoted as O(O+ and O') while that of the exterior
points { x2 + y?* > z?) will be designated as H.

It turns out that systems (18) with periodic or antiperiodic solutions cor-
respond to the set O (those are systems with bounded solutions), while systems
with unbounded solutions are in congruence with the set /. We shall denote the
surface points of the double-band hyperboloid family as 1”(I‘+ and F').

The three-dimensional space constructed in this way will be designated
as R:.

The elucidation of the structure of the matrices K and e* is of particu-
lar significance for the stability investigation of the canonical systems.

The matrix K can be presented in one of the following forms:

(v Y,
(a) K=5o _,)5" (et
(0 ) .
(b) K = 5\0 0 S (set C),
0 - -1
© K=Sp o )5 =psis” @),

where Sis a real matrix, A, ¢ and [ are real numbers.

It follows from equation §™'eX'§ = %5 that:

o

Kr M 0 S'I
-when KeH-¢ =SO ey :

1 gt}
-when K eC.e* =S[0 . JS"',
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_when K €0- ¢ = Se®S™ = (I cospt+Jsinpe)S™.

Hence, in case {a) both solutions of the fundamental system (18) are un-
bounded, if the whole time axis is taken into account ¢ e(—o0,00}. If the object

of consideration i the semi-axis ¢ ¢[0,c0), one of the solutions of the funda-

mental system should be regarded as unbounded (exponentially increasing), and
the other one as bounded (exponentially decreasing).

0
In case (b) one solution under initial conditions Z, (0) = S(l] is peri-
odic or anti-periodic, while the other one - under initial conditions 22(0) = S [ OJ -

is linearly increasing. In case (c) all solutions are bounded.

Let us once again refer to formula (20) and consider the issue of the
signal-valuedness of the matrix K.

For the sake of simplifying the presentation, we shall introduce the
following denotations: K7=y, (T )=B. Then equation {20) takes the
following form: '

(22) e’ =%B-

As a result of a relevant transformation the matrix + B can be reduced
to one of the following forms:

n 0
(a’) 1] >0, p=l,
_ . I
01
(b') I+ 0 0)’
Oy 54
(") B o £ OZZ-IB‘:I
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If the matrix + B can be reduced to form (a’} or (b'), there is a solution
only in the case when the characteristic numbers of matrix + B are positive. The
sign in (22) is chosen on the basis of this condition as well. This is the only solu-
tion and it is obtained by using the following formulae:

In case (a’) :

Zulnp[ ¥+l )

=In(tB)="5—|+B- I

23) y =In(t B) e s
In case (b’)

24) In{+B)=+B-7.

If B =1I, we arrive at the solution by applying the formula:

25 In(t /)= mS'JS (n= 0,21,42,%...),

where zis an even number when a plus sign is ascribed and a negative number
when a minus sign is attributed. ;

When £ B can be reduced to form {¢’) and B = j&_-{ .all values In{+ B)
are yielded by the formula '

+ im

Sk -
(26) In(t B) = P B (fP + M)ctgcp I

(n=02122,%.)

where ¢** are the characteristic numbers of the matrix !B(O <@ < n); s an

even number when a plus sign is ascribed and a negative nitmber when the sign is
minus, '

It follows from (22) that Det ¢” =% =1, Sp_}=0i.e. all solutions y

of equation (22) fall in space R®.

For matrices y and % B it is possible to have simultaneous occurence of
either cases (a) and (a’), or cases (b) and {b'), or cases { ¢’} and {c’). So, we can
conclude that in the case of unbounded increase in the solytion, i.e. (a’) and (b’},

1 '
matrix K:F[i Z(T)] has a single value and X e HUC* UC~
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In the case of a bounded solution (¢') the matrix Xis pota single-valued
one. There are two options here: a non-trivial one, when KieO ,and a trivial
one, for K=0({in the second option the matrix degrades to 4/ZEro one).

Letususe [; and [, to denote the top and bottom of the hyperboloid
2 I
i o

Xtyt-zt= ~ar’ O; and O to designate respectively the upper and
|

[ower area between the cone: x° + y? — z° = 0 and this hy;’rerboloid; O] and

O] to mark respectively the areas between the top and the biottom of the cone:
12
) )
x?+ y* - 22 =0 and the hyperboloid: x°* + y* -z’ = -—}!5;
If we take into account the fact that the matrix P(¢)| has a single value
determined by the matrix K in (19), it is obvious that in ordgr to ensure a one-
value functional matrix of solutions (19} it would be necessafy and sufficient to

select the matrix K falling in the area. !
2. Structure of set {P(I)}

We shall use @, to denote the set of secpnd-order matrices

with constant real elements and with a determinant equal to one. Let us assume
that x is a matrix belonging to this set, It can always be presented in the form

(¢4) x=ab,

where a is a vector corresponding to the first column of the: matrix, and &is a
vector corresponding to the second column of the matrix. The elements of ma-

a, b,
trix x are expressed through the projections of vectors 2 anqi bx= ( g bA) :

a
. e
The angle between the vectors is established according to the formula:
-

(3, b) ab, +ab,

Ol = arccos- b = arecos ¢
i) a2 +a2 )62 +22)

It turns out that the determinant of the matrix x can be presented in the
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form
(28) Det x =& blsina =1,

Let us examine solution (19) of the canonical systgm of two equations.
Given a fixed ¢, the matrix z{¢) is an element of the set ®,; in the case of chang-
ing time this matrix is continuously converted from one element {(matrix) of the
set @, , mto another element of the same set, i.e. a trajecto';ry is describedin @, ,

which can be visualized as a curve situated within a torus (Fig. 3). We are inter-
ested in the normatized matrix of the solutions when the initial point of the tra-

jectory is an unit matrix, and the final one is the matrix z(¢).

Fig. 3 Visualization of the solution as a curve situated within a torus

Fig. 3 can be treated in another way as well. Let us'consider a section of

the torus with plane z= 0. The result is a circuit in the plane Oxy. Each point on
: X
this circuit corresponds to a constant vector 2 = y) Hence it is obvious that

Fig. 3 shows one of the solutions ¢ ), corresponding to the initial condition
1 :
£y = o) @ is the angle of rotation of the vector x(¢) for the time interval [0,.

The angle of rotation over the time span of one period T; i.e. for the interval

[¢,£ = T]. s of particular interest.
It follows from (19) that z{T") = P(T)a, a is a constant vector.
As a result of the condition that P(¢+T') = +P(¢) , over the time inter-

val of Af =T the vector %¢) turns at an angle divisible by & ,i.e.
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(29) o, =m, {n=0%£1,£2,..)

where s an even number for a periodic matrix P(¢) and aniodd number for an

anti-periodic matrix. We have to point out that 2 does not depend on the initial
conditions, i.e. two arbitrary vector solutions belonging to the relevant canoni-
cal system rotate in synchronism so that the angle between them remains un-
changed. Hence, i in (29) is a system characteristic. Moreover, it proves to be
quite an important characteristic from the viewpoint of the fswbility theory.
Formula (29) allows of classifying canonical systems according to the
values of n. Indeed, each particular canonical system is characterized by its own
matrix z (¢ ), hence its own matrix as well, determining the number of semi-

revolutions z1_over an interval Af =7 for an arbitrary vector-solution of the

cancnical system under consideration,
Let us carry out a qualitative examination of the behav1our of the solu-
tions of canonical systems. Let us assume that thereis a canomcal system

d
(30) 323 Aln)z, SpA(s)=0.

We shall consider the set L, which is made up of triads of periodic

piecewise continuous functions (elements of matrix A(9) a,,(f), a,(¢), a,,(1). We

introduce the following norm in L’
Fa
_[[' 3:1(f)|+! 312(t)|+|321 (f)”df
0

Then [’ is transformed into a complete linear normallized space (Banach
space). ;

Each matrix A has its corresponding matrix funetioh z(#) which, in its
turn, is juxtaposed to a couple of matrices P(¢), K where P(t) €, is metric

space, X € HJCUJO; The correspondence indicated abolve is written in the
following way: _ |

r'=0x(HUCUO;).
We use o to denote the beginning of the coordinate system in &*. Then

C =C*"UJoelUC . We break down space €2 into a countable set of subspaces,
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Q= ZQH , and introduce the following designations:

-

H,=Q xH, EREe e
0,=Q,%x0;, CimQuxCy

Cn =Qn 2 C-‘ C:*O = Qﬂ kO

The product of the sets should be seen in the following way: A(r) eH,,
if P(t) eQ, KeH.

The following denotations are used:

H=U H,0=U0,C=UC,C*=UC,C°=CC =C"Uc,
H=—0 il fj=—in f=—u fi=—
The fundamental matrices z(¢) related to the canonical systems be-
longing to different areas of stability have different representations:

Alt)eH » z(t) = P(r)S[g;u 2*’*‘) s (A>0),

Alt) €0 - z{r) = p(:)s(“’SB‘ 'SinB‘Js-l (o<p <L),

sinf3¢ cosPt

Al eC™ 5 2{r) = P(r)SG) iﬂ)s

The open connected sets O, are referred to as st:pbiiity (boundedness)

areas, the open linked sets A, are respectively termed areas of instability, C,

are the boundaries between the areas of stability and instability (the boundaries
themselves are referred to the unstable area, in accordance with another law -
that of the growing unbounded solutions).

Let us consider the issue of the composition of space 15 , Which is impor-
tant for applied problems. The matrix function of the fundamental system (19)
can be viewed as a trajectory in torus @, . Each canonical system has its corre-
sponding matrix function. Therefore one intuitively arrives at the assertion that
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the set of Hamiltonian systems (30), or the set of matrices {A'(t)} which is the
same, has a corresponding set of matrix functions {z{#}}. Fc'fr the purpose of
proving this correspondence, set {z(t)} should be arranged in such a way as to
form a space analogous to space L for matrix {A({)} . It should alsc be shown
that the correspondence A{t} «» z(r} is reciprocally continuoys. Seeking to ar-
range set {z{(z)}, we introduce the following intervals: :

p(zl,zz) = sup|| z,(#) — z, ()]} + ?j.ll'%[‘?;(f) g zz(tj]"dr R

Os¢sT

Then set {z(r)} (like L’ for {A(t)}) becomes a comjplete linear nor-
malized space. These two spaces can be treated as identical and denoted in the

same way - as L. The dependence of the matrix functions z{¢)on the matrix

Al¢) is continuous. Moreover there is observance of thig continyity both by norm

and by interval.

As shown above, the points on torus ®, are unimodular matrices (ma-
trices with a determinant equal to one). The points in the space R’ for matrices
K represent matrices with a trace equal to zero. For the purpose of achieving a
single value it would be sufficient to select such points for mﬁ\triccs K that lie

between the upper and lower bottom of the two-band hyperboleid:

2

z2-x* -y and to include one of the two boundaries in this part of
I

"
T A7 _ i
space R’. The bottoms of the two-band cone: x* + y* = 22,. are situated be-
tween the bottoms of this hyperboloid. The space between the cone bottoms
corresponds to the unstable area. The space between the respective bottoms of
the cone and the hyperboloid corresponds to the stable area. Thhe surface of the
cone is the boundary between the stable area and the unstable one, but it is
treated as belonging to the unstable area. Any point belongingjto torus ®, , i.e.
any unimodular matrix with constant parameters zcan always be presented in
the form: z = +e* In this way the stable and unstable areas, which are already
determined by matrix X, can be transferred to torus @, . It has already been
shown that the matrix function 2{¢} of system (30) “winds” round the torus
®, , and the number of windings for a time interval of A¢ =T is — (when the
canonical system is in the n-th stable or unstable range). In the case of stability,
the end of the winding at the close of interval [r,r = T] proves to be at the same

distance from the torus center as in the beginning of the interval. In the case of
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instability, the end of the winding proves to be further away from the torus center
n

1
than its beginning. Let us replace the torus containing *2— windings with 7 iden-

tical tori, each containing one winding of the solution. Let us cut each torus at
one and the same place along its section and then shift the ends of the section in
different direction along axis z (the result is a spiral winding). Then we stick

together the section ends of the different tori so as to link up the solution windings

n
and obtain the complete solution. Thus, instead of = tori, the result is a spiral area

2

with g windings. By deforming the spiral area directly one can obtain a cylindrical
space whose section is shown in Fig, 4. The space itself cap be obtained by rotating
the figure round the hatch-dotted line.

The cylindric space R encompasses various canonical systems. A particu-
tar case of such systems is, for instance, Mathiew’s equation (the dotted line in Fig. 4
indicates the area corresponding to Mathieu’s equation).

c

CR A

Fig. 4. Three-dimensienal cylindrical space the points of which represent the set of canonical
equations of the second order

Conclusion

The systems of linear differential equations with periodic
coefficients can not be solved in a general form. This is why the qualitative meth-
ods for solving those equations are of special interest. With that end in view it is
necessary the initial system of equations to be transformed to the most appropri-
ate form. It turns out to be that for different purposes of the analysis “the most
simple form of the equations” are quite different in different cases. It is not pos-
sible to find such form of equations allowing to tackle them in a general form.
Herewith the resonable areas of applying different form of equations have been
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discussed. it has been demonstrated that the system of equations, describing an oscil-
lating system, can be transformed using variables substituting, in the form, character-
istic for the Hami'tonian systems. A qualitative picture of the {ree processes in an
oscillating system with periodic in time parameters hias been presented on the basis
of the mathematical theory of the Hamiltonian systems. Special attention has been
payed to the problem of stability according to Lyapunov’s statements. A three-di-
mensional cylindrical space has been put in correspondancet the set of equations
describing every possible oscillating systems with periodic parameters. The space
has been divided into accounting areas, corresponding to the areas of stability and
unstability of the cancnical systems. A concrete oscillating system with periodic pa-
rameters is set in correspondence to the every point of this space. Such an approach
allows to make a methodologically consistent classification of the oscillating circuits
with periodical parameters in accordance with the most important indication, namely
the stability and unstability according to Lyapunov’s propoundings.
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KauecTBeH aHanu3 Ha CBOOOJHUTE IIPOLIECH B
06001IEH JIMHEEH TPEOTAl KPbI' ¢ IMEPHOAMYUHHU
napamerpd. 1. CTpykTypa Ha JNMQEpEHLHaTHNTE
ypaBHEHHs ¥ KiacHbUKaLus Ha CBOOOAHUTE

IIpoueCH B XaMUITOHOBH TPENTALIKW KPEIroBC

Huxonar Baprox, Bragumup Jlamros
(Peswome)

Cucremure auHelHM AudepeHUHATHW ypaBHeHHs C
NepMoAHYHM KOS(GULMEHTH HE ce pelsaBaT B obLl BUA, €TO 3awc 0cobeHo
3HAYEHYE TIPUAOBHBAT KAUECTBEHIUTE METOAM 38 H3ceaBaHe. 3a LienTa € Heobx0aMMO
W3XOAHATA CHCTeMa AubepeHUMaNHy ypaBHeHHs Aa ce npeobpasysa Kbm Hai-
noaxoaamata dopma. B craTuaTa ce ofchxaar uenecbobpasHure obnactu Ha
NpURMKEHNE Ha eAHa Wik Apyra (hopma Ha crueTeMaTa AU(ePeHLIHANHH YPaBHEHHS.
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Pasrienan e 0606uieH TPENTALL KPBL, CHABPKALL MPOMEHIMUBY BhE BPEMETO
peakthBuu {1 L) w aktusHu enementd (R u G). Ilokasea ce, uye cucremaTa
AM(EpeHUHATHH YPABHEHUS, ONHCBalla 0GoBILeHNS TpenTALY KPBI, MOXE upes
3aMfAHA HA NPOMEH/IMBKTE A3 CE TNPHBEAe KbM BUJ, XapaKTepeH 33 XaMUNTOHORUTE
cucremi. Hanonseafikn MaTematnueckata Teopus Ha XaMHUITOHOBUTE CHCTEMU, €
JafeHa KaYeCTBEHA KapTHHA Ha CBODOIHMTE MPOLIECH B TPENTAIL KPbI C NEPHOAUYHH
BB BpeMETO napameTpH. OcofeHo BHUMaHHE € OTAESHO Ha 3/124aTa 3a YCTONUHBOCT
no Jlanywos.- Ha MHOMXECTBOTO ypaBHEHHS Ha BCEBB3MOXKHM TPENTALIM KPBroBe ¢
ACPHOAMYHN NMapaMeTPH € MOCTABEHO B CHOTBETCTBHE TPUMEPHO UMIMHADHYHO
NPOCTPAHCTBO. TOB2 MPOCTPaHCTBO € pa3buUTo Ha GPOMMO MHOXKECTBO obnacTH,
CbOTBETCTBAMIA #ia 00JAaCTHTE HAa YCTOHYMBOCT H| HEYCTOHYMBOST Ha
KaHOHHYHATES cHcreMu. Ha Besaka Touka OT TOBA MPOCTPAaHCTBO Ce MOCTAaBs B
CBOTBETCTBHE KOHKPETEH KPBr ¢ nepuHoAMuHW napamerpu. Takne noaxon
NO3BO/IABA 42 CC¢ HAMPABH METOACAOTHHYECKH U3bpiKAaHA KAacH(puUKalus Ha
TPEeNTALIWTE KPBHroBe MO Hak-BaXHUA NPHU3IHAK - yCTOWYMBOCTTA WM
HEYCTOH4YHBOCTTa e JIAnyHOB.
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Gravitational waves receiver

Viadimir Damgov
Space Research Institute, Bulgarian Academy of Sciences

Introduction

Attempts to register space gravitational waves have been
made in 3 number of countries for more than a quarter of a century. Different
modifications of Weber’s massive mechanical oscillators have been used for this
purpose [1 - 3]. The importance of these studies consist in the attempt to con-
firm, first of all, one of the most essential corollaries of the General relativity
theory and, secondly, to provide new channels for gaining information on the
Universe. It is thus necessary to design a highly sensitive receiver for the registra-
tion of weak gravitational waves which are transmitted by a hypothetical space
sources and reach the Earth. The radio-physical foundations of this problem are
laid down by the school of V.B. Braginsky [4,5].

The present paper tackles the problem of further improvement of gravita-
tional wave receivers by increasing their band range along with keeping of in-
creasing their sensitivity. A resonance gravitational waves receiver is considered.
A mechanical oscillator with a quality factor @, = 107 —10'® is used as an aerial
sensor, which provides a high level of the eigen fluctuation noises. The expected
frequency range of the basis types of space gravitational sourcesis f < 10’ —10°
Hz. The information on the shape of the expected signal is of special interest for
Astrophysics. Hence, parallgl to the receiver sensitivity, the problem of realizing
a wide band range recording is of special importance.

Diagram of the gravitational waves receiver
The diagram of the gravitational wave receiver is shown in

Fig. 1, consisting of: HQMO (GS) - high quality mechanical oscillator (gravita-
tional sensor}); 4-FEMPS - 4-frequency electro-mechanical parametric system,
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4-FPA - 4-frequency parametric amplifier; PG - high frequency pumping generator:
DPA - degenerate parametric amplifier; FC (x2) - frequency converter (doubler);
SRO - system for oscillations regjistration.

=~ 4FPA [~ DpA [ sro [PU
] &
HQMO >l FC
(GS) ' (x2)
4-FEMPS PG

Fig.1. Diagram of the gravitational wave receiver

4-FEMPS is to compensate the elasticity of the gravitational sensor
HQMO (GS), which provides practically an frequency independence of the im-
pedance and of the transmission coefficient in the input circuit of the gravita-
tional wave receiver within its working frequency band range. 4-FPA provides a
low noise amplification of the received signal in a regime, optimal with respect
to noise. DPA is a second parametric amplifier which, together with performing
a low-noise amplification, damps down the noise from the lateral frequency bands
of 4-FPA. PG provides a direct high frequency supply of 4-FEMPS and 4-FPA.
it supplies DPA, too, through FC (x2). The frequency of the PG voltage is much
higher than the frequency range of the expected gravitational waves. The con-
cluding unit SOR of the gravitational wave receiver performs an adaptive damp-
ing of the HQMO (GS) eigen free oscillations, and the signal sought is to be
identified on such a background. Parallel to the basic problem, SOR is a system
for damping down seismic, efectromagnetic and other noise effects, disturbing
the receiver functioning.

DPA Msro L Quitput

y

(x2)

Fig.2. An idea of the design of a gravitational wave receiver
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To state things more clear, the idea of the design of a gravitational wave
receiver is given in Fig.2. A mechanical oscillator with mass m and differential
coefficient of elasticity K stands for HQMO (GS). The transformation of the
mechanical oscillations into electrical ones is performed by a capacitive sensor
C, directly switched to HQMO (GS). The capacitive sensor Clis an element of
the oscillating system CLR which, together with the pumping generator PG and
on line with HQMO (GS) realizes negative elasticity and low-noise parametric
amplification, combining the functions of 4-FEMPS and 4-FPA. For a definite
set-up of 4-FEMPS, its reaction to the mechanica! modulation of C is expressed
by an introduction of an equivalent negative elasticity and an equivalent friction
in the mechanical oscillator HQMO (GS) [4,6-9]. In this case 4-FPA lacks a
definite parametric element, whose parameter should vary with the high pump-
ing frequency, as is assumed in the theory of parametric systems. However, the
modulating effect of HQMO (GS) through the capacitive sensor € causes the
generation of summary and difference combination frequencies, which deter-
mine the CLR system character as a 4-frequency parametric amplifier (4-FPA).
DPA can be designed by employing a bridge-balance circuit with high positive
input impedance and low eigen fluctuation noises [9-11]. One of the SOR pos-
sible configurations is given in [3].

Analysis of the noise characteristics

The wetl known electro-mechanical analogies {12] can be
used to perform the analysis. They allow for the reduction of the problem to a
pure ‘electrical’ problem [3]. Such analogies are: the electro-motive force «
mechanical force, inductance «»> mass, capacitance «» elasticity, resistance «»
friction, etc.

An equivalent circuit of the gravitational wave receiver, together with the
noise sources, is given in Fig. 3. The equivalent gravitational impact (IA) on the
oscillator mass is expressed by the equivalent conductance of the irradiation
resistance G, . The gravitational sensor HQMO (GS) is presented by the reac-
tive parameters L,,C, and by the conductance of friction losses G, . 4-FEMPS
is represented by the equivalent conductance G, , and by the equivalent nega-
tive capacitance C_introduced in the input circuit of the gravitational wave re-
ceiver. The presence of 4-FPA is outlined by the general complex admittance
Y p and by the complex admittance ¥ .u , added due to the reversibility of the
modulation - parametric interactions in 4-FPA[11, [3]. Since a large coefficient
of amplification of 4-FPA, as well as of DPA, is expected to be attained, DPA is
presented, together with SOR, as an amplifying two-port unit (load) ATP (L),
with an input general complex admittance ¥,

The noise-generating properties of 1A, HQMO (GS), 4-FPA and ATP
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(L) are characterized by equivalent effective values of noise electric current genera-

T [T [T E '
tors § {nas > Inp s T by a noise voltage . /U 2 and by a noise correlation admit-

tance ¥ «or, which are determined by the fo[]owmg cxprcssmns [14,15] :
INGS =GN, Gy =G +Gsa='NP =ReY, N "NL —GM. NL =R, N,

=(V Ty v _,E_r;) |UNLI’ where N = 4k TAf,x is the Boltzmann constant, T

is the absolute temperature (for HOMO (GS), 7' =7 for 4-FPA -T = T,, for ATP
(Ly- T =T, Af isthe frequency band, GNL and RNL are, respectively, the equiva-
lent noise conductance and the equivalent noise resistance of the amplifying two-port
unit (load) ATP (L})). The mark “*” denotes a complex-conjugate quantity. The pos-
sibility of introducing additional noise in HQMO (GS) under the performance of 4-
FEMPS is taken into account by including the noise generator of electric current

\/; The additional noise, due to the reversibility of the interactions in 4-FPA (i.e.
due to the mutual combinational noise transformation in the 4 working frequency
bands {11,13]) is expressed by means of the current source ;E.— g - The flicker noise
{noise of type “I/£") can be neglected and their relative weight is considered to be
negligible, since, in 4-frequency parametric systems, they .‘ilrc present as a rule in the
infra-low frequency region only, till units Hz [3,9].

It is not difficult to show that the use of 4-FEMPS expands significantly the
receiver frequency band as a result of the capacitance CL full compensation (i.e.

compcnsatlon of the elasticity of the gravitational scnsor) For a positive detuning

¢= -_Q of the oscillating system CLR , where @, |is the system resonance
s _

frequency and Q is its quality factor, an equivalent dlfferentlal elasticity is in-
U,Q,8
troduced in HQMO (GS) [4], with a coefficient AJ{ 1 6 d . Here U, is

the amplitude of the supplying voltage, produced by the pumplng generator PG,
S and d, are the area of the capacitor plates (the ca?acztwe sensor} and the

initial distance between them, respectively. It is obvioug that increasing the am-

plitude I/, for other intact conditions, a full compersation of HQMO (GS)

eigen differential elasticity can be attained. The problem is now to estimate the
effective use of 4-FEMPS, regarding the possibility of keeping the sensitivity of
the gravitational wave receiver within the significantly expanded frequency band.
The necessity of equalizing HQMO (GS) frequency characteristic, including a
reactive parametric compensation, can be shown by considering the equivalent elec-
tric parameters - see Fig.3. The high-quality mechanical oscillator has a
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strongly expressed resonance characteristic. The response of a system with such an
input selectivity to an arbitrary signal is always a sinusoid with a frequency, equal to
the resonance frequency of HQMO (GS) and radically different from the form of the
acting gravitational wave. The processing of the signal at the receiver output by using
such a frequency filter at the input is a difficult task. Really, the output signal is
practically determined by the free oscillations of HQMO (GS), which are oscillations
of frequency w_ and with random amplitude and phase. The difference between the
real record and the expected one, corresponding to undisturbed free oscillations, is
used in order to isolate the signal, carrying information about the acting gravitational
force. During the receive of a wide-band signal, the damping of the non-resonance
part of its spectrum is of order Q, {Q, is the HQMO (GS) quality factor). However,
too high and practically unattainable accuracy of the record is needed in order to
isolate the whole spectrum. For instance, a record with 107 amplitude gradiations is
needed to receive the whole signal spectrum, for J,=10°. This corresponds to a 23-
digit binary code. Modesn gravitational sensors have as a rule @, ~10'°. Hence, an
equalization of the amplitude-frequency characteristic is to be performed in order to
receive and process a wide-band range signal. The canonical approach to the solution
of this problem, in accordance with the detection theory, states to use an optimal
filter. If the character of the expected signal is that of white noise, the optimal filter is
to posses an amplitude-frequency characteristic opposite to that of HQMO (GS).

Such is rejecting filter with the same quality factor (J, and its design is practically

difficuit, due to the impossibility of satisfying the requirements for parameter stability,
We consider a simpler technical solution. HQMO (GS) frequency characteris-
tics of transmission can be given in the following form:
@

£0,
kus(8)= s
9 J1+Q1-¢)

a;s_, @, is the signal frequency of the range of gravitational waves
Livd

where &=
expected. The frequency transfer characteristic, out of the HQMO (GS) band of
transmission (for frequencies & 2 liul— for example), can be a%proximately
expressed as km{.{,") = I—i (e.g., the g‘f‘mular error for & =1 ig is 0,5%).

Thus, the problem of equalizing the frequency characteristic can be solved by
using g«o independent operations: (i) a removal of the peak in the transition

band Z’& of HQMO (GS), and (ii} a correction of the frequency characteristic. The

first operation supposes damping of the HQMO (GS) eigen free oscillations
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and this is the most often performed in SOR by the use of a self-adapting system
which compensates oscillations with frequency @, in the output units of the gravi-
tational wave receiver. The compensation is realized on the basis of a generated os-
cillation with the same frequency and amplitude and opposite phase (see [3]). The
second operation is supposed to be performed at input of the gravitational wave re-
ceiver. Here we mean the compensatipn of the capacitance of the gravitational wave
sensor (see Fig.3), when o{C, - C g_j= 0. Then transmission coefficient of HQMO
(GS) is close to 1 and it can be specified as follows:

1

\(1 " [mL_T(GG +G, +G, )]

since the following condition is fulfilled: coLs(Gc +G ~|-_.Gg)<<l, which is re-
lated to the extremely weak interaction between the gravitational wave and matter
(@LG;<<1)and to the high quality factor of the gravitationalisensors (LG <<1),

o

kas(m) i
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Fig.3. Equivalent impedance - noise circuit of gravitational wave receiyer

Since the system lacks impedance matching, the noise coefficient of the
circuit in Fig.3 can be determined as ‘

T

) Fel+2,
InGs
where
!TNF'Z=;3 'f')‘i +]ﬁ@+:ﬁ£+b§£ YL(YGS+Y.&‘+Y.\D+YMJ)}
By uie ] Y+ Y+ Y. 4¥, +¥
L GS £ P add
v S5
_ZU—T Y (Y‘ +Y‘+Y.+Y’ )I ; - ST
Mol 1% =2 T s Y + Yo+ Y Y AR
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Y, "+ is the total complex admittance of 1A and HQMO (GS), Yg is the total complex

admittance-introduced by 4-FEMPS into HQMO (GS). The expression (1) can be
rewritten as
(2) y ] . o w
F—1+G“"’+F G, +5_§P|YGS+Yg+YP+YM,|
GGS 4— FERMPS GGS GGS N

R . . ! .
0 [IYGS +Y,+Y,+Y,,
GGS !

2 e, 1. BAER
oY, (Yo +¥, +Y; +Ym)”’

where F, ... .o is the noise coefficient of 4-FEMPS, which can be expressed

here as £, Cemes 1% G isthe equivalent noise con
~FEMPS - sy remps qui -
G, W&IAG, .
20 !Np + g

ductance of 4-FEMPS, U

N = 5 is the noise voltage, in-

Yos +Y, +Y, +Y,4
troduced by 4-FPA.
Upon a condition that 4-FEMPS realizes a total compensation of the

capacitance C; in HQMO (GS) and considering the negligible effect of the in-

ductance L in a wide frequency band @ > @ 1+ 20.) the noise coefficient

5

of the considered gravitational wave receiver takes the form

= U (G G, +G,+GC )2
G G o O, +0O, +
F=1+ M4 B s =5+ e
AL G Ax T ALG,,

+ zNL [(Gas +G,+G, - Gm)i b 2'}?;,,,(1"6‘g +G, +G, —Gadd)” .

GS
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YGS[] 5 C:th. G[] l I @i ¥, []

Fig.4. Equivalent impedance - noise circuit of the 4-frequency parar?":etric amplifier (4-FPA)

To determine Ui, we use the impedance-noise equivalent circuit of 4-
FPA, given in Fig.4, where G is the referred active conductance to the resistance
R (see Fig.2). Considering that the capacitance C (Fig.2) is modulated by the
gravitational sensor HQMO (GS) with an amplitude 2AC and frequency @, of
the band of the expected gravitational waves, the electric current flowing through
C'can be linked with voltage onto it through the followirg complex matrix equa-
tion: '

Ll Ve  jaCw, JACw,U,
al Ll=jpco, g, 0 o
I| |JACw. 0 Y. U
Here 7 » and U p are the complex amplitudes of the cufrent and the voltage at
the pumping frequency @ ,, under which PG is functioning, I, U and ] U
are the complex amplitudes of the currents and the voltages at the summary
(0, =0, +0,)and difference (0. =®, - 0,) combination frequency, respec-
tively. i
The admittance ¥ ,;..Y,, and ¥, are in fact the total admittance of the
circuit in Fig.4 at the frequencies ® @, and @_, respectively.
If we express the currents /,,/, and [__and the voltage in the matrix
equation (4) as noise currents (see Fig.4) fp =il 1> L0 > \{;z,__
and a noise voltage I/, — Ui,p , we obtain

() | I

where D is the determinant of the matrix in (4), and qp,D,, and [ are the
1
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respective algebraic complements.
Considering that the generalized input admittance of {I-FPA is expressed
from the matrix equation (4) as
Bl D
©) Voo i
Up D 3
we obtain the following expression for the total input noise current 1 naegea OF
4-FPA:

2 b
=3 S L P 7} R =Dy
) LIPY T A REF Y R = BE Y =
D “|\D
2 P
i.e., the additional noise current, introduced by 4-FPA, is
2 2
Ve = D — | D
3 2 2 L
(8) IMrdd=1N+ 3 +IN—
D, D,

It is obvious that the sum of the admittance ¥, and Y, given in Fig3,

are determined as: Y"p + Ym. =Y, - (Yas 5 Yg + YL)

Estimations and conclusions

The paper discusses the idea for eliminating the radical de-
fect of the gravitational wave receiver, that is, the receiver extremely narrow
band, imposed by the requirement for an extremely high sensitivity. The study
proposes to eliminate this defect by performing a compensation of the capaci-
tance (the differential elasticity) of the gravitational sensor through a negative
capacitance (a negative differential elastisity). The latter is to be created and
introduced in the gravitational sensor by a 4-frequency electro-magnetic para-
metric system.

An approach to study the receiver noise characteristics is outlined. How-
ever, the following considerations are to be additionally laid down.
Paraliel to the negative differential elasticity, positive effective friction is

introduced in the meclitandical oscillator of the gravitational sensor (that is shown

in [4,16]): H, = ——2<P  hich determines the occurrence of an equivalent

16nd’o

. I P : .
‘cooling’ in the mechanical sensor. The essence of this effest, however, consists
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in the fact, that the effective noise temperature of the mechanical oscillator decreases

2 T, :
equivalently and becomes: T _,==r.In the terms of the ‘electrical [anguage’ the

o,
spectral density of the introduced additional noise current }f in the sensor equivalent
¥ s )
circuit (Fig3) is given by: 7, » x7.G, o For instance, for @, =2710"s" and
®; =2ns" the introduced noise current ?fwill be negligible. It can be shown, on the

basis of equations (4), (5) and (8), that the detuning of the 4-frequency electrome-

chanical parametric system, creating negative capacitance (negative elasticity), causes
a negligible increase of the eigen fluctuation noise, A separate problem is the design
of a super stable 4-frequency electro-mechanical parametric system for creating nega-
tive capacitance (negative differential elasticity). This can be done, for instance, by
using a super conducting resonator and self-adapting system for a frequency
autotuning,

The paper outlines only a way for exploring and analyzing such a perspec-
tive - the application of reactive compensation in the gravitational, high quality, me-
chanical sensor, in order to widen the receivin g frequency band without spoiling the
receiver sensitivity, It is obvious that a special attention is to be paid to the limit noise
characteristics, including a full specification of all active factors. Employing the out-
line approach, an opposite transition from electric to mechan ical values is to be per-
formed by using electro-mechanical analogies. Only then can the mechanical gravi-
tational sensor be entirely (and quantitatively) specified.
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ITpHeMHABK Ha IPaBUTALHOHHH BBJIHH

Brazumup Jlamros
(PeszomM e)

C 1es1 CUJIHO pa3UIMpABAHE HAa YECTOTHATZ JeHTa Ha
IpHEMHMKA HAa TPABHUTALLMOHHH BhAHU O€3 CHHIECTBEHO BAOLIABAHE HA HEFOBATA
YYBCTBHTENHOCT € HRPEANoXeHC Jfa C& KOMIIEHCHpa KaNauWTeThT
(mudepeHLHaNHaTa NaCTHYHOCT) Ha MPABHTAKMOHHHUA JATHHK C MOMOLITA Ha
OTpHLATENEH KanauWTeT (OoTpHUaTeNHa sudepeHuManiHa €NacTHHHOCT),
ApPOM3BEACHE OT 4-4eCTOTHA SACKTPOMEXaHHYHA NapaMETPUUHA CHCTEMA.
HaGendsan € noaxox 3a M3c/eABaHe HA LIYMOBMTE XapaKTEPUCTHKH Ha NPUEMHHK
Ha TpaBMTAUHOHHH BBJHM, CLCTABEH OT BHCOKOKAMECTBEH MEXaHHHYEH
OCLMAATOP, 4-4ECTOTHA SRAEKTPOMEXAHYUYHA NTApaMeTpHYHA CUCTEMA, 4-4eCTOTeH
napaMeTpuyed YCHJBATEN, U3POACH NApPAMETPHYEH YCHIBATE/l M CHCTEMA 34
perucrpauns Ha TpenrteHuaTa. HzicaenpanuirTa Ha OTASNHH CJAESMEHTH
(KOMOOHEHTH) ¥ peslaTHBRHK (pU3MuecKM edeKTH, NPOBENEHHU OT pasNvU4HU
aBTOpH, ca obeauHeHu B eaHa ofwa koHuenuus 3a paspaforTeaHe Ha
IWHPOKONSHTOR BUCOKOUYBCTBUTEISH [TPHOMHUK H& [PABHTALHOHHY BLJIHH.
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EnexTpomarnuren xoutpoin ot Kocmoca
3a LEJIATE HA eKOJIOTUATA,
NPeIU3BECTABAHE U KOHTPOIT HA IPUPOIHH
OENCTBUS M TEXHOTEHHY KaTacTpodu.
ExcniepuMenT “CenaMonportsos” ot
' KOCMHYECKHU NpoekT “EnnHcTBo”

Burramid Ymsipes, Hrxosai Heaes,
Buxrop Opaesckn, Jumursp Teogocres™,
borivo boriuep*

HHCTHTYT 10 3eb1EH MATHETHIBM, HOHOCHEDE H PAIIPOCTDRHERHE
Ha panroppany - HIMUHPAH, Pveus
* Hucruryr 3z Kocmudeckn nacaeasanud, BAH

IlpobnemsT 32 M3yyasaHe Ha edekTUTE B HoHOCdepaTa B
Pe3YJITaT OT NPOTHYALLHTE Ha 3eMATa NPOLECH Ha MOAIOTOBKA HA CHIIHM
3EMCTPECCHUS, M3BBPLIBAHETO HA NOBBPXHOCTTA HA 3eMsATA HiIM B aTMOC(epaTa
Ha SAPSHU B3pPUBOBE WK APYLH TEXHOFEHHHU KaTacTpodu, no6HBa BCe NO-TronsMa
aKTYaJIHOCT. B noaxpena Ha ToBa € ¥ PAKTHT, Ye MOCIETHOTO AECETUIIETHE HA
Hauns eex e ob6sBeno ot OCH 3a MexayrapoHa Rekada 3a HamajIsiBaHe Ha
npupopHus puck (IDNDR).

AHec MHOro Hayuku nyBAUKANKKM Ca [IOCBETEHM HA AHANN2A Ha
HHCKOHCCTOTHUTE BbAHOBY M3ABYBAHKS B HOHOCHEPATa U MATHUTOChEpATa HA
3eMATa, ¢ Lel ThPCEHETO Ha AHOMATTHM eheXTH ChC CEUIMOTEHH NPUPOAA, KOUTO
CC NPOABABAT HA PAIMYHUTE CTANM OT MOATCTOBKATA HA 3EMETPECEHMATA M
MOTaT Jia C€ H3MONI3BAT KATO MPOTHOCTHYHM npusnauy {1-4]. B nbpaure pabotn
Ha Ta3y TeMa Be NoxalaHo, ue NpU NPeNTnTaHE Ha AoHOChEePHHUTE CITBTHHIIK HAZK
OFHHINATA Ha 3CMETPECEHUS MOTAT Aa ce HabliAaBaT HAPACHANM 0
MHTCHIMBHOCT LIYMOBE B OTAE/IHM CNICKTPANHA JHANa30HH IOA WK OT [IOPAABKA

94



Ha 15 kHz. Be HanpaBeH ONMT 3a CTATMCTHMECKH AHANW3 HA rojam ofeM oT
CIIBTHHKOBH HAHHY 34 M3MEpPBaHE HA HUCKOYECTOTHHM LIYMOBE HAL
CCH3MMYHOAKTUBHN pafiORM, B PE3yATaT Ha KOETO B YacTHOCT O€ HanpaseH
M3BOALT 32 CHIUECTBYBAHETO HA T. Hap. “LIYMOBU NoAcH”. ToBa ¢a 30HU ¢
AHOM4/IHO BMCOKA HHTEH3IMBHOCT HAa HUCKOYECTOTHHTS M3NbUBABAA,
CTUMYJIHPAHU OT MPOLIECUTE Ha MOATOTOBKA HA 3eMETPECEHNATA, YHMTO Pa3MEpH
ca OT nopaZbia Ha 60° no Abioxkuya u 3° Mo LIHPHHA C UeHTHP B 0BnacTTa Ha
OFHHULIETO Ha 3eMeTpeceHHero. B no-kbeHM paboTH [5-7] ca nokasaHu Pe3yaTaTH,
CBHAETERCTBALIM 33 BB30YKAGHETO HA YITPAHUCKOYESCTOTHH EIEKTPOMATHUTHH
NIONETA B MHOTO TeCHM 30HM{<6 ° 110 AL/IKHHEA) B ioHOC(epaTa, KOUTO Ce ABIBAT
MarHUTOCIIPETHATH HA OTHMILIETO Ha 3eMETPECEHHUETO, TIPK TOBA H4ACOBE NMPelH
HECOBOTO Haydanmo, Tazy HaOMOoAaBaHa OrPAaHNYEHOCT Ha 30HATA HA AHOMAIHO
M3TbUBAHE € HHTEPEeCHa KakTo ¢ HabogaBaHeTo Ha edexTH, CBBP3AHU C
NPEACTOROTO 3EMETPECEHME, Taka W C BLIMOKHOCTTA Ja ce JIOKaAU3upa
MpeABAPUTENHO HETOBOTO OTHHILE. [IoMTH BBB BEHYKH SKCOEPHMEHTAIHHU
paboTH No AUCKyTHpaHUsd RpobeM ca aHaTU3UPAaHU JaHHU OT TeCHM ofnacty,
NOJIY4eH ¢ MOMOULITa HA GOpACEH cnekTpoaHamzaTtopd B OHY-guanasona. B
cratisraHa M onuaHoB M Ap. [8] ca npeacTaBeHy M aHANU3UPAHKU JAHHH OT
H3MEpBAHUA B ¢H& liupoka yectorHa uBuua (0,1 Hz <F< 20 kHz) na
eJIeKTPOMArHUTHM W3ABYBAHWUS B HoHochepaTa npead HAMAAOTC Ha
REMETPECEHUETO U €A U3CHEeABAHU AWHAMUYHWTE X3APAKTEPHCTHKHK Ha
CeM3IMOIIOrHYHUTE HOHOCREPHH CMYLLIEHMA € BUCOKO BDEMEBO M CIEKTPAJIHO
paspelieHue.

ITo Tax®sB HAYMH HANHUHUTE EKCIEPUMEHTANHN BAHHH W TEOPETHUHH
MO TOKA3BAT, Ye CHILECTBYBA BE3MOXHOCT 33 MPOrHO3MPAHE H KOHTPOA Ha
MPHPOIHH ¥ TEXHOTSHHM KaTacTpod, KATO MOLIHM 3EMETPECERMS, ABADHH ¢
ATOMHH €IEKTPOLCHTDPAIM K APYTH, HA OCHOBATA Ha peryiiapHy HaOIIOAeHUA
(MOHMTOPHHT) Ha peaniia dU3nUeCKy NapaMeTPU Ha NOBBPXHOCTTA Ha JeMslTa,
B aTMOCHIEpaTa M OKOJIO3EMHOTO KOCMHYECKO IpocTpaHeTso [9 - [1]. C npumMept
38 3EMETPECCHUATA € [TOKa3aHo, Ye CHUIECTRYBAT NMPOLECH NPEABECTHULM, KOHTO
3ATIOYBAT [ C€ Pa3BUBAT ¥ HPOSBABAT MHOT'O MPEAM HAYAI0TO HA CTUXMHHOTO
OeficTBUE, KATC TO H3NPEBAPBAT BHB BPEMETO C YACOBE, a4 MOHSAKOra ¢ IHH M
nopu ceamuuu. Te3u npouecu ce MPOSABABAT BBB BMJ HAa CMYLIEHUSA B
XapaKTEePUCTUKMTE Ha €ACKTPOMATHHTHUTE NOJETA M f1a3MaTa, B TOBa YHCIO!

- TeOMATHUTHY CMYIIeHRs ¢ yecTOTH F<10 Hz Ha noBepXxHOCTTa Ha 3eMaTa
¥ B HoHocdepara;

- KBA3HMIOCTOAHHM CICKTPHUMECKU MCJIETa B 3eMATa, aTMocdepaTa M
HoHochepaTa,

- AHOMAJIHH €REeKTPOMArHuTHMU u3nbuBaHua 8 YHY/KHY/OHY
AManazoHuTe B aTMochepara B B KOCMUYECKATa IIa3Ma;

- CMYLIeHHd B aMruTyauTe U (asute Ha curHanute ot CJB- u KB-
PaIHOCTaRIM;
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- aHOMAaNHO CBETEHE Ha armocdepaTa B ONTHYHMS AUAMA30H OT AbIKMHH
Ha BBLIHHTE,

- CMYLIEHHA B OCHOBHuUTE napameTpy Ha E u F ofnacture sa Honocdepara;

- M3MEHEeHUA B HOHHHA CbCTAB U TEMMEpaTypara: Ha }MoHocdepara.

[lo3HaBaHETO M CBOEBPEMEHHOTO pPErUCTpPUpaHe Ha CHCHANUTE
NPEABECTHUIM MOXKE ZIa CIIY>KM KATO CPEACTBO 38 HPEAYNpPEeKHEHHE 33 CTUXMIHU
Gencrsua. IMopann ToBa e akTyanHa 3ajauata 3a Ch3AaBAHE HA CHCTEMA 34
MOHHTOPHHI HA €NCKTPOMATHUTHHU M TUIa3MEHHM CMYLUEHHUA KAaTO €NEeMEHT OT
rno6anHa CUCTeMa 3a NMPOTHO3UPAHE W KOHTPON Ha MOCAEACTBUSTA O CHAHM
3eMeTpeceHus | ApYru NPHPOAHK U TEXHOTEHHH KaTacTpodw.

ToBa e u e/Ha OT LenUTE B HAYYHATA NPOrpaMa Ha KOCMHUECKUS MPOEKT
“Ennnctso” Ha Pyckata KocMuuecka areHums, KOSTO ce [iaHypa 3a Kpas Ha
1998 r. Ts BkntouBa excriepumenTH Ha Gopa Ha opGuTanHaTA CTAHIMS “Mup”
M M3CTPEJIBAHETO HA €AHMH ClEeUHANU3MpaH MalbK aBTOHOMEH ciibTHUK. To3u
TIPOSKT MO BpeMe W TEMaTHKA ce BMMCBA B Nporpamata Ha obssenara or OOH
A0 2000-ra roauna MesxyHapoJHa Nekafa 3a HaMaisiBaHe Ha TIPUPOAHKUS PUCK
[12]. :

Ha ¢urypal e nokasana npumepnarta cxema Ha perncTpupaHe Ha
PAa3UYHE FeopU3UYHY NAPAMETPH, CBBP3AHM C OTBEIRO C& CHITHO 3EMETPECEHHME,
C MOMOLUTA HAa KOCMHYECKH amapar.

Ennuenrep ua YHY usnnusane
3EMETPECEHHETO

Hpefid Ha enektpoHuTe

3o0Ha Ha npecuuaHe Ha opburata Ha KA

obnacrra Ha KHY-OHY nansusane
TpaekTopns Ha
Opbura Ha KA HaCTUUUTE

CunpBy nnHuy Ha
reOMEeTpUYHOTO TIONE

HApeitd f1a npotonuTe
30Ha Ha U3CHNBAKE HE YECTHIIMTE

Dur.l. TipuMepHa cXema Ha UIMCPBAHC C NGMOWTA HR KOCMHUHECKH AnapaT Ha PasAMuni
TCOMIUYHM N2DaMETPH, CHBPIAHM ¢ FOTBEUIO CE CHAHO 3EMeTptceHie
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C1c chbBMECTHO peajiu3MpaHa HayuyHa anapatypa, obpaboTka H
MHTepApeTaUns Ha nolyyeHaTa HHHOPMAUMA OT EKCICPHMEHTHUTE
“Ceusmonpornos” u “Ilapamersp” Ha opBuTanHaTta cTaHuus “Mup” B Ha
MaJIXHg aBTOHOMCGH CIIBTHHMK MO CHAATa Ha NOANUCAH HOTOBOD MEXKAY
U3MUPAH, Pycus u BrirapckaTa agpoxocmuyecka areHuMA [13], we yuacrsar
H OBArapcky CNeUNaINCTH,

OCHOBHHUAT €IEMEHT HA CHCTEMATA 32 MOHHTODMHT Ha reodpusnubn
IapaMeTPH OT KOCMOCE ~ aBTOHOMHUAT MATBK AMATHOCTHYEH CITbTHHK, TPADEA
Aa OTroBapA Ha CIACAHHTC HIMCKBAHRA!

- ja paboT Ha KpbroBa opOuTa ¥ NOJNCKEHUETO My /A CE ONpPEIes ¢
TOYHOCT 2 K 110 BACOMKHA ¥ NEPIIeHIMKYJIPHO Ha opOuTaniaTa NJIOCKOCT !
10 km no abmxuHa Ha opbuTara;

- 14 € TPUOCHO CTAOMITH3UPAH W CHCTEMATA 338 KOHTPOJ HA OPUEHTALNATA
Ja OCUTYPABS MO3HABAHETO HA NAPAMETPUTE HA OPUEHTALMATE MY C TOYHOCT HE
no-nowa ot 30 BriIoBH MUHYTH; :

- Aa ocurypaBa abconoTHO NPUBBP3BAHE HA PE3YITATUTS OT H3MEPBAHUATA
BbB BPEMETO ¢ TOYHOCT He no-owa o1 0,1 s BbB BCHYKH PeXHMH 1a pabora Ha
fopaoBaTA TEIEMETPUS;

- CHCTeMaTa 33 YIparjIeHHe Ha KOMIUIEKCa Hayuka anapaTypa a OCUrypsBa
Bb3MOKHOCT 32 NIPeHapaHe Ha He no-Manko oT 20 nporpamau ¥ 20 enHOXpaTHH
KOMaHaH 3a ynpapjienue Ha pafoTata H& KOMIMJEKCA HayyHa anapaTypa Ha
CNBLTHHUKA;

- 1A TTO3BOJIABA aKTUBHA paboTa Ha opbuTta He mo-Masiko OT 18 mecena.

3a petrapaHe Ha Hay4HUTE 3a7au¥ Ha eKCIMEPUMEHTUTE C€ NPEABMNIA
M3NMON3BAHETO HA TPH PEXUMA Ha M3IMEPBAHHA ¢ MAJKHA CHEUMANM3IUPAH
COBTHHK.

1. Pexum Ha MOHMTODUHT, HIH DEXUM HA MUHMManHaTa TereMeTphs. Fpu
HEro Ce Peann3Mpar HENPEKbCHATH ASHOHOINHU M3MEPBAHMSA HA KIHOYORH
HU3HUECKH NapaMETPH, KAKBUTO €4 KBA3HNOCTOAHHUTE EIEKTPUYUECKY TT0JIeTa,
COEKTPRTE Ha eaexTpoMmarHuTHuTe BbARM B YHWYWKHY/OHY nuanasona,
CMEKTPUTE MIY HHTETPANHATA MHTEH3UBHOCT Ha KOIcDAHNATA B TABTHOCTTA HA
N1a3MaTa, KOHUECHTPALKATA HA JIEKMTE HOHW W HHTEH3UBHOCTTA HA NOTOLMHTE
BHCOKQEHEPTETHYHY HACTHLIMA B U3OPaHY eHEPTeTHYHM KAHAIH ¢ MaJIKa CKOPOCT
Ha 3anuTBaHe (OT NOPAIbKA Ha eHO 3aNUTBAHe B cekyHaa). To3u pexHM fomycKa
HENPEKBCHATO HAONIOACHRE MEXY OTHASIHHHTE CEAHCH 3a NMpPLLaBaHe Ha
WHpopMaunaTa or SOPAOBOTO 3AMOMHSIIO YCTPOHCTBO KbM Ha3eMHHTE
TEJIEMETPUUHH CTAHIINH,

2. PexXMM Ha JioxajleH MOHMTOPHMHI. B TO3H PEXMM €€ OCHIIECTBABAT
HabOMoAeHNE Ha NBIHUS Habop OT HU3NYECKH IAPAMETPH, 3AJI0KEH B KOMILIEK R
HAYYHa anaparypa, 10 BpeMe Ha BCHYKH OPOUTH Ha CITBTHUKE, ADEMMHABALIN
HaJl eAWH OT CeM3MUYHOAKTHBHUTE DETHOHH Ha 3emsTta - KamuaTka-Anouud,
Kurailt, cpenHoasuaTckarta 3oka, Kaskas-FipaH, bankaHckus NonyocTpoB HIK
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TuxookeaHcKkoTo kpakbpexue Ha CALLL, Hal eUH OT AXPEHUTE NONMUIOHM UK
APYTH HA3EMHY U3TOUHMLM Ha MOLUIHO aKTHBHO BBb3ASHCTBHE BbPXY OKOJIHATA
cpesa.

3. Pexcum Ha dusuveckn excniepument. Tosu PEXUM CE peanu3nupa npu
HMPOBEXAAHECTO Ha UETEBH EKCIIEPUMEHTH, CBBP3AHM C M3MIOJ3BAHETO HA APYIH
KOCMHYECKY UK Ha3eMHH cpeacTBa. Hanpumep nposexaaHeTo Ha KopenupaHu
HIMEPBAHUS CHBMECTHO C APYIM CI'bTHHUUM NPH 3aJaNCHH M3UCKBAHUS KbM
B3AUMHOTO Pa3flONOKEHUS Ha KOCMUYECKHTE AIAPATH B EPOCTPAHCTBOTO. B To3K
PeXUM PAGOTH MLIHMAT KOMIVIEKC OT HAyYHA anapaTypa Ha CIBTHHKA NIpH
MAKCHMAITHA TEEMETPUA U ¢ NIPHBIIMYAHETO HA BCUYKHM CPEJICTBA 38 HA3EMHO
reoUInIEcKo H PaaHOPH3HYECKO OCUTYDABAHE. ;

HIporpamaTa oT cenBTCTBALLM HA3eMHY reO(UINIECKH H PAAMOGUINYECKU
HalIIOAEHKS B eKCIIepUMeHTA “Cen3MONpOTHO3” BKITIOYBA PETyAIDHH
MIMEDBAHMSA, KATO MUHEMYM B HAKONKO OT U3BPOSHUTE CEeM3MUYHOAKTUBHU
paHoHH, Ha cleiius HABOP oT PHIUYeCKH napamerpu:

- BAPHALMHUTE Ha CNEKTPUHMECKUTEC M MArHUTHUTE MOJETa B YECTOTHUS
auanazod ot 0,1 Hz < F< 30 Hz;

- BADUALIMHTS Ha KBASUITOCTOAHHUTE CIEKTPHUYHM [IOJIETA U 3eMHM TOKOBE;

- AMIUTHTYAUTE K Ga3HTE HA CHFHAMYTE Ha HUCKOYECTOTHUTE npenaBaTeny,
34 TPaceTa , NPCMUHABALIM HA/l CEM3MOAKTUBHY 30HH;

- XaPAKTEPUCTHKMATE HA ecrecTBeuTe KHY/OHY uanbysanus, B ToBa
HHCIO GIIU3KUTE ¥ AaICHHUTE ATMOChEPHLH;

- OCHOBHHTE HOHOC(epHU NMapaMeTpy, BRIIOUYHTEIHO HECAHOPOIHOCTH ¢
PA3TUYHH NIPOCTPAHCTBEHH MAILAGH; '

* BAPHALIMHTE B MHTCH3UBHOCTHTE HA ATMOCHEPHITE EMHCHM B ORTHYECKUS
JAUANa3oH OT AbIKUHY HA BBIHHTE. :

Heobxoanmo e coIno mposexsaneTo Ha paaMoMaskoBa THACHOCTHKA HA
CTHMYIHPAHH HOHOCHEPHH HESIHOPOAHOCTH C LIeN OMPEAEIAHE HA XapaxTepHUTe
Pa3MEpH, CKOPOCTTa M MOCOKATA HA MPEMECTBAHE HA CMYLIEHHATA B
HoHoc(epaTa. OTYHTAHETO ce U3BBPILIBA C TOMOILTA Ha NPUEMAHETO B Pa3iIHYHU
TOHKM Ha CHI'HaJIi OT PaJMOMAALIM, MOHTUPAHH Ha 60p/Ja Ha reoCTALHOHAPHHU
W TIPENIATALIM CITb THHLIN.

Enuu ot kmoyosure (pusnueckn napamerpu, M3rpaXAAllK cHCTEMATa 3a
MOHHTOPHHT 3a LENUTE HA EKOJOTHATA M NPEAU3BECTABAHE HA MOLUIHM
3EMETPECCHH, Ca ENIEKTPOMATHUTHHUTE 10JIeTa, USMEPBAHM OT 6opaa Ha
CTICLMATIM3UPAHUSA MAIIBK TUATHOCTUYEH CITbTHHK.

Ha ocHOBaTa Ha HATPYNMAHMA ONMUT B CTBTHHKOBHTE EKCIIEPUMEHTH MO
HIMEPBAHE HA KBA3MIIOCTOSHHHM W NMPOMEHIHBM EIEeKTPUYECKK MOMETA B
brirapua me 6b4e paspaboren u 3roTBeH ENneXTpOMarHUTHHAT BBAHOB
kommieke (EBK). Toil Bximousa 6nox zarteunu u ENEKTPOHHY [II4TKH 3a
M3MEpUTEHUTE On0oKoBe. Pesynrature OT mpoBedenHmTe EKCIEPUMEHTH ¢
npubopure HOCII, HBK-OHY, IEII-2E, KEM-1,2,3 u npepcrosmust crapt
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Ha cnbTHuka “Mutepbon-ABpopanHa COHAA”, B YMHTO CHLCTAR HayuHa
anapatypa ¢ BKtoyeH npubopbt UDCII-2M, a chiwo Taka u npuboput KEM-
4, ca 6a3zara, BbPYY KOATO ce pa3paboTBa enekTpoMarHuTHuar xomruieke EBK.

HznckBahuaTa KbM CreLHalN3UpaHUus MaNbK AHATHOCTHUYEH CHBTHHUK 34
KOMMAKTHOCT, 8BTOHOMHOCT, M3IUTIQMMTE/IHE HafAEeKAHOCT, BUCOKA TOUHOCT Ha
H3MEPBAHHTE (PH3MUECKH BEJIMYMHH ¥ NPOLLIDKUTENEH CPOK HA QYHKLMOHKpaHE
Ha CRHBTHHKA Ha opburta (He mo-manko oT 18 Meceua), Hamarat cBoHTE
OTpaHHYEHHT ¥ M3UCKBAHHUA KbM HAYYHATa aNapaTypa, BKIFOUEHA B HETOBUS
CbCTAB.

Mankoro Tersio Ha chbvtHHKa {100-150 kg) ¥ cbLOTBETHO ManKuTe
reoMeTpUYHH pasMepH (LUMMMaALp ¢ guameTsp 750 mm u Bucoumna 1300 mm),
OrpaHHYaBaT Ab/MKWHATE HE 1UAHTHTE, H4 KOWUTO ce MOHTUpAT Aaruvuure ( 1,5m)
N ONpeaenaT ChOTBETHO Mankata Gaza 3a usmepsaHe ( 2,5 m). ITopaam Tosa ce
APEABHKAA M3MOA3BAHETO HA BapuaHTa 3a MOHOOJO0Ka Ha mardyuuure (dur.2),
NeTan Ha cybenwTHUUMTE OT Tuna “Maruon” [9].

o

=0
oL

®ur.2. KoHerpyxuus Ha MOHODNOKA HA QATYMKR 33 WiMepBaie Ha SNICKTPHYCCKY [ONETa, CbO
CTHKAOCBLINEPOARC TIOKPUTHE Ha DPACOTRHATA NOBBPXHOCT

To#t npencrasnssa chepa ¢ aAuameTsp 80 mm, ¢ HOKpHUTHE OT
CThKI00OpaseH BBINIEPoA [15], MOKTHpaHA KbM LIAHTATaE 4pe3 KpenexHa oc OT
Aypan. EnexTponsara nnaTka Ha [NpeAycHABaTeAA HA JaTYMKa € MOHTHpaHa
BLTPE B CepaTta, KaTo ¢ MAMON3BAHA U EKPAHUPRILA KYTHItKA 33 [UIATKATA ¢ Lesl
HaMa/lABaHEe Ha BLHUIHMTE BAUAHKA. He ce uanonzea cuymeTpupalia oc u
NOAABaHETO HA MOAXOAAIO HANpPEeXKeHHe BBPXY HOCEWATA W CHMETPHPAIUHTE
OCH, KakTo Ge npH excnepumentute ¢ npubopure JEI-2E u UBCII-2M ot
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npoekture “AIIEKC” u “Uurepbon”, ¢ Uel CHMETPHIUPAHE pa3iipeAc/ICHHETO
Ha NOTeHUWAana B OKOJHOCTTA Ha cepara. ToBa ¢ HexenaTeHO NOPajH MATKOTO
Pa3CTOAHKE MeXNy NATHUHLMTE M KOpIyca HAa cibTHHKA {1,5 m).

B eaun oT uerHpure AaTuuka e OBAE M3MEPBAHA TEMIEPATYPATa Ha
NpeAycuIBaTeNs 3a KOHTPOJ Ha HErOBOTO (YHKUHOHHpaHe, OT eKCIIEPUMEHTHTE,
NpoBEALHN ¢ aHANOMMUYHA anapaTypa Ha Gopaa Ha cybcnbTHHKA “MardoH-3 u
47, e YCTRHOBEHO, 4e TEMIIEPATYpPaTa HA IUIATKATa Ha NpeiycHIBaTes 3a opburu
¢ anorei oxono 2000 km ve naneumasa +50° C. Toa ce awaxu Ha Ao6pe
u30paHaTa KOHCTPYXUHA Ha MOHOGIOKa HAa [aTYHKa, OCUTYpsBalla
HeOOX0/¥MaTa TOTIONPOBOIHOCT Ype3 LaHTaTa KbM KOPIYCa Ha CTBTHHKA.

(EBK) eackmpomaznumen Bvanof komnaeke
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@ur.3, Brok-cxema Ha €IEKTPOMATHUTHUA BbJIHOB KOMILIEKC 33 EKCHICPUMEHT “Ceuamonporuoa”
1
Ha ¢urypa 3 e npencraBena 610k-CxemMaTa Ha €IEKTPOMATHHTHUA KOMILIEKC
EBK. B Herosus cheraB Bau3ar cjieiHute cy6610KoBe:
- cy66nok Ha enexrpuueckure aarunuu (EI1-EJI4), kouro npencrapissar
cepu ¢ auamersp 80 mm c mokpuTHe Ha paGoTHATA MM MOBBPXHOCT OT
CTBHKJI000pPa3eH BBINIEPOJ H NpedycHIBaTell, MOHTHpPaH BBTpe B cepara;
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- ¢yb6siox Ha gudeperunanuuTe yeuasatenu {CAY) - npeanasnaues ¢ 3a
GopMMpaHe Ha Hanpexeuus, NPONICPLMOHANHN Ha TONEMUHATE Ha E ¥ E
KOMITOHEHTHTE Ha eEKTPUUECKOTO MONME, NOIYYaBaHN OT YETUPUTE JATYHEL U
(GopMHUpaHe Ha NeT IUUPOKOISHTOBK CUrHaNa ex, ¢y, bx, byn bz B yecroTHuA
jquanasoH 20 Hz < F< 1 kHz 33 nocaeasauio npeAasaHe KbM IIHPOKOJIEHTOBATA
4acT Ha TejeMeTpUuyHara cucrema. [IpubopsT u3MepBa KBa3UNOCTOSHHOTO
efeKTPUIECcKO nose B guanasoHa +0,3 V/m ¢ paspewenue 0,2 mV/m (npu
usnonssaHe Ha 12-6utoBa oundposka).

- ¢y66nox 3a cubupane u 0o6paboTka HA HUCKOYECTOTHA MH(OPMALUS
(CHY). Toil e npeaxasnayex aa cxbupa ¥ obpaboTsa MHOPMALIMATA 38 TPUTE
KOMOOHEHTH Ha MaUHWTHOTO [10JIE M ABETe KOMIOHEHTH HA ENeKTPHYECKOTO
none B yectoTHrA ananasoH 0,1 Hz< F<30 Hz. Ha sxo/ia Ha JICHTOBUTE PUITPH
¢ nenta Ha nponyckaxe 0,1-30 Hz ce nogasa uubopmauus ot 6aoxa CAY (3a
ABETEC KOMIIOHEHTH Ha £lIeKTPHYecKoTo none) u ot 6moka BO-3HY (3a tpute
KOMIMOKEHTH Ha MArHUTHOTO [10J1€).

- cybBnoK napanesieH adanusatop Ha ciekTepa (CITAC) - nipeacraBassa
JABYKAHANEeH napanefieH aHallM3aTop Ha CMeKThpPAa Ha CHTHAJIUTE OT E€AHa
€AEKTPHYECKa W €JHa MAaTHUTHA KOMIOHEHTa Ha eNeKTPOMArHUTHOTO Naje.
CHEeKTPanyUAT aHAIU3 HA ABETe KOMIMOHEHTH CE peanu3Mpa ¢ MOMOLITA Ha
JIEHTOBH PUATPH, HACTPOSHU HA oceM (PMKCHPAHH 4E€CTOTH, YUUTO CTOMHOCTH
ca OTpa3eHN Ha BiroK-cxemaTa Ha npubopa.

- ¢y60mox 3a ynpasaenue ¥ komanau (CYK)-uzpaborsa koMaHauTe u
OCBLIUECTBABA YNPABICHUETO HA PEXXHMUTE Ha paboTa Ha eNeKTPOMAarHUTHHUA
BBIIHOB KOMILIEKC,

QOuaxeaHy pe3yITATH OT IIPOBEXKAAHETO Ha
excrepuMenT ‘CensMONnporHo3” ¢ IoMoilta Ha
MaTbK aBTOHOMEH CIIBTHHUK M Ha3eMHHU

H3MEpPBaHUA

Jocera u3caeapaHeTo Ha PasIMYHUTE THIOBE NPEA-

BECTHULH HA 3EMLTPECEHHA OT KOCMOCa HMMA HECUCTEMATHYEH XApaKTep H CE
peany3vpa KaTo ChbIIbTCTBANIM 3aJayM B DAMKHTE HAa €MKH WK APYIU
KOCMUYECKH NPOEKTH. B PE3YNTAT HA TOBA B HACTOALLNA MOMEHT HMA HATPYITAHO
TONAMO KOJNMYECTBO PA3HOPOAHHU JAHHH OT PAdIMYHU KOCMHUYECKH alapaTy,
KOMTO HE BUHATH €A CHBMECTHMH, & TOHAKOra Y CH IPOTHBOPEYAT €/IHH Hd APYTH.
“Cen3MOnpOrHo3” NPEJCTABIABA TEPBUAT LISIEBM €KCIEPUMEHT, KOHTO e

Ce peanmn3upa Ha CNeHANHO CL3AaACH KOCMHUYECKH AMAPAT, 38 EACKTPOMATHHUTEH
¥ [1a3MeH MOHUTOPHHT Ha HoHocdepaTa. LlenTa € OTKpUBAHE H AHAIM3 HA
NPCABECTHHUM Ha 3¢METPCCEHMA, TONyYaBaHE Ha HM3XOAHW AdaHHHK 34
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NPOCKTUPAHETO HA CI'LTHUKOBA CHCTEMA 34 NPOTHO3APAHE HA 36METPECEHMS,
OTKPHUBAHE H KOHTDOJI HA MPUPOAHA H TEXHOTEHHU KATACTPOo(HM OT KOCMOCa.

Ilpeanonara ce, 4e peanusaunsTa Ha eKCHEPUMEHTA “CeuIMOonporHos” B
NBIHMA U 00eM LUe AdAe BE3MOKHOCT; .,

a) ia ce paspaboTaT METO/HN 32 ONIEPaTHBHO NPOTHO3UPAHE Ha 3EMETPECeHMA
OT KOCMOca;

6) Aa ce pa3paboTAT METOMM 32 OTKPHBAHE M KOHTPOJI OT KOCMOCA BLPXY
fIOCNEACTBHATA OT PaIMYHN TURORBE TEXHOrEHHM KATACTPO(DHU; '

B} Ia ce paspaloTaT METOAM W CPEACTBA 34 KOHTPOJI OT KOCMOCA Ha
U3MUTAHKUATE HA OIS € FONSAMA DAa3PYLINTEIHA CHIIa B PA3ITMYHUTE CPEH.

CucTemata 3a KOHTPOJ L€ ce CBLCTOM OT CITHTHMKOBA M HA3EMHA 4acT,
OCHTYDABAILY M3MEPBAHETO HA HEOOXOAMMUTE PUIMYECKM MAPAMETPH HA
cpedara B HoHocdepaTa M Ha NOBLPXHOCTTA Ha 3emarta, U o0lia cHcTeMa 3a
CHOMpane B aHANH3 HA MHGOPMALIMATA.

CHbTHUKOBATA H3MEPUTEIHA YACT € OCTPOCHA BBPXY CHCTEMA OT rOMsM
Gpoit (oxos0 [2) MATKY ABTOHOMHM AMATHOCTHYHH COBTHHLUM, YUHUTO
OpOHTaHH NITOCKOCTH Ca PABHOMEPHO PA3NPEACIICHH 110 AbIKUHA, CHCTABHT
H4 Hay4dHATa anmapaTypa M NporpamMata Ha paboTa Ha Te3d COBTHULUH Oe
obocHoBaHa no-rope. j

HasemHaTa u3MepyTenHa 4acT Ha cucTeMaTa e nocrlpoeua H& OCHOBATA Ha
CBBKYITHOCT OT rofaM 5poit aBTOHOMHM HA3EMHM CTHUMM, OGODYABAHK C
KOMIDIEKCH OT HENPEKbCHATO paboTeltn MpHGOPH 3a M3MEPBAHE BAPHALMMTE
Ha ECTCCTBCHUTE CICKTPHYECKM M MATHMTHY ITOJIETA B PA3IHYHU YECTOTHH
ANANa3oOHU, ECTECTBEHH ONTHYHH EMUCHHM B PA3JIMYHU AMANA3OHY OT IhJKUHUTE
Ha BLIHATE, CCM3MUYECKH M aKyCTHYECKH KONIEBaHHs, HAKOM METEOPOTOrHYECKH
U ZpYTH NapamMeTpu, HEOOXOMMMH 3a KOHTPOJIA, B ChOTBETCTBHE ChC 3AMAUNTE
34 pazenns pernod. MudopmanTa, nomyyeHa oT Te3n U3MEPUTENHN CPEACTRA,
CECHXPAHABA B IAMETTA H2 ABTOHOMHHTE CTAHIMH 32 BPEMETO MEXLY OTAETHUTE
CCAHCH 32 BD'H3KA M CE NPENaBa 10 TEJEMETPHUATA KbM ABTOHOMHHS AMarHOCTHUEN
CO'ETHHK OT CMCTEMATA NMPH HErOBOTO NPENHMTAHE HAal GTAHUMATA. 110 TAKBR
Ha4MH Ha 6oplia Ha MAJIKUA AUATHOCTUYEH CITBTHUK e ceicsﬁnpa urdopManu,
NpeACTARAABALIA ¢OOp OT HOHOCHEPHH H HazeMHN JaHHH, NOJYUEHH B DIIH3KH
WIA B €RHKM W ChUIM UHTEPBAMM OT BpeMe. Tesn pauuu, we ce TpaHcupar B
LienTspa 3a 06paboTka W aHaIM3 Ha UEBOPMALKATA ¢ AOMOLITA Ha
TeOCTANHOHAPEH CIIBTHHK.

ABTOHOMHHTE cTAaHUWH Tpi6Ba ga 6GBaaT cHableHH ¢ nparosu
YCTpOHCTBA, cpaboTBally NPKH ONpPEAeTeH! CTOMHOCTH HA orpaHu4eH Opoii
KOHTPONKH NapaMeTPY W NOLABANIM CMIHAJ 3a TpeBora. KOHTPONBT Ha
KPUTHYHHUTE NapaMETPH TPAOBA A4 CE OCBIIECTBSBA HeNpeKbcHaTo. Haii-
BEPOATHO € € TA3W 3ajaya [a Ce 3aHUMABAT CKMNaXH HA THIOTHDYEMH
KOCMHYCCKY anapaTy ¢ MOMOLUTA HA JIMHUATA 33 BPB3Ka: MANTbK AMATHOCTHYeH
CIIBTHHK-TFEOCTAUBOHAPEH CIBTHHK-IMIIOTUPYEM KOpas.
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ABTOHOMHHTE CTARHLUM CE PA3IIONATAT B IOTEHLIMAIHO ONACHK OT INIeAHa
TOYKa Ha HUIBBHPEIHUTE CHTYAIMKM 30HH, B TOBA YHCIIC B TPYAHO JOCTHIHHM 33
NpeOUBaBaHETO HA XOPa MECTa (B INIAHMHCKH paifOHU, B OKEAHA, BKIIOYHTENHO
1 [I04 BOJATA, B NYCTUHNTE, GIH3KO 10 ONaCHA MPOU3BOACTRA, APEHN H PAKETHH
TIOJIMCOHH ! Ap.).

CucremaTa 0T MAIKH CITETHHIM W CMIELWaNM3MpPaly aBTOHOMHHU HA3EMHH
CTAHIIMW MOXE Aa ce pasriacxkaa xato 6asosa. Tsa e npenHasHayeHa 3a
peluaBaHETO HA IUMMPOK KPBI OT HPAKTHYECKH H QYHOAMEHTANIHHM 3aha4M,
W3HCKBAMH MNPOABMKUTEAHN MHIMSPBAHHA HA HAPaMETPHUTE Ha
SIICKTPOMArHUTHUTE MOJIETE M HA [UiasMaTa B Honocdepara. B 3aBHcUMOCT 0T
KOHKPETHUTE 3aJa4u NpUOOPHUAT CHCTAB HA CTIBTHUIUTE ¥ AMaTia30HUTE Ha
HIMEPBAHHTE PHIHYESCKHM BEIMYMHY MOXe ga OBbJe UIMEHAH ¥ ZONDBIABAH,
MoaoOHK U3MEHEHNS He BIHAAT BLPXY 001IaTa KOHOUTYpalug Ha CUCTEMaTa U
£ IPaBST eIHO FOCTATHYHO YHUBEPCAIHO CPENICTBO 32 MOHMTOPHHI HA CMYLLIEHMA
B ioHOC({epaTa, NpeAN3IBMKAHM OT Pa3IMYHU TUIOBE TEXHOTCHHH Bb3ACHCTBHS
BbPXY OKONHAT& Cpeha WIIH CHTYallMH, CBbP3aHH ¢ eapomauiabuy [IpHpoIHH
GegcTBUs Ha 3eMmaAra.
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Electromagnetic control from space for ecologic
needs, advanced notification and control of
nature disasters and technogenic catastrophes.
Experiment “Seismoprognoz” of the space

project “Edinstvo”

Vitalij Chmyrev, Nikolaj Isaev, Viktor Oraevski,
DimitarTeodosiev, Bojcho Boichev

(Summary)

A system for electromagnetic control from space is pre-
sented, which contains small satellites, earthbased stations and a control center
for advansed notification of strong earthquakes and ecologic catastrophes on the Earth,

The configuration of lowfrequency wave complex, measuring electromagnetic
fields from board ef smalt satéllites, is presented. The measurement’s data are to be
—~used for identification of precursors of strong eartquakes.

104



Bharapcka aKajaemMus Ha HayKuTe « Buigarian Academy of Sciences
AepOoKOCMHUYECKH H3CIISNBARNA B Buarapus ® 13 @ Aerospace Research in Bulgaria
Codus © 1997 @ Sofia

[ceBOOTpAXKATENICH METOM 38
onpeAesaHe Ha npeiiosaTa CKOPOCT
Ha cpoboaHHA HOHM MO HeiicTBAE HA
MOCTOSHHU ¥ B3AaHUMHO
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1. BopeaeHHE

JincunannsTa Ha CHepryd B ¢/IHA cUCTEMa € IpoLiec, MPA
kofiTO KMHETHYHATA KOMIOHEHTA Ha HEHHATA MEXaHuiHa eHeprus ce
npeobpasysa BbB BHTPELLHA eneprus {1]. '

B [2,3] e u3caeasaH obpareH npouec, mpH KOIATO ¥acT OT BHTPEIUHATA
gHepris B CUCTEMATa Ha M3KYCTBER Mo ¢¢ [ipeobpa3yBa B KUHETUYAA eHeprua
Ha BbPTEIUBO MAKPONBIKEHNE, KOSTO €& AKyMYJIHpa B ChCTABHUTE Tena Ha
CHCTEMATA.

AJMCUNATHBHUAT IPOLIEC Ha npeoBpasyBane € yCTAHOBEH 33 3aKpHTA QCEBO-
CUMETPHUHA CHCTEMA YPE3 U3CTIE/BAHC B 3aMecTBall NIoChK MOJEI.

JToka3ao e, 4e aKo ra3osu oMM ¢ HUCKA KOHUCHTRALNA OCBLIECCTBABAT
TONJIMHHO ABHKEHWE HAL fSeikpadHa nuocka andy3HO-OTPAKATEIHA
TIOBLPXHOCT HA TEBPA HEMATHWTEH 1 HEalIeH EMEKTPUHECKH M30/IaTOP o JAeH-
CTBHE HA NOCTOSHHY XOMOTEHHH K 532 UMHO MEPNCHAAKYIAPHN MarHUTHO (B)
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H enexTpudecKo ( £) nose, To fioHUTE U3BBPIIBAT NOBBPXHOCTEH Apeiit ¢ kpaii-
Ha CKOPOCT. B Te3u yCnOBUA TOMAMHHOTO ABMIKEHUS Ha HOHMTE M3 ABe
KOMIIOHEHTH, KOHTO ¢a pasnuynmn. OcBeH oBuuaiiHaTa XaoTHYHa
KOMMOHEHTA, HOHHTE UMAT ¥ MAKPOCKONMMYHA KOMIIOHEHTA Ha TOIJIMHHO
ABWKEHHC. B U301Mpata 1 YCTRHOBEHA CUCTEMA IBETE KOMITOHENTH Ha TOIUIMHHG
ABikerHne ca HesatuxBaiy, a KIJl Ha agncunaTaBHOTO npeotpasyBane e
eauuuia [3). i

ApeidbT Ha HoHUTE B HaNPeYHY MATHHTHO U IIEKTPHYECKO [10]1e & HapeueH
“HEAMCHITATUBEH MaKPOCKONMYEH nperoc” (HMIT). VenosHoto onpeaenenne
“HEAUCHIIATUBEH" ¢ BLBEIEHO B [2] KATO OCHOBHA OTJIMNHUTENHA XaPAKTEPHCTHKA
Ha BCEKH TPEHOCEH NMPOLIEC, 3d MOMIbPKAHETO HA KOHTO He ce M3BbpLUIBA paboTa.
MsBecThu ca aBa “HegucnnatusHu” NPeHOCHH npoueca. Te ce oTHacaT no
HACOUEH NMPCHOC Ha YCKOPEHM HOHM B HEXOMOTEHHO MATHMTHO MOJE WM 210
HACOUEH MPEHOC Ha HOHU B HANPEUHM MATHUTHO M NOTEHLHAIHO MOJie. Ipu
“HeAMCHNaTHBEH” NPEHOC HonnTE TYGAT OT KMHETHYHATA CH EHEPTHS CAMO ypes
CACKTPOMATHNTHO M3Nbusane. CiaeaoBaTenno ynorpebarta Ha onpeaeneHue
“HEMMCHNATHBEH € BUHAIN YCIOBHA 1 TH e KOPEKTHa C TOYHOCT 10 KOJIMYECTBOTO
CNCKTPOMATHUTHA tHEPI'UE, KOATO Ce HIIBHYBA B npotleca na HMII.

HMII e npouec na paspenenuTe HOHH3UPaHH CPElH B MaTHITHO oste, Toi
€ ¥ NpOLEC, KOUTO MOXKE d GBAEC KOAHUECTBEHO GLIEHeH KO Obae pasrpaHuueH
OT BCHNKM LDYrH NMPEHOCHW npoilecH. Beuuku apyru NMPEHOCHU NPONECH Ca
AMCUIATUBHY U Te 3aTUXBAT AKO 33 TAXHOTO MOAZBPKAHE HE Ce M3BbPUIBA
paboTa. :

BBB Besika cucTema oT paspenena FOHM3NpaHa cPefia ¥ MAaTHUTHO HoNe
MOTAT Ja ChIIECTBYBAT NIAPAENHO KAKTO AUCHIIATHBHM, TaKa M “HeAUCHIIA-
TUBHU" NPEHOCHM npolecy. B exna HU30HpaHa H YCTAHOBEHA CHUCTEMA OT
paspeicHa MOHN3UpaHa Cpeaa ¥ MaTHUTHO 1101 HAMa YCTOHYHBK AHCUITATHBHH
TIPCHOCHH TIDOLIECH, HO B CHCTEMATA MOXE YCTONYUBO Ja CHLIECTBYBA KPBIOB
HMII #a #ions. KpwrosusT HMIT Ha fionu e PaBHOBECEH W OOpPATUM HpeHOCeH
Makponpotec [3}.

ExBaTopuandata obnacr B MaTHUTOC(EPaTa Ha €RHA MITAHETA MOXKE
ONPOCTEHO Ha €€ CBEAC A0 3AKPUTA OCEBO-CHMETPHYHA CUCTEMA C MOCTOAHEH
NPUTOK HAa CHEPIHUA {OT KOCMMYECKATE panuauma) KuM ofpasysawara g
Pa3peacHa HOHM3UPAHA CPENa B MATHHTHO NOJIe. ‘

B[3]e o6ocHopana Tesa, ye Ypes aeficTBUETO Ha kpbrop HMIT eana Takasa
3aKPUTA CHCTEMR € TOCTOSHEH MPUTOK HA EHEPIHS UMa PARBHOBECHO CBCTOAHME
Ha OCEBO BLPTEHE, KOCTO ¢ €AHOTUITHO € PABHOBECHOTO CHCTONHME Ha OCERO
BBPTCHE Ha CbINATA, HO M3OIMpaHa cucTeMa. M B jpata ciyyas eneKkTpo-
MArHUTHOTO U3TbYBAHE B CUCTEMUTE, BT 4. PaznauuoHHnTe 3aryou npn HMIT
¢4 TO9HO KOMIICHCUPAKHU CHOTBETHO YPE3 NPUTOK HA BHHILHA CHEPTUs WM upes
o6paTHo npeoGpazyrate Ha CRCKTPOMATHUTHA EHEPIUs B TOIUIMHHO ABMYKEHMUE.
Torasa enepruifnuar 6anaxc na soexy ApYT [Ipouec B CUCTEMATA NPAKTUYECKH
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HAMA /1 32BUCH OT €1EKTPOMATHWTHOTO M3NbYBane. JAMHAMHUKATAZ Ha BCHUKH
JPYIH NIapafieHyl MpoLecH MOxe Ja Ob/ie CTATUCTUYECKHU M3CIEABAHA, KATO HE
e OTHMUTA NPOLECHT Ha EIGKTPOMATHUTHO M3AbyYBaHE. Torasa TOYHOCTITA APH
e1HO cTATHCTHYecko nicneanane Ha HMIT Hama aa ce Hamanu aKo NpHeMem, 4e
KOHUTE HE M3TBYBAT CIIEKTPOMATHHUTHR EHEPTHUA,

Tyx wie usciaepsame xkpbropy npouecn Ha HMII camo B yCTaHOBeHH
3AKPUTH OCEBO-CUMETPUYHK CHCTEMM, KOHTC Ca M3TPaJieHd OT paspelera
FIOHM3UPAHA CPefia M MaTHUTHO T0TIE ¥ [TPY MPEANOTICKEHHE, 4& CMCTEMUTE HE
M3TBYBAT CIICKTPOMArHKTHA eHEPTU.

Ienta uva ta3u paboTa ¢ Aa ce Ch3Aaje MeTo[ 32 npubGIu3NTEIHA
KOAWYECTBEHA OIIEHKA Ha EKBATOPHATHATE KOMNIOHEHTA HA KPLIOBUA TOTOK OT
itonn (HMIT) B MarauTOC(PEPHTE HA €CTECTBCHUTE KOCMMUECKH TENA Ype3
pelliaBaHe Ha eJHOMEpHa NApaMeTPHYHA 3aJaya.

[To-KOHKPETHO 3afa4YaTa € Aa ce Ch3AAAE METOA 3a YHCRCHO NPECMATAHE
H& MAaKPOCKOMMW4HATA BITTOBA CKOPOCT HA MOBBPXHOCTEH WM Ha cBOGO/IeH Apei(
Ha /IOHY B YCTAHOBEHY 33KPHTH OCEBO-CUMETPUYHH CUCTEMH C MOCTOSHEH NPUTOK
Ha BbHLUIHA EHEprud nod AeHCTBHE HA MOCTOAHHW U HAMPEYHW MATHUTHO W
eNIEKTPUHECKO fIONE, KOUTO UMAT MPOU3IBONIHO PABNPEACieHIe 10 OCTA Ha
ENEKTPHUYECKUA BEKTOD.

2. Paboren Momen

PaGotuust monen (PM) e He3xkpaeH NAOCHK aHAMOI HAa
YCTAHOBEHA 3aKPHUTA CHCTEMA, M3rpajicHa OT 3aTBOPEH LUIAMHAPHICH
OTpaaTelleH KOPycs, Pa3peaeHa Cpe/a OT [a30BK HOHN M TOCTOAHKO MArHUTHO
MOJIE, KOETO € MONSPU3HPAHO aKCHANHO ¥ UMA PAAUATHO pasnpeaeneHne i2].

VyacTek 0T Geskpaer niocsk PM e npeacrasen Ha our. 1.

OnucanuneTo Ha PM L 3an104HeEM KATO ONPEAENNM NOHATUETO “"paspeacHa
fionmaupana cpega” (PHC).

PYC napuuame Ta3H cpena, B KOSTO aKo TS € 1O AeHCTBHE HA MATHUTHO
[0Jie, 4YeCTOTHTE KAKTO Ha EJIEKTPUUECKUTE B3AUMOJCHCTBUA OT MAJKU
PasCTOAHHS, TRKA ¥ HA YAAPHHTE B3AHMOEHCTBUA MEXY OTACHHUTE HOHY B
cpeiaTa €24 MHOTO TIO-MAJIKH 10 CTORHOCT OT CpeAHaTa JapMOPOBCKa HECTOTA.
Ciegopatento PHC nma croiicTra, GIM3KK 110 Te3u Ha waeaHa TedHocr [1].

HscneopaHeTo 1e HATIpasyM NpY NPEANoJIOKEHHE, Ue PUC uma cBoiicTBa
Ha vZeanua Teuynoct. Torasa konmuecTBeHuTe oueHkyn Ha HMII, kouTo Lie
AOAYHAM, LI CE OTHACAT 32 cpeja €3 BLTPEUIHO TPMEHE U C1EJ0BATEIHO TE LS
OBAAT TEOPSTHUHO EKCTPEMANHI O CTOMHOCT.

Cera 1te 660CHOBEM KPATKO NPexo/ia OT 0CEBO-CMMETPHUUYEH K'bM MJIOCHK
MOJIEJT Ha u3cliefiBaHe.

B 32KPUTHA OTPAKATENSH IMAKHABP HA U3XOAHUSA MOJCI JICHCTBA AKCHATHO
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Dur. |

MATHUTHO nONe, KOETO NMPH B3aUMOZelicTBUE ¢ OTpaseHuTe HOHM Cb3RaBa B
UEHTPANHOTO HANPEUHO CeHEHUe HA LMAMHABPA €AUH. KOAKCUHANEH NOTOK OT
3apeiedun wactuum (HMI1} [2). Taurenumanuara CKOPOCT Ha KOAaKGHATHUA
MOTOK Moxe A2 (’bae onpegeleHa Mo MOCOKA M roJeMHHa BbpXY OKOJiHATA
fIOBLPXHUHA Ha UMAMHABPA 4pe3 pelllaBaHe Ha TPMMEpHa 3ajava.

Heka ofpasyeatenata na OTPAXKATENHHA UHIMHABD Ja € MHOFO MO-rojisaMa
OT HeroB#s paguyc. Toraa cpefHOCTATHCTHYECKOTO pasnpezeneHue Ha HOHHTE
U MONCTATA B MOJENA € TaKOBa, 4¢ paGOTHUAT 06eM € aHaNOr HA KOAKCUANHO
CKBUTEMIEPATYPHO, CKBUCKOPOCTHO M €KBHIOTEHIHANHO NPOCTpancTRO [2,3],
TaHrenunanHata cKOPOCT Ha KOAKCHANHMA [IOTOK Moxe na Suae onpeaenena
Hpe3 peliasate Ha ABymepHa 3afaua BRPXY 3aTROpeHa KpHBa [HHUA, KOATO
CbBlaja C OTpaXaTe/IHaTa OKPBHKHOCT B €HO HANPEUHO GeUCHHEe Ha UWIHHADBDA.

Haii-npocroro ¢yukumnonanuo u reoMeTpuuno npulnukenne Ha 33TBOPEH
B ce0e CH ABLABI UKIMHAPHYEH OTpakaTen ¢ OTHOCHUTEAHO TOMSM PAAMYC M
TIPUICKALIOTO My KOAKCHAIHO eKBHNPOCTPAHCTBO € TOBA Ha Be3kpaed nnocwbk
OTPAXKATEN C TIPHAEKALUC TUIOCKO-TTAPANENHO CKBUIIPOCTPEHCTBO. B TO3M ciryuai
CkopoctTa Ha HMII mowe aa ce onpegenu Hpe3 pellaBaHe Ha eqHOMEpHa
fapamMeTpuuna 3afaya [2], wanp. no octa Ox Ha MIOCKMS MOEN OT ur. 1.

PaBuunara na yepresa ot ¢ur.1 cbBnaga ¢ BeprukanHara pasHuHa xOy
H8 JACHO OPHEHTHUPAHA NPABOBIBAHA KOOPAMHATHA CUCTEMA xyz . XOpU30H-
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TANHATA IMHAA ¥ = ¥, NPEACTAB/fRA YCIOBHO H300pLKEHHE Ha He3KpacH [I0CHK
ABYCTpaHeH M AudyseH oTpaxarte] Ha Honu. C TpeKbCBAHH JIMHHMH
y =y, (1,2, ,0) 8 rophus (/ =1} u B HonKHA ( =2) nonyoBem Ha PM ca
NpeacTaReHd AUCKPETHH SKBMHMBA. TYK LIC W3ION3BAME W CTIOMATraTelHH
eKBMHHBA, KOMTO ¢4 YCNOPEAHH 1 Oe3kpaiino OR¥3KO 10 H3CASNBAHOTO CKBUHUED
Y i » HATIDUMEP OTpaXAaTeNHUTE NOBLPXHOCTH HA JBYCTPAHHUS OTpaM@rel Ce
HaMHPAT HA HUBA, KOMTO €A O3IHAYEHH YCNOBHO HA HEPTENa C Yiose M Vooee:
wato limy,, =y, korato g << (e > 0).

Tyk ute npueMeMm, Ue CTOMHOCTHTE HA BEJIMMMHUTE ) ; Ca NpeABapurel-
HO M3BECTHH.

MoaspuzauusaTa ¥ pasNpeAc/eHHETO Ha AReTe AOAeTa Eyn B, wme
ofnpejlenuM DOMLJAHUTERHO B T¢kera. Ha ¢ur.l e moscHexa camo TAXHara no-
nApu3auMg upe: nparc ¥ O0paTHO YCAOBHO O3HadeHHE, KOWTO (a
B32MMHOHIKNIOYBALLH.

Kakto B [2], Taka W Tyk i€ HanpaBum Hacnegsane Ha HMIL camo 8
pasuuunata { LB ) na MaruuTHO B3amMoaeficTeue, T.€. B xOy. Eano Takosa
H3CNeNBaHe e M3YepHaTeNHO 3a KonduecTBena oneHka Ha HMIL, sauoTo scuy-
KH B3auMogelcTeua B “HeAMCUNATUBHUA" OPEHOCEH [POLEC ¢ M3BbPLIBAT BH-
HArW B €[lHa paBHMHA, KOATO € HOopMaiHa Ha B . Hewlo nosede - KOAHYESCTBE-
HUTE OLIEHKH, KOUTO Ule MONYHHM LUe C€ OTHACAT €AHO3HAYHO W A0 aHalnOruH-
HH CHCTEMY, B KOMTO MOAAPH3ALUATA Ha [JBETE NOMETA € NOCTOAHHE, HO B3a-
UMHaTa OpUEHTalUMA Ha sexTopure B u F e mpoussonna. B Tosd ciayya# nopman-
HaT& KOMIIOHEHTa, MONyHMeHA OT PA3NOKEHKETO HA BEKTOp £ 110 MOCOKA HA BEK-
top B 3acmHO Che Chiua BexTop B onpepenar meado HMIL Jpyrata xomrmno-
HeHTa Ha E, Tasn KORTO € chocHa Ha B, BOAH A0 ANCHIATHBEH NPEHOC Ha HOHM
T HAMpABRJIEHHE Ha CBOATA OC.

JIBHXEHHETO Ha BCCKM OTAENEH HOH © Maca 21, W eNeKTPUUECKH 3apil ¢,
KOEeTO TOH M3BBPLUBA B PABHMHATA HA MArHWTHO B3AWMOLCHCTBHE LHE OMPEAC/HM
C €/lH& BEKTOPHA BEMMYMHA NO CIEAHUA HAYHH:

M v,

i

8 kj—;}k

nm

KbAETO / € UMATMHEpHA efuHULE; " = - rOJIeMMHa HAa HanpevHarta

i

KOMIIOHEHTZ Ha CpefiHaTa TOMIMHHA CKOPOCT, KOATO B PM e npuchila Ha BCEKH
fioH OT BMA 7, KOTETO TOW CE€ HaMHpa HA EKBUTEMUEPATYPHO HHUBO JV 4, T;’,r‘k‘
TEMTIEPATYPa Ha WOBHUTE OT BHIL / Ha HHBO Y g, k- roHcTaHTa Ha bonuman, @ -
MOMEHTHA CTOMHOCT Ha PasHUHHHA BUbJ, KOHTO BEKTOPBT V. HA OTAENEH HOH
CKAIOYBA ¢ MOAOMKTEIHATA MOCOKa Ha ocTa Ox No nocoka Ha “aCcOBHHKOBATA
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cTpenka {dur.1 ).

Hexa ga cv npeacraBum, e ca HY M3BECTHY KaKTO aMIIATYINTE V. , TaKa
¥ HHTEPBANUTE OT AEHCTBUTENHH CTORHOCTH Ha APryMEHTa © 3a BCAKA TOUKA
(xyz) B 3akputus obem Ha PM, BKIHOUUTERHO BBLPXY OTPAXATCIAHUTE
NOBBLPXHUHMN.

Torasa (1) e aHanMTUYHO ONUCaHKE HA CAHOMEPHA 331244, KOSTO ONpeagss
CAHO3HAYHO IBMIKEHHWETO KAKTO HA OT/ENEH HOH, TAKA K ABMXKEHHETO Ha
MHOXECTBOTO OT iOHHK Ha PYIC B PM [2].

Tyx uckame na HaMepum peleHue Ha eana nogo0Ha eIHOMEPHA 3a1aya.
3a uenTa e onuIleM MOAPOOHO CHCTABHMUTE TE/IA K npouecuTe B PM.

2.1. Otpaxaren

MexaHHYHUST OTpaxkaren ( yg) € HANPABEH OT TBBHPA

HEMaTHUTEH MATCPUAIl HA MICANICH eeKTpHYecKH u30naTop. Toit ¢ Geskpaet.
IOCHK, THBK, ABYCTPAkEeH, HEMPOHULIAEM i MGBYICH OTPAKATEN HA HOHH,

OTpaxarensT pasfens mexaHuuno PM Ha TOPeH U A0JieH nonyobem.

ITocokute Ha oTpaxeHue Ha HoHuTe citex YAAP ca CAy4aiHu ¥ PABROMEPHO

Pa3NpelCICHU B MPOCTPAHCTBEH BI'bI OT 2% cTeppaauaHa . ILiockuar

- OTPAXATEeN € OPHEHTHPAH YCAOPEIHO Ha BekTep B {dur.1). Torara nocoknte

Ha pa3cedBaHe MpPU OTPAXKEHHUE B PABHUHATA xOy ca caydaiing 1 PABHOMEPHO
PastpPENc/eHy B Tpaniun OT @ =0 /10 ¢ =7 pajuaHa B ropHus notyobem u
OT @ =T HOQ@ =271 pasuaHa B KONHHS NONyoGeM. OYeBUIHO €, 4e TYK
npeHeOperBaMe TPUEHETO Ha HOHMTE [pY THTB3TaHE 110 NOBBPXHOCTTA HA
OTP@XKATENA, KOCTO B PAMKHTE Ha 3a1ay4aTa € JOMmycTumo [2].

CpenHocTaTieTHYECKN YAAPHOTO B3AHMOJEHCTBHE HA HOHMUTE ¢ OTpaxa-
TeJ13 € IPOLICC Ha eTacTU4HO B3aUMOACHCTBIE, 3aL0TO BCAKA OTPAKATEAHA 110~
BBPXHOCT |V g.¢5 }’mﬂfe eksuTeMnepatypua (7, = 7, = const) pasgennrenna
TPanula MeXAy I430BATA M AHEIEKTPUYHATE CpeAa B PM. Torama cTa4TUCTH-
4eckoTo nscneasane Ha HMII moxe aa ce u3BbpmM Npy ONPOCTIBAILO
AOTTYCKAHE, Y€ M BCEKM OTALNEH aKT Ha OTPAKEHUE € e/IACTHYHO B3aUMOIeHCTRHE
2L

IIepBOHAYATHO H3CNEABARETO Lile U3BLPLIKMM 3a PM c orpaxaren, a no-
HaTaTvK U 32 PM, B xOlTO oTpaxaTenst e oTeTpanesn.

2.2. Honen ras

MuoxecrBata ua Wonure M oT grere CTPaHU Ha

HEMTPOEULIACMUS U eKBUTEMIIEPATYPEH OTPAXKATEN €4 MEXAHUYHO pa3neNneHy.

Wonure o1 feere CTPAHM Ha OTPAXATENA OCBUIECTBABAT HEZABUCUMO TOTUIHHHO
ABHXEHUE,

Besko Muoxectso M e OTPaHUYCHO MHOXECTBO OT Honu (PHC). Orpa-
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HUHCHOTO MrOKECTBO M = ) M, ce ChCTOH OT IIPOH3BONCH, HO OFPAHHHCH GPOii
i
noamMHokecrsa M, (/= 1,2,.). HYnenoro / € OrpaHMSSHO OTFOpE YPE3 YCIORHETO

3a PUC.
Besko nmoamHokectso M, ce CHCTOM OT eNHAKBH MO Maca (11, ) U enek-
prueckH 3apan ( g, ) Houn,

Cymapuara maca Ha itouute or M wmu M. we orGensazeame no ChuMs

(]
BauME ¢ M :ZM,. nny M.
i

Ternosara xOHUSHTPAUMS HA HoHuTe or M B8 A, ine o3mayum c
{2) & = % ;

Beunuku lionu 8 M ca guHamudHO CBHP3aHU € AMQY3HO-OTPAXKATSIHATA
TIORBPXHOCT B CBOS MOJIYODGM upe3 AeHCTBHE HA ABYKOMIIOHCHTHO BEKTOPHO OIS
{(£LB). Terasa npu ¢BOCTO TONNHHHO ABHXEHUE BCEKH HOH OCBHIICCTBSBA
TIOCHENOBATENHO YAapH ¢ orpaxares. [TocneI0BaTENHOCTTA Ha YIaPHTE € ChC CIYYACH
HHTCPBAT Ha NIOBTOPSHHE, YHATO NIPOABDKUTEIHOCT C& H3MEHE OT HyJ1a 10 BpeMEBaTa
NPOABIHKHTEIHOCT HA TIEPHOAY HA €MH IIBJICH ChCTABEH TPAXOHAANCH LUKhIL
HeproasT Ha eOUH CLCTABEH TPaXOUAANEH LMK € ONPEASIEH 32 BCCKH BHJ HOHH
(1n;, g} OT pasnpeseNEHNETO HA MATHUTHATA HHAYkuKs B, B obema Ha PM.

Hie opuemem, uye MaKCHMANHMAT BEPTHKAMCH PA3Max HA TPaxoHAaNnHUTE
TPAEKTOpuy Ha HonuTe (BKIL. 3@ BUA 171, = M1, W G, = ¢, ) B ABata nonyobema ¢
[0-MaTbK ChOTBCTHO OT ( ¥, . — ¥/, Yuauor( ¥, — ¥, },{¢ur.1). Cnenoparenno nupa
Fp 8 Y., UPSACTABAT ABETC BHHUIHK rpaHUUM HE PM.

OueBUAHO €, 4 KOHUCHTPALMATA HO HOHUTE B ABATA NONYODEMa 11 CE M3MEHS
OT MaKCHMYM HA HMBATA HA OTPAXKEHHE O HyNa Ha BRHEMHHTE rpanuuu. Huso V,,
Ha %0eTo QOpManmHO uHie OGSAMHHM JBETE OTPAMKATEIHH HHMBA ¥Vig., H Yap.e. €
tdopMarHO HHBG Ha MAKCHMEITHA HOHHA MITHOCT B PM.

Tyx me npuemMeM, 46 BOTHAUHHTE 177, U £, €8 H3BECTHH,

2.3. BexropHo none

UseecTro e [2] , 4e cBoOOAHUTE HOHH B 3aKPUT 00eM HA
6e3Kpai=o ABNBr LHIMHABD CH3JABAT BHTPEIIHO SICKTPUYECKO nojie £ ¢ paguanso
pasnpeAeneHye u nonapuzaums. Ha pazmanHoTO ENeKTpHYEcKo Mone B U3XOAHHUS
HHAMHAPHYECH MOJAEN CBOTBETCTBA , B npuerus ninockk PM, eaHo swTpemno
EIEKTPHUECKO MOJIE C PA3NPEACIEHUE H TIONAPH3ALMS 110 BEpTHKANHAaTa oc Oy.

Ha axcuanHoTo MAarHMTHO 1one B H3XOAHHS LHTMHAPHHECH MOJCH ChOTBETCTERA,
B npueTHs nnocsk PM, enno none ¢ nomsipusanus no ocra Oz
CnenoBarenno B obema wa PM ngiicTBa BEKTODHO HOAE C EASKTPHUECKE U
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MarH{THa KOMITOHEHTA. 3aKa4YNTe Ha IOBBPXHOCTEH M cBoGOASH Apeiidh Ha Houu we
peLurM Ipy ASHCTBHE Ha BEKTOPHO N0JIE, KOSTO C& M3MEHS CTLAAAHG 10 0CTa Oy C

Wean

€ 3aMeCTBaIO Ha NBYKOMIIOHEHTHO BEKTOPHO Roae : W ¢ Henpe-KbCHATO
pasnpeaenexne no 0CTa Ha JICKTPHUECKHA BEKTOP,

TYK t1e 0T0ens38ame 2 1-CTHAATHO ABYKOMAOHEHTHO, BEKTOP-HO TI0N1E, KOETO

PasupeaeneHueTo u noaspusanvsTa Ha W e onpenenuu 32 BCAKA TOMKA
{xy2) B obema na PM upes cnearure ckanaphu nponaseﬂeukn
= const>0, koraTo E *l|(~e} )

E(Xyz)ey = E(y)ey : Eﬂﬁy 3 Eﬂr = =consi<0, icoraTo .E;Ajlé')

—oh LK o
Vo < F S50, FuSYE ¥ =)
—mezCm Y2 ¥ EYaoni=2

(3)
3a/=12n k=012, .n-1

E(xyz)c_‘_ =F (xyz)ez =0

KaKTO H NpPH CBhLIHTE YCIOBHA

= const>0, l_xora"ro Bji(-¢ )

B(xyz)ez = B(}’ )6' =Buc,=B; = = const<0, i«)ra'ro B jle,

z S

B(xyz)ex = B(Xyz)ey =

KBIETO €,,€, U €, ca eMHHYHK BEKTOPH 1O TPUTE OCH ik xyz, E, v By ca
ABOHKA PALHOHAIIHM YHC/IA, KOUTO ONPEAEHST upes cadﬂ 3HaK ¥ cTolHoCT

CBOTBETHO NONApHUlIALMATE M MOJIeMHUHATA HA ABeTe KOM!]'IOHCHTH Ha W B

{2a)
NpOH3BCAEH AUCKpPeTeH ciol (jkk+1) Ha MIIOCKONAPAe U EKBUMOAEI.
BekropHoTo none He ¢ onpeneneHo Ha BLHIIHUTE rpaffuuu (¥, n y,,)Ha
PM, 3auioto mo ycrnoeue TaM Hima HoHM.
Tyk we npuemenm, 4e peauunnnte £, u B, ca M3B4CTHH,

Ot (3) ce BuxAa, 4Ye ABeTE BEKTOPHY KOMI‘IOHG}-ITH Ha Wm) ca BHU-
HATY B3AUMHO MEPHeHANKY IPHH. KOraTo no-HaTaThk M3no3same OsHasenue Wims
TO BHH&rW uie pasbupame, 4e Ha HEro CHOTBETCTRAT 4:: ABOHKH B3aUMHO
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nepnesankyaspHu ektopu ( £, L B ).

B [2] 3azauaTa 34 nopLpXHOCTEH ApeHE € pelleHa npu AeHCTBUE HA
€IHOCTLIAJIHO BEK TOPHO NTOJIE WE” , T.€. TIpH JICHCTBHE HAa BEKTOPHO NOJIE, KOETO
€ XOMOTEeHHO B uenng ofem Ha PM { Wm = const 3a fj=1.2un k=0,1,...n-0).

TyK 1€ U3NOI3BAME PELIEHUETO, HAMEPEHO B [2] 1 3aTOBA e AehUHUpaMe
Wi, o aHanornyed HaunH W IpY CHILKTE NOAYCIOBHS (3), 2 HMEHHO

E(xyz)ey =E,e, =E, =E,= const $0
E (xyz)c_t- = E(xyz)ez =0
(4) B(xyz)ez = B,e, = B¢, = B, = const S0
B(xyz)ex = B(xyz)ey =0

B (4) cme n3bpanu efHa ABOiKa pauroHanHy ynena { £y n B, ) or (3),

KOATO XapakTepuanpa nexroproto none W, B uenud obem Ha PM.

2.4. Cxanapho none 8 PM

TyK Wle U3rPAAUM CAHO [OfIE€ OT YUCIEHHU BEIUYHHH
{CKaIAPH M ceBAOCKaApH [4]) v dyHKUMM HA @ , XapAKTePU3NpALLiM ABHXEHUETO
Ha yacTuuuTe B Ueang obem Ha PM B creneH, KOATO NO3BOAABA MPECMATAHE HE
egHOMepHa (Mo ¢ ) 3afa4a.

B T34 CMHCHI MOXEM Id IPHUKCITUM KbM CKanapHoTo nojie B PM u Benyuku
IBOIKHM paunonansn wucia £, v B, ua W, ot 3)unmmtasuna E,, u By, npy
AeficTBue Ha W, OT 4).

CkanapHoTo nosie B PM e usrpainM ¢ BEIUYHER, B MHHTO O3HAYEHNA Lie
BBBEAEM TPH- HIH MEeTUPUPA3PAAHK MHAEKCH. BEIWUMHUTE ¢ TpUPASPAAHA
UHIUKAUMA ( ?:fk } L€ OApeAEITAM 32 Beexi B (/) HOHHM W Ha/33 BCAKO BUCKPETHO
EKBMHUBO ¥ ;. BeanuMnnTe ¢ 4eTUPHPA3PAAHA HHANKALHA { N, ) we
ONpEASIHM AHAJOTHHHO NO £, HO U 3a/B 0GeMa Ha NMPOU3BOJIEH CI0N Mexy SIHO
M3XOZHO HHBO Y ; M €AHO KPaiHO HUBO Y ; (/= k+1, k+2..n)

IItpBo M1e OnpeaennuM ceMeCTBATA HA PALMOHANHUTE HYHCIIA, KOUTO 3a-
JABAT NAPMOPOBCKHUTE HECTOTH (O ;. ) Ha tioMuTe OT BceKH BHJ {7 ) BLB BCEKH
BUCKPETEH CHOoil M Ha BCAKO AUCKPETHO HUBO



q.B, = const>0 axo ¢, B, >0

Y,
e =), = =] [
/3 5 1- =4 =
i ik +1-8 m, = const <0 axo '?fBjk <0./=12, £=0,1,.n1.

w©

(5)

Tyx we usnoaseame camo o3HaucHue O T

3a YacThus cnydalt, KoraTo B PM aeiicTea XOMOjeHHO BEKTOPHO Noje
JIApPMODOBCKHMTE HECTOTH HE 3aBMCAT OT BEPTHKATHATA KOODAWHATA ¥, TaKa 4e
1

4,8, i
(6) mﬁk =mfll} =—';ﬂ—=00f18t >< 0!

i

AMIUINTY AaTa Vi H2 BEKTOD v, Gewe onpenenena B (1) kato eaHo3HauHa

GyHKUHSA Ha TeMnepaTypara ?:;,-,, Ha TIPOKH3BOJIHO HHB(_IL Y Ho Hampeunara

KOMIOHCHTA Ha CPEAHATA TONANHHE CKOPOCT € HEMPEKbCHATZ QYHKLHUA OT
BEPTUKA/IHATAa KOOPAHHATA HA 3aPEACHATA MACTHLA , 33UI0TO TH C& ABMNKM B
MOTCHLHANIHO eNeKTPHYLCKO Nose ¢ noaspusauud no octa Oy. IMapanennara

3aBHCHMOCT Ha V,, OT Ty u Yj HU MO3BO/IABA Ja CHCTABHM €IHO ABYCTPAHHO
DABEHCTBO, KOETO CBBP3RA NUCKPETHUTE Hiea B PM no (%JTC,E[HH}I HaYuH

- 2 2E;1q,8Y js 11 Y = -
< ‘\/ V;',f'k+| + my B &Xjkk-i-l yjk yjkﬂ

2 [BATy
" may

@ Tm

- 2 2E @AY jig 1

A}i'm——l =Xa—Vaa

Torasa nexa aa npuemenm, ye 3Haem Temneparypata Tg,, Ha HUBO J 4 .Ako
3a8MECTHM 7:;,} M 111, B cpeaHaTta 4acT Ha (7) W 4 npecMeTHeM, TO IUE NOMyuMM
CTOHHOCTTA HA V,, B NABATA CTPAHA HA PaBEHCTBOTO. CMGA TOBA AKO 32MECTHM
B OACHATA CTpaHa Ha (7) M3BECTHUTE BEJMYMHH EJ}(EJ*_l),m,.,q; u
Aymﬂ(Aym_,) M PEIIMM PaBEHCTBOTO CHIPAMO Vm“(é V-1 s TO LE NOAYHHM
YHCAEHATE CTORHOCT B HAaNpeYHaTa CKOPOCT Ha cheeaHo HMBO . [locae ako
NpHpaBHHUM Vmﬂ(AVﬁx_I) Ha cpenHaTa 4acT Ha (7) W pellUM paBeHCTBOTO

CIpAMO TeMiepaTypara B NOAKOPEHHATA BENMYMHA, TO Ul NMOAYYUM

eKkBuUTEMNEepaTypHaTa croiinocTt T,

,J-,}H(?;}_,). AKO ?Hp(})l"b![}[(HM, TO OT
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7;&”(?;*_') MOMKEM /1 ONPENETIHM Vg',ikﬂ(A V,J.,.ﬁ,_l) l 7;;1,»2(?:;1-2) HT.H.

CriefoBaTeIHO aKO 3HaeM {(EMAHPHUHO) T:jk Ha HOHMTE OF BHJ] 7H3 €IHO U CaMO
€AHO NMPOM3BONHO €KBMHHUBO YV, TO upe3 (7) HHe MOXeM Ha H3IPajnM
NOCAEAOBATENHO CKANAPHOTO Noje B PM no croiinoctHTe Vi H T,J,; Ha BCHMKH
HMBA H 332 BCeKH BUA (7 } HoHM.

[ile 3anuem (7) 32 eKBUTEMNCPATYPHOTO HUBO Ha OTPaXKaTe/s
8}

. AV = Yo=Y <0

i 2 28,0387 11
_i Vin + iy

2 8T |
7y am,

Vio =V =V¥Vin = F St
s 204 2 2
= |\/ Viy t p

i

P INVgRs vy = V5 E 0!

'f; = 1"’.;_0 = ¢onst

Pemwennsara Ha (8) HAMa fa ce NMPOMEHST KO CH TIPELCTABUM, He OT-
paxarensT 8 PM e orcTpanHen. Ckopoctra Vi € HEMPeKbCHATZ BEIMYHHA B pa-
HorHua o0eM U HeHHHTe CTOHHOCTH ¢a MHBAPHAHTHU OT TOBZ JajJH Ha HUBOTO Ha

MaKCHMalHa HOHHA NABTHOCT ( ¥,) MMa MM HAMA €KBHTEMOCPATYPHA MeXa-

HHYHa nperpasa. Tazu HHBAPWAHTHOCT NOKa3Ba eAHa GopManHa GyHKUMOHAN-
Ha Bph3KA MEXAY NMPEHOCHHTE MpPOLECH Iph NOBbPXHOCTEH ¥ cBoboneH (6es
oTpaxkeHue) apeid Ha iHonH.

PaseucTno (8) e aHaAMTHYHO OMHCAHMe Ha €JWH 4YacCTeH cily4aH

(q,-,W(z ,,,,XOJ/ ), KO#TO MOoe Aa Gbie o000LIEH B €AHO AMPHOPHO TBHPACHHE -

EIHAKBUTE U CBOBOAHM MHUKPOYACTHLYM OT ABETE CTPAHM HAa €KBHTEMNEpaTypHa
MEXaHMYHA Tperpaga B eiHa YCTAHOBEHA CHCTEMA MMAT ¢AHaKBU CpeiAHH
TOMAMHHH CKOPOCTH.

Cera iie ROTLPCHM HauWH J1a OHPENCNHM IPaHULIMTE, B KOUTO C& U3MEHAT
CTOMHOCTHTE Ha aprymenta @ ot (1),

Benaxara moeMm Ja KaKeM, Y€ MHTEPBRNBLT Ha Bb3MOXKHHUTE CTOWHOCTH Ha
¢ BbB BCekH nonyebem, a cienoBatente U B ueaua obem Ha PM e HenpexbeHaT
UHTEpBaN ¢ roflemuHa oT @=0a0 ¢ = 2m pagwana ([0, 27 ]). [lo-chliec TBeHo €
212 ONpeAen M HHTEPBANHUTE OT ReHCTBUTENHH CTOHHOCTY HA P , KOUTO ChOTRETCTRAT
HA BCAKC RUCKPETHO HUBO Y 5 .

Hexa na cu npeacrasuM, ue eauH HoH, KOraTo ¢€ OTAAICHABA OT OTpaXkaTeNs

115



RpecHta HUBO Y ;; TIOA HAKAKDBE BIET ¢ {Gur.1). TTpoasmkasaiiku cBOETO ABMIKEHME
MO TPaXOUAANHA TPAEXTOPHSA, TOW LUE npecewe OTHOBO CHIIOTO HHMBO, KOTATO ce
NpUOAHKABA 10 OTPAXKATENS, HO [0 BIbJI Apyra ¢cToHHOCT ¢ '.‘braure @ u ¢'ca
0BpaTHMO CHOTBETHH BeNHUHHH . Bpr3kata mex 1y jBere CTOWHOCTH € BHHary
CHEOHATE

% Q'=2n-0. .

Tyk wle paznuuasame Brau ¢ u uHTEpBanH AQ ,ﬁ; H2 [IpaBo NpeMHHABA-
HE, KOTAaTe Te Ce OTHACAT 4O NpeMHHABAaHe Ha HOH npek HUBO J 4 NPH oTOda-
JIetaBaHe OT OTpAXaTe/d, T.e. [P OTAaneHaBaHe OT HHBOTO Ha MakCHMManHa
ioHHa MABTHOCT. hraure u HHTEPBAIHTE NpU 00paTHO npemuHaBane (Ipy
nobruxkapane) e Hapuyame ofpaThHU U e T'd Benexum ic ¢ M A(p‘,ﬁ :

B chiyara Bpbaka e pasnuuasame “BuHIIEH” W “pbTpeLieH” nogobem Ha
BCAKO HUBO Y ;. Eftna vacTHua ce ABMKM BBE BHHLIHUA N0A06EM HA HUBO Yii
OT MOMEHTA Ha HEHHOTO NPABO NPeMHHABAHE MPe3 J ; /0 CEABALUMS MOMEHT,
B KOMTO T IIpeMuHABA OTHOBO NPE3 CHILOTO HUBO, HO B obpatHa nocoka. [To
yenoene (1.2.1) sHaem, ue Ha HWBATA Ha OTpaXeHUe ( Yi6he> Yonee ) CTORHOCTHTE
Ha BriIUTE€ @ Ca B rpaRHMUUTE HA CACLHMTE aBa l:jHTepBaHa Ha Opaso
NPEMUHABAHE:

A(P:'IUH-; =3 (p]:}?]x = (p:?:lg = AT 0

max min

== Ag,,,
AQz00e =Pino —Pioo =2T—T0 -

(10)

KaKTO H 4Ye BbB BCEKH OT TEX (PYHKLMATA Ha pasnpeﬂ,eneﬂmi Ha HoHuTe K g‘o(‘?) no

© e KOHCTaHTa _-

] :
(1 Kg'n((f)) = KEIO((P) = K;‘ze(q}) 5 ;:conﬁ’ @ F {A(Pga}
Ta4Ka 4e
24 n
(12) IKga((P)d:P = IK;'IG ((p)(ip o _[K ;‘30((11)‘*[’ &

Axo nipunoxaum (9) 3a na npeoGpasypame (10) 1 {11),1o we noayuum ©', Ap’ goH
K W((p' Ha HOHNTE B MOMEHTHTE, KOMTO HEMOCPEACTBEHO NPeaXoxk-AaT TAXHOTO
OTPAKOHUE, T.€. BIIUTE, UHTEPBANHTE ¥ PYHKLMUTE Ha pasnipe-aeneHre NpH o6paTHo
“ripeMuHaBaHe”, a UMEHHO
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lTO*G -qjﬂ() _qff'll] ( (PIIE) _(EJT—Q)T;‘) =2n

Mfm (ﬂ nm ( _@g) {2?:__(9:1;‘) L FE= ﬁq} §#0 A(pyo

(13)

KAKTO ¥ 4€

(14 «x ,}‘O(cp ) yﬂ(2n tp) (cp) = const='i* . TaKa ue

IKgo((PdP J.K:w(@)dp I;zo =1

APy

Bes sa noxaseame e 06061mmM, ve Ha BCAKO HHBO ¥ 4 B PM npaBute AQ ; 1
1 At =
obparaute AQ', MHTEpBASM OT AeHCTBHTENHN CTOHHOCTH Ha @ ca;
- HENPEKBCHATH;

- €QHAKBM MO rofeMuHa u B rpabuny 0< A, < T, KaTo 1o

ik o A(P k=
yenoBMe Han-Matko A, # AQ,, HMAT HyJ€BH CTORHOCTH;

- B3aHMHO CHMETPHHHMY B uHTepeaa [0, 24 | HA BE3MOKHHTE CTOMHOCTH Ha
¢ ¢ UeHTHP Ha CHMETPUAT. ¢ =T OT MucaeHaTa oc (Rp;

- HHBEPCHH [0 Pa3noAoKeHHe B ABaTa Monyobema cnpaMe T. ¢ = 7 (Hanp.
aKko @ E{A(pm} ,70 0<@ <7, uoako @ E{A(p,-u} To TSP <2m),

OTHOBO upe3 (9) MoxeM aa c¢ yOeaum, e GYHKUMHTE Ha PasnpeacieHne Ha
AOHHTE CHOTBETHO MO @ U (' HA €/1HO MPOM3BOIIHO HUBO Y 4 cajnae CUMETPHHHH
thyHKUKH ¢ OC Ha cUMeTpUd nparaTa P = T OT MUCIEHa NPABOBILIHA KOOPAMHATHA
cucrema QO " ((p) OcBeH TOBa, JISCHO MOXE Aa ce ChoOpasH, a [TO-HATATHK H LS
NOKAXEM, € aPIYMEHTBT P ¢ HeNPeKLCHATA U HelTHHeHHa (yHKUHS OT BepTHKANHATA
KOOpAMHATA Ha 4yacTuuaTa. Tazu HeNMHEWHOCT npomeHs QYHKUMHTE Ha
pasnpeseneHde K ((p) H lcg}((p‘) Taka, Y€ aKO TE €a KOHCTAHTHH BENHYHMHH
(Bx.(10),{13)) Ha HMBaTA HA OTpaXKEHHE, TO HA BCAKO JAPYro HUBO TE ¢4 MPOMEHIUBU
(GYHKUMH OT ¢ HAM (' B IPRHKLTE HA CHOTBETHHA uHTepBan AP ; uiu A’ i

CuMeTpUATa H HERMHEMHOCTTA Ha K ((p) MK ((p') Lie OMULIEM TaKa:
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KJk(‘PI) Lo (2“ ‘91) ,,.k(<P',) @ =2n-9,

P G{A(ng}

KM((P;)=KQ,,(ZTI—<;)2)=1cm(<p‘2) 9',=2T-0¢,
& {A‘P:}‘k }s‘P: # O,

(15

KaTo Kﬁ;{((?:) % Kg}rﬁ'((p?)'

HO TaKa 4e .m;[:c P (0)dp = m»J::( wdp =1 '-

HucneHoTO mpecMATake Ha Besnuuunute AQ wh K gpe(c;:r) L€ OMHLUEM O-
HaTaTEHK, ‘

Cera wie MOTHPCHM BPB3KA MEXKJY KOJHUECTBATA HA HOHHUTE, KOUTO
TIpeCHYaT ABE CBHCSAHM HMBA B npasa (00paTHa) nocoka. OueBUAHO e, Ye OT BCHY-
Kl HOHY, KOUTO Ca NpeMHHANH Npe3 ¥ ;, HAMPUMEP B IIDABa TI0COKA, CAMO €jHA
HaCT OT TAX UIE JOCTUTHAT 10 ChCEAHO HUBO V). TasuiqaCT € IPONOpUHOHANHA
Ha rO/IEMHMHATA HA €/IHH HEMPEeKbCHAT MOAMHTEPBAN A jhen OF ABAHHA HHTEpRAN
A ik - 10rapa OTHOCHTEINTHOTO KOJIMYECTBO Ha HouuTe T]Lx;m » KOWTO ipeMuHanaT
npes cnoi (jkk+1) moxke ga ce onpeent o CAeHHT HAURH!

.[K;'fk(‘P dtp

AP i1
—e————=  Ixclaldn <1,
I K jk (0)do mm-.'-[-uﬁ( )

Aup

(16) 0<Njun =

ik

|
Bennuunara T,, le Hapedem npaso MIPEABATEHO HHCIO HA AHCKpE-
TeH CIOH (fkk+1) . OueBUaHO e, ye OGpaTHHTE MpeaaBaefHH UHCAZ, KOMTO TYK

HAMA A2 M3NOA3BaMe, CA PELUMUIPOYHH HA T, .
IlpaBoTo npeaaBaTeRHO UMCAO Ha TIPOM3BOIEH MHorOMuacToB cio (kI )
1

MEXAY €AHO U3XOAHO HUBC H €AHO NPCHU3BOAMG HHBO }’L, HIE ONpEOcHM TaKa:

(17) 0< Wit = Nymeei Wit sriea2- Moy = H L Tk <L =k+1Lk+2,.
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KaToO o yciosue My, = 0, 3a1o10 Hal-Manko M, = 0 upes A‘P;}p-m =0,
Torasa NMpedaBaTENHOTO YUCIQ MENKIAY OTPaXKaTEelHO HHBO }’,.0 H €4HO

MPOMIBOTHO HUBO ¥, IHE €& ONpe/ieNi TaKa:
k
(18} et = 5 M jis—1s -

Ot asere npeaasarenny uvcna (16) u (18) MokeM Aa onpeneauM TEraoBaTa

KOHLUEHTPAlMA  Ha T43W 4acT OT Honute B M, , KOATO Ce HAMHPA MOCTOAHHO B
cioil (jki+1) mo cineaHds Hauuy:

(19 & jik+1 =ngak(1_nm+1)' )

Cera we onywem egHa HenuHeHHa (YHKUUA pﬂ,((p) , kofTo onpeaens
PA3CTOAHHETO MEXAY FeOMEeTPUYHHTE LIEHTPORE HA €[MH OTJe/leH HOH W MHUCIe-
HaTa LMKAOMARNHE oxpBKHOCT [2]. CroliHocTTa Ha Py ((p), 3a BCAKA OTAE/IHA
YaCTHLA, C& U3MEHA CTHMAJHO Ha TpaHMuaTa. Y ; MEXAYy BCEKM [Ba C/Os, 4 B
rpanuuute (nebenubata |AY ..., 1) Ha BCEKH IMCKpETEH /O TS € NocTosHHA
BeJIHYHHA

20}
r ( }_l*m-« Ejs B ' = 1=C
Pir-e\®ii= |m,-,-#__ BT T2viE,ocosp, | = cons A
Ak =-g
_ﬂr E
P jix ‘Pk \[ aﬁ "‘2 .wa‘ cosQ,
Ak=0
Viessk Bt ik
P, ((p) i, pyk+M((p) = pﬂ-l-ﬁk wy‘m J VMBJ“M '2V£¢,+MBM COSP L
o OgAkgl-g |0<Ak<l-e
—egAk<] = 5 n
"ot - HeHr:
e<<l p&&"l"-ﬂ((pk-ﬂ m‘mh J V&iH B,&\u = Viger Bt COB(y,
Ak =1-
=const=C,# C |
| 2
[ Y L Ejen
u.p!?“i(q’}k*l) i @\/1 +( "mnBﬂu) ke VienBia (pk +] =const= CMI =G,

Ak =1
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KbACTO!

lim v =Ej1‘._pB

ks = V.ffk b ﬁ_;'k—s: g = Bﬁ;..I bW, = m_y}_] » kKorato Ak = =(EF?

Vigsar = V;}hax-»bﬁmk =E, ’B_,:‘k+at = Bﬁ"mﬂ'ﬂ\k =@ ;. korato <Ak <]—g;

E =F_.B. =B o

hm e Jk+i-g 2 ele i :_]r'k—i-|;=

ke +1-2 KOrato

=V ikars

Ak =1-¢€;0,%0,,,9, 5 Qe

Pazcnoenoro pasencteo (20) nokasea, 4e ako eauH HoH fnpecuya HUBO V ;.
BOA QUKCHpaH BBl @, , TO TOH, NPeMHHaBAHKY npes Apuaexcalms cnoli, uie
NPOMEHA HEHPCKBCHATO apryMenTa @ Ha CBOS BEKTOP Viax (0 < Ak <1) no
nocoka Ha exna Pukcupana cToliHoCT @ M((p i SO , IOKATO i JOCTHIHE Ha
CICABAWOTO QHCKPETHO HUBO ¥ ;.. DuKCHpaHHTe cTolHOCTH @y 1 Py {oT
A‘P,;,} H A‘Pg‘m) Ca CBLp3aHH MOMEXAY CH Ype3 HenuHeNHa 3apucumocT (20),
KaTO OOpaTHMO CHOTBETHH BIIM HA ABE CHCERHHM HMUBA.

Toraea ako riosuasame AQ e Ky ((p) Ha €IHO APOUIBOIHO HHBO, TO
Hue MoXeM /a onpegesum A0, Ap kel MK {.’,M((p) Ha ChCEHO HUBO Ypes
MHOTOKPAaTHO pellaBaHe Ha PABEHCTBA OT BMAA

® 0

@ pﬁ?‘*(@*) = prjr‘hl—r:((pm )9 Pi € {A(Pymlf

P E{A‘p,ﬂ}

KaTo M3GHpaMe NociesoBaTeNHO GUKCHPaHU CTORHOCTH Ha ({p, OT W3BECTHHS%
UHTEpBAT AQ ., 33 Aa onpejlenum oGpPaTHMO CLOTRETHHUTE {no (28)) seauumiy
P 441> KOHTO MPHHANIEKAT HA HEHIBECTHHA uHTepRan AP b

3a 0a MOACHMM, HEKa €aMH HOH aa CTapTHPa OT OTPKATENHO HUBO ¥,, NOA
BrBA P =0,,0, € ﬂ(pg:} .Toit we npeceue HuBoO Ya noa zpyr rea @,
YHATO CTOHHOCT MOXEM fa ONpeaesNuM ciej 3amecTsane Ha Oy B {21) xaro
H3BECTHA BEMHUMHA ¥ peilasaHe cnpamo @, .OTHOBO upes 3amecTBaHe B 21y
Ha @, HO BEYE KATO UIBECTHA BEIMMMHA H PELLaBaHE B YCIOBUATA Ha CAOil {12}
HHE MOXEM Aa onpefenum CTOHHOCTTA HA BIbA ¢, Ha HUBO YV, W
T.H.CI€A0BATENHO upes NOCACHOBATEAHO pewaBane Ha {21} Hue MomeM aa
CBMOCTABHM HA BCAKA ClyyailHa pelMuMHA ¢ =@, DO eAHO ceMeHCcTRY OT
$HKCHpaHu cToliHoCTH P> NCA KOMTO OTACNHUAT HOH e NpecHya BCHUKY
BBIXOAALIM HHBA. Torasa ABMAKEHHETO HA OTAENHUS HioH B PM ce xapakrepuiupa

© eAHa UMCIIOBA pEAMLA , B KOATO CaMO MBPBMAT WieH ( = ¢, ) © clyyaiina
BeINYHHA

{22) (P;}((P)=({P =(PO)?(pl!(pe""(?k""(pn—I'
@ E{d(f}&,-‘,}
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JbkuHaTa Ha uMcioBaTa peauua (22) e IpoMEHINBA BenHuMHA. AKO
Yy € Hali-BUCOKOTO AMCKPETHO HMBO, RO KOETO €AMH HOH JOCTHrA CRefl aKT Ha
OTpaxeHue, TO BCUUKH GUKCHpaHHM CTOHHOCTH B peautata ot ¢, A0 ¢, , ca
HYJH. :
Cnegopatendo {21} e aHANUTHYHO CPEACTBO, KOETO MO3BONABA A% CE
u3rpaaud  cxaanapsoro nogse B PM  no  BenuumHHTEe  HA
P ((p), AQ s AP g 11> K g ((p)u (p,_.,.((p) Ha BCHUKM HMBA Vg, a upe3 (16).(18) n
(19) » no crofirocTrTe HA Mpas Niors B Bjresr-

Cera Heka fa CH IPEACTABHM LBHIKEHUETO HA OTAENEH HOH MEXKAY IBe
nocieA0BATENHH OTpaxkeHus. Mexay aApsere ChbOUTHA TOU OChIECTBABA
caobopen(bes orpaxenne) Apeiid noa AeHCTBME HA BEKTOPHO noje H{ﬂ} H[/”
Beexn akT Ha Audiy3Ho oTpakeHwe npekbeBa cBoOOAHMA Apeiid Ha uacTHLATA M
ChiEBpEMEHHO i JaBa citydaeH ([0 ) CTApT B HOB LMKL/ Ha CBOOOAEH apeiid
NoO ChCTaBHA ( H(,,,) uap npocta ( W{I}) TpaxouaaiHa TpaeKkTopua ¢ (GuKcHpaHu
napamerpu { Vi E PR 5} ), HO che cnyuaiiHa dazosa AbKKRA . B To3K cny4ail
MOBBLPXHOCTHHAT Apefi Ha HonuTe OT PUC B PM moxe Aa 6Lae pazioxeH Ha
e/iHa MOCTOSHHA M HA e4Ha CMyualHa CKOPOCTHa KOMIIOHEHTa Ha NBHXKEHUE 110
ocTa Ox . 3a Aa U3BBLPLUAM TAKOBA Pa3oXKeHHE ¢ HeoOXOAMMO Aa 3HACM
FOIeMUHATA HA BCHUKM BB3MOXHK (M0 ¢ ) $a308¥ NBTHINA, U3MHUHABAHH OT
HMKIOMAARHNTE OKPBLKHOCTH 3a Bpemenarta Ha csoboaper mpeid mexay
MOMEHTHTE Ha ABE NOC/eAoBaTenHu oTpaxenua [2]. 3a Aa pasnoxum HOHHHA
noToK (NpM MOBLPXHOCTEH Apeiid) o cloere, ule HU € HeOOXOAWMO A
OMpeennM Olie M BL3MOKHNTE (a30BH NBTHIIA BBB BHHUIHKI M00GeM Ha BCIKO
JMCKPETHO €KBUHHBO M BbB BCEKH CJION.

3a yenTa TyK € CHHTE3MpaHa QyHKUUA O (:’g((p)) Ha (A30BHA BT, KOATO
€ M3BeJeHa, KakTo M B [2] npu QeiCTBUE HA XOMOTEHHO BEKTOPHO MOJIE WE y (4).
Dynkunara o F,((p)[) onpejens rosieMyHaTa Ha ToAOBMHATa OT (hasoBud
MbT, U3MUHABAH OT LUMKIOKHAANHA OKPBEXHOCT 32 BPOMETO, B KOCTO HacTHLUETA
CE HAMMpA BbLB BHHLUHMA NOACOEM Ha NPOU3BOJHG HUBO Vi, BKIIOUHTENHO U 32

y.f'ﬂ

(23) o u(E(0) = 72 [%(1-

&lo)
(o)

J+ é(tp)]

s E(0)=¢,(0) =17 arctg—s;'sm—<p’_
gL T COSQ

vir B

Wy =00 Ey = Eg. By = BIU(WIH)
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Ho-natarbk QyHkuusra o M(g((p)) oT {23) we Henexum onpocTeHo ¢

o {9).

DyHxumara o ﬂ(qo) ¢ acubHpana B Lesaus unteppan [0,2 1t | Ha BLIMOK-
HHTE CTOMHOCTH Ha brbl @, HO TH € NPHAOKHMA CAMO BB BLHUIHUTE TIOA0GE-
MH Ha PM, 3aii0TO Tam ABMIKEHMETO Ha yacTHLUTE & ¢B000ANO (HIMa OTpae-
HuA). CnefoBatenHo Npu u3cieqBaHe Ha NOBBLPXHOCTEH Apeitd dyHKUHATA
a M(q))ce OTHAcA camo 0 bIIIMTE Ha NPaBo NPEMUHABAHE, T.€. 33 BIIH OT @ = 0
A0 Q=T B rophui NoayoGemM H 32 BIYIH OT ¢=T go Q=2n B JONHMA
noayobesm.

Peanso, a upes (23} u auanuruuno, {bazoBHTE NBTHIA HA ABe RPOTH-
BONORMKHH MO 3HAK H SAHAKBH N0 MAca W SNEKTPUUECKM 3apAl (m=m, q=-q,)
HACTHLUH, KOWTO LOCTHraT HUBO V; C €RHAKBB BI'BM @ U (pU PABHA ApYTH
YCaoBrA (¥ 4 = Va4, E),-,r, B_,-k }, Ca CBBP3aHU N0 CEHUS HAUYUH;

24) o 4(0) = {m-a,,fo)].

DyHkuuaTa O ﬁ.k((p) € NpHICKNMA 34 H3CnelBaHe ¥ Ha ceobodeH (Oe3
oTpaxenue) apefid Ha Houm nox aecree Ha BEKTOPHO MoNe %). Taka na-
mpuMep ako B PM e otcTpanen MexaHHM4HUAT oTpaxares { W), To Honwure e
W3BBPWBAT Rpelid Npu ABMKEHHE MO NBAHH TPAXOHAAIHH TPAEKTOPHH.
Huckperante exeunvsa Y W PasAeAsT YCROBHO TE3M TPAEKTOPHM JIMHWU HA
POPHH W A07HH 4acTH. Da3oBUTe NBLTULIA HA MUCICHA LUMKIOHAATHA OKPBKHOCT
O ABETC HACTH HA €1HA YCAOBHO pasfesicHa TPACKTOPHA JIMHUA MOTaT Aa HbaaT
OTIPEACNCHH NOOTACNHO, B MPAHHLINTE HE €MH NBICH TPAXOWAIEH LHUKBA, Ypes
pewapane Ha {23).

B rpannuuTe Ha eamk Mbren TpaxonaaneH UMKBA MMCIEHATR UMKIOHAANHA
OKPBXHOCT Ha OTASNHUA HOH MamuHaBa (azos NbT OT 2W  paguana.

AKO pettnm (23} 3a MPoOM3BOAHA CTOMHOCT Ha ¢ B uuTepsan [0,27 ], To we
ONpeleNiM NONOBHHATA Ha (A30BUA MbT OT €AHATA CTPAHA HA MPOU3BOAHO HUBO.
AKO NpH DaBHH APYTH YCAOBHS PeliUM OTHOBO {23), Ho 3a obpaTUmo CLOTBETHATA
CTOHHOCT @'= 27 — ( (9) Ha 1bPBAA BIBA, TO LUE NOTYHUM NIOIOBHHATA HA (pazosua

(BT, OT ipyraTa CTpaHa Ha CbILOTO HiBO. CymaTa Ha ABETE pellleHHs obpasyBa eHO
THKAECTBEHO PABEHCTBO '

@) oglo)+a,(2n-g)= aulo)+aulo)=n, ¢=22-0.
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PasencTro (25) nokassa, ve GyHKimMaATa O ,}k((p) € CHHTE3UPaHE BAPHO, KAKTO
1 ye MexcAy npouecute Ha ,,HMIT® npn nosbpxHOCTeH 1 ¢BOGOACH fpeid uMa oule
enta {ocseH {8)) dopmantia GyHKUMOHAIHA BPBEKA.

Cera Heka na ananusupave QyHkimaTa O ﬁ((p) 8LE BPEMETO, NPEH B Crel
MOMEHTa, B KOWTO 4acTMuara AOCTUTa A0 HHBO V. lldnara npeAncTopus Ha
HEJIHOTO JBHXKEHHME 10 YV € OTHETeHa 4pe3 CTOWHOCTHTE Ha BENMUMHHTE Vi B
(p(:p €140 j,xomo T€ NOJYYaBaT Ha CHLIOTO HUBO. BbAEUlOTO ABHIKEHHE 1A
yacTuuata (pasoBUAT MBT) € €AHO3HAYHO ONIPEAENEHO 4PE3 KOMIOHESHTHTE HA
BEKTOpHOTO nosie { £ e Bﬂ,), KOHMTO ILIE AelCTBAT BEPXY HEA OT HHBO Y HaTaThbkK.
Ho upes pasenctsa {7) u (21) moxeM Aa OTpPEAENUM CAHOZHAUHO USNATA
NpeAUCTOpHS Ha ABMXEHHETO Ha HacTHUaTa 10 V., a HedHoTo Hhaelo
NBWKEHHE 02 NPeAONpelesuM HPes 3aJaBaHe Ha APYro NPOU3BOAHC XOMOTEHHO
BEKTOPHO NONE, KOETO AeHCTBa BbB BHHIIHMA MOJA00EM Ha CHLUIOTO HMBO.

CrnefoBaTenHo QyHKUUATE Oy ((p) e npunoXuMa 3a uacneasaHe apeigpa
Ha }ionM MoA AeiCTBHE Ha BEKTOPHO NONE ChC CTHMANHO pasnpeaeneHue ( Wu,,, )
Crrnacuo (3), W, ce usmers cThbianHo MeXay BCEKH ABe Geskpaiito OIM3KH
HUBA V ;. M Vi . MexXAy Te3u NBE HUBA HENPEKBTHATHTE BeAMUHHH @ u V.
MPAKTHYECKH HE CE NPOMEHST, A0KATO (a3oBaTa QYHKIMA CE MIMEHA CBC
CKOK,TaKa ue

(26) @) 2 0 f0), s<<l.

TyK Lle 3aBBPIINM HITPLKAABETO Ha CKANapHOTO noie B PM Kato Ha BCAKO HUBO
Y 4 CHOOCTABUM TIO aBe GyHKUMH O _e((p) m O ((p), KOMTO €2 €AHO3HAUHO
ONpeENeHH 4PE3 HIBECTHUTE CTORHOCTH HA BCHUKO OE/1eM NapaMeTPHHHH BENIHIMHY
(VirEie = Bt Egs By o = B 15 Bes @ e =Wy 1 O ) 132 BCHUKH
CTOMHOCTH HA CBOS apryMeHT (@ B CPaHHUMTE Ha W3BECTEH MHTepBan A0 .

3. Pelrenus Ha €JHOMEPHA 3aAava IIpu
[IOBLPXHOCTCH Apeud

3.1. Peulenue B mbpBo nipubankeHue

B [2] e HamepeHo pelueHHe Ha eAHOMEpHA 3ajata 3a
OTIpeesHE MAKPOCKOMMYHATA CKOPOCT Ha HOHMTE (IPY (OEBPXHOCTCH apefid

8 PM noa aelicTBMé Ha NMOCTOSHHO W XOMOTE@HHO BEKTOPHO none W(ll
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{ E,=const, B, =const).

Tyk we napeuem petuenuero or [2] NbpBO NpubmmkeHne Ha obuiara 3aaaua,
3aHOTO TO C& OTHACA A0 €AHOCTBNANHA anpoxchMaums W, Ha sextopHo none We
TIPOH3BOJIHO PasNpPEeiCHHE MO OCTa HA €NeKTPUYECkHn BeKTop. Lile ommuem Tosa
PelleHne KaTO H3NOA3BAME [IPHETHTE BEYE O3HAUECHHA.

YpaBHeHUAT2 Ha ABHKEHWE Ha OTAENEH HOH B TPaHHLKTE HA BpEMEBHA
AHTCPBAN MEXNy ABE NOCHEAOBATE/HH NPEMHHABAHMA Ha YACTULIATA B NIpaBa
obpaTha NOCOKM Mpez HUBO Y i AMAat cAeaHUs BUMA:

X = Xy + VP ((p)[sin(c) ot = (cp)) +sino, ((p)] -5t
27
(27) V=it VPy ((p)[cos((o o O (cp)) —cosa ((p)],

KbJETo X, € aﬂﬁ_lcxpuca Ha TOYKATa, B KOATO YACTHUATA npecHya y = y L« B Npasa
nocoka, V=rTr - €IMHUYEH 3HAKOB MHOXHTEN, KOHTO OT4MTa UHBEPCHATE B
MIOCOKATa Ha OTpaxkeHWe B ABATa Nonayobema, T.e. HHBEPCHATA B NOCOKATA Ha
NpaBe NpeMHHABaHE B TAX, KAKTO W WHBEPCHATA B MOCOKATA HA JABMIKEHWE npu
npaso (P} u ofpatio (@') npeMunasaHe npes HUBO Y|t - TeKkywio epeme, 3a
KOETO € NpHeTo, Y€ HMa HyAeBa CTOWHOCT B MOMEHTaA, B KOHTO 4acTHLaTa ce
Hamupa B T. ( Xp, ¥ 0 ).

AKO W3MOMI3BAME, KAKTO B [2], MHPBOTO ypaeHetue ot (27), TO MOxKeM Ha

& d

ONpeaeInM cpeaHarta ApeHGOBA CKOPOCT Vi \@) na oTaenHaTa wacThua 3a
BPEMETO MEXIY MOMEHTHTE Ha HEHHOTO NpaBo M OBPATHO NpeMUHaBaHE npes
Y T-€. CPEAHATA CKOPOCT HA MOBBLPXHOCTEH APeidd no 0cTa Ox Ha OTAENHATA HACTHDA
B ChLIHA MHTEPBAI, 4 HMEHHO;

(28) Viel0) = veo .0 (‘P)% -5 =a,(0)- 73

C aﬁ((p)a (28) e osnauena, T.Hap. B T.2.4 cny4aitHa KOMOOHEHTA Ha
CKOpPOCTT2 Ha OTAENHA Yac1vla, C KOATO TS Ce JBHXKH 1o ocTa Ox ua PM npu
ROBBPXHOCTEH Apedd noa JeiicTsHe Ha XOMOreHHO BekTopHo mone W, .

HucnoBata Beauunua E,/B, B (28) npeicTarAsra chOTEETHO
[IOCTOAHHATA KOMMOHEHTA Ha ApeitdoBata cropocT.

Cera uie ce oTknoHuM, za na AHAJTH3MPaMe KPaTKO CBOHCTBaTa Ha Ciy-
HaHHATZ KOMIIOHEHTA HAa CKOPOCTTA 3g}(cp) Npu NOBBPXHOCTEH aApeitd.
DynkuuaTa 3&.,((cp)e CAHO3HAYHO OnIpedesieHa B rPaHUUMUTE HA BPEMEBUA
HHTEPBAN MEkIY NBE MOCICAOBATENHM OTPAKEHUSA HA OTAEAHATA HACTHUA, HO
TA € cilyvafina (gyHkuuA Ypes cayuaifHaTa CTORHOCT Ha CBOS aprymeHT @ cioen
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BCAKO oTpaxcerue. DyHKkUHATA 3!_.,}((;)) e onpeaeieHa CaMO BbB BbHILHME
nopoGem Ha H3CIEABAHOTO HWBO Y i, 3ALIOTO TaM TPAEKTOPHHTE JIMHHH HE Ca
AehopMUpaHH upes OTPaXKEeHHUS.

Ha HuBaTa Ha oTpakeHHe J ;, HHE MONKEM Aa CHIIOCTABHM HA BCEKM DBIbII
q)((p € A(pm}) Ha NMpaBo NpeMHHaBaHe B ropHHA nojyobem Mo eauH BB
2n—@|2n— @ € {AQ,y () Ha npaBo npeMuHaRaHe B AOAHMA noayobem.
CroitHocTHTe Ha bynkumuure  a,,(@) u 4., Zn—cp) ca CBLP3aHK 34 BCAKA
TakaBa ABOHKa BIIM vpes (25) v (28) no caeanns HaAuHH:

uil:l(ﬁ‘)

(29) a:'m(zn S (9) = T i amle) 3;10(‘1’) , Osp=m.

Cera Hexa Aa CH NpeacTaByM, Ye oTpaxkatenar 8 PM e oTcTpadeH (uan Tol
€ CTaHa/ NMPOoHHLUAeM), KaTCe [PH TOBAa BbPXY HOHUTE HE € OKA3aHO HUKAKBO
Apyro ebp3aciicteue. B paboTHua ofem Uie HACTHIAT CAERHMTE W3MEHEHWA:

- HoHuTe OT BCekM noMyobeM wWie ce pasnpelensT B obuika obem;

- HOHHMTE We ¢& ABHKAT 110 NbIHM TPaxOHIaNHH TPACKTOPHH.

PM, B x0OHTO OTpakaTeJAT € OTCTPaHEH, T.€. B KOHTO € mpeMaxHar

“rerepatopa”’ Ha CoydailHu nNo ¢ OTPaXKEHUA [1e HAPEueM NCEBAOOTpANKATENEH
PM. B PHC na ncespootpaxarentus PM He ce reHepupar cilydqaiHi ChCTOSHUS
H CJIEOBATE/THO TPAGBA 3 NPEANONOKUM, Ue ClyHaHHATA KOMIIOHEHTE &, ((p) uMma
HYNEB [IPUHOC 3a ONPEAELIIHE CKOPOCTTA Ha HORKTE NipH cBoBoseH (0T OTpaXkeHMA)
Apeiid noa meficTBue Ha th}' TocneaHoTo NPE/ITONOMKEHHE LIE JOKIDKEM T10-
Hatatbk. TyK 1ie mocounm camo, 4e cpeanara apeiposa ckopocT no Ox Ha BCEKM
iion B ncespooTpaxkaresHus PM moxe aa 6bae onpezeneHa HEMpoOTHBOPEHHBO K
MOOTAENHO OT ABETE CTPAHW HA BCAKO HUBO ) ; 4pe3 MOCNeJOBATE/IHO peluaBaHe
ua (28). Ilpu ToBa 3a BesAka JBoHKa o6paTuMo cpoTBeTHU (9) BraM @ n
(P'((f)' =27m—Q) ot asere cTpaHM Ha Y ; CTOMHOCTHTE HA Bewe nceBAOCTy aHHHTE
BEJIMYMHH & (p) 7 aﬂ((p') Ca CBBLP3aHM 110 CACIHHA HauuH:

(30) 2jix (‘P') = (275 . (P) =F % Ak ((P) 1

Eanakeata dopma Ha paseHcTa {29) 1 (30) noxassa ouwe eana (Bx. (8) u
(21)) popManHa PyHKUMOHANHA BPBIKA MEXAY MNPEHOCHUTE NMPCUECH MPH
NIOBBLPXHOCTEH W ceoboaeH Apeiid.

W Hakpas owe eaHO CBOWCTBO Ha GyHKUMATA & ((p) . Ypes zamecTatie B
(28) moxeM aa ce yOelnM, e Ko [ABE €AHAKBH, HO NPOTHBOMNONONKHO 3apeagsHy
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YaCTHUM ( 21, = 11,4, = —(¢, ) AOCTHTHAT C eJIHaKBa CKOpocT (V) 4 = V; Jk ) M non
€AHAKLB BIBA P €1HO NPOUBOIHO HMBO Y, TO TEXHHTE QYHKLMH & ﬁ ((p)
Ha,, ((p) xakto B PM , Taka u B ncespootpaxatentus PM ca CBbp3an# 110 MO3HATUS
HH BEue Hauuy

Ul,‘;-{‘l‘}

G1) 2 (o) = -2 058,

Cned HanpaBeHOTO OTKIIOHEHWE LG MPOZBIAKUM OTHOBG M3CNEBAHETO Ha
[OBLPXHOCTHMSA Apeid Ha Hory NMOJA geicTBHE Ha W{' e

Hexa aa ymhuoxum (28) ¢ g}((P) v Aa HHTerpHpa}we NPCU3BEAEHHETO B
rpasuLuTe Ha HhTepBana AQ ., , Taka KakTo TOBA € Hanpagero B [2] 32 OTPAKATENHO
H#BO ¥, . llle moayuyum makpockonuunara gpeitdosa CKO:POCT (oo octa Ox ) Ha
Tas3y HacT OT HOHHMUS NOTOK, KOATO C& HAMKPA TOCTOSHHO BbB BBbHILHIS nogoGeM Ha
HHBO ¥ 4, @ MMEHHO

(32} Vi = j K i (@)V;?: ((p)dp F _[K Jik (‘P)‘?{ﬁr ((p)dp (3 % =0.

APy AP i

Axo 3anuiuem oTHOBO (32) 3a BeTe HUBA HA OTPAKEHHE, TO KATO DTHETEM
(11) u (29) we nonyuum

(33)

X
V'J"fﬂ) “Vioa = | Viea =™ Tl;'_‘.afzo ((P)d(P > % = %I&izﬁ (27‘.’ - (p)d(p— %ﬁ- =
¥ 0

:"%5%3520(‘9)5*13_%

ABE peleHUA B NBpBO mpubsmxenne (V) va e,uﬂomepn:%t 3a7a4a, OTpeAensLia
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cpelHaTa CKOPOCT Ha #oHUTe o1 M. npu NOBLPXHOCTEH Apeiid. Jpete pelenns B
NLPBO NPUOIIMKEHHE ¢ Pa3iH¥aBaT N0 eAXH QYHKUHOHANCH MHOXHTER Tpea
TNOAMHTErpaiHaTa BeindHA a;m((p) .

OT TyK HATATBK CTENEHTA Ha NpHUONKKeHHe L1l OTOSAA3BAME C UHCNEH MHABKS
B MAMKKU CKOOH, CaMO KOTaTO PEelIeHMETe CE OTHACH [0 U4A0TCe W3CIef-BaHO
NOAMHOMKECTBO M, Win MHOXKECTBO M (Hanp. V., 32 M, wnu ¥, 38 Mnpu 7
-T0 npubnuxeHue).

Cera Hexa ja NPUMOMHKM, Ye nnockuar PM e samecTsail Ha €AMH M3XOAEH
UHAMHOPHYEH MOZEN , KOWTO HMa KpaHHH 110 rofeMUHA: NepUMETBD Ha HANPedHO
ceuenne { 21K T 2n Y o } v 0bpasysarenHa no octa Oz Torasa enekTpuUECcKUAT
TOK, KOHTO T¢UE B PAAHAJIHUTE IpaHMlM (R_,-{, =Y H Rj,, & ¥ n )} HB HOHHUS
UMITHHALD, MOXe Aa ce ONpeleny B MBPBO NpuONMKEHHE OT BCAKA CTPaHa Ha
ovpaxarens uc roudoctra ( R, = ¥ 4 >> ’:;:: ,[2]) Ha M3BBPLIEHNS KOBKCHAN-HO-
NAOCHK MOACICH IPEX0A NO CIGAHKA HEUHH!

= —g Mo 1 _ o M Vst
(34) Ig(l} - 1.'}'0:1 =9 m, Aty q; m; 2wy v

KBAETO Igm € 'bPBO NPUORMKEHHE HA TEOPETHUHO MAKCHMAMHUA eNeKTpH-
HECKW TOK, MOPCAEH OT POTaUMOHHATZ ApeHdOBa KOMIIOHEHTA B ABMIKEHWETO
Ha #onure ot M, Al - BpemerTo, 3a koeTo HouuTe oT M, usmunasat
OTPAXMATETHHA NEPUMETDP (27IRﬂ,) Ha H3XOBHHA UMAUHAPHYEH MOAEN ChC
CKOPOCT Vi .

Cera Hexa fa ce BbpHeM KbM maockus PM u aa pewnm (32) 3a n8e CheeHM
HUBZ Vi W Fa. . HeeTe peenns Vien M Vir1n, KGKTO 1 NPEAABATENHOTO
GUCO T, 1 (16) OMpenenaT MaKpOCKOMHYHATA CKOPOCT V. HA Tas3W HacT
OT AOHHMA [OTOK, KOATO C€ HaMHpa NOCTOAHHO B AUCKpeTeH cioh (jkk+1)a
HMEHHO:

Ve ikt Fiket

(3% Viitesl = V=T ks
Torapa TerIOBATA KOMIIOHEHTA Ha Apei(oBaTa CKOPOCT Ha HOHUTE OT M, , KOMTO

ce Hamupart B cnoil (fkk+1), e onpegesieHa 1pe3 npousseaeH1eTo Ha (19) u (35) no
CACAHNS HAYHH;

(36) Eiriet Vel = ""lgw( Vigo — Ve K}kn;;) -
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Ho ako 3Haem apelidoBata ckopoeT Vjy,, Ha HOHMTE B IMCKPETHHTE ClIOEBE,
TO N0 aHanorus ¢ (34) ule MOXem /a ONPEeHM 1 EIEKTPHUECKHUS TOK, KOHTO Teye
B PAHATHUTE MpaHuly { R;k Vs R;m JYjk+1 ) HA BCEKH KOaK-CcuaeH ciioi (Jkk+1)
B U3XOAHHUE MOAeN

M Vuﬂ.l-rl
37 l,f,e‘kk-ri = By m; Ty, t

Torasa OTHOCHTEHUAT €NEKTPUYECKH TOK Ligs B DPOM3BOAEH CIOH Ha

H3C/IEABAHMTE MOKEH 11i€ TICYYUM KaTO oTHOIEHHe Ha (37) 1 (34) B citennus Bua:

. I y
ukkrl = :,r.ua: 2
(38) Ligket = Ty = Bkl Vi) Ya -

Cera axo cymupame (36) o & W NpUpaBHUM PE3YATATA ¢ NABATA CTPaHa
Ha (33), TO 1ue TMOAYUHM €RHO THKASCTBEHO PaBEHCTBD, KOETO NpeAcTasAsBa
OTHOBO T.Hap. MLPBO NPUGIYOKEHAE HA 337AYATA 32 [OBBPXHOCTEH apeiid, xaro
PEWICHUETO € PasiOKEHO Beye N0 TErNOBH CKOPOCTHH KOMIOHEHTH B
BHCKpeTHHTE cioese Ha PM, a umenro: '

u-1

(39) Vi = Zggmn";mu :
k=0

Makpockonu4Hata CKOpOCT Vi) (39) ce otxacs camq A0 MOAMHO-3KECTBO M,
or M= z M. Cropoctra V), Ha NOBbPXHOCTEH Apelit (B bpBo ApUbIXeHKe),
€ KOSTO CE [BHIKH MACOBMST ueHTBp {3a mockk PM) ua Mhoxcecmo*ro M monce na
C& NPEACTABH KATO CYMA OT NAPLHATIHA CKOPOCTHH KOMIIOHEHTH Vi

=1 !

(40} Vig = Zg;‘yg(;) = Zg.«'zgg}i&-nv;mﬂ :
/ i k=0 '
3.2. Pewmenue B 11 - To npUBIMKEHE
3anauara 3a MOBLPXHOCTEH ApeH() UMa peLeH s B 110-BUCOKH
NpUGAVDKEHMS, KOMTO CHBNIAZAT N0 (OpMa © Tasu Ha pelLeHueTo ot (40).

AKO BEMHHHHHTE L W ngi B (40) ca npecMeTHAaTH MO CTOMHOCTHTE
Ha cTbranuute komnonenty ( £y, By) na W, or (3), 10 we nonyuum ase
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PELLEHHS B 71 ~ TO NPUBMHKEHHE, KOUTO ONPEAENAT CKOPOCTTA HA MOBBPXHOCTEH
npeiid) Ha OHHTE OT JIBETE CTPANM Ha OTPLKATES NOA ACHCTBHE HA BEKTOPHO NoAe
W ¢ NpOV3BOMHO PAINPEALICHHE IO 0CTA HA ENCKTPHYECKHT BEKTOD, & HMEHHO

k n-1
(41} Vitey = Zg;"g;(n] = zg;zgwnvﬁfmi !
¥ i k=0

3a /12 NOACHUM HEKa 1a NPUEMEM, Ye CMe TIpecMeTHaiH apeH(oBaTa CKOpOCT
Vym Ha HOHMTE OT M, u TAXHATA TErNOBA KOHUEHTPAUHA £y, B MbPBHA CHOH
{/ 01) oT epuara cTpaHa Ha OTpaXKaTeNs [IpW ASHCTBME HA XOMOTEHHO BEKTOPHO
none Hﬁ) E,,-G,B:,.g . AK0 aHajM3npaMme [BETC BEMHUYUHU (Yo v 8o} B
pa3rbPHAT BUA, TO Lile ce yOeauM, Y€ Te ¢4 MHBAPUAHTHM OT PasnpeieeHHeTo Ha
W, u3BbH BLHIIHOTO HMBC Jj; Ha €08, B KOWTO TE€ C4 ONpPEACNCHH.

ToraBa Heka Jia Cvi NIPEACTABHM, HE OT HMBO ¥, 3arousa la ACHCTBA APYro
BEKTOPHO NOfe, KOETO € XOMOTEHHO BbB BLHIIHKA (0A00eM HA CBHLICTO HUBO.
Hanpumep Heka 8 ofemMa HA MHOTOTIZCTOBUA CAOH (/1) Beue paa Aedcrsa mone
¢ komnonent £, n B or (3). Upes peluapane Ha {32) MOXeM 12 ONPEASIHM
ApeHdosaTa CKOpOCT Ha HoHuTE Vi, BbB BbHIIHUA nogobem Ha HHBO V. TIDH
neficreue Ha £, w B, Torasa mponopuuoHaIHaTa cyma

(42} Viay = &joi Vo T inn Vit

NpeCTABAABA PelleHHe BLE BTOPO NpUG/MKEHNE HA 3a4auaTa, 3alloTe ¢ OTHACH
A0 ABYCTBIIANIHO BEKTOPHO NOJE H(g}. [To-HATATEK AKO MUCIIEHO PasaokHM
BbHLIHHA NoacOeM Ha HUMBO ¥, Ha Ba CIIOK (/12) n (2n), npecmetHem  Vyy H
&y, Bycnosusi Ha B u B, , 3apanem HAKAKBH HOBH croitocTd £, # B, or {3)yua
flonieTo B ciioh (j21), npecMeTHeM  Vjp, TpH aciicteue Ha £ . W B, n cymupame
TErNOBUTE CKOPOCTHY KOMITOHEHTH Ha HOHHUTE B TPUTE CIIOA (GO 12y u (y2m)),
TO LUE NIOAYUHM Vg , T.€. TPETO NPUOIMKEHUE HA 33]a4aTA U T.H.

4. TlcepnooTpa)kaTeNeH METOL

[lony4eHHTE AOCEra PE3yATATH MOrat Aa ObhaarT us3-
MON3BAHK 34 pelUaBaHE Ha €RHOMEpHA 3ajava, KOATO onpenens Makpo-
ckonuuHaTa Apeiidosa ckopocT Ha HWoHM B cBoBOAHO (OT oTpaXkeHue)
APOCTPAHCTBO NOA AEHCTBHE HA MOCTOSHHM W HANpEWHM MAarHATHO H
ENEKTPUYECKO TOJIE ¢ IPOU3BOMHO PasTIPEAECHHE N0 0CTA HA €ICKTPUIECKHUA BEKTOP.
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Pewennero na rophara 3agaua wie JEMOHCTPHPaMe NBPBO NPH JSHCTBHE Ha
XOMOTeHHO BEKTOpHO none W), T.e. me mokaxkem eawo pewieHue B mBPBO
NpHOIMKEHHE YPes TICEBADOTPAXKATEIEH METO.

Heka iforuTe 0T eano noaMHOXecTBO M, pa ocwmecTsaBaT noBbLpXHOC-
TeH Apeiid Han orpaskatens s PM ( W;]) CBC CpeaHa ckopoeT Vi .

AKO CH NpeacTasum, ue cMe OTCTPaHUIM MEXaHHYHUA oTpaxkaTes Ge3 na
OK@KEM HMKAKBO NPYrO BE3JEHCTBHE BBPXY HOHHTE, TO Te lue ce pasnpenenst
OT ABCTE CTPAHH HA HUBO ;.

Ternorata KOHUGHTpalMs Ha Ta3H ¥acT OT HOHHMTE, KOATO CNeA pasnpe-
ACACHHETO, 1Ue Ce HaMHPa NOCTOSHHO B JOJHMA NOAYoGeM € paBHa Ha
OTHOCHTS/THOTO BpeMe Ha NpecToif Ha HoHuTE B ChiuMa nonyobem. Tasu TPETA NO
BHJ1 {TyK) TErI0Ba KOHLETPALMS MOXe 1A ce npeacrasu u# npecbpasysa upes {25) s
CNCAHMA BHA:

e 17
(@8} £, iﬂ_*n_'“'_ = 7 ai?ﬁ(zn - (P)d:f’ = ;2‘_[[75 = a;m((?)]dp "
3 Fe] {

AHaNOrH4HO TErIOBATA KOHUEHTPALHS HA HOHHTE OT M. B ropuus
nonyobem (caea oTcTpansABaune Ha OTpaXxkaTena) e 6nie

1 n .
(44) En= ? J‘(I,-w((p)dp ;

Ypes T.Hap.popmanuu GyHKUMOHANHM BpB3kU (8),(25) u (30) mexny
FPEHOCHHUTE NpolecH NMpU MOBbLPXHOCTEH M cBoGOnEH Apeid, KaKTo  upes (33)
€ lokasea, 4e cpejHata apeiidosa ckopocT Vapy HA HOHWTE, KOMTO C& HAMMPAT
Hall HUBO y, HE C& NpPOMEHs CAel OTCTPaHABAHE Ha OTpaXkarens, BBIIPEKH
PA3NPCACNCHUETO Ha HaCTHUMTE B ABATA NONYOHeMa. AHATOTHYHO MOXE 1a Ce
AOX@Xe, 3¢ HOHMTE NOA ¥, B NCEBAOOTpakaTenHus PM ce ABRXKAT no OX ¢ne
cpenHa apeidosa cxopoct Vagy 0T (33).

AKO cymupame ckopocTuTe { Vi) u Vag)) oT aBere crpanu Ha Y
NpONMOPLKOHANHO HA TEr10BHTC KOHUEHTpALMH &jj, W cliell 3aMecTBaHE C
{33),(43) u (44) npeobpazysame NOTY€HUTE NPOM3BEJEHHUA OT NPOCTH WHTErPay
B JIBOHHH UHTETrPaiM H CHKPATHM, TO LUE NONYYUM €MH YHCIIEH pe3ynTaT

2 E
16
5) il Zg Yy = A
. J=1 1]

Hsactara cTpana Ha (45) chBrafa nNo sHaK K CTORHOCT ¢ H3BECTCH TEOPETHYEH H
EMnupHYeH pesyntar. Ch8lafeHueTo 10Ka3Ba, ue ApefidoraTa CKOPOCT Ha HOHH Nox
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ACHCTBHE HA HAMPEYHH MarHATHO W €NEKTPHYECKO Noe MOXKE fa ce NpeACTaBH
KATO MPONOPLHOHAIHA CYMa OT ABE NCEBACOTPAKATENHH CKOPOCTHH KOMITOHEHTH.
TceraoOTPaKATEIHUAT METOX [103BOJIABE HENPOTHBOPEYHBO PeUICHUE HA
CBLIATA 327442 B YCIOBHS Ha BEKTOPHO MOJNE Che CTHIATHO pasnpeeneHue (3).
3a uenTa e AOCTATHYHO 1A ONPENETUM TEMNIOBHTE KOHLCHTPALM £ Ha HOHUTe
B J1BaTa nomyobemMa NpH AeicTBRE HA %,, . Panericrea (43) u (44) e fobusT cnenuus
YHHBEpCAJIEeH BHA

(46)
_1- zﬂﬂ{mq!?{j(w ! “M['pt)_uuiﬂ—l ('phl)
4 t} 'ﬂ: I % O G m.[m kznl] do
&= T b T, yA

Fi ]

KbAETO T-' € ¢peanHo Bpeme Ha npec*roﬁ Ha HoHHTE OT eiu.na'ra CTpaHa Ha
NCEBAOOTPAXKATLIA, T zty = CpeAcH IepHOoA Ha TPaAaXOHOAIHHTE LWKIH B

IR
ncesacoTpaxaTeTHua PM, o> -BpEME Ha IpecTOl Ha OT/IEIeH HOH B col

@y
(jkk+1)}, y( ) - YHCHAOBaTA peauua ot (22), o ,ﬁ(((p ‘,) uo I},M_ﬁ((p m) ca QyHKIMH
Ha $a308HA NbT Ha OTAENEH HOH, NPeCMETHATH BLPXY MPaHULMTe Ha oHoH {(fkit+]),

BXK. (26), ©, M @, ca ABe NopeaHH PukcHpaHn CTORHOCTH HA y(‘?)

Toraea cymara

0=l

47) Y(2n) ngzgy Vii(a Zg;zgyzgyﬂ“vgﬂ-i-]

i =1 J=1 k=0

npeAcTap/igsa peleHune s (27) -npubarKeHHe Ha eAHOMEPHa 3a/aya, onpejendia
cpeAHaTa apetidora cKOpocT Ha HoHH { M= ) M) non neiicreue Ha HAlpeYHH
MAardHMTHO H €NeKTPHUECKO N0Je ¢ npou336nuo pasfnipefeneHue Mo ocTa Ha
€NEKTPUHECKHA BEKTOP.
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5.06¢wxuaHe Ha TONYYEHUTE pe3yIITATH

Hamiepern ca peuieHMs Ha eAHOMEPHHM 3aJaun 3a
KOJIMYSCTBEHA OLIEHKA ¢ KEJaHa TOYHOCT HA PABHOBECEH MOBBPXHOCTEH WM
¢BobozeH aped Ha HOHH B YCTAHOBEHA 3aKPUTA OCEBO-CHMETPMYHA CHCTEMA OT
paspeneHa KOHH3KpaHa Cpea U [IOCTOSHHO MAPHHTHO NONE C aKCHANHA TIONSPU3ALIMS
¥ PAfMAITHO pasnpencencHue.

OBocHOBaH € NCeBI00TPAKATENEH METO/] 3a KOIHYSCTBEHA OLEHKA HA HoHeH
NOTOK B 00EMa HA 3aKPHT MJ1a3MeH LUAKHABP, KORTO ce BLPTH OKOO POTALMOHHATA
CH OC MOJ ACHCTBUE Ha AKCHATHO MACHWATHO Nofe, AKO CH MpPeACTABUM, Y&
AUCKPETHUTE ODIAHHATH Y B THIockns PM (dur. 1) ca puckpersy panuych R, na
N/1a3MEHKA LMIIHHABP, TO QLUEHKMTE 111€ C& OTHACAT A0:

- TEOPETHYHC MaKCUMANHATa MAKPOCKOIIMYHA BTIOBA CKOPOCT Ha MUIA3MEHUS
14
LUHAMHABD ( © () = ?” , B(4T)),

- PAsTIPEIGICHUETO Ha OTHOCUTEN HES ApelihoB eNeKPUYECKH TOK M0 Mocoka U
FOJIEMMHA B KOAKCHATHHATE CI0eBe Ha LMIMHABPA, Bk, (38).

- pasnpenesieHNeTO Ha HOHWUTE MO KOAaKCUAaHM clloese,Bxk.(19).

M3BecTHO € npenmonokeHue, e Beika 3aKpUTa 0CEBO-CUMETPHYHA CHCTeMa
C NOCTOAHEH MPUTOK HA BLHIUHA €HEPrHdA, KOATO € ChCTaBeHa OT paspeleHa
MOHM3HpAHA CPela H aKCHAIHO MAFHHTHO 0/1e HMa YCTOHUMBO CHCTOSIHHE Ha
TCPMORHHAMHYHO DPABHOBECHE, IIPU KOETO CHOTABHHMTE Tefld Ha CHUCTEMATA
OCBIUECTBARAT CHHXPOHHO POTAUHOHHO BLpTeHe [3].

MarnuTochepHTe Ha €CTECTBEHHTE KOCMHYECKM Tela MOTaT OMpOCTEHo /1a
C€ CBeJaT A0 CUCTEMM OT ropHus Tun. CneaoBaTeNnHO, HANPaBEHOTO B [3]
NpeANONOXKEHHE WM& CJEAHHA CMHCBI - €CTECTBEHHTE KOCMMUESCKH Tejia MMAT
NapaMmeTpy Ha OCeBO BLPTEHE, KOMTO Ca OMpEieneHH Hpe3 MapamMeTpuTe Ha
KpBroBua NOTOK OT HOHM B eKBaTopuanHata ofnacT Ha cBOsT2 marnurochepa.

BpeakaTa MeXAY ABeTE POTALMOHHM ABMIKEHMA 32 Cly4as, KOTATo
MArHUTHAT4 OC B CHCTEMATa Ha KOCMMYECKOTO TANO CbBNAAA C OCTa HA Mexa-
HUMHO BLPTEHE, UMAa C/IEAHMS BHA:

V(*2n]

(48) Ko, , =K =w,, <L i

(]

KBAETO K ¢ MHTerpageH KoedMLMEHT Ha 3aTMXBAHE HAa KPbroBaTa CKOPOCT Ha
HoHUTE NPH “HEAMCMNATUREH MaKPOCKONIMYEH NPeHoc™ B MaruuTocdepara, KoiTo
OTHHTA AEHCTBMETO HA BCUYKM chnupamy (akTopu (eneKTpHYECcKH
MUKPOB3aHMONCHCTBUA HA HOHWTE B NIA3MATA, YAPHH B3AUMOEHCTBHSA MENLY
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MMKPOUACTHLIMTE B MATHHTOC(HEPATA, TEOMETPHYHH OTKIOHEHHS Ha MarHHTOChepaTa
OT MIEANEH OCEBO-CHMETPHMER MOJIEN U AD.); @y, - BIVIOBA CKOPOCT Ha ITA3MEHUS
UMABHABP B 3aMECTBALL MOAEI; (8 | - EMIIMPUYHATA CTORHOCT HA BIJIOBATA CKOPOCT
IpU MeXaHHYHO (OCeBO)} BBPTEHE Ha KOCMUUYeCKHA OBexT; RER S ¥gn=thds
€KBATOpHANEH PaaHyC Ha MAarHMTOC(epaTta, B KOUTO MIBTHOCTTA Ha HOHUTE €
MaKCUMAJIHA, T.e. K, € PaAMyC Ha MHCIEH NCeBAOOTPRKATEN; ¥, ) - PELICHUE HA
€0HOMEpHA TICEBAOOTpAXKATENHA 3ala4a B 3aMECTBAIL MOfes Ha ¢bLuaTa
Marsurochepa, B KOATO € OTYETEHO U AeHCTBHETO HA MPABUTALHOHHHTE CHIH.
UucaeHoTo npecMmiATase Ha i{m oT (48) ce mocTura upes pellaBaHE Ha
ypasHeHue (47), B KoeTO BENHYHUHATA Eﬂ, € 3aMEeCTeHa ¢ eAHH ABY'UIEH

ma'g]k
49) E_,&—>E,-x+—q“’ j=12, k=0,1,. .21,

i

KBAETO K € AMCKPeTHA CTOHHOCT Ha rPaBUTALHMOHHOTO YCKOPEHUE B TOUKA OT
€KBATOPHA/IHATA PaBHUHA ¢ pagnye K, = ¥,. ]

B cayyas, KOraTo MarHMTHaTa OC Ha KOCMHYECKOTO TANC He CBBRAla ©
0CTa Ha HErOBOTO MEXaHWYHO BbPTEHE, BPB3KATA MEONLY BENHUMHHTE @ B Dy, €
HenuHelHa. KpbroBoTo ABMIKEHME Ha HOHMTE OKONO NpPeLecHpalaTa MarHuTHa OC
MOXKE [a C€ pa3/lo)KK Ha e/lHa €KBATOPHANHA M HA €4Ha MOJAPHA KOMIIOHEHTA.
AKyMy/launaTa Ha BbPTENHRO MaKpOABIKEHUE B TBBPAOTO A4PO HA KOCMHYHECKaTa
CHCTEMA CE OCBIIECTBSBA CAMO 4pe3 ASHCTBHETO HA EKBATOPUAIHATA KOMIOHEHTaA
Ha npeuecupaLHs KpbroB NoToK.

OrHocurenHata 6e3uHepLUHOHHOCT HAa HOHHMA FIOTOK, COPAMO NIPOLIECHTE Ha
NPELEeCHOHHO | 0CEBO BbPTEHE, HU NO3BOJIABA Aa MPEACTABHM OIPOCTEHO BIIIOBATA
cKOpoCT 0)("; ;) Ha HEroBaTa eKBATOPUA/IHA KOMITOHEHTA 10 CACAHHS HAYHH:

cos®
:(l) ——“,
27 cos Y

KBAEST (3 € [UIOCBK BIBA MEXKIY MarHWTHaTa OC Ha& TAJNOTO M OCT& Ha HErcBOTO

(50) 0, =0, (v)

MEXAHHYHC BbPTEHC, Y - MOMEHTHZ CTOHHOCT H& MIOCKHA BIEN, KOHTO CRITIOYBA
€AMH paaMyC-BEKTOD ¢ CKBATOPHMAJIHATA PABHHHA,KOCATO BEKTOPET €€ HaMWp4a B
paBsHHHATA Hd MAarHHTHHA €KBATOP K € BbPTH ¢ IIOCTOAHHA BIIICBE CKOPOCT Ux){z”}
CKOJIO CBOETO HAYAO0 BbPXY MarHWTHaTa OC Ha CHCTeMAaTa.

Axko uHTerpupame n ocpeauuMm {50) no crofinocTure Havrea W 1He noayuum
BEJIAYUHA, KOATO, CHINACHO IpeanoaoxkesmueTe oT [3], e pasHa, C TOMHOCT AO
cToliHOCTTa Ha MHOXUTeAd K oT (48), Ha BrnOBATA CKOPOCT © , C KOATO
KOCMHUYECKOTO TANO OCBILECTRARA MEXAHHYHO BLPTCHS
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(31)

oS cos® G ¥ cos® © n]_
Kg!ﬁ)(h}(‘y)dq’= Km(h}_@‘—;’[mz (.0{2”) —~(:}—in Ig[—z—-}-z- =0,
T
0(@(5-

Kopekrio ¢ aa nocounm, ve eana byrkunonansa BPL3KA OT Biaa Ha (48) uau
{51) nporusopeun nan Hali-manko APOTHBOPEUHBO LUE CE€ ChrAACYBA € XKNOTL3aTA
32 NEPHOANYHA HHBEPCHS B NOAAPHTETE HA MATHHTHHTE NOAETA HA KOCMUYECKUTE
obektu, HanpHmep 3a 3emsTa 1031 nepuon e ot 10° g0 10¢ r.[5].

Enna nposepka Ha npeanosoxennero, ue KPBroBuaT NOTOK OT fouu B
MArHUTOCHEPHTE HA ECTECTBEHHTE KOCMMYECKH TeNa i ofpazyBaHus e OCHOBEH
dakrop 3a TAXHOTO OceBo BLpTeHe [2,3], MOXe aa ce H3BBPIEHK CbC CPEACTBATA Ha
RPEAAOKEHHUA TYK MCEBACOTPAKATENIEH METOL.

Heka aa npeanoaoskum, ye umame maxoanu E€MITHPUHHKU JaHHU 3a;

- MacaTa (/1. ) ¥ 3apaaa (g) Ha HOHMTe B 3eMHaTa Maruurocdepa;

- TErIOBUTE KOHUGHTPAUHH g, Ha HOHMTe B ChilaTa marHuTocdepa;

- PAINPCRENCHHATA HA MATHWTHOTO, €EKTPHYECKOTO ¥ TPABUTALUOHHOTO
foJe, B pagHanHute rpanuud (R R, ) Ha 3emuarta Mardutocdepa upes rexHure
CPEAHH (IEHOHOMHH, FOAUIIHIN) CTOHHOCTH BLB BCHUKO 27 Ha 6poti Touku {Kpbrosu
opbuti) K oT exsaropuankata papumya;

- cpeamara Temnepatypa T = I) na nnasMata B npeceunuTe Touky Ha
MIPELECHPAINATA pABHUHA HA MATHUTHHA EKBATOP € EKBATOPHANHA OpPOUTa ¢ paauyc
R, = R, T.e. TeMuepaTypata B TOUXHTE HA MAKCHMANHA HOHHE THTHOCT.

Or rophuTe eMIMpHUHYN JaHHK MOXEM Aa HIrPaAHM €IHO3HAYHO CKAJIAPHOTO

nose (T.2.4) 8 AMH 3aMECTBALL €KBUMOZES HA 3eMHaTA Maruurocepa.
Ypes nocnaenorarento BbBEKAAHE HA HMCAESHUTS (yHKUMOHANHH BERUUKHK OT
CKaNapHOTO Mone B ypaBHEHWA ¢ HOMepa 40 (47) , B KOMTO € H3BbPLIEHA CMAHA Ha
NApaMETPHYHATA BenHuHHa £ 4 (BXK.(49)) v cnest TAXHOTO peillaBate e MOKEM 14
PelinM W ypaBHeHHe (51). Ciiea npecMaTaHuATa Lue HMAMe AAHHM 3a BIVIOBATA
CROPOCT, PAAHANHOTO PasNIPERCIEHHE HA 3APENEHNTE YACTHULY # Ha eeKTPHYeCKHS
TOK B 3aMECTBALLl MOAE/ Ha 3eMHaTa MarHuTocdepa.

TlcenrooTpaxatennusr Meron 61 uman Oe3cnopHo NpuIoKeHHe 3a H3cieaBaHe
Ha SCTCCTBCHH KOCMHUECKH ODEKTH aKo HErOBMTE pesy/TaTw, Npv OLEHKa Ha
[IPEHOCHHTE NPOLECH B 3aMecTRalll MOAeNl Ha 3eMHaTa MarHuTocjepa,ce oxkaxar
PasyMHO CPABHUMH C EMIHPHYHM 1aHHY, HATIPUMEP 3a o, B choTBETCTBHE C (51)
WIH Ha TAKMBA 32 H3BECTHHTE [6] KPBIOBY ENEKTPUYECKH TOKORE B JOSTHHTE M FOpHUTE
C0€B€ Ha ChlLaTa MarduTocepa.

[lcesnoorpakatenuusaT mMeton e pazpaboTeH npu NpeAnonokKeHUe, He
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BCHYKH NOAMHOKECTBA M OT HIOHH UMAT CEYEHUS Ha MAKCHMAIHA HOHHA [IABT-

HOCT, KOMTO CBBIIAJAT ¢ HUBO J, Ha PM. 3agayaTta uma PELICHHUE B KOTATO TE-
3H €€YEHHA HE CHBIIANAT.
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A pseudoreflection method for determination
of the drift velocity of free ions under

the influence of constant and mutually
perpendicular magnetic and electric fields
with arbitrary distribution along the axis

of the electric vector

Milcho Vatzov

Summary)

A solution of one-dimensional parameter problem has been
found, which determines with accuracy the macroscopic velocity of the surface
drift,performed by free ions above a mechanical reflector under the influence of
constant and mutually perpendicular magnetic and electric fields with arbitrary
distribution along the axis of the electric vector. All other conditions being equal,
the problem has different solutions on both sides of the reflector. It has been
proved that the proportional sum of the different solutions of both sides of the
reflector determines uniquely the macroscopic drift velocity of the same ions
under the influence of the same fields, but in a space with no reflections (a space
with a pseudo-reflector). The problem refers only to thin ionized media, where
inner friction is negligible. The magnetosphere of a natural space body can, if
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simplified, be substituted by a model, representing an established axial-symmet-
ric system of thin fonized medium under the influence of magnetic, electrical and
gravitational fields. The so-called substituting model coincides with the working
model that has been used in the study. The suggested pseudo-reflection method
represents an algorithm for numerical calculation of the ions macroscopic angu-
lar velocity and radial distribution as well the electric currents radial distribu-
tion in the plasma cylinder of the substituting model under initial empirical data
for relatively small physical quantities,
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Energy-structure invariant.
Premises and essence

Dean Gochev

Space Research Institute, Bulgarian Academy of Sciences

The idea of mutual influence of the great geographic dis-
coveries and modern physics is in general currency nowadays [1]. During the last
five hundred years the basic stimulus to the development of contemporary physics
is its drive for an absolute and everlasting control over nature. With the explo-
sive development of technology in the XX century came the increasing shift to-
wards solving of an engineer type of problems which in its turn gave notice for a
crisis in paradigms [2]. The search for a way out of the contradictions and the
blind alley leads to the creation of a phenomenal physics [3].

Space investigations combine the simultaneous use of micro- and macro
approach to the study of the versatility of open systems in a broad range, specific
periods, eigen energy, hierarchies [4]. A development of the concepts in real time
is observed. Because of an increase in the dimension of the intensive structure
formation, 2 necessity for description in a new state Space OCCLrs.

Beside this complexity comes the always present question about ambiguity:
in classical physics these are the various types of instabilities; In quantum me-
chanics - Heisenberg’s relations; in stohastic dynarics - the bifurcation region.
An attempt for a clarification underlies the statement that human brain thinks
in incomplete fuzzy codes and half-opened intervals with variably fixed bound-
ary [5]. An attempt has been made for relating such ideas to quantum mechanics
[6].

The area between the two poles of the abstract human knowledge - philoso-
phy and mathematics - is now being filled by interdisciplinary manifestations/
displays of physical theories which converge to for analysis and diverge from for
Prognosis.
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The development of processes in structured media i§ determined by energy.
The modes of her movement are: dissipation, canalization, preservation, con-
version. The energy exchange is mostly a chaotic cascade of constructive im-
puises or of ones destroying part of the system. The support of this structure
depends on critical energy values for the corresponding levels. The scale of the
system is aiso an energy function. Energetic changes can’t exist without the ex-
istence of various types of energy - this being a basic fact in the second law of
thermodynamics. :

Time exists because of a change or of a comparison to an external for the
system tact measure unit, out of this following the relativity of time.

The occurrence of structures in dissipative systems confirms the existence
of an arrow of time [7). Basic requirement in classic models is the cause and
effect relations to stay unchanged and with maximum scope of action. In nature
there are changes which are not continuous but an explosive ones [8]. The world
nowadays is a set of relations between elements whose nature is determined by
their relation to the whole [9]. From Bell’s theorema follows that each structural
level depends on the preceding one as well as on their organization [10]. There is
a common implicit order of fundamental levels without their cutting off [11].

The complex adaptive systems bound in a common evolutionary process
oscillate in a state of maximum information processing, suitability and evolu-
tionary readiness [12]. In critical states they are characterized by reactions of
medium capacity [13]. The problem of parting the boundaries and the contact
between the systems is related to the “curse™ of the boundaries. Local times and
the media for whose structural levels exist various possibilities need to be known
[14]. For the combination of the problem “infinity-boundary” Poincare suggests
asymptotic coordinates, i.e., a new state space [15]. ' '

For the solution of the problem about the originating of the novelty, of an
information in dissipative systems, specific relations between local information
and the global entropy are suggested: it is believed that with the elapsing of time
the state exchange of the information field tends to singulanity, it is spoken about
a collapse of the wave function [16]. :

A general question of every axiomatic is the relation of scales and periods
of application. The terminologicat multi-semanticity is exemplified with the in-
troducing of simplexity and complicity [17]. So far, equations, functions and
operators are used, i.e., a balance and one-way action of causality. The mono
causality in mechanics which determines its linear apparatus|is shifted by Arnold’s
diffusion [18]. Linearity supposes repetition, eliminates the existence of disrup-
tions and of the originating of something new. In a description using differential
equations, problems arise with taws for preservation, limits of symmetry and the
possibility for an unpredictable phenomena. The use of boundary and initial
terms disregards the description of transitional areas. In our opinion the contra-
dictions in linking of transitional areas is due to the use of discrete terms for
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description of fuzzy phenomena. In the solutions of Navie - Stocks, in the sys-
tem, with the elapsing of time problems become more complicated, peculiar ar-
eas appear in the state space [20]. In Xenon - Hillis’ problem [21] with energy
growing up “islands” of stability appear in the chaos. This is due to the time and
again repetitions and changes in phase trajectory. The decrease of the periods of
stability is related to the arising of new regimes.

In nature there are nno peace, balance, average value, straight line. Anything
being closed and isolated is an abstraction suited for approximation. In reality
there are inner structural levels with shifting boundaries. There is & contradic-
tion between the quantation of energy and the hierarchy of these levels, i.e,
turbulency is macro-manifestation of the atomic structure [22]. Nature presents
no requirement for harmony, i.e., phenomena are perceived as a sum of periodic
processes because of unspoken presumption that there are alternative positive
and negative changes in the energy exchange, discretisation of processes, recur-
rence, continuous motion, summing up. In fact the processes are non-linear,
unbalanced, irreversible, multi-measurable [23]. New abstractions are needed
beside the generally accepted which are efficient only in simple hierarchies.

When generalizing experimental data we found that there is a self-similarity
between various natural phenomena. Without limiting the generality we can sup-
pose that the evolution of the hierarchy of a system is determined by the sponta-
neous and momentary emergence of a new structure. In turbulent processes ex-
ists alternative interchange of local structures differing in size and instability.
The participant random quantities are marked by the fact that their average
value is lower than the average value of the boundary values of each of them. if
we assume that the law for preservation is invalid, an avalanche-like explosion
of disorder should follow and new definition of time and being will be necessary.

Systems are set up of two multitudes - energy and structure. Their elements
are hierarchically included and not summed up or integrated. They exist in pas-
sive and active state. Their organization presupposes the presence if inner
discretisation, i.e., of a boundary between the levels. The contradiction between
the law for preservation of energy and the occurrence of a new state in self-
organization we suggest 1o be avoided by introducing of an energy-structure
invariant (ESI). It consists of energy, structure and generating potential (GP}. It
is introduced because of the unpredictability of the new phenomena and the
openness of the systems. It is a continuous value, so it doesn’t make sense to
define it’s velocity of dissemination, as well as it’s critical value. In ESI energy is
a value marking the completeness of the system; structure - the irreversibility of
the transformations; the GP - the ambiguity. The law for energy preservation is
generalized with the transformations of the components of ESI. The activation
of the structure of the last hierarchic level creates a boundary region. It is de-
fined as a phenomenological object inhibited for states. This contact between
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the systems is described not by “entry” - “exit”, “summing up” - “balance” but
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as an merging which results in loss of individualities. The development of the
boundary region is marked by blurring the differences between the elem ents and
structure multitudes, The birth of a new structure, i.e., the occurrence of a new
information is realized when a maximum indefiniteness in the boundary region
has been reached. This is called a delta-leap (DL). During DL only one possible
state is realized which is not repeated in the same system and has not existed till
the moment of the leap. DL is caused by a spontaneous, momentary activation
of the generating potential. GP’s action is enzyme-like and after the end of the
DL the GP remains in a passive state, i.e., a new activation of the boundary
region is blocked for an indefinite characteristic time. The presence of the GP in
a passive state dstermines the detachment of structures from one another. So,
the evolution of the structure-formation is a “mosaic” type of process. The thus
described consecutive transformations of the components of the invariant form
a cycle, i.e., the ESI exists because of performing, arranging and interaction of
cycles. With an increase in their number, grows up the influence of the GP in the
invariant because of it’s probable accumulation in every delta-leap. The break in
upon the aforesaid transformations creates various types of degenerated cycles.

For each cycle exist {ocal time directions. During the DL occurs a disrup-
tion in the course of time. The configuration of this sequence could be described
by a fuzzy fractal {24]. i

Assuming that there is no inner structure, follows the existence of a mega-
system, of a perpetual energy and infinite number of simultaneous scenarios
which is unlikely to be confirmed in the accessible experiments.

The axiomatic being ereated must be a hierarchical and evolutionary one.
The presented propositions about the nature of the invariant can modify certain
well-familiar mathematical techniques through the research of the GP. For ex-
ample the mixed use of natural orthogonal functions and fuzzy fractals [25];
universai identification of classes in the renormalization theory whose critical
exponents depend on the scale, the size, the governing structural parameters [26].

A generalized Hamiltonian could be created postulating of variable course
of time, conversions between the non-comm uting energy and structure and
changes expressed through a boundary region and DL.

We can consider a wave-like process as a degenerated cycle - unlimited struc-
ture repetition without the action of a GP. If we assume the existence and lack of
a delta-leap as presence and absence of structure levels, the configuration of the
system can be described as a pack of longitudinal impulses.

Through using a specific logic of the sequence of the conditions we can
make an elementary modelling if we use binary coding of the state of the compo-
nents of the invariant. :

A primary macro analysis of a system can be done using the relations be-
tween the specific energies and periods of/between the corresponding cycles.

The configuration of the system can be investigated by creating of state
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space determined by the components of the invariant.

The use of fuzzy multitudes [27] doesn’t contradict the second principle of
thermodynamics and is suited for an heuristic activity including the use of tech-
nical devices.

The elaboration of a new mathematical apparatus needs time for an evolu-
tion of the new logic, for a comparison with classic techniques, development
from the experiment, psychological training for its proper apprehension.

In conclusion we’ll list several problems which are under discussion: the
isolatedness of fundamental concepts; the emergence of an unique and stable
solution from a number of unstable ones; the link between the measure of logic
and the measure of the space about which it is postulated.
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Eneprocrpykrypen uupapnanr.
ITpennocraBku U chinHOCT

Lean FNogen

(Pezrome)

IIpeacTasen € kpaThk KOMEHTAap BLPXY npobnemu Ha
HKOHM QH3H4ECKU napaaurmu. Ha Tazm 0cHOBA ca MOCTY/IMpAHY CBOMCTBATE HA
NpEfAOKEH WHBAPUAHT, OasnpaH Ha Aopaxaly noreHuuan. CriomMenasa ce
BB3IMOXHATA MY YNOTpeDa 3a MOAUPHMUMpAHE Ha HAKOM MATEMATHYECKH
TeXHUKH. [IpeasioxeHn ca HaKonko nmpobiema OTKpUTH 32 AUCKYCHS,
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Crobrerng
[Ipobnemu MpH U3NOA3BAHETO HA

KOCMUYECKa HHOOpMaLUs 33
NPOTHO3UPAHE Ha 3€METPECEHUA TI0
CNEKTPOMArHITHH TIPEABECTHHIIA

Hean ['ouer

Hucturyr 3a xocMadecky wcacipanaud, FAH

Cob3gaBaHeTe Ha HabnogaTenHa Mpexa ¢ HA3EMHO,
BB3AYIIHC ¥ KOCMHYecKo Gazupane 3a cpbupane Ha HHGOPMALUUA OT PA3HOPORHH
M HECEMHO3HAYHHW NPEABCCTHHUM 3& 3€METPECEHUA OT TEKTOHHMYEH MPOMUIXOH €
HeofxoanmMo ycnosHe Apu npordHosupare [1,2]. Taxoea zemerpecenus
NpeACTaBAABA MarucTpaneH paspue . Pesynrar € o1 HeeqHOopoaHH AedopManuy B
rEOIOTHHHY MIOPOAH, 1P KOUTO CE PasKhCBAT 2AXe3MOHHH BPB3KH H CE HIPOSBIABAT
AOHOPHO-GKLUENITOPHY MEXAHH3IMM Ha PAsTPeeeH1e Ha eNeKTpHIsckM 3apaau|3].
[Npuunna 3a aedopMauurTe € HapACTBAHETO HA HANPEXKEHHUETO, KATO C
NpHOAHIKABAHETO KBM KPHTHUHA CTOHHOCT Ha paspylIeHHEe 3aBHCHMMOCTTA Ha
€/IEKTPUYHATA W HA MarHUTHATA fIPOHMNAEMOCT OT XapaKTEpPHUTE BpeMeHa Ha
NpoLecUTe U CaMOTO BpeMe e neauHeHa. [TogBIBAT Ce 1 XUCTEPE3HCHN ehEKTH.
IMocnenosarenHuTe eranu Ha NOArOTOBKATZ HA 3€METPECEHME, NpOLEC, KOHTO
ofXBala maout ¢ AWHEHHH pa3Mepy A0 HEKONKOCTOTMH KUJIOMETpa, ce
XapaKTePHU3HPAT ¢ 05PasyBAHETO Ha MYKHATHHHN M CIMBAHETO WM. ToBa € ancambba
oT HeoDparuMH, HECTAUHOHAPDHHU MpPOLECH, HaCTBNBALLKM Ced CTOXACTHYHO
AOCTHrAHE HA KPUTHYHM CTOHHOCTH Ha CBOTBETHHUTE YHPABAABAILM MApPAMETPH.
OMpenenilM TeH30pa Ha HanpexxkeHre, XapakTepHe 3a NyKHaTHHO-00pasyBaHeTo
€ MHOXXECTROTO PasHOPOAHH N0 GpHIUMESCKa CHUIHOCT EN1eKTPOMATHHTHY ABJICHUA.
Hanpumep ToBa ce ¢hrsTeTBa ¢ 0OMen Ha HOHHHM BaKaKLLH, Apefdh Ha JuC/IOKaLHH,
C XapaKTepHH BpeMEHa OT MUAMOHHA AO CTOTHA OT CEKYHAATA; NOABA Ha
“MeTanuzHpaln” A4pa; ZBHKEHUE HA QUTYKTYHPALUH 3apA I B HOHHH JHETeKTPHLK,
KoNebaHHA M PeAaKCAUMA HA MO3aeuHW 3apAJM MO Kpauiuara Ha MyKHaTHHHTE,
Bb3HHKBaHE Ha TOKOBHM CHCTEMH C JIMHEHHa M KpPBroBa CTPYKTYpa.
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ENeKTpOMArHUTHOTO M3TBUBAHE, B PE3YITAT HA Te3M NPOLECH, € B DAIMUHN
HECTOTHW AMATIA30HU - OT ¢y0- 10 Meraxepuos obxpar, £ aocrura go 100 V/m,
8- po 10 nT, peructpupa ce peHTIeHOBO 1 MH(pPa4YepBeHo H3NbyBaHE [1, 4, 5].
OB6pasyBaneTo Ha NyKHATUHM Ce XaPAKTePH3UPa C HUCKOYECTOTHO H3ThbYBaHe,
TPEATEHETO HA CBIAUBAHMTE AUNONM - C BUCOKOUECTOTHO, YHATO €HEPrud.
PasNpOCTPRHABAUKH C& OT OTHULIETO KbM NOBBPXHOCTTA, C& TPAHCHOPMUpa B
HUCKOYECTOTHA. YeCTO NYKHATUHUTE Ce 3aITBJIBAT ¢ SHEKTPONHUT, Bh3HUKBAT
[LBOIHH caCEBE,

Anarpamata na eneKTpPOMarHUTHOTO U3ITbYBAHE, TIOIAPH3AUMSTA U 33THUX-
BAHETO Ca CAEUMHIHM ¢IIOPER paitoHa Ha MOATOTOBKA Ha 3eMETPECEHHUETO. 3a
OMKMCBAHE Ha ronemus Hpoll NOKAMKHK MMOYICHH H3JILYBATENN CE W3MOA3RA
CACTEMA OT IUECT HENMHEHHUM YACTHN An(epeHUManHy ypaBHEHUSA, B KOATO
BNn3aT 61 napamerspa [6]. JONbIHUTENHY TPYAHOCTH Bb3HUKBAT M nopagu
CIy4dHHOTO 00pa3syBaHe HA KBa3U-BBIIHOBOAM M KBa3M-"Jeluu” ¢ pazmepu
HAKOIIKO KHIIOMeTpa {4].

3a eXBATOPHATHM M HUCKM LIUPUHY OOIACTTA HA NIPUEMAHE HA H3ITBYBRHETO
B MArHUTOC(HEPATA € ENUNITUYHO MIETHO € PA3MEPH HAKONKO IPAAYCA, 34 KOETO €
HYXHO 2@ €€ 3HA¢ MOP(ONOTMATA HA ECTECTBEHUS EIEKTPOMATHUTEH (OH.
VI3NON3BaHETO Ha METOAMTE 1A HCNMUHEHHATA CEOMETPHUHA ONTHKA 3a
NPECMATAHE HA CNEKTPOMATHUTHOTO M3IIBUBAHE CE 3ATPY/HABA OT BIUAHUETO
Ha CPHYEBATA AKTHBHOCT BHPXY NIIA3MEHUTE NAPAMETPU, KOETO BOAM A0
00pasyBaHe Ha KAyCTMKM B HAY4JIOTO U AeQoxycupaHe B Kpas Ha nbsya [7].
HONBAHUTENHA HEFCHOTE BH3HMKBA OT HACIACBAHETO Ha ENEKTPUYECKH H
MATHUTHH MTOJIETA ¢ PATMYCH HHTEHSUTET, HECTOTA M NPOIBINKUTEIHOCT. Te ce
M3NBHBAT PU FOPECNIOMCHATUTE ENEKTPOMATHUTHY SBJEHMA, KOKUTO
NpUAPYXKABAT nopenuuara fore- u after-wokose. JoCTOBEPHOCTTA Ha
[IPOrHO34Ta € 3aTPyJHeHA MOPaAl ChUIECTBYBAHETO Ha €leKTPOMACHHTHM
PEABECTHULIK, DA YHM A0 MAWA0, PU3MEECKA CHLUHOCT, IPOABIKUTEIHOCT,
HAYaIHO BPEME; HECHOTBETCTBMETO MEX Y TaB0OPATOPHUTE MOJENIHM U PEATTHUTE
ABJICHUSA; TCOPETHUHMTE NPODIIeMH, CBBP3aHH C ONPEIEISHETO U UITPHPAHETO
Ha noneinara uddopmaund. ChbUieCTBYBAT NPEKPACHU OOSCHEHUS HA
HaOMIOACHNS ¥ YACTHW MOJENH, HO B PEAIHA CUTyaLus e(peKTHBHOCTTA UM €
04 CHBMHEHVE NOPAAY XAaOTHYHUTE DEXHMM HA MHOXECTBOTO ENIEKTPOMATHUTHY
HMIYIICHY M3IbMBaTENN [4].

3a HapacTBaHe MHDOPMATHUBHOCTTA Ha AHATM3A € HYXKHO U3NON3BAHETO HA
anaparta Ha LCTCPMHUHUCTHYHHMA X4a0C, T.e. Ha obofwasamy npoueca
XapaAKTePUCTHKY W CHEUMBHuHA GyHKLUMHU, U3MOI3BALIM HEOOPATUMOCTTA HA
OTBOpPeHATA cHerema [8]. OcobeHo nosesHo 6M 6GuUI0 M3CHEABAHETO Ha
GPaKTANHUTE PA3MEPHOCTH HA TEQIOTMYHUTE MOPOMM, [YKHATUHMTE, CTEKTbPa
Ha n3IbuBaneTo {9]. B nporpamuoro ofesneyanaHe Ha aHAIM3UPaLIA aTIAPATYPA
Ad C€ M3MTON3BA KOHCTPYMPAHRA 38 KORKPETHATA Len pasMuTa jioruka [10]. Taka
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TPEANOKEHUTE CPEACTBA MOI'AT Aa MOCAYKAT 34 Ch3AAB4HE HA “HEBPOHHA
mpexa’”, camooByuaBalna ce B peanHo speme [11].

[1pu NpeBAHTUBHOTO NATPYNMpaHe Ha opbuTtankyu ctanuuy (OC) e HYXHO
[a ce 0ObpHE BHUMAHUE Ha AUHAMUKATA B PA3NPEALTIEHHUETO HA TeOMAaTHNTHOTO
none. OCBEH OT CI'BHYEBATA AKTUBHOCT, T 3aBUCH OT 0cobeHuTe 0bnacTy BLB
$a30BOTO NPOCTPAHCTBO Ha PEUICHHATE 3a AMHAMO-MEXAHUIMMWTE H4
renepanuara My [12], Tloxxoaamu opGuraniu napamerpu Ha OC 1 #3bop Ha
BHCOKO PA3PEUINTENHU PeXuMil Ha cdop 1 obpaboTka Ha AaHHH €€ ONPEAENAT
OT cMATaHeTO Ha ocobeHuTe obiacTH B peanHc Bpeme. HabmoneHuneTo Ha
CHCTOSHHMETO HA TOPETIOCOMEHMTE PUCKOBH 30HH € OT 3HAUECHHE 3a IPOTHO3A Ha
BB3MOXKHH ¢ApO-MalW@abiHyu CMYILEHHUA - aBAPUU W HECTAOMIHOCTH BbB
HYHKUMOHUPAHETO HA XOMITIGKCHK EIEKTPOAUHAMHUYHU CUCTEMH ¢ H3KYCTBEH
npousxon [13]. Uscitensanndra Ha uudopMaunoHing o0Med B DNABHKA MO3BK
NOKA3BAT CHLLUICCTBYBAHETO KA KBA3H-NA3CPHO M3lbuBaHe B UV-ananason,
M3OJI3BAKETO Ha cniepuuHm POPMYK HA CBUBaHe HA uHGopMauus. [oaobnu
ABAEHKS CHUISCTBYBAT 1PH PYHKUMOHHUPAHETO HA HMYHHATA CUCTEMA HA HMBO
BPBIKK B HYKJIGMHOBUTE KMceiuHy [14]. CpHeTaBaHeTo Ha CIOMEHATUTE aKTOPH
CbC CHABTCTBAIMA EKCREPUMEHTH 110 €1eKTPOANHAMUKA Ha MO3IBUHATA NEHHOCT
M HA HMYHHATE cucTema [15] no Bpeme Ha NUITIOTUPYEMU NOJIETH HA KOCMHUYECKH
anapaTt 81 paskputo Kkopeaaluui 1 61 NPEAIOKHIIO MEXaHU3MH 324 CHEPTeTHKA
HA RIAMMOACICTBAINA KOMIUICKCHW cHcTeMH., OOABEHUTE NMPENIoKEeHH ca B
OCHOBata Ha pazpaborteanus ¢ PAH MexuynapoieH KOCMHYECKH MPOEKT
“JIauHeTeo” [16].
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ABHIIHA H KOCMOHABTHKA 38 BCHYKHY

ATIOJIO -
peali3upaHaTa aMepuKaHcka aMOouus *

Hamursp Hopaaaos
Hucrutyr sa Kocmmgeckn neciensannsg, FAH
BezonacHocTTa Ha NYHHUTEC CKCIICHHUIIHHN

OcHrypsasanero na 6e30nacHoCTIa Ha noaeTute 1o JyHara
¢ Hal-CepHo3HaTa 33/1aua B porpaMarta. Blarofony4yHoTo 3aBphilaHe Ha
aCTPOHABTUTE U3MCKBA KOMIUIEKCHO Aa ObAAT OTUETEHH HEDAATONIPUATHHTE 34
JIyHHaTa eKcreAuuus GaxTopu, Ja ce 3alUTH HaOSKIHO eKHIIAXT OT TAX, Ad
6baaT HayYHO pa3spaboTeHy, MOJENHPAHHM U OLICHEHH Bb3MOXHHUTE aBapuitnu
CUTYAUUH, 1d ce OBOCHOBE ZOCTATHYHO BUCOKO ¥ PEaTHO JOCTHXKUMO HHBO Ha
De30macHOCTTA, Aa ce NoaGepaT U NOArCTRSAT ACTPOHABTH 32 padoTa Ha JIyHara.
Huxora xo nonetute kM JIyHaTa, a 1 cilel TOBA, YOBek He & paboTun Ha TakoBa
OTAancyeHue ot Jemsra. :

Cxemara Ha [10J1eTa IPEABIKIA CIIE/ CTAPTA 14 Ce OTASHAT [I0CIENOBATEIHO
CHCTEMATA 32 ABAPHHHO CMIACEHWE, MBPBATA M BTODATA CTEMEH HA pakeTaTa
Hocuren. TpeTata U CTENeH M KOCMMYECKUAT xopal OCTABAT Ha HUCKA
OKOJtoseMHa opOuTa, OT KOATO Ce CTapTHPA [0 TpaceTo 33 JIynara. OcHOBHATS
HacT OT BPEMETO Ha eKCNEeAMUMATA NPOTHYA 110 TOBa TPAce i B ONEpaLHUTE
OKk0J10 Y Ha JIynaTa. Beuuku KpUTepHH M HOPMM 110 $30NIACHOCT HA ITOJIETHTE
ca CBbP3aHH C BPEMETO M KOJIKOTQ BPEMETO HA MOMJETa € [10-ALATO, TONKOBE H
PUCKOBETE Cca MO-TOJIeMU. B KauecTBOTO Ha MHTEIDaeH XPUTEPHHM 33
GesonacHocT Ha momerute 2o Jlynata HACA npuema BeposTHOCT 3a

* [IpoasnxeHue ot ku. 12.
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BrarononyuHo Bpbuiate Ha 3emaTa (0,999, KOETO CHOTBETCTBA Ha CTEMEH Ha puck
(BeposaTHOCT 32 TGen) B mpoueca Ha nonera | Ha 1000, ITog To3K HOPMATHB ¢
¢opMynupaHa M usrpafieHa USIATa CTPATETMA U CUCTeMa 332 OCUTypsBaHe Ha
BesonacHocTTa B nojieTa. Tasu BEPOATHOCT CE OTHACH 32 BPEMETO ClIeA cTAPTA
OT OKONO3EMHA Op6UTa 1O Tpacero 3a JlyHaTa. CheLanHu U3HCKBAHMS MO
$e3011aCHOCT Ca BbBEACHM 33 BPEMETO Ha CTAPTA M M3BENIAHE HA 0KOI03eMHA
OpGUTA KaTO M3KYCTBEH CITbTHHK Ha 3emsTa. Havaauuar y4acTbK Ha [10/1eTa U
IIBPBATE HAKOJIKO Yaca CIeH cTapTa ca ocobeHo OHaCHH{ 3aLlOTO EKUIIAXDHT HE
€ aAaNTUPAH KbM HOBUTE YCIOBHA, & TOTOKBT OT OTKA3H HA TEXHUKATA CHOPE]
CTATUCTHUYECKH AAHHM & HAH-TOAM B ITbPBUTE 4 Yaca.

IIpencrasa 3a peanHocTTa Ha HOPMATHBHO OMPEAEIICHHS PUCK B [TOIETA
2o JlyHaTta mosxe [a ¢t MONY4YH, aKO TOM ObJe CPaBHEH ¢ pMCKa Ha DOJCTHTE B
4BMALHATA, KOSTO MO CIONHOCT M HAJSKAHOCT, KAKTO, Y [0 OPraHu3alus, €
Hal-0JIM30 A0 KOCMOHABTHKATA.

3a MarucTpanHUTE MBTHUYMECKY CAMONETH BepOHTHOCTTa & ce NOABK
0TKa3 B 4-uyacoB noneT e 1 Ha 1000, xoeTo ce cMsTa 34 BUCOKO HUBO.
BepoaTHocTTa 32 KaTacTpoda OpyM rpaXAaHcKaTa aBHalng 3a nepuocaa 1967-
1970r., n3uriciena sa mponersHO BpeMe 384 kaca cuimo e | Ha 1000. ToBa Bpeme
OT 384 yaca € MaKCHMAIIHOTO BPEME 34 EHA JTYHHA EKCIEAMIIAS, IUMITHDAHO
OT 3aTIaCHTE Ha CHCTEMMTE 32 XU3HeobesneueHue (“Anono-15"). BezoTkazHocTTa
H $e30NacHOCTTA HA MONETHTE BB BOCHHATA ABMALMS Nopa]y HO-TEKKUTE
PEXMMHU 32 PAOOTA Ca 3HAUNTEITHO O-HUCKY OT AHAJIOTUYHUTE MOKAZATEITH 1P}
TpaxAaHCKaTa aBuanus., OT Te3u yCIOBHM CPABHEHUS MOXE Aa CE HAMPABH
38KAKYEHNE, Ye onpeleneHusT oT HACA uHTerpaneH HOPMATUBEH KPUTEPHHM
38 OJIATONOJYYHO 33aBPhIAHE HA EKMIAXA B JIyHHATa ckcne,zmumx £ pasyMHO
BHCOK U PEAJTTHO TOCTHKHM.,

OC¢bInecTBABANETO HA NOCTABEHHTE LiEJTH N0 OCUTYPIBAHETO HA
Be3onacHoCT B nporpamata “AnoJIo” HANAra M ChLUECTBYBAHETO HA CIISIMANHA
cnyx6a B HACA, ynsTo CTpYKTypa € pasBUTa OT HMBO 3aM.-AMpekTop Ha HACA
A0 IPYNU 1O OE30MACHOCT B HAYHHOU3CIIEOBATEICKUTE LIEHTPOBE.

ITpu peamusauyATa HA NOSETHTE CE 3a/1ara HA YOBEKA KATO ChILECTBEH
yHxuuonaned peseps. fIpeisuiena e akTUBHA POJA HA ACTPOHABTHTE B
YNPaBACHUETO U IAPUPAHETO HA HeBIAroNpUATHUTE MOCIEACTBUS 110 BPEME HAa
NONETa U IRKBUANDAHE HA aBADUIHUTE CUTYaLMu. TOBA € Mpeaonpeneauio 1
M3MCKBAHUATA 34 NpodecucHaHa U GU3NYECKA MOATOTOBKA KbM KaHAMAATHTE
a4CTPOHABTH 3a oneTH Lo JiyHaTa.

HapgexaHoCTTa Ha TeXHUKATA € 6AHA OT charaemiTe Ha Ge3onacHocTTa
Ha KocMuYeckuTe noneTH. Io BpemMe Ha M3NbIHEHME HA JIYHHWTE eKCNEIHHnN
C4 PETUCTpUpaHU 218 0TKa3a, OT KOMTO camo eauH (Ha “Anono-13") cragasa
peaiHa ofacHOCT 3a exunaxa. Oxomno 80% OT THX, KATO HECTAHIAPTHY CUTYALIAH,
€a OMJIM NIPE/IBADUTENHO MOAETHUPAHYM U W3YHEHH OLLUE HPH MOArOTOBKATA 3a
noyietH. IipopaBorenn ca Ha TpeHaxop € aCTPOHABTUTE Hax 600 oTkasa u 800
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HENMpPeABUACHH CUTYAUHH, KOCTO 3HAYMTEIHO MOBULIABA BEPOATHOCTTA 3a
YCIEeLHO IMKBUAUPAHE Ha ABAPMIHKA 0OCTaHOBKH B noneT. Ho erany Ha nonera
HaW-OM4CeH OT [JISAHA TOYKA HA OTKA3H € AKTUBHUAT yYacTbK. 3a pasiuka OT
JPYruTe eTanu, B npoleca Ha M3BeX/aHe Ha OKOJIO3eMHA OPOHUTA OTKA3H CBbe
3HAYMTE/IHA ONMACHOCT ca BE3MOXKHM U B pakerata Hocuten. [Ipu npeacraprosata
MOJAroTOBKA EKMMAKBT UMA BH3MOXKHOCT Aa HalyCHE KOCMHYECKHMSA anapart 3a
2-3 c. TTo BpeMe Ha cTapTa NPW B3PUB HA PAKETATA HOCHTEN C€ PA3HUTA HA
CHCTEM3 38 aBapHMHHO craceHyue, KOATO OTAeas KabuHaTa Ha eKkunaxa u s
npu3eMaBa Ha 0e3onacHo MAcTo. [IpeABUACHH ca aBAPMIIHM TPAEKTOPUHK U
CNOcOOH 33 OCBHILIECTBABAHETO UM B CllyuaM Ha aBapuM MO €Tanu Ha rosera,
BKIIOMUTENHO i 0DaMTaHE Ha JIyHaTa, KOETO ce mpuiiara npu ciy4as ¢ “Anoso-
13" (Hali-gpiraTa apapriiHa cCUTYALHUa). ABApHHHHM TPAeKTOPHM ca NPEABHICHH
¥ 33 OKOIONYHBUTE ORepauuy. 1lpy asapuiiHata cuTyauus ¢ “Anono-13” na
H3NUTAHHAES €& NOMIONKEHH W PUIMYECKUTE BBIMOKHOCTH HA ekunaxa. Houtu
YeTHPH OCHOHOIUMSA ACTPOHABTUTE paboTAT MpPH 3d@BMIUEHO CHALPXKAHHUE Ha
BBIACPOAEH ABYOKNUC, HUCKM TEMINEPATYyPH, C OPAHUYEH 34Nac OT BOJA,
Kuciopo v enektpoerepris. [IpyunHUTe 32 T34 2BapUs, KaKTO C€ YCTARHOBABA
I0-KBCHO, €a 3aNOKeHH OLUE NPH TeXHHYEcKaTa MOArOTOBKA HA CHCTEMMTE, a
CamMaTa aBapHi € OoT Kbeo cheAuHenne. K'bco chelMHEHME U TMOCTIEABANIMAT T
NOWAP ¢a NPHYUHUTE U 32 r'uberta Ha acTpoHaBTute I'pucsm, Hapdu u Vaiir,
U3BDLPIUBALM TPEHUPOBBYHH AEHCTBHS U MPOBEPKH B KaOMHATA Ha NbPBUS
KOCMMYecKH kKopab "Arnono”, KoraTo He € 61IT0 Bb3MOXKHO M0-0bp30 HanycKaHe
ot 30 c.

B npoueca na noneruTe 10 JIyHaTA acTPOHABTUTE MTOJIYYABAT PA3IHYHK
JO3H PaJIMOAKTHBHG OGNBYBaHE, KOUTO ca OT 10 xo 100 nuTH 1MO-HUCKKH OT
OONYCTHMUTE AO3M, HOPMATUBHO OINPEAENEHH 33 NOJIETH MO NporpaMara
“Anono”.

OcurypseaHeTo Ha 6e30NaCHOCT NMPH NYHHHTE EKCMEAHLUHM H3UCKBA H
3HaunTennn duHancosy pasxonn. OGwaTta UM cToHHOCT e okoao 20% oT
CTOMHOCTTA Ha UAnaTa nporpama. CaMo 10paboTKUTE CAeld NoXapa npu
“Anomo-1" n aBapudTa ¢ “Anone-13" BpinzaT Ha 6nmnzo 700 MAaH. gosapd.

AcTpoHaBTHTE OT nporpamMara “Anojgo”

CrnoxHOCTTa Ha 3aJauuTe B noueture no JlyHara u
KPATKOTO BpPEeMeE 34 MOATOTOBKATA M MU3MTBIHEHUETO MM MNPCAONDPEHALHAT M
neAdopa Ha acTpoHarTUTe. B nepuoga ot 1959 o 1967r. 3a nunoTupyeMu
[101€TH NG NporpamuTte “Mepkypnit”, " JHxemuuu” v *Anomo” ce npaku noadop
H4 WECT TPYMH ACTPOHABTA. B NMbPBUTE 4ETUDPHM I'PDYNM €& APELUMHO
Npo(leCHOHANIHY AETLU ¢ ONUT BLB BOSHHATA dBUALMA ¥ M3MNTATENHATA

paBora.Bcuuxu ca ¢ Bucume oGpasoBaHiue, NOMAYYUAd Haxanapbpeku

149



00pazoBaTeNHN U HAYYHHU CTCNEHN B yHuBepeuTeTy Ha CALLL B ueTBbprata u
neTarta rpyna npeolinagaBaT HayyHU PaBOTHWLM C HAYYHM CTEIEHN BLB
GunocodckuTe, CTECTBEHUTE M TeXHHUYECKUTE HAYKH. EfHa uacT of
NOATOTBEHUTE aCTPOHABTH NPONBMKABAT YYACTHETO CH U B IIPOIPAMUTE Cle],
JIYHHHUTE eKCHeqHLIUH,

Beuuki KaHAMEATY IPEMUHABAT TEOPETHYEH 1UECTMECEYEH Kypc no
AMHAMHUKA HA [I0JICTA, CHCTEMH 3a YNPABIICHHE, HABUTALUS , PAKETHU JBUTATEH,
CHCTEMH 32 JKU3HEOOE3Me eHNe U ClIaceHHe, PHIUOIIOTHS, Te0NOrNA, ACTPOHOMHY,
uzyyasane Ha JlyHara - Bcuuko okono 600 yaca. Ciea ToBa H3IYUABAT QKOO
230 yaca KOHCTPYKLMS HA KOCMHUYECKHSA Kepab “Anoso”, 3albiKHTENHO
YHACTBAT B M3NMTAHUATA Ha TEXHHUKATE N0 PUPMUTE NPOMIBOIMTEIN M Ha
CT2PTOBHTEC KOMIUIEKCH. MHOTO BHUMaHHE ¢ OT/AEHCHO B TOATOTOBKATA UM Ha
KOMIIIEKCHN TPeHaX)OpH. 3a MOAXBPXKAHE HA PU3MYECKATA TOTOBHOCT Ha
aCTPOHABTHTE € pazpaboTena crelUata IPOrpaMa, YacT OT KOATO € U3BECTHATA
AHEC a6poOHa TpeHHpoBKa (aepobuka) Ha ZJokTop Kener Kyn®p, kofiTe ¢ nexap
B3B8 BBC w1 excriepT 8 HACA 110 Bpemero Ha NOArOTOBKATA H IPOBEX AZHETO Ha
nojieTure 40 Jlynara,

Bucoxuar npodecrioHanuabm i GU3NLECKHTE KauecTsa Ha aCTPOHABTHTE
OT niporpamara “ARo0” u CBBDP3AHUTE C Hed “Mepkypuit™ u “DxeMuHu" um
I03BONIBAT Ad Y4aCTBAT MHOTOKPATHO B KOCMMYECKM MOJIETH.

Cnen npeKkpaTaBAHETO HA JETATENHA ASHHOCT NOBEYETO aCTPOHABTH
PBLKOBOJAT YAacTHU QUPMM, CTABAT KOHCYJITAHTH HA M3BECTHU UPMH, HeTaT
JICKUMH B YRUBEPCHTETHTE, 3AHUMABAT CE AXTUBHO ¢ NOAUTHKA. KpaTku aaHHu
34 XUBOTA M pafoTaTa UM ca NPUBEACHH B CHPABOYHM W CHUMKIONIEAMYHN
H3[aHK#A 110 KOCMOHaBTHKA,

PasnocMerkara ot riporpamara “Anoio”

DUHAHCOBUTE PA3XOAM 33 PEANM3ALKMATA HA IPOrPaAMATa
“Anojo” BL3IU3AT Hit OKONO 25 MUTHADTA ronapa. l'onama yacr ot 79X (okoa0
70 - 80%) ce BpBIIAT BBB eaepaitius G1oMKeT BrarofapeHie Ha H3NOI3BAHETO
Ha HACHTE ¥ KOCMM4ECKHTE TEXHOJIOTHHU B “3eMHU™ OTPACId H2 HKOHOMUKATA.
O6wWOTO CTUMYNMPAILO BAMAHME HA NPOrPaMaTa BBPXY aMEPUKAHCKAT4
UKOHOMHUKaA ciief 20 roaUHY € oLeHeHo KaTo | kbM 7 No eaus oT KPUTEPHUTE Ha
KomuTera 32 usnonssane Ha KOCMUYECKOTO npocTpadcTBo kv OOH. ITo To3u
WHTErPaJieH KPUTEPUM Ce ChITOCTABAT CYMMTE 33 OChIUECTBABAHE HA TPOIPAMATA
€ MaTepUanHUTe, NONMMTHHECKUTE, BOCHHUTE M IPECTHRKHUTE UL, M3PA3CHH
o610 punancopo. 1o colums XpUTEpHit BIUIHUETO HA LANATA aMepHKaHCKa
KOCMHYECKA TIPOrpaMa ¢& U3pas3snBa ¢ OTHOWeHMeTo | kb 14.
BrieyatnsBauia ¢ ponsaTa Ha nporpamaTa “Anoio” 3a 4oBelIKHA
nporpec. Ta e gocTHXKeHMe HA LANOTO YoBevecTBO. B peanusaumsra ca
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aHTaXHPaHH MPUOAMIMUTEIHO €AUH MUIRHOH CNELHATUCTH, OT KOUTC €AHA
4YeTBbPT €& BUCOKOKBAANBHLHMPAHY YUEHH M HHXKEHEDH. B Hed ydacTaat He camo
AEPOKOCMHHMECKH NMPOMMIUIEHH TMTAHTH, HO W MHOXECTBO MAJIKH H CDE/HM
GUpMH, cneLHanyM3vpaln B TecHH oOacTi Ha Haykarta U TexHukata. Karto
ApPaBUIIO, PUPMUTE CIIE H3ITBIIHEHHE HA KOCMMYECKUTE NNOPHYKM BEARAra ThPCAT
3¢MHOTC NPHIIOKEHHE HA TEXHOAOTHMTE, TO3U NpoUeC € CTHMYIHUDAH K OT
‘cneunasned oprad B HACA - "Oraen 32 U3NON3BaHE HAZ KOCMHUYECKUTE
TCXHOMIOHHY B 3€MHH CEKTODH Ha uKoHOMUKaTa”, Herosute HHCIIEKTOPH €A B
KONEKTHBUTE pa3paboTynLy H TAXHATAZ OCHOBHA 3a/a4d € Ja TLbPCAT U HAMEPAT
“3eMHO” IPWICKEHHE HA KAESHTE ¥ TEXHOTOTHKUTE. JOCTATHUHO € A3 C8 CNIOMEHAT
HAKOJNIKO NPUMEpAa 33 MNIOCTPALMA Ha €PEKTHBHOCTTA HAa NPHRLMUIHKTE,
rapanTyUpalli BL3BPbIIARMOCT HA PA3XOAUTE.

Crpourenctso: Ilpes 1967r. xaTo cTpaHnyeH NpoAyKT oT paspaGorkara
Ha ckataHapuTe no nporpamMaTa “Anmono” e pazpaboTeHa ThbKaH, KOATO Clex
NOKpHBaHe ¢ TedJIOH K CBETIIOOTpaXKATENeH CJIOK ce NMpEeBpbIUa B JIMCTOB
MaTepuan, JaBalll NPUHLANKC HOBY BE3IMOXKHOCTY 34 MOKPUBAHE HA OTPOMHHU
npocTpancTsa 6¢3 noAnopu. C TakbB MaTepHal € HanpaBeH MOKPUBGLT Ha
cTaadoHa B JeTpoHT ¢ onopyu camo No nepuMeTspa.

EnepreTuka: IIpUHUMNINATE HA 33UUTA HA eeKTPOCOOPYABAHETO HA
pakeTarta HocuTen “CaTypH-3" 0T NHKOBU MPETOBAPBAHUA CA YCIIEWIHO
M3MOJI3BAHM 33 ENEKTPOIALNTA HA MPOMULLUIEHH ¥ FPaXZAHCKY ChOPBKCHNA,
KOETO yBEIHuAaBa PECYPCa Ha JIAMIHTE, IPSEKIIOYBATEINTE, PEIETATE H
H3MepBaTenHaTa anaparypa oT 1,5 g0 3 nbTH.

IIpoTuBomoxkapHa TexHuka: CrnacHTenHaTa camocnupania debeaxa 3a
¢nyCKaHe Ha YOBEK OT MPO30PEL| Ha BUCOKU 34aHHA MPH NMOXap € paspaboTeHa
no uaesta 3a 6BP30 HANyCKAHE MIPHU HOXAP HA CTAPTOBATA NMO3UIUA OT
ONEPaTOPUTE, MOATOTBALLM U3THTAHETO.

OcseruTeNiHa Texuuka: [Ipu uacieaBaHKs, CBBP3aHU ¢ NONAaZaHe Ha
MBJIHWA B pakerara HOcHTen Ha “Anono-127, e paspaboreH arperart 3a
CPaBHMTEJIHO CHJIHa M YCTOW4HBA eleKTpHuecKa Abra. IIo-KbCHO HAEHTE OT
Ta3u paspaboTka ¢a NMPHIOKEHH ¢ YCIEX IPH KOHCTPYHPAHETO HAa MOUIEH
NOPTATHBEH APOKEKTOP.

ABHaIlHﬂI Hianonssauure B CbBPEMEHHHUTE CAMOIETH CHCTEMH 38
ABTOMATHYHO YITPABIICHHUE, TIPK KOWTO MEXAY TUIIOTA U OPraHHuTe 32 YIPABICHHKE
BYHKLUOHMPAT MHOTOKPATHO PE3EPBUPAHK KOMILIOTHPHM CHCTEMH, KATO UASS
ca NMPUICXKEH! 38 IbPRH MBT Ha “Anocno-157,

Meauuuna: AepoObHaTa TPEHUPOBKA, pa3paboTeHa M NPUICKEHA OT
I-p Kener Kynbp B nOArGTOBKATA HA AMEPUKAHCKUTE ACTPOHABTH, NLEPBC C¢
BB3MPHEME KATO CPEACTEC 3a NOAALPKAHE HAa (PH3UYECKUTE KauecTsBa OT
cnyxuTennTe ra HACA, a crieff ToBa ¢cTaBa Hali-pasnpocTpaneHaTa cHeTemMa 3a
MpothUIaKTHKA B CBETA.

Axo PE3YATATUTE OT M3NMBLIHEHHUETO Ha HAYHHATA NpOrpaMa, CAbpP3aHa
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€ M3Y4aBaHETO Ha JIYHATA 11O BpeMe Ha MUINOTUDYEMHTE NyHHYU KCNeIULMH, Ce
MPUEMAT ODIUO CABPIKAHO B HAYUHNTE CPEAN, TO KATO TEXHAYECKO NOCTHXEHUE
H3MpAIHAHeTO HA YOBeK Ha JIyHaTa W YCHEWHOTO MY 3aBPLLIAHE U3NpPEBApH
BpeMeTo ci. Tasu TEXHONIOTUYHA Lel 3aCTaBY BCrukH rpacaany Ha CAILL a u
HA NuaderaTa, Aa MOTAEAHAT AANEeKo HaNped M Ja MOBAPBAT B 6bACLIETO Ha
YOBEKA ¥ HETOBMTE HEUIUEPHAEMH BbIMOWKHOCTH,

“I'MranTcky CkOK Ha YOBEUECTBOTO” Hapeue Huia ApMCTPOHT IbpBaTs
MAaJIKa 4YOBelKa KpaykKa, CTBLNBANKH Ha NYHH&TA NMOBBPXHOCT Clel
NPHIYHABAHETO Ha 20 1051 1969T. Bpemeto noTespaun HerosuTe AyMi.

Ipunoxenue. Buorpaduusy AaHHM 3a ACTPOHABTHTE OT NPOTPaMATa
“Anonoc” no pesa Ha MbPBUTE UM KocMudeckH nonety (TTo “KoeMoHaBTHKA-
Innuknonesua”, Mocksa,1985r.)

Anvi lenapa ¢ posen npes 1923r. 3asnpirpa BoeHHOMOpPCKa axafemus
npe3 1944r. u yyacrea B TUXOOKeaHCKUTE OflepalnK Npes Bropata cBeTOBHA
Boiixa. Jlo 1957r. padoTu B Hikona 3a jeTim usnurarenu Ha BMC. ety Ha
“Mepxypuii-3" u “Anoio-14", kaua Ha JIyHata. Komanaup ¢ Ha rpynata
aCTPOHABTH B HEHTBPA 32 MMIOTHPYEMU NONETH - XIOCTBH, 10 1974r., KOHTpa-
aamupan. Cren 1974r. € B 0cTaBKa M € MPE3HACHT Ha pupMa.

Bupmiuin I'prcem e poaen npes 1926r., 3arnHali npu noxap Ha craprosara
TUIOLIAIKA IO BpeMe HA H3NHTAHUA Ha KOCMUYECKHS Kopab “Arnono” npes 1967r.
IIpes 1950r. 3apwpiuBa Yuusepenrer Ilepato, 6akanasbp no mexanuka. ITpes
1955r. 3aBbpuIBa TexHoMOrMYeH UHCTMTYT Ha BBC, nognonxosHuk ot BBC.
Jern na “Mepxypuii-4” v “Hxemunn-3". Herosu ca gymure : “AKo HM ce
HAROKH da OTAAAEM KUBOTA CH, TO Hue GUXME MCKalM XOpaTa Ja ro rnpueMar
CBC CMMPEHHE... 3aBOEBAHHETO HA KOCMOCA CH CTPYBa TAKbB pHUcK.”

Hxon I'nen e pogen npes 1921r. Mpes 1943r. 3apbpiuBa neraTenta wkoa
#a BMC, a nipe3 1954r. mxona 3a neTUM U3NUTATENM, NOJTKOBHUK OT MOPCKATA
nexoTa. PeKopaAbop € Ha CKOPOCTEH TPAHCKOHTUHEHTANEH noner. [IbpBuaT
aMEPHUKAHCKH aCTPOHABT, M3BBPLIWII OpOUTAaIeH noJer Ha “Mepkypuii-6”. Ot
1964r. e B ocTaBka ¥ ce 3aHMMABA ¢ AKTUBHA IOJIMTUYECKA AEHHOCT, CEHATOP O
AemoxpaTnueckata naptus ot Oxaiio.

Mankonm Cxor Kapnentsp e poaen npes 1925r. Tipes 1949r. 3apsplusa
Kosnopajackus ynusepcuter, 6akasasbp no aBMaLMOHHA TEXHUKA. 3aBbPLIBA
LIKONA 3@ JIETUM M3NUTaTeNH npe3 1954r., paboTH B U3NUTATENEH LEHTHD Ha
BMC, kanuran I1I panr. BHACA e ot 1959r. Hanniinaga nosrer Ha “MepKypuii-
77, y4acTBa B NPOEKTUPAKETO M paspaboTKATa HA JIYHHATA KaGUHA; TOMOLLIHUK-
AMPEKTOP Ha LEHTHPA 32 NUWIOTHPYeMH noteTy B XiocTuH. Cliel asToMOGHIH
KaTacTpo(a M3n3a OT TPpynata HA ACTPOHABTHTE Mpes |969r. M cTaBa wacTeH
npeanpuemay B Jloc Amxenuc. ITocernn Brarapus 3a YeTsnpTus KoHIpee Ha
ACOLMALMATE HA YHACTHULMTE B KOCMUUECKH NOJIETH npes 1988r.
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Yontbp Lllnpa € poget npes 1923r. 3apspuea BoeHHOMOpCKa aKaieMis
B AHanonuc, kanutad | pasr. Jletn ua “Mepkypuii-8"," IxeMunu-6"," Anoso-
77, Crien 19695, € B OCTABK4 U BB3TABABA KOHCYJITAHTCKO BI0PO MO 3aLiMTA HA
OKOJIHATA CPeJa ¥ PHKOBOAM OTICSASHHME HA 4acTHA GupMd B I'D. JIeHBBD,
Konopano.

Topaeh Kymsp e poseH npes 1927r. Ha 17-roaniliHa Bb3pacT noayyasa
paBa Ha MHIOT. CAyxuil B apMusTa, HroTa ¥ aBuaumara. [Ipes 1945t sapsplusa
TexHONMOTMUYEH HHCTUTYT Ha BBC, Gaxanasbp no apuauuonHa rexuuka. Cnen
LIKOMA 32 JeTIM U3MMTATENM paBoTu KAaTO M3MUTATEN W MHXKeHep B DasaTa
Enyapac, noakosuuk ot BBC. B HACA e ot 1959r. JleTn na “Mepkypuit-9” 1
“Mwemunu-3". Or 1970r. ¢ B ocTABKA M € BULENPE3HACHT Ha HayH-
HoH3cnenoparencka hpupma B KanngopHus.

Jokon Sur e pogen npes 1930r. 3appplupa TEXHONOTHUYECH MHCTUTYT B
ATinaHTa, 6aKanapbp 10 ABMALMOHHA TEXHWKA,NPOPECHOHANCH MUIOT OT
apuaupaTa Ha BMC, xanuran I panr. Jleren usnurartes, peKopiabop no
cxoponogemuoct Ha 3000 m 1 25 000 M cbe camoneT ustpeburen F-4 HI npes
1962r. JIeTn na ** xeMuuu-37, * JxeMuHu- 10”.*Anono-10"."Anono-16", kaua
Ha JlyHata, W3BbPLIBA IBPBHA NONET HA KOCMUYECKATa COBANIKA “Konymbusa™
npez 1981r. u npes 1983r. sieTH OTHOBO HA “Konymtua”, Ot [974r. ¢ koMaHaup
Ha TPyNara ACTPOHABTHU B LIEHThPA 34 FIITOTHPYEMH NIOJIETH..

Hokeiime MaxausuTT e poaeH npes 1929r. Iipes 1959r. 3asbpliBa
MHYHIaHCKHS YHUBEPCUTET, OaKanaBbp M0 aBHalLKOHHA TEXHHKA, JICTCL
usnuraTen. Jlety Ha “ JxeMUHN-4" 1 “Anono-97, eIWH OT PEKOBOAUTEINTE Ha
nporpamarta “Anono” B LleHTHpa 32 NWICTUPYEMH MTOJCTH, OpurajeH renepan
ot BBC. O1 1972r, & B ocTABKA U € NPe3nAeHT Ha Gbupma B Hukaro.

Enyapa Yaiir ¢ pogen npes 1930r. 3arnHan npd noxap Ha crapToBaTd
I03ULHA 110 BPEMA HA M3MWTAHMS HA KOCMUYECKHs KOpabd “Anono” B 1967r.
Tipes 1952r. 3aBbpwsa BoenHa akagemus, a B 1959r.-Muuuranckus
YHUBEPCHTET, MArMCTHP 110 ABWALMOHHA TexHuKa. JIeTaTenHara noAroToBKa
npemuHapa B8 Miioprga 1 Texcac, a npe3 1959r. 3aBbpiuBa WIKOITA 32 JICTIUH
u3nUTaTENH B Gasata Exyapac. Cnyxu kato serel u3nuraren B 6azara Paiir-
Herepenn (Oxaito). B HACA ¢ ot 1962r. Jletn Ha “IhKeMuHH-4", IbPBHAAT
AMEPHKAHCKH ACTPCHABT,H3IM3AN B OTKPUTHA KOCMOC.

Yapns Konpan e poaet npes 1930r. 3apbpiusa npes 1953r. ITpuHCTBHCKMS
yaupepcuTer. B HACA e o1 1962r., odmuep ot BMC, kanuTad I panr. Jletn Ha
“ MaxemuHu-57, “dxemuan-117, “Anono-12", kaua Ha Jlynara, npoasnkasa
YHACTHETO CH KATO ACTPOHABT U B MbPBHs SKHITAK HA KOCMMUCCKATA CTAHLIMS
“Ckaiinab”. B ocTapka o1 1974r., Buuenpesuaent Ha Gupma “MapkeTusr” B
xopropauusata “Makaonan Aweranac”-Konopaio.

&panx Bopman e poaed npes 1928r. Ilonyuasa pasa Ha NUNOT Ha I5-
FOMLIHA Bb3pacT. Cnes 3aBbpluBaHe Ha BoeHna akaaemus Npes 1950r. cTasa
BOEHEH ETew 1 CIIYHKY BhB BOSHHATA aBHaLus g0 [956T., ROAKOBHUK OT BBC.
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Ilpes 1957r. 3aswprusa Kanugopnuiickus rexnonornyex HHCTUTYT, MATUCTBD
MO aBHaLMOHHA TeXHHKA. B nepuoma 1957-1960r. e NpenojapaTes no
TEPMOAMHAMMKA M XMADOMEXaHMKA BbB Boenua akagemnsg. Ilpes1960r.
3aBBPIUBA WIKONA 32 MUJIOTH 32 AEPOKOCMHYECKU uscneasanua, pabotu B
Lko1aTa kKaTo MHCTPYKTOP 1o 1962r. Crien Tora npemunasa B HACA. feru Ha
“keMUHU-7" u “Anono-8”. 3aMm.-rupekTop Ha cnyx6ara 3a KOHTPOJ Ha
noaerute B XwerbH, Ot 1970r. e B ocTapka. IIpe3snsieHT 1 navamHux Ha
YHPABICHHE 32 BL3AYIIHM Onepaunyu Ha VI3TOYHUTe aBMONMuNY B Matiamu,
Gaopuaa. ;

Hoxeitme JToBba ¢ pogen npes 1928r. Yex no npousxon. 3apbpiuBa
Boennomopeka axaaemus B Ananosuc u YHCKOHCHUHCKHSA yHUBEpCHTET. Jleren
U3nMTaTeR, KanuTaH | paur, cneunanusupan B wkoma mo aBHALlMOHHA
BesonacHocT B KOxnoxkanudopuuiickus yHuBepcuter. Ot 1962r. e 8 HACA.
Jletn Ha “wemunn-77, “Mxemunn-12", “Anono-8” u “Anono-13". 3am.-
AUPEKTOP HA OTAEH NO HAYYHO-NPHIOKHH U3CHEABAHUS B LEHTHPA 32
NHIOTUpYCMHU NosteTH B XiocThH. OT 1971r. e B 0cTaBKa. Hpesupent e na gupma
3a TenedoHnM cucteMu B Xi0cThH. :

Tomac Craddopsa e poaeH npes 1930r. TIpes 1952r. 3aBBpLIBA
BoeHHoMOpcka akamemus, Dakanapsp Ha HayKuTe, jeTel Ha nu3TpebuTen
npexeaiiay 8wB BBC. TIpes 1959r. 3aBbpLUBA WIKOJIA 324 JIETLH W3NHUTATENM B
Gasara Egyapac v craBa eamH o prroBoauTenuTe M. Jletn Ha “IKeMuHu-6",
“Hxemuan-9”, “Anono-10", a npe3 1975r. yuacTBa B ChBMECTHUS MONET MO
nporpamara “EITAC”, npu koaTo ce ckauBaT che ChbBeTCKMS KOCMHYECKH Kopah
“C3103-19” ¥ 3aeqn0 ¢ Berc bpang u Jouang CneiirbH, Anexceii JIeoHos u
Banepuit Ky6acos ussnplusar chaMecTHH CKCTIEpUMEHTH. 3aeMan e peauua
PBKOBOAHN jurkxHOoCT! B HACA 1 BBC, renepan-neiitenant or BBC. B 0CTaBKa
€07 1981r. u e BUUenpesuaeHT Ha yacTHa tbupma.

Huitn Apmcrponr e pogen npes 1930r. B rp. YanakowuT, wat Oxaiio.
HlecTHaaeceTroanmen crasa nuaoT mobuTen, a npes 1949r. sapspuusa
BoeHHOMOPCKO yuumiine 32 aetuy B Ilencakona, ®nopuga. Cien Tosa y4u B
Ynugsepeurera Tepmo u ro 3aBbplIBa npes 1955r., 6akanasbp no aBuocTpoeHe.
Ciyxu KaTo BoeHeH jieTel N celeM TOMUHMU € Jieren usnuraren. Yuacrea B
H3MMTAHUATA HA aePOKOCMUYECKHS XMIIEP3BYKOB camoleT X-15 ¢ pakeren
Asuraren. Ot 1962r. e s rpynaTa acTpoHaBTH, JleTn Ha " [HkeMUHU-8" 1 “Anono-
11", xaua na Jlynata. IIbpBusT HOBEK, CTBHIAN HA JIYHHATA NOBbPXHOCT. o
1970r. ¢ 3am.- HavanHuk Ha HACA. Or 1971r. e npodecop no kocMuuecka
TCXHUKA B YHuBEpcuTeTa B I IMHumuHaTY.

HAetiznn Cxot e poaen npes 1932r. ITlpes 1955r. 3aBvpuisa Boeuuara
akanemus B Vecr-IloinT, a npes 1962r. Macauysercxus Texaonornuen
MHCTHTYT, MaruCTLP N0 aBMALMA M ACTPOHABTHKA. Cilex Wkona 3a JETUN
M3MUTATENN 1 LIKOJIA 38 IMIOTH 33 A6POKOCMUYECKH M3CAEXBAHMS OT 1963r. ¢
B HACA, nonkosnuk ot BBC. /lety Ha “Mxemunu-8”, “Anono-9" u “Anoio-
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157, xaua na JIynara. B nepuoga 1972-1977r. pabotn 8 HACA u B lIeTaTenHo-
M3cneaoBaTeNcKMs LenTrp B Gazata Epyapac. B ocrasxa ¢ ot 1977r. n ce
3aHMMAaBa ¢ THProBCKka AeitHocT B Jloc AHxemuc. :

KO mxun Cepuan ¢ pojeH npes 1934r. [Tpes 1956r. 3aBbpiBa Y HUBEPCHTETA
Tlepmo, 6axanapsp no eaekrponuka. Crea BoeHHOMOPCKA LUK B Monurepei,
KanndopHus, 0oIydasa cTeeH MArHCTbP N0 ABHALIMOHHA TEXHMKA. B HACA
e ot 1963r. Jleru Ha “Dxemunn-9", “Anono-10”, “Anono-177, kaua Ha Jynara.
B ocTaBKa € oT 1976r. U € MOMOMHUK-BULENPE3nAeHT Ha Gupma B XIOCTHH.

Maitisn Komuns e poaen nipes 1930r. 8 Pum. 3apspiusa BoeHHaTa axafemus
Vect-IloituT, cayxn Bpe Ppaduusd, a ciel TOBa CTapa JIETEL U3NUTATEN,
nonkosHuK 0T BBC. Ot 1963r. ¢ 8 rpynata actpoHaBTH. Jletn na “HkeMUHU-
10" u *Anono-11". Ciea nosetute goJlyHara craBa moMOLIHHK-AbPKABEH
cekperap M nomomHuk-MuHucTep. OT 1971 no 1978r. e anpexTop Ha
HaupoHannus My3seif no auaums 4 aepoRasTHKa, a OT 1978r. € 3aM.-Hay4eH
cexkperap Ha CMUTCOHOBCKMA MHCTHTYT B1LB BallMHTTOH.

Puuapa Fopasu ¢ poaeH npes [929r. Ilpes [951r. 3asmpuipa
BaluMHITOKCKNS YHUBEPCUTET, Gakanasbp 1o xumua, oduuep ot BMC, kanuran
I paxr. 3aBLpIiUBa IUKONA 34 JICTUM M3NHTATENH KW € BKJIOYCH B IpynaTa
actpouanTi Ha HACA. Jlery na “Jhxemuun-11" 4 "Anono-12". B ocrapka or
1972r., paboTu B yacTHa gupma B XI0CTHH.

Ejsur Onapus ¢ posex npes 1930r. B rp. Mourkep, mat Hio Hopx. B
1951r. 3apspiina BoeHHata akagemus B Yecr-IIo#HT, a ¢lel TOBA BOSHHO
yaWITHILE 32 1eTuy B BpaitsH, Tekcac, nonkosnuk oT BBC. B 1963r. 3aBspiuBa
Macayy3eTekus TeEXHONOTHYUEH HHCTHTYT, IOKTOP Ha HAYKHUTE N0 aCTPOHABTHKA.
Jletu ua “JDxemunuu-12" u “Anono-117, kaua na Jlynata. Ciaen nyHHUTE
eKCe Ui € HAYa HHK Ha LIKOJA 3a JIETUM M3NUTATENH B Dasara Ha BBC
Enyapac. Cnen Hanyckane Ha HACA crasa Mpe3svieHT Ha MHIKEHEPUHTOBA
$pupma B Jloc ARXKENHC.

Poaxbp Yahdu ¢ poaen npes 1935r. 3apbpwsa Yuusepeutera Tepmo,
uratT Mnanana, 6aKanaBep N0 aBUALMOHHA TEXHUKA, KAMUTAH-ASHTEHAHT OT
BMC. 3arvipa Npy M3NMTaHKA Ha cucTeMaTa “CaTypH-AMNONO™ Ha ¢TapTa oT
noxap B xabuHaTa Ha KocMuueckus xopal npes 1967r. npyu NOAroToBKATA CH
34 NBPBHUA KOCMHYCCKH NMOJIET.

Ilonn Eiizen e poaen npes 1930r. 3asnpiusa Boennomopeka akaaemus npes
1952r., a no-kbeHo Texsonoruyen nHCTUTYT Ha BBC, 6akanapbp 00 ABUALMOHHA
TeXHMKA, MATHCTBP MO ACTPOHABTHKA, U3NWTATEN Ha CNieLHaTHN BUAOBE CPBXNni,
nonkosuux or BBC. B HACA ¢ ot 1968r. Jletu Ha “Anojo-7” npe3 1968r. 8
TBPBHSA MUIOTHPYEM U3MUTATEAEH NONET N0 NpOrpamara “Anosno”. Cneg 1972r.
€ B OCTaBXa, PHKOBOAM OTAENCHUE Ha HpMA.

Yonrsp Kauunram e poger npes 1932r. 3apvpuisa Kanugopruickas
YHUBEPCHTET, HaKanapbp Mo GpUsnka, a No-kKbCHO M IOKTOP Ha Haykute, JieTu
na “Anono-7” B nbpBHA uanuTaTeleH noyer npes 1968r. Pazpaborea
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MarHHTOMET®D 3& JIyRHMTe excneanuud. Jo 1971r. paboru B HACA, a cien
TOBA CTaBa LNIaBeH BULUETPE3naeHT Ha Gupma B XioctsH. Tpes 1988r. noceinasa
Bviarapus BB Bpbaka ¢ YeTsbpTHa MEXAYHAPOJIEH KOHIPEC Ha AcCOLMaLUATA
Ha YYaCTHHIHTE B KOCMUYECKH [TONETH.

Vitnam Anpepc e posen npes 1933r. ITpes 1955r. sagwpiusa BoenHomopeka
akajiemns, a npe3 1962r. - Texnonoruyen uHetutyT Ha BBC B PaiiT-I1aTepony,
Oxaiio, MarucTbp Ha HayKuTe, aapeH pusnk. CHyxH KaTo nerel HHCTPYKTOD B
dBHaLMONHaTa 6asa Keprienn, mMaiiop or BBC. B HACA e ot 1963r. Jlety 1a
"Anono-8”. B nepuona 1969-1973r. e usmbanuTeneH cekperap Ha HACA.
PaBoru B koMucun 1o sapena eneprptuka. Hlocaanux ¢ Ha CALll B Hopeerus
npes 1976-1977r. engpanen aupekTop e Ha ¢upma B Can Xoce, KanudopHus.

Pycen Hlselixapr ¢ popen npes 1935r. Boenen setew e ot (956 201963,
3aBbpuiBa MacauyseTckis TexHoNOrnYeH HHCTHTYT, MATUCTED TIC aBHALMA U
ACTPOHABTUKA. Y4EH U3CHELOBATEN, 3aHUMABA CE ¢ FOPDHUTE CAloEBe Ha
atmocdeparta. Ot 1963r. ¢ 8 HACA. JleTu Ha “Anono-9”. Paborun ¢ B
YHpaBicHueckus anapat Ha HACA ot11974 go 1977r. Cenpeacenaten na
H30baHUTEIHIS KOMUTET Ha ACOUHALMATA Ha YYACTHHLHTE B KOCMUYECKU
noyet 3achHo ¢ A. JleoHos. Ilpes 1988r. noceiasa buirapus Bne Bphaka ¢
YeTBLDTHA MEXIYHAPOLEH KOHFpec Ha ACOUMALHMATA HA YYRCTHUIUTE B
KGCMMYECKH [TOJIETH,

Anbx Bun e poaen npes 1932r. 3asbpiusa Tekcackus YHHBEDCHTET Mpe3
1955r., Gakanasep no ABUALIMOHHA TEXHUKA. Cres WwKoma 3a NeTuy U3nUTaTenu
Ha BMC u wxona 3a asuaumonna GesonacHocr e MPHET B IpynaTa Ha
acTporabTite B HACA, kanuran I paur ot BMC. Jletn Ha “Anoso-1 27, kaua
Ha JIyHaTa, yuacTBa BbB BTOpHS EKUNIAXK HA KOCMUYECKATa CTaHuKg “Craiaa6™.

Hoxon CynmispT e posen npes 1931r. ITpes 1953r. sapbpuiea Konopazckus
YHUBEDCUTET, DakanaBbp no mexauuka. Cnex obyyenue B [lonuTexHUYeCKHS
MHCTUTYT B I'p. Pencenep npes 1965r. nonyyasa MaruCTbPCKa CTEMEH NO ABUALMS
1 acTpoHasThka. Ilpesl967r. B Xaprdopackus YHUBEPCUTET CTABA MATUCTBD
Hd HAYKHTE N0 a AMHHUCTPATUBHA AeHHOCT. PaGoTH KaTO NeTel usnuTaTen. Jletn
Ha "Anono-13". IIpe3 1973 r. n3nusa or HACA u padotu B Komucuara no
Hayka M TexHWKa kbM aMepukaHckus Kourpec. [Mpemunaza noaroTosxa no
NPOrpaMaTa 3a KCCMHMYECKATA COBANKA, ' Lol ay

Dpen Xeidic e posen mpes 1933r. 3arbpusa Yuuepcureta B Oxnaxoma,
OakanaBbp no aBUaLMOHHA TeXHUKA. PaBoTh KATO ITUJIOT U3CNSA0BaTEN B DazuTe
Enyapac, Xwoctbu, Jyne. Hayuen paGotaux. Teru na “Anocno-13”, Vyacrea B
nporpamara “Criejic LLlatn™ kato Textuueckn [OM.-PBKOBOAUTEN 1 U3NIUTBA B
CBOBOC/IEH NOJIET COBANIKATA CIIEN, OTASIAHETO £ OT HOCUTens B-747. Or (979r. ¢
BHLENPEIUACHT HA KOpriopalusTa "Ipyman”. :

Crobpt Pycca e ponen npes 1933r. ITpes 1962r. 3aBbpiuBa Konopaackus
YHHBEDCHTCT, GakataBsp 110 ABUAUMOHHA TeXHKKA. BoeHen sietell 1 HHXKeHEp
BBB BBC, a4 no-x1.cHo nerew u3nuraresn » 6azata Enyapac, nonkosuuk ot BBC.
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Ot 1966r. e 8 HACA. Jlern Ha “Anono-14”. B ocrapka € or 19767,
BHLENPESMACHT Ha yacTHa $upma. Xusee B I'vpuua. Hpes 1988r. nocewara
Brirapus BeB Bpb3ka ¢ YeTBbPTHA MEXTYHAPOAEH KOHIDEC HA ACOLIMALHATA
Ha YYaCTHULIUTE B KOCMHUECKH TIONETH.

Exrap Muruyen € pogen nipes 1939r. 3apbpiBa TeXHOMOTHYHKEA HHCTUTYT
Kapuery B IIuTcObpr npes 1952r., Gakanapbp N0 aAMUHUCTPATHBHY HayKH. B
Maca4y3eTCKHs TEXHOJIOTMYEeH MHCTUTYT CTaBa MAarucTbp U JAOKTOP MO
AepOHABTUKA ¥ 4CTPOHaBTHKa., Opuuep or BMC, kanutan I paur. Cnea
3aBBPIIBAHE HA LIKOAA 33 TANIOTH 38 AePOKOCMHYECKH U3clieiBanus oT 1966r.
B HACA. Jletn Ha “Anono-14", xaua na JlyHara. Or 1972r. € B ocTaBka u ¢
npe3uaeHT Ha 4actHa dhupma B [lanm buity, @ropuaa.

Andpen YopusH ¢ poaer npes 1932r. 3asbpuisa BoeHda akamemus npes
1955r., GakanaBbp 10 BOCHHUTE Hayxu. IIpe3 1963r. nonyqaBa MarucTbpeka
CTENEH MO &BMAUMS, aCTPOHABTHKA M npubopocTpoeHe B MHUYHMTaHCKHS
yHusepcuTer. CIyXUjl € B pas/IiuHy aBUALIMOHHU YacTH, nojikoBHuk or BBC.
Crleq 3aBbpLIBAHE HA LIKOJIA 33 NUIOTH 34 aEPOKOCMHUYECKH H3CIICABAHUS NPE3
1966r. npemunasa 8 HACA. JTetn Ha “Anono-15", PekoBoaNTEN € HA OTJEIEHNE
B HaydHOM3CcIeAoBaTenckus yentsp B Eiimc. OT 1975r. e B ocraska,
BULIETIPE3UAEHT Ha (upma B8 Konopago.

Jxeitme VipBun € popex nipes 1930r. 3apppuusa BoenHoMOpCka akagemms,
faxanapbsp O MOPCKH HAYKH, MarncrbpeKa CTEMNeH 1o apualys, aCTpOHABTHKA
¥ IpMBOPOCTpOeHE NOoMyyaBa B Muunranckus yHusepeurer npes 1957r. Cryxun
B ABMAHMOHHHM uacTH, nonkosHuk or BBC. IIpe3 1961r. 3asbpluBa wuKosa 3a
neTuM usnurateay Ha BBC, a npes 1963r. - 1K0J1a 32 MAIOTH 38 a6POKOCMHUYECKH
mzcnegBanud. Jiety Ha “Axntono-157, xaua Ha Jlynara. B ocraska e ot 1972r.

Tomac Martunrnu e pogen npes 1936r. Ilpes 1958r. sasbpiusa Bucuwia
uikona Eaucon B MafisMu, Gakanarsp no aBMALMOHHA TEXHWKA, JIETEL BBHB
BMC. kanurar I paur. Cinen 3aBbpLIBaHE HA IIKOJA 3a NUIOTH 34
aepoxXocMUUecky nacineasanus npemudasa B HACA. Jlern va “Anono-18" u B
UETBLPTHA eKkTiaXk Ha coBankara “Konymbus” npes 1982r,

Yapns ok ¢ pogen npes 1935r. IIpes 1957r. sasppuBa Boennomopeka
axagemus, 6akanaBsp [0 BOGHHOMOpPCKUTE Haykn. B MacauyseTckud
TeXHONOTHYEH MHCTHTYT Ape3 1964r. crapa MACKHCTLY. [10 ABHALMA K
acTpoHaBTHka. Cnyxu B 6asute Ha BBC B xopmxus 1 Texcac u B FepManus.
Crie] 3aBBDIUBAHE HA [IKONA 32 NMUJIOTH 32 ACPOKOCMMWYECKHM U3CICEBAHUA
rpemuHasa 38 HACA npes 1966r. Jletn Ha “Anojo-16", xana #a Jlynara. Ot
1976r. e B ocraBka. PbKOBOAM CBOA HACTHA PUpMa,

Ponanpg EBanc e pomen npes 1933r. Tlpes 1956r. sapwpiuBa KaHzackus
YHUBECUTET, 6aKanaBbp N0 eNEKTPOTEXHMYMECKS MalTHHOCTpoeHe. Ofmuep oT
BMC, kanutaH I paur. [Ipe3 1964r. cTasa MarUCTLY 110 aBHALMOHHA TEXHUKA.
BHACA e o1 1966 r. JleTy Ha “Anono-177. O1 1977r. & B 0cTaBKa, IOMGHIHHK
BULENPE3NJIEHT Ha YacTHa hupma.
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Xapucss LIMutr ¢ poaew npes [935r. 3aenpuiBa KanudopHuitckus
TeXHONOTMYEH MHCTUTYT, GakaiaBhp no reosiorus. B 1964r. & Xapeapackus
YHHABEPCUTCT CTaBA ROKTOP NO reosiofus. Paboty B reonoruuecky yrpasiexus
Ha CAIll u Hopserus. Jletn ua “Anono-17", kaua ua Jynara. Cenartop ot
pertySaMKaHCKATA napTHA.
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Benrapcka axaneMus Ha daykHre ¢ Bulgarian Academy of Sciences
AepokocmMiNeCckH U3caeaBanns B Brarapis ¢ 13 ® Acrospace Research in Bulgaria
Codua » 1997 & Sofia

In memoriam

IIpodecop nokTop Ha PU3UYECKUTE
Hayku Mutko MapuHos ['oroiies

BBArapckUTe KOCMHYECKH M3CIeABaHUsA 3arybuxa oie
eIYH OT oCHOBoNoJokHULUTE ¢, Mutko Toromen 6e 3a mMen He caMo
NpEeANOYUTAH CbAaBTOP, HO U IPUATEI OT MHOTOODOHHHUTE CBBMECTHU [TETYBAHMS
N0 cBeTa. UecTo cMe JEHIIM XOTEIICKUTE CTaH 110 KOCMOAPYMHTE. 3aTOoBA Che
CMBPTTA MY CH OTHBA ¥ HELUO OT MEH.

ITpog. MuTtko Forotes € posen Ha 15 anpui 1940 r. B ¢. 3naTus, obnacr
MouTaHa, HO ilie OCTAHE 3aBUHATH CRhP3aH ¢ rp. Crapa 3aropa. B tosu rpai
TOM WMBS H TBOPHU cilel 3aBbpuiBane Ha Cotuitckua yruBepenTeT npe3t965 r.
Oule kaTo CTYACHT KOCMOCDHT IO NPHUBIKYA: NEPBUTE MY HAYUHH TPYJIOBE Cd
CBBP3&HHU C HADIHOJEHMATA HA M3KYCTBEHUTE CTBbTHHLM Ha 3emaTa. Ot 1968 .
TOH € AUPEKTOP Ha cOCEPBATOPHUATA, KOATO APEBRBPHA OT MOOUTENCKO 3BEHO 34
oOy4eHHe Ha yYeHMUM BBLB BOACHIO KOCMHYECKO HAy4YHO HanpasleHue. J-p
[oromes ¢ OT paaxaTa HAMOCHEIBK KATEropud OBACapcky yuUeHM, KOUTO
ocTaBuXa ciief cebe U Wikoaa, ToH ¢b3ane HayuHo HanpaeaeHue “ONTUYHU
METOAM 34 M3ydaBaHe Ha KocMMyeckaTa MijasmMa” W JOpH Clel cpamHaTa
“LITHOHCKE UCTOPHUA™, KOATE IO IPUHYOM Aa HanycHe IHCTMTYTa 32 KOCMUYECKH
nacieaBanus npu BAH, Genie HeocnopUM HayuyeH PBKOBOJMUTEN HA KONErUTe
oT basopara of6cepeaTopus B Crapa 3aropa. B Kyba, I'Bunes, I'bpums,
IToptyranus 1 ViHaus cnyuiaxa HEroBM JIEKLMM UIK paboTexa chb3aafeHH Mog,
PBKOBOACTBOTO MY Ha3eMHU HOTOMETPHYHHM CTAHLUM 338 U3C/ACIBAHE HE
“CBETEHETO Ha HOIIHOTO HebDe™.

Herosa 6ewe naeaTa 3a H3cTpesNBaHe Ha CNBTHUK, CHA0AEH M3LSIO ¢
Obarapcka HayyHa amapatypa, 3a O3HaMeHyBaHe Ha 1300-roauuHuHaTa OT
Ch3A3aBAHETO HAa OBLAT4pPCKATA ABPKABA - DEANMIWPAHA KATO CNBTHUK
“HMureprocmoc-Bearapus- 13007, ITpod. oroiue Deiue HayyYeH PHPKOBOLNTEN
Ha IIPOBEAEHUTE ChC CODCTBEHA HAYYHA ANAaPAaTypa ONTHYHU U3CHNEABAHUS B
onaukarta Ha XajeeBaTa KOMETa (110 BpeMe Ha eKcriepumenTa “Benepa-Xanen™)
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1 HACONOr HA paboTeulaTa B MOMEHTA Ha GOpaa Ha ABPOPANIHUS CITBTHHK OT
excnepumeHT “UnTepbon™ Grarapeka YATPABUONETOBA CUCTEMA 3a M3CICHEAHS
HE NOIAPHUTE CHSHHA. :

Murxo I'oroules umanie HCTHHCKA AIAMUHUCTPATHBHA aapba: Herosa
poxba e U MEeXIYHAPOAHUAT CUTYAHOHEH HEHTLP, KAKTO W HAYYHO-
NPpOU3BONCTBEHOTO Npeanpuatue “Kocmoc” B rp. Crapa 3aropa. C KaksoTo u
JA € 3TOBEHIe TOW DilecTelile ¢ epyaMina M MHTeRekT. OcBeH y4eH, OpPraHu3aTop
# ONyAApU3aTOp, MuTko Gellle ClIOPTHA W apTHCTHYHA HaTypa. Toi Gelie
AYWIATa HA BCAKA KOMITAHMA.

Cboroum, npusremo! Hle #u nuncaain!

Crae Crepan Yanxwrmos, HKH-BAH
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YKA3AHMS 3A ABTOPUTE _

. B TeMmaTHMHATA NOpeaua “AepOKOCMITIECKH H3CIEABANMA B Brarapus” ce newarar
OPHIMHATHY HaYHH CTATHH OT 06/1ACTTa HA KOCMUYECKATA H ABHAIOHHATA HayKa M IPAXTHKa,

" Yenopua: Crartuure Tpafea Aa OBOAT NPeACTAREHH B 2 EK3EMILIAPE Ha
OnArapekd, pycKH Mnk aHrMicku. BBArapCKUTE ABTOPH TPAGRA A NPeLCTABAT M NpEBOX HA
CTATMATA, 8KO TA € HA PYCKM MAH aHDTHHACKM e3MK.

: ® OBeMBbT Ha CTATHATA (BTIOUMTENHO TabmuumTe U nuTeparypara) He TpafBa Az
NpEBHINABA 15 CTAHAAPTHM MAIMMHOTIMCHY cTparuiy (30 pena Ha crpanmia, 60 yAapa Ba pen) ¢ Gopmar
210x295, :
'@ Bofka CTaTna TpadBa A2 Gbae TPUIPYKEHZ OT Pe3lOME { mo 1 ¢crangaprHa
CTpaHHna) Ha OBArapckH M Ha SOMH 3aNafeH S3HK.
® MaTepram, NpHeTH 33 NeTaT KK MGy BAHY B APYTH HIZAHMA, He CE [pHEMAT.

Tloapexgane:

¢ Ha mephara cTpaHuIg Ha BCAKA CTATHA TRAGBA Aa HBAAT HATTHCAHI 3ariasHeTo,
MMEHATA Ha aBTOPHTE M AIpeckT Ha MecTopaboTaTa. _
. 4 Taﬁnnuunanoc'rpaunn.Taﬁnnumenmxm'rmmmocrpammre
TpaGBa 1a Ce NPEemCTARAT Ha OTAENHH CTPAHMIE. MACTOTO ‘MM B TOKCTZ Az CE IIOCOMM B MONETO Ha
CBOTBETHATA CTpahmua. Ha repba wa wmoctpaiumre (poTocn, wepreskh, rpadinxy i Ap.} ¢ MONEB
Aa CC HANHWIIAT 3aTNABMETC Ha CTATHATA, MMCHATA HA 2BTODHTE, HOMEPET Ha (UIYpPaTA H Aa ce
YEK&KE QPHeHTALMATE.

® Jluteparty p a Lurupanara nureparypa ce MPecTABL Ha OTHENEH IHCT FO
HOMepawyi, MOABABAIIA CE XPOHOIOTHIHO B TexcTa. FIMETo Ha MEpBYA 4BTop Ce fasa ¢ mupepcust. Cnensar
3aIIABMETO HA CTATHATA, 3arIaBUETO HA CIMCAHNeTo (cOopHuKa), TOM, rofHHe, KHIDKKA, CTPAHHLIE, 2 mpH
MoHoTpaduuTe - Fpaj, H3AATE/CTBO, TOAMHA, CTPAHMIIA,
Tlpumep:

ILKpscranos, JI,K.Cepadumon. - Cm va BAH, XX, 1574, Ne 2,¢c, 289,

2HecTopos, I Gmzuxa ka wackata fionocdepa, C., BAH, 1969.c. 63.

Hpyru M3INCKBaHUA:
& MepHure eMIHMIM 3aqp/DKETEN S O3 §haat no CH.

® ABTOPHTE UperiexaT €4HA KOPEKTYpa B ONPEHeNeH cpok. Jomyekar ce
CEMO TIOTIPABKH He I'DEIKM, HAIIpakeHH NpH Habopa.

Azpec. ABTOpHTE MOraT Aa DPSACTABAT THYHO MaTePHAIHTE CH M A TU IBOPATAT

Codus 1000 0

yi1. “Mockorcka” Ne 6

WHerwryT 3a KOCMITISCKH MCNenBanma - BAH

PegaxiMoHHA KOTerMA Ha * ASpOKOCMUMECKH 3CTGIBAHIA B Brarapus™

Ha afpec:

/.
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