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Kick-excitation of “quantized”
oscillations'

Viadimir Damgov, Arun Holden*

Space Research Institute, Bulgarian Academy of Sciences
s«Cenire for Nonlinear Studies, Leeds LS2 T, U K,

Introduction

The phenomenon of continuous oscillation excitation with
amplitude from discrete value set of possible stationary amplitudes [1] will be ana-
lyzed numerically on the basis of a general model — a pendulum under the inhomo-
geneous action of external HF periodic force,

In fact, we will discuss a class of systems with specific excitation — adaptive
kick-excited systems. The kick-excitation can be represented by a short, as compared
with the main period of oscillations, action of an external sine force,

The case discussed in the paper is rather a self-affined and quantitatively simi-
lar to the well-known problem examined by Fermi [2-4]. As an explanation for the
origin of cosmic rays, Fermi proposed a mechanism for charged particles to acceler-
ate by collisions with moving magnetic field structures. A great number of papers
deals with the simplest model case — the so0-called model of Fermi-Past-Ulam [5-
12]. 1n the setup of Fermi-Past-Ulam scattering problem a ball is made to fly and
impact dissipatively on a signal sinusoidally vibrating surface under the influence of
the gravitational acceleration, which hence reverses the flight, The amplitude of the
surface vibration of the cosine type and the coefficient of restitution between the ball
and the surface control the ball dynamics.

In the recent years, the principle ability of using the Fermi mechanism for
boosting space rockets in the gravitation field of the planets and stars has been dis-
cussed in the literature, This is the model of a so-called “gravitational engine”, ac-
celerating particles or bodies. The part of the vibrating plate may be played, for in-
stance, by the field of a rotating binary star.

! An investigation supported by the Bulgarian National Foundation “Scientific Research” under
Contract No TH-549/95.



Fig. I. Illustration of the system under consid-
eration — a pendulum under the inhomoge-
neocus action of an externzl periodic force

Fosin vt

Similar phenomena occur in other subclasses of the class of kick-excited sys-
tems, e. g. in periodically kicked hard oscillators, ice-structure interaction model,
kicked rotators, driven impact oscillators [3, 13-20].

At present the pendulum is also a widely used basic paradigm for analysis, both
theoretical and experimental, of phenomena of excitation of complex, irregular and
chaotic oscillations [3-20]. Extensive numerical and analog simulations have shown
that this simple, low dimensional system exhibits complex behaviour including fre-
quency and phase locking, intermittency and fractal basin boundaries. :

The paper deals with common features in the behaviour of pendulum with in-
variable parameters in new conditions, namely the pendulum undergoes the action
of continuous periodical external constrained force, which is inhomogeneous with
respect to the coordinates of its motion.

Fig. 1 presents a schematic diagram of the pendulum system under consider-
ation. The deviaticn of the pendulum from the lower equilibrium position is denoted
by x. The external harmonic high-frequency force F=F, sinvt, where F =const, acts
in a Jimit zone [-d, d] of the trajectory of motion of the pendulum, which is symmet-
rically located around the lower equilibrium point, This is the meaning of the notion
“inhomogeneous action” related to the trajectory of motion of the pendulum, or the
same expressed by the notion “nonlinear harmonic force” which should be under-
stood as a nonlinear dependence of its amplitude on the coordinate of motion of the
driving system — the pendulum. The direction of action of the external force is par-
allel to the direction of motion of the pendulum and is periodically reversed. When,
initially, the pendulum is turned aside from the equilibrium position outside the zone
[-d. d] and is released to oscillate, it periodically passes through the zone [-4, d] and
is subject to the action of the external force F=F, sinvt. At these conditions, a sta-
tionary mode of pendulum oscillation can be esta%lished with & quasi-constant am-
plitude, within one of the hatched areas of attraction in Fig. 1. The particular sta-
tionary amplitude of pendulum motion is determined by the initial deviation and the
initial speed (i, e, by the initial conditions), Different modes of motions are possible
for the pendulum, depending on the initial conditions: it either catches up with one
of the possible stationary orbits, or its motion is quickly damped. This is the heuristic
value of the phenomenon — the presence of a possible discrete set of stationary
amplitudes, i. e. a specific “quantization” of the pendulum motion by intensity as a
parameter. At the same time, there exist “forbidden” zones of initial conditions, for
which the motion is only a damped one. Obviously, there is a phenomenon of “quan-
tized” oscillation excitation, a “quantization” of the dynamic states in a macro sys-
tem. The excitation of one ampiitude or another depends on the initial conditions, at
consiant other parameters and conditions. We consider that the pendulum in this
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case is a self-oscillating system with high-frequency source of power supply (in con-
trast to the common perception that the self-oscillating systems should have a d. c.
source of energy [21]). In quantum mechanics, the quantization (the notion of quan-
ta, photons, phonons, gravitons) is postulated, and in the Theory of Relativity quan-
tization is not derived by geometric considerations. At.the phenemenon found, the
“quantization” of transition of energy in portions directly follows from the mecha-
nism of the processes and is formally mathematically defined. The quasiharmonic
oscillator obeys the classical laws to a greater extent than any other systems. A num-
ber of problems, related to quasiharmonic oscillators, have the same solution in clas-
sical and quantum mechanics.

This paper presents a general picture of the motion of the pendulum under in-
homogeneous excitation at different conditions. It is demonstrated that, due to the
character of excitation (adaptive external kicking action}, maintaining quasi-period-
ical and quasi-regular oscillations is possible. Bifurcation characteristics are present-
ed and problems of excitation in the system of irregular and chaotic oscillations are
discussed, :

Numerical experiment of exciting “quantized”
pendulum oscillations

A fascinating problem in modern dynamics is the origin of
qualitative changes in the behaviour of nonlinear physical systems on very long time
scales and the resulting low-frequency noise.

In this section we report a study of “quantized” oscillations excitation and bi-
furcation to irregular regimes in numerical simulations of the damped driven pendu-
lum emphasizing the role of the phases of attraction for different stable states of the
dynamijcal system.

Generally, almost periodic oscillations are excited in the system under consid-
eration, due to the nature of excitation (the external force acts inhomogeneously:
kicking excitation},

The inhomogeneously a. ¢. driven, damped pendulum system is given by the
following set of three first order autonomous differential equasions

x =y,
(4] p - —2Bx —sinx + E(x)F}, sin z,
= A,

: : 4, ] :
where x is the pendulum’s angle of elevation, y = — its angular velocity; the driven
dr

torque is & sinusoidal torque with amplitude F,, frequency v, and phase z - vt + ¢, ©
is the initial phase; [3 is the decrement of damping in the system; the dot denotes an
operation of differentiation by the dimensionless time =01, where @ is the natural
resonance frequency of the pendulum for oscillation with a disappearing smalil am-
plitude, the frequency of the external periodic source is in units of ®, the v>>1, case
is considered.

The function &{x), which derermined the nonlinearity of the external periodic
force related to the coordinate of the excited system is accepted to be expressed as



1, at |x| <d,
2) a(x) r {O,at [x| >d,

where the parameter d thus defines a symmetrical zone of action in the area of the
lower equilibrium position, d=<<1.

The Equations (1} and (2) imply that an almost symmetric solution is an almest
pertodic sclution with a period T which is an odd-integer multiple of the driven

period 2%
W

7=+, n=1,23, ..

A fourth-order Runge — Kutta routine was employed to compute numerical
solutions of Egs. (1}. All calculations were carried out in double precision arithmetic.
The integration time step generaly was chosen to be 0,001 of the natural period. For
each cycle of computations the discarding points were determined to be 500 thou-
sand and calculating points to be 250 thousand. Comparison of the anaiytic and
computed solutions to the linearized form of Egs. (1} indicated that this technigue
gave numerical precision of seven decimal digits over one natural cycle,

Equations (1) constitute a flow in 4 three-dimensional phase space with dynam-
ical variables x, y=x and the drive phase 2. The control parameters F, and 3 and the

initial conditions x,and y, = —% determine the pendulum’s motion. Based on the
dr

physical mechanism of excitation, which will be described in greater detail below and
which is associated with a frequency lock and phase synchronization, the frequency
v of the external driving force at the experiment should be constant. As it will be
made clear below, the initial phase ¢ plays a significant role at the adaptive mainte-
nance of the pendulum oscillations. At the same time, we take into consideration
that at the inftial start of the pendulum the phase ¢ has an equally probable value in
the range from 0 to 2%, which means that the pendulum enters the action zone [-d, 4]
of the external force at an equally probable (arbitrary) value of the initial phase .
Once again, the meaning of the initial phase @ (its role will be explained below)
should be pointed out. The phase ¢ determines the state of the external driving force
at the time when the pendulum enters the action zone [-d, d]. Therefore, the phase ¢
is a varying value from period to period and it plays a dominating role at the adap-
tive self-maintenance of the pendulum oscillations. In all calculations the initial val-
ue of the initial phase ¢ is chosen to be zero; ¢ =@,=0. After the transition process is
completed, a regime of automatic adaptive self-adjustment of the initial phase is es-
tablished, around a value of @, which is characteristic for any regime and the corre-
sponding set of parameters,

We have obtained computer solutions of Fgs. (1) and analyzed the resulting
data using three diagnostic tools: time series of the angular x and the angular veloc-
ity &, phase-plane plots (x vs. x) and bifurcation characteristics {the oscillations am-
plitude vs. the controlled parameters). The numerical selutions are cbtained for F
values in the range 0,1<F <500, for [ values of the damping in the range
0,0001<8<0,5, for d values in the range 0,001<d<0,05, for fixed values of the driving
frequency wv=51,0; 97.0; .. and always starting from the initial conditions

dx, : el : ;
Vo =—= =0, x=vary. In all cases in order to eliminate transients, the solution were
&
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Fig. 2. Time series of the coordinates x{q} and the velocity x(5) in steady-state stationary regime of
motion of the pendulum at the fellowing initial conditions: x =1,5, 1,35, 1,05 and 0,25. The values of
the rest unchanging parameters are: y =0, F =2, v=51, =0, 01, d—(} 025

run through at least 1000 periods of the driving force before actual data taking was
started,

Below, we present the main results of the numerical experiment at the following
values of the parameters: f=0,01, v=51,0, F,=2,0, d=0,025, y, =0, x =vary.

Figs. 2 and 3 show the time series and the combined phase portralts of a station-
ary steady-state pendulum motion at four different initial conditions: x,=0,25; 1,05;
1,35; 1,5. Figure 2a shows the time series of the coordinate x and Fig. ﬁb shows the
time series of the angular velocity X. Both in Fig. 2b and Fig. 3 the abrupt changes of
the velocity of pendulum motion in the narrow driving zone of the external force are
clearly distinguished. By Fig. 2 and Fig. 3 we have sought to illustrate different pos-
sible regimes and cases. At an initial condition of x,=1,5, periodic oscillations are
excited, very close to the harmonic ones, with a stationary amplitude of ~ 1,45. The
initial condition of x_=1,05 determines a stationary amplitude of ~ 1,1. In both cases
the value of the initial condition is chosen very close to the possible (“allowed”} am-
plitude values. The area of attracting related to the initial conditions for any one of
the possible stationary amplitudes (see the hatched areas in Fig. 1) varies from 15%
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Fig. 5. Phase portraits of the dynamic state of the pendulum at the transition process of establishing
stelionary motion of the pendulum at the same values of the rest parameters, as in Fig. 2

ta 7%, with an increase of the absolute values of x, from 0,25 ta 1,5, respectively.
When the initial condition is set to be between thcse areas of attracting, different
modes are possible — either the oscillations are quickly damped, or the motion is
“trapped” and stabilized on one of the possible lower {“allowed”) orbits. The latter
possibility is illustrated in Fig. 4 and Fig. 5, which present the transition processes of
establishing a stationary motion for the same 4 initial conditions as those spec:f ed
related to Fig. 2 and Fig. 3, At an initial condition of x_ =1,35 (clearly seen in Fig. 5)
— a value located between the “allowed” values of the stationary amplitudes ~ 1,1
and ~ 1,45, the pendulum becomes “heavier” and passes through the possible sta-
tionary orbit with an amplitude of ~ 1,1, then is “trapped” on an orbit with ampli-
tude ~0,75. Another feature of the presented data of the pendulum behaviour is that
while its motion around one of the orbits, with an amplitude of ~ 1,45 in this case, is
sufficiently close by its nature to the harmoni principle of motion, at the moticn
around other orbits (with lower values in this case) an amplitude — two and ampli-
tude — three modulated motion may be observed. This is especially characteristic in
the case of the orbit with amplitude ~0,25, which is an amplitude — three motion (see
Fig. 3 and Fig. 4).

As a whole, Figs. 2, 3, 4, and 5 illustrate the most important common features
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Fig. 6. Bifurcation characteristic repersenting a dependence of the amplitude of the oscillation of the
pendulum on the control parameter — the amplitude of the externzl driving high-frequency harmonic
force at the following parameter values: x =1.05, y =0, v=51, B=0,01, d=0,025, F ~vary

of the system under consideration — discretization (“quantization®} of the possible
stable motions by the parameter of intensity, at which the particular amplitude of
oscillation is determined by the initial conditions. The occurrence of a specific series
of possible stable stationary amplitudes is associated with the condition v>>1 and is
defined by the condition of locking of the phase ¢ and phase synchronization be-
tween the motion of the pendulum and the external periodic force. The physical
mechanism of phase adaptivity and its role for the maintenance of unchanging oscit-
lations of the pendulum at a considerable change of a number of parameters and
conditions will be clarified below and in the subsequent Sections.

Fig, 6 shows a bifurcation characteristic that presents, in this case, a depen-
dence of one of the possible steady-state amplitudes of pendulum oscillations {(~1,1}
on a control parameter which in the case is the value of the amplitude of the external
driving high-frequency harmonic force. The presence of a threshold value for the
amplitude of the driving force {(~1,1) is seen, and for values above this threshold a
steady-state stationary regime of pendulum oscillations with amplitude ~1,1 is real-
ized. In the range of values of F~[1,1, 2,8], i. e. when the amplitude of the external
excitation force is changed by almost 200%, the amphtude of pendulum oscillations
remains practically unchanged and the motion is period — 1.

This property is the second very important principle of the system under con-
sideration — the independence of the steady-state stationary amplitude of pendulum
oscillation of the change of the amplitude of the external high-frequency driving
force in a wide range.

At a value of the excitation amplitude of F~2,8, a bifurcation of tripling the pe-
ried occurs. Amplitude — three oscillations exist up to values of F~3,26, when, as a
result of 2 new complicated bifurcation, complex irregular OSCIIIaHOﬂS occur. This
bifurcation is preceded by a return to a quasi-periodic determinate regime, followed
by a sharp transition from quasi-periodic regime to an irregular one (such sudden
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Fig, 7. Phase portraits of the motion in the system of Fig. ] at (a) F,=2,775, (b) F =23, (c} F =3,2595,
{d) F,=3,26 and the same values for the rest parameters, as for Fig. 2; x,=1,05

qualitative changes are usually called crises). The three specific portions of the bi-
furcation characteristic are also illustrated in Figs. 7, 8, and 9. At a value of F =2775
the oscillations are almost harmonic (see Fig. 7a). At a minor change of the value of
F, amplitude — three oscillations are established as a result of bifurcation {see Fig.
73). These oscillations undergo some increase, without changing their nature, up to
a value of F=3,2595 (see Fig. 7c). At further minor increase of the value of the con-
trol parameter F, a new bifurcation occurs and the oscillations in the system become
strongly irregular (see Fig. 7d).

The bifurcation characteristics are of a similar nature for the remaining possi-
ble stationary amplitudes of pendulum motion in the “allowed” spectrum of Ampli-
tudes of oscillating motion.

Figs. 8 and 9 represent an illustration of the irregular oscillations of the pendu-
lum at different values of the parameter F, and the parameter B. which represent the
decrement of damping of the pendulum. lgig. 9 gives an idea of pendulum behaviour
in extreme conditions — hyperloading and strong external driving.

Fig. 10 is another bifurcation characteristic, when the value of the damping dec-
rement {3 is chosen as a control parameter. At small values of [ the motion in the
system has a strongly irregular nature. With the increase of the value of , as a result
of bifurcations, steady-state stationary quasi-harmonic pendulum oscillations are es-
tablished, which exist over the range of values of $~[0,007, 0,02]. At the set value of
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the amplitude F,=2,0, for values of $>0,02, the pendulum oscillations mainly degen-

erate into faster or slower damped ones.
Fig. 11 gives a general idea of the nature of the pendulum oscillations on the
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0,03

0,02

Fig. 11. Ilustration on the nature of motion in the system of Fig. 1 in the plane of main parameters —
damping decrement (3 vrs amplitude of the external driving force F,. The hatched area correspands to
steady-state stationary oscillations; the dots denote the area of complicated irregular pendulum oscil-
lations

plane of basic parameters — the state diagram is given as a function of both the ex-
ternal driving amplitude F, and the damping paraméter B. The continuous line and
the hatching define the area of parameters that ensure stationary oscillations, For
values of parameters outside this area, the oscillations have strongly irregular nature,

The areas of parameter values corresponding to an irregular motion of the pen-
dulum (see Fig. 6 at F>3,26 and Fig. 11 — the space filled with dots) require a very
extensive and detailed investigation. As it was already pointed out, the system under
consideration in Fig. 1 is relative by a number of attributes to the Fermi’s problem in
the setup of Fermi — Ulam, represented by a vibrating surface, from which an elastic
ball is bouncing freely and is falling back by the gravitational effect. In spite of this,
there are substantial differences in the nature of the irregular motion in the two sys-
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tems. While in the model of Fermi — Ulam the regimes of irregular motion are de-
scribed by the typical principles of the determiristic chaos (e. g. fractality, well
known scenarios of transition to chaoctic oscillations, etc.}, our preliminary studies
of the irregular motion in the system in Fig. 1, described by Eqgs. (1}, have shown the
following. Two main mechanisms are “fighting” in the system under consideration —
from the one hand, the adaptive mechanism based on phase locking and phase syn-
chronization and tending to establish determinate quasi-periodic oscillations, and,
on the other hand, a complex mechanism of occurrence of instability. The adaptive
mechanism “overcomes” in the area of determinate oscillations, and the pendulum
motion may be too complicated in the area after the critical bifurcation point. The
behavicur of the inhomogeneously forced pendulum is richer in form than shown by
e. g. the logistic map {coexistance of different periodic motions, “intermittency” be-
tween small bounded and large attractors, combined rotational and oscﬂlatmg me-
tions etc.), but typical properties like period — doubling route to chaos, existence of
periodic windows, crises, intermitiency, have been observed aiso. in our numerical
experiments. In the last 15 years or so, much has been written on “chaos” and
“strange attractors” (irregular behaviour).of the systems of “pendulum type”, see, for
example, [22, 23]. However, the complex behaviour of the system under consider-
ation defies adequate formalization in accordance with the settings known from the
literature. The pendulum trajectories can be bounded and unbounded, the pendulum
can have steady-state behavicur that is non an equilibrium point, not periodic, and
not quasiperiodic.

When the amplitude of the external driving force F, is a control parameter (scc
Fig. €) the following common principles are observed. At a comparatively small in-
crease of F after the critical bifurcation point (F, >3), a motion with stovhastic char-
acter appears {the maximal dmplacement time series obtained by sampling the pen-
dulum displacement once per cycle is selfaffined and quantatively similar to brown-
ian motion). There only exist narrow windows with period — 3, period — 7, period —
14. A characteristic atfracting set in the phase space is missing, The eruptive insta-
bility, which in other systems leads to the appearance of a strange atiractor, only
breaks the condition of maintenance of determinate quasi-periodic oscillations in the
system under consideration and leads to a breakdown of the synchronous input of
energy in the system. The latter is expressed in an equally probable manifestation of
wide spectra of values of the external “kick” (from “the weakest” to “the strongest”
influence of the external driving force), therefore the describing point can with equal
probability be located in any point of the phase space. The character of the motion
substantially depends on the value of the damping decrement B. At small values of B
there is a mature random process. When the value of 3 is increased, noticeable frac-
tal structures are possible to appear in the phase space, In some cases, the chaotic
motion abruptly terminates, only to resume after some “laminar time”. At the same
time, both for values of the amplitude F, slightly above the critical bifurcation value
{(F,>3) and at significant values of F (¥ >10), there exist areas in which the pendu-
lum oscillations generally have a dampmg character. The time constant of dampmg
depends on the values of the parameters B and £, its value significantly increasing
with the value of | - -

Theoretical studies and experiments on the externally forced pendulum [24]
showed that chaotic oscillations of the pendulum are cbtained after the breaking of
symmetry of escillations. At the same time, in the system under consideration of a
pendulum under an inhomogeneous external action breaking the symmetry oscilla-
tions is, on the contrary, a necessary component of the adaptive mechanism for
maintaining determinate oscillations. With the increase of the value of the parame-
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Fig. 12. Bifurcation characteristic representing the dependence of the amplitude of oscillations of a
“linear” pendulum on the amplitude of the external driving high-frequency harmonic force at the fol-
lowing parameter values: x,=1,05, ¥o=0, v=31, B=0,01, 4=0,025 and F,=vary

ter F, the irregular oscillations of the pendulum are most often described by a “wan-
dering” of their amplitude, which is corresponding to a strange attractor (either cha-
otic or nonchaotic}. Strange nonchaotic attractors seem to be characteristic for qua-
si-periodically forced systems, such as the system under consideration.

The inhomogeneously shaken damped pendulum under consideration has a set
of potential wells, It is a nonlinear system which exhibits subharmonic and chaotic
behaviour. At relatively small driving forces, the system performes periodic oscilla-
tions in one of the potential wells. At increased driving forces the motion is “blurred”
and simultaneously “fills” the other wells, which leads to chaos at given values of the
parameter F,. For other values of the parameter F, the describing point “wanders”,
vaguely drifts through all wells and the state is prechaotic due to the stabilizing ef-
fect of the adaptive mechanism of phase lock and phase synchronization. In the pro-
cess of “blurring” around the potential wells the oscillations in the case under con-
sideration are mainly “turned around” the first, deepest potential well in the vicinity
of x~{0,25, which has stronger attracting adaptive properties due to the presence of
conditions for nonsymmetric amplitude — three modulated oscillaticns.

It is interesting to compare the data stated above with the case of a “linear” pen-
dulum. In this case, the function sin x is substituted by x in the system of equations

1).

Fig. 12 shows a bifurcation characteristic, which in this case is a dependence of
one of the steady-state stationary amplitudes of oscillation of the “linear” pendulum
on the value of the amplitude of the external driving high-frequency harmonic force
F. By comparing it with the bifurcation characteristic in Fig. 6, we can note the fol-
lowing. While in the nonlinear case there is a clearly expressed threshold by value of
the amplitude F, (F,~1,1 in Fig. 6}, over which stationary steady-state oscillations
with unchanging amplitude are excited, in the linear case (Fig. 12) there is a portion
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of values of the control parameter 0,5<F.<1,8, for which a smooth increase of the
amphtude of oscillation in the system is c%aractenstlc For values F >1,8 the char-
acteristic reaches a relatively flat section, but nevertheless the amplltude of oscilla-
tion of the “linear” pendulum obviously depends on the value of F,,. At the rfonlinear
pendulum (Fig. 6), in a wide area of values of F, (1,1<F <2,8) the amplitnde of its
oscillations is practically fully independent of the 2 amphtude of the external force
(the external driving amplitude may vary up to 200%, at which the oscillating pro-
cess remains unchanging). The adaptive mechanism of self-adjustment acts less
strongly in the case of a “linear” pendulum. This is obvious, since the absence of
nonlinearity precludes the action of the modulation-parametric mechanism of ener-
gy input into the oscillation process, characteristic for the nonlinear case. Continu-
ing with the cornparison, it is seen that in the case of a “linear” pendulum the multi-
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Fig. 13. Bifurcation characteristic representing the dependence of the amplitude of oscillations of a
“linear” pendulum on the amplitude of the external driving high-frequency harmonic force at p=0,09
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amphtude regimes at increased values of F (F,>3,6) are much better expressed than
in the nonlinear case,

The increase of the value of the decrement {3 substantially softend the sectmn of
the bifurcation characteristic described by an increase of the amplitudes of oscilla-
tion. This is illustrated in Fig. 13. It is seen that in this case the threshold value of the
amplitude F, and the area of stable stationary steady-state oscillations are much bet-
ter expresseci The case of a very high value of the parameter B shown in Fig, 13cis
described by a wide area of irregular oscillations and the steady-state stationary os-
cillations are realized at high values of the driving amplitude F (F;>37). In order to
get a2 more full idea, fig. 14 shows a bifurcation characteristic of the “linear” pendu-
lum, the control parameter is the decrement of damping B, and the value of the am-
plitude of the external driving force has been chosen to be high, F,=40. The areas of
stationary steady-state oscillations and irregular oscillations are clearly distin-
guished. At small values of the oscillations are of quasi-determinate nature, as op-
posed to the nonlinear case, where for the same values of [ the oscillations are of
clearly expressed irregular nature.

Now it is time to give a more detailed explanation and illustrate more evidently
the adaptive mechanism of mamtammg unchanging the pendulum oscillations,
which was mentioned several times in the above text. Fig. 15 shows conditionally a
period of the sinusoid of the external driving harmonic force at F =1,1 (Fig. 15a) and
F =28 (Fig. 15b). The time of interaction of the pendulum with thc external high-
frequency source is determined by the phase o, corresponding to the time when the
pendulum flies into the zone of driving [-4, d] and the phase ¢_, when it leaves the
zone. The pendulum is speeded up during the positive half pcnod and is stopped
during the negative half period. The resulting energy absorbed by the pendulum is
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Fig, 15. Illustration to the explanation of the adaptive
mechanism of selfcontrol of the input portion of energy
in the pendulum oscillations: one period of the external
harmonic force at F,=1,1 (a) and F,=2,8 (). The phase
¢ corresponds to the time when tﬂe pendulum enters
the driving zone and ¢ — to the time when it leaves
the zone '



proportional to the double hatched area marked with the sign @ in Fig, 15. In a re-
gime of stationary steady-state oscillations of the pendulum its amplitude remains
unchanged at a drastic change of the amplitude of the external driving force, €. g. at
a change of F_at almost 208% within the range [,1<F <28 (see Fig. 6}. The portion
of energy absorbed by the pendulum, delivered by the external source, remains un-
changed at an arbitrary value within this range, This is automatically achieved due to
the adaptive change and self-adjustment of the phase ¢, where the pendulum flies
into the driving zone [-d, d]. It is clearly seen from Fig. 154 that changing the ampli-
tude F, from 1,1 to 2,8 causes the phase ¢ to be changed in such a way that the dou-
ble hatched area with the sign @ remains unchanged {(compare Fig. 154 and Fig,
15b), tharefore the portion of energy input in the pendulum remains unchanged.

Consider the influence of the parameters v and 4 abeut which almost nothing
has been said so far. : ]

The analysis shows that the condition v>>1 should be satisfied in order to ob-
tain a discrete series of steady-state amplitudes of pendulum oscillation, i. e. the fre-
quency of the external driving force should be much higher than the natural reso-
nance frequency of the pendulum. For example, in the range of values 1 <v<10 and
the rest unchanging parameters, the pendulum may cnly have one steady-state am-
plitude of oscillation. At increased values of v a discrete series of possible steady-
state amplitudes is realized. As it was always seen, at v=>51 there exist 4 steady-state
stationary amplitudes of motion of the pendulum: ~0,25, ~0,75, ~1,1 and ~1,45 (see
Figs. 2 and 3). At further increase of the value of v, the number of the stationary am-
plitudes of motion of the pendulum is alsc increased. E. g., at v=97, the possible
discrete series of stationary amplitudes amounts tc 9 values: ~0,25, ~0,43, ~0,60,
~0,75, ~0,93, ~1,1, ~1,20, ~1,33, ~1,45, _

Since the function &(x} was chosen to be even function of the type (2), then v
should take on odd values. Regardless that at v>>1 this condition is considerably
softened, the numerical analysis shows a significant difference of the oscillation
modes, e. g. at v=51 and v=50, At the numerical and theoretical analysis it is possi-
ble that the preset v to be odd. At a natural system, built on the conditions of Fig. 1
and the Expr. (2} the condition v to be odd is automatically achieved, since due to
the adaptivity of the system and its non-isochronism (the frequency of pendulum os-

cillations depends on the amplitude of its oscillations) this condition corresponds to

the regime that is most favourable as related to energy input, Indeed, in order to en-
sure the stationary oscillation of the pendulum, the latter should enter the driving
zone [-d, d], both “from the left” and “from the right”, each time at the same phase
of the high-frequency driving force, differing from the preceding cycle with Ir, where
i=1, 3, 5, ... Obviously the stationary oscillations of the pendulum will be excited, if
the ratio of the external force frequency to the pendulum oscillation frequency is a
multiple tc an odd integer.

It should be particularly noted that only the precise odd integer ratio of fre-
quencies and zero deviation from the respective resonance frequency ensure sym-
metrical almost harmonic oscillations of the pendulum, When these conditions can-
not be simultaneously satisfied, nonsymmetrical regimes of oscillations of the pen-
dulum are realized. A clear example of such nonsymmetrical regime at v=351,0 is
amplitude — three oscillations of the pendulum around a value of ~0,25 (see Fig. 3).

The value v=51,0 gives the ratio between the external driving force frequency
and the natural freguency of the pendulum at disappearingly small amplitudes of
oscillation. At a finite amplitude (¢, g.~0,25) the ratio between the external driving force
frequency and the equivalent to that amplitude resonance frequency of the pendu-
lum (this ratio will be denoted by &) is greater than 51, i. e. N>51idue to the non-
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isochrenism of the oscillations, For example, the numerical experiment shows that
frequency ratios N=53, 55, 57, and 59 correspond to the stationary oscillations with
amplitudes ~0,25, ~0,75, ~1,1, and ~1,45 (see Fig. 3). Only at pendulum osgcillations
with amplitude ~1,45 there are conditions for osciilations with a precisely odd mul-
tiplicity of frequencies N=59. As seen from Figs. 2 and 3, in this case the pendulum
oscillations are “purest” and closest to the harmonic ones. In the remaining cases
there is some fluctuation of the resonance frequency around the precise multiple fre-
guency. At higher values of v it is possible the more complete fulfillment of the con-
ditions; ¥V to be an cdd integer, which provides symmetrical oscillations of the pen-
dulum. For example, at v=97 the 9 steady-state amplitudes listed above are realized,
to which 9 odd multiplicities of the frequencies correspond: from N=101 to N=117.

The numerical analysis of the influence of the parameter 4, defining the zone of
action of the external high-frequency harmonic force showed the following. There
cxist ranges of values for 4, in which the possible discrete series of steady-state am-
plitudes of oscillations of the pendulum and their values remain unchanged, These
ranges of values of d depend on the frequency of the external driving force. For ex-
ample, in the case of v=51, the main oscillation processes and regimes of the pendu-
lum remain unchanged in the range of values for d=[0,01, 0,045] and the rest un-
changing parameters. This is again possible due to the adaptivity of the system, when
the phase @, corresponding to the moment when the pendulum enters the zone of
action, is so changed that the portion of energy of the external source that is input
into the oscillating process should remain unchanged.

Conclusion

The paper presents the phenomenon of excitation of contin-
uous oscillations with a possible discrete set of stable amplitudes, The discussion is
performed on the basis of a model system representing a pendulum driven by an ex-
ternal harmonic force, which is nonlinear by the angle of its deviation. The inhomo-
geneous action of the external force is set by constraning the zone of its action on a
certain small part of the trajectory of motion.

The basic properties characterizing the mechanism of “quantized” oscillation
excitation are;

(1) Excitation of oscillations of the quasieigenfrequency of the system with a set
of discrete stationary amplitudes, depending only on the initial conditions: i. e., dis-
cretion of the energy absorption processes, a specific “quantization™ of the ampli-
tude or intensities of the excited oscillations.

(2) The possibility for an effective division of the frequency with high rate fre-
quency of the unary transformation. Principally new is the possibility to excite oscil-
lations of the eigenfrequency under the action of external high frequency force upon
the unperturbed linear and conservative linear and nonlinear oscillating systems.

(3) Adaptive self-control of the energy contribution in the cscillating process,
revealed as a maintenance of the amplitude values and the oscillations frequency in
the system in case of significant change of the amplitude of the external acticn, the
guality factor {O-factor, load, Josses), and other external actions, i, e, this is a phe-
nomenon of strong adaptive stabilization of regimes at a parameter change up to
hundreds per cent. This effect of “dynamic stabilization” can play an important role
in other, quite different physical phenomena such as quadrupoie mass filters and
various types of plasma confinement,

The simple pendulum is a very old device, yet it is a paradlgm of contemporary
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nonlinear dynamics. The equation of motion for the driven, damped pendulum mo-
dels a veriety of physical phenomena, e, g, such as radio-frequency driven Josephson
junctions and charge-density-wave transport, etc. This fact, supported by the re-
search of a great number of scientists for centuries, allows us to speak about the in-
exhaustibility of the pendulum as a basic paradigm of nonlinear dynamics and, on
the basis of our research on the general model of a pendulum to move to generaliza-
tion such as the class of kick-excited systems. The deterministic dynamical systems
of “pendulum type”, driven by external nonlinear to coordinates forces, exhibit large
families of irregular non-periodic solutions in addition to the expected and studied
harmonic and subharmonic motion. The physical significance of these and other ir-
regular motions which appear to occur in pendulum systems apparently is to be yet
more studied and discussed.
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Kuk-pp3byxznane Ha ,,KBAHTOBAHH" TPENTEHHS

Bradumup Tamezos, Apon Xoaden

(Peswome)

Ilpencrasen e yuCIIeH aHANNI HA ABJIEHHETO BH3OYXIaHe Ha
TPENTEHASA ¢ AMCKPETEH e YCTOHMHBYA aMIUIMTYAH 1104 Bh3NEHCTBHETO HE BBEIL-
Ha, HEIWHEHH2 N0 KOOPAWHATAT2 I¢PHCAHMYHA CHJla. UMCICHHAT eKCIEPAMEHT €
Hanpapen Ha OCHOBATA Ha YPABHEHME, ONIHCBAILO ABHXEHHETO Ha Maxaio, Janenn
Ca BDCMEBH CepUH, ChbBMECTEHH (a30BH NOPTPeTH, GnbyprannoRun XapaKTepuCTH-
Kkd. KaTo ynpasassalin napaMeTpy ca B3€TH AMIUINTYAATA Ha FEHILAATA BB3eHCT-
Balla CHIa K- KOSPANHEHTHT Ha AeMIdHpane B cucTeMaTa. JleTepMRHUpAHAT2 IpO-
ABA Ha HBJEHHETO Ce.XapakTePHInAPa C JBE BAXHH 3aKOHOMEPHOCTH; AUCKPETH3AIAN
(,,XBAHTOBOCT") Ha BEIMOKHUTE YCTOHUMBH aMIUTUTY/H M CHIHA 8AANTHBHA yCTOi-
YHBOCT NPY 3HAYATEC/IHH HIMCHEHHA HA aMILIHTY/ATa H3 BHHIIHOTO Bh3JIeHCTBEE,
Xa4eCTBeHAS (HaxTOp Ha TPENTAUIOTO 3BEHO H ADYIH BHHIIHA BIASHES, Jlazena e
Harjean2 ¢nsnuecka HHTEPIPETANKS HA CAMOAJANTHBENTE CEOACTEA, oDyciioBeHr
OT xapakTepeH $asoB NApaMeTsp Ha cHcremara. HeperyidapHOTO noBeienne Ha
CHCTEMATA C¢ X4PAKTEPU3NPA ChC CIIOKHA KOMIUISKCH2 AMHAMHKA: NepHon — 3, 7,
14 ocnunanun; TpenTenns, nonoSuyu Ha BpayHOROTO ABMXEHAE: P33IBUTH XaOTHUHY
TPENTERNS (ACTCPMHENCTAYSH X0C); HEPETYIIAPHH [BIKEHNAS, ONACBAHA ChC CTPa-
HCH, HO HE Xa0THYEH aTPakTop K ap, POpMUDAH U IPelIoKeH € KJaC CaMOaHall THB-
HH KHK-BR3OYANME CHCTEMH. '
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Excitation of “quantized” oscillations
and principle of reversibility
of modulation — parametric interactions'
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Introduction

The phenomenon of “quantized” oscillation excitation will be
analyzed on the basis of a general model — a pendulum under the action of external
HF periodic force, nonlinear as regards the pendulum coordinates.

The fundamental problem of pendulum investigation, the analytical study of
which goes back to Huygens [1, 2], is isomorphic to a variety of physical phenomena,
particularly such as radio-frequency driven Josephson junction and charge-density
wave transport [3, 4]. This correspondence, recognized over a quarter of a century
ago has led to various studies of phenomena related to the Josephson effect by
means of mechanical analogs. The different types of steady-states, or attractors, of
the driven pendulum and of rf-driven Josephson junction and the ranges of control
parameters for which they occur have been studied extensively in numerical and an-
alog simulations.

The pendulum is a well-known phenomenon intensively studied for over 300
years. At present, the pendulum is quite rightly considered to be one of the most gen-
eral models in nonlinear dynamics [5-8]. Biased, we could say that any phenomenon

' that can be observed in the pendulum is of considerable generality. In systems of the
“pendulum type” phenomena like “resonance”,“frequency pulling, synchronization
and stabilization”, etc. have been discovered. In the early 50-ies N. N. Bogelyubov
and P. L. Kapitza discovered the possibility for stabilization of the upper instable
equilibrium pendulum point using weak high-frequency modulation applied to the
peint of suspension — a phenomenon that is applied for example in heated plasma
stabilization in experiments for termonuclear reaction utilization [5, 9]. It is not a
mere coinsidence that the quantum-mechanic radio-frequency driven Josephson

' An investigation supported by the Bulgarian National Foundation “Scientific Research™ under
Contract No TH-545/95, g
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Junction discovered recently, as well as the charge-density wave transport process are
completely analogous to the pendulum with its strong sinusoidal nonlinearity, The
inexhaustibility of the pendulum as a general model is corroborate once again by the
presented herewith phenomenon of continuous oscillation excitation with an ampli-
tude belonging to a discrete value set of possible stable amplitudes. We believe that
the general problem of excitation of oscillations in different systems under an inho-
mogeneous action of a nonlinear external force (nonlinear with respect to the coor-
dinate of the excited system) should be most beneficially analyzed on the example of
the pendulum. .

Principle is stated for modulation-parametric interactions as reversible process-
es, representing fundamental issue of effective control of electric systems equivalent
impedances [10, 11]. Heuristic viewpoint of the principle understanding and appli-
cation is presented, analysing the effect of unifrequency non-degenerative paramet-
_ tic regeneration [10, 11] and — herewith — the phenomenon of excitation of “quan-
tized” oscillations.

Energy parametric input, transformation and transmission is described as a rule
with reactive parameter variation. Such processes are characterized by generation
and interconversion of combination frequencies. Two opposite in character yet si-
multaneous in manifestation processes take part — this of combination frequency-
generation accompanied by input signal — parametric element interaction and that
of “réverse” combination frequencies conversion with the same parametric element,
Thus is determined system reaction to input signal or signals with other combination
frequencies and system influence as either regenerative or degenerative,

Within this context is formulated the principle of modulation-parametric re-
versible interactions, connected with mutually reversible transformation and mixing
of signals in the presence of parametric elements. Variation of equivalent (effective)
impedance parameters accompanies the process.

Analysing those simultaneous inseparable signal frequency transformation pro-
cesses, analytical differentation into “forward” and “back” sub-processes is made.
First stage of analysis represents equation set, referring to “forward” signal transfor-
mation and combination spectrum generation. Second analysis stage includes equa-
tion solution and gives system reaction in presence of combination components as
result of “back” transformation,

The paper presents a picture of the internal formation of oscillations in the pen-
dulum system and the mechanism of a modulation-parametric energy input channel
for their maintenance,

Analysis of the pendulum oscillations
under inhomogeneous external driving
in the proximity of small amplitudes:
proof for the presence

of a modulation-parametric channel
for input of energy into

the oscillation process

The inhomogeneous driving of an external high-frequency
source of power supply causes a characteristic mixing of its frequency (or its spec-
trum of frequencies) with the frequency of the oscillations of the excited system. The
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characteristic argument of the system is an adaptively adjusted phase that provides a
most favourable, from energetic point of view, interaction between the driven pen-
dulum and the high-frequency source of power supply. In the language of frequen-
¢y, the process of nonlinear interaction of the pendulum with a high-frequency ex-
ternal spurce is expressed by generating an infinite spectrum of combination fre-
quencies. At that, the adaptive automatic adjustment to a most favourable phase is
the necessary condition of such mixing of the two oscillation processes, at which
spectral components with a frequency close to the equivalent resonance frequency
of the pendulum appear. Those spectral components maintain the pendulum oscil-
lations constant and steady and the phase conditions of excitation of one or another
amplitude of oscillation have a discrete nature and differ af the respective initial con-
ditions (initial kinematic parameters of the pendulumj.

The analysis is carried out on the basis of the following equation describing the .
pendulum oscillations under the effect of an external periodic force, nonlinear along
the coordinates: '

(D %+ 2px + o] sinx = e(x)Fsin vz,
where x — angle of deviation of the pendulum from the vertical, o, — frequency of

the small natural oscillations, 2Bx + ®} sinx — function accounting for the friction
and the unharmonicity of the oscillations, F>0 — amplitude of the external force
with high frequency v>>®,, £(x) — function determining the position of the force in
space.

The solution of Eq, (1) is presented in the form

2 = +_Zx,,,

where X , corresponds to the main oscillations of the pendulum, Zx;,, — sum of

combination components generated at the effect of the external force of the pendu-
Ium,

By substituting (2} into {1} and bearing in mind that Z x, issmall as compared
to X, we may write down: J
- Equation about the main oscillations

X +2BX, +olsinX, + [m; cosXUZxa]

Xy
(3
- [s(X )Fsin'vt} + sz Fsinve| ;
Q F ‘ix = ” o
' Xo
— Equation about any I-th combination component out of the possible #-set

X, + 2BX, + {co; cos XOZxM]
4) Sretot

k. [s(X.u)Fsinvt]‘_ + [@Zﬂ'{x,,l’sin vt]!.
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The subscripts “X” and “7” in (3) and (4) mean that only the components with
the frequency of the main oscillations or the corresponding combination frequency
are selected from the respective members of the Equations,

5 ' X, = acos{ot+ ¢, )= acosh,
(6) Zx" = Z”:Aﬂ cos[(v +nm)t+<p"]

where @, ® and ¢, — amplitude, frequency and phase of the main oscillation of the
pendulum; 4, (v+no) and ¢, — amplitude, frequency and phase of the »-th combi-
nation frequency. The frequency o is close to the resonance frequency of the small
oscillations o .

The function &(x) may be analytically represented in a different way, such as

' lat xj<d
e ' ) {0 at ||x|| >d
o i s | .
(7b. ¢ s(x)= e 24 8()6): EI:I i cos[zx}] at |x] <d
' 0 at Ix| >d

where d<<1 and d<<a. At conditions (5} we use the expansion of the functions (7) in
Fourier series:

(8) &(X,)=e(acos8)=q, + ZiaZn cos 2n8,
il ) | dlesus)is 23" b, sin2m.
, e ) =~ et .

The following expressions are obtained for the coefficients in (8) and (9) for the
function of the form of (7a):
28 2 sin Zmﬁa

HETS 3 ~d
(10) a=—2,a =—sin2n b == -, B_ = arccos—,
2 % o 872 re sin@ ? a

0

Substituting {5), (6) and (8), (9) into (3) we obtain the shortened equations of
establishing the amplitude a and phase o, of the pendulum oscillations accounting
for an infinite spectrum of combination frequency:

, G r
an a=—Ba:z+—i-———(aj\,_1 -aNH)oosN(po,
20 2o
& ¢ F
! L 1] 2 N,
(12) % =~ —Le——{a, +a,, )sin No,
where
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2

+a}jg(—l)k.lm(a){+ P2 A{Z‘;‘S (0, 7 2%0, :ch,,)}

n=+1-2k-N

+ A"{f; (9, F2k0, i(pu)}j‘

=F14+2k-N

_p;b{—zszi{:gl (o, F2me, J_rcp,,)} +F;_2;A"{jo’; (0, F2mo, ;epn)}

2 ZA{E?S (tpoizm@ﬁcp,,)}; S Aﬂ{:i:; (¢0$2n@0$£p")}:‘,

n=t1+2m-2N A=ti—2m-2N

27 {a) : _
J — Bessel function of the first order, c?}; = m; ! __ — change of the resonance fre-

iz

; : "
quency of the synchronous oscillations with the change of their amplitude, N = — —
LcH]

multiplicity of the frequency division in the system, Z iy rnea_ns that any term of

the sum consists of two addends — for the upper and lower siga of n, respectively.
In the regime of stationary oscillations «=0 and ¢,=0. By denoting

®m G G w32
8y =2B—,m, = 2I’T|2= :’gz 28

(1}0 [61] oa moa )
sions for the amplitude and phase of the stationary oscillations of the pendulum:

, from {11) and (12} we obtain expres-

o
: 2 33
5 - - j Fy
(14) a_=F @, ( s i J +[ g ..‘12 J :
By 1 " % Ay gy,

E-n, 4y 4y, ]

1
@, = -—arctg(5

(15) i o =M 4yt gy

A complex spectrum of frequencies is generated in the system, induced by the
strongly inhomogeneous effect of the external force. At that, as a result of the revers-
ibility of the modulation-parametric interactions (see [10-12]) the combination com-
ponents perform input of energy both in the main oscillations of the pendulum and
in the oscillations of any combination components of that spectrum. In this way,
maintaining the stationary oscillations in the system is an integral effect of summing
up the actions produced and mediated by an infinite spectrum of combination com-
ponents, Since the excitation of the components as a result of the action of an exter-
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nal high-frequency source is of synchronous nature, the system under consideration
is marked by strong phase selectivity. Here, similarly to the cyclic accelerators in
wich phase selection and acceleration is only performed on the “equilibrium” parti-
cles, a substantial meaning have those combination componentsx_(see (6) and (12)),
the phase ¢ of which has the most appropriate value from the point of view of the
optimum input of energy in the zone of driving of the external high-frequency source.
This represents the adaptivity of the system and its self-adjustment to a steady-state
stationary regime. In other words, the total action of the combination frequencies
which contribute at the quasi-stationary frequency of oscillation of the pendulum,
performs phase adjustment of those oscillations to the most favourable phase from
energy point of view of the establishment of stationary regim, This transition process
was analyzed by writing down shortened equations similar to those in (11) and (12},
about a certain volum of combination components (4) and their joint solving with
(11) and (12} by numerical methods. Establishing the stationary amplitude g and
phase ¢, of the pendulum oscillations has itself oscillating and rapidly damped na-
ture. Processes of establishing of stationary regimes are observed, at which the am-
plitude and phase continue to “wander” in a certain area around the equilibrium
viues of @ and o,

It is interesting to note that there exist I-th combination frequencies that satisfy
the equation

(16} v+in =t

and fall within the bandwidth of the pendulum as an oscillating link of the system,
They “directly” affect the main pendulum oscillations, without skipping the para-
metric effect due to the reversibility of the modulation-parametric interactions. In-
deed, if only those I-th components satisfying the condition (16), 1. €. /=11 — N, are
taken into account cut of the entire spectrum of combination frequencies, the infi-
nite sums disappear in the expression (13) and it takes on the following form;

an AR LAO AT Pl R
@@ 6o
o) [ rrvn-s.]

e e oo
+A_,_N{ZZ[(N—1)‘P0*@-1~N]}']}‘ ' |

In order to determine the stationary amplitude and phase of the two compo-
nents accounted for: x . =4 cos(mt +@, ) and x_,_, = A—I—N oos(—cot+ (p_,_h,)
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Eq. (41) may be written in complex matrix form (see, for example, [12] for the meth-
od of complex notation):

(18) ‘_ﬂ)g O x::_N + ij 0 | xlc—N
0 -’ |x 0 -jpof x|

-2 ke 7

+1: &)iJo(a) —coﬁjz(a)e " Xin

—(ﬂiJz (a)eﬂw mi‘]o(a) ] _le—N =]

o

Moy =iy SN2} (N +2)e0
rl By (e +e ) [bN_ze Ehe S
Ty J(¥+2}og H¥-2)ag ey L, -Neg X
[bmze +b, e M et N

i LR A =
{fﬂél}" (a)e._J'% +j_§[aN_lej{N—i)W0 " aNHe—j[NH]w ]}

where x; , and x°, , — complex quantities. Substifuting the parameters 4, , and
®,,, obtained from {18} into (17), the possible discrete spectrum of stationary am-
plitudes and phases of pendulum oscillation can be determined from (14) and {15).

Thus, the analysis demonstrates that except the main moduiation channel there
is a parametric channel of input of energy into the system. The quantitative analysis
carried out with numerical methods on the basis of Egs. (74) and (10)-(15) showed
the following. Accounting for the presence of a modulation-parametric channel of
input of energy into the system makes the mechanism of phase selfadjustment, un-
derlying the energy exchange and the maintenance of continuous oscillations in the
system, considerably more flexibie. At that, from the one hand, the discrete series of
possible steady-state amplitudes is substantially specified and, on the other hand, the
oscillations in the system demonsirate greater independence of the random changes
of the external factors, as well as of the quality factor of the oscillating link and the
amplitude of the driving force in 2 wide range.

Conclusion: Final discussion on the problem
under consideration and differences between
two basic cases

In the interaction between the excited system and the power
supply (external HF source) a constrain force is fornted, which is frequency of phase
(in general-argument) modulated force. As it has been shown above, a characteristic
argument of the system can be some adaptively tuning phase, providing the most
advantageous interaction between the excited oscillating system and the bigh-fre-
quency power supply. These facts are caused to call the considered method of oscil-
lation excitation “argument method™.
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From the point of view of the single — frequency problem, the principles of in-
teraction in the superhigh frequency devices with an electronic mechanism of gener-
ation, cyclic accelerators of charged particles, the Fermi’s mechanism of accelera-
tion of cosmic particles, etc. may be considered as partial manifestations of the
found more general “argument mechanism” of excitation of periodic motions in
macroscopic oscillating systems.

The existence of such unusual properties of functioning of the considered class
of oscillating systems with finite degrees of freedom allows us to speak about certain
synergetic principles of grouping into stable formations, which are inherent in the
simplest oscillating systems and processes. In the case considered the system does
not just get energy from the external source in the forced mode, i. e. in the regime
requiring conditions for the functioning of the external action and itself begines tc
act over the source, changing and adapting the appearing force of the action under
the proper regime of functioning, L

It is known that normally the frequency-phase modulation is considered beyond
the relation with its energy interpretation; to obtain it, additional sources of energy
and special modulator devices are always used in the radiophysical systems. In the
case under consideration, the principle of modulation acts as a mechanism provid-
ing the interaction of the excited oscillation system with the external high frequency
source,

If there were not an inverse adaptive action of the system on the exciting source,
then, for example, it would be possible in linear oscillating systems to excite forced
oscillations only with the frequency of the external force, The argument method of
input of energy from a high frequency source allows to excite in linear systems con-
tinuous oscillations with their natural resonance frequency.

The discreteness of the amplitudes of the excited oscillations is also retained in
the cases of a zero or negative coefficient of friction, and in this case the phase adap-
tivity provides nullifying or removing the “excessive energy”,

Returning to the problem of the mechanism of excitation of the pendulum in
the light of the stated above, the following should be additionally noted,

A phenomenon of J. Bethenod is known {13], which is explained by Rocar
through a parametric change of the reactive parameter. We will show that it is possi-
ble in a similar system to excite asynchronous oscillations or rotating motions of the
pendulum by using the hysteresis section of the resonance curve of the “dynamical-
ly” nonlinear electric resonance circuit formed in this way. The useful acceleration
1s created at high resonance amplitudes and the unchanging reaction against pendu-
lum motion (stopping) occurs at low amplitudes as a result of an appropriate jump
in the hysteresis section of the resonance curve.

The resonance circuit (Fig. 1) is power-supplied by a source of AC voltage E
with frequency much higher than and incomparable to the natural frequency of the
pendulum, The latter forms a freel hung ferromagnetic plate acted upon by the mag-
netic field of the solenoid L. At the same time, there is an “inverse” action expressed
by periodic modulation of the equivalent inductance of the solenoid.

Fig. 2 qualitatively shows the dependence of the solenoid inductance on the
angle of deviation y of the pendulum from its equilibrium position y=0. The periodic
change of the solenoid inductance at the pendulum motion leads to the Tescnance
characteristic of the electric resonance circuit becoming substantionally nonlinear.
Fig. 3 qualitatively shows the dependence of the voltage U across the electric reso-
nance circuit on the said angle of deviation y. The pendulum motion results in char-
acteristics with a clearly expressed hysteresis zone that are typical for the nonlinear
resonance (the so-called “beak-like” characteristics) which are symmetrical about
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Fig. 1. Electrical resonance circuit periodically interaction
with an oscillating pendulum

\ +  Fig. 2. Dependence of the solenoid inductance on the
\ positien of the ferromagnetic plate of the pendulum
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the point y=0, Since a variable current leads through the sclencid, a ponderomative
attracting force ¥, which is always directed to the equilibrium position of the pendu-
lum y=0, drives the ferromagnetic plate of the pendulum. A very specific interaction
is obtained as a result.

The solenoid attracts the ferromagnetic plate, which when approaching it
changes its inductance in such a way that the electric resonance circuit “goes” to a
resonance. The voltage across the resonance circuit is increased as a result of this
approach to the resonance, which causes an increase of the current in the solencid
and even stronger attraction of the ferromagnetic plate. When the plate approaches
the resonance position of y=0, the system “skips™ the resonance and, due to the non-
linearity, the amplitude on the resonance circuit is changed with a jump and its value
becomes many times smaller. When the plate leaves the range y=0, the soleroid al-
ready has a stopping action on it, but it is done at much lower amplitudes of voltage
across the resonance circuit. In this way the input of energy is positive per period.
The stated process is also illustrated in Fig. 4. For example, at left - to - right pendu-
Ium motion (Fig. 4a) up to position y=0 the force F will have speeding action, and
later, at y>0 — stopping action. It is seen from Fig. 3 that the pendulum is speeded
up at high voltage amplitudes (up to U__ ) across the solenoid and is stopped at rel-
atively small amplitudes, which do not exceed U,. The correspondence between the
voltage amplitudes U and the driving force ¥ can be established by the comparison
of Fig. 3 and Fig. 4a. At right - to - left pendulum motion (Fig. 45) the process is quite
similar — the acceleration substantially exceeds the stopping action since, due to the
symmetry, on the one hand, and the dynamic duality of values, on the other hand,
the dependence of the force on the coordinate is mirror-reversed. The oscillating
pendulum motion results in useful speeding up once per period. In this way an effec-

8 |
Ullul
14
Fig. 3. Resonance characteristic of an oscilla-
ting circuit at periodic motion of the ferro- ! ; ! L
magnetic plate over a solenoid -, =¥, 0, ¥, ]
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Fig. 4, Dependence of the driving pon-

a FJ deromotive attracting force at left-to-
right (a) and right-to-left () pendulum
motion
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tive input of energy into the pendulum is obtained, which compensates for its natu-
ral losses due to friction. The input energy is proportional to the area of the hestere-
sis section of the resonance curve (the hatched area in Fig, 3). An synchronous exci-
tation of stationary oscillations or rotating pendulum motion is realized.

The analytical study of the represented effect may be performed on the basis of
the following equation describing the mechanical motion in the system;

(19) FH 2y ootsiny = Lale {—_“Ij’ls(yw )+—-""|5"s(y—y )}
. 1] 2 i} il o1

Imet?

where B is a coefficient accounting for the energy losses of the pendulum due to fric-
tion, @, is the natural frequency of small oscillations of the pendulum, mi? is the in-
ertial torque pendulum, / is the pendulum length, m is the ferromagnetic plate mass.
L and y,are explained by Figs. 2, 3 and 4, J, is the averaged effective value of the
electric current, k is a coefficient accounting for the width of the ponderomotive
pulse of the force, 8(yxy,)is Dirac’s delta-function.

As a first approximation, the solution of Eq. (19) may be represented as;

(20} ¥y —=asin®, 8 = e+,

By substituting (19) into (20) and assuming x = awcos 0, % sin@ + cffdicose =0
di d

and a>y, we obtain the following shortened equation related to the phase and ampli-
tude of the pendulum oscillations:

2
ey o pavaB %,
ot a

(22) a3y _op2s
= r.o(a) 2302,
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where w(a) is the frequency of pendulum oscillations, depending on its amplitude,

B= Holy :
2mi’
For the estabilshed oscillations (f =0 and o 0) from (21) the following so-
d a

lutions are gbtained:

2| 2 T
23) af:% 1—1f1-i—2y§ J

24) Pl e
@ =|1s 1-i—2y; .

The steadiness study shows that solution (23) is unsteady and solution (24) is
steady. Therefore, in order to excite continuous stationary oscillations the pendulum
should receive such an initial puls that its amplitude should be greater than a,.

The argument method of input of energy into oscillating processes may find
wide application at solving important problems of creating new methods and systems
of excitation and maintenance of continucus oscillations and transformations of sig-
nals and energy, which may be provisionally grouped in the following way:

1. Transformation of the signals by frequency with high efficiency at a single
division of frequency in szveral ten, hundred and thousand times, which is represent-
ed by various radio-engineering devices with a discrete series of steady-state regimes
of operation, ¢. g. transducers of SHF oscillations to lower frequencies, high-efficien-
cy frequency dividers, oscillators in a wide frequency range, frequency modulators
in the optical range, high-efficiency transformers of energy in the optical and near
infrared range (there are powerful sources producing this energy) into energy of the
submillimeter range (where there are still missing powerful sources of electromag-
netic waves), which is needed to carry out the control processes such as the ones in a
thermonuclear reaction;

2. Transforming the energy from one kind to another, e. g. electric energy to
mechanical, and vise-versa, which is performed by electrical and electromechanical
transformers, electrical signal generators, wave energy transducers, nontraditional
methods of transformation of thermal energy to electrical, etc.

3. Stabilization of various parameters at their change in a wide range (such as
50 to 100 to 200%), including voltage stabilizers for microprocessor systems with a
greal range of permissible load changes, etc.

4. Development of new base components for computing devices, having 2 great
number of discrete steady states.

5. Intensification of varipus processes through special organization of argument
interaction of different oscillating systems or wave processes, e. g. manipulations
such as cavitation destruction, cleaning, emulgating non-mixable liguids and liquid-
phase materials, development of various wave technologies.

6. Modelling of micro and macro processes with the methods of the classic The-
ory of Oscillations, explanation and developing of medels of the processes of inter-
action of electromagnetic waves in the ionosphere and magnetosphere of the Earth,
the phenomena of generating powerful low-frequency waves in the near space in the
presence of cosmic electromagnetic background, interaction of particles with elec-
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tromagnetic waves in plasma medium, radio emission of the magnetospheres of the
outer planets in the Solar System, at the creation of a mega-quantum resonance-
wave model of the Solar System [14], etc.
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Br3byxaaHe Ha ,,KBaHTOBAHH" TPENTEHHNA
Y IPUHIHMI Ha 06PaTHMOCT Ha MOAYJIALHOHHO-
napameTquHHTe BS&HMOﬂCﬁCTBHﬂ

Braoumup Hamzoe

{Perowme)

IIpeacTapeno € aHANHTHYHO H3CAEABAHE HA ABICHAETO Bh3-
Oyxnane Ha ,,KBAHTOBaHA" TPENTEHHA OT IJICAHA TOUKA HA HOPMHEpPAHE HA MOAYA-
IHOHHEC-NAPAMETPHYSH KaHasl 3a e(BeKTHBHO BJIAraHe Ha €HEPIrHA B KoJAeCaTeNHAs
nponec. [log4eprara € mupoxaTa NposBsa Ha IPYELKIIZ HA OGPATHMOCT Ha MOMIY-
NallHOEHO-NIaPAaMETPHYHATE B32 AMOAEHCTBHA, hOpMYJIHPaH A IPEIOKEH OT aBTO-
pa. Ilocnenruar ce dopmupa Ha 0OCHOBaTa Ha ,,IpaBoTe” U ,,06paTHOTC” Npecbpa-
3yBaHE Ha CHEKThP OT M3XOAHH KOMOMHAMOHHH KOMIOHEHTH B IIPACHCTBAETO HA
NapaMEeTpUYeH Hilk HelMHeeH einemeHT, Ha TasH ocHOBa ¢ u3BeAcHE AHHAMHKATA HE
topMHpaHe Ha BRTPEIIHATA CTPYKTYPA HA TPENTECHASTA B CHCTEMA, IPEACTARSHA OT
MAxXai0Q TOA BRHEIIHO HEXOMOTEHHO BBE3AESHCTBHE Ha NEPHOAMYEH RaTOURMK, [Toka-
3aHO e, 4¢ 00pasyBaHuAT MOy IaHHOHHO-IADAMETPHYEH KaHaJ 33 eeKTHBRO BiIa-
TaHe Ha €HEPIrEA IPHAABA CEIUECTBEHA I'bBKABOCT HA CAMOANANTHBEAE MEXaBRIBM
Ha Bb30YXIane ¥ TONABPKAHE HA TPENITEHNA © Bh3MOXKeH AMCKPETEH Pejl YOTOHYH-
BH AMIJIMTYOH. B 3axirounTenHaTa AHCKYCHA aHAJIATHYHO € AEMOHCTPHDAHO, 4e
Np#A B3ANMOAEHCTBHE H3 M2XAJIO C 6/ICKTPHYEH TPENTALL KPBT € BL3MOXKHA IPOARA-
Ta Ha APYT (ACHHXPOHEH) MEXAHH3IbM Ha BHIGYKIAHE H IOANBDXKARE Ha HE3ATHXEE-
LA TPENTEHKSA, HO € AHA ONpenesieHa aMIIHTYAA,
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1. Introduction

The problem of the magnetohydrodynamical lunar wake be-
ing due to the interaction of the solar wind with a super Alfvenic velocity (Alfvenic
Mach number M, =4:20) with the lunar pseundo-magnetosphere has not been clari-
fied yet. Only when the spacecraft Explorer-35 (IMP-E) was launched on 19 July
1967 and placed into lunar orbit on 22 July 1967, the first precise measurements of
the nature of the interaction of the solar wind with the Moon were made [1-3]. These
measurements showed that during the interaction of the solar wind with the Moon
there was no formation of a bow shock wave on the noon side of the Moon, but a
plasma wake was indicated on its night side. So the Moon has been regarded as a
. nonmagnetic sphere with relatively low conductivity, which absorbs (or neutralizes)
the solar plasma occurred on it.

Thus the presence of the Moon does not disturb the interplanetary field lines
except for in the free plasma region on the night side {1, 2, 4]. As a result an umbra is
formed behind the Moon that could not exist, if the Moon had possessed a high con-
ductivity. The principal phenomena in the sclar wake are [5, 6]:

a} A downwind plasma umbral cavity or void containing an enhanced intensity
of the interplanetary magnetic field {IMF} (<+30%) only slightly perturbed in direc-
tion;

b} A downwind penumbral region aft of a rarefaction wave or Mach cone, ellip-
Eical in cross sectional geometry, contains a reduced plasma flux and magnetic field

>—-30%);
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¢} A very limited penumbral region, upwind of the tunar Mach cone, sometimes
contains an enhanced (<+30%) magnetic fields and plasma fluxes.

Although the data from the Explorer-35 and their interpretation increase our
understanding of the interaction between the solar wind and the Moon, there are
unresolved problems as for example:

1) What sort of source mechanism is producing the positive penumbral anoma-
lies sometimes observed in the IMF?

2} How far behind the Moon is its wake detectable and by what means?

3) Whether the lunar wake effect exists on the Earth magnetosphere and on
which of its processes and parameters?

Indeed each geomagnetic phenomenon with period equal to the lunar synodic
pericd of 29,53 days can be related to the magnetic field of the Moon, or to the [unar
pseudo-magnetosphere wake, as it is known that the solar wind disturbs the Moon
magnetic {ield strongly, regardless of its origin.

The object of this work is to discuss some of these problems. The effect of the
lunar wake on the magnetosphere disturbances has been studied by using: a) com-
parative analysis; b) correlative analysis; ¢) spectral analysis and d) theoretical anal-
ysis of the small irregularities due to the Junar wake on the magnetosheath and on
the magnetopause during the new Moon.

2. Comparative analysis

The catalogues [7] and the Solar-Earth data [8] have been
used as an initial base for the interplanetary medium parameters (the velocity ¥ of
the solar wind, the direction and the IMF polarity). It is evident that the long tail of
the night side of the Moon appears to be a peculiar magneto-corpuscular eclipse,
imited by the irregular magnetic fields. The region of this eclipse is much larger than
the optical one and does not coincide with it at all. The effect of the magneto-cor-
puscular eclipse (if it exists} could be observed more often than the optical one as it
would influence the Earth when the optical umbra did not reach it,

The preliminary analysis of the so selected peri-
ods for all new Moons from 1970 to 1980 showed that
in a number of cases at comparatively quiet values of
the solar wind on the zerc day or on the £1%, 2™ |

day, moderate increases of geomagnetic ZKP - in-
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0
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o
e
5 ?

¥, kmys
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% dex are obtained during one day, which is in no case

a magnetic storm, but eventuzlly can be a weak influ-
ence of a lunar wake on the magnetosphere, Several
cases of this kind are shown on Fig, 1 with effects on
the zero day — the day of the new Moon (on Febru-
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Fig. 1. Examples demonstrating the geomagnetic index increase
by new Mocon at quiet values of the velocity of the solar wind.
There can be observed 102 such increases cut of a total of 114
investigated periocds, i. e. in 89 per cent from the cases
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Fig. 3, The same as on Fig. 1. A perturbation in
the polarity of the IMF by the new Moon is shown
in addition. There are 112 perturbations out of g
total of 145 investigated pericds, i. e, in 77 per
cent from the cases

ary 1977 and on May 1970} and on the first day after the new Moon {on December
1976). However, these cases are not isolated and have comparatively high frequency.
The analysis of 114 new Moon periods (-4, +4 days) during the period 1970-1980

showed that there are 102 such days of the »_ K, - index increase. These weak in-

creases of AZ Kp ~ 5+ 10 on the background of the comparatively quiet (even abat-

ing in time} course of the solar wind can be caused by the disturbing effect of the
magnetchydrodynamical wake of the Moon, appearing on account of the process of
flow-around the Moon from the solar wind with a superAlfvenic velocity.

The analysis of the periods (-1, +1 day) when a maximal effect can be expected
of the lunar plasma wake on the Sun — Moon — magnetosphere line showed anoth-
er peculiarity. At these very moments the tendency of “reversion” of the IMF polar-
ity appears (A —»T or T>A, A — from the Sun, T — to the Sun). A and T are sam-
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pled from the ground-based data [8]. For instance, 112 “reversions” or polarity dis-
turbances of the A>AT—A or T->TA-T type of the investigated periods have been
observed during 1972-1984. The frequency of 77 per cent is alsc an indication for the
disturbing effect of the lunar pseudo-magnetosphere, which has an influence on the
variations of the magnetic field components, measured for polar latitudes. Such
three periods of sharp IMF polarity change on the zero day (on January 1977) and
one day before the new Moon (on June and on July 1975) are demonstrated on Fig.
2. On Fig. 3 three periods are shown with more smooth T5TA—A inversion by the
new Moon period, and in the last case (on July 1974) the lunar wake caused a per-
turbance in the polarity only,

3. Correlative analysis

As it is known, as early as in the 60" a close relation between
the phenomena observed in the solar wind and some geomagnetic processes was
obtained. As basic characteristic we have chosen the three hour planetary K -index

and its derivative ZKP . One of the first works, indicating the correlative relationship
of the solar wind velocity ¥ (km/s) to the magnetospheric activity [9] is the work, where:
2K, =[7-(330217)]/(84420,7).

Subsequently, a number of other relations of the Kp-index to the parameters of the
interplanetary medium was established [10, 11].

In this work we shall try to find the relation of the solar wind velocity ¥ to ZK 2

depending on the lunar phase in order to establish whether the magnetohydrdynam-
ical wake of the Moon changes this relation by the zero day. For this purpose all di-
urnal periods (-4, +4 days) of the new Moon were analysed during the period 1970-

1985 and the correlation coefficient R was determined of ¥ to Z Kp . Some of these

results are shown on Fig. 4 for A=-1,0 (mew Moon), 1* and 2™ day. It is seen from
this figure, that during the period of the new Moon and the first day after it R reach-
es its minimum, after which on the second day quickly reestablishes. The latter is
shown more clearly on Fig. 5, where the results from all computations are presented,
The correlation coefficients for high velocity fluxes of the sclar wind (¥>>500 km/s)
R, and R for the normal solar wind (V<500 km/s)
are represented separately (seen on Fig. 5). From

i A 0.9-
Fig. 5 we come to a general conclusion that on days =
by the new Moon a change of the correlation rela- ¥ 2
3 : : 0,74
tion of the solar wind velocity to the Z K geomag- i) /\”\ X,
netic index is observed, which is due to the perturb- 44 /:___ L T
ing effect of the lunar wake on the magnetosphere. ol ENA N Tk
doal]i b A S
0.3 = “ ! tay
0.2+ \\ .d"‘r
0.1 Y
Fig. 5. Relationship of R to the lunar phase. R, is the correlation s ‘

coefficient for the high velocity fluxes of the solar wind F2>500 e
kmfs, R_for the norma! solar wind
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Fig, 6. Scatter plot as on Fig, 4 for two cases: parallelism {¢=0} and antiparallelism {p=180°) between
the IMF and the Sun—Earth line

An interesting result concerning the influence of the IMF direction on this rela-
tion is shown on Fig. 6, where these days are selected from the so indicated 9-day
periods (Fig. 4, S5), in which ¢=0° and 180°. The correlation coefficient
R{9=180%)=0,67 practically does not differ from the normal value of R on the days
out of the new Moon period (-1, +1), But R (¢=0°)=0,79 exceeds to a large extent
all the cases considered up to now, which indicates that the interaction of the solar
wind with the Moon during the period by the new Moon is maximized in terms of
parallelism of the B magnetic induction of the IMF and the line Sun—Moon—Earth.

4. Spectral analysis

The statistical preof of the lunar wake effect on the magneto-
sphere perturbations demands measurements of the solar wind velocity ¥ before and
after the Moon together. The problem is complex as all measurements have been
done in practice after the Moon. For this reason it is more suitable to perform a spec-

tral analysis of the perturbations, i. e. of the ZKP series with a view eventually to

indicate a periodicity of 29,53 days (this number varies from 29,25 to 29,83 days due
to the elliptical orbit of the Moon)}. It should be pointed out, that the possible lunar
effect on the geomagnetic activity has been discussed in a number of works. This ef-
fect is supported by [12-14], while in {15, 16] an uncertainty and the insignificance of
the sought effect are expressed.

We should determine the length - of the series before discussing the methods
by which we can define the frequency characteristics of the considered processes.
This can be done by means of confidence intervals, For this purpose we shall consid-

er the time series {x, }L as a casual process, and the distribution of the parameters
N

X = iz.r:, SHs tZ(xf = 3?)2

i=) i=
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Fig, 7. Spectral density distribution for frequences corresponding to periods of 25,28 to 32,00 days. The
distinctly expressed 27-day solar variation and the more weak lunar one are seen -

is normal and they have a probability distribution as:

f; (8) 2 leﬁ; ex pl:_ (82—6 l;)_

}; Ve & (o0, + %), ,
The necessary amount of the data sarﬁple is conditioned by

N =( ._u,zS/.S)Z

and by the condition that the distance between the mean of the sample x and the
mathematical expectation of the totality to be of the order of 0.5 units at confidental

probability 95 per cent, Let we have a=0,05— Viwz =1,96:57=T71,676;¢ = [p - ?| ~(,5.

Therefore the amount of the sample is of the order of 1000 observations. But as we
need N=2° with a view to apply the Fast Fourrier Transformation (FFT) the amount
to be selected is 1024 (S=10). In our case this is the period from (1.06.1965 to
28. 06. 1968. Then a stationarity examination was made which gave positive results.
The results obtained are shown on Fig, 7, where the distribution of the spectral den-
sity is given for frequencies corresponding to periods from 32,0 to 25,3 days. Here it
is seen clearly expressed periods of 27 days and slight expressed one of 29,6 days.
Data were filtered in order to eliminate the influence of the frequency corresponding
to a period of 30,6 days. Low frequency filter was used for this purpose. Then the
data obtained were filtered to eliminate the determinantal component (27-day solar
variation). This was done by usingd determinantal filter. The data filtered this way
were let pass trough the FFT and the spectral density was determined (Fig. 8) and
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Fig. 8. The same as on Fig. 7 after filtering to Fig. 9. Smoothed estimation of the spectral
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days spectral density

then the smoothed estimation was obtained (Fig, 9). In the last figure the result is av-
eraged by three points. This leads to an enhancement of the stability of the spectral
density estimation.

In fine it is necessary to determine the interval of confidence of the estimation
obtained for the spectral density. We take a confidental probability y=0,50, and for
the interval of confidence 50 per cent we receive 0,525.107° < f; <1,015.10%, From

the 50 per cent interval of confidence a conclusion may be drawn that there exists an
effect of the lunar wake, but it is comparatively slight.

5. Theoretical model

_ In the model of Spreiter, Marsh and Summers [17] the Moon
is considered as a nonconducting sphere, which fully absorbs the falling particles.
The equations of the ideal magnetichydrodynamics under the assumption of ¥]|B re-
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Fig. 10. The results obtained by Spreiter, Marsh and Summers [17], which have been used as initial
conditions for the our theoretical model

duce to the effective gas-dynamical equations. The problem is solved in an axis sym-
metrical approach. The cavity or void formed behind the Moon is limited by the tan-
gential discontinuity

V.=0, B =0, {p+35/31:}=0

where the internal magnetical pressure attained in terms of conservation of the mag-
netic flux and full pressure from the outer side are balanced. After passing from gas
to pseudogas in [17] we get the correlation of the characteristics

2

) d@i[[:—:) —1] d_y’i,'_:o, %:tg(ﬁ'i“.)

where ¥~ is the modul of the pseudogas velocity, 8° — the angle between the line of
the current and the axis Ox (actually the Sun — Moon line), a* — velocity of the

sound, (a')2 = (ap/()‘p) 8" = const, u"— the angle of Mach, u’=arcsin fl[h{’), M —

Mach number. The results obtained in [17] by equating the system (1) and reduced
from pseudogas to gas are shown on Fig. 10. By using these results and the method
mentioned in [18], an estimation can be made of the effect of the small irregularities
occurring due to the plasma wake of the Moon. We have done computations in the
meridional plane only in the plase of the new Moon. This enables us to give small
irregularities only in the elliptical part of the magnetosheath region (Fig, 11).
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For this purpose we consider the Hugoniot relation in point A and present it in
the form ;

® ) - M )

where (W)® are the parameters of the full stream after the bow shock wave. We ob-
tain for the parameters of the stream after the Moon in [17] the following estima-
tions: .

{v) (v} o ) v}
L1006 = 1,006, 2 =09; £
v 14 p:o pm

o« o

which upon substitution in (2} yields

{F) . :
U2 : ]__,(m_f;(’ngis tg(‘pA)’
(%) : —_
V;— = l,mﬁf:,('Y,Mntg@A)’

=

. (R : :
?2_- = 0’9.};(7’ Mia tg(PA)’ _

=%

p{zF} = (0’9)Y f;:(}" M1 3 tgq)g)‘

SOMIC LINE

VOID REGION _

Fig. 11. Geometry of the theoretical model in the
meridional plane in a phase of a new Moon, The small
irregularities due to the plasma wake of the Mocon are
given in the elliptical part of the magnetosheat only

Fig. 12. Results obtained by the numerical solution of the
hydrodynamical equations system at the initial condi- 4
tions from Fig. 10, i. e. small irregularities due to the

plasma wake of the Moon 03
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We present the full stream as W{F] Wy + H"/ (W is the base flux, and # — the

irregularities, as W <<W?) and receive for the velomtles (V.=U, ¥V =VF), the densuy
and the pressure of the small irregularities after the bow shock wave the expressions
as follows:

@ %2 20008 £, (1.M,. 180, ),
>
; -
@ Uizo,msﬁ(y,Ml,tg@A)a
(5) Lol £(v.M, 120, ),
..
(6) 2

[(0 o) —1] (1. M,.t80, )

The results obtained by solving the equation system in [18] under initial condi-
tions (3}—(6). i. e. at small irregularities, being due to the plasma wake of the Moon
are shown on Fig. 12.

This consideration is naturally simplified, as the irregularities in the lunar wake
are not stationary. Moreover, the condition ¥ ! of the magnetopause can no long-
er be considered as fulfilled in case of inhomogeneities. The latter can be involved
and absorbed in the magnetosphere in a manner already discussed in [19]. Hence the
condition ¥_ =0 should be substituted by the conditions ¥ =0 and ¥ ,,=0, where
the arrows indicate the most favourable orientations of the magnenc moments of ab-
sorption and reflections of these irregularities [17], which occur in the lunar wake
and enhanced in the magnetosheath region (3)—(6). The conductivities in the polar
ionosphere exert an influence on this effect of penetration, where the field lines are
projected from the equatorial magnetopause.

It can be supposed that in a nonstationary case the disturbations of the Alfvenic
waves type will be enhanced, as the irregularities in the velocity components lead to
more large deviations in the base stream (in the magnetosheath region) compared
with the irregularities and parameters of the pressure p and density p. Whether and
how would they distribute within the magnetosphere is a problem, which could not
be solved adequately, without specifying boundary conditions of the magnetosphere
{magnetopause). Thig will be an object for detailed future studies.
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IIponecsT Ha 06THuaHe Ha Jlynata
OT CN'BHYECBHUS BATHP KATO U3TOYHMK
Ha@ MarHHTOCQEPHH CMYLLEHHA

flemasp Beaunos, Asexcandsp IToncs, Hean Macmuxos,
Xpricmo Cnacoe, Marxcum Koen, IHemxo Henoscxu,
Huxoaati Kasumenios

{(Peszome}

32 oTkpHBaHe Ha edeXT OT MarHUTCXMIPOIRHAMHYHATA
JYHHA CJlefa, ObiKalla ce Ha npoueca Ha obTuyaHe Ha JlyHaTa OT CIrBHYEBHI Bi-
THP, ¢ H3IBBPILUCH aHANNu3 Ha oxollo 150 neprona Ha HOBONYHHSA {—4, +4 aeHa) 1pe3
1970—1985 r. 3a Tasu nes ca CpaBHEHH NapaMETPHTE Ha MEXAYIUIAHETHATA cpeaa
(cnopes Katanora 52 Krur) ¥ Ha marauTocdiepRaTa akTHBHOCT, Y CTAHOBEHO €, ye;
a) B 89% ot nepuoaute ca HabnIonaBanm AHU C YREIHYEH FeOMArHATEH K-HHIEKC
(ZOpH NpH HaMaNgRIIIA NC BpeMe CTORHOCTR HA CKOPOCTTA V HAa CI'LHYEBHSA Bsi-
Top}); 6) B 77% oT ciydanTte e Habnlonapana CMAHA Ha TICNAPHOCTTA (MM CMYIIe-
HHS B IOJISPRGCTTA) HA MEXAYNIaRETHOTO MArHATHO noje {MMIT) B nunTe —1 N0
+1 0KOJI0 HOBOJIYEHE; B) KOPEIAUROHEHAT koebRIHeRT R Mexay V r K 3aBucu or
tasara Ha JIyHaTa B UMa PadjIHuHA 3Ha4CHAS NPH CIIOKOEH CILHYES BATDLD X NpH
BHCOKOCKOPOCTHHTE NOTONM Ha CIBHACEHA BATHY {V>500 km/s); r) xopenannonns-
AT KoehAOHEHT R 3aBACH CHING M OT Bruja Mexay MMII m naensTa CrbHIE—
Jlyna—3ems karto R (0°)=0,79, R (180°)=0,67; 1) nocTpoeH e TEOPEeTHYSH MOAEN 3a
BB3JIeHCTBHETO HA ApebromamabHATe HeeMHOPOUHOCTH HA JIYHHATA CJISZA BLPXY
RBHIIIHATA MarEUTOC(Epa B NIO-CIIEHAAIHC BEPXY MATHHTONAY3ATA.
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1. Introduction

During the past four-five years there has been an obvious in-
terest in the theory of wormholes, which could possibly provide an explanation to the
long-lasting and fundamental problem about the vanishing of the cosmological con-
stant and the modification of coupling constants in quantum gravity. Wormholes can
be defined as microscopic connections between smooth, large and distant regions of
space-time, appearing as a result of quantum gravitational fluctuations of space-time
topology [1]. It has been argued that in the process of pinching off wormholes carry
away information, which becomes inaccessible to a macroscopic observer at infinity,
i. e, loss of quantum coherence is observed {2,3]. A typical example for quantum
coherence loss is the progess of splitting up of a particle into two particles near the
horizon of a black hole [4—6]. The information from the particle, which has fallen
into the hole will be lost for an observer at infinity and therefore he will measure a
mixed state rather than a pure one. Coherence loss has also been advocated by
S. Hawking and R, Laflamme [7] in reference to the problem about nonrenormaliz-
ability of gravity due to the infinite number of effective interactions with unpredict-
able strengths. This effect is supposed to be significant for scalar particles [8].

However, an opposite point of view also exists — baby universes and wormholes
do not cause an effective (observable) loss of quantum coherence [9]since a se-
quence of measurements rapidly collapses the wave function of the family of uni-
verses into one of an infirite number of coherent « eigenstates. The same opinion,
although given a different interpretation, has been supported also by S. Coleman [10]
— coherence has never been lost, because the different phases between the different
o eigenstates remain unobservable even after a sequence of interactions.
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Another important aspect of wormholes is that they turn all space-time cou-
pling constants, masses and the cosmological constant into dynamic « variables
[11,15] and thus the vanishing of the cosmological constant and the smallest possi-
ble o - value of the Newton’s gravitational constant are strongly favoured [16].

In the strict mathematical sense, the insertion of wormhole ends in the baby uni-

verse is accounted by additional terms L y= L (cb, auq)) in the effective Lagrangian
of wormhole theory [2,3,9—11];

(1) I,=L,+ Z(a; +aj)L‘.,

where L= Lo(cb, a“rp) and I, = Li(tI), apd)) are local functions of the background

scalar and gravitational fields, ¢ and a, are respectively creation and annihilation
operators for baby universes an(f i* is the PCT transform of i.

It has been suggested in the present paper that the interaction between a fluctu-
ating second order self interacting (A®*) scalar field and a perturbed second order
gravitational field may lead to the appearance of the above mentioned additional
terms in the effective wormhole Lagrangian (1), if the short distance [imit r—>0 (. e
the near vicinity of the wormhole) is considered. An important aspect of the pro-
posed theory here is that the scalar field is assumed to be time and coordinate de-
pendent and thus “senses” the metric perturbations of the baby universe due to the
presence of the wormhole. Similar ideas have been suggested also in ref, [12,13],
where in the first approximation wormholes have been treated as spherical perturba-
tions of the background three-metric Q 7

2) B ’a (qu +h ),

where a is the scale factor and A , denotes the metric perturbation, usually expanded
in scalar, vector and tensor harmonics on the three-sphere [14],

The present paper is organized as follows;

In Section 2 the scalar and gravitational fields have been decomposed into back-
ground ones (D, g,.) and fluctuating ones (P, A*):

) = o
(3} gw—gw+hw and o= +&,
where we assume that the fluctuation variables are of second-order and the metric

perturbation varies inversely proportional to the space distance, i.e. 4 — O( l). For
135
%

simplicity spherical harmonics decomposition has not been taken into account. The
well-known quantum-gravity partition functional integral Z over all space-time ge-
ometries and matter (in the present case scalar) fields has been defined, supplement-
ed also by an integration over the fluctuating variables (@), h ) and thus accounting
for the presence of wormholes.

In Section 3 the method of zeta-function regularization has been applied for
calculating the determinant of a second-order differential operator, obtained after
performing the integration over the fluctuating scalar field variable &' in the parti-
tion functional integral Z. Calculations have been performed in the short-distance
limit ¥—0 and also under the assumption that background fields do not change in
space and time so rapidly if compared with the fluctuating fields. That is why back-
ground fields can be considered “frozen” in space and time.
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In Section 4 a brief discussion of the physical meaning of the additional non-
polynomial term

3
) 5 3y, 02 2
@ L (& ®,)= ;[m]

has been performed. This term, obtained in the effective wormhole Lagrangian of
background fields after performing the &' integration, evidently accounts for the in-
teraction between the fluctuating fields near the wormhole and in this way “signals”
of the presence of the wormhole itself. In order to see whether quantum coherence
will be lost or not it has to be checked whether the additicnal nonpolynomial term
will persist at large distances (in the limit r—o0), where a distant observer is able to
make certain conclusions. However, for that purpose the self-consistent problem
about the space (and time) evolution of the background scalar and gravitational
fields has to be solved, which is not very easy to deal with at all. Since the result ob-
tained evidently depends on the approximation, in which it has been worked out, to
a certain extent it confirms John Preskill’s conclusion [16] about quantum indeter-
minacy of coupling constants in quantum gravity, as far as the influence of short dis-
tance physics is concerned.

2. Quantum gravity partition functional integral
in the presence of fluctuating scalar
and gravitational fields

Our starting point is the effective action of self-interacting
(19"} scalar field, coupled to gravity:

(5) S= i[d“xé\/g[—M;R +£"0,60.0 I+(mz + ﬁuR)(pz + ’Mp“].

The first term in parenthesis in (5) is the gravitational part of the action, E iza
numerical coefficient, expressing the coupling between scalar and gravitational flelds
and the integration is performed over the closed four-manifold A of the baby uni-
verse,

As already mentioned in the Introduction, the gravitational and scalar filds are

decomposed inte background (§3 (io) and fluctuating ones (}%w, (I)'):
(6) [0) :&)D +O', g =g 4 e,

where for convenience we have used the ‘hat’ variables:

(7) g‘.;w = Jgguv’guv = J‘Ehuv,hm’ A ({l}

instead of the conventional ones g** and 4**, We assume also that the signature of
the background metric

® a5 = df +a ()d'e,
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in positive (+, +, +, +). In (8) a1} is the scale factor and {2, — the unit three-
sphere.

In terms of all background and fluctuating variables, the quantum gravity parti-
tion functional integral can be defined in the following way:

~5{80 +huy- Bg ')

©) z=| agrdddodie ,
M

3 ~ -~ I
where S[ﬁ:v + kw, D +D ] is the action (5) in terms of the decompaosition (6).

According to Hawking’s definition [17,18], the integral (9), if taken only in re-
spect to the background variables, gives the transition amplitude:

(10) Z= (60", g0|4".g5)

to go from a three-geometry gﬂ}(” on ar initial (baby universe) spacelike surface to a

three-geometry g'*) on a final (baby universe) spacelike surface and the integral is
taken over all four geometries and scalar fields, which match (CDE,”,gffl“") and

(C'f)f’ : gﬁ)(zj) on the initial and final surfaces respectively. Unlike Hawking’s defini-

tion, where no fluctuation variables are taken into account, the proposed new defini-
tion (9} of the modified partition functional integral encompasses also the short dis-
tance effects near the wormhole, which will be further investigated. Note also that a
complex rotation 1—> —iz of the time coordinate has been performed so that the path
integral (9} does not oscillate and does not converge.

By use of (6} and (7) the action can be decomposed into several parts, some of
them containing both background and fluctuation variables:

a1 s(gy + b0, +0)=8,(8, &)+ 5,8, @)+ 5,(®.8")

£5,((F J+ 8,8, () Jo 5[ @o 0 () Jo5, (@)

Terms §(....) account for second-order metric perturbations and terms, con-
taining both second-order metric and scala field perturbations account for scalar
particle-graviton interactions. This is unlike the case investigated in Hawking’s pa-
per {19], where the performed action decomposition (in terms of our notations)

(12) S(@ + i, &, + 0 )=5, (8, &, )+, () +5,(@)

in practice excludes any such interactions,
We will denote the integral over the {§§“ }, {f;”"} and {ﬁ)o} fields in (9) by Z,
and we will focus only on the evaluation of the @' integral:

_[ (8. . o' ]+s!{ro" L2 }32[5,0_ o, [hl'l\r ]2 ]+sz [cn' / [huv J’]]

(13  Z-= ZJd(D'e
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We shall also assume that the fluctuating scalar field changes more rapidly in
comparison with the background fields so that the latter may be considered “frozen™
in space and time, i. ¢. stationary and uniform in space. After calculating the differ-
ent terms in the action (13) and rearranging the different kinds of terms, containing
@', the following expression can be obtained:

(14) s Z, J d(b'efjdéx[w? w[aucp' J[avo'}(b[apo' J(n\,éno )+@']

¥

where a, b and c are, as expected, functions of the background fi clds (I) and &;" and
also of the perturbed gravitational field 7+

(S )ers a= (Qg” + 5““)(Ri? + RL?}&U + mz(\fg_“ + %ﬁ]

L ) B ~ a ~ A
+;( gﬂ +;k)+3)k}!q)§+3?\j3}whw(bé,

(]6) b= §;w + i;;w’
an c= 2,8, (3 +ir)(RO + RL?)+4x<§;(Jg‘° %ii}

fuv 2 Fruv {1) 3. oy 1,3
+mihYh D +ERNR O+ 20A" h, ;.

In deriving (14) we have neglected terms, higher than second order in &'. After
performing the integration by parts in {14), the partition functional integral Z can be
written in the following way:

-J’d‘x[w'h'w'i;]

(18) Z=7|dve
“In (18) 4 and B are differential operators of the kind:
(19)  A=a- b‘m-(a“b)av —a— [bap +.apb]av,
B=c-bnd,-(0,0)0,6) - [0, +5,5]0,8,.

It will be proved in the Appendix A that by a suitable gauge transformation in
respect to the space variable »

@0 9,=0,+f()

the first order derivatives in (19) can be removed and therefore 4 and B can be writ-
ten as;

21 A=d —bd,
(22) Bec-bod
Note that to the positive signature of the metric the Delambertian O is:

23) f L0
a :
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where A is the Laplacian of the space-three-manifold, embedded in a given
three-geometry. In other words, the choice of the variable r will not affect the eigen-
value spectrum of the operators 4 and B , since the background fields {and thus the
functions @, b and ¢, depending on them}) are “frozen” in space and time according
1o our previous assumption,

3. Zeta-function regularization and the resulting
scalar-gravity background field renormalization

Our main aim in this Section will be the evaluation of the in-
tegral (18). First, we make the simple transformation:

(24) o =0 -1
2

and thus (18) can be written in a more familiar way:

Aratilgag

1 1 ne
(25) e N 2 jd(p;e—mlei

g !

Ygag-1 1g24-2

=Z¢e? ¢ (det Zt)_%

Note that the transformation (24) can still be applied no matter that Aand B
are not functions, but operators,

The determinant of the differential operator Awill be calculated by applying the
well-known method of zeta-function regularization, previously developed by Hawk-
ing [20] and others [21,22]. For this purpose the following basic formulae will be
used: ;

(26) detﬁza(p|r—['£€—(—rs—)1=0:’,

ds

where

@ )= T

Is the defined in [20] generalized zeta-function and X, are the cigenvalues of the dif-
ferential operator A, s is an integer number (s>2). Since we intend to reduce our
problem to a well-known quantum-mechanical problem, we will assume that the

space-three manifold, over which the operator A , 18 defined, is the three-sphere. Of
course, the eigenvalues can alsc be found in the case of other manifolds.

In the present case we denote the eigenvalues of the operator by A by &, = EL.
This means that the operator equation
(28) AY=0
is being satisfied by an arbitrary function ¥ of the kind:
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@9 W= e f (7).

The last also means that only stationary states of (28) will be investigated, Sub-
stituting (29) into (28), the following equation for the eigenvalue functions J, is ob-
tained:

(30) A1 (r)= [—Ej i V(r, d,, §Ev)}f,,(f' )

where A is the Laplacian on the three-sphere (1. e. in spherical coordinates .9 and
o):

af . @ a
(Gh Ams—l?i A +L2 % lsing |+ s 12 —.
¥ sing g0 bt rsin” 6 dp

The function V(r, d,, gﬂ,,) can be evaluated in the short-distance limit ~—0 by
use of (15) — (17), (21), (22) and the following estimates for the gravity field [23}:

~ My 2,
{32) = B i : 8h 0 L . R{l] ~_6_L= _1- |
) N/E + axl. r2 v axkaxp r;

Keeping in mind the above assumptions, the following expression in the limit
r—0 is derived:

63 1 &, 87) = oRe, + éy (rm, + 6182) + %(3y_zx&>g)+ r%(éoﬁiéa'”% ;13-&_,0;32,

where y,, v,, v,, are constants. The function (33) may physically be interpreted as a
three-dimensional potential barrier of the kind:

B ¢ b
(34) V(r)=A1+T‘+T'+r—3;A],B],Cl,Dlareconstants
which will evidently affect the eigenvalues of the operator 4 . It may be thought as if
in the vicinity of their neck (»—0) wormholes create an effective potential barrier, in-
fluencing scalar (and other) particles, penetrating down the wormhole from the baby
universe. Since in g higher approximation the perturbed metric may involve higher

powers of L , we should keep in mind the simple fact from quantum mechanics [24],

>

that the motion of a particle in a potential field U = —%(S > 2) is restricted in a small
r

area around the coordinate center and will finally fall upon it. However, such z move-

ment is unlikely in the present case because of space-time nonlocality (Fig. 1).
Moreover, such a restricted motion would contradict current models in quan-

tum gravity, based on the assumption about infinite past and infinite future states on

different space surfaces [25]. It can be therefore concluded that a particle, falling

1
down the wormhaole will probably “sense” only the lower order terms and (~ B and ~—
3 r r
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Fig. 1. Particle motion down the wormhole from an initial state to
a final state and-thus not crossing the intermediate state of the
baby universe {25]

of the potential barrier. However, the following ques-
tion inevitably arises: if the fluctuating metric involves

. 1 .
higher order terms of —, how can this process of

0
“sensing” happen? A suggestion is made in this paper
that in a more realistic model the background scalar
and gravitational fields continuously evolve in a self-consistent manner and thus
changing the coefficients 4,, B, C,, D,, unlike in our simplified model. By means of
a such self-regulating mechanism the potential terms are adjusted in such a way so

that falling particies are influenced only by lower order potential terms in ! Thatis
»

r

why we shall neglect terms in the fluctuating metric with higher powers than 0{—12—-}

Further, we present the eigenvalue function f,(r) as:

39) £r)= 1.0 ) B, 0)

where Y, (6, ¢) are the usual spherical functions. We have to keep in mind also that

- - ii+1
in a spherically symmetric field an additional “centrifugal” term ( 3 ) %. appears
r

in the potential as a result of moment conservation and level degeneracy [24]. From
{30), (31}, (33) and (35) the following equation for x,(7} is obtained:

(36) 1) 2 “"‘"(’){E: 4 —i-%‘—ﬂ]xn =0,

a‘r2 r dr o 3 2
where
(37) A =R +§(}ﬂz + GMﬁﬁ)yl,
(38) B =382
(39 C =&.8gy

and / can be regarded as the conserved momentum of the baby universe. In terms of
the new variables

(40) p=2r|E; -4,

(41) T e
24, -E] ’
(42) ¢, +II+1)=1 (1 +1)
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equation (36) can be written as:

- 50,280 1 s 1], 6).0

dp f’dp 49

It is reasonable to search out for a solution, which is finite at p—0 {of the form

L
P p"} and which is vanishingly small at p— {of the form X, ~e? } [24]. Both

assumptions are physically reasonable, since all fields decay at infinity and it is useless
to deal with infinite solutions at p—0. Therefore, the function y_{p) can be written as:

2
(a4) 1,(p)= € *p" wlp)-
Substituting (44) into (43}, we derive the equation
(45) pw" +{2, +2-p}w +{n -1 ~ 1w =0,

where the prime denotes the derivative in respect to the variable p, Equation (45) has
2 well-known solution [24]:

(46) w(p)= F-n, +1, +1,21,+2,p),

where F is the so called degenerate hypergeometric function:

4 ) L dut afo+1) 2
(47) Fla, v, 2)= _[ "(1- z) Ftdr = 1+71‘ e TR

The contour C ¢omes from infinity {(when Re t— —o0 }, goes to infinity (when
Re t— +0) and has poles at t=0 and ¢==z, It is evident from (47) that the solution
F (a., v, 2) is vanishing at infinity when a<0, In the present case a=-n,+/ +1 and so0
the following condition has to be fulfilled:

(48) nzi+l

This means that the eigenvalue levcls are resticted from below. From (37}, (38)
and (41) the eigenvalue spectrum X, = E? can easily be found:

3y 2M>o
2 3
4n|
where m, is the renormalized mass due to the action of the background gravitational
field:

L {0)
(50) m =m + 2(1Rw :

(49) A =E°= 2(m +6m)

It can easily be checked that the spectrum (49) is always positive in the limiting

2
"2 my

case —; Y. «1. In the opposite case (62. <1) E, can be positive if the inequality
m; (Do
2 Y2
(51) nl >>w

2
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is satisfied. If we assume that ¥, and A are positive constants, this may really happen,
since according to (48) the eigenvalue levels are restricted from below and the inves-
2

n
tigated case —% <1 requires ad; to be great. We will also assume that the posi-
6D

tive (and thus continuous) eigenvalue spectrum ranges from zero to infinity, From
(39), (42), (51} and (48) it is evident that such an assumption is justifiable especially
for small ! and small constants & or B.

Finally, the generalized zeta-function (27) can be calculated, replacing the sum
over n, by a continuous integration (since the spectrum is continuous) and multiply-

ing each A, = E’ from (49) by n? since each eigenvalue level with a main quantum

2 -l
(level) number n is 3 (2/+ 1) = n* degenerate:
=0

- T 24 -4 _m 2l Ly 5 22 3721&’(23 5
(52) Q(s)— !dnlnllﬂl_—jdnln![z(m] +67L(IJa)yi - o= ] :
By making the substitutions
I ~
53) K=y (nf + 6102
(54) fe 2t
4

the integral (52} can be written as:

2{s+1}

(55) &)= —f an——.

K ; 7 4
Ri__
[ K

The last integral is of well-known type and can be evaluated by means of the
following formulae [26]:

(56) r m}( i _F(I—ZEJr[a_};_B)

wam?) A2 )

[t

where I is the gamma-function I‘(a) = f € *x°"'dx. We obtain the following expres-
1]
sions for the generalized zeta-function £{(s) and its first derivative:

(57) ¢(s)= ;L _@i@ =L, 1(s).
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g

0. e L) o)

X

where I(s) denotes the term inside the brackets in (57). The following standard ex-
pressions have also been used:;

I'(z)= F(z)‘P(z); r (z'-i- I)E aI'(z),

59 T e
{(59) ¥(n+1) 1+2+.”+n n P+ : +¥(z).
¥(z) is the Oiler function and y — the Oiler constant:
(60) y = 1;,,1[1 Ity n) =0,5772157.
- 70 2 n

The final result for the partition functional integral (25} with account of (26),
(52) and (58)is : ;

\ Loz | 1ao._
61 Z=z el 2[@@(&)
a=0

Ad3

4. Discussion

The physical meaning of eq. (61} will be more easily revealed
if we rewrite it into another way:

(62) z= [ ab, exp(%fi‘zﬁ'l _}4&22-2]
wow (fao{L (& 8)+ 1, (&7 ,))

where we will calt I, (é;"’, CADO) a renormalized (nonpolynomial) Lagrangian:

3
& o ot ai T
' . Lmn(gﬂ'__’q)o)_z _1’1 }n]2+6llf3§) .

The physical essence of expression (63) in that the interaction between the fluc-
tuating second-order gravitational and scalar fields leads to an effective renormal-
ization of the background fields with an additional nonpolynomial non-local term.
The numerical constant & in the renormalization term (63) and (61) equals to
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(64) §— _2.__2{1;{2) (0 }
2r(c) 2 ©)
~and has an important physical meaning. Remember that 8 has appeared in the pro-

cess in the evaluation of the zeta-function integrals (52), (55), originally derived from
equation (65):

© WO £,0)=[F+ V(695 8]

with a potential barrier V(r, (f)o, gg‘*) (33), reflecting the properties of short distance

physics (r—>0) and of the background fields. That is why to a certain extent & may be
viewed as a coupling constant between short-distance physics and background fields.
Note also that the self-coupling constant A of the scalar field plays an important role
in the renormalization term (63) and thus shows that the initial “nonlinear” features
of the scalar field are an important prerequisite for this result. Unhappily, at the
present moment it would be premature to relate the constant or its numerical value
to any concrete physical observable. In this aspect it would be interesting to check
whether a similar coupling constant will appear when working out in a higher order
approximation of the fluctuating gravitational field. Unfortunately, it has not been

3

) were in-
-

possible to find an exact solution of (65), when higher order terms ~ O( 1
cluded. Then it may probably happen that the additional term (63} is not unique and
thus will depend on the approximation, assumed in advance. That is why the result
in this paper confirms, to a certain extent, J. Preskill’s conclusion in ref. [16] about
quantum indeterminacy of our predictions, as far as short-distance-physics is con-
cerned: “It is because the renormalization of G {the Newton’s gravitational constant)
is dominated by nonuniversal short-distance effects that we are unable in the end to
make precise predictions about the values of other constants.”

However, in Section 3 of this paper it was emphasized that quantum inde-
terminacy will not be so clearly manifested because only the lowest order terms

1 1
~ 0 [:J and ~ 0(7) would probably be the most dominant ones, when investigat-
i

ing the motion of particles through the wormhole: In reference to the problem about
coherence loss it is worth reminding that it may be established only by a distant ob-
server. In the present case, however, we have not solved the self-consistent problem
about scalar and gravitational field evolution and that is why we do not know wheth-
er the additional renormalization term will persist or die off at large distances. In
other words, although the additional renormalization term (63) resembles in a sense
the additional term (1), here we cannot affirm that global effects due to wormholes
are surely induced. However, such a possibility about the existence of global effects
should not be excluded until the self-consistent problem about scalar and gravita-
tional field evolution is solved. The latter means that a system of two nonlinear dif-
ferential equations should be solved. It is known that if a stable solution (or a confi-
guration) is assumed to exist, then such a solution can be found in the framework of
the so-called self-organization theory [27]. As a common rule in this theory, space
nonuniform distribution of a given physical variable can give a greater variety of sce-
narios for its evelution.
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It should be noted also that the correct treatment of the partition functional in-
tegral (9) should include some gauge-fixing terms so that (9) would be invariant un-
der arbitrary gauge transformations of the fluctuating scalar and gravitational fields
[28—30]. However, we are interested only in gravitational fields, which are asymptot-

ically flat at infinity (hm, = G)) — an assumption, frequently applied in wormhole

theory. Also, we have removed all fist-order derivatives in the operators4 and B((19),
also Appendix A), which can break the gauge invariance in respect to the fluctuating
scalar field. Moreover, it is unlikely that the additional term (63) of background
fields may appear as a consequence of the introduction of gauge-fixing terms and
Faddeev-Popov'determinants [28], depending on fluctuating field variables and not
on the background field variables.

As a final result of this paper, it may be concluded that wormholes (and fluctu-
ating topologies in general) may possibly “amplify” and change the surrounding sca-
lar and gravitational fields. This can be thought as a quantum gravity and topology
effect and is worth further investigating it, despite our present ignorance about the
essence of this phenomena,

5. Appendix A

It shall be proved in this appendix that after performing a
gauge {cocerdinate) transformation

(66) 8, =0,+f{r)

the operators 4 and B can be written as second order operators only and in terms of
the new space variable #* in (21}, (22);

{67) A=d-bO; B=c-bo d,.

in other words, in accordance with the formulas {19)

(68) A=a-bo-(0,b), =a-[b3, +(3,5)p..
B=c—b0d, (0,8, )0,6)=c- [bap +(0,6))(2,9.)

we will have to establish the validity of the following operator equality:

(69) [bap ¥ (aub)]a; =55,

which has to be satisfied for any gauge transformation of the kind (66). After substi-
tuting (66) into (69) we obtain

(79) 60,0, +(0,6, =b/(2, + F(r))o, +7 ()
In (70} and (69) &'is a function of the new variable 7. However, according to the

equivalence principle in gravity theory the relative order dependence 4, = 0(1) in

I
the function

b=gr b
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should hold in any coordinate system, That is why it can be written:

@) b(r')=br)= O[i] ~=i = const

and therefore the first terms on the left and the right side of (70) cancel cac.h other.
Furthermore, let us assume that (70) acts on an arbitrary (but known) function g(»).
As a result we derive:

(12) [(ap b)- bf](avg) 2 [b(au Syt ]g
If we denote

é .
(73) & _ 4()

2.

and take into account the estimates:
- [ L4 A
(74) Hry=—ob=—

finally we derive the following differential equation for the function f{iri

(75) ii,rﬁm%")ﬁu%ﬂ:o

rdro

Qur statement will be proved if we establish that a solution of this differential
equation exists for-an arbitrary function f{r}, However, the differential equation {75)
is of the type:

(76) % = F(fr)

and from the theory it is well-known that a solution of this egquation always exists.
This precludes the proof of the statement,
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Penopmasnidzanus Ha (GOHOBY [0JIETA

B G/IM3KaTa OKOJIHOCT Ha TOMOJIOTHYECKH
IPOCTPAHCTBEHO-BPEMEBH CTPYKTYPH

(oT THDI ,,pBYKH")

BCJIC/ICTBHE B3aMMOJEHCTBUE HA CKaJlapHH

M TPaBUTAIMCHHY NOJIETA OT BTOPH NOPAIBK

Bozdan Humumpos

{PeaoMe)

B paMKETe H3 TEOpHATAa 3a NPOCTPAHCTBEHO-BpPEMEBUTE
CTPYKTYpH (OT THII ,,p’BUKH") B Hali-paHHaTa Boe/icHa € AOKa3aHO, Ue B3auMOAeHCT-
BEETO Ha (UIYKTYBIHOHHM CKAlAPHH H TDaZBHTAIlHOHHH ITOJIETAa OT BTOPH NOPAAEK
BOAH AC peHOpMaiu3auus Ha AclicTBHEeTO Ha GOHOBHTE NoOHETa ¢ AONBIHHTEACH
YJIEH OT HeNOJAMEOMHUaNeH TAM, IIpriIoxKeH € METOADBT HA A3eTa-QyHKUNA PETYIIADH-
3ZIUA 33 H3YHACIABAHETO HA HEIIOJIHHOMMAIIHAS HIIEH, 32aBHCEN] CHUIECTBEHO OT He-
AAHeiHUTE CBOKCTBRA Ha ckajlaproTo node (Adireopas).
IlpeajioxeHa e (uinyecka HHTCPIPETAHEA, CBIJIACHC KOATO CTPYKTYDHTE
»PBUKH® cB3gaBaT edieKTHBEH KBARTOBO-MEXaHHYeH HOTEHIAaIIeH Bapuep, BB3-
JelfcTBalll PhpXy YaCTALMTE, IPDEMHHABALIHN Ipe3 PBUKATE,

5 ASPOXOCMEYECKE ¥ICIEIBANES. .., T- 12 65
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Banzapeka axademua na Haykume

KocmurueckaTa reogesns cera € B ChpileBHHATA Ha BHCIIATS
reopeans. Owe npes 1957 r. T4 nocTaBu OCHOBUTE 3a 65p30T0 OGHOBABAHE HA TA3H
ApeBHa HAayka — reofesnara. Hemo noreye — nosAsm ce HOBA Hayka — IJIAHETHATA
TECAE3MA, HilW T. HAP. IUlaheToAe3nd. [llaneTone3MnATa H3YYaBa Gurypara, pasme-
PHTE H TpaBRTANHOHHOTO IICJHE Ha MIIAHETHTE 0T CIBHYCBATE CHCTEMZ M HE TEXHH-
T€ €CTECTBCHH CHBTHHIM,. AKO He Ce 3acfra TRhpAe enenudruHaTa obIacT 3a reo-
AE3UUECKOTO U3yUaB4He Ha NIAHETHTE FHTAHTH, KOWTO C& MPEAHMHO ra20BH, 2 CBIL0
# 38 aTMOC(HEPHTE Ha MAJIKATE [UIAHETHH Tefla, ITAHeTOAE3HATA B 3HAUHTEIHA CTe-
[I€H € 2800934‘.{}{ HA BCHYKH TEBEDAH IIJIAHETHH H M2TKH TEIa B CJI'I:H‘-ISB&T& CHCTEMA,
B LUHPOKHASA CMHACTI Ha TO3H TEPMHH. HHTEE3ABHOTO Pa3BATHE HA [INIAHCTOOE3EATA
€ TACHO CBBP3EHO ¢ MpOrpeca B ofJIacTTa HA KOCMHMYECKETE H3C/ICABIHUS, KONTO
IO3IBOJIHXE JIA CE MATIONI3BAT TPAAMIMOHHHTE METOAN 32 H3CIEJBAHE HA 3eMATE PR
H3Y9aBaHETO Ha ApYTH Tena ot CiipHYeBaTa CHCTeMa. 32 MK [I0BEYe OT YETBHPT
BEK MEKAYNJIAHETHMTE aBTOMATHYHH cTannuu {MAC) netaxa oo Hali-oTaanedeHH-
T¢ pa#cen na CipHueBaTa cucTema. Mocera camo eana ot mwianetute — ILnyToH,
TPYAHC AOCTHIRA NOPaiH CBOATA OTAAEIeHOCT, OCTAaBa HeH3CIeABaHa EeoCpe-
CTBEHO OT 6OpIa HA KOCMHYECKHA anapar. TepMUHKTE ,,[UIaHETONE3NA" U B 4YacT-
HOCT ,.CDABEMTE/NHA ILUIAHECTORE3HA" BIIA30XA HE MIBEAHBX B IIRpOKa ynorpeba.
Hapen ¢ tax u cera urypHpaT Tak¥Ea Ha3RAHKNA KATO ,,KOCMHYECKa TEONeIna™, | ac-
TPOrecae3na™  MO-4acTHNTE HalBaHUA ,celeHoAesHn” 3a Jlynara, ,apeoaesus™ 33
Mapc, ,,abponesus” unn ,,Benepogesua” 3a Bernepa. Oduupanue MexayHapoaHo
MPU3HAHEE 110 CBLIIECTBC TEPMHUHNUTE ,, MINAHSTOXLRUA" HIIH ,,IJIAHETHA Fecae3Ha’
NOIYYHXE B PEROJIIONMHTE Ha MeXAyHapOOHEA cEMNosuyM , DHrypa u OIMHAMHKA
Ha 3emsTa, JIlynata u nnanetute® n Ilpara, 15—20. IX. 1986 r. [1,2]. Ceagagena
Heme cpBMectra paboTHa rpyna npu IAU (International Astronomical Union), IAG
(International Association of Geodesy) u COSPAR (Committee on Space Research)

Tlc poxnzpa va axag. K. Cepaduamos 3a 40-roguiununara va LIJIBL, BAH
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no ,,Kaprorpadcky XOOpAKEATH A POTALHOKHY £J1EMEHTH Ha [NIABSTATE A COLTHA-
ouTe”. B [3,4] ca pa3riieAaHd HAKOH TEPMHHOJOTHYHEA NpofiaeMn M € YCTaHOBEHO,
Ye BCHHKH Haykd 3a 3emsTa ¥ Ipyrurte HeOecHM Tena cera pasmmpaear ofexra Ha
A3CAeIBaHNATA cH, Oe3 obade A2 MEHAT HRUMEHOBAHUATA CH. Taka HanpuMep reo-
METDHATA CH OCTAaBa CbL CHINOTO HME, BLIOPCKH M€ OT XHAAAOJACTHA TH BEHE HE €€
33HHMaBa CaMo C H3MEPBAHE HA IEMHATE YIaCTBHIIH,

B HacToammnsa npofnemen o620p npear BCHUKG iie HAethHAHDaMe HOHATHETO
wrecaesndecku cobTHrIE®. Te TpabBa ga yACBAETBOPARAT KOHKPETHHA H3HCKBAHEA
[0 OTHOLICHAE HA TeXHHYECKUTE CH XapakTePRCTHKH, IapaMeTPHTE Ha TEXEATE Op-
6uTH, yCI0BEATA 32 BHAEMOCT, BHCOUMHATA Ha JeTeHe H GopAoBoTO cHopyaBaHe
[5]. B [6] noapofuo ca K3IoKeHE HeoOXOIHMATE ABACKBAHMA 32 TeOJI€3UHECKH CIBT-
k. Tyx Haf-o01Io Iie TH pasriegaMe IO CIeTHAS HAYAH:

a) Manckpanus KpM opOuTaTa — IOJsSMa BUCOURHA; TOJIAM OpORTasieH HAKIOH;
MMHHMAJCH €XCUCHTPRIONTET Ha opOrRTafiHaTa enwnca; BUCOK IEpHTeH; ABYOCHA
OPHEHTAHEA ¥ &P,

6) Nanckeanusg xsM HopaoroTo ofopyasare, hopMaTa H pa3MEDHRTE HE CIIBT-
HAKZ — BUCOKOCTEOMJIHE reHEPATOPH HA 4€CTOTA; BACOKOKAUCCTECHH PaAMOYyCHI-
BATEJIH; CIEUHAJIHH PETPaHCAZTOPH] OOTHYECKH OTPaXaTelH; PAAHOBHCOTOMED;
MHXPOAKCENePOMEThD; ONTHUECKH $ap; OOpAOBH JIa3EPHHM Ja/IeKOMEDH; MEHHMAJ-
HOC OTHOIIEHHE MeX Iy NIOLITa H3 CPEAHOTO CeYEHKe H MacaTa HA CIBTHHKR; CHIHE
OTpaxaTe/Ha CnocoGHOLT HA IOGRLPXHOCTTE Ha CII'bTHHKA,

Pasfupa ce, MOHTRPEHETO Ha BCHYKO A30POCHO BbPXY €IHH CIBTHHEX € HEEB3-
MOJKHO, 50 32 A2 C€ HIII0JI3Ba OBEKTHT 34 I'e0Ae3NYCCKH U/HIIH 33 TCOAMAAMEYECKH
eiw, OOHE YacT OT NOCOYEHHTE H3UCKBanBa Tpadsa aa HeaaT wansinenna. B [7] e
IpeoKeHa CIeaRaTa KnacHPUKans: :

1. CUBTEMIIA, YHATO OPOMTHH IApaMETpH, HAJIHYHN NACHBHHE YCTPOHACTRE (Ja-
3epHE OTpaXaTenn), CTaGHJIECCT A Ap. ¢a NO3BONMIR A3 OBIAT OIpeAencHd OT
MEXYHAPOAHATA HAYURA ODIROCT KaTo 0DEKTH 34 H3cIeABaHIS,;

2. CbTHHOM, YAATO 8NI2pAaTYPEH CHCTEB NIO3BOJIBA PEIIABAHETC HA TEOME3H-
YeCKy 3a7a4e {pasapH, auTHMepH H Ip.J;

3. KOMIUIEKCHY KOCMAYECKH 0OEKTH, BKAIOUHTEIHO OKOIO3IEMER IUIATHOPMHE K
OpOHTANHHE CTAHIEH, KOHTO H3BLPIUBAT I'bJIHA WK HEMIHJIHA KOMOHHEZUNSA OT NIDEKH
{,,in-sit"} U3SMEPBAHNA, CHYETAHH ¢ JHCTAIIHCHHA NPOYYBAHVA B AKTHBEH H L3CH-
BGH DEXUM K G HazeMHH HabmoaeHns.

Oue oT 3opaTa Ha KocmuueckaTta epa IpobieMATE 33 TOYHOTO peluaBaHe Ha
reode3HUYeCKMTE 384840, BKIIOYATEIHO 32 CBETOBHATA M KOHTHHEHTZHATA TPHAH-
Tyjlanms; IPABEP3BARETO HA OTAAJIEYeHN OCTPOBH, IiobajAuTe recAMHaAMAYHY A3-
cnenpanus; Aperds BE KOHTHHEHTHATE M Ap., €& CBBP3IBAT TACHO C 3CpOHOMHATA
[8,9]. CnizpauHOTC BB3AEHCTBHE BBPXY CI'BTHHNMTE Bellle B OCHOBATA Fa IThPBOKA-

YANHHTE ONPEJCIeHAs HE HEYTPAIHATA TEMIEPATYPa, [IBTHOCT H HAJIAFAHE HA BH-
cokaTa atmoctepa Ha 3eMAT2 1 Ha BpeMEBHTE M IDOCTPAHCTBEHUTE HIMEHCHHUA Ha
Te3M napaMeTpu. BrocneacTere nonydaBaEATe CBEACHHEA MPE3 HA3EMHE Habione-
nus Ha MC3 652 0CHOBATA, BBPXY KOATO ¢E H3TPAANXa MeXKIAyHAPOAHHTE pedeper-
THH MOAeHH 3a BucokaTa atmochepa CIRA-68, CIRA-72 m mMaxa rojsiMa poJid 3a
dopmuparero Ha CIRA-86. IMeHHO Te3n CBEAgHUA ChCTABJILBAT ChLUCCTECHH Hac-
TH oT aepoHomusnTa [10], [le H3TEXHEM, 4 328 LEAATE Ha GH3MKOXMMUATE HE BHCO~
x2Ta aTMoc(epa reoIean ecKATe CIbTHULH 6sxa Hai-ynoOruTe obexTn 32 Kabiro-
AeHNA, THl KaTo caMo MpHE TAX ¢ BajJHKe OTIHYHO HO3HABAHE Ra opOuTHATE napa-
METPH € Ha JHHAMHMKATA Ha CODCTBeHHTE ABHXCHHS HA CIIBTHHKA, 3aTOBA HA3CMHH-
Te ONTHYHA ¥ (POTOL/IEKTPAYEY HabuloAeHEs Ha reoaeandecxuTe MC3 Gaxa u cr oc-
TaBaAT npeo6nananam.a'ra Y3CT OT BCHYKH H3MEPDBAHHA 33 OILIpSREHIHE BHd FJIOGaJ'IHﬂ—
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T HEYTPAJIHN napameTpu — I', n ¥ p . OT CBOS CTPaHA I'bK XODHIHPAHHTE AaHHH
33 aTMOC(HEPHUTE BEIACHCTBUA [I03BOJIABAT 1A CE PEIIAPAT I0-TOUHO npobiaemuTe
3d reCCINHECKUTE HIMEPBARUA ¢ BECOKA TOYHOCT Ha OPOHTHHTE NapaMeTpH ! 3a
4HAJIN3a TIDH FeCANHAMHUYHHTE M TeOQNINUECKUTE 3aaa4n. Taka ¢e CTHra [0 ecTec-
TBCHATA WHTETPAIMA HA TE3M [BA THIIZ IPOYYB2HUA, KOATO IPOOLIXABa H cera. [lle
C€ CHPEM HAKPATKC Ha HEMHUTE HEPCHEKTHBA ¥ CHLBPEMEHHH POBieMA.

CBCTOsHMETO Ha CHBPEMEHHATE MOJIENH 32 HEYyTPaNHATE CHLCTABAWIM, P TOBA
HHCJIO W HA HaW-TIIpeACTaBHTeNnHTE MomeaH kato CIRA-86 u cBbhpIamus c Hes
MSIS, He e ynosneTBOpHTENHO. Bee ome JAnncaa cOBBp3IBAHE MeXY MOACINTE 32
HEYTPAIHUTE KOMIIOHEHTH, ¥ peePEHTHHTE MOJesnH 3a HoHoohepara (Hampumep
IRI-79). Kakra e orbenssano B [11—14], 0TCLCTBHETO HA CHIOCTABAMOCT MexOy
ABAT& OCHOBHH KjlaCd a€POHOMHUYHH MOHENK — TE3H 3a HOHHSHPAHHTE K 33 HEYT-
PanHETe CHCTABAIRH, € HEAUKATOD HE CZMO 32 TEXHATE HECLOTBETCTBHA, HO H 32
HEAOCTaThYAATA HM TOYHOCT, B [11--13] e orbenazano, 4e riaBHHAT HITOYHHK 32
TE3N OTKICHEHAS OT AACKBATHATE CBCASHHA U IDEHIKH £ HeAoOpOTO Io3HARAHE HA
abConOTHATE CTORHOCTH M H3MEDBAHHMATA HZ HEYTDANHATE Napamerpw. 3aTosa
ChbBPEMEHHATZ ACPOHOMMSA A3NCKBA NpEpasTiekgaHe Ha IPEACTABATE M AAHHHTE 32
OCHOBHUTE IIPOLIECH, ARIEHHA ¥ CTPYKTYPH IJIABHO HA HEYTPAJIHKHTE KOMIOHEHTH 1
ocobeRc Ha TAXHATR BPB3Ka ¢ HOHM3MpamuTe cherassmy. Eaun ot Gaszucaure
npoGiaemy, xOHTO He Ce OTUHTAIE NOCTATHEYHO NPH ONpPEENSHETO Ha APAMETPH-
T€ Ha BUCOKaTa aT™MoC(epa OT cnupavyHuTe ¥ phafelicrsns »spxy UC3, e nannaune-
TO H2 MEOTOODOHHY ¥ TRBPXE AXTHRHE Bb30YAeHN YacTuuky, Ome b [15] ¢ onpege-
JIEHZ TAXHATZ I'ONAMA POJiA B KHHETHKATA Ha HoHoctepraTa m1azma, B eHeprEiHus
Sananc #a TepMocepaTa, B IPEEOCE HA CITHHYEBO-3¢MHATE BB3ACHCTRBASL H B 2€p0-
HOMHYHHATE NponecH, Tyk Ie paisueM HAKCH CCHOBHM NPE/ICTABH 32 BIHAHHATA Ha
Bb3IOYICHHTE HACTHYKE BBPXY ABHKEHACTO Ha Ie0AEIMYECKHTE CHBTHHIM H 1LE
APEIIIGKEM CTIOCO0H 338 OTHHTAHE Ha CIAPAYHATE HM €EKTPOMATHATHH H MEXaHH-
YECKH BB3LEHCTRAL.

Ot ananusa Ha opbuTEHTe IapameTpH Ha UC3 cnen CIsHYEBH €PYIIINK U B
HAKOM CJIY4Y&H, KOTaTQ C¢ [IOABABAT PA3KC NOBHIIEHA KOHNIEHTPALME HA BB30yAeRA
YACTHUYKH, C¢ yCTAHOBARA IOBMHIIABAHE HA CHHMPAYHOTC BL3ASHCTBHE HA BHCOXATR
atMocdepa BBpXYy COBTHHOMTE. AePOHOMHYHHTE NPOLECH, XOUTO NPOTHYAT IPH
TORZ, CIEHBAT IPUHIIATIHATA CXEMa:

[. HloBuiteHa AMCOLMALAA, OCBLIECTBIB2HA NPSAKC MIH YPe3 NPEAUCONHATHE-
HH [IPOLIECH NOPaAH HapacHAIaTa MHTEH3HBHOCT Ha CIBHYEBATA YITPABUOIETORA
paauanud. Jockopo ce Ipeanociaralle, € 0o TO3W MexaunibMm ¢e abcopbapa u
NPENPEAaBE CIBHYEEA EHEPTHA XBM KOPIYCHTE Ha KOCMHUYECKHTE JIETATEIINH ana-
PATH TJIABHC 4Ype3 MOJIeKyIApHEA kHcnopoxk [10, 15]. Ho Beue € Aoxazano, Ye akThH-
BCH YYACTEK B AHCOIMATHBHUTE NPONECH € H MOJIEKYIApHUAT a3oT [16, 17). Tosa e
HBDBHST I'BT, [10 KOHTC CIIBHYEBATA aKTHBHOCT — H B ABJITOBPEMEHHNTE, # B €PYII-
THBEMTE ¥ NIPOSBY, BBIAEHCTBA BBPKY MEOAEINUECKATE CIIHTHAIE — [JIABHO UPe3
TIOBHIIIaBAHE Ha HEYTPaJIHaTa TeMNepaTypa 1’ Ra AKCOLMAPAHNUTE YACTHYKH H 4pe3
ab6copOupaHaTa ¥ NpeH3TsYRana eHeprua BbB BECOKaTa aTMochepa. ITo-BacokaTa
Tn BCAN B YaCTHOCT HO NO-TOAAMO COAPAYHO B'B3HCﬁCTBHc BBPDXY CIIETHRIIUTE, 4 OT
NOCICARCTO MOXE 12 C¢ H34HCIR 06paTHO T, M CHEpruaTa Ha M3MEHCHACTO B JIHCG-
IHHPAILATA PaJHALHA, XKOSTC € IPEeAU3BAKANIO IOBRILIEHEETO M.

2. BropoTO IpPAKC BBIACHCTBHE H& CIILHYEBATZ aKTHBHOCT, B YACTHOCT Ha
EpPYNLHHTE, BbPXY ACPDOHOMHYHHTE NAPaMETPH, 8 UPEe3 TAX M BEPXY ABHXEHHETO Ha
HC3, e cebprans ¢ NCBHIIEEATA HOHRZAIMA DY PA3IMYHUTE NPOSBY Ha CILHYEBA-
T2 aKTHBHOCT, KOATO C€ KBIDKK HA YBEIHWYCHATA YATPABHOIETOBZ, PSHITEHOBE H
rama-paananys. IlpexuTe RapacTBAHNA Cre/] epYNOMHTE HMAT HaH-TONAM eekT B
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HACKaTa HOHOC(EPA, KBACTO CIITHTHALMTE BE ACTAT, HO M M3BECTHHM BIMSHEA B 06-
nactTa F, kpaero ce apnxar noseyero VIC3. llle otlenexnm, de HORHIAMHORHHTE
€(EeKTH BIAHAAT BPBPXY ABHKCHHETO HA CI'bTHALMTE 10 JBa HAYHHA!

2.1, YUpes HapacTBaHe Ha HonAaTa N, 7 enexTpoHHaT2 N, KOHIEHTPALHA, KOHTO
ITDEAH3BEKBAT H3IMCHEHHA B 3aPEXAAHETO, COOCTBEHNS NOTESHIMAI H €JIEKTPOMATr-
HHUTHHTE BIaHMOREHCTBHA HA CIETHHIATE C OKCJIHATA BM IU1a3ma, EnexTpoMarant-
HOTO CNMUPA¥HO AEHCTBHE HA MJIa3MaTa BhPXY KOCMHYECKHTE JIeTATENHN alapaTH
AOCKOpO HE c¢ oTYuTale. TOBA NPEAN3BHKBAILE 3HAUATENEY TDELUKE IPH CUpeae-
JIIHETO Ha MEXaHHTHOTO CHIIPOTHBIICHHE 32 ABUXCHUETC Ha CIrbTHHIKTE. B [18, 19]
€ Ioka3aHa BaXHOCTTA HE MSMEHECHHATA B CJIEKTPOMATHUTRIS eheXTHBEH pajInyc Ha
CNLTHHUMTE. Ta3u TeMaTHKa LIHPOKO ¢ Pa3paboTsa, HO € AaNed OT CBOETO paspe-
LraBafe, NOHEXE NIPH PAIMYHR KOHGHIYPAIHH H2 KOCMHEYECKHTE 06ekT#, NpH Ipo-
MEHJTHBY IJIa3MEEH YCAOBHA Ha TepmochepaTta, IPH pazHoobpasnE kKOMOHREIIHN OT
SJACKTPHYECKH ¥ MAarHHTHH ypek ha Gopaa ua MC3 u npu mamensdn ce pexnMmu Ha
TAXHOTO QYHKIMOHMPEHE CE NOSNYYABAT AOTOIKOBA HECHIOCTABHMH YCJIOBHS, Y€
Jacera HAMa oOIIA TEOPHs 38 TE3N BIAMMOMAEHCTBHA.

2.2. YUpes HapacTBaHe Ha €JIEKTPOHHATA T v honnata 7, TeMuepaTypa, KOeTQ
CleaBa cieh SPYNUEATE ¥ KOSTO CBIPOBOXAA HOHOCHEPHHTE M reOMAarHHTHHTE
cmymenns. TepManianpaneTo Ha GoTOeNEKTPORNTE, HE MBPBRYHATE [EOAKTHBHH
IPOTCHHH H €JCKTPOHHKR IOTOUH K HZ BTOPHYHHTE H TDETHUYHHTE TEXHH HOHHH H
€IEKTOHHH IPOAYKTH CTABA YPE3 NICBAINIARAHE HA eAEXTPOHHATA H HOHHATA TeMIle-
patypa, IlociefunTe OT CBOS CTpaHa NpeIU3BHKBAT HapacTBaHE HA HEYTpalHATa
TemInepaTypa T, KOETO CTaBa 4pe3 OXI2KAAHETO Ha EJIEKTPOHATE M HOHUTE OT He-
YTPaJHUTE V_ ¥ €JIeKTPOHHO-HOHEHTE ¥ KOJIH3MH, 3 B 3HAYHTEIHO 0-MaJIKa CTe-
NeH upes cOIBCKBAHMATA V, . PeNlakcalliONHOTO BpeMe 32 Te3H PEenpeaaBaHus, KO-
HTC BOAAT 210 NOBHINABAHE HA I, € CPaBHRTENHO MAJKO, 2 32 OOMKHOBEHHUTE BACO-
4HHH Ha CIBbTHHALHTE Hax 200 km, To He HapacTha NIPONOPLMOHAIHO C BUCOUHHATE,
NIOHEKE UMA TOJIEMH BB3ACHCTBHSA OT V, M OT NOBHIIABAHE HA POJATA Ha HEYTPAI-
HHTE a30THH aTOMH. KONIERTPalAATa HA TE3X ATOMHE CbILLO HADaCTRa CJIEN EKCIIE-
CHBHH IIPOABH H2 CIILHYEBATA AKTHBHOCT,

N, N, T T, DOBHIIEHH IO €ICKTPOMATHATSH LT MK Ype3 IOBKILABAHE HA T,
BOJAT AC YBENHYaBAHE HA CHIDOTARICHHETO HA BUCOKATa aTMOC(HEPa 38 ABHKEIIH-
Te ce B Hess UC3. Ilpeacrabara, ue MokeM Aa pelnuM ofpaTHaTa 3aAaya — OT HOBH-
LIEHOTO CHHPAYHO JeHCTBHE 38 CIBTHHKE A2 HAMEPHM KOS A4 € OT TE3H 4 BEeJIKUHHE
— € HeoChIecTBAMa. Pasriexaanara obpaTna 3a1a4a, OCBEH 4¢ € THIIHYHO HEKO-
PEKTHA, BKJIKYEZ TOJKOBA MHOI'O JlaﬁopaTopHH, TCOPCTHYNHH HIH AIDHODHH IIPpL-
CTaBH, BEJIMYNHH B KOe(HIMEHTH, 4e HIKIFOUBA PALMOHAIHOTO pelncHue, Ho ¢oba-
MECTHHAT 2HAJIM3 HAa HOHHO-COHAHH Ha3€MHH M CI'BTHHXOBH JaHHH, KOMOHHADAHH
€ JIOKAJIHH CI'bTHHXOBH HIMEpPBaHUA Ha Ne, Ni, TG, » WITH MBNIOJI3BAHETO HA CBEJAE-
HHMATA OT HHKOXEPEHTHHTE CKETED-PAAAPH [T03BOJISBE IDH HAJIMYHE Ha PE3YIITATH 34
COHpAYHHTE BbIACHCTBHY HA BACOKaTa aTMocthepa sxpxy MC3 aa ce yrouHAT cKo-
POCTHTE Ha a8POAMHAMHYMHUTS PEAKIIHH, 13 C& ONPEAEeNsT IPAKTHHECKH HeU3Meps -
€MH 10 APYI'H H@YWHH BEIIHYEHH HIH g ce IPOBCOAT CKCIIEPUMEHTH IO NPQUECH €
MHOTQ TPYAEH ONHTEH &HAJIN3, KAKBHTO C4 TE3X 32 HAMHPAHE Ha ¥_ M ¥, A pa3jing-
HHTE BHIOBE HAIEMHM, CITETHHKOBH H DAKETHH paaROPHIRYECKH, T1IA3MEHH H OIITH-
HMECKH HIMEPEHHA, KONTO BOAAT A0 OOpeAeNdHe Ha Ne, Ni, TB, In"i 33e[AHO C HAMEPEHAA
CI'BTHHKOB Apar, KONTO ce onpeleiis Hal-TOYHC NPH TeoHe3NYeCKATE CIBLTHHIM,
AOBCHKAAT A0 PBIMOMHOCTH 123 TPAKTOBKA Ha peAHMIid 3acera HEKOHTPOJIHDYEMHE
[PAKC 8CPOHOMHYHH NIPOIECH, HAIDHMED TE3M 32 CHEPrHAHHA IDEHOC MEXAY HEyT-
PAJIHHTE ¥ HOHH3HPAHUTE XOMIIOHEHTH.

3. Enus OT BAXXHHTE COCCOOH 32 IPEHOC Ha GIEHYEBHTE BHIAeHCTBHA H €HHO-
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BpPEMEHHO C TOBA 32 B3aRMHO 00BBp3Bane Ha CIIAPDAYHOTO ASHCTBAE BLPXY CIIbTHH -
IATE ¢ 4ePCHOMAYHATE NaPaMeTDH € Upes Bu36YRHaHeTO Ha HEYTPAJIHA B HOHA3E-
paH¥ YaCTHUYKH, PasjinunnTe THIOBE BUCOKOCHEPIAHEN CIILHYEBH BAAARMA (KaKTC
4pe3 ¢NeKTPOMATHATHATA, TaKka B YPe3 KOPOYCKYJIApEATa Pagaaui OT CIIbEYCBAS
BATHP) BOAST A0 HOHM3ANHA, JHCOMHALES AIIA CAMO A0 BE36yXKAane, BKIIOYATEHO
K BubpanroRRe. BIpoueM ChINECTBEHA YaCT OT IPOAYKTHTE HA HOHMIAMAOHHO-HE-
YTpasin3anHOERAS M AHCOLHATHBHO-3CONHATABHAA Dananc ca ChIlO BBB Bb30OyAe-
HO ChCTOAHWE, Hal-100pHAT NpHMeEp 3a TOBE Ca NPCAYKTATE OT AUCOIAATHBHATA
pexoMOHHANES, KOATO ¢ ACMHHAHTER HEYTPAIM3IAMMCHEH IPOLeC 3a OOHKHOBEHHTE
BHCOYMEHH 0GIaCTH, B KOATO JIETAT CisTHAIMTE [8, 15, 17].

4, BuafyneHNTe YaCTHUKHE YBEIIMYABAT CHAPAYHATE Bb3OSHCTENS Ha BUCOKATA
aTMocdepa riaBHO OO ABA HAYHHE;

4.1. Upes eHeprHHHEC NpenpeaaBane, T. &, Ype3 NPHBeKAAHE HAIPAMED HA BHG—
panmoRHaTa xonebarensa temnepatypa T, xsM ReyTpadnaTa 7, KOETO CTaBa Ypes
CROTBETHHTE ASBBLIOYMAANIN KOAHIHHA won 4pe3 paddaTABHEO neaxmnupaﬂe Tlps
TOR2 HEYTPajiHATA TEMIEPATYPZ C€ NOBHINZEE, 4 ¢ TOBA HAPACTBA CIIHAPAYHHAT
edexT.

4.2. Upes ynecHeHaTa H AHTCR3RGAIMpaHa HoHN3anyy Ha BL30yeHATe HacTH-
xH. ITocnennara pe3nercrea Bepxy AemxerdeTo Ha MC3 no orbengzanure cnocobu
2.1 n 2.2. TIpoOiemMa 32 BIKAHHATR OT AS2KTHBAPAHETO HA BB3IOYACHATE HACTHUKH
BBDXY KODHYCHATE Ha KOCMHEYECKHTE JIeTaTe/IHA anapaTh He € TPEeTHPaH NbIHOLEH-
HO H IIPEACTaBJIfABA HHTEpEcHa Hoba 0051acT 22 aHAIHA Ha Bh3MOKHH NPEKH Blau-
mogeficTeusg Ha FIC3 ¢ prabyneHERTe KOMIOHEHTH.

5. Ocofeno CHARE ca BPL3IeHCTBHATA PEPXY OPOHTHHTE NapaMeTps Ha MC3 ot
HATCH3RQUINPARNA AREAMAYEH IPEROC, KOHTC CHIPOBOX/E NQ-TONEMATE IPOABA
H3 CJIbEYMEBATA aKTHBHOCT. Pe3kuTe U3MEHEHHS Ha TPAHCICPTA HA HEYTPAJIHUTE U
HOHH3MPAHNTe CHLCTABAILHA LIPAKC [OCTaBA NG TPAaEKTOPMATA Ha COBTHHKA HOBH,
IHAYMTENIHO IPOMEHRSHH NJIa3MEHA KOMIICECHTH, XORTO CE X2pakTepRA3APAT AOPH ¢
npomenera T, P u N . OT nocieERTe TPOMEHY CICABAT ¥ 3HAYHTEIHH BAPHAIINY
Ha CIMpauHATe NefiCTBUS HA BMCOKATA aTMochepa. OBpaTHO — HAMMpAHETO Ha
JHHAMHYHEAA NPHHEOC OT AMBEPTEHTHAA WICH B allaHCOBHTE YDABHGHHA 34 KOA fia €
ACpPOAHHAMHYHE KOMIIQHSHTA Ype3 TOYHO QIIDEACIIAHE HE CIADAYHOTO ,ILCIM’ICTBHC ]
BBIMOKHO CaMO NPH KOMILIEKCHN H3MEPBaHHA, KOATO NpeAiaraT TOUHH CBCACHAR
33 BCUYKH YJEHORe Ha 0anamca ¢ H3KIIOUEHHe Ha TPAHCICDTHATS My JacT. B Tasu
ofnacT BARSHEATE MOTAT Aa OhIar XakTo 4pe3 Andy3HaTa Ha HEYTPaJIBATE H HOHH-
3UPaHUTE ChCTABAIIN, TAKA H 4pe3 IPSYCTPOHCTBOTC HA TOXORMTE B BETDOBUTE CHC-
TeMH, [IOBAIMABAHETO Ha CIMPaYHOTO BBL3AEHCTBUE B TO3H CIy4ail Ce MOCTHTra N0
TDH HE4AHA:

5.1, YUpes no-ronsMa OTAaLSHA ¢HEPIHA H CHOTBETHOTO NOBKIICHKE Ha T IpH
[HCAOWPEHETO HA TOKOBETE H BETPOBHTE CUCTEMH H B Ipoleca Ha Tu(y3nsd;

5.2. Upea npexy BIMAHMA HA OBHKELIATA C& Maca Ha BHCOKaTa aTMocdepa;

5.3. Upea ejleKTPOMATHATHHTE BIaMMOASHCTBHE Ha KOCMMUYECKAsS OfeKkT ¢
NAAIMOHHATES JHEAMHAYHE CHCTSMH.

6. Edexrrre Ha CABHYEBNA BATED B CIIOKOHHO H MHTEHZRQHIHPAHO ChCTOAHAS
IO ToigMa CTENeH $fXa pasT/iciaEy B NIDCAHLIHATE HACTH HA TasW IPAHIHIHA CXe-
Mz, MaraatocdepHo-HoEGcepHATE B3aRMOASHCTBHA, KAKTO U HoHOoCQepHATE H
TEOMATrHATHHTE GYPH ¥ CMYLICHAA, IDCAEBABAT CBOHTE BJIHAHAA YDE3 H3MCHCHHATA
Ha HOHHINPARHUTE, JRCONAHPAHEATE A BhI0YACHATE KOMIICEEHTH, Ype3 CHEPrAWHAA
W AHHaMHYeCKus IPeHOC, ENeKTPOMATHUTRUTE BIIHAHAA H APYTUTE CTPAEY HA KAHE-
THYHATE K AUHAMMYECKHTE IPOLECH BbE BUCOKaTa aTMochepa. ITopagu Toba TsaX-
HOTO HHAOAHIIEDZHE 1pEe3 OD6HTHHTC EJICMCHTH Ha TeOOe3N4YeCKHTE CITBTHHIM MOXE
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Jia CTaHe caMQ B KOMIIJICKCHE €KCIIEPHMEHRTH, KOHTO MO3BOJIABAT ONpPEAe/AHeTO Ha
OCHOBHHATE II43MEEH H AEpOHOMHYHHE XaPaKTEPUCTUKH OT NPEKH HIIH ARCTAHIIROH-
HH H3MEDBAHHA, XaTO CIIHPAa4YHOTO BJHAHHEE € ¢AMH KOMOHEHpPaH, NONBJIHATEICH
OIATEH KPETEPHHA N eKCIEPAMERTANIHE AaIeHOCT,

Oco6eno BamHOC € R3NCI3BAHETO HA IPOMEHATE B CIHPAYHOTO BL3ACHCTBHE Ha
BHCOKaT4 aTMOC(epa 32 HAMAPAHETO HAa KOHOEHTPAMATE HA HAKOH HEACGCTBIAH 32
IIPCKH M3MEpBaHUA CHCTABALIN, MEXAY KOHTC TRBPIAC BAXKHA € BUOPAIHOEHO-Bh3-
Oynenara a3oTHa monexyina N, (F=0, 1, 2, ...). fokaro 3a peauna Bbalynenn chera-
BSIIIH MOEM 2 CBAHM IO TEXHATE €CTECTBEHH ONTHYHH H YITPABHOJETOBH €MH-
cun — nanpumep Te3u 3a O('D), O('S) n ap., To 3a N, HAMa HHKAKBA IPEKK KPHTE-
puu, [Topaan TOBa KbM METOJHUTE 338 KOMILIEKCHO ONPEALISRE HE N,(V=0,1,2,.),
pazsrTH B [20], Moxe fa ce N0GaBAT W CBEASHHATA, KOHTO CE MOIYYEBAT OT CHHpayd-
HHTE BJIHSHUA BBPXY r¢0AE3HYECKATE CIIbTHHLH,

PesynrataTe 0T HabmoneEusTa Ha reoaesnveckate MC3 ca ocobeno yaobun
3a KOMIJIEKCHO M3NQJI3BAHE C PAKEeTHU coHgaxa. B [21, 22] ca npeasioxkeHH criocobn
332 KOMOMHHDAHE HZ DAKETHUTE HIMEPBAHKA C APYTH CI'BTHHKOBH M Ha3eMHH H3Mep-
BaHHA. KoM onTEMainns Opoit congaxm, onpeleerr 3a PAsIHYHEA HonochepHn
4ygcTh cnopen [21, 22}, nofapgreTo HA CPABHETEIHO HBATOTPAREATE PE3YATATH OT
MpeXa ¢ HabllIonaTe 1 HH CTAHNAT 38 CHAPAYHOTC Bb3ACHCTBAE HA BUCOKATa aTMOC-
(epa BEPpXY CIBTHAOUTE IO3BOJIARA 3HAYUTENHO [ C€ NCAOOPH TOUHOCTTA, B3KM-
HaTa 00BBPIAHOCT B 8JEKBATHOCTTA H3 AHAJIH3A,

Hanonsparero Ha HaOIIOASHMATA HA TEOAE3HMECKHTE CIIBTHHIH H TeXHHTE
[IDEKH A3MEPBARHA B HoRoC(hepHATA B MATHHTOC(EDHATA M1a3Ma 32 a6POHOMAYHA
[ 3HAYHTEIIHO NOANIOMAaraT CbEPeMEHHATA HAYKA 32 OKOJIO3eMHOTO IPOCTPaHC-
T80. OT ApYTa CTPaHa, HanpedbXbT HA- a8POHOMMATA HOIBQJIABA [@ €& YTOYHHBAT
pedepeHTHATE MOAEIH 32 HeyTpanHaTa BUCoka armocdepa {CIRA-86) u 33 HoHoC-
tepaTa (IRI-88) 1 oa ce gaBaT BCe NO-aAEXBATHH H3XOOHH JaHHM 34 KOPEKIIHH HA
opfuTannnTe H3MepBaHEd. C TOBa aGDOHOMEYHATE NICCTAXEHHA NPAKO NOA3BAT
KOCMHMYECKaTa reoaesns. OT Apyra ¢TpaHa, DONOOPEHNTE 3HAEKA 32 CKOJIO3EMHOTO
[IPOCTPAHCTRO NO3BOIIABAT I10-TOYHOTO OTMHTAHE HA HETOBHATS BIMSIHMA BBPXY paz-
JIHYHHTE CTIOCO0H 32 HAaMHEPaHETO HA KOOPAWHATHTE H2 TOUXKH OT 36MHATA MOBBPX-
HOCT MJIH B CBETOBHHES OKeaH H 22 DA3pElIaBaAHeTo HA OCHOBEH [€CHOMEYHM NPOD-
JieMH. TORa € B3IaNMHO CBBP3IBAILAAT KOMIIIEKS, KOHTG 00SAHEARE YCHINATE Ha CTig-
IHaINCTH ¢ PAa3fIfYHa KBANH{PUKENAA Ha KOMOERAPAHO MYATHIKCIMILIHEADEG Tpe-
THDAHE Ha 36MHC-KOCMUYECKATE NpolieMH,
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Geodetic satellites and aecronomy

|Kiril Serafimov|, Veneta Kotseva

(Summary)

A discussing survey of the interrelations between the plane-
tary geodesy, the geodetic satellites, the aeronomy and the basic neutral and ino-
spheric parameters of the upper atmosphere has been made. The contemporary
problems and the long-term perspectives of the integrated geodetic-aeronomic inves-
tigations and experiments have been considered. The principal scheme according to
which the aeronomic processes are running is given. Their drag at the orbit move-
ments of the geodetic satellites has been elucidated. Different possibilities for using
the observations of the geodetic satellites together with the observations of rockets,
sounding baloons and other types observations from ground stations and satellites
with purpose to make more precise the references of the neutral upper atmosphere
and the ionosphere have been indicated.
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HeotekToHMKA B reOOMHAMEKA
Ha IIpeabankana
n Crapa 11aHuHa

Xepuanu Cnupuoonos, Huxosa I'eopeuee

Hucmumym 3a xocMudecky uscaeseanur, bAH

1. TTocTanoBKa Ha 3a0adaTa

¥YTOuHABAHETO HA OCHOBHHTE HEOTEKTOHCKH eAHHMIHA B Ipe-
peinte Ha [Ipenbankana n Crapa miaHuHa, TAXHaTa pasHoobpasHa Mophonoxka 1
TEKTOHCKA HIPA3HTETHOCT, TPAHHIIHTE MEXAY THX, C& OCHUICCTBABA DA CHYCTAHHKE
Ha JBa OCHOBHM NOAX0/14; H3NQAIBAHE HA AUCTAHINONHA {2aepoOKocMHUYecKa) HHGIop-
MaIBH B HE KOMIIEKC OT AaHHH, DONy4€HH OT Te0JIOrO-TeKTOHCKH, FeO(H3NYECKE 1
reoMop(onoxxn HabIIoASHNA, H3MEPBAEHA M DazIHYHA II0 Mamal XapTH ¥ MaTe-
pHAIH,

2. PeruoHaH1 HEOTEKTOHCKH CTPYKTYpPH
B IIpenbankana u Crapa njaHuHa

2. 1. Tepuoscka pezuonaana Mopgocmpymypa

TosBa ¢ enHa OT FONEMHATE DETHOHANHH CTPYKTYPH B obcera
Ha BalkaHRauTe, YCTAHOBEHA B PE3YJITAT HAa KOMILUICKCHO OTYHTaHE Ha PEAMIa Ae-
D POBBYHH, TEKTOHCKH H IeosIokkH Oejies3n, 2 Taka ChIIC K Ha HEkoH reoMopdo-
JNOXKH U TONOrpadiCKa [IOKa3aTeNmn,

2.1.1. Mopdonorus

TspHOBCKaTa MOPGOCTPYKTYPE C€ IOA4YEPTABE HaH-BEUe OT

PeuIa NIaHHACKH BE3BHLICHNS, DALOBE A BUCOYMEN (XBIMOBe). Tean oporpadexn

topme ca yact or Crapa INIAHMHA ¥ OT OO-HHCKHTE NJIAHMHH H BBIBHIUEHHS Ha
ITpenfanxana u HepuniaThopMeEHOTO IOKHOMHIHICKO HOHRMXEHHE,

O6mo BIETO AB/DKMHATA HA MOP(OCTPYKTYpaTa OT 3anald Ha M3TCK € OKOJIO
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200 km, a cpearara ummpraa — 50—60 km, miomra — okono 12 000 km?2, ITo ¢n-
IIECTEO TOBA € CHJIHG YABIDKEHA MOPHOCTPYKTYPHA €ANHALA B ChOTHOUICHHE 4:1 M
34TOB2 T4 € IPHETa KaTO PErHOHAIIHS €AMANNE OT FOJIMaTa TEKTOHCKA 3a71a Ha Bas-
kaHNANTE, PeallHo pasrieAaHHAT BPBEIICH BOOOIE/ICH IIPBCTCH OT NHAHHHA H BB3-
BHIICHHA OTpaXja BbTPEIIHO OBANHO NPOCTPAHCTEO CbC 3HAYHTENHO NO-HACHK
pened u rogamo pazHcobpasne OT CHIHO YADLKEHH B IOCOKA HITOXK — 3amaj oT-
ACJIHH I HHHY, Bb3BHIICHES B DHAOBE. BhTpeuHoTo 52p0 Ha MOPGOCTPYKTYPaTa
Ce pasuiIeHsBa OT pevyHaTa cucTeMa Ha pexnaTte SuTpa B Kamuns, xouto dopMApar
TIpOJIOMHER JC/IHEH ¥ AOAHHHY PA3IIAPEHAA B OTACAHH OTCEYKH Ha DeUHHTE Iope-
ups. Ilo HMeTO Ha NO-TOAEMHTE Cenula ¢ HapedeHo [ abporcko-OMypTaILKO.

B pamknTe Ha M'abposeko-OMypIalikoTe BRTPELIHO AP0 ce HalaromasaT oule
TPH NO-MaJIKH MOPGOCTPYKTYDH OT MC-BHCOK NOPAAEK, [10 HMeHATa Ha UEHTPadA-
HHT¢ CeJIHINA B THX Teé ca HapeueHK Cepnmencka, JIackobcka ¥ Bepbuiuka {(dur. 1),

2.1.2, "'e0sI0ro-TEXTOHCKA XapakKTEPACTHKE

B crpoexa Ha THpPHOBCKaTa KPErOBa MOPOCTPYKTYPA B3e-
MAT YYaCTHE ME3030HCKO-IaICOTEHCKH CTPYKTYPHE KOMIUIEKCH, HO Hall-ToaaMo €
NPHCBLCTBHETO HA CKAJIH C IOPCKa A JONHOXPEAHA BhIPACT, TO3H KOMIASKS 0popMHA
HPCKO-AOJTHOKPEOHES CTPYKTYPEH NofeTax B paMkuTe Ha Ilpenbankana [1]. To# e
pe3yaTaT Ha aBCTpHECKaTa TeKToreHesa, IposneHa cien Geayna, Ho Npedy oTiara-
HETO Ha CeANMEHTHTE Ha ropHaTa Kpega, FOXHaTa BOAOASIHA Abra Ha ThpHOBCKE-
Ta MOpPocTpykTYpa € uacT ot llunyenckns autuxanuopui [2], Korenckara uBHia
{Marop-nnanunckata anTuKiInE2Na) [3] 1 Jlynokamuniickara 30Ha.

CeBepHO OT TO3M OTPAAEH BaJ € PA3NOIIOKEHa DORHKEHA 30Ha, KOATO 0QopMs
BBTPELIHOTO AAPO Ha ThpHOBCKaTa MOPOCTPYKTYpa B TA cbBnana ¢ FOxnara CuE-
knuHajgHa neung Ha [peabankana [I]. OcTaHaNATE TECNOGKKH CTPYKTYPH, KOHTG
san3ar B Fabpoecko-OMypTallikOTO BETPEWIHC AP0, C€ H3TPAaX AT OT IOPCKO-ACI-
HOKDEIOHHS CTPYKTYDEH €TaX M TYK BIH3AT PEAHNE CHHIIHHAIN B aHTHKIHHAINR [1].

Ot TpeTr nopaALK B 06cera Ha ['abpoBcko-OMypTaIIKOTC BTPEIIHC SAPC C&
YCTZ2HOBHXE OII¢ TPH NO-MAIKH MOpdOCTpYKTYpH: JlackoBckata, BepOumixata n
Cenaunerckata. O1 n30poeHuTE HAN-TO1AM HHTEPEC NIpeAcTaBnsaBa Jlackopckarta, Ta
BCBIIHOCT € 9acT or Jlopeluko-THLpHORCKAaTa MEHKOBO-O10KoBA HBHOA. Ha cepep
CTPYKTYpPaTa ce orpaxza or Bogoseh-pararoBckara ARCIOKENHAA, KOATO € 4acT OT
IIpenbankaHckus pasaom [4, 5],

2.2. BFomesapadcka pe2uoRasna mopfiocmpykmypa

Boreerpanckarta perronaina MophocTpykrypa ce ofiopMa
CEINC B npeaenuTe Ha bankauvmure. Tg obxpBawla rojgma IO, PAlNo/oXeHa
Mexy Bpauanckua Banxan Ha 3anaf, ¥ Ha M3TOK HOCTHrA IO POPHOTO TIOPEYME Ha
p. Gcbm B TposHekara nnannsaa. Ofwara apasaina € okono 100—120 km. Hnpn-
HaTa Ha MopdoCcTPYKTYpaTa € okoio 25—30 km, xaTo Ha ceBep OMHPA 0O AOJIHHATA
ra p. Uckbp, a Ha ror ofxsaiua Gunny yuacTeIR Ha CTapa miaHkHa. O6mara noco-
ka Ha MopgocTpykTypaTa € 120°, M Tyk choTHOeHHeTO € 1:4, nogobuo na TepHOB-
cKaTa CTPYKTYpa, T. €. B CJIy4as € ACHO ofopMeH OPYT CETMEHT OT I'OJIAMATa TeX-
TOHCKZ 30HA Ha BankaHBRAWTE,

2.2.1. Mopdonorus

MopthocTpyxTypaTa chLIO Taxa IO CBOA MOPHOAoXKKR 00-
JIMK Ipuauyg MHOTG HE Thprosckata. M Tyk ce Habnropapa PBHIIEH BOZONCIEH
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nosiC, 6POPMER OT BUCOKA [UIAHAHCKH DHAOBE M [10-HACKH BLIBAIUEHAS. Upes scre
H3pa3eHa NOHAXCHA MBHLA MEXAY BLHIUIHAA BOAOACIIEH HOAC M BLTPELIHUTE ydac-
TBHUHM Ha MOPQOCTPYKTYpaTa ¢e Habawaasa sbTpemEoTo Teresencko-JbKaTHIIKG
24po. B Herosara neaTpansa 4acT ce pasnosara Hai-HUCKHAT Y4aCTBK HA CTPYKTY-
pata — BoTeBrpaackara KOTICBHHA.

Mosxe na ce ZonniHm, Ue Te3r foOpe H3paseHH MOP(MOIOKKH MPAHULHE CE G-
4€pTABAT OT pevHaTa mpexa. [Ipn peundpupareTo Ha KOCMUYECKHTe H306pake-
HHA Ha BoTerrpagckata MopIoCTpykTypa pedHaTa Mpexa Belle Chlo Hali-Xxapak-
TEPHHAT ACIINQPOBBYECH NIPHIHAK,

2.2.2. I'ecnoro-TeKToHCKE XapaKTEPHCTHLA

B cTpoexa na Boresrpagckara peruoHaina Mop@oCcTpyKTy-
pa ce Habmogasa paAko cpeluaHa ocofeHocT. CKpaBEeHCKaTa KOTIOBHHA, KOATO €
AJKaTa HA CTPYKTYpaTa M € HaH-ABJIOOKO NOTHHANRZ, C€ pa3snojiara B TeMEHHATa
yacT Ha Bepkorckus anTukmHOpHi. KOTIOBHHEATA € H3NBIHEHE C INTHOLIEH-KBATED -
HEPEH YT2HKH ¥ HEHHHTE OTPajHA CKIOHOBE BCHINHOCT IIPEACTABIABAT CEBEPHOTO
H 10X%HOTO 6eApc Ha aHTHKIMHANATa. OT TsX ca OCTaHAIM oTaenEn nerHa, Ha cesep
aHTHIUTMHAZATA ¢ OThEenA oT [Ipenbankana upes CTaponNanHECKATA YEJHE HBHIA
[L,6]. Ot roxHa cTpaKa ce npoxapea BapanykusT pasnom [2]. BurpemsoTo aapo Ha
Boresrpanckara pernoHanna MOpOOCTPYKTYP2 € H3ITPajeRc OT AOKaMODHIACKH H
MANEO30ACKY CKAJIHH KOMILIEKCH, @ TAKa CELIO B NaJIe030UCKE TPaHRTONIH, 2 MaH-
THATA H2 AAPCOTO — OT ME3030MCKHA CeAUMEHTH (Tpac, I0pa, ACJIEA Kpeia).

Bbuumust sogonenen nosc Ea 1or ce opopms ot Ceorenckara u Llenrpanno-
GanxaHckaTa AHTEXIMHANE, HA H3TOX OT TeTeseHckrA coH (3acBoaaBane). ITocnea-
HRAT Ha 3allaf OpOABIKaBa Npes BucouneuTe Jlncel, nnanuraTta Jparoiiua, Jixo-
THOPOJCKaTa H 3rypurpajckara aRTHKIAHAAE. OT I0KEA CTpaHa BhELIHUAT BOAO-
AeneH NoAC ¢e OKOHTYpBa oT CBoreHckara u LientpanuobankanckaTa aHTUKIKMHA-
Jia, USTPAJAEHH OT NAJICO30HCKa AAKa M ME3030HCKAa MAHTHSA M 3aBBPIIBA Ha 3anaf C
YunpoBcKaTa aHTHIUINHAIA, H3TPAAEHA OT TPHACKH H IOPCKH CEAHMMEHTH.

TeTeBeHCKO-JILXAaTHRIIKOTO OKOJIOAAPEHO IOHMXEHHE BCBHUIHGCT € H3IbIIHe-
HO C TPHACKO-FOPCKO-AOIHOKPEHN CEAXMEHTH B Ca2MO IOKHO OT BoTeBrpaackara
AHTHIUIHHAIZ Ce HAbIIOAAaBaT HaBJICUEHHTE MACH Ha OD/IOBHMKA M TOPHHA KapOoH.

2.3. Monumancrka pezuonaing mopgocmpyxmypa

Chnenpamara rojgMa MOp(OCTPYKTYpa ¢ PETHOHANEH XapaK-
Tep, KOATO B MHOT'O OTHOIICHHA C& OT/IH4YABZ OT ADYTHTE, PAITJIeAaHH Aocera, e
MouTanckaTa, CTaRa BBIPOC 38 TEPUTOPHUATE, KOATC GOXBAIA BE3BHIIEHHATA Bec-
nen, MusnH kamek, [ThcTpuHa 1 APYIH [10-HACKH XBJIMOBE ¥ pHAOBE, Te UIILIBAT
IPOCTPAHCTBOTO Ha H3TOK OT rp. Pomar u Uepser Bpsr Ha p. Uckep 10 rp. MoHTa-
Ha H2 3anaf,

2.3.1. Mopdonoras

MopdenorasTa H2 HICACARARNA YYaCTHK € pasnoobpaszna,

HO 0610 B36TO CTaBa BBIPOC 3a YABIKEN B nocoxa C3 — FOU oBa, CHIIHO pasuile-

HEH HalPEMHO OT NPHTONATE HA p. Orocra U rOpHOTO mOopevyue HE pekuTe CEBT,

Hcxkep u But, HesaBHCEMO OT Tasy HalpedHa pasKbCaHOCT OTACIHHTE DHACBE
HMAT II0COKa H3TOK — 3amaf, :

Octananara 9acT, KoATO ce HaGuofana Ha 10T, CEBEP K A3TOK OT NOCOYEHHTE

AbI'H H4 @aHTHKJIHHAJaTa, € 3HAYHTEJIHO [IO-D2BHa. Tae CBIUO TAKZ B I'OJIEIMA CTEIIEH
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pasinenena ot pekure Heksp, Mansk Heksp, Kannrk, Katynen 1 Kameruna, xato
¢ GOPMUPAT RANPETHN PANOBE B IOCOKA CCBEP — 10T, BHCOYARATA Ha BCHYKA TE3N
OTAEIHEM PHACBE He HAAXxBEpAA 400 m.

2.3.2. T'eoNOT0-TeKTOHCKA XaPaKTEPUCTHKE

Ha¥i-ronsmara TEKTOHCKa CTPYKTYpa, KOATO CHBIIAAA C OBa-
J1a Ha perHoHaIHaTa MOPGOCTPYKTYpa, ¢ MOHTaHCKAaTa2 AHTHK/IMHAINE, KOATO € YaCT
OT roleMHEs benorpaaunukn anTRKIMHOPHHA, H3rpa/eH Ha 3aNaj OT JOPCKHE B A0JI-
HOKDCAEH CCANMEHTH, 8 B H3TOYHA IIOCOKA C¢ Hab/II0AapaT YPIOHCKA aNITCKH BAPO-
BALM, 2GCKH MEpTeiia ¥ NAChYHHLK, BBEDXY Te3n CeAUMERTH ce pasioiaraT TpaHe-
IPECHBHO OTICKEHMATA Ha ropRaTa kpeAa [7]. Tyk ce oTaensT B2 CTPYKTYpHH €Ta-
*a: DOJHOKDPEAECH ¥ TOPHOKDPENCH -NTaJIEOTEHCKH.
OcTananuTe TeXTOHCKH CTPYKTYPH, KOATO Ce HaGIIOAaBAT I0KHO A HATOYHO OT
MoHTaRCKaTa aHTHKIMHEANA, ca JIykosuTckaTa u MeaapenckaTa CHHKIMAANE. Tesn
[IOHHXKGHHS Ca 33IbJIHEHH IPEANMHQ € MTAJIEOTCHCKA CEAAMERTH [3].

3. Anann3 Ha CHbBPEMEHHHMTE BEPTHKAJIHH JABUKEHHUS
Ha [Ipenbankana u Crapa nianuea
H3& OCHOBaTd HA IeOAC3NMHHE JAHHM

H3cnenpanun Ha BEPTHKAIRNTE ABWKEHNA HA 3€MHATA KOpa
B npeaenuTe Ha IlpenGankana u Crapa mlaHEEa ¢€ RIBHPIINXE HA OCHOBATA HA BH-
COKOTCYHA HHBEJIALMA B TpH enoxu; 1930 r., 1970 r. u 1985 r. MacnensanuaTa Ha
TEOAHMHAMUYHATE NIDOLECH HA 3CMHATA XODa C2 NPOBEXAZEY B NPONLIKCHHE Ha
TMIOJOBUH BEK,

C nomoumIra Ha MONYYEHNTE K2PTH HA CHBPEMEHHHTE [ABIDKGHHS HA 36MHATA
xopa (Qur. 2, 3, 4), a Taka CHINC DON3BAHKY H3BECTHH KADTH HA PErMOHA K KapTaTa
na Kapnato-Bankancknus peruon, Moxe Aa ce oTOeIeKy CIeqHOTO:

1. M3roTBeRNTE KapTH Ha BEPTHKAJIHATE ABKAKCHKS KA 3eMHEaTa xopa B M 1:500 000
3a enoxure 1930—1985 r.; 19301976 1. n 1970—1985 r. (dur. 2, 3, 4) noxassa, ue
KOraT¢ NepHOABT € NO-NPCARIKETENCH, Ca NC-Fo0pe u3paseHy reoqHHAMHYHATE

~TeHAeHINH. Taxa 3a nepnoga 1930—1985 r. (dur. 2) ce abr0A2BaT IO-TONIEMH CKO-
POCTH HA ABMXCHHATZ Ha 36MHATa KOpa B cpaBHEHHe ¢ nepuoga 1930—1970 r. (¢ur.
3). Tesn paznnuud ¢a NONYEPTZHA Haji-Bede B CEBEPHATA YACT Ha pafiona — Jlopeu,
[Tapnukeny, kpaero 3a 1930—1985 r. ckopocrute ca ot -1,1 g0 —1,5 mmy/a, 2 3a ne-
puona 1930—1970 r. ca ot -0,4 no 0,5 mm/a.

2. /IBuxeHudATa Ha 3€MHATa KOpa 32 Neprona 1970—1985 r. moxassar celuuTe
TEHACHIHMHE, KAKRHTO KEMaME [IDE3 OCTAHAIIHTE IEPHONY, T, &, HIOJHHHUTE UMAT 10U -
TH CHUIMA BHJ, KAKBBTO H npe3 nepuona 1930—1970 r. XapakrepHoTo €, Ye 3a TO3M
IIEPHOL CKOPOCTHTE Ca ¢ €4HH NOPAALK 110-MankH (fur, 3 ¥ 4) ¥ HeXOIKOKPaTHO 10~
maiku oT neproga 1930—1985 r. {ur. 2 u 4),

3. Kakro otfenssaxme, H306pa3qBaneTo Ha ChbBPEMEHHERTE ABHXCHEA HA 36M-
HAT& KOpa ¢ H30JIEHUHA 4aBa PE3MOXKHOCT IIpDH aHJJIH3a UM A3 €€ HIBLPIIK U CBHOT-
BETHO CPaBHEHUE ¢ IIPEACTABEHHTE Ha TOIO-HEOTEKTOHCKATa KapTa PAsAHYHH I'e0-
JIOKKH CTPYKTYDH, Pa3ncMHE M JINHEAMEHTH K CBOTBETHC fla C& H3CJIE/ABA KOpEIaly-
ATa MEXKAY TE3M CTPYKTYPH E CKODOCTHTE Ha ABHXKCHEETO Ha 3eMHATa Kopa, B cay-
4as Tyk ce 3a0ensn3Ba, 4e HIONMHHKETE, KOHTO JABAT CKOPOCTHUTE Ha CHBPEMEHHHTE
ABMXCHHA HA 36MHATA KOPA HPe3 U3CACABARUA IEPHOL, IOAYEPTAHO KOPEHPAT ChC

77









19701985

8G

neproga 1970—1985 r. » mmfa

HA BEPTHKANHHTE ABAKCKUA 32
o

OpOCTHTE

&ur. 4. Kapra na cx



CBOTBETHETE reonoxxd MopbocTpykTypn. M3oagsnnTe, KOATO ¢4 NOJIYYEHN 38 I8~
proAa 1930—1985 r. (dur. 2), otrosapsT Ha noTeRamaTa Teresencko-JIbkaTHAIIRG
n Cxpapenckara (C) mophocTpykTypa. CeBepHO M I0KHO OT Te3 NOTHBAHAA CE 3a-
Oena3Ba eNHA TCHACHOES HAa HaMaliBane Ha CTOHEOCTHTE RA noThBaHE. Tean nBH-
xenus obxpawaT Mesnpenckata (M) u Jlykosrrckara (JI) mopbocTpykrypa. Moxe
Ja ce IpHeMe, Y€ ChBPEMEHHATE NBEXCHHA C HETAaTHBEH 3HaK XapaKTepHIEpaT
Topuosckara (T), Bepbaiikata (B) m M'abporcko-Omyprarckata (I"O) cTpyxrypa.
Ha 1or or Te3R ABAXEHHS CKOPOCTATE 3a0YBAT A3 NOKA3BAT TERJCHIMA KbM IIpe-
MPH&BZHE OT OTPHIATE/IHA KbM IOJIGKATENER cToHHECeTE (—0,5 mm/a nocTerar ao
+0,1 mm/a),

Ha ¢wr. 3 a3onnArATe XapakTepU3APAT CKOPOCTHTE HA ChBPEMEERHATE JIBAKE-
HHM Ha 3€MHaTa kopa 3a Heproda 1930—1970 r, Tpabea aa ce orlencku, He HE3ABH-
CHAMO OT IO-MAKHEE CTOAHOCTH H3 CKODOCTHTE Ha BEPTHKAJIHATE ABMXEHAA A TIO-
TONAMOTO KONHYECTBO 000CcOo0EHH 308K ¢ PA3JIAYHE CKODOCTH Ha OBAKEHHA HA 36M-
HaTa Kopa M TyK ce 3anaspa obmarta rengesnus. OcobeHOTO 33 TO3M NEPROA €, U
H30JIAEERATE 110-100pe XapaKTepH3HpaT MOPHOCTPYKTYPHOTO Pa3|iICHEHUE Ha Te0-
AOXKHTE 0OpazyBRaHHs.

Or xaprara 3a neproaa 1970—1985 r. ce smkaa, ye o611aTa TEHASHIAA € 38T1a-
3¢Ha, HO TOMIIBEATE CKOPOCTH 32 DEPHOAA €A ¢ ¢OHH-ABa NOPANEKA 10-MAJIKE.

4. 3axir04ueHHe

1. B npepenete Ba [Ipenbanxara B Crapa niaEEAR, KOHTO
TIPEACTABNABAT ACHO H3PA30HA TEXTOHCKH H MOP(OIOKKE 30HA, IPH A3NCIIBEBRETO
Ha 86POKOCMHYECKA B KOMIIEKCHR BA(QOPMANAA HA FreOHAYKATE C& YCTAHOBAXE TPH
peruoransn mopdocTpykTypr: ThpHOBCKa, BoTeBrpancka. m MoETaHCKa.

2. Besike oTOenRa MOPQOCTPYKTYpa Ce XapaxkTepH3upa ¢ Noa4epTan Mopho-
TIOXKKH O6JIHK B TeXTOHECKE R3pasnTeaEocT: ThpHOBCKaTa H BOTeBrpajckaTa npuTe-
XaBaT OJIB3KE 4EPTH: EMaT HeHTPAJIHC BETPEIHC AAPO, OKONOLAPEHO oK MKEHAES
H BBHINEH BOAOHE/EH NoAc. Pasnuxara Mexay TAX €, He aKQ BBTPELIROTC #ApO Ha
Boresrpanckara MophOCTPYKTYPa ¢ PasloIOKeHO B NEHTPAIHATA ¥ HacT, Ba Thp-
HOBCKATa TO Cé HAMHpDA B HeHHATA NIEHTpanEa ceBepHA nepAdeprs. MoHTAHCKATA
PErAcHANAA MOP(OCTPYKTYp2 IPHETEXABa YAB/DKEH BRTPEleH OBaJ, 3a00HKoNeH
OT nepE(EepHE TOHRKEHHN,

3. PerHoHaNRATE MOP(GOCTPYKTYPH PEAIHC OPENCTABIABAT YACT OT HINPCKEN
KOJIH3ROEEH OPOreH, KaTo OPMEP2BETO BM B IO-ILHMPOK aCIEXT MOXe A3 C& CBBp-
*e€ C ANNHACKMTE TEXTOHCKE OBEXKCHAS (RBCTPHAKCKH, JIADAMARCKA H HIEPCKH),

4. PeraorananTe MOphOCTPYXTYPHE NPEAONPEACIAT CHOTBETHA XRAporpadcka
Mpexa, 06pasysaina UBARBAAYANHER BOAoCGOPHE Gaceinn.

5. PerronayanTe MOPHOCTPYKTYPH C€ ChCTOAT OT JIOKANHE CHHKIAHAIHEE H
S8HTHKJIEBAJIHE €HHEMIH, YARTO CHBKYOIHOCT TH hopMupa.

6. CrBpeMEHEHATE BEPTAKAIEE ABMXKCHAA HA 36MHEATa Kopa B 00XBaTa Ha TPHTE
TOJIEMH DETHOBANHE MODGOCTPYKTYPH OOKA3BAT CASAHOTO; NCHTPAHATE YIACTh-
nn #a Boresrpaackara B TrpHOBCkaTa MOP(GOCTPYKTYpa 330eNieXXEMO OOTHBAT,
JCKaTo 0pA MoOHTanckaTa € 00paTEoTo,
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Analysis of airspace and ground information
in the study of the neotectonics

and geodynamics of the Forebalkan

and Stara Planina

Hernani Spiridonov, Nikola Georgiey

Symmary)

In the paper, on the grounds of the available ground and air-
space information, the neotectonics and the modern geodynamics of the Forebalkan
and Stara Planina have been studied. The problem to be solved is based theoretically
on the formulations of the new global tectonics. Under the terms of the recent
achievements in this field, Bulgaria and the Balkan Peninsula are treated as an active
margin (segment) of the Eurasian platform. In it, several first-order tectonic units
have been outlined: the Misian platform, a deformed marge of the platform, the col-
lage zones on its periphery and the post-collage paleogen-neogen sediment basins,
overlaying them.

The particularization of the basic neotectonic units within the zone of the Fore-
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_balkan and Starz Planina, their varied inner morpholoical and tectonic
expressiveness,the boundaries between them, as well as their modern geodynamies
is accomplished through the combination of two basic methods: use of remote sens-
ing (airspace) information and of a complex of data obtained by geodstic, geophys-
ical, geological, tectonic and geomorphological observations, measurements and -
maps and materials with different scale.

Within the zone of the Forebalkan and Stara Planina, the following regional
morphostructures have been outlined: Tarnovo, Botevgrad and Mramoren-Kame-
nopol morphostructures. Within their limits smaller and predominantly oval and cir-
cular local structures have been gbserved.

The regional morphostructures mentioned above have been confirmed by the
second levelling performed within them which has outlined sinking areas (up to
—1 mm per year) for the first two of them, and shifting areas (up to +1 mm per year)
for the last one.

83



Brarapcka axaneMus Ha HaykuTe o Bulgarian Academy of Sciences
AepoKOCMHUHECKH H3CNeABAHNA B Bnarapus » 12 s Aerospace Research in Bulgaria
Codus o 1996 = Sofia

EnHa BB3MOXKHOCT 3a ipeobpa3yBaHe
Ha CJbHYEBATa €HEPrusg C NOBHILIEHA
e(peKTUBHOCT — METO/I M peajin3anus

Anmon duaunos, 'apo Mapdupocan’,
308 Mameeesa®, botiko Panzeaos™

Coguiicku ynusepcumem . Ca. Ka. Oxpudcxu”

* Hucmumym 3@ xocmunecku uscagdsanun, 5AH
* Teozpagicxu uncrumym, AH

=+ Feopuzuuer uncmumym, BAH

I. Mo*rnnaunﬁ

H3uepnBadeTo Ha KOHBERIMOHANHNTE H3TOYHALH Ha €HEp-
rug Ha 3eMATA, X2KTO H JHAYHTEIHATE €KONOIHURE NpobiieMy, CBBPIaHH C TOBE,
MOTHBHPAT TLPCEHETO Ha HOBK SHCDTMAHH DeCcypCH H PBIMOXHOCTH 33 TSXHOTO
eeKTHBHO ONON30TBOPABaEe. OrpOMRHRAT H NPaKTAIECKH HEHIUEPIAEM IOTEHIN-
251 OT CTBHYEBA SHEPrusf, KaKTO H EefiHUTE eKOJIOTHYHE IPeJAMCTBA, C2 NpeAnoc-
TaBKa 32 NPEONESHKA Ha BHIMOKHOCTHTE 32 NO-eEeKTHBHOTO H ycBosBage, OnTH-
MaJIHEAT e(exT OT pafioTaTa Ha ChOPBKCHAATA, NPeoOPa3yBaLlH CIBHICHATA CHED-
THS B TOIUIMHHR H eJICKTPHYHA, 34BACH KaKTO OT IPAPCAHE — QEIA4HA 7 HH3AKOre-
orpadckH, Taxa B OT TEXHAKO-CXCILIOATAUOHHY (PaKTODH.

[IprpoanrTe (haxTopd 0Oyc/1apaT NIPUTOKE HA IBYHCTA CIEHYEBA CHEPIHA KbM
NpueMHC-IPeofpa3yBaTENRATE MOBLPXHOCTH HA XEIHOCHOPBKEHHAATA. Edextns-
HOCTT4 Ha TAXHATa paboTa 33BHCE OT MHTEHIHTETA K BpEMETpaeneTo Ha 06abuBa-
nero. C HAPACTBAHE HA BIBJIA MEXALY CABHUEBATE JIBUH B 06/1bIBAHATE IOBBPXHOCT
AHTEHZATETHT Ha NPAKATa CAbHYERa PaiHALUNs, XOSTO ¢ OCCHOBHHAT H3TOYHEK Ha
emeprus 3a npeobpasysane, ce noprmana, KakTo e H3BeCTHO, CBOTHOLICHHETO MEK-
Jly KOJIAYECTBOTO NIPSiKa CABHUCBA PAARaNns S, Naflalla 3a ¢ARHANE BpeMe 110 HOp-
MaJaTa KbM JaAeHa NOBBPXHOCT, H ChII@Ta pafHanns S, Hajalila 0K IPOKIBOICH
BI'BJ KBM TA3H IOBLPXHOCT, €

1

sin k'

M_l A

XbAETC A € BHCOYAEATa Ha CIBHICTO HAJ XOPHIOHTA.
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IlocThoBamata o RopManaTta kEM aneHa IOBBLDXHOCT CIEHYEBE pagHAAIAS
npu 6ezobaavno Hefe AMa KBAZUIOCTOSHER TOAWINEH XO 38 PA3JIAKA OT TA3H, O-
Hajama pbpXy NOBBPXHOCT, Pa3iiM4Ha OT HOPMAHO oprenTEparata. CToHHOCTH-
Te i e AoOIAKaBAT 1O MAXCHMANIED BB3MOXHUTE Npy 6e306mauno nebe, kato 3a-
BHCAT ITaBHO OT IApaMeTPHTE Ra aTMoc(epara. 3a Brirapus 1e3u croitHOCTH HOC-
THrat cpeiHo no S = 1,25 cal. em min’!, goxaro IpH pPajuanuaTa, NOCTRIBAINA
BBPXy XOPM30HTANIHA HOBHPXHOCT, Ce HAOIIONAaBAT ChIIECTBEHN T'OAWIIEY Bapua-
IAn C MaxcuMyM, nocraram exsa go 8 = 0,68 cal, em? min'.

Bpemerpaerero na o6rsupane 3apucy oT ODOABIKATEIHOCTTA HA JAeHHA B OT
obiausocrra. OcHOBHHTE haxropu, obycnaBaIng NpoLBLAXKATEIHOCTTE B JEHA B
AanieHa TouKa, Ca aCTDOHOMHMYHATE, HO BAXKHO IHAYCHUE HMA | oporpataaTa. Tosa
crienea ot (paxta, 4e AeHCTBUTENHOTO BPEME Ha NOABARAHE HJIH M34€3BAHE HA JHCKA
Ha CibHNETO Ce onmpeness ot OTKPATOCTTA HA XOpU30HTa. M3BECTHO € HanpumMep,
€ EMHO BRIBUICHME Ha peneda, 3akpuBamo Xopu3onTa ¢ 1°, sonm IO 3aKBECHEenue
H2 M3Ipena W yCKOpARAHE Ha 3451633 ¢ 0K0JI0 6 min,

_ OcHoser (axTop 3a BpeMeTpacHeTo Ha 06IBYBAHE & obnauroctra. Hanmnune-

TC Ha IIbTHA 00JaYHOCT, 3aKPUBALIA CIIEHYEBHN MHCK, TPEYCTAHOBABA TIPUTOKA HA
TIpfika CILEYEBA PaARANES, KOATO € OCHOBRATA IPHXOHA YACT OT PaIAalHATa, Yo
BOsABAaHA OT XEJHOCBOPBKERNATA. XapaKkTepHUTE 32 brirapnsg napamerpn ra o6-
JA4HOCT, OOYCNABAT 3HAYMTENIHA CYMa HA CIIBHYEBOTO rpeene, 0cobeno npes ner-
HHATE MeCenn, KoraTo 14 gocrara rag 70 % oT MaKCHMAJHO BHIMOKHATA NpH ACHO
Hebe. Tean KITUMATHYHA yCIOBHA ca TBBpAe GaronpusTHY 3a eKCIUIOATANIMATA HA
XCIMOCBOPBXKEHNATA H Ca GIM3KE /10 YCICBAATA Ba CTPAHA ¢ TPAAAIHA B XEIHO-
eHepreruxara, Baxno snauenne 3a edextunuara paboTa Ha TE3 CLOPHKEHNMS UMA
M CTCNeHTA HA NPOMEHIMBOCT HA JAHEBHATA 0ONauyHOCT. YecToTo 3aKpUBaHE Ha
CTLHYCBHS AUCK BOAH N0 MHOI'OKPATHO NPEKLCBAHE HA paboreus maxsi, Tosa ce
OTpassra ocobeno peliaronprsTao BBEDXY e(DEKTHRHOCTTA HA KOHBSHIMOHAIHHUTE
ACIROCHLOPBKERAA. TEXHOTO M3NON3BANE € NpaKTHYECKH nesiecko0pasno npy He-
IPEKBCHATO CI'BRYEBO IPEEHE ¢ NPCABIKATENHOCT MHEAMYM 6 4aca, B Brarapus
Takusa yeiaorua ce nabimonapar npes 60 — 80.% oT AHHTE Ha TOMIOTO IIOJIYI'GLiHe,
HO NIpe3 3mMaTa Te3H CTOHROCTH HamanssaT no 20 % {1]. Ipu xorcTpyRIMN, vrATO
IPREMHO-IIpEoOpasyBalla MOBLPXHOCT & HOPMAJIHO ODUCHTHPAHA KbM CHLHYCBAH
LIOTOK € AOCTATBHHO HAIMYMETO HA HENPEXLCHATO: CIBHYEBO TPEEHE C MPONBINKA-
TEJIHOCT MUEEMYM 2 daca. [Ipn KIAMETAYHKTE YCIOBHS Ba BRITApHSA TOBA 03HAYA-
Ba CBHIICCTBCRO YABLIKABAHE H2 FONHUIUEATA NPOALIKATEIHOCT HA nepuona, npes
KOHTO TAaXbB TEN ChOPRKERHAS paboTaT eduxacuo (pur. 1).

EdextrBHOCTTZ Ha XeJIMOTIPe0OPA3YBATEITRITE CHOPBKEHNA 3ARACH M OT TEX-
HUKO-EKCIJIOATANHOBHETE MM XaPAKTEPUCTHKH, KATO €CTECTREHO Hai-no0pu pesyii-
TaTH C& nony¥aBaT IpE KOHCTPYKIMA, ONOJI30TBOPABAINA ONTHMAIHO NpAPOAHES
NOTEHAHA OT XENHOPECypCH, OGIIAAT HEAOCTATHK HA RIBECTHATE HM XEINOCHOD -
XeHu4 [2] € CPaBRMTEIIRO HACKAAT MM MHTETpaJIeH KoehRIMeRT IpH Ipeobpasysane
Ha CTLHYCBATA CHEPTHA, HE3ABUCHMO OT BHCOKKETE M SREPIH#HA NOKA3ATENN B oT-
ACIIHM MOMEETR OT [1eHd. B TORa OTHOWERNE CRINECTRBYBAT 3HAUUTEIRN pe3epey A
BBL3IMOXHOCTH 38 NOACOpsBARE ONOI30TBOPIBAHETO HE XEIHCpECypenTe.

% 1

80

Ll1] = 2

40 = =
@ur. 1. HenpexbcHaTo CnEYeso IpeeHe C npoasmxpTen- 20
HOCT HaH-manxko 2 4aca gmesHO (1) ¥ Had-magko § waca N e e > D =D XKD
JHEERO (2) AR S A
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11. MeTon

Enna PB3MOKHOCT 33 NOBHIIABAEE HA €PEKTHREOCTTE IPH
npeofpa3ysaHeTo Ba CbHYEBATA CHEPIY AaBaT paspaboTeHAIT METOM B YCTPOKC-
TBOTO 32 peanusupasero My [3]. CrmuoCcTTa Ha METOAA C€ CHCTOM B TOBA, UE IPH-~
eMRO-TIpeo6pasysaTenHuAT 60K Ce 3aMBRKBA NPE3 AMCKPETHA MHTEPBAJIM OT BpE-
Meé 1 ce (PUKCHpPa ABYOMATHYHO BHB (YHKOHA OT MOMEHTHOTO HOJIOKCHHE Ha CnbR-
[ETO Taka, 4e I'bYATE My Ja NafaT 10 EOpMAaTa KbM aKTHBHATE IOBBPXHOCTH Ha
Toz7 610K, [10 TOZE Ha4WH BEB BCEKM MOMEHT OT BpeéMe K HE3aBUCUMO OT CE30Ha,
frarofapeHne Ha OOTEMAIHOTO HACOYBAHE, CE TaPaHTAPa NPAEMAHES U npeobpasy-

_ paHe Ha CTLHYEBATA CHEPIHi C MAKCEMAJIHO BH3MOXHHAS KOeHUIMEHT HA eeKTHB-
HOCT. _
EXHC NONBJIHEATEIHO NOBAIIaBAHE HA KOSGHIMEHTa Ha eQEKTHBEOCT Ce NOJTy-
yapa 9pe3 IPHIATAHETO Ha NPHHENANS Ha XOENSHTPANAS Ea CILHYCBETE AB1H, OT-
pasend 0T napabonu4Ha TOBBPXHOCT.
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®ur. 2. Haii-o61g 610k0pa CXeMa HA YCTPOHCTBOTG 34 IDHEMaHE H npeofpasysage HA CLHYEDE
£HEPTHA C NOBHIIEH XOLHUUEEKT Ha eGEKTHRHOCT .

@ur. 3. CxeMaTE9HR nmoci-pauim Ha FOHCTPYEUWSTA HE IPHEMEO-OPEoGpasyRaTEAKS fox
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III. Peanuzauus

B paif-o0m BEA 6510K0BATA CXE€Ma HE YCTPOHCTBOTO, ¢ KOETO
CE pealE3npa NpeIIOXKEHAR METOA IPH BADAAHT 3a opeofpa3yBaHe Ha CI'bHYEBATA
€Hepris B TOILIAEEA — ¥ O0-CTIENNAIHO 32 3arpsBane Ha BOA2 — € NIoka3ada Ha ¢ur, 2,
ITpeemMEG-nIpeobpasyraTeHRAT 070K [ € B MEXaHAYHA BPB3IKA CLC 33[BHXKBaNINA
0K 2, ChCTOHI CE OT EICKTPOABETATEN H DEAYKTOP. 3aABAXBANIMAT BJICK € CBhp-
3aH €JIEKTPHYEC C ynpasiaspainad §uox 3, KOETO OT CBOH CTPAHA € BKIIUEH KbM
CIbHYEB CEHCOp 4, MOHTAP2HE BBpXy OJioka /. KoHCYMaTOPBT 5 € CRBP3aH YPe3 I'bB-
kaBa TprOHa BpB3Ka ¢ IpHEMEO-NpeclpasyBareines DIIOK,

KoBCTpYRIHATA HA Np¥eMHO-npeobpazyBaTeland 010K ¢ BIIOCTPEDaHE HE
¢ur. 3. CecToR ce oT napaboiuyEn NOBbPXAAEA I, CheIEHERN TaXa, Ye Aa obpasy-
BaT of1 naues, Bupxy puIpeluaaTa (BAILORATATA) 92CT Ha NapaboNAYHATE OBbE-
XHHHH € 3IENSHG OTPakaTeNHs $0IAC HIH CAMATE IOBBPXBOCTH YPE3 METAN3E-
IAA ¢a DOKPHUTHE ¢ OTpaxkaTeleH ciod. Boe $okyca Ha Bodka napabonuunaa 0OBBPX-
HEHZ ¢ MOHTHpaHa Tps0a 2, B KOATO ¢e BaMHpa HarpABaraTa Boda. TpebaTta uma
xoH(QRETYpanMs TEN ,,MEAHIbP", KATC 4pe3 I'bBKaRa TPLOHA BPB3Ka Ce OCHILECTBS-
BaT BPB3KATE CLC 3aXpaHBaIlaTa BOAONPOBOAREA MpeXa X ¢ KoRCymaTopa. MaTepr-
alI'eT, TEOMETPHLTA B eBEHTYAIHOTO NOKPHTHE HA TPH0aTa rapaHTAPAT MAKCHMAaJI-
HO BB3MOXHOTO NOFTbILaRe Ha TorHHa. C el OChIIecTBABaHE Ha TOMIOA30JIaIHN
OTIOpe NaHENBT € MOKPHT CRC CTHKIO.

B nenTpanHaTa 4acT Ha [IPAEEMEC-TIpeohpasypaTeFERa 610k € MORTHDPAH CIIBH-
YERHAT CERCOp. IIpeAHa3HaYeHRAECTC My € 12 COpelells OHOBa [TOJIOKEHHE, IPH Kae-
TO CTLHYECBUTE IHYHA 2 DaAaT IC HOpMAaJaTa KbM HEro, B CJISA0BATENHO H IO HOP-
MaiaTa KbM aKTHREATA IVIOCKOCT Ha IpHEMHO-NpeobpasysaTennns 6ok, Bramox-
EA C2 HAKOJIKXQ BADPWAHTA HA CEHCOPH, CNOCOOHH 2 A3NbIHABAT TOBA CH LPEAHEA3-
BadeHne., Haff-o6110 IpEEGEDGT B2 ACHCTEHE HA €OHMH OT TE3H BAPDHAHTH £ HIKOC-
TpHpaH 4pes Gur. 4. CencopsT € KORQHUIypKpaH BLB BAE HA KyTHA, HA TOPHAL Xanak [
Ha KOsTO HMa aRadparMa 2, BeaMoxHo ¢ Ha JRadiparmaTa g3 ¢ MOETHPA H O THY-
Ha jgema 3. Ha 1pHOTO 4 ca painonoxeny HOTOUYBCTBRTEIRHTE £l1eMEHTH ((oTo-
aroan, GoTOTPaBIRCTOPE AAH (OTOPE3IACTOPH) 5 B AACKPETEH BHA HIIH B HETET-
pajiEo ¥3nkIHeERe. CHLOTHOIEHEETO MEXIY FTeOMETPRUHATE PASMEPH Ha Anafpar-
MAaTa, AKTABHETE H H30IHPAHATS YaCTH Ha POTOUYBCTBATEIHATE CICMEHTH, pasc- |
TOAHAATA AM AC NEadparmMaTa B B32AMECTO BM PA3IOJIOKEHEHE € TAKOBA, 1€ BHEATA
Ce FAapaHTHPA NIONajase HA CI'LHYEBHTE JIKYE 6 BLPXY €I¥H HIIH JBa ChCeAHN hoTo-
YYBCTBHETENHH enemerTa [4].

tur. 4. WmocTpauys Ba IpEELHENSE Ha NeHCTBHE Ha CIIBEME-
BHS CEHCOD
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IV. JeiicTBRe

B 3aBHcEMOCT OT BEco4YnEaTa B2 CIBHOETO HAH XOPH3IOHTA
B OT ICJIOWEHHETO Ha [IaHEIa HA IPHEeMEO-1pe0bpasyBaTenHns 00K, CHOI'BT CJIBH-
YeBH JIBYK [IONAA2 BBPXY CHOTBETHRA BOTOMYBCTBATE CH eNeMEHT. CHOTBETHAAT
eNlexTpHYeH CHIEaJ OTHBA B YHpaBiABamiAs H7A0K, KOHTO NOA3BA KOMaHAZ H 4pe3
eJIeKTPCABHIATE A B PEOyKTODA CH 33JBMAKBAIAAT 60K A3MEH: MOIOKEHASTO HA-
nanena cnpsMoe CrsHIeTo. JJHCKPETHOTO NIOSHOMOHAPAHe IPOABIIKaBa NOTOI4Ea,
AOKAaTO CHOI'BT CABHYEBH JIBbYE HE NONANHE BBPXY ,,HYAEBHA" (OTOYYBCTBHTENEH
eJIeMEHT, HAMApPAIN ¢e TOYHO cpewy aradparmara Ha ceHcopa. Tosa 02HAYABA, ye

' OCJIEAHEELT, Pecll. K NAHEIBT Ha NPpHEMBO-NpeobpasypaTeHA OIICK, Co HAMHDAT

B NIOJIOXEHAE, TIPH KOETO CI'EHYEBRTE B4 IIONAAAT 10 KOPMAJaTa KbM IIOSKOCT-
T3 Ha naHena. Torasa oTpaseHnTe OT NapaboRyHATE TIOBEPXEAHH JIBHH Ce KOHICH-
TPEpPAT BBPXY TPpHOHTE ChC 3arpLBaEaTa BoAA. Biarogaperne Ha TONIOR30IaNHAATa
BE3AyX00OMEHBT € BLINPENSTCTBAR A C& N30ATBa pasceiBaHETO B OKOJNIEOTO OPOC-
TPaHCTBG Ha IOTBIHATATA OT TPbOATE TOIIHEA.

Crien BpeMe, KOTaTo BCASACTBAE HA ABAXeRReTo Ha CIBHOETO JBIHTE My 3a-
[IOYBAT A2 A3MECTBAT XOHIEHTPANAATE CH OT TpBOETe, Hiaronapenne Ha PEaKIEA-
Ta Ha CEHCOPa NaHEILT OTHOBO C¢ NIO3HIRORADPA 10 ONACAHH HauEH. Ha npakTHka
AMCKPETRUAT IPOIEC Ha NO3ANMOREpake HA IpUeMHAO-NIpeofpasysaTenans Hnox ce
ABABA 3HAJIOTOB 110 OTHOIICHAS Ha TONHONPHAEMAHETO.

JlonycTUMaTa HETOYHOCT IPHA NO3MIECHAPERETO Ha NPREMHAO-TIpeoSpasysa-
TENHAS 610K 3aBHCH OT FeCMETPEYHATE Pa3MepH Ha Napalboa4HETe IOBEPXHREH,
(opMaTa HA ceueHEETO M JHAMETHPA Ha TPBOHTE CHC 3arpsBaHaTa TEUHOCT H Ka-
4YeCTBATA Ha CCHCOPA.

V. IlpenBapHTeIHH Pe3yJTATH H H3BOAH

[IpOTOTRN Ha HAKPATKO ONACAHOTC YCTPOHCTBO 32 NIPHEMa-
He ¥ 1peoSpasyBaBe Ha CILHYEBa eHEPrHs C IOBHLICHS edieKTRBHOCT Serme Aapabo-
teH B LleAThpa 32 Bp306H0BEMa eHeprRd (LIBE) [5]. AxTEBEATA N0 HA T1aH€N2 Ha
npuemMBo-npeotpasysarenang 610K ¢ 1,25 m?, a obmaTa JWIKAHA Ra TpEOHTE CBC
sarpABaHaTa Te4HOCT ¢ 12 m. YcrpoHcTBoTo fele CBBP3aR0 MAPANIEIIHO KbM SJICK-
Tprueckn Goitep THn M72268I180 ¢ smMecTAMOCT 80 J1ATpA, NPOAIBOACTEO HA »BII-
npom” — Bapsa.

TIpOTOTHIBT Ha yCTPORCTBOTO 32 NpHeMaHe B npeoSpasysaHe Ha CIbHYCBATA
eHepras ¢ IoBHINeRa eeKTHBAOCT Gelne eKCIIOaTRPAHC B palioHa Ha Cothas opes
JIATOTO ¥ HAYANOTC Ha ecenta Ha 1994 r, ITo speme Ha eKCIIOATAEATA B DEAJIHH
yCaOBAA 08Xa NOTEBPACHA PEalH3APYeMOCTTa Ha METOIR B paboTtocnocobrocTTa
Ha YCTpoicTBOTO. [TOIyYeHATE PE3yJITATH AABAT BR3MOKHOCT A@ ¢€ HALPABAT Hsl-
KOH NIpeIPaPHATEIIHA H3BOAM. )

HeofxonamoTo BpeMe 3a 3aTpsiBaHe Ha BOAATa Ype3 ONECAHATE METOZ H YCT-
POHCTBO TIpe3 OTAEIHATE MECENE € NOKa3aHe B rpadrden Bafl Ha QHT. 5. Tyx 3a
Mecend VI, VIL, VIII r IX nanrETE c& B3eTH OT CDEXTHBHHUTS H3IMEPBAEHASA Ha CHOT-
BETHETE PH3IHYAN BEJIHYAHY, & 33 OCTAHAJIATE MECENH & NOJY4eHE IO TCOPETH4eH
nsT. Ha ceiarta Hrypa 3a CpaBHEHHE ¢ ToKa3aHa X rpadAkaTa Ha HEOOXOMEMOTO
3a 3arpsBafe JO CHIIATA TEMIEPaTypa BpEMe, YCPERHEHO 3a HAKOJIXO BAJ2 OT Hal-
HIAPOKO PasupOCTpaHeHHETe CTANHOHAPDHER BOAO3ArpsABAIIH XCIHOCLOPBXKECHHEA C
nofo8Hr KOECTPYKTHBHA XapakTEePHCTHER,
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@ur. 5. HeofxoauMoTo Bpeme 38 3arpABAHE Ha BOLATE MPH CTALHO- \ /
HZDHK BOAO3ATTHBANIM XENHOCHOPBAEHHA (J) H XeNTHOCHODLXEHHE, 5

DPEANHIKPALIO ONHCARHUA MeTON (2} ; ¢ //
g v /
2 2

¥ ¥ VL ¥Hl X
Mlecey

KaxTo ce Buxnaa 1 T uryparta, OCHOBHAAT PE3YATAT € 3HAUATENHO N10-MAJIKO-
TO BpeMe, HeoOX0AMMO 32 3aTPABAHE HA BOJATA YPE3 CHACARATE METOJ H yCTPOHC-
TBO 32 PEaJIHBANKATA MY,

EcTecTBeRO ¢ 16T MAKCHEMAJIHO [I0BAIIAB2HE HA KOC(QHIACHTA HA 6(leKTHBHOCT
Ha HAKPATKC NPEACT2BEHOTC YCTPOHCTRO 32 NpAeMaHe A npeoSpasysane Ha CIBH-
HEB2 EHEPTHS C IOBUIIEH KOSPRINEHT Ha e(eKTABHOCT & HeobXoAEMa OMTHMAAIIASA
HA FEOMETPHYHHTE MY IAPAMETPH, Ha MaTepHaia i IOKPHTHETO HA eJIEMEHTHTE MY
M Ha OCTAHANIATE My KOHCTPYKTHBHA OAPaMETPH.
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One possibility for solar energy transformation
with increased effectiveness —
method and implementation

Anton Filipov, Gare Mardirossian,
Zoya Mateeva, Boyko Rangeloy

{Summary)

The paper is dedicated to a method and its implementation,
by which solar energy is caught and transformed into heat and electric energy with
increased effectiveness coefficient. The essence of the method lies in the automatic
orientation of the active surfaces of the receiving-transmitting elements as a function
of the current sun height in such a way that its rays fall adjacently to these surfaces
at any moment. In this way, thanks to this optimum orientation catching and trans-
formatien of solar energy with the maximum possible efficiency coefficient is pro-
vided at any time of the day regardless of the season. Additional increase of this co-
efficient may be achieved by applying the principle of concentration of solar rays
that have been reflected by a parabolic surface.
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Ckanupyromas aHTEHHa

AJI ABYXIIOJISIPHU3ALMOHHOMN
PanIHOMETPHYECKON cucTeMbi P-400
B pamkax MIIKII ,,ITpupona“

Todop Hasvipcku, Ieopeu Jumumpos,
Yaeoap Jlesues, Xpucmo Ilpodaros

Hucmumym rxocmuyeckux uccaedosanuil, FAH

AHTEHHR ABJIETCS OJHUM U3 OCHOBHLIX 3JIEMEHTOB 0G0
PaOHOMETPHIECKOH CACTEMEL, XaPAKTEPACTHKU aHTEHHBI ONPEACIIIOT MPOCTPAHC-
TBEHHYIO Da3speIlaroyic ClIOCOOHOCTD ¥ PYHEKIMOHANBHBIE OCOBEHROCTH CHCTEMEI
(BO3IMOXHOCTE PabOoTEL B PEXHME CKAHHPOBRHES HITH TPACCHPOBKH, paboTa B ABYX-
NOJISpH3ALHORHOM DEXEME H T.J1.), 4 TAKXKE OKa3bIBAIOT CYUIECTBEHHOE BIUSHIE HA
HYBCTBUTCJILHOCTh K IIyMOBbIE XapakTeprcTuky npubopa. Iepen anresnnivy yer-
poHCTBAMM IUIS XOCMHYECKUX DEAROMETPHUESCKHY CUCTEM CTABATCA ellle PSR Tpe-
GoBaHuMM, BHI3BARHBIX OrPRHAYEEUSIMHE B TabapHTax K BECY, 8 TAKKe cnennguaecku-
MM YCIOBHAMH PabOThl aHTEHHE! — H2INE BCETO B OTKPAITOM KOCMHUYECKOM NPOCT-
PaHCTBE,

Ha ocHore npoBefeHHbIX HayYHO-TEOPETHYECKUX HCCIEIOBAHMN M HAKOILIEH-
HOr0 IIDAKTHYECKOro ONKEITa B PazpaboTKe KOCMHYECKHUX PAJMOMETPHRYECKHX CHC-
TeM O5LnE CHOPMYIHPOBAHB! CASMYIOUINE OCHOBHRIC TEXHHYECKUE TpeGoBanus X
ABYXIONAPH3ANKOEHCH CKAHMPYIOUIEH paguoMeTprueckoi cucteme P-400, Bxons-
me# B COCTAB ANnapaTyphl MexAyHAPOOHOIO OEleBOre KOMIIIEKCHOTO IpOeKTa
(MLIKIT) ,, ITpapoaa“. ITpuGop P-400 noyker umets nosocy 0630pa nopsaka 350—
400 km npn BpicoTe OpOHUTHI HOckTENs 300—350 km. [Ipu 3TOM peweso OCYIIECT-
BUTEH KOHHYECKOE CKAHHPOBAHHE C OTKIOHEHHEM OCHOBHOIC JICTIECTKA JMATDAMMEL
ranpaBaeHAOCTH ([IH) na yron 40° oTHoCHTeNbHC Hagupa, 9To ofecnednBaeT noc-
TOAHCTBO PA3MEPOB MAKCEIIE Ha NOBEPXHOCTE 3eMIIM NP ABMXEHHK HOCUTENS [0
OpOHTE N OITEMAJIEHOE COOTHOIIEHHE MEXAy CHTHANAME C Pa3/UYHOM HoNgpu3a-
IHeH. BiugHEe CKaHMPOBAHUE HA TPEXOCEBYIO CHCTEMY CTAOMIIH3ALHE HOCHTENS
IOKHO OBIT MAHHMANBEHC BO3MOXKHEIM. AHTEHHA AOJDKHEZ A2BATh BOBMOXHOCTD
paboTr Ha obenx (TOPU3CHTANLHON K BEPTHXANLHOMN) JTEHEHHEIX NOAAPHIAULK,
IIpocTpancTseRHas paspeInaroiias CuoCObHOCTS CKARAPYIOUIEro PAIHGMETDA OIl-
PeAesAeTCs pasMepamMu IHKCeNs, KOTOPHH A0KeH umeeT Gopmy ,,31unca ¢ ocs-
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MA nopsaka 55 u 40 km cooTBercTreRHo. Heobxoramo Takke obecneunTs NIOCTO-
arcTBO opMel JJH ¢ MakCcHMaibEC BOSIMOXHGH TOMHOCTBIO BO BCEM CEKTOPe yr-
JIOB CKaHAPOBaHEA. KpoMe TOTo, AJA NOBLINIEHHA TOYHOCTH Opubopa HeoBAOAnMO
IPHHATL MEPEI 10 MEHAMAZAEM BOXOBOTO M 0COOEHHO 3aAHErD M3JYYEHHMH ZH-
TenHul. KoRCTpykTHBHEIE OCOOSEHOCTE HOCHTENA HAKIaARBAIOT OTPaREYeNRd Ha
rabapuTn auTeHARL Ee auaMeTp He AoJDKEH npeprimats 1100 mm, a BRICOTA BMeC-
Te ¢ obiy4aTeseM JoJpkEa OmTe He Goaplne 500 mm, Paboyas AlUHA BOAHE! IPH-
Sopa P-400 coctapnser 4 cm.

ITpw NpoeKTEPOBAHKY ARTEHHOH CHCTeMbI nprbopa P- 400 GhUIH IPHHATEL BO
BHUMAaHHKE Pe3yIAbTATHI, NOAY4EHHRIE IpK paspafoTke nogofHex DOPTOBRIX CKAHH-
PVIOIIHX DA&AHOMETPHYSCKHX IPHOOPOB AJig pasIMMHEIX COBETCKAX A aMEDRKaHCKAX
KOCMHYECKHX annapaTos {,,Skylab”, ,Mereop®, ,,Nimbus 5“ w gp.} [1, 2, 3.

C yueToM 3THX pe3ynsTaToB ans npubopa P-400 pemeno uenonb3oBaTk HENGA-
PUKHYIO OIHC3ICDK2JILHYIO aHTEHHY ¢ [OBOpauMBalciIumMca obnyzaTtenem. s
00ecneYe NS NOKPHITHS 3318 HHCH TIOA0CKH 0030pa CHTHENIaMH GOENX IQJISpHARITAMN,
B IpHGOpe UCIIONE3YETCH PEeBEPCUBHOE CKAHAPOBAHHE, T, €. IPH GIHOM HaIDABJIe-
HHY ABHXEHHUSA JIy4Ya NPUHEMAESTCA CHTHAJM ¢ ONHOHR nojaApu3anuel, a8 Ipyu HHBEPC-
HOM HalpabsiIeHaud — ¢ Apyroi, PeBepcrsHOe KOEMYECKOE CKAHMPOBAHME OCYIIECT-
BIISIETCS NyTeM BpallleHHs o0AydaTelis 2HTEHHE! IpA TOMOLIH CIeUAaibHO paspa-
HOTREHOIO CKaHHPYICIETO 3EKTPOABUraTeNs, Takas KOHIEIIRS 103BOJILET MIHH -
MAZEPCRATE HHEPUHOHHEIR MOMEHT, COZZABaeMEIR ABAXKYIIHNMACH YACTAMH CKaHH-
DYIOLIEH aHTEHHEL, YTO CYILISCTBEEHO YMEHLIIaeT BJIHAHAE Ha CACTeMY cTabuInza-
LMK HOCUTEMs. PacueThl NOKaskBaioT, 4TO A 0becneueHrs NPSAYCMOTPEHEHEIX B
TEXHA4ECKOM 3afaHAR IPOCTPAHCTBERHOH paspellarclled ClIcCcoDHOCTH M NOAOCH
obaopa nprbopa P-400 neobxoaumo, uTobnt JIH aBTEHHRI HMEN UIHPHHY GCHOBHO-
I'C JIE[IECTKa He NMPEeBHIARIY0 4°—5° (10 ICNOBHHECH MOIIHOCTH) H BOIMOX-
HOCTh [ICBOPOTA LIZBHOTO MAKCHMyMS AHATPAMME! B Ipexesnax mopsagka + 35°.
Torzma npH JUIHTERLHOCTH OOHOH Nyroofpazroll CTpOKH CKRHMPOBaHHA NOpAnNKa 4 s,
rApaHTHPYETCH IIOTHOE NOKPEITHE 3EMHEOH IOBEPXHOCTH CUTHANAMY PagUOTEINIC-
BOIQ U3JIy4YeHNs 3emitn 00enX NOAApH3ANUH ¢ HeoBXCARMEIM KO3 HIIHSHTOM TpH-
MOKPRITHA, STO A4ET BOIMOXHOQCTE PCIIHTE 3334y ONpeNelIeHAA I'EOQJHBH'{GCKHX
IAPaMETPOB IOBEPAHOCTH 10 MHTEHCHBHOCTH IPHEMMAEMBIX CUTHRJIOB PAIROTEll-
JIQBOTI'Q HIJYUCHHA H 11O COOTHOIICHHI) MEX Y CHTHAIAMH C OSGHMH NONAPHIANMA-
mu. Kak noxazano B [4], Hanuupe IPHICKPEITHA NO3BOAET HA 3TANE HHCIEHEOH of-
paboTkn TOJIyEEHBIX A2HHEX {caMOCTOATENBHO HAK COBMECTHO € APYIoi annapa-
TypoH, exoasnie#i B cocrap MKLII , IIprpoaa®) 3Ha4HTEIIBHO NOBRICUTS NPOCTPAH-
CTBEHHYIO Pa23pPeUIAloIlyIo CIOCCOHOCTE panuoMeTpHYecKol cuctemnl. Jlna coxpa-
HEHHS IOCTOAHCTBO GOPME! OCHOBHOTO jenectka JAH npu ckarupoBanuH B AOCTA-
TOYHO LIAPOKOM CEKTODE YIiI0B PEIIEHO HCIIONL30BATE ChepHueckyio GopMy 3ep-
Kania, KoTopaf, B CHIY CHMMETPHUH, OCOGEHR0 yA0bHEa AnA pelesns nogobHoH 3a-
Hayn, HegocTaTKOM TAKOH KGHCTPYXIHH ABIAETCH IOHUKEHEOE 3HAYEHRE Ko3dhhH-
[HEHTa HCOGAL30BAHEL IOBEPXHOCTH 3EPKAIA 1, kaK CIIeJCTREE, HEKOTOPOE CHHXKE-
HEe pa3peliglolned cngcobEoCTH paguomerpryueckeil cucremel. Bausrue atoro
(aKTOpa MOXHO YMEHBINHUTE IIPH CIITHMIBHOM BHIOODE QOKYCHOIC PACCTOSHHSN U
IIUPHEHEB chepryeckoro sepkana. 'eoMeTprUueCcKHe TapaMeTpel 3epKaia, obecnedn-
BRI S HGOSXOI[HMYIO INMPHEY H CEKTOpR CKAHHMDOBRAHUE IIIABHOTO MAKCHMYMA
JH, Moryr GrTE ONpefieNesnl 0 METOANKE, H3IoXeHHEOH B [3, 6]. lllrpnny @ ocke-
1aemMoi 06JIyYaTeNeM YacTH ICBEPXHOCTH 3epKana (pHC. 1) MOXHC ONpeAeIuTh H3:
*

(1) 9~ 702,

&
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Puc. 1

rAe 3 — ¥3BeCTHAA W3 NIpeABAPUTENLHEIX pacyeTos muphHa JIH no nojoBRHHOM
MOUIIHOCTH B Tpanycax, a A — pabouas AauAz BojHE, ®opmynz (1) cnpasepinsa,
CTPOrC TOBODS, TOABKC AfA napabonnieckoil opMel 3epxana, HO IPE HeGOABLINK
pasMepoB cheprueckoro 3epkaia, B Cuily 6in30cTH (OPMEI OTPE3KE OKPYXHOCTH
Io napabossL, TakKe A2eT JOCTATOYHO TOHUELIE pesyasTaThl, Paauyc chepsl R on-
peneiseTcs K2 YCIOBHH;

4-of2).

KOTOpOE TaPAHTHPYET, 4To (ha3oBas omuOKa Ha KPaax PacKphLBa Ae OyNeT NpeBsl-
waTh 7/8. OnTHMANLHOE 3Ha4eHRE fIOKYCHOrO PACCTOSHHEA f, 06eCHeuNBAOILEE HA-
Hry4uiuue §a30Bble XaDaKTEPHUCTAKE B PACKPRIBE 3epkaia, ONpeHeasTed Kax;

3 : R &

IIupura JH obnyuaTens o onpeneieHa ns:
(4) d = arctgi,
R

PacueTsl no gopmynam (1} — (4) noxasany, aTo BeobxoanMoe A4 obecneue-
HHsA Tpebyemol WInprAEs JIH aATeHHK {C yMeTOM CeKTOpa CKAHHPOBAHHS) THAUCHHE
pasmepa g cocTtasifeT 560 mm, a anaMerp chepsl 2R — 1070 mm, 4YTO-BXOIET B
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OTpaHHYEHASA, HAK/IAABIBAEMBIE TEXHHUECKUM 3aAaHneM. ITonydennoe onTiManbsHoe
3HadcHHE QOKYCHOTO paccTodAHnA f cocTapasger 250 mm,

B kauecTe obiy4arens aRTEHHE, B COOTBETCTRHH C DEKOMEHARIMAMA B [5]
BripaH pyIop ¢ KBaJpaTHEIM CEHEHAEM PAaCKPhIBA, 1AArOHANE KOTOPOTO Pacnosio-
XEHA B IUTOCKOCTH Xauakud, PaiMmepH packpeBa obiiyyatens nogobpaksl B COOT-
BETCTBHE © pacueTaMp no dopmyne (4) Taxum o6pa3oM, YToBEI BC BceM CEKTOpE
YIJIOB CKAaHMPOBBEHA INMaBHL nenecTox JIH obnyuaTtens He BRIXOARI 32 IIpeiena-
MH 3epKana, uTo 0becneunpaeT ypoBeHs GOKGROTO H3NYYEHHA aHTEHHBI, HE OPEBhI-
maromuit — 17 4B,

Cruruai or of1yyaTens NOCTYNAeT HA BXOA NOJADH3ALECEHOTO CENEeKTOpa,
BHIIOJHEHHOTO HA CCHORBE CTAHZAPTHOrO KBaAPATHOTO BOTHOBOAA C HOMXOOAIIHM
o6pazoM pacnoioKeHRBIMA INTHIpAMH. Beixon cenekTopa coemmusercs ¢ CBY
KJIHH-MOAYAATOpPoM H2 PIN-auonax, KOTOpRIH KOMMYTHPYET KO BXOAY paXHOMET-
PHYECKOre IPHEMHRKA ITOCIEAQBATEIBEC IOPH30HTAJIBHO H BEDTAKAIBHC DONRPH-
30B2HHOW COCTABIAIOLIEH IPAEAMAEMOr0 CRTHaa. KpoMe TOro Kiou-MOAYJIATOD
CCYHIECTRIACT aMILINTYAHYIC Mananyaanaie CBY cHrHana ¢ 4acToTOH MaHRNYIsA-
nun 1000 Hz [7]. Mogynsuns cHFHANE HENOCPEATTREHHC ¥ BRIXOAR NIONAPHIATNOH-
HOTO CEJIeKTOpa YIYHIIaeT 4yBCTBHTEARHOCTE NpRHOPE, TAK KaK MO3BONHSET CUH-
T&ThCA € DOTEPAMH CATHAYIA B IOCIEAYIOIIHX 9JICMEHTAX aHTeHHO-DAASPHOTO Tpax-
Ta. Jlajee aMINIATYZHO MOZYNIUPOBAHHEIH CHIHAJ IIOCTYIIAET HA BPALUAIOLIEECH
BOJHOBOAHOE COWACHECHEE U HEPE3 KOPOTKHIH OTpe30k rHOKOrc BONIHOBOAA Ha BXOT
PaInoMETPH4ECKOro NPHEMHHKA. ¥ TON OTKIOHeHNs obnyuarteist + 35° onpeneis-
eTcs n3 coobpaxenuit ofiecneyeHnd EeobxoqEMOM INAPHER NONOCH ob3opa 350—
400 km, a MecTononoxkenue obayHaTens ¥3 YCIOBEA OTKJIOHEHEME Ay4a Ha 40° oT
HaJHpa ¢ 1enbio ofecneienns paloTE B PEXHME KOHEMECKOTO CKAHHDOBAHHS, &
Takxe Ang ofecnedeHus PaccuUTaHHOH ONTHMANbEOH BEIRYMHKE (POKYCHOIO pac-
crosHus f(pHc. 1). Bpems OTKIOHEHRS yHa PACCYRTAHC M3 YCIOBUSA IONHOIO MOK-
pRITHR NOJOCH 0630pa CHTHANOM 0ofeux mojspu3anAd H cocTasnger 4 s, Jns
BBINCJIHEHHS YKAZAHHLIX B TEXHHYECKOM 33AaBHE OTDAHMYCHHA Ha raﬁapHTax aH-
TEHEH NPeNyCMOTPEH BHIPE3 4acTH clepudeckoil IOBEPXHOCTH, KOTOpas He HC-
[oAB3YETCH B NIpoliecce paGoTrl epKana.

Q6muit BUj KOHCTPYKIIMK CKAHMPYIOIIeH aHTeRAN pagaoMerpa P-400 npuse-
HeH Ha puc. 2.

HenxeHre ofnyyaTels OCYIHECTRIAETCH CIeNHabHO Pa3pa0OTRHERIM 31EKT-
POABHTATEIIEM ¢ DEBEPCHBHBIM ACHCTBReM, BOnHOBOAHKIE TPAKT AHTESHHE! [IPOXO-
BT HEIIOCPEACTBEHHO Yees POTOP ANEKTPOABUTATEINA. DIEKTPORHAA CXEME YIPaB-
JEHHS 3JIEKTPOABRIaTesieM BupafarrBaeT 40 cTpOCHPYIOLUIEX AMIYILCOB Ha KaX-
Dol CTPOKE CKaHUPOBaHMs, XOTOPEE cOeCIeYABaloT NYCK aHaI0rg-IuMpoBOre Ope-
06pPA30BATENA IPHHHMaEMOTO CHIHAJIA. 3TC JaeT BOIMOXKHOCTL @8BTOMATHHECKH
IONYYHTh HEGOPMANHI) HE TOJIBKG 00 aMIINTYAE, HO H O IPOCTPAHCTBEHHO-BPE-
MEHHAIX XaPaXTePUCTRKAX CATHANA; T.€. OCYIIECTBEThH aBTOMAaTHYECKY O IPOCTPaH-
CTBEHHO-BPEMEHHYIO IIPABA3KY IPHHAMASMOTO PaAROTEHNIOBOI0 H3JYUSHHA HCCile-
AyeMo# IOBREPXHOCTH, .

Jns ymenbinerus geopManuud NOBEpXEOCTH 3epkaja BCACICTBHE TEMIEpa-
TYDHEIX KonefaHuil oTpaxaollas NIOBEPXHOCTE MOKPLIBAETCS CICNAAILERIM DANH-
CIIPO3Pa4HBIM TEMIOR30IaIEORHEIM MaTepAajioM. BHEmHAS IOBEPXHOCTD 36DKaIa
ofLIATa 3XpaHHO-BAKYYMHOH Tertonzonannei (3BTH). ObnydaTens aHTERRE] TAK-
K€ IIOKPRIBAETCA PAZHACHPO3IPEYHEIM TEIUION3CIANNOHHERIM MATEPHAIOM.

Jling kOHTPOJI TeMIepaTypHex AedopManuil 31eMeHTOB aBTERACH CHCTEME
TIPeAYCMOTPEHA YCTAHOBKE fIATH TEMIIePATYPHEIX A2TYBKOB. TPHE M3 HAX pa3cnoyo-
AEHEl HAa OTPAXKAIOMIEH NOBCPXHOCTH 3CPKAa: OiMH — B NEHTPE, B ABa — B KpasaX.
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JIpa AaTuMka MOHTHPOBRHH H2 CKEHUPYIOUIEM 3J1eKTPOABUraTelNie: OORH Ha KOPIY-
Ce ABHIATENd [AjIL KOHTPOJIA BRIACALEMOH MOIIHOGTH, & BTOPOH — Ha obnyuaTene.
PesynbTaTsl HCKA3aHUA TEPMOAITHHKOB NEPeIaloTCA N0 INHPOKOHOIOCHOMY THG-
POBOMY KaHally, & TAKKE BKJIICUIIOTCA B NIEPEIaBAEMYI0 Ha 3eMile TejleMeTpHyYec-
Kyr0 HHGOpMaILIHIO.

PesyibTaThl HONNTOHHBIX UCIBITAHHIN IKCIEPUMEETANLHOIC 06pasiia cnpoex-
THPOBAHHON ARTEHHBI NPEACTABJICHR HA DHC, 3, HA KOTOpoM n3obpaxenn JH an-
TEHHEl IPH LEHTPATHLHOM M JBYX KpailHEIX N0AOKeHHAX o0ayuaTend. Y cTasoBiIeREa
IPEBRILHOCTL NO3UITHCHUPOBAREA [JIaBHOrO MakcHMyma [IH npu oTknoHeH: 06-
ay4qartens Ha £ 35°. [lupuua ayua ¥ ypoRHKM OOKOBOrC B 3a0HET0 H3AYUEHHS C JOC-
TaTOYHCH TOYHOCTHIO COBNAAAIOT C PACHETHRIMH 3HaYeHHaMHE. HaMepeH B OTHO-
CHTENLHEIM METCROM KOA(QHUMEHT YCHISHHA aHTEREHH cocTasui 24,5 dB. T1pose-
J{EHBI THIOKEe HCTLITAHHS paboToCnOCODHOCTH CKAaHEPAOIIETO 3eKTPOABHTATENE B
YCJIOBHAX BEKYYMa H NIPH H3MEHEHHUH TEMIEPaTyPhI.

B 3aK01I0MEHEE MOXHC OTMETHTD, 4TO [IPOBEACHHBIC H3LICKATEILCKEE U IPOLK-
THO-KOHCTPYKTOPCKEE pabOoTH 1103BO/HIH CO3AATD JOCTATOYHG HAHEXKHYEO i BEICO-
KC3th¢hEKTHRBHYIO CKaHAPYIOLIYIO IBYXNIOISPHIANMOHEYIC aHTCHHYIO CHCTeMY, OTBE-
42I0IYI0 BeeM TpeOOBaHARM, IPEABABIACMEIM TEXRHUECKAM 33 JaHAEM K Iprbopy
P-400.
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Scanning antenna of twopolarization
radiometric system R-400
of the ISCP “Priroda”

Todor Nazarsky, Georgi Dimitrov,
Chavdar Levchev, Christo Prodanov

Summary)

In the paper, the design problems of the space scanning
twopolarization radiometric system R-400, constituting a part of the International
Scientific Complex Project (ISCP) “Priroda™ are discussed, as well as the problems,
related with the choice of the scanning antenna type and the scanning angle, the

96



antenna’s functioning in a twopolarlzanon regime and the obtaining of the needed
direction diagram.

The antenna system construction is shown and the operation of its major
components is considered, such as: the polarization of its major components is
considered, such as: the polarization separator, the modulator, the rotating coaxial
wave-conducting tract, in combination with the scanning electric motor.

The results from the measurements of the direction diagram and the antenna
gain coefficient are presented.

Fmally, the antenna system technical parameters are analyzed on the grounds
of the requirements for it, defined in the Technical requirements for it, defined in the
Technical Requirements for the Radiometric System R-400 and in the “Priroda”
project Scientific Program.
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Pesyntatu OT IPUJIQKEHHETO
Ha KanManoBus GUITHD

B HABUTAIIHOHHMSA AJTOPUTHM
3a GPS — Navstar | I'JIOHACC

Opaun [{eemros, Anzen Xpucmog

Hucmumym 3a xocmuvecky uscacdeanusn, FAH

BrBeneHue

. KCH ot trua ra GPS - Navstar [1] u TTIOHACC uansseat
curHany B L - 4eCTOTHHS AHANa30H, MOAYAAPAHE OT ICEBAOCAYJaliH HanekoMep-
HH KOOBE A cilyke0HO HaBHrauMoHHo ¢bobmenue. [Ipy nnpBHYEaTa 06pafoTka Ha
TE3M CHTHAJIM C& N3BJIRYAT ASEHATE HZ HABHTALMOHHOTO ChOOLLIERRE U C& U3RLPLI-
BaT U3MEDBAHHSA Ha OCHOBHHTE N2PEMETPH — BPEME3aKbCHCHHE HA PaIHOCUTHENA
¥ JONIEPOBO OTMECTBEHE HA YECTOTATa,

Ilo Takee Ha4WH ce NONy4asa HHPOpMaIns 3a;

— etheMepHANTE Ha BHOAMMHTE CILTHHLA B reohAKCEpaHa, reoueHTpana KO-
OpHUHETHA CHCTEME;

— ﬁonoc@epnn’t‘e KOPEKIHH B PA3IPOCTPAHEHAETO HA CUFHAJINTE;

— [ICEBACPA3CTOAHUATA (NOPaAH HAIHYHETO HA OTMECTBAHE MEXIy IOTpeln-
TEJICKOTO H CHCTEMHOTO BPEME) A0 CIIBTHHIHTE;

— CKOPOCTTA Ha H3MEHeHHe Ha [ICeBAOPasCTOSHHATA.,

Cnen TOBa 4pe3 H3YHCIHTE/IHA NIpolieaypa (T. Hap. BTOpHUHA obpafoTka) ce
QNpPEALHAT XKOOPJIMHATHTE H CKOPOCTTA Ba 00ekTa B HyXkHaTa reorpagcka cucrema.

1. ®untsp Ha Kanman 3a peluasaHe
H& HABUTAUMOHHATA 3ajia4a

OCHOBHOTC HaZBHTaIHOHHO YDABHEHHE 33 DPA3rNISKIOAHETE
CHCTEMH NIPSACTABIISBA AENHHEHHZ CHCTEME OT YETHPH YD2BHEHHA X KMA BHAA

m R=(X,-X) +(¥,-Y) +(2,-2) +1
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xkpAeTe X, ¥, Z ca noTpefuTencku KOOpAMHATH; X' 4 Y s Z ,— XOODAMHATH Ea CIIBT-
HuupTe ((=1+4); R. ¢ H3MEPEHO Pa3CTOAHMe A0 CIBTHANHTE (i=1+4); ! — painmka
MEXAY CHCTEMHOTO H NOTPEOHTEIICKOTO BPEME,

CHCTeMH YPABHCHHA OT TO3H BHJ 0OMKHOBEHO CE PEIIABAT Ype3 M3MOJI3BAHE Ha |
MeToAa Ha HroToH miln nonobHu Ha Hero urepaTuBHu anropeTMu [2]. Ho orpaxn-
YCHMATA OT OBP30ACHCTBHETO Ha M3YHCIMTENIHATA NMPOLEAYPZ M HANHYUETO Ha
TDELIXH B HABATANHOHHMTE K3MEPBaHHA, HMAIHK CIy4acH XapakTep, obycnassat us-
[I0JI3BAHETO Ha PEKYPEHTHH aFOPMTMH 32 CTaTHCTHYecKa 06paboTka Ha ICERTO-
pascrosnuaTa R, B Takusa ciyuan 3aflauara ¢¢ CBeXAZ AC 3a/aYa 34 OLIEHKZ Ha
NOTPEBUTENCKATE KOOPAMHATH C ONIPELENEHA BEPOATHOCTHR KPHTEPHH 10 HABIIIO-
JaBaHATE H3MCPBAREA. 32 JIHEHHEN 3a0a4y KanmMaHOBRAT QEATLP OaBa OOTHMA-
Ha ONCHKA HE HEA3BECTHHTE NapaMeTpH, eTO 33110 ToH §¢ H3NOMN3BaH B cCUMYysHpa-
HHUTE ONEPALNH, 2 NOJYYCHHTE ONEHKH C€ PAIIIeK 8T KaTO CYOONTHMATHN TOPAAN
HeNnpelHocTTa Ha (1). BeXTOPERAT M3pas Ha JiMEeapu3npaHaTa Popma Ha (1) €

(2) Z-HX+V,

KBJIETC Z € BEXTOD Ha M3MEPBEHETO — BEJIIOYBA Da3fiNKaTa MEXIY H3MEPEHHTE U
H3YUCIIEHUTE 4 ICEBACPAICTOSHUSA, CROTBETCTBAIUH HA BPEMEIaKLCHEHHETO Ha CHT-
HAKTe ¥ 4 [CEBJOCKOPOCTH, CHOTBETCTBAINH Ha JOMAEPOBOTO OTMECTBAHE HA
yecrorara: Z = [0R 3R, 0R,OR DR DR, SDR.SDR |; X e BeXTCp Ha NO3WMHOHHMTE
KOOpARHATH, CKOPOCT, YCKOpeHKe i Bpeme; H — MaTpuua ua u3meppaneTo, Aasa-
1118 38BACHMOCTTE MEXAY HIMEPBAHHATA ¥ IIAPAMETPHTE 34 OLCHSBaHE:

C, B\EY, £C1" TIRI0 boibtCe 0/ 10
b s SCT SN0 0
@ASEEIN e SN Eoitintil
*3 F3 73

T LY S
O3 DN ek Bl G
QLSO 0 C o Gasta @) Al

‘x2 ¥ Z2
b= DRG]
o Einattor tade s €, C 8,

L NS X = .
Cry=dR jdx; €, =dR [dy; C, = dR [dz;
V' — BekTOp, OTpa3sBall 1UyMa B U3MEPBAHAATA — OHJI LUIyM, C HYJIEBO MATEMATH-
Y€CKO GUAKBAHE M KOBADHANHOHHZ MaTpHIa R:

e 0l g DES DR ST
8. .op B0 10D 404 F0legd
0 401, 30 Dm0 0
ol 6 0. 0. a0 oftuo g ‘
Q00 L R0 AeA~IoR o8 0
0 gByp Bl & @i Qa0
Dol salstin Oy f d SrueSormdl
O 20 V00 8y 5l a0l Sia?
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Peanusanuata Ha anropaTbMa 3a Kanmarosa dunTpanns Rancksa IpeACTass-
HETO Ha ABMXSHHETO Ha OGEKTA Ype3 CTOXACTHYECKH MOJEN, 32 ONMCAHHE HA JBH-
KERHCTO O¢ HONYCHATO, 4€ HE AOCTATHYHO KbCH HHTEPBAJIH OBEKTLT €& NBHXKH C
NOCTOAHHA CKOPOCT, @ PA3THYHATE MEHEBPH H aTMOC(EDHE IPOMERK CE PasIIeK-
J1aT XKaTO IepTypOepaHcy B KOHCTAHTHETA TPAaeKTOPHA Ha ckopocrra [4]. Yexope-
HHeTo §e NpeAcTaBeHO KaTo CilydaeH TPOIEC ¢ eKCINOHEHNHAHA KOPeIallHOHHa
tyuxiusa, IIpH TE3H YOIIOBES BEKTOPHOTO YPABHEEHE 38 AMHAMHYEHA MOZAEN IpHe-
M2 BUAZ
(3) X=FX+n,

KbAeTO X € BEKTOpP, ChCTOALL ¢& OT KOMIOHEHTHTE Ha KOOPAUHATHATE, CKOPOCTTA H
yckopeHHeTO Ha obexTa; F — npexonHa MaTpHna, KOSTO 32 eHOMEPEH Cly4an ce
[pPEOCTaBs KaTo;
[
F=100 &l il 2
0 0 1

u — 031 IyM ¢ KOBapHAMOHHE MATpHIE Q;
T’/ZO T™ /8 T2/
Q= 2dcrfn T“/S T"'/3 Tzf '
T/6 T° /2 7

G2 — AUCTIEpCHs HA YCKOPDEHHETC Ha 0bekTa; d — pelMIpovHa CTOHHOCT Ha
BpEeMEKOHCTaHTaTa Ha Kopenanus Ha yekopenuero; I — nepHoa Ha AHCKPETHAIHS,

TloHexe moajexaT HA OUEHKA H OLUE [B2 BPEeMEHHH IapaMeThpa, OTHHTAIH
OTMECTBAEETO MEXAY CHCTEMHOTO M NOTPEDHTENICKOTO BpeME — ! M CKOPOCTTA Ha
TOB4 OTMECTBaHE — A, 32 Tax 6¢ A3noA3yBaH MOAEALT (3), ¢ npexogHa MaTpuna K
H KOBAPHAITNOHHE MaTpHua Q, CHOTBETHO; '
F— i N 20, T+8x*hT 3 8nhT’ (2

B 5 i o
0 1 8r’hT? 2 kT

KBAETO A, € §a30B wym; i, — UECTOTEH LIYM,

HuckpeTHunaT Bua Ha KanMaHOBUE anropUThM HMa CIICIHATA NOCHEA0BATEN -
HOCT:

1. MHuIpaIH3Epane CTOHBOCTETE HA BEKTOPA HA ChCTOSAHETO X, | M KOBapHA-
IIMOHHATZ MAaTPHIA Ha IPELIKKTE B OLUEHKETE — P, @

Xk—l(+): Xﬁ; Pk-l(+): Po.
2. Ilpornoanpane Ha X, u P,:
Xk(_) i+ Fk 1XR—1(+)’
P (-)=F P, (HF, +Qu,
3. Onpegensne xoeGUIUEHTa HA YCRABEHE HA QUATLPA:

K, =P, (-)H{[H,P, ()H] + RJ'[.
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4. QueHsBaHe Ha X uP;:
Xk (+): Xk (_)+ Kk[zk iz Hka—l(_)]’

P(+)=[I-KH,P(-).

2. CUMyNMpaHi ONEPALUH K PE3YJITATH

3a 1eNTe H2 H3CHEOBARETO O€ CHMYIMPaHO JBHKEHHE Ha
ofeKT B reoMKCHpana, reOUEHTPAYHA KOOPAHHATHA CHCTEMA C PE3NIHYHH [HHA-
MHYHH XapakTe¢PUCTHKH (Bx, Tabi. 1). Ha ¢ur. 1 ca uaobpasenn cuMynupanuTe yc-
KODEHHE A CKOPOCT 32 O0EKTH C HECKA, CpelHEa M BHCOKA AMHAMUKA.

32 CHMyJMpaHE HZ H3MEPEHHTE IICEBAOPA3CTONHUA R AE/NTa-ICEBIOPA3CTO-
Hus Oe paspaboTeHa Iporpama, MCHEANpAIla ABMKEERSTC Ha 21 -CIIbTHHKOBA KOH-
durypauns, 3a nsbpanoto speme Ha rabiroerne — 120 s faxa Buanmu 7 CIBTHAKA
€ MackoB BI'BJI < 5.

IIpes nbpBuTe 60 $ 65xa U3NOA3BAEHE CI'BTHHUIH, OCRIYPABAILM IeOMETPHYCH
koeduunesT — 1,5, a cnez ToBa © LeN Aa ¢e TpoBepH NoBeAeRreTo Ha Kaimanosus
GuATHED PR NPOMAHA HA TEOMETPHYHA TECMETPHYHATA KOHQUIYPANHs Ha CILTHH-
LHTE, YYACTBALIM B HABHIAIIHOHHOTO DElIerne, e npeuIBUKaHO NPEMHUHARAHE OT
€IHH KbM OPYr CI'BTHEK, KOETO CKOKOOOPA3HO NPOMEHH TeOMETPHYEEA KoedniH-
eHT Ha 5,2,

CHuMynHpaBnTe H3MePBaHus Ofxa 3aMIYMEHH C AUCKPETER raycoB IIyM C HyJle-
BO MaTEMaTHHECKO 0YaKBAHE M JMCIIePCHA CbOTBETHS — 35 m 1 0,02 m/s.

YCTaHOBH ce, Y€ NOIYICHATE OUEHKH 110 MAHUMYM Ha CPeIHOXBAApPaTHYHATA
Tpellxa ¥ MaKCHMYM Ha 2NCCTEPHOPEAT KOBAPAAIHA HE TPEIIKHUTE B HABUT2IIMOH-
HOTO PELIeHHE HE C€ PAa3IMYaBAT CHIIECTBEHO. 3a CPABHEHHE NOIHIMCHEATE KOOD-
AEHATH 0AX2 H3THCICHH H Upes aureSpuyHo pemapane Ha ypasrenke (1). Ha dur. 2
¢ #300paseHa abcoNMOTHATA IO3ALUMOHHA IPENIKE B RABUIaIACHHOTO PEIEHHE [IPH
anreSpuuno pemapane Ha (1) 1 npH nanonssaneto 1a Kanmaros QuiTsp 32 pasiny-
Hg HUHaMHKa Ha oOekTa. ONTHMAanHATE IapaMeTPH B YPABHEHHUETO, ONHCBAIIO ARM-
xenueto (3}, Oaxa nomyyeHm nc Meroaa Ea Monte Kapno cumynepane. Biknaa
¢€, Y€ BPBLIPEKH BIOIABAHETC HA eOMETPHYHE KOH(DHUIYpAIIHg MeXIy CIBTHHIHTE
U IOTPeSHTE M TOYHOCTTA Ha IO3UMLUMOHEDAHE CE 3a11a3Ba 33 PasjinKa OT PesysiTaTy-
Te IPH NIpHJaraHe Ha KOHBEHUHMOHANHHSA IOAXO0X,

YBeIM4YaBaHETC Ha MO3UIHOHHATE TPEIIKE NPH OJeXTHTE ¢ BHCOKA THHAMHKA
C€¢ AbJDKH HZ HENBJIHOTC MOACNHPEHE HAa ABHKEHMETO B ypakrHEeHHE {3},

TaGauna l
Aunasmuuny napamempu Ha CUMYAUDARUME MPAEKIMOPUL
Hunamuxea Jlanelnu napaMeTp ‘brnopu napameTpu, rad/s
CKOpOCT, mfs | ycKopeHHe, mfs? Kype T2Hrax } KpeH

Hucxa 25 6 — - =
CpenHa 150 40 1 I 1

1 I 1
Bucoxa 1200 90 1 | 5

3 6 17
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100 |

-450

—300

-1400

180

CropocT, mfs; yexopeuue, mfs?

-20,0

40,5 | 1 ] ] } ] S
[+%1) 20,0 40,0 60,8 80,0 100,0 120,0

Bpeme, 5

dur, 1, CxopocT {#) U yckopeHHs {0} 38 CHMYAHPAHUTE TPACKTODHH.

Fr

3axinrouenue

B 3akiIrodueHNE MG3Ke 04 C8 M3THKHAT ¥ APYTH OPEUMCTRA HE
NpHEAETaHeTs Ha KanmManosus UITED IpR pelllaBaneTo HA HABAIANMOHHATA 3ana-
ya 8 KCH;
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i
®ur, 2. [Toaunuenna rpeuka ¢ () u Gea (6) usnonsypane Ha Kanmanos GuATED 32 CEMYAHPAHNUTE
TPAEXTOPHH 3

— BB3MOXHOCT 32 BKJIIOMBAHE HA HOBM [IAPaMETDH 38 OLEHABAHE ¥ HOBY HABH-
T3l EOHHH M3TOYHHIE € IIe) IOBHIIABaHe TOUHOCTTA M HAASKAHOCTTA HA IGIAIIAO-
HApAHE;

— cnocobHoOCT 33 XQHTPOJI HA ﬂOCTOBCpHOCTTa HA HEBHTAOHOHHHTE H3IMEepBa-
HHS Mpe3 CTETHCTHKA L,
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|2 -BxO [RROH +R,] [2,-H.X,0)

}.I.RE.' Pa3npeReiCHE IO 32K0Ha xi‘ ¢ M CTCIICHH HA 08060}13, aKO BCHYKH H3IMCPDBAHAA
Ca HODMANHH, KaTo M € PaBEC Ha pa3MEpHOCTTA Ha BEKTOpa Ha HabmoaeHne Z &
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An application of Kalman filter
for GPS - Navstar | GLONASS positioning

Orlin Tzvetkov, Angel Hristov

(Summary}

In the paper presented an realization of Kalman filter for sat-
ellite navigation systems like GSP - Navstar / GLONASS. The filter stability and ef-
ficiency is estimated via computer simulations, modelling navigation measurements
and satellites and target movement.

The results analysis in comparison with conventional algonthms for different
trajectories shows the advantages of such approach.
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Brirapcka axapemusn Ha Hayxute » Bulgarian Academy of Sciences
ASDOKCCMHYECKH HIcC/Ie1Banug B Brarapus « 12 ¢ Acrospace Research in Bulgaria
Cotpus » 1996 # Sofia

[Toaxoz 3a mpoeKTHpaHe U H3CTIeIBaHe
Ha KOMIIOTBhPHA CUCTEMH

3a ynIpaBJICHUE HA JIETATEIHH anapaTH
Ha 6a3aTa Ha Mogeu Ha Xoap!

Hemap I'eyos, Iaamen Xpucmos,
Haamen Auncenos

Hucmumym 3a xocmusecku wiacaedeanun, BAH

Bnpeneuue

Tazu CTATHA € BbBEXIAIA KbM €HA NOPREAHLA, IPEACTARS-
Ia pa3paboTKH Ha CeXUHA ,,ASPOKOCMHYECKH HpuHOOpH M TeleynpaBieHAE" Ha
HWKH, BAH B ofgacTTa Ha H3CIEOBAHETO M IPOEKTHPAHETO HA KOMIIOTHPHH CHC-
TemH 3a ynpaeiienne {(KCY) Ha erarennn anapati (JIA} i no-cnennaiHo — Ha §e3-
nunoTHY JIA (COBTHHLA, NETAIUM MIATHOPMHE, AUCTAHIIMOHHO YIPaBIAEMH CaMo-
nety ¥ ap.). [lopemuuara BRIOYRA CTATHH IO NOAYHATYPHO Mopenupane Ha KCV,
IPUICHKEHUE HA HOpMaTHH METONM i MOJENR Ha TPOTPAMHEOTO OcHTYpapane {[10),
METOH 33 ONEPATHRHAE peKOHGHTypalns, cnequduInpaHe ¥ A0Ka3aTeICTBO Ha KO-
PEKTHOCTTA Ha NIPOTrpaMHY CHCTEMHA, METOM 32 KOHTPOJI Hpe3 NpOTOKONH Ha X0ap,
JITOPHTMHE 33 MOHEIHPAHE B PEATTHO BpeMe, 21eKBAaTHOCT H BATMAAIINS HA DONYHA-
 TYPHE MOJEJIH # Ap,
Pasrnenanu ca ocHOBHUTE NpOGAEME, BE3HHKBAIH IDH [IDCEKTHPEHS A A3CIe-
B2HE Ha CHCTEMH OT TO3M KIAC, H Hail-of110 e OIHCAH NOOX0A 32 THXHOTO PEliaBaHe,

OcoDEHOCTH HA CUCTEMETE
OT pasTNIeXAAHNA KJTAC
KOMHTOT'BpHHTc CHCTEMH 34 ynpaBJIeHHc Ha ABHXECINHE CC

0GexTH ca CIOXHH, 0OMKHOBCHO MHOMOMAUIHHHE CHCTEMH, ChCTABEHH OT BIZEMO-
AeHCTBAIIM OPOTPAMHW M ATADATHH KOMIIOHEHTH, pafoTellll B DeajlHG BpeMe.

! MscnensayuiTta ce punancupar oT Hauronanen dona , Hayunu nacnenpamns™ — aor, Ne U—305/93.
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CTpyKTypaTa B 2JIrOpPETMHTE €€ ONPEAENAT B TOAIME CTENEH OT HAIMYHETO Ha HA-
KOH 0COBEHOCTH IPH DYRKHACHUPAHETO HA CHCTEMHTE H JIETATENENTE anapaTH.

Ha rspBo MACTO TOBA Ca CIOKHHATE, IPOMEHAINK C€ BhHUIHM YCIOBHS U CHIHH
CMYILICHHA, NPHAPYXEHH € ANIPHOPHA HEONIPEASACHOCT IPHA IPOEKTHPAHE HA CHCTE-
MaTa {10 OTHOIICHAE Ha JHHAMUYHHTE XaDAaKTEPHCTHKH Ha 00EXTa Ha YIpaBileHue
¥ BBHINHATS CPeAa), OTpaHAYeHus 10 06emMa U3MEPBARY CHTHAIHE B NapaMeTPH, 10
HU3MUECKH PERNTHIYEMHA TPAEKTOPHHU ¥ CHTHAIIK 32 YIDABJICHHE,

Hpyra ocobenocT ¢ nprragnexsocTTa Ha KCY Ha JIA KbM KJIaC €praTHUHM
Pa3IpPesesICHA CHCTeMHE, JacT oT QYHKIEATE Ce A3NLIHABAT OT ONEPATOD, KOETPO-
JIApall ¢ [IOMOLITa Ha Ha3eMHATE anaparypa paborara Ha JIA. B MHOro cnyuan
bopaoceata qacT va KCY masnpuisa camo cTabunnsauus Ha JIA, KOETpoX Ha Gop-
AcsuTe 610K0BE M 06MEH Ha HE(GOPMAIHS ¢ HazemHaTa 4acT. ToBa BoAH A0 YeIox-
HSB2HE H2 A3MCKBARUATA KbM DAAHOKAHATINTE, N0 TAXHOTO NPETOB2PBAHE, HaMails-
BaHE Ha PailOHa Ha AelficTBAE ¥ B rOJIAMa CTENEH CrPaHUYaRaHe Bh3MOKHOCTHTE 32
H3NbJIHEHNE Ha 3afavyuTe Ha JIA.

3a edexTUBHOTO AeficTBAe Ha JIA Ha Pa3sjMYHETE €TAIN Ce HANAra W3IO3Ba-
HETO HA PA3JAYHHM CTPYKTYDH M AJITOPUTME 3a ynpabjierEre na KCV, Morat ga ce
H3IICHI3BAT CACTHUTE AATODHTMH:

2) Ha BCHYKHU €TanK — {ONITUMAIHA) IPOCTPEHCTBERR CTabMIA3ANKS,

6) npu useexane Ha JIA B ONpe/e/icHa TOUKE HA TPAEKTOPHATA — TEPMHAHAI-
HU CHCTEMH 3a ONITEMAJIHG YIIPABJICHHE HIIH HHTETPEPAHK CHCTEMH 33 TEPMHHAJIHO
YIIPABJIIEHHE;

B) IpH JBAXEHAE KbM pabOTHATA 30HA — ONTHMAJIHH CECTEME 33 POPMApPaHE
HA TpOTPaMHa TPASKTODASA H (AHTETPHUPAEH) TEPMHHAIEH CHCTEMU;

T) B paGoTHATA 30Ha — (ONTHMAJHY) CACAAIIHA CHCTEMH,;

1) Ip¥ 3aBBLPINBAHE Ha paboTaTa — TEPMEHAJIEHA AJIY KETEIPAPAHA CACTEMH;

€} Ha BCHYKK €TaIN — aJanTauus (IpOrHO3Apane, AIEHTHHHKAINA, ETAI0HHN
MOIEJIR U Ap.).

Ha pasniyuu eTans o paboTaTa Ha JIA MOTAaT A3 ¢e U3NOJISBAT Pa3IHYHA H3-
TOUYHKMUY Ha HH(ODMAlIN H NENA Ha YIPaBASHUETO N0 TpaekTopuaTa. I1pn Asmxe-
HAECTC KBM paboTHaTa 30H2 ce u3n0a383 UAEQOPMANAS OT JaTYMIHTE H HABHTAIH-
OHHETA CHCTEMA, AOKATO B paloTHATA 30HA MOXE A3 ¢ M3N0J3RE H EHMOpManas
OT H3CJIEA0BaTeICKaTa anapaTypa Ha Gopaa.

W36poennTe 0cO6eHOCTH IPEANONaraT HAIMYAE HA CIOXHE MHOTOIEena 5op-
ACBa anapaTypa 3a ynpaeieRue. Ha npakTHka ¢e H3NGI3BAT CTAHAAPTHH CHCTEMH
33 CTAOWJIM3AINA B HABHTALMS, B HAKOH CIy4aW — C €JeMEHTH HE aAanTtanug [8,
10, 13].

Tpanunuonno ce cmara, ye KCY na JIA ca ClOXKHEM B YHHKRJIHA CHECTEMH H
OpOrpEMHOTO OCHIYpsABaHE TpalRa da ce pazpaBoTsa ¢ IOMOINTA HA MEISBH TOA-
X0, BCIIEACTBHE Ha KON TO Ha IporpaMHaTa CACTEMA €4 IPHCHINM PERMIE HEAOCTa-
TBUH, KATO CTATHYHA KOHPHTYPALES, BECOKE CIOXHOCT IPY PEANHIANAATE B HACKA
HaJeXAHOCT NOPaAH HEBL3MOKHOCTTA 328 'bJIRA B QopMaiiEa Bepuduxanus, Tesn
HEACCTATENE ONPEAEIAT ThPCEHETO HA APYTH NONXOAHM 38 opragn3anas va [0 r To
HE TOJIKOB& BB (QYHKIEOHAIHC OTHOLUSHAE, KOJKOTO KATC OPraHA3am#a,

ITpm paspatoreane Ha KCY Ha JIA OT rofisMo 3HaY€HHE € BB3MOXKHO MO-I'BJI-
HOTO IpEABZPHUTEIIHG H3CIeABaHe Ha cucTeMaTa. He € BraMoxHO A2 ce paspaboTsaT
MaTeMaTHYHH MOENH Ha BCHYKH €1eMeHTH B (hyRKIHOHAIHA B10KoBe. ToBa Hana-
2 M3MOJI3BAHETO HA CHCTEMH 33 NOJNYHaTypHo Moaeanpare (CITHM). Te BkmousaT
MaTeMaTH4YHH MOJIe/Y, paboTelnA B peajlHo BpEME, B PeaIHa anaparypa Ea H3cies-
Banns o6exT. OcHoBHATE H3uCkBaHA XbM CITHM ca BECOKATAa JOCTOBEPHOCT HA
NOJIy43BAHATE PE3YJITATH U BE3MOXHOCTTA 34 PeajiA3anus Ha Habop MOAEIH ¢ pas-
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JIMYH2 cTelleH Ha Aerailin3anus, KOUTO GIIePATUBHO A2 e KORGUTYPHPAT OT H3Cie-
IJoBarend. ToBa M3HCKBA MINOA3BAHETO HAa HOB NOAXOH 3a opraHnaupane Ha CITHM.,

Ha6poenute ocobenocti Ha KCVY Ha JIA popsaT no fopMyiHpaHe Ha CIEIHATE
OCHOBHY H3UCKBAHHA KbM CHUCTEMHTE 32 YIIPABICHME:

a) aBTOHOMHA paboTa 22 IHAYUTENEH IEPHOA OT BPEME fIpH CIOXKHE i IpOMe-
HALIA Ce BBLEIIEH YCIIQBUSA,

6) onepaTupHa pexonpurypaned Ha KCY B 32BUCHMOCT OT BbHIITHHTE YCIOBHS
H ChCTOARHRETO Ha JIA, KaxTO B 00 3aJ2A¢Ha IpOrpaMa il KOMaHAY,;

B} BBIMOXKHOCT 23 pafoTa ¢ pajivuEy H3TOYHHKIIH Ha AHQGOPMaIlHA ¥ TPOMAHA
HA UENTA HA YIPABICHHE,

r) agexeaTHa opraHnzanus Ha [10 sz KCVY, nossonssaimna AOCTHIAHE BE BUCO-
Ka HaIeXIHOCT H peain3alug Ha QYHKIHHTEe 00 IPeCTPYKTYPHPaHe H KOHTPOIL.

[Monxo/ 3a MpOEKTUPAHE U U3CIIEABAHE
B3 KCY

B croTBeTCTBYE C H3GPOSHRTE H3NCKBAHUSA CE IPEANIATA IO -
XOJ, KOHTC BKJIIOYBE;

1. O6ekTHO-ODHEETEPAHO CTPYKTYPHO NPOEKTHPAHE, CCHOBARO HA NOTOLHTE
JanHn. CucTeMaTa ¢e NIpeACTaBd KaTo CTPYKTYPEH rpaf Ot ,4epHH KyTHR" (obek-
TH), KATO Ha NIPOEKTAHTA €A H3BECTHH CaMO BXOAOBETE H HIXOAHUTE;

2. ITonyHaTYpHO MOAENHpaHe A3 BCHYKH €TANH OT H3CIeABAHETO Ha CHCTeMa-
Ta — OT JabopaTopHE MOZAEJH AC IPeANOASTHN H3nuTawnd. OnepaTHBHA pekongn-
rypanus Ha CITHM, sepuguxanus ma I10 u Banuaanng 52 pe3yjIraTaTe;

3. Mojean HA IPOTPAMHOTC OCHATYp#BaHe (Mofenu Ea Xoap) Ha KCV u
CIHM u thopmanuu meTogH 3a npoektrpane Ha ITO. MoaennTe Ha Xoap npencra-
BAT CHCTEMATA kKaTO Babop OT NOCHeAORATENHN NPOIecH, KORTC B3aHMOAScHCTBAT
ypes ofmMeH Ha MHQOpMANEA TIO KRHAJIM H MOTAT A& C€ M3IMBJIHABAT NAPANEHHO.
GopMTHATE METOAR 3a npoexTupare Ha I10 ce Gazupart Ha moaesna Ha [10 u obnx-
HOBEHO BKJIIOYBAT CheTaBaHe Ha cnennpukauns xa [1O s onpeaenera gopma, npo-
BEPKA Ha cHeNu(HKannaATa, peajn3aund Ha IporpaMaTa d GopMaiiHa BePHHKANHA.
MogenuTte Ha Xoap ¥ GopMajHATE METOAN ARBAT BE3MOXKHOCTTA 38 [IOCTHIAHE Ha
BHCOKa HaslexaHocT Ba 10, a orram # Ha KCV;

4. BIoKOBO-MOAYIIEH IPHHLMI B2 paspafoThale Ha IPOTPAMAOTC OCHTYPABE-~
He na KCY u CITHM — renepupaHe Ha NPHAOKEE [IPOTPAMHE CHCTEMH OT TOTOBH
ofexTH upe3 3a7aBaHe Ha HOMEHKJIATYypaTa, HEQCDMAMOHHHTE H YIPABIABALIK
BPB3IKHA B PAMKHTE Ha Mojena Ha [10;

5. Jloxa3aTe/NCTBO Ha KOPEKTHOCTTE HA porpaMHaTa CHCTeMa 4Ypes cnenndn-
Kalun # 3axouM Ha Xoap. TeopusTa Ha Xoap Aasa FEIMOXHEOCT 33 CnenupHIApDaEe
Ha CBOHCTBATA Ha NpOrPaMaTa M CICABALIOTO ACKA3BaHE HA CLOTBETCTBHETO HA
peaiuzanuATa ¥ NpeapapuTeataTa cnenudnkamus [2, 5];

6. Kontpos Ha paboraTa H2Z CHCTEMAaTa 33 YNPABICHHE Ype3 NPOTOXOJH Ha
Xoap. IpOTOKOINTE OHNKMCBAT BCAYKH ChOHTHS, B XOHTO H3YHCIIHTEIHMAT NPOIEC
MOXE A3 YYACTB2 MM € YYaCTBaJl JIO ONPEAEICH MOMEHT. B TO3M CMHECHN TE €& NoA-
XOOALM 38 KOHTPO/ Ha pafoTaTa Ha CHCTEMATa B PERJIHO BDEME;

7. Onpenensine CTPyKTypaTta 1 napamerpnre Ba KCY B peanio pemMe Ha 623a-
T2 Ha: nHQOpMAal¥s 32 ChCTOAHHETO HAa CHCTEMATa 32 yIIparjeHre, JIA i BbHIUHATZ
cpefa; RHQOPMAIMA 33 XKa4eCTBOTO HA YIPABJICHHETO; KOMAHIM OT ONeparopa.
ToBa € OTHeNHA TPYIa OT aArOPHTME, KOATO HAIBJIHABAT PONAT2 Ha ONEPATOD NPH
ONpefesIsHe CTPYKTYPaTa U [1apaMeTPHTE Ea CHCTEMATA;
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8. OnepaTrrHa pexoHGUIypalnys Ha CHCTEMATa — PeadH3ANNS HA 3a1ajCHA
CTPYXTYDX H NapaMeTPH 10 CeNHPHKAIES OT ONepaTopa HiA CUCTEMATa 33 OIpe-
AENSHE HA KOH(UrypaLusTs, B PAMKATE Ha OGIIHL MOAE] H2 IPOrpaMHEOTC OCHIY-
pPABAHE;

9. Moznesmpare B peajHO BpeMe — METOAH 33 IOBHIIABAHE Ba Ghp3oNelicTRA-
¢TC Ha aNroprTMH 32 Moaenupare Ha KCY o JIA 1 MeToauka 38 NPHICKEHAS Ha
Pa3jIH{HM ANITOPHTMH 38 PELIaBaHe Ha ARGEPSHORAIAR YPABHEHNS K'BM ONpeneieH
Ha0Oop MaTeMaTU4YHN MOIEIH;

10. Hoxa3Bage Ha afleKBATHOCTTE HA NONYHATYPHEA MOAEIH — HaGop aJIropaT-
MH 32 B2NUJAINA Ha IONYHATYPHHA SXCIEPHMERTH.

B crorreTCTBHE ¢ OnHcanusA noaxed KCY ma JIA ce pasriiexaa kato HaGop
IIPOTPaMHH H aNapaTH! 0BEKTH, KONTO MOTAT Ja Ce KOH(DETYpHpAT IPOU3BOIHO K
na obmeHAT HEPOpMATAS [IOMEXY CH, KATO CE CHHXPOHEINDAT H IIONYYaBaT L0C-
TBII {0 OO CHCTEMHE pecypen. ChIIAAT IOAXOA Ce IPUIAra i IIpH peaIa3Apase-
To Ha CIITHM,

Tpabsa na ce oT6enexy, 4e TOB2 He & LOAXOA 38 UPOSKTAPAHE ¥ HICIEABAHE
H& CHCTEMH 32 YIIPaBJICHAE B KIACHIECKHS CMHUCHI, & MMEHHO — CHHTE3 HA YIIpaB-
NABAIIO YCTPOHCTBO M H3CHEABAEE Ha XaPaKTEPACTHKATE HA CACTEMATA (AHAJIATHY-
HC HJIR 4nCiieHo). [IpeuiaranuaT NOAXC/ ce OTHACA A0 PEaIH3AIHA Ha KOMIIOTED-
HY CHCTEMH 32 yNparjeRHe Ha $a3aTa HA HIBECTHH QJITOPHTMH 38 YIPABJICHRAE, Op-
raHU3HpaHu N0 crnenudmyer rauME. HabopsT OT cucTeMHM 0feXTH TeOPETUYHO
TIO3BOJIABA Aa Ce PeaNIapaT BCHYKY HIBECTHH AJITOPHTMH 38 VIPABICHHE M THIIOBS
crcremy. Konprrypupanero sa KCY ce m3Bbpilea Ra Gazara Ha cnennExanus
(Moze), X0STO MOXE A& C¢ NIPOMEHS BbB BPEMETO B 33BHCHMOCT OT YCIOBASTA HA
pabora. Hlon macienpare Ha CUCTEMATa TyK ce pasbupa mICHCABIRETO M KATO H3-
HHCJTHTS/IHE CHCTeMa — KOPEKTHOCT Ha OPOTPaMHOTO OCHTYDHBaKe, 6e3n3xonun
CHATYaLlHH, pasXoAnMocT H Ip. [lonyraTypHOTO Monenmpare ce H3DOJ3BE 33 H3C-
JIC[BEHC HA NOBSACHACTO HA CHCTEMATa, KAaTO Ce MOJennpa HeHRaTa pabora B pe-
&JIHO BpeMe M YCJIOBHA, DIH3KA Ao DelcTBHTEIHATE,

OO1n XapakTePUCTUKH HA MOJCHHTE
H METOIHTE

O6uATe XapaKTEPACTAKE OTTOBAPAT HA H3IHCKBAHAATZ Ha
BBINPHCTHSA NOAXOK. B 0CHOBATA HA NOAX0A4 € HITMOIIBAHETO HA MOASI Ha IIpOI-
PaMHOTO OCHTYPABAHE H METQ 38 IpoekTHpaHe Ha [10, 0CHOBAH Ha TO3H MoIeN A
BKJIOYBAIN METOIHTE 34 OUPEHAe/IAHE H peain3anrs Ha KOHDHUIypanuaTa, Jokasa-
TEJCTBO HA KODEKTHCCTTA ¥ KOHTPOJ Ha paboTara Ha CHCTEMATA.

Ilpn To3m noaxon ¢e 06pbilla BAMMAHAE OCHOBHO HA MOJEJIAPAHE HA CTPYKTY-
parta ¥ GyHXURKTE HE 00EKT2 ¥ Ha B3aHMOAEHCTBHETO Ha OTACTHETE APOLECH.

Monenst I1O onrcea EOMEBKIATYpATE HAa CHCTEMEHTE 06ekTH, HHbOPMALH-
OHHATE ¥ YNPABJIABAIUNTE BPB3KM (KOHCTPYKTHBEH MOEN), IaBa [ILIIHA NPEACTaRa
32 CTPYKTYpaTa H GYHKIMATE Ha IPOrpaMHaTa cucTeMa (dopmanen Moaen Ha Xoap
¥ rpadioB Mozes) B NO3IRCIABA JOKA3BAHE HA KOPEKTHOCTTA ¥ KOHTPOJ Ha paboTaTa
B peanuo BpeMe {(popmasier mofen Ea Xoap).

Or rieana ToUKa Ha ONMCAHAETO NPEANATAHUAT MOAEH] MOXE A2 Ce Hapeue
nponecHo-arperatel. CEcTeMaTa ¢e IPEACTABA KAaTO CHBKYIHOCT OT I1OCIENOBE-
TEJIHO-TIaPaJIC/IHA APONECH, B3aUMOACHCTRalM upe3 ofMeH Ha nHpopmanus (B
CMHICHJIA Ha X0ap). Ha HuBO nIpolec MOJENBT Ce IPEACTABA Ypes AHREHHN CIUCH-
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BBTPEILHA BPB3KA
BNPOLECA =»
FIPAK OBMEH HA

JAHHI MEXTTY
ATPETATH

KOHTYP MO brkA
HA HAKNOH =»
fIPOLIEC HA XOAP,
MOJEMAPAHY CTPYKTYPATA
4 QVHKLBITE HA KOHTVPA

CYMATOP =p-
ATPETAT, MOENMPALL
OYHKLIMUTE HA
CYMATOPA

P(C,P+C,

P(C P +C

W
[XMHP(C,P2+Co P -
BXO[HW 1 N3X0OH
KOHTYPW 110 BIbM HA CUTHAMM HA KOHTYPA
HAKINIOH W 3ABBPTAHE HHOOPMALHOHHHN
= [FOCAETOBATEAHM KAHAJIU 3A BPB3KA
fIPOLECH, KOWUTO CE
HM3FIBAIHABAT ITAPA IESTHO
M OBMEHAT WO OPMALIS

YHKLWOHANHWTE BNOKOBE B
KOHTYPUTE CA CBbP3AHW

MOCNEQROBATENHO U UMAT EQN

W ABA BXOOA W EQWH U3XO0

Dur. 1. ChoTeeTETEHE HA ODEKTH B CTPYKTYPHATZ CXEMi M
MOAENE Ha NPOTPaMHGTO OCHIYPABAHE

IH OT arperati. BzaumoaeRcTBHRATA MEXIY [IPONECHTE CE OCBIIECTBABAT 4pe3 UH-
$hopMalEOHHN KaHaH. 3a NpefaBane Ha ChODIeHHE ¢ M3NON3Ba METOX C YKa3pa-
HE Ha KaHaJIa 3a BPhL3Ka.

MofgeirsT N03BOJIAB2 NOCTUIAHE HA BUCOKA CTEICH HA CTPYKTYPHO CHOTBETCT-
BHE MEXAY MOAcTHpaHaTa cucrema U [10, xoeTo € riIaBHOTO YCIOBHE 33 a1€KBAT-
HOCT Ha MojenupareTo. OTmeilHaTe xOHTYpH Ha mMoaena Ha KCVY ce npencraesr
4pEe3 NPOLECH, BpBIKUTE MEXAY KORTYpHTE M QHINUECKHTE YCTPOHCTBA — Upes Ka-
HaJil, a npeobpa3yBasuATa, KOHTO C¢ H3BEPIUBAT BbB BCEKH OT KOHTYPHTE — upes
JHHEHEH CIACHIM oT arperatn. Ha ¢ur, | ¢ 10xa3gHo ¢LOTBETCTBHETQ HA OGEKTHTE
Ha CTPYKTYpHuA mMopen Ha Geanuncrer JIA u cucTeMHHTe O0EKTH B MOAEIA Ha
IpOTrpaMHEQTC CCHTYPABZHE,

CHCTEME 33 HOJIYHATYPHO MOOCIHPaHE
npH npoexktapanero va KCY Ha JIA

CucTemuaTe 33 IOAYHATYPHO MOACIHpaHe ¢a OCHOBHOTO
CPEAOCTEBO 33 H3CIICABAHE HE NOBCACHHETC H JOKA3BAHE Ha paﬁo’rocnocoﬁnoc*r’ra Ha
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E1 - DIALOGUE START

SYSTEM CONFIGURATION DIALOGUE- [
STRUCTURE & PARAMETERS

=r

| simuLATION START |
i

SIGNAL
simuLATION] [CONTROL

MDFIY

COMPUTER
ANALYSIS

SYSTEM WORK
END

Dar. 2. CTPYKTYpeH MOOEN HA CHCTEMA 33 RONYHATYPHO
MOAenMpane

KCYV. Ipeasmxja ce cvanapane va uudposa CITHM, kaTo neiTa € NOBUIIABAHE
TOYHOCTTA K& MOAESINPAHETC M NpeAOCTABAHE Ha BE3MOXHOCT 3@ H3C/ICIBAHE HA
PA3NHYEA MOJAETH Ha CHCTEMATA.,

Ha ¢ur. 2 ¢ noxazas o6 crpyxrypen Mogen ra CITHM. Peannara anapatypa
e KCY, a spHINEATA cpexa ¥ obekThT Ha ynpasagHne (OY) ca NpencTaBeHn ¢ MO-
Jemn.

Hznonzpasy ca CIefHATE O3HZUCHAS:

El — I eran — ,SYSTEM CONFIGURATION® — gpaior ¢ onepatopa, KO-
TO 320883 YCIIOBHATA HA EKcNeprMerTa. Ha TO3# eTan ce xOHQUIypupa CHCTEMATa
— 32[4B% CE CTPYKTYpaTa Ha Modena Ha OV ¥ HeroBHTe apaMeTpy, BHAa Ha CHI-
HRAJINTE, N3MEPBZHNUTE NapaMeTPH, HAYANHUTE YCIAOBMSA;

E2 — II etan — ,SIMULATION“ — umuTapane Ha aeiicteue Ha KCV B pean-
HO BpeMe,

JpyruTe OpolecH B CHCTEMATA Ha TO3M eTan ¢a ,,SIGNAL SIMULATION® —
MMHTHPAHE Ha CHIHaMd ¥ cMymennd; ,,CONTROL" — napaboTpane Ha ynpaeissa-
mH  Bu3geHcTBME kKBM OV ua Oazara H3 NOJYYZRAHHTE CHCHAJIH,
»MEASUREMENT* — maMepBaHe H PETECTPUPANS HA BEAHYKEHEE, XapaKTEPHE3APA-
mm paborara e KCY; ,MODEL" — mofennpase ¥a A¥HaMAkaTa B2 BJIA B pean-
HO BpeMe,
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HWBO | - TEHEPWPAHE HA CHG"I‘EMATA
f ( BAl

BASA DAHHW

HUBO N - |
MCNEYEP HA MNMPOLIECUTE

3a MORYIA 3A )
HABUrALs MAEHTUONKALIAS

FLAMUHLYE YH
UOdLHON

MOAYIK 3A BPBIKA C
HAYYHATA AFIAPATYPA

Mogvnu 3a
BPH3KA C
HASEMHATA YACT

KbM CUCTEMATA
HAYYHA AMAPATYPA

NPOIPAMA ¥
HA NMONETA,

[FVEG Tl - CUCTE:MHW NPOLECH]

pr. 3. O6c6men cTpykTyper Mmogen Ha IO ga KCY ua JIA

Ilponecute ,.SIGNAL SIMULATION®, ,,CONTROL", ,MEASUREMENT* u
+MODEL" ce u3nBIHSBAT NAPANENHO, K0ETO OTIOBAPS Ha IPHPOAATA HE peanna‘ra
CHCTEMa (CHCTEME C ECTECTREH NaPANIeNAIbM),

IIpur HODMAaJTHO 3aBBPIIBAHE HA £Tall IT cucremaTa npemuHasa kbM etan 111 —
HANALYSISY, p kXOHTO ce #HANA3NPAT pe3yJITaTHTE OT eTan 1.

CrpyxtypHnr moaenu Ha I1O ma KCVY

Crpyxrypaust moaesn Ka ITO ra KCV e wact or o6minas Mo-
Jen M OpefcTaBi HOMEHIJIATYPATa Ha CHCTEMHATE ODEKTH H RBIMOKHHTE BPBIKE
Mmexny Tax. Ha dur. 3 e nokasan npamepen crpykTypeH Mogen Ha ITO ma KCV.
Moxe na ce orbenexn cxQmCcTBOTSG Ha oprannzanuara Ha 10O ra KCV u CITHM,
Tora e egHa oT QOpMUTE %g NPEACTABAHE Ha KOHCTPYKTABHATA cnenudHkanus ga
ITO. CTpykTYpHUAT Mojen Moxe gz Gbie qetafanzapal {TyX € moKazaH B ofI BUA).
HApyru GopMH Ha IPSACTEB AHE ¢a Pa3NHYER Ta0IANA MK 3a[IACH Ha CIeqHpUKANNA-
OHHH €3HIIH.

111



Moaenu Ha Xoap

MogenuTte Ha Xoap OnHCBAT QYHKUHMHTE H CTPYKTYPATA HA
cncTeMara 4pes Habop or BlaumMOAeHCTRAIM NOCHEACBATENIHE HPONECH, KOHTO
MOTaT A3 C€ H3NBIHABAT napaieino [5]. Moaennrte sknouraT CSP — omucanue,
NPOTOKOJ B cnenupuxanyda, BzaumoaeficTeuaTa Ca CHHXPOHEH M C€ OCBILIECTBABAT
10 €IHONOCOYHH KaHald. [To-A0My ¢a I0Ka3aHH IPpUMEPHA MOAEIH Ha HAKOH CHC-
TeMHH O0EKTH H CTPYKTYDH;

1. Ilapaseanu nponecH. THOHYEH NPHMER 3a NapaieiiEd IPOLECH ca Ipole-
cure 8 CITHM, peanusupaiin obexra Ha yIpasieHRe, yIpapiABanioTo yCTpoicTBo,
CHMYJIHDaHETO K H3MEPBAHETO HE CHTHAJIA M YIIPABJIABEINM Bh3AeHcTENA. MoaensT
Ha Xoap e:

MODELLING = CONTROL || MEASUREMENT |! SIMULATION ||
MODEL,

xbaeto || oamauasa uapaneasu nponecu (CSP — msorauus [5]).
A30ykaTa Hz NPOLECHTE CIPEAEIA MHOXECTBO ChOHTHS, JIOTHYECKH BbIMOXK-
HH 32 NapajlesHaTa CUCTEeMA;

o (CONTROL || MEASUREMENT || sMULATION || MODEL) =
oCONTROL |J aMEASUREMENT UJ «SIMULATION |J aMODEL,

KbgeTe o € a3byka Ha Opoleca.
Ipororonute (trace HAH prot) Ha NapajelHHTe IPOLUECH C& ONPEAeIIAT OT:

trace(CONTROL || MEASUREMENT || SIMULATION || MODEL) = {t | @t |
aCONTROL) e trace(CONTROL) & (t [ oMEASUREMENT) ¢ trace
(MEASUREMENT)

& (t|’ & SIMULATION € trace(SIMULATION) & (t | aMODEL) <trace(MODEL)

& t € (a«CONTROL [J cMEASUREMENT UJ aSIMIULATION |} aMODEL)},

KbAETO (race € IPOTOKOJ H2 NPOIEca, OMUCBAIL CHOIITHATA, B KOUTO NPONECHT €
y4acTBaJ A0 olnpedesieH MOMeHT. CHMBONBT | 03Hawana CBHBAHE HA NPOTOKONA
BBPXY HAKaKBC MHOXECTBO, Hanp. a30ykaTa Ha nponeca [3].

2. Kontypen mpouec, onucsail QyHKIHOHHPAHETO HA CHCTEMATa IO OTACNHA
XOHTYpH, O00BILEHOTO DIECAHNE HA KOHTYDHHA IPOHEC: €

LP = {PR,CH, PAR, AGR},

xsheTo PR e npougaypa, peaguanpama pysxnuute na nponeca, CH — MHoOXecTRO
Ha nH(popMmanuorduTe Kananu, AGR — mMHOXECTBO Ha iarperarate, PAR ca napa-
METpH.

MonensT Ha Xoap e:

LoopProcess = ¢[0]7x — AggregatesList; c[n]ly — ENL)process; ModelProcesses,

KBICTC ¢ | ca kaHANM ¢ ONpeAesicHH HoMepa, Aggregate:sList — IHREEEH CIIACEK OT
arperaTh, 7x — mpouegypa Ha Xoap s3a IpHEeMaHe Ha }3IHQOpPMAalHA OT KAHAI ¢ A
IIDHCBOSBAHE HE CTORHOCT H3 IPDOMEHJIARATA X, | y — mponenypa Ba Xoap 33 HIBEXK-
hage Ha unopmayg B kaHan (npomennusarta y), Mode [Processes — Monennpaliln
IIponecH.
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Hpomxo.uu’re Ha TIpOIIeCa C& ONpPEeneNsAT 10O CASAHKNA HRUHH:

LoopProcess=P; Q; ModelProcesses;

P=c[0]?x — AggregatesList; Q = c[n]ly — ENDprocess; gl
prot(P)={tit=<>V{t,=c[0]7x& t’eprot(AggregatesList)}}={<>} U {<c[0]7x>"t)t

< prot(AggregatesList}};

prot{Q)={tt=<>V (t,=c[n]iz & t' € prot(ENDprocess))} = {<>} {<c[n]lz>"t|t =
prot{ENDprocess}}; :

prot(LoopProcess} = {s;t|s € prot(P)& t € pro(Q); rls € prot(P)& t € prot{(Q)& r e
prot{ModelProcesses)}}.

CHMBONBT " 03Ha4aBa cilef] (MEeXAY TPOTOKONIN), I, — HAYANO HA IPOTOKOJ, 1
— OlallK3 Ha IIPOTOKOJI, & < > — npa3eH IIPOTOKOI (C§P — HoTtauug [5]).
Hedrununsra Ha KOHTypeH npouec B HoTanusTa Ha Modula-2 [9] e ciegnara:

LoopProcess = RECORD

ModelProcess: SYSTEM.PROCESS;

ActiveProcess;: BOOLEAN;

OutputChannels: ARRAY [..] OF CARDINAL;

InputChannels: ARRAY [..] OF CARDINAL;

NumberOfQutputsin Separate Points: ARRAY [..] OF CARDINAL:
NumberOfAggregates: CARDINAL;

ListOfAggregates: ARRAY [..] OF AGGREGATES. Aggregates;
END,

3, MogentT Ha Xoap 3a npoueca Aggregates List e

AggregatesList = (c[i]?z — AGGREGATE]i]; AggregatesList | cfilz —
AGGREGATE[]; AggregatesList) { (next — AGGREGATEi]; AggregatesList)
l(end_list — ENDprocess),

xbaero END process e CHeuMaiIeR nponec ¢ a3éyxa, cheTOALIA ce OT ChORTHETO,
03HAYABZING YCIICIIEC 32BLPILBAHE.

AGGREGATE=input(x) — AgrTransferFunction(x:y); cutput(y) —» ENDprocess;
AgrTransferFunction = (f, — ENDprocess} | (f, > ENDprocess} |[...|

(f. > ENDprocess);

f... f ca gynxnum, u3pspluBamy npeofpasyrareTo x = y.

IIporoxoann;

— AggregatesList
(cli]?z -+ AGGREGATE]i]) = PI; (c[iJlz -+ AGGREGATE]i]) = P2;
{(next > AGGREGATEi] = P3; (end_list —» ENDprocess) = P4;
prot(PH)={<>} U {<c[i]?z> "t|t € prot{ AGGREGATE[i})};
prot(P1; AggregatesList)={s; t|s € prot{P1)&t ¢ prot(AggregatesList)};
prot(P2)={<>} U {<cfi]lz> “tit € prot(AGGREGATE[])};
prot(P2; AggregatesList}={s; t|s € prot{P2} &t < prot(AggregatesList)};
prot{P3)={<>} U} {<next> "tit € prot{AGGREGATE[i])};
prot(P3; AggregatesList)={s; t|s € prot(P3) & t € prot{AggregatesList}};
prot(Pd)={<>} |J {<end list> "t|t € prot(ENDprocess}};
prot(P4; AggregatesList)={s; t|s € prot{P4)&¢t e prot(AggregatesList}};
prot(AggregatesList)={tlt=<> V (t, € B & t’ € prot(P(t,}},

8 AepoKOCMEYECKS HICASOBENHE, T. 12,,, 1 13



¥baeTo B = {c[i]?z, c[i]iz, next, end list}; P(1))=(P1|P2|P3|P4).

— AGGREGATE
P=(input(x)— AgriransferFunction); Q=(output(y}>ENDprocess); AGGREGATE=(P;
Q) '

prot(P)={<>} v {<inpui(x)> t|t € prot(AgrTransferFunction)}
prot{Q)={<>} L {<output(y)> “t|t € prot{(ENDprocess}};
prot{AGGREGATE) = {s; t|s € prot(P} & t € prot(Q}};-

— AgrTransferFunction

prot{AgrTransferFunction)={t|jt=<> V (t, € B & t’ ¢ prot(P(t,)}, knaero B={f,
e, :
Pz(tu)=(f1—>ENDprocesslf2—>ENDprocessl...|fn—>ENDprocess);

A; B noxaapa, uye uponecute A ¥ B ca nocnencoraTtenay, a A | b — ge ca anrep-
HATHRHMY.
IpumepHaTa nepuennns Ha obexra AGGREGATE ¢ ciennara:

Aggregate Type = (AdderUnit, ProportionalUnit, SeparatePointU, lntegUmt
DerivatUn, StaticUnit], StaticUnit2, MultiUnit, AndMore);
SecondInput~REAL ("BTopu BxoR')
AmplifCeeficient=REAL; ("koeduIHENT Ha YCHIRaHE')
TimeConstant=REAL; (*spemexaHecTaHTa )
(CTHII ‘ATPETAT™)
Agpregates=RECORD
Aggregate: PROC; ('TIpouenypa, ocsliecThspalla GyHXIUCHATHNTE Tpeobpasypa-
HEBA Ha arperara’)
CASE AggregateType OF("xapaxTepHCTHKH Ha Da3jIHYHATe BUAOBE arperarTy )

AdderUnit ; Input2: SecondInput;
| Mulitilimit : Input2m : SecondlInput;
| ProportionalUnit : Kp: AmplifCoeficient;
| IntegUnit ; Ki: AmplifCoeficient;

Ti: TimeConstant;
JPYTU {* Apyr¥ THIOBE arperaTy ')
END; ("case’)
Input 1: REAL; (" ocuoBen Bxod na arperarta oT Tan REAL *)
Qutput; REAL; (" m3xox Ha arperaTta or TEn REAL ©)
JIPYTU (" opyru mapamerpd Ha arperara '}

END; (" RECORD — xpaii Ha geduauuusTta )

I[To noxoGer HauuA ce geduHMpaT ¥ ApyruTe cHCTeMHY obekTH (Communi-
cationChannel, Dispatcher u mp.).

Mertona 3a kOHTpOX Ha paboTra Ha KCV,
OCHOB4H HA NPOTOKOIX Ha X0ap

TeopusTa 32 B3aNMOACHCTBAINM NOCHSNOBATEIHHE IIPOLECH
{5] mpeasara MOAXOOAIIM MEXAHM3MH 38 IPEABAPUTENHE CrienubuKkanis Ha GyHKIU-
HTE ¥ CTPYKTYPATA Ha CHCTEMATS M IPOIECHTE B HEA U 34 CIEABAlll KOHTPOI Ha pa-
foTara — ToB2 ca crneuudukanuuTe, a30yKNTe 1 MIPOTOKCINTE HE IPOLECHTE,
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CNELNDULINPAHE
HA CUCTEMATA (MPOLIECA)

|
I’ PEATW3ALIAA HA CUCTEMATA

A AOKA3BAHE HA KOPEKTHOCTA
HA PEANU3ALIMATA - P sat S

CUCTEMAT.

CTAPTWPAHE HA

ONEPALV NPEOW

ONPEQENSAHE HA NPOTOKONATE
HA CUCTEMATA (MPOLIECA)
YPE3 MPOLIENYPATA TRACE
HASTIIOREHVE HA PABOTATA
HA CUCTEMATA (TIPOLIECA).
PEMMCTPUPAHE HA MTPOTOKONA S{P}

]

IsTRACE(S,P);

PAIN HA
PABOTATA

S(P) - MPOTOKON HA P?

{/ ABAPVIAHA
{ cwTyAuns

ONEPALNA B
PEANTHO BPEME

@ur. 4. ARTCPHTEM 32 KCHTPOJ 4pe3 NpOTOKoa# Ha Xoap

OOLIHAT AITOPUTEM Ha METOHA 32 KOHTPOJI ¢ Ioxasan Ha ur. 4. MeToasT ce
CBCTOH B CIASOHOTO!

a} dopmynHpa ce crelU(pEKaNRATA Ha [IPOrPaMHOTO OCHI'YPSBaHE Ha CHCTEME-
T4, KOATO BKIXOYBa Habopa OT CHCTeMEH ohekTH;

0) pealiuaApa ce IPOrPaMHETE CHCTeMa | ce IoKassa HelfHaTa KOPEKTHOCT {Me-
TOJI 33 [ICK23BaHe Ha KOPEKTHOCTTA K2 cnenuprkannm Ha Xoap);

B) CIIPEOENAT Ce BCHYKH BLEMOXKHHU [IPOTOKCIIH Ha cnenrdANMPAHATA CACTEMA
¢ nponeaypara trace(P);

T} CTRPTHPA CE€ CHCTEMATA;

I} clle[HajieH Ipolec — NPOTOKCHIYHK (tracer) Ciaeay M pericTpHpa IPOTOKG-
JIATE B CHCTEMATa ¥ ONDEAE/s AaM C& BAJIMAHR, T. €. NaJIU C¢ ABABAT NOAMHONKEC
TBO HA MHCKECTBOTQ MPEIABADATENHO OIIPEACICHH HIJOTOKOIIH;

€) Ip# PETHCTPUpaHe Ha HEBANHIECH IDOTOKOI CE IIPSANPHEMAT ChOTBETHHATE
‘neiCcTBUA 34 apapuilHa CHTYALHA.

MeTopn 3a JOKA3BaHE Ha KOPEKTHOCTTA

HaesTa H2 METOHA C€ CLCTCH B TGBZ, 9e 33 Ja C€ H3NBIHA
oraomenreto P sat S (npouecst P yaorneTropsaba cnenuduxanuara §), Tod tpadea
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Z@ YAOBIETBODABA PCABAPHTENHO ONPeAeIeHH CIeNRMHKAIHH Ha TIPOTOKOIUTE.
Tosa e meTon, kofiTo paboTn ¢ OrpaHAYer, IPEABAPKTENHO 3aAaA¢cH Habop obexTy
H CTAHAAPTHH CTPYKTypH. IloCenoBaTeIHOCTTA € CAeIHATA:

1. Onpenensne Ha THHA (CTPYKTYPATA) HE IPOLECA HIIM NOACHCTEMATA;

2, U3urciasane Ha IPOTOKOINTE 4pe3 yHKUEATa trace(P);

3. [Ipopepka Ha TPCTOKOANTE (1360p OT MHOXECTBO CTAHAAPTHH HPOTOKOJIH)
upes pyuknuaTa SAT (P.S(np)}, kosTo B 6O BAJ € IpKBeeHa 10~ A0y, KBAETO NP
€ [IPOMIBOJICH IPOTOKOJI HE IpOIeca.

SAT(P,S(np)) =
if P = STOP then
if np = <> then return TRUE;
else return FALSE; -
end; :
elsif P sat S(np) & (¢—P) then
if {np = <> V (np, = ¢ & S(np”))}) then return TRUE;
else return FQALSE;
end;
elsif P sat S{np) & (¢—>d—P) then
if (np < <¢,d> V (np 2 <c¢,d> & S(np™})) then return TRUE;
else return FALSE;
elsif P sat S(np} & Q sat T(np} & (c—>P{d—>Q) then
if (np = <>V {np, = ¢ & $(np’}) V (np, = d & T(np")} ("S(np’) n
T{np”) ca cnennduranuu Ha n3bpaHara anrepuarusa’) then return TRUE;
else return FALSE;
elsif V x e B.(P(x) sat S{np,x)} & {(x;:B — P(x)) then
if (np = <>V (up, € B & S(np’, np }}) then return TRUE; (‘npouec
¢ H300p OT MHOXECTBO ')
else return FALSE;
elsif P sat ’(np) & Qsat T(np) & P || Q then
if (P |1 Q)sat(S(np [ < P} & T{np | = Q}) then return TRUE; ("napanenun
nponecu’)
else return FALSE;
APYTH CTEHOAPTHH CTPYKTYPH
else return FALSE:
end;

OnpefensaHe Ha CTPYKTYPaTa U NApaMETPUTE
Ha KCY

» Jla ce MRPLPIIM OnepaTHBH2 peKCHGATypanus H IIpeHacT-
pofixa Ha KCV oznavana 6e3 cnimpane, pegakTAPAHE N KOMIHIHPARE HA IPOTPaM-
HOTCQ OCHIYDABAHE Aa Ce NPOMEHAT CTPYKTYpaTa M IapaMeTpHTE HAa CHCTEMAaTa.
Tlpenenypara MOKe 4a Ce pasdelly Ha ABe 4aCTH — ONpeesIsHe B PeajiH3auus Ha
KOEQUIypanraTea,
. OnpenesigneTo Ha KOHQHUTYpAIUATE MOXKE 1a CTAHE QT ONEPATOPE B AHAJIOTOB
PEXHM Ype3 BRBEXAAHE HA NPEABAPUTENHC NOATOTECHE cIeIRPHKanNs AIH OT CHC-
TeMa OT T1I0-BYCOKO AHBO, KCATO ClIgAR ¢heTosHMeTo Ha KCV nm pnamnara cpena. B
CHCTEMMTE 34 CIIPENe/sHe Ha KOH(DUTyPaIIUATa MOTAT Ja HaMePAT MACTO Pa3IRuHH
METOAH — peall¥iallis Ha IPEABAPHTLIHG 3aAaJeEE KORQUIYpauyy, MEeTOOH Ha
TEXHHYECKATE IWATHOCTHKE, CHEHKa Ha aPaMETPHTE A ChCTOAHHETO, RACHTAGDAKA-
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BVATIOrOBA CUCTEMA 34
CUCTEMA ONPELENSHE HA
(Ac) KOHOUIYPALIMSTA
U NAFAMETPUTE
{coKn}

f

CYIGTEMA 3A PEATVBALIAR
HA KOHOUIYPALIMSITA
(CPK)

¥ |

CUCTEMA 3A YMPABINEHUE
©

OBEKT /
HA YPABIEHVE

(oY)

@ur. 5. CreTeMe ¢ BE3MOKHOCTH 32 pekoHDUIypauns

I¥d, OUTEMA3ANASA ¥ OPOTHO3MPAHE B PEaJIHO BPEMe, CHCTEMM C H3KYCTBEH HHTE-
JIeKT ¥ Ap, CACTeMaTa 3a ONpesensHe Ha KOHQUIYPANUATA | TAPaMETpHTe paBoTu
Ha 6a3aTa 32 HHOPMALHES 32 TEXHAYECKOTO ChCTOsHUE HA OV u CV, KauecTBOTO
H& yIPaBIEHHCTO, ChCTOSHMETO Ha BBHIHATA CPeaa, OOIIN KOMAHAN OT ONepaTopa
1 Jip.; CTpyKTypaTa Ha CHCTEMA 32 yUPABIEHHEE ¢ YKA32HATE BB3MOXHOCTH & [OKa-
3aHa Ha ¢ur, 5. '

MerTon, ocHOBaH Ha QYHKUMH Ha YOI

Tosa e MeTon 3a KOETpos ¥ grarnoctrka Ea KCY Ha JIA,
KOHTO Ce OCHOB2BA HA MMHATALIMOHHGC MCJSIMPaHe Ha JIBWKEHHETO Ha JIA ¥ ajro-
PHTMH 33 HOCHTEPUKaUNA Ha XOeAUMEHTHTE KA PA3IOKEHNE Ha IPEXONEUTE $yH-
KEAH B PCA Ha OpTOroHanHATe Qynkuey Ha Youuw, PazpaGorenaTa cxema {¢ar. 6.)
I03BOJIABA A2 C&€ KOHTPOJHUPA TEXHMUECKOTO ChCTOAHAE Ha 0BEKTA B IPOCTPAHCT-
BOTO Ha CHUIHAIINTE B B IPOCTPAHCTBOTO Ha NAPaMETPHTE. B nbpBusA Cityuail ce 0Ch-
IecTBABA COABHABARE Ha IIPEXOAHNTE QYHKITHA Ha npoBepsranms obexr vt} uera-
JIOHHO YCTPOUCTBO y, (1), IpK KoeTo '

|yk(t)—ykr(t),£8k’

117



TETATENEH YY)

ANAPAT

YCTPOWUCTBO
3A ETANIOHHW
CUrHAI

g

FEHEPATOP _
HA QYHKLWNTE i L CurHan
HA YONLU -3['0 |3A OTKA3

[

TiPOrPAMHO | 4ipr(T)

YCTPORCTBO

HOMEP HA MPATOBO
CUTYALIMATA YCTPOWNCTBO

dur. 6. Cxema 3& KOBTPOJ, PEANH3KDEILA METONA 32 HACH-
THPHKAURA

xeaerc k= 1,2, ..., # e BpoaT Ha KOHTDOJUPAHNTE HIXOIA HE CHCTEMATA H MOACIIA.
Eranonsoro yeTpoicTBC H3nbIHsARA (YHKIAATE HA AMATARIMOHEE MOACI & HIXOA-
HH CHTHJIH, KOHTO ca JOCTATBYHO OJIM3KH A0 CATHAJINTE Ha B3XOANTE HE PEATHHS
o6exT. lameHHsT KpATepHk IO3BOABA 13 C& OTKPUAT BHE3AHM OTKA3HA B CHCTEMA-
Ta. CArHAmBT 32 OTKa3 ce GOopMNpa B Iparosrs HI0K npy YCaoBHx g(f) >0, .

CxemaTa MOXE A2 ONpeAcid H §aBEC U3MEHALLM O¢ IPOIPECHBEH OTKIOHCHYA
B paboTara Ha cucTeMara, 3a OTKpHBAHETC Ha I0ACOHM AehexTH A1 UIMEHEHN Co
HpeNBMKAZ YCTPORCTRO 32 PasNO3HaBAHE, KOETO 10 KOSHUIHEHTHTE Ha PA3SIOKCENS
af{T) Ha byHKIEATE HA YOI 103BOJISBA OTKPHBAHETO HA CHTYAlMATA B CPRBHABA-
HETO ¥ C IPEABAPUTEIIHC 3aaIEHATE,

Cucremata oT GyHKUME Ha Youm W({) ¢ mblEa CHCTEMa& OPTOHOPMHDAHH
dyHKIMM H BCSXa WHTErpHpyema B MHTepsana [0,1] dyExima Moke Aa Obae npenc-
TABEHA CBC 34/aEHA TOYHOCT KaTG CyMa OT KpaeH Opoil fyHxnuA Ha Y OsiL

y{£)=D a(MW(T)i=12...n

Dyuxumuure Ha Youm W (i) # koepEIHSHTATE HA Pa3JIOKCHNE B pEl a(f) ce 3a-
HaBaT H OOPEIeSAT IPOrPaMHO CHOTBETHO OT ,,TEHEPATOD Ha Yomu* 7 gaeHTA(H-
KaTep.

MeTo 32 peanun3alus Ha KOHpMrypaunsTa
HA CHUCTEMHU

CHIIHOCTTA Ha METOHA Ce CHCTOR B reHePHPAHe Ha IPHIIOK-
HH IPOTPAMHM CHCTEMH OT T'OTOBY M H3NPOOBAHH KOMIOHCHTA Bb3 OCHOBA HA dop-
MajlgH MOAeil, 3aJABall HOMEHKIIaTyDaTa Ha H3MONIBARNTE [TPOrpaMHy ofexTH B
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CBLOTBETHHTE HHQOPDMALUORER M yIpaBiaBally BPL3ky, I nasErTe 0cO0BEHOCTH Ha
METOH2 Ca: :

L. Manonspane Ha NpONEAYPEY M NPOLECHH THICBE JAHEM 32 AedHHHpaHE HA
cucremuuTe 0bexTi. Tess THIOBE JaHHE I03BONABAT AKTHBHE 00EXTH (IpoLeayPH )
[la C¢ pa3NONAraT B IaMeTTa KATG IPCMEHIIHBY)

2. MarpaxjaHe Ha HPRJIOKHATA NPOTPAaMa OT CECTEMHH O00EKTH, pasloiaratu
B pesuAenTHa §aza JaRnk. CuctemunTe obexTr ca Ginikn 10 npobneMuara obnact
— XOHTypHH npouecu {LoopProcess), chCToAIHA ce OT NMHEHAN COHCBHIIN OT arpe-
ratk (AGGREGATES) u BzaumojedcTBauM upe3 MHPOPMALHOHHM KaHAJHA
{(InformationChannel);

3. IMHAMHYHM KAHRJTH 33 OCHLUSCTBYBARE Ha B3aUMOOeHCTBHATA, 3bOp Ha ka-
HIATE Upe3 YKa3sBAHE Ha TEXHUTE HoMepa. JHHAMHYHHTE KaHAJIH IO3BOJISBAT CBBP-
3BAHE H& IPOM3BCJIHY TOYKHE B CHCTEMATA IIPH PA3NHYHM KOR(DHTYPALUH;

4. BubaHOTEIHN MOAYHH, NPEAOCTABALIM CHCTEMEETE 008KTH # GOpMHApPALIN
Ga3aTa gangy;

5. Nebnennus ra MHGOPMAIHOHHATE XEHAJIN, [I03BCIABAILA COMEHBT HA HH-
$opmanys, reHEPHPAHETO § U3MEPBAEETO Ha PEANIHE CHTHANM /13 CE IIPE/ACTAaBAT Ha
€IH0 ¥ CBHILO KOHUSITYa/IHO HABO,

CrpyktypHH rpadoBn Monenu

CrpyxTyphuTe rpay ca AONBLAHATEIIRC CPEACTBO 38 OIMCa-
HEE HZ NPOFrpaMHHA CHCTEMH, BKJIFOYEHO B MCHEJa Ha IPOTPaMHOTO OCUTYDsBAHE.
OCHOBHOTO MM HPEJMMCTBO € HATJICRHATZ IPEOCTaBa, KOATO JABAT 32 NOTOLKTE
[3HEA, CTPYKTYPATA Ha CHCTEMAaTa M BIAaHMCOHACHCTBHATZ B CTATHKA H OHHAMHKA.

B pasriexIanns IOAXOA ¢e H3IIONI3BAT CTPYKTYPHH rpady, 6CHOBAHK Ha IIOTO-
LHTe JAaHHH B CHcTeMara [4].

PazpaboTena e rpaduyHa HOTAIKA 32 IPEICTABIHE HA CTPYKTYpHUTE IpadH, Ha
6asaTa 5a keATC ce paspaboTsaT rpatdiosr Moaenu. UacT oT rpadHURATA HOTALHS €
noxasaHa Ha gur., 7.

B zakilioueHHe MOTAT J1a C& HANPABAT CICIHHTE

Hzpoau

TIpeasioxen & UANOCTEH NOAXO[, 3a NPOCKTADAHE A HICICA-
BaHE HA KOMIITHPHN CHCTEME 338 YIPaBiieHAE Ha JETATEHM aNapaTH, OCHOBAH HA
(GOpMaJIHHM MOARNH Ha IPOTPAMHEOTO OCHIYPSBAHE (MOAEIY Ha X0ap), KOHCTPYK-
THBHE CHEUAQHKANAH ¥ CTPYKTYDHHE I'padu 1 peajinzupan Ype3 MeTOAHRTE 38 PEKOH-
(urypanus, KOETPOJ ¥ BepROBKanng.

MogensT ra I10 onucra 0606meEs GyHKIMOHAPAHETO HE CECTEMATA, M3OJ-
3B2HKM CTPOra MaTeMaTAYHA TEOPHA — TEOPHATA HE B3gHMOACHCTBALATE [OCIE-
JAOBATENIHE NPOIECH M IO3BONABA CIEUHGHKALHH, Peaniu3anus, BepuUKanas H aHa-
JIM3 HA CHCTEMAaTa.

[ToaxeasT MoXe Oa ce NpHIara XKaKTO KbM M3TPakKAaHe HA $a30BOTO IPOrpam-
HO ocurypsasare ra KCY u CITHM, taka i #a MPANCKHH CHCTEMH.

PaspaboTeH € HOB THI MOJEJ Ha NPCrPAMHOTO OCHIYPSBAHE — IIDOIECHG-ar-
peraTeH, OTJIH4Y2BAI] CE C BACOKA £DEKTHBHOCT B CTEIEH HA CTPYKTYPHO CHOTBETC-
TBHAE C MOJEJINPAHATE OOEKTH K MOJE) Ha B3aNMOASHCTRAATA, OTTOBAPALL HA OCO-
SenocTute Fa KCY Ha JIA n CITHM,
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OBPBLIEHME KbM
MOLYN C KA

MPOLIERYPHIA il
. | exonose | mssuxmaHE HA
PROCEDURE 1| IPOUEAYPA O
2 SPROCEDURE 2] [or e
DAHH

OBEKT & HEACHA

Mogyn c
HEMPOLIEYPHM CTPYKTYPA

sty axonoael @

BXOHEH W3XOOEH
KAHAN I

1
4 1

MPOLIEOYPA HA XOAP 3A MPOLIEOYPA HA XOAP 3A
NPEQABAHE HA OAHHW MPUEMAHE HA DAHHW /1

Qur. 7. HacT oT rpafudHaTA HOTAMA 32 NPEACTABAHE HA
CTPYKTYPHH Moaeny Ha ITO

To3n MeTOA 328 CTPYKTYPHO MOJASIEPaHe OF MOT'RI [a G H3NC/3Ba HE CaMo 3a
onucaxue Ha IO, Ypes vero H¥xa MOTAR A3 C¢ ONMHIIAT ¥ YPOLECHTE B eHa aHAJIO-
roBa cAacTeMa. Tosa ¢ £AAH HOB HAYHHE 33 OIIHCAHHE Ha 0BeKTH B CHCTEMH, IIDH KQH-
TO ce¢ cGphlla MoBeYe BHUMaHHE HA CTPYKTYPaTa A BYHXOHHATE Ha MOJACIHNpaEns
00EKT 1 Ha B3AUMOAEHCTBHETO HA OTAEIHUTE NPONECH ¥ IOACHCTEMH,

Hanonssanero Ba 00EKTHO-OPHEHTHPEHO CTPYKTYPHO NIPOSKTHPAaHe (M3rpam-
nane Ha [10 ot cucTremMuHn 06ekTH) 3ae0HO ¢ BI0KOBO-MOIYJIHASR IOAXCA IO3RCIABE
OIPCCTEHC pealH3MpaHe Ha IpouzponAn ¢TpykTyp# Ha KCY a CITHM.

MeToasT 33 XOHTpOA B AunarAoctaka Ha KCY, 6asmpail ce Ha AMHTAHOEHD
MOJIeIMpaHe Ha ABHXeHHeTo Ha JIA ¢ nacHTApEKaIEA HE KoehUIHERTHTE Ea pa3-
JIOKEHHE Ha IPEXOAHUTe (PyRXIMM B poj Ha (YHKIHHATE HA YOI, NO3BOJIABA OTK-
PHBaHEe Ha BHEJZNHHM OTKZ3H W OaBHO H3IMEHSAIM CE&, NPOIDEeCHBHH OTKIIOHGHHS B
peajHo Bpeme.

MeToanT 32 peannsanus Ha KORGUIypalMATa Ce OCHORABA Ha IPCIECHH H Ipo-
[eAypHH THIOBE NaHHH, THHAMHYHY K2HAIU U Habop cEcremuu oGektd. Tol nasa
BEIMOXHOCT 3a H3rpaxkiaHe Ha OPUIOKHA CHCTEMA Ype3 NpOTPaMHEA TEHEPALHS.
HHanoroBuAT IOAXOH 33 NIPOTPAMHEA I'¢HEPALHS Ha IDHJICKHEH CHCTEMH € IPHEITHII-
Ho HOB 32 KCV Ha JIA m CTTHM n no3possBa peajlu3alHA Ha MHPOXA raMa Moge-

120



JH. BaxHO NpeaEMCTRO HA METOAA € BBIMOKHOCTTA 33 cnenrdHuUpaHe Ha IIpoT-
PAMBOTO OCUTypABaHe Ha MECroMaIuHEHE KCV n CITHM.,

MeTroauTe 32 XOHTpOJ ¥ BepuOHKANNS NO3BONABAT CH3NABAHE HA CHCTEMH C
BHACOKZ HAOEXAHOCT ¥Pe3 NPeABapHTENHO JOKa3shaHe Ha KopekTHocTTa Ha 10 n
HalJI0ICHEE Ha CHCTEMaTa B peajiHo Bpeme. [IpeanasHayenn ca 3a pabora ¢ Hno-
KOBO-MOAY/IEH CHCTeMH ¢ IPEABAPHTENHO 3aAaneR Habop OT cTpyxTypR. MeTonsT
3a KOHTPOT Ype3 NPOTOKCHH Ha Xoap ¢ NIPpAHOANEE HOBOCT B KOMNIOTHPHUTE CHC-
TEMH¥ 33 YIIpaBJjieHHAe. f

I'maBHOTO NOCTOHECTBO HA IPeIHaraHvs IOIXOJ| € HErOBaTa UAIOCTHOCT H
BB3MOXHOCTTA 32 IICCTATZHE HA ONpEAEieHa CTeNEeH HA YBEPEHOCT B paboTocno-
cOBHOCTTZ Ha CHCTEMATa [IPEAH IOJETEATE A3NUTAHHA.
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Hocmenuaa na 1711995 2.

An approach for the flying
vehicle computer control systems design
and study, based on the Hoare’s models

Peter Getzov, Plamen Christov, Plamen Angelov

(Summary)

The paper is an introduction to a series of papers. It concerns
the particularities and problems of the unpiloted flying vehicles computer control
systems design and study. A general view of the developed approach is considered,
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which includes: an object — oriented structural design; a half-physical modelling on
all stages of the study; software models (Hoare’s models) and formal methods; the
program systems verification method; the system working capacity control method,
based on the Hoare's trace model; the system configuration define method, and es-
pecially the real-time identification methed, based on the Walsh’s functions; the sys-
tem configuration implementation method;.the real-time modeling methods; the
half-physical experiments validation methods. :

The main advantage of the approach is its completeness and the possibility to
study the system working capacity before flying experiments.

The methods and models are described briefly in this paper. The further
detailed description will be an object of other papers.
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MeToa 3a uarpaxiaHe Ha aBTOHOMHA
CHUHXPOHHU3ANUs C IPOTHO3UpPaHe

Ha ciay4aiHu QuykTyanun

Ha 3aKbCHEHHETO

B KOCMHYECKH paanOJINHUA

3a BPB3Ka U YIIPaBJICHHE

Aumonuo Audonos, 3o0a Xyberosa*

BBTY ,T. Kabaeuixos”, Cofun
+ Hucmumym 3a xocmusecku uscaedsanus, bAH

3a pefBlia CEBPEMEHHM CHCTEMHR 3a TIpeJapare Ha HHpopMa-
UM, TAKHBA KaTO CHCTEMHTE 38 KOCMHYECKa PAIHOBPDH3XE ¥ CHCTEMHTE 33 BPB3Ka ¢
OABRXHA 0BEXTH, Ca XapakTEpHH &A¥HHH H3HCKBAHHS, IDEASBABAEA KBM HI10JI3-
BAHKTE CHTHaJE. AXO 'l CPABHEHM C TPAANIHOHHHUTE (a30- M YSeCTOTEC-M2HHIYJIH-
paHH CHTHAIIA, TO Te TPAGBA Aa OCHFYPHBAT NOBHINEHE YECTOTHA eEKTHBHOCT B He-
ARHEHEY K9HAJK 38 BPL3Ka, A2 MMAT IN3Ka eHepruiina epeKTHBHOCT H ChIIEBPE-
MEHEO A8 1aBaT BEIMOXHOCT 32 IPOCTa ¥ HKOHOMHYHA alapaTypHa peaiu3alns Ha
yeTpoiicTsara 3a popmapane r o6paborka na carsannTe, Hak-nepcnexTHBAY N0
OTHOIIEHHE Ha MIOCOUEHRTE HINCKBAHWA C& OKAa3BAT CHATHANMTE C PAa3lIMPEH CIEK-
TP, HAPHUAHH OLLE CIIOKHHE, ITAPGKOIEHTORH, LIYMOLIONOGHA CHIHAIM., Obaue npu
TAXHOTC MINON3P2HE 3HAYHTENHO HEpacTBAT H3ACKBAHAATA 10 OTHOLICHHE HA TOY-
HOCTTA Ha CHHXpOHM3alA%. [To OTHOLUEHRE Ha CHCTEMHTE 32 BPB3Ka IpobiemMsT 3a
CHEXDOHH3ALAS CE CHCTOM B CHBMECTABAHETO 110 BPEME HA IEPROAMIHA IPOLECcH,
OTCBALIE pab0TaTa HA IPEAaBaTeNd M NDHEMHAKA Ha cKcTemaTa. JIopH TOUHOTO
[103E2BaHE HA BPEMETOC 32 Hauayo Ha paboTa Ha mpeAasaTellsd ¥ RACAIHATA cTabn-
JIN3AIKE HA STAJOHWTE Ha BPEME HE PElIaBaT HAmbAHO npobneMa 32 CAEXPOHK3A-
nns. Tosa e BaNAAHO 0CcODEHO 32 CHCTEMETE Ha IOABHMXHATA PaAKOBPE3KA, KBACTO
BC/IEICTBHE Ha IPOMSHATA Ka PAICTOSHAETO MEX/Y IOABHXHETE 0OEKTH BRIHEKBA
HEOoNpPe/eISHOCT B 3aKBCEEHASTO Ha NIPHEMAHUTe CUrHAM, He3aBHCHMO OT TOBA
peanna apTopHd |1, 2] usncksaT crobpakenns, Y€ Hal-BEPOAHTO B IEPCICKTHRHHUTE
IIKPOKOIGHTOBH CRCTEMM 33 YCTEHOBABAHE W NOANBPKAHE Ha CHHXDOHH3AMHS 11E
61€ M3N0A3BAEC CHUETAHKE HA METOA2 33 8BTOHOMHS CHEXDOHH3aUMA BBB BDB3KA
¢ BEIHAKRAHETO Ha BUCOKOCTabUIEY eTAIOHA HA YeCTOTH, IPSAHA3HAYCHH 32 IOA-
BHXHHE 06eKTH, § MEeTOIH 33 IPOTHO3KRPAHE HA Pa3CTOAHKHETO MEXAY IDEAABATENIA A
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NIpAEMHHKA C IOMOIUTA B2 ACIBIHUTEIRKE CDEICTBa, BRIoupain EMM w gapauim
BBIMOKHOCT Aa €€ DOJIYHH QOCTAThYHO TOYHA HHPOPMAIHA ¢ OrJIeH XOMIEHCANA
Ha 33KbCHEHHETO.

CrutecTsyBaT pesiNIIa TPY/IOBe, IOCRETERY HA AHAAIA HA CHCTEMH ChC 33KbC-
HeHue. 3HauuTelen 6polt paboTH c2 HOCBeTeR  Ha CUEHKATA HA MOMESHTHTE Ha 1pA-
CM@HC Ha CHI'HAJIM B YCJIOBHATZ HA allpHODHA HEONPEAEJEHOCT OTHOCHO THXHOTO
3aKeCHeHne. PaspaboTenn ca ronsM Spoil pasnauny ANTOPHTMH, TICIROJIABALIK A%
Ce onpenendaT edexTHBHATE (MK GIRIKH 10 TAX) OHEHKHM HA 33KHCHEHHETO 33 INF-
POK KJlag CHrHAJR M CMyllienus. B Tesn paboTn ce npennosnara, 4e anprOpHOTO pas-
IPEACICHNE HA 3AKBCHEHUETD € M3BEeCTEO, H3BECTHATE aNropuT™H H CXEMH Ha KBa-
SHOLTHMRJIHY NPHEMHKIM ca paboTocnocobHn npu GasRu QuiykTyaHn Ba BpeMe-
BHTE NapaMeTPH Ha CHrHANA, [To cTHOlEHNE Ha IpHEMBRETO Ha eNHHNYHA CATRAIH
B YCNIOBHATA HA NIbJIHA ANPHODHA HEONPEAEHeHOCT OTHOCHO MOMEHTA Ha 3aKBCHE-
HHE BbB DAKCHDAH MHTEPBAI EMH OT HAH-CHIIHUTE DE3YITATH € IOJYYeH B pabore-
TeHa A.IL T rx o H o B [3]. [Io OTHOIISHNAE Ha IPHEMARETO HA NOCICIOBATENHOCTH
OT CHI'HAJIH B TCOPETHYECE NIJIAH HE € PElIcHa 3aHA4aTa 38 PAIOIHABAHE HA CHIHAJA
npu §bp3x QUIyKTyannn Ha 38KhCHEHHETO, 3a/1a4aTa 3a IPHEMaHe Ha CHOXHH CHI-
Hanu Ha GOHA A2 KQMIVIEKCRE CMYILEHHS ¢ PasTlefdHa B JOCTHIHATA TEXHAYSCKS
TMTEPATYPa CaMO NPH NPEANICIONKEHHE, HE € 3aAaACHO AIPAOPHOTO PAIPEIeeHHe
Ha 3aK0H4, ONPEAEIAIN BpeMe3aKbCHeHReTO. [Ipu aMpROPHA HEoUpeneNnenoCT Tasn
3aJla4a He € PEILICHA B CMACHJ HA CHHTE3a KAKTO Ha ONTAMAJIHE METOAH Ha IpHeMa-
HE, Taka H Ha ONH3KH 40 THX ACAMITOTHYHO ONTHMAIHE METO/N,

Ha#-061upAT noaxon kM 33724aTa Ha CHHTES Ha ONTHMAJHH ANFOPHTME 32
[IpHeMaEe C€ OCHOBAaBA Ha MapKOBCKaTa TEOPHA Ha HelHHeina punTpauns. B Hac-
TosAllaTa paboTa Ha 6a3aTa Ra YCIOBHETE MaPKOBCKH NPONECH € NPEISIOReH TIOA-
XOJ 32 pelllapane Ha NPeaNOKERNs IPOBIIeM.

C orsien xoMIeHCHPARETO HA 3aKBCHEHAETO T(f) B CPEAATZ Ha PaslpoCTpaHe-
HiA€ HAa CHTHANA S(7) cbIUMAT 61 TpAOBANO Aa Ce HIMBYH ¢ HINPEBAPBAHE BLD BpeMe-

To x(2), T. €. Xa 6BAE BLB BHAR
S.{1)= S|t +x(2)}

Ilpy Hanw4ue Ha 3aKBCHEHHME T(f) OJEAHAAT CHrHAJ HA BXOHAA HA NPAEMHHKA
C€ OIIUCB2 C M3pasa

1 S [r-+(0)]= S{z- w(t)+ x]t- -r(t)]} '
[IpobiemMbT, 4HETO pelicHME € e Ha HACTOAWOTO H3CTeABANE, & Aa CE Olpe-
AesE CTOWHOCTTA Ha X(), IPH XOSTO C& OCHIYPABA MEHEMAIHA CPeIROKBAADATHY -

Ha& CTOHHOCT HA OTMECTBARETO &(1), BHB BPEMETO HA IPAEMaHe Ha CATHANA Ha BXO-
A2 Ha IpHEMHHKA IIPH HANKYAE HA CIyYalHOTO 3aKkCeHeHuE (1}, T, €,

9)) 8(t) = +(0)- x[r - ()]

3a onpenensEETO HA X(f) MOXeE 2 Ce HINOJ3BA ILIATA TEKYIa HEGODMALHS 32
Cly4aHOTO 3aXBCHERME, KOSTC €& CHABPXE B DEAIH3UPAHOTO TPENTEHS () 32 MH-
Tepeania [0, {] Ha BXoza Aa NPHEMHHKA, IPH XOSTC TOBA TPELTEHE & CyMa OT IIOJIes-
RHS CHIHAJ # LIIyMa.

@ H0) = 8, [t~ <(2)] + ).

CHrRansT, M3TBYEH OT NMpeNaBaTess B NPOH3BOACH MOMEHT HA BPEMETO 1,
IGCTHIIBA B BXO/1A HA IDUEMHEHKE B KAHAJ ChC CAY4aiHO 3aKbCHEHUE B MOMERT H3
BpEMe {,, TaKa H€ € H3MLIHCHO OYEBRAHOTO PaBEHCTBO
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{4) f=t =t }
IocrasenusT npobieM MOXe A2 ce CBEHe A0 TOBA, Y€ Bb3 OCHOBA Ha Habnioaa-
£
BaHETO HA PEATHIAIMATA 7{f) 1O MOMEHTA Ha H3TBYBAHE Ha CHrHana = {r(r), 0=r<y, }

A2 Ce OUPE/LHH HINPEBaPBAHETO X(f}, XOETO ocurypﬂsa MEHHMAQJIHAE CPEHOKBaApa-
THYHA CTOMHOCT HA OTMECTBAHETO &(1)) Ha CHTHAaNa, HPHEMAR B MOMEHTA H2 BpEMeE

e
i
Kakto e H3BECTHO, ONTHMANHATA CPEAHOKB2APAaTHMHA OLICHKEZ ChBIANA C ye-

JOBHOTO MaTEMATHYECKO O42KBAHE, T. €.

(5) x(to) = M{t(f; ]f;’" } = j: TlPi('c|to)a‘t;
z (‘cltu) =P {t(tl ]roro }

3a na ce usberne PAICACKAAHETO HA IPONECE B CJ'IY'-IB.HHH MOMEHTH HA BpEME-
TO, £ I{EJ]SCLOSI)&BHO BBBCRKIAHETC HA IpOLeca

o n() 2 <}
Ot (4) cnenpa, ue

o ()= e )]+ 0]

Torasa 32 NIABTHOCTTE HA BEPCATHOCTHTE PI(‘I:I ) MOXE Oa C& KaKe, 4e e TeKy-

IaTa anocTepHopHa IIBTHOCT HZ BEPOATHOCTHTE Ha mponeca t,(1x F (‘tll‘):

= P{r(tl 1?;]'“ } = P{‘Ei(to j:g" } ITo cBos dusnueckn cMHECHS BEIMYHHATE 7,(f) € 3a-

KBCHEHHNETO E4d CATHANA, HATBYEH B MOMECHTA f
Ot bopmyna (7) Moxe A3 ¢e NOJMYYH ypaBHeHne ONPEACIAILD Bp'bBKaTa MeH-

ay Bz, f) 1 P( fl ) P{ (f + fj r }, T. €. C aNOCTEPUOPHATA BEPOATHOCTHA ILITHT-

HOCT Ha CJIy4alHOTO 3aXbCHEHHE B CNIPEAEsieH MOMEHT Ha BpemeTto t{{+/). Axo I ce
pasryiexaa KaTo ciayyaliHa BEJIMYHHA ¢ BEPOATHOCTHA WireTHOCT P(f), 2 7(t+]) kato
(GyHKITUS B2 T23H BeJIMYMHE, TO BL3 OCHOBA Ha {§) € A3NBJIHEHO:

@® PleO= 0 f= [ Plse+)=dr0 Jp@)a
Ot pasenctro (7) cagnpa, ue I=l(a) ) Tre
=2

AT — J|30
P()=Plt ()=ir
IIo TaxbE HAYHMH MOXE Az ce NMOJYYH OTHOIISHAE, OIpSaendiio ¢aHOpoaHO

HHTEIDAJIRO YpaBHeHNe Ha PpeaxosiM OF RTOPH PO, NO3BOJIHBAINGC A2 CE ONPEEn
P (z|¢) mpu 3anafeRa MIBTHOCT HA BEPOSTHOCTHTE P(T; I[1)

© P(d)= | Pz f) B (i)
¥Ypasuenue (3) cBBP3R2 BEPOATHOCTHHTE XapPAKTEPHCTHKH Ra Ipoleca t,(f) ¢
X3paKTePUCTHKHTE Ha npoleca (1), ANropuTbMBT 334 HIUHCISABAHE HA P(z, )]

CJIEABa OT DE3YITATHTE Ea TEOPHATA HA COTHMAaIHATa HelREelHa fuaTpanus. Cuy-
YaHHOTO 3aKECHEHME MOXe Aa NpHeMa HeOTPHIATENHY CTOHHOCTEH, T. €. 7,(520,
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P (z|f)=0 3a t<0. 3aTona B (9} ce manonspa camo P(1; |1} 3a &0, T, e, camo excTpanoc-
JIMPAHATA IIIBTHOCT HA BEPOATHOCTHTE. [IpaKTHYECKH BHHATE MOXE A3 CE IIpHeMe
7{) 23 KOMIIOHEHTA Ha HAKAaKDHB MapKOBCKM npouec A(H)={x(2), B(H)}. xaTo t ce oTxe-
JIH B 9BEH BHJ,

Axo 5(f) € CHHXPOCHTHJI, B3)IB4B2H OT YIPABIABAINATA CTAHLINS, B 3aKbCHEHH-
€TO & GAMHCTBEHMAT CIIYYacH NAapaMeThp Ka CHrHAA S (f), TO 3371aBaHETO HA T HA-
II'bJIHQ ONPEAEIA CHTHAJIZ

9) Sx[r 2 r(z)} = S{t — 1)+ x[t — r(x)]}

BB opmyua (1), TsH kaTo peammanusta . ce monyuara B3 ocHOB2 Ha mpe-

JHIIHE HaGAOOEHNA H CIEA0BATENHO € H3BECTHA,
Ce0BaTeNHO, OUPEASNAHETO HA AIOCTEPUOPHATA MABTHOCT HA BEPOATHOC-

tate-P(t; 1| 1) BB3 ocHOBa Ha HabmoACHHETO r® ¢ pemKMMa 3ajaua OT MaPKOBCKATA

TEOpHA 32 CUTEMAJIHE JuHelHa ¢untpanud. ILTETHOCTTA HA BEPOATHOCTHTE MOXE

A2 Ce QIpeAesH OT YPABHEHHETO

(10) L CL) sy

= L{P(JL, z|z)},
kbaete L{.} ¢ anpropHuAT onepatop Ha Gokep—IInarxk—-Konmoeropoe [3]. Hauan-
HOTOQ YCJIOBHE B TOBZ YPaBHEHHE Ce ONpEAsf ¢ H3pas3a

P(x, v=0l)= P(1 1),

xpaeTO P, A)}= P{ A.(rjr"] } € TeKylaTa alloCTEpAOPHA IIRTHOCT HA BEPOATHOCTH -

T¢ Ha Tponeca A(f) NIpH HaGIIONEHHETO » KOATO ¢ ONpemens CT ypaBHEHNETO 3a
dunrpanusa Ha CTpaToHoRHY [3]. B pasrnexnaHns cioyyad TO UMa BHIa

(an 22 1 {p )} +[E e )-EQ)] P )

F t)zNiu{.««(z)‘s;[z_-c)_ési(z_t)}
F(0)= [E7) P 1)

C orneg onpocTtaadeTo ua ypaeHeuuara (10} v (11) 2 dopmupane Ha ekcTpa-
NCJHpaHaTa aloCTePHOPHA BepOATHOCTHA IBTHOCT P(T; [|f) MOXE A2 ce M3NOoN2Ba
H3BECTHHAT METOJ 32 T2yCoBO NPHOIHKEHHAE.

CucreMaTa ypaBHEHHS 38 TEKYIIA OLEHKa Ha A'() H xosapnaunonna'ra MaTpH-
Ila Ha FPEIIKATE Ha QHATPaNnuNg /i, KOHTO OHPEENAT AIOCTEPHOPHATA BEPOATHOCT-
HA [UIBTHOCT B I2yCOB2 ANPOKCHMAINA Ce I0JIy4aBaT AWPEKTHO OT ypasHeHHe (11)
H C3d BEB BHIOA

+

[ . . )

(12) — =KX, )+4, (z o) i=1m;
(13) P ileit), aK;s(".")h
ar GLTen WL SR B

4= i j
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+N (¥, t)+kh.%.—)h‘ﬁ, iB=Lm.

Excrpanonmpasata B MOMEHTa !+ OleHKA Ha BEXTOpa Ha napameTpaTe A (/} 1)
H kOBapHallMOHHATA MaTpHIIA HA TPEIUKHTe HA EKCTPANOJNpanaTa oueska i(l|2) B
o0LI Cily4ai ce ONPENENAT OT YPABHEHAATA 33 rayCoBa RNPOKCHMANAH, CHOTBETCT-
Bamy Ha (10),

OnpeaensneTo Ha 3axbCHERNETO T)(f) MOXe Aa Ce MIRLDIIA BE3 OCHOBA Ha
bopmynu (5} u (9}, oTkbIETO

(14) (@)= ') = [ i) R(ll)

KBISTO CKCHCpHMe.HTaHHaTa aIlOCTEePHCPHA OIICHKA Ha CJI}"-I&?IHOTO BPEMEIAKLCHE-

HHE €
m{lle) = M{s(e+ D)} = ["eP(s; e
AKO Ce pasoxn m([]a‘) B CTEIICHEH pei B TOUKATA 1::(:) H ce BIeMe NpedBHA
CaMO WICHA OT bPBH PEX, C& TIONYIaBa

(15) 7 (1) = m(%; ()]1).

I'pemkara ot onenxata &, (f) = 7,(f) - 7} {¢) e BbamMoOKHO M2 ce XapaxTepr3upa ¢
aNOCTePHOPHATE AHCIEPCHST

(16) *(0)= [ [+~ =] B,

KOSITO, XKATO Ce B3eMe npeABrA (8),MOXe [a ¢e IPEACTABH BLB BAA

an - si0=[[ol)+ ] B a- [

KELISTO

(18) cz(ll|t)=M{[z(i+l)—m(2‘it)2|r’°]}
= I[‘z = m(fli)]z P[‘c, { Il]dt

€ 6KCTPAIoJIMpaHaTa B MOMEHTA Ha BpeMeTo 1] anocTepRopHa J(HCIepCHs Ha
Cy4aHHOTO 3aKecHeHRe T(I+1). [TonyyasaneTo Ha T,{f) MOXe 1a ce OPOCTH, XKaTo
¢e pasnoKK m(!|f) B cTeneHen pex He B TOUKaTa T)(f), & B ToukaTa 1°(f). AKO e B3e-
Me [pefBKi CaMO C WIEHA OT OIBPBH PeA, G NoJIy4aBa

ol ) on )
1- am(t’(r]r) o

TpyanocTuTe, PR3ANKBAILE IPH PEAIR3ANMATA Ha Pa3TACAaENTE YPDABHEHHS B
peanHo BpeMe, MOTAT Ja ¢¢ R30ETHAT, aK0 ¢e H3II0JI3Ba €AMH OT Hali-pasnpocTpade-
HETE MOIENN HA CITyYa#HO 3aKECHEHNE, KoraTo A(?) € raycor nponec. B Toan cnydai
koeDHIHEHTLT Ha NIpenaBane AAAEHHO 32BHCHA OT A, T. .

(19) ()=
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Kt A)=> 4, N, = const
p=1

Am ca ejEeMEeHTHUTE Ha MATDHLA OT THIE MIXM,
Toraga 3& Hanoa3sanaTa LB Gopmyna {19} NpON3BOLHE € MINBIEEEC

(20) ) _ iag;%(")x..(r) - >40,01,0.

= 54 i

KBIETO (J, € IpexonnaTa MaTpuna 32 ypasuetue (12), nonyuasana No CTaHAapTHA
MeTomHKa [3].

Exc¢rpanonuparara B MoMeHT2 {+] OLGHKA HA CIy4MaHHOTC 3akbeHeHue mil|1)
C€ IIGAY4aBa OT PARCHCTEOTO

ey )= 20,00,

Ot dopmyna (19) u dopmymnn (20) u (21} ce moay4asa

 Se) 0500
N | I =
Ky Z 4, Qy (T)?‘; ®)

J=lp=1

Tlony4eRnaT MaTEMaTHYECK H3pas [IPEACTABARA KBA3HONTHMAJIEH aATOPH-
THM 32 PHITPALHNS HA T2YCOB IPOLEC NpH HANKYKE Ha CAYYAHHO 3aKbCHEHHE.

CTpykTypHATa CXeMa Ha OUTHMAJIHOTO YCTPORCTRO 32 CHHXPDOHHIAHKSA, KOETC
A3II0/3BA TIpHBEACHHA ANrOpHTEM TpaGBa [a BKIICURZ DETYJIHPYEM IIPEAaBaTed,
CICUHMAJIN3NPAHO UBHHCIUTENEC YCTPORCTBO, M3YMCIIABAIIO OLEHKaTa T (f) Ha 3a-
KBCHEHHETO Ha HATHYeHNs CHTHA B choTBeTcTBES ¢ bopmyna (22), n GopMupoBa-
TEJ HA OLEHKATA Ha OTMECTRaEEe £*(f), B KOHTO OT OLeHKATa T*(f) A2 ce H3BAAH 3a-
NMOMHEHATa CTORHOCT HA A3NPEBAPBAHETo X{{—1 ) HAa IPUeMaHKs CATHAI B IPEAIo-
JlaraeMus MOMEHT Ha HErOBOTO HalbuBaHe !—t ., QopMHupaneTo Ha x[—T(f)] moxe
Il C& peajM3upa upe3s MHOTOR3BOLAHZ 3aKBCHHTENHA JIHHMA, Ha BXOA2 Ha KOATO Ce
nozasa x(f), 2 Ha BCEKH H3BO CROTBETCTBA OlIpeseseHa cToiuocT Ha ©°(2). Tpabsa
Ja ce oThesiexH, e Ipy OTpaHHYEHE CKOPOCT Ha BIAMMEC JIBIKEHHE MEXIY IPH-
eMHHKE H IpedaBaTeils (BIUOYMTENHO PH BPB3Ka MEXAy camoneTH Hz BBC),
ofbuxnoBeno x(f}e Mo-6aBHO HAMEHALIA o€ (DYHKIHA HZ BPEMETO B CD3BHEHHE ChC
curyana S(1), T. ¢. B HHTEDBAJIKTE OT BpeMe, IPE3 KOUTC C& HAIBYBAT CHHXpONapa-
MeTpute, (£} n S{f) ce OTIH42BAT ¢ IOYTH IIOCTOAHHO K3MECTBEHE, KOSTO Ce MOA-
LbPXKE B IPeAS/IHTES HA ABJIKHEATA Ha MECTOTHHA €JIEMESHT Ha CHrHaja.

JurtepaTtypa

1.A B oo Ho B, A B OntuMusupase Ha CTPYKTYpaTa Ha IymonoaobHU CHIHANH C oriaed
MHHHMH3HDAHE HA3 BPEMETO 3a Ha4ajHa CHHXDOHH3AIMA B CHCTEMH ChC CKOKOCOpasro
K3MeHeHHe Ha paGoTHaTa yectora, — B: C6. Hayunu Tpymose Ha BBTY ,T. KaGaewxon™
1992,
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A method for creation of an autonomous
synchronization with forecasting

of random fluctuations

of the delay of cosmic radiolinks

for communication and management

Antonio Andonov, Zoya Houbenova
(Summary) fatl

On the basic of Markov-theory of optimal non-linear filtra-
tion a problem is set and bemg researched for the estimation and maintainance of
autonomous synchronization in the system for radiocommunication among remoie
moving objects.

A solution has been found on the basic of which an algorithm has been devel-
oped for forecasting and compensation of random fluctuations of the delay of Cos-
mic Radiolinks for communication and management.
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HSBC)K,D,&HC Hda MaJIKH U3CJICAOBATECIICKHA
CI'BTHHUIIH ITO MHOI'OCTECII€HHA CXEMa
OT CaMOJICT HOCHTEJI

Humumsp Hopoanoe

Hucmumym 3g xocmuxecku uicaedeanun, FAH

Breepenne U ChIIHOCT Ha HOLATA

Ha Bropua MexAyHapOHeH aCTPOHABTAYECKH KOHIPEC B
Jlounou npes 1951 r, BpHTaHCKOTO MeXAYIIAHETHO OBIIECTBO IPEACTABA KOHLE-
LU 33 MAIKKTE CIBTHUIH, KOATO IO-KBCHC B OCHOBHHTE CH HAEH & NIPRIOKEHA B
aMepHKaHCKaTa KOCMHYECKa MpOrpamMa Ypes COBTRHIMTS OT THNA Ha ,,Ecxmnopsp®
H , ABaHrapn®. ;

Huec B yCACBHATA HA KOMEPCHAJIN3AINA A KOCMEYECKUTE H3CIEABAHAA X Ha
Ipara Ha KOCMHRYECKaTa WHAYCTPUANHIANAL Ta3K Hies EM2 ChBPEMEHHC 3BYYEHS,
ocobero 33 cTpaHy 6e3 paKeTHOKOCMAYECKH IOTEHIHA ¥ HAMADAIIR CE B 3aBHCH-
MOCT OT ABPNABH C MOHCIIONHO NOMOXEHNE B KOCMCHABTHEATA.

Hocera creTHHIM ¥ MUHR-JIabopaTopuy ¢ Maca S0—200 kg ca manon3Bany 3a
TEXHOJICTUYHH EKCIIEDMMEHTH [1], XaTO MIBEXJAHETO MM € OCHIUSCTBABRHG 4DE3
CTAHAADTHA PRKETH HOCHTENH, B pefnna cayuas eKCOePpUMEHTHTE € TPOABJIKETE]I-
HOCT 5—7 min ¢a NpoBEeXAAHA A Ha YaCTH OT BanucTAYHE TpaekTopus. Takss THI
KOCMEYECKH QDEKTH, a MOHAKOTE M 3HAYHTENHO NO-TONEMH, OCBEH ¢ PAKETH, MOXe
Aa OLAaT u3BEKAaHK B OpOUTA ¥ Upe3 CUCTeMa OT CaMoNleT HOCKTEN B YCKOPHTE-
HH CTCHNEHHM 33 NOCTHTAHE Ha HeoOXxoaumarta 3a2 opburtanen nonet cxopocT. Tosu
CHOCOO KaTO AAes He € HeIROo ¥oBO. CPABHUTENHY OUEHKH Ha Pa3iInyHA CXeMH H H3-
CHCABAHE HA TEXHHTE BR3MOXKHOCTH €& HIBBPIIEHH OT pedHia apTopH [2, 3]. B Tax
BBIIPOCHTE €4 pa3riedaHH B TeXHNs ,, IDOSKTHPOBLYECH BADHAHT' H Ha CPABHEHME Ca
NMO/ANOKEHH INaBHC 00IIaTa CTaPTOBA MACR U DE3NPEACIeHHETO H,

B uacTHOCT moKasaHo ¢ [3], Ye M3BEKAAHETO HA KOCMEYECKH oOexTH Ha Ba30pa
opby1a upe3 crapTEPaHe OT CAMOJIET HOCHTEN € ONTAMAJIHG 0 Maca Ha IICJeIHA
TOB&P, 8KC I'bPBATA YCKOPHTENHA CTeleH (OT o6ILo ABe} CTEPTHPa OT HOCHTENS Ha
XHIEP3RYKOBY CKOpOCTH. Ch3laRaHeTO HA XMIICP3BYKOB HOGUTE € BCE OLUE B HAeeH
€TaI H CAMHAT IPOEKT € PHCKOB,

B vacroauara paspalboTka ce Apenaara HI02HC Ha TAKABa TPAHCIOPTHA aepo-
KOCMHYECKA CHCTEMA, KOSTC CE pEanA3npa OT HAaMHUPAIH ¢e B eKCIUIOATAINS BOSH-
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HH ¥ IPAKAAHCKH CAMOJIETH H [IBE HJIH TDH YCKOPHTEIHH CTENCHU 33 KOCMHUMECKHS
0feKT, KOHTO NIPEICTaBASBAT BRHIUAO QEKCHEPARH MOAYJN, HOM MiIH HAJ TAJOTC HA
camoJera HOCHTeN. MoaysT CTEPTHDE OT CAMOJISTA H2 AC3BYKOB PEKUM U IbPBa-
T2 CTENEH YCKOPABA MACKTE Ci¢H Hes {BTOpa, TPeTa CTeneH M KOCMHYEeCKH O0eKT)
IO XHIEP3BYKCBA CKOPOCT, ONTAMAJIHA 38 BCAKa KOHKPETHE CXEMa.

Cireg OTAENAHETO HAa IILPBATA CTENeH OCTaHAINTE YCKODHTE/HH CTeNeHH H3-
BexaaT obexta Ha 23083 opOHrTa. 33 PA3IIMKA OT BAPRAHTA C XHIOTETHYCH XHIED-
3BYKOB HOCHTEN [3], B TO3H THI TPaHCHOPTHA CHCTEMA € QBKCHPAH PEXAMDT
Ha CTapTHpPaHe HA KOCMUYECKHS MOAYJN -— IO3BYKOB, CBHOTBETCTBANl Ha YHCIA
M=0,85+0,9, kceT0 € 10 BE3IMOKHOCTHTE Ha BCHUKHA CBPBX3BYKOBH CaMOJIETH OT BO-
elHaTa aBuanusd, TaKkbB PEXAM B peauIia CIYYal € peajlizyeM H OT TeXKH AC3IBYKO-
BH TPAHCIOPTHH M I'bTHAYECKH C2MONETH, IPH XOHTO OCEOBHOTO IPEUMYIIECTBG €
SHAYUTEIHC IO-TOIEMHETE MACcH HA KOCMH4YecKuTe 00eXTH, KORTO MoraT Za Gbaar
H3BEXKAZHU B OPOUTE N0 TEKABA CXEMA, BEJIOYUTEIHO NMHJIQTHPYSMU MUHHKOCMU-
YECKH COBAJIKH.

QOcobeHoCT Ha IpAJIaTaHATE U 33 TPAHCIODTHA CHCTEMS €, ye ofara crap-
TOBA Maca ¢ THMHTHpaHa, a ralapUTATE Ha OKAUeHATA BLHIIHO CHCTEMA OT YCKO-
PHTEIM ¥ XKOCMHYECKH COEKT cilefipa Ja ce BIINCBAT B NPEABADUTENHO IIPHETH 34
BCEKH XOHKpETeH CaMOoJeT pasMepH, rapaBTHPAIN [IPHeMIINBO HIMEHEHHE Ha Jie-
TaTeJIHATE XapaKTEPUCTHKH B cpaBHenne ¢ Gazopns camosnet. Toba BpBeAIE HOUBII-
HATENEY YCIOBHS B 33/34aTa U DELIZBZEETO W Hall-pesyNTaTHO CTaBa UpE3 METona
Ha NocAgaoBaTenHuTe Nprdnuxkennd, peanraupan Ha EMM. Tlo takasa Merchuka
33 pEILIEHAES € BE3MOKEC [a C¢ aHAJIM3EDAT NPEeMMYILECTBATa ¥ HEOCTAThIKTE HA
KOHKpDETHG NOAOpaH BapHaHT, BKIKYBALL CEPHEH CAMOJET HOCHTE, YCKOPHTEIHH
CTENEHH ¢ PR3JIAYHA THIICBE PEKETHH ABHIATENN ¥ KOCMHYECKH OGEKT ¢ onpenesne-
HZ Maca ¥ rabapuTy,

YCIenInHTe R3NATEHUA H3 IPOTHROCITHETHAKOBY Opbxkis nipes 1985 r. ¢ amepu-
xaHckuaA u3Tpebnren F-15 caraeTencTnaT 32 BH3MOXEOCTH HA CAMOJIETHTE, KOHTO
3aCJIyXKaBaT KOMIETEHTEE 3HAMM3 32 H3II0JI3BAHSTO MM KATC 3BEHO B IEPCIEKTHRHH
AEPOKOCMHYECKH TPAHCIOPTHH CHCTEMM M 32 MADHH M3CIEIOBATEICKH HEIH,

DOpMYJIAPOBKA HA 3a/ja4aTa H 0CoDEHOCTH
Ha pEILSHUETO

MaxcHMalHaTa Maca Ha KOCMHYEeCKUs O0EXT, KOATO MOXKe
na ObAe u3BeaeHz B OpOHTA OT camOJIeT HOCHTEN YPe3 HAKOIKC YCKOPHTEAHHM CTe-
HEHH & KpUTEPHH, Mo KOHTO € BEIMOXHO [a ¢ H3BLPIIM ONEHKE 38 NIPHTOOHOCTTE
Ha KOHKPETeH CaMOJIeT 3a M3NOI3B3HE KaTO eleMeHT OT aepOKCCMUYECK2 TPAHC-
OpTHA CHCTeMa, TD3H NOKa32TesN 338BHCH OCRBEH OT BPE3MOKHOCTUTE HA HOCHTENH,
HO ¥ OT CBCT3B3 HE CXEMATA, THIIZ HA ABHTaTEIINTE U H3NICNIBAHNTE TOPHBE H2 Y&-
XOpUTEIHATE CTENEHH, PEXUMHTE Ha IICNeTa, IPH XOHTO CE H3BBPLIBA DA3AeIsne Ha
ENEMCHTHTS OT MHOTOCTEICHHEATA CXﬁMa. 3a IDHHIHIHANCH aHAJIN3 Ha PAIITAYHHA
CXeMH 3amauaTa MoXxe Oa ObAe GopMysIMpaRa KaTo:

1. Onpenensse A3 MaXCHMAHATE Maca Ha KOCMHYECKHA 00eXT, KOATO MOXeE Aa
Obje A3BeAcHa B Has0opa opbuTa ¢ IPEABAPHTEIHO 331a0CHY NAPAMETPH M XCHKDE-
TEH CaMOJIET HOCHUTEI.

2. OnpegensgHe Ha ONTUMEAIHATE DEXHEMH HA DA3Je/IfHEe HZ OTHACIHUTE eIeMEeH-
TH OT MHOTOCTEICHHATA CXeMa.

3. Wi3bop Ba BapuaHT, csodpased ¢ rafapuyEATE CTPAHHUEHNA Ha CaMojeTa
HOCHTEI. -
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B npoexTHpaHeTC Ha MHOTOCTENEHHE CXEMHE 32 M3BEXIAaHEe HA KOCMHYECKH
OBEKTH OT XEIOTETHYEH CAMOJIET HOCHTEI Ce H3II0/13BAT 3aBHCHMOCTH 33 pasyeT Ha
Macara [3], xouTo ca u3BeAIcHH Ha Ha3aTa Ha KilacHyecxata GopMya Ha 1HonxoB-
CkH. Te IPeACTABIVIBAT BPB3KA MEXAY Hal-BAXKHHTE MacOBHM, KOHCTPYKTHBHH H
E€HEPreTHYHA XapakTePHCTHKN Ha CHCTEMATR, IO KOUTO MOXKE J1a ce Hanpann oboc-
HOBAHO 3aKJIICYEHHE 38 DEANHOCTTZ Ha BCEKH IpoexT. MacaTa ua ,,[* eJIeMEHT OT
cxeMaTa B IPeTaraHus Croccsd ce onpesend no cleqHaTa ¢opmyna.

(1) e " ~1lm

KBAETO M2, & Maca Ha i yckoputer, kg; m  — HaTopapBaHe Ha ,,i* crenen, kg; J —
crieunduUeH UMIYIIC Ha JABATATEA, mfs; A i/ JHana3oH OT CKOPOCT, KOWTO caej-
B2 [1a 6LAE PEASIH3NPAH OT YCKOPHUTENs, m/s; AVy, — 3ary6a Ha CKOPOCT OT a€POJIH-
HZMHYHO CBIPOTHUBIEHKS H 3¢MHO TIPUTEIIARE, m/s, — OTHOCHTEJIHA Maca Ha
NOTPEeOHOTO FOPHBO B PAKETHATE YCKOPUTEIHE cremex.

B1p popMyauTe HEBOTC Ha TEXHCJIOIHHTE € 32JI0KEHO Ype3 3HAYSHUATA Ha OT-
HOCHTEJIHATA Maca Ha HEOOXOARMOTO rOPHBO i, 33 BCAXA CTEIeH H CrelnduyHus
¥MIYJIC Ea pakeTHATe Apurarenn J. Tesn ase xapaKTepﬂchH IHEC ca AOCTHTHAJIA
CTOHEOCTH, KOMTO MO3BOJIABAT A2 C& CH3AARAT OTHOCHTEINHO JIEKH M €JeKTHRHH yC-
KOPDUTEITHHE CHCTEMH, KOHTO 110 rabapHTH U Maca 2 ¢a 00 BhIMOMKHEOCTHTE HR Ce-
PHHHHUTE CAMOJIETH 33 TPARCIIOPTHPAKE XATC BHHIIHO OXK24€H TOBAP AC HAKAKBA I'a-
PaHTHPa¥a CKOPOCT, OT KOATO A2 CTAPTHPAT H YCKOPAT XOCMBUYecKHd obexT /o na-
paMmeTpH H4 yCTOH4MBA OKCNO3eMHa opbuTa. Tesn BeIMYHHH C€ 3343BaT KATC Ha-
YJIHK YCIOBHA. MIsMERSHHETO HM 32 ONpeNeiied THI ABHMTATE/NH M TOPUBA Bapupa
B H3BECTHM rpasuny. CTORHOCTH Ha M, OT nopsabka Ha 0,8—0,96 Beye ca noctur-
HaTH.

Ot ryiegHa Touka Ha HOCATENA Hali-M3rojleH PeXuM € J03BYKOBHAT, IPH XOHRTO
HE € HeOOXOANMO 3HAUMTENHO R0PalOoTBaKe, & AEPOANHAMEMHOTC ChIPOTHBIICHNE,
IICPOJIEHO OT ABHIIHO OK4A9€HHA TCBAD, & NPECAOIAMC ¢ HAIMYHUTE ABHIaTENH Ha
HOCHTEJIS H C IPHEMIIHBC KOJMYECTBG TODHRBO,

BposT Ha yCKOpATEIHUTE CTENEHA ONPEEs Mala3ona OT CKopocT AV, koli-
TO € Tperara BeJn4YnHa, 06sspaana ¢ i, nJ BB opmysa (1). 3arybnte OT CKo-
pocT AV, 3a BCAKA CTENEH Ce OUpeaeaT 'Xato (YHKOHA OT CKOPOCTTa, IPH KOATO ¢
BKJIIOYBAT JABHI'ATEIIATE HA CTENEHTa ¥ 0¢ OTASIAT IpeALIeCTEAILNTE 4 cTenenH. Ha
OasaTa Ha AanBH OT [3] 3ary6uTe OT CKOPOCT 32 TPHCTENEHHA YCKOPHTEIHA CHCTEMA

CC alIPDOKCAMHUDAT OT 3aBHCHMOCTHTE!
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KBAETO Vs, € CKOPOCT, OT KOATO C€ BKIIOYBAT ABHTATSIATE HA ,,{* CTEICH H C€ OTAL-
JIAT OTPa0OTHANTE IpeIECTBAIM SJIEMEHTH OT CXEMATA.

CymaTa OT 3ary6HTe Ha CKOPOCT 38 BCHYKY YCKOPHUTEIHE H HOCHTEJs He [IPeBH-
maeat o6nkHOBERO 22—25% OT I'BbPBA KOCMHYECKE CKOPOCT,

Peannoctra Ha n0A60p2 Ha HAYANHEA ARHHE (7, J, AV} IpE MOAEIHG H3CIe-
BaHE C& IPOBEpABa 10 YCIOBHETO

(3) 7 e bl

AF; -H)VLI

- 5

HenanejIHSHEETO Ha TOBA YCIOBHE IICKA3Ba, Ye ¢ I0AGPaHuTe A2HHN 33 CLICLH-
¢uyer uMOync J B OTHOCHTEIHA Maca /i, . HA PaKeTHOTO FOPUBO HE MOXKE 32 o6
PeayMzHpa NIAHAPAHALT ANANA30H OT cxopoc*r AV, 4pe3 yckopuTea.

OT jpyra cTpaHa, CaMOJIETHT HOCHTEN HBJalrs CBOM OTpaHuH4enHs. 33 A3 ce
OCBHIIECTBH HIJUTAHE H YCKODABAEE HA CAMOJIETd HOCHTSI A0 CKOPOCTTA HA CTap-
TEpAaHe HA KOCMHYECKATa CHCTEMa, € HYXHO obmara maca ag Obie B pPAMKHATE Ha
MaKCHMAJHATA 38 JaJCH THI CAMOIIET, KOETC € BBIMOKHC aKO KOCMHUECKAAT MO-
HOyJI K2aTO Maca Ce BMECTH B OrpaHMHEeHHATA 32 CMETKA Ha HaMaJIABaHe Ha TOPABOTO
H HATOBAPBAHETC (KOMEDPUECKO MK BOSHHQ), K0TS & CuocoBeH Aa HOCH CaMOJIETHT
IIC OCHOBHOTO CH NpejHa3zraueHue. IIpH Takasa IOCTZHOBKA, 3a3aYaTa 3a pasyueT Ha
MaCHTE MOXE [z € CUHTa 32 PelleHs, aKc Objle HIHBIHEEO YCIOBHETO

) My =1, — M, ~ My = My > ) 1, =
KLAETO m € M2Ca Ha IPAasHAA CaMOJIST; m — MAKCEMZJIHA H3NETHA Maca Ha CaMQ-
JI€Ta, ™ — Maca Ha eKHEIIaxa, m peaepB oT Maca (5% OT H3JIeTHATaA Mald Ha

HOCHTEIIA); 2m, — cymapHa Maca Ha YCKOPHTEIEHTE CTENERH; /1 — Maca Ha KOc-
MHYECKES 06eKT; m,. —Maca Ha TOPHBOTO, NOTPebHO 38 H3UTAHE, YCKODSABAHE, Ma-
HCBPHPAHE B 3aBp1>m.aHe H8 HOCHTEA CJIefl H3ThiIHEHNE Ha 321344 Ta.

B penuna ciayuar ochen OrpaHMuYeEHs [0 MACa e Hanarat ¥ rabapHTHM orpa-
HAYEHAA 38 YCKOPHTEINTE,

32 KOHKpPETHATA IIOCTAHOBKE Ha 3anaqa'ra MaKCHMAHaTa Maca Ha KOCMAYEC-
xusl oDEKT, XKCATO MOXKe na HEehe u3IBeAcHE B OpOATA, 33BUCH OT PA3NPEILISHALTO
Ha CKOpPOCTHHA OHaNa30H OT ¢TapTa Ha Moayna (M=0.9) 1o AspBa XOCMEYECKa CKO-
pacT MEXAY OTOCIHATE YCKOPDHTEIIHE CIEMEETH Ha CXEMATA. CKOpOCTHHKT AHara-
30H H2 IIbPBATA YCKOPHTEJIHA CTelleH BiuAe Half-CHITHO BLPXY oflllaTa Maca Ba KOC-
MEUeCKAA Monyil. Ilopanu ToRa ¢ HeoOXOAMMO A2 C¢ ONPEACIAT ONTAMAIHATE Pe-
XAMH 32 IpeKpaTaBaue paboTaTa HE IHPBATA YCKODHTEHA CTENeH X HefHOTO OT-
JeffHe OT OTHOCHTEIHNTE SJIEMEHTR HE KOCMHYECKHS MOy, Upes Hes KOCMAYeC-
KHAT MOIOYJ clIen OTOSIAHE OT HOCHTENA NpeoaoiiiBd TDEZHC3BYKOBHA LSHAaIIa30H, X&~
PaxTEPH3MPALI Ce C MAKCHMAJIAG BATORApBane Ha CAcTeMaTa. Ilo Bpeme Ha paboTa
Ha I'bDBHS YCKOPHTEN ¢a H HAH-rofieMATe 3arylu 0T CKOpoCT no Gopmyna (2). Axo
YCKOPHTEIIMUTE Ca TPH, NOCISOHATE B3 YCKODHATENA e nenecsofpatao Ja cH nome-
JIST 110 PABHO OCTZHAJIAS AMANA30H OT CKOPCCTH. [0 TO3H HauMH ¢ ONPOCTABA OIl-
THMH3anAATa §e3 crulecTReH YIBpO za MaKCUMAajilHATa Maca HA KOCMHAYECKHS
00eKT. AKO Ce HAJIOWH ACI'BIHATENHO OTPAaRNYeHAEe Topaay rabapuTHE crobpaxe-
HHH, TO BAPDHZHTLT CTARa Haﬁ'HSTOHCH IIp¥ ONITHMZJIHBH PEeXHM HA OTHOCIAHE HZ
OBPBATA YCKOPHTEIHE CTEIeH.

3a camoseTa HOCHTE/l MACaTa Ha TOPHBOTO M, C& ONDEAess NC AZHHATE 38
KOHKPETHHS CaMOJIET Ype3 HHXCHEPHO-IIYDMaHCKHA pasdeT, BraMoxHO € Aa ce u3-
[IOJI3BAT M 33aBHCUMOCTH 32 OTHOCHTEJIHATA Macg Ha NoTpebHOTo ropuBo 3a YCKopa-
B2HE HA CaMOJIeTa HOCHTEN A0 CKOPOCT HA CTAPTUPAHE HA NLPBAL YCKOpHTEN [3]
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KBAETO P € TATORbOPBXEHOCT HA HOCUTEJIS NpX nanurane; H, , V, — Bucounna, m
! CKOPOCT HR CTApTa, M/fs Ha nbpBus yexoprTed;, Cp, — cnenndrueH pasxoq Ha
TODHBO Ha ABHIATEIATE HA HOCHTE/A IIPH PEXHM Ha CTapTa Ha I'bPBHS YCKOPHTEI
(ao3ByXOB pexumM M=0,85+0.9 3a npeayaranus cnocob); Ko, — a€POIMAAMUYHO K3~
YECTBO HA CaMOJIeTa HOCHTEN ¢ BBHIIHO OKAYSHH IMQJ TSIOTC HIIM KAUGHH Haj TH-
JIOTO PAKETHH YCKOPHTESIHHA CTEIEHH ¥ KOCMHYSCKHS OOEKT (32 J03BYKOBH PEXAMHE
OOHKHOBEHO Ka4€CTBOTO IPH TaKaBa KOMIIOHOBKA HE HaJBRIIaBa 6—8 3a DOBEHETO
cepuitin camonern). [Ipx H3BecTHA B3NETHE Maca Ha CAMOJIeTa HOCHTES m, 1 Maca
Ha IPa3HHA CaAMOJIET C IOMOIUTA HA MIYHCICHOTO B {5} 3HAYEHEE HA OTHOCHTENIHATA
Maca Ha TODHBOTO e, MOXKE IPHOIK3NTENHO 12 Obae onpepeneHa MacaTa Ka ro-
PUBOTO M, 32 HOCHTEJIS

My, ~ FQPFI m, +0,07 5(1*:*;*c + _rs"f‘PFI mo).

PesepsbT OT Maca m,, no yeioBHe (4) € 3a JOpabOTKA MIH IOPHUBO, 2 CHILO
TaKa U 33 €BEHTYANHY ACIBIHATENHE YCKOPUTEIH KbM CaMOJIeTa HOCHTEN {32 H3-
JIETAHC HJIN NOCTHIAHE Ha TapaHTHPAaEa CKOPOCT 38 IIyCK4Ee Ha ['BPBATA YCKOPH-
TEJIHE CTeneH},

Llenecso0pasHEsT ped 3a pa3der ¢

. Onpeaenase Ha ONTHMANHOTO YHGA0 M 32 BKIIIOYBaHE HA BTOPATA YCKODH-
TEJEA CTEleH 1 OTAENAHE Ha I'bpRaTa 0TpaloTHila CTENEH 33 BCEKH OTAENEH BapH-
adT. TO CHOTBETCTBA HA CKOPOCTH OT XHIIeP3BYKOBHA AManaioH, IIpa Takss BapH-
aHT alCoJTI0THATA Maca HAa KOCMHUYECKAS OOEKT € MaKCHMAJIHZ B PAMKHTE Ha Bb3-
MOXHOCTHTE Ha HOCHTEJNS,

2. PasueT Ha MacHTe HA YCKOPHTEJIHHTE CTEIIEHA ¥ FOPABOTO 34 CAMONIETa HO-
CHTEJl OpH 33JaJeHa Maca Ha KOCMHYecKHs O0eKT, CTapTHpaHe Ha KOCMHYECKHsA
moays Ha uncia M=0,9 ot HocuTens u paboTa Ha NBpBATA YCKOPHUTENHA CTEIEH O
OI'THMAaJHHA XHIIEP3BYKOB PeXHUM, 331aBAHATA MAcCa Ha KOCMAUYECKHS O0EKT Tpsb-
B3 fa Obae no-Majka HiH Haf-MHOro PABRA HA MAKCHMAJIHATA, ONPEAEICHa B T, 1
32 BCeKH BapuarT, OOMKHOBOHO 3aA2BAaHETO Ha II0-MAJIKH MACH € CBBP3aHO ¢ raba-
DHTHE ChofpaxeHns.

PesyntaTtu 1 u3Bonu

TIpennaranusaT MeTOZ 32 aHAJIH3 & TPUIOKEH 32 COPeAe/IsHe
Bh3MOXHOCTHTE Ha CBPBX3BYKOBHS CTDATEINHECKH padyiHapay SR-71, Bucounnara
Ha opbuTara ¢ 200 km, oTAPTUPAHETO HA KOCMHYECKHSL MOAYJ OT HOCHTE/IA CTABA
Ha 20 km nopu uucio M ma moneta — 0,9. OnraMansoTo HACIc M Ha noneTta, Opu
KOETO ¢TaBa OTAENAHE HA IbpBaTa OTPalOTHIIA CTENeH, 3aBUCH OT A3NOJI3BAHATE
TODHBA 33 PakeTEWTE ABUraTe/id, OT OPOA HA CTENEeHHTS ¥ TAXHATAa KOMOHHAIMA,
CamonersT SR-71 ¥Ma NPEHANENIHANHE PasHeTHH BE3MOXKHOCTH Ja H3Bele Ha op-
fHuTa CleIHUTE IONE3HH MACH:
1. Ilpu TpHCTeNeHHa YCKOPATEIHA CHCTEMa HAa KOCMRAYECKAA MOAYJ, C TEYHO-
DaXeTHH OBHTaTENH, paboTelN HA BOSOPO H KHCIODOH, IPHTEXaBalill JOCTHATHA-
THTE XbM MOMEHTa CHEUHMUIHN HMIYJICH Ea TerauTeaHaTa cuna J=4500 m/s, ma-
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caTa Ha CI'BTHEKA MoXe Aa gocturae 1075 kg, IIpuero e 3a BCHYMKH pPa3veTH, 4e
MacaTa Ha PaKeTHOTO ropueo € 80% ot ofwiaTa mMaca Ha Beaka crener {7, =0,8).
Teau nokazaTesn 3a HUBOTO Ha TEXHOJIOTHATE, MAaTEPHANATE H CLBBLPIIEHCTBOTC HA
KOHCTPYKIIUATZ & AOCTHTHAT npes 60-Te rogran. OnruManHoTo uynciao M Ha note-
Ta, IPH KOETO ce ollpeaeiis IbpBaTa cTenel, e M=7.

2. TIpn aBycTeneHHa CXxeMa M ChIUHTE NOKA3ATENH 38 TEXHOJOTHYEG HEBO OI-
THMAIHOTO HBeiic M Ha 1nojieTa, IpY KOeTO ¢¢ QTSN NEpBaTa ¢cTeneH, e M=11.5, 2
MaKCcHMaJTHaTa Maca Ha ¢cnbTHUKE € 770 kg,

3. TIpu H3mGA3BaHE EA PAKCTHYU ABATATENH ¢ TEEPAQ FOPHEO 32 TPHCTENEHHS
CxeM2 MaKCHMAaJIHUAT NoJie3eH TOBAD, KOHTC Moxe a2 Obae miBeaeH B opOuTa o7
SR-71, e €5 kg. OntuManuoTo uncio M Ha nojxera, NpH KOETO €6 OTASAE IhPBATA
orpaboTnia crenen, e M=7.

4. Ilp¥ TpHCTENEHHA CXeMa, B XOATO OLPBaTa ¢TeneH padoTH Ba TEBPHO IOPH-
BO, & CCTAHAJIATE Ha TEYHO (BOZOPOA-—KHCIOPOI)}, CITAMAIHOTO uncae M 3a oTae-
JIAHe Ha I'bpRaTa cTenen € M=4.5, a MakCUMalHAAT HONE3eH TOBAP, H3BCXKAZH B
opbuTa, e 661 kg,

O OpEBedeHUTE pasieTHA ZAHHH € ACHC, Y& OT BCAKAKEa MCAHE TOYKA (BIUIIG-
YATEIHO K eKOJIOTHYHA) Hall-TIEPCIIeKTABEHE ¢2 MCAYIIH ¢ Te4HOPAaKeTHH JBHETATEIN,
paboTelnn Ha BOOOPOA H KECIOpoA. ChILECTBEH CABPpAA] (akTop IIPH TAX 3ACEra
€A 3HAYHTEJHHTE TPYNHOCTH, CBBP3aHE ChC CHXPAHCHAETO, 3aPEXKAAHETO, TOIIHE-
HaTa M30JaI¥s Ha PE3EPRCAPATE 33 TOPHBO H Oknenuren. [abapuTHTE, IOpaas HHUC-
KaTg ITBTHOCT HE TEUHHESA BGAOPOH, CBILG He ¢ OIOronpHATHH OT acpOAMHAMHEYHA
rA¢AHa To¥Ka. Hanmpumep pa3MepuTe Ha KOCMEYECKH MOZAYJ 33 CI'BTHHAK ¢ Maca
1075 kg ca CrAZMEPHMY C TAIACTO Ea caMeiieTa. B NpakTHKAaTa Ha TPaHCHODTHUTE
ONEPANEHE ¢ eJeMEHTH HA KOCMHYECKa TEXHUKZ C2 HIBECTHH U CIYYaM C rabaprETHA
TOBAPHY, 3HAYUTENHO NPEBHIIABALIH PA3MEPHATE HE CBMCJIECTHOTO TAIO, HO TAXHATA
MuCHA ¢ OHjIa C8MO TPaHCIOPTHZ, AKO € BBAIPHEeMaT HAEHTE Ha KOKIENHATA Ha
MaJIKATE COBTHEIH, TO € IenechobpasHo Aa ce OrpaRHYy TAXHATa Maca Jo 200 kg.
HpH TaKHEBE& yCHOBHﬂ MECaTa H pazMepHuTE Ha KQCMHHYECKHTS MOLYIIH C TECUHOPDAKET-
HE ABATATSIA €2 HAIIhJIHQ IDUEMJIHUBH 3a OCHIISCTBABAHE HA CTAPT OT CaAMOJIET
svocuren. Hanprmep moayn 3a 100 kg CNBETHEHK 10 TPHCTENEHHE CXEMa € ¢ pasMepn-
Te Ha TOHJACJIaTa Ha JBMraTes 3a camoiieT SR-71 ¥ e Haii-nenecrobpaino ToH xa
Obie MOCTABEH MEXKIY ABATA BEepTHKANIHA ¢TabuansaTopa Baa TanoTc Ha  SR-71.

PagueTuTe MOKA3BAT, M€ Upe3 CITHMHIEDAHN KOCMAMECKH MOAYIY C ORATETE-
J1M, pabOTeIIH HE TeYeH BOACPOA B TEYeH KHCIOPO ¥ BHCOKH CTOHHOCTH HE CIIeln-
GHUHES UMIIYIIC, MOT2T 42 OBOaT N3BeXOaHA Majiki CIBTHHIM ACODH ¢ MO-JIEKH Ca-
monetn oT SR-71 (xaneTHa maca 63,5 t).

TabapuTiTe Ha KOCMAYECKH MOAYJI, CECTABGH OT IBA YCKOPDHTENS B KOCMHYeC-
xH obexT ¢ maca 20—50 kg, IpA TAKKBa YCIIOBEA Ca CXOAHY ¢ ralapHTHTE HA OKay-
BaeMH PAlEPROAPH WA PAKETH ,,Bh3AYX—MOBLPXHOCT® A YCKOPABAHETO MM JIO BH-
COKH HCRBYKOBH CKODOCTH HE IpeaCcTaBiIiBa IIpOﬁHEM 3a HO_CI‘ITCJ'IH.

PaszpaBoTeaHeTO HA TAKABA CHCTEMH EMR ABOHHO NIPHJIOKEHHE — 38 MHDHHA H
BOEHHH IIejTH. BMecTo Marbk CITbTHHK, CAMONIETHTE ¢ M3NeTHa Maca Haxa 30 t obuk-
HOBEHO MOTAT J4 6']:}13T H HCOCHTEJIA Ha NPCTHBOPEKCTHH H HpOTHBOCH'BTHHI{OBH
CHCTEMH.

TexHOJIOTHYHK NPEAMMCTBA HA CXEMATa

Hpoex’mpaﬂeTo Ha KOCMHYECKHA MOOYI 338 CTapTHpaHe OT
CaMOJIET HOCHTE HAa BUCOKM [03BYKOBH cropocT# (M=0,9) HMa TOBa IPEARMCTEO,
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4€ Ch3AaB3 OTHOCHTEIIRG HE3aBHCEMOCT Ha MoAyja or Hocutens. Tosa e Taxa 3a-
IIOTO ONTEMAIHETE DEXHUMHE 33 IDEKpaTARaHe Ha paloTata Ha NbpBaTa YCKOPHTEN-
HA CTeNEH # HEHHOTO OTAENISHE C¢ ONPEAENAT CaMO OT IapaMeTPHTE Ha YCKOPHTEN-
HUTE CTENICHH ¢ PaKeTHH ABuraTesd. [IpR onTEMaIHA peXAME obaTa Maca Ha yo-
KODHMTEJIHATE CTEIIEHH € MIHHMAJIHA H 33TOBA TAKHLB PEXHAM C€ IpHEeMa 38 TIPOeK-
THPOBBYEH NG OTHOUICHHE Ha KOCMHYECKHAS MOZYJI

Ef#HCTBEHOTO YCJICBHE, KOETO 0OBBPIBa HOCHTENA B KOCMHYECKES MOAYJI, €
YCII0BHETG 0OIATa Maca H2 KOCMHUYECKHA MOAYN A3 e IPEBUIIABa BH3MOXKHATA 34
BCEKH CAMOJIST BLHILEC OKa¥eHa Maca, KOSTC Toi yokopsasa 1o M=0,9. Task maca
34 BCEKHA CaMOJIET HOCHTEI IDEABAPHTENHC MOKE Aa Ob/1¢ CIpe/iesiena KaTo Pasin-
Ka MEX/y MAKCHMAJTHATA HIJIETHE Maca H CYMAaTa OT; MacaTa Ha IIPA3Hus CaMOoJIeT,
CKUIIAXKa, IPEABEACHES peseps (10 5% OT H3NCTHATA MAC]) U NOTPeBHOTO 33 Cily-
yas ropuso (1520 % oT HaneTHAaTE Maca HA HOCATENA).

OTHOCHTEIHATE HE3ABUCHMOCT C€ ChCTCH B TOBA, He KM HOCHTENE MOTAT Aa
OnnaT noaGpaty NOAXOMAIA KOCMEHECKE MONYIIH, KORTC BE061IE MOraT A2 BBAAT
CTAaEAAPTH3HPaHY, NIPUMEPHOC 3a KocMUdecky cbekTH ¢ Maca 25, 50, 75 kg.

BTOpO TexHONOIMYHO HPEAAMCTEO €, 4€ BEAHBK Ch3AaeH KOCMHUIECKHAT MO-
AYJ A4 CTApTHPA 0T HOCHTE)IA Ha NO3YyKOBA ckopocTh (M=0,9), To#t Mmoxe aa cTap-
THPa A H3 CBDBXIBYKOBH, 4KO PAIMEDHTE My HE CH3[aBAT A6POAHHAMEYHK Npobie-
MM HA HOCHTEAL ¥ TOH MOXE J1a ROCTHTHE CBPBX3IBYKCEHTE CKODOCTH IPH IIPHEM-
JIMBH HATOBaPBAHMA 34 caMHs HeTo. [To TEKBR HAYMH MOXE ¢ &EH H CBIN KOCMHA-
HeCKH MOAYJN na HhAaT ASBEXAAHH U CITTHEIH € MAJIKO IO-TOJeMA MACH WIH A2 ce
BJIMAE HE NAPAMETDATE K& OPOHTETZ M.
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Bringing to orbit of small
research satellites by the multistage
scheme from an airplane-carrier

Dimitar Tordanoy
Summary}

Meoedern airplanes and level of rocket technics make it possi-
ble to bring to base around-the-earth orbit research satellites of mass which is up to
the requirements of the “small satellites” notion, according to the British Interplan-
etary Society concept, suggested at the Second International Astronaut Congress in
London, 1351, The subject of the present paper is estimation of the potentialiies of
the airplane carrier — acceleration stages system. By using the classical method of
multistage space transport systems calculation and introduction of airplane-imposed
restrictions, the problem can be solved by the successive iterations method. By the
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developed iterative mathematical model, the potentialities of schemes of different
types of airplanes and acceleration stages have been studied. In the paper, the chief
factors have been evaluated and conclusions have been drawn about the most ade-
quate versions and regimes of implementation of the idea through airplanes in batch
production. _ ‘

This sort of technology has a number of advantages over the classical rocket
start, especially when referring to small satellites. Modern austronautics which is
getting more and more commercialized, demands the development of such non-con-
ventional schemes of space transport systems, which should find their own niche
among the rest. Their chief economic advantage lies in their independence on start
complexes as well as on countries-monopolists in austronautics.
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OmnpenesneHa ONacHOCT 33 KOCMHYECKUTE aIaPaTH 1IPe3 Bpe-
METO HE IIDJIETE MM IIPEACTABIABAT METEOPHTHH YaCcTHIUU C PAIAKHYHZ CKOPOCT H
TOJIEMUHE, IPEAN3BEKBALINA €PO3HS B MECTHH PDa3pyIEHAs HA KOHCTPYKIHATE N 05-
IIKBKETE Ha anapara. '

MeTteopuTaTe (METEOPRTE} C& AENAT HA ABA KIaCa: METEOPATHE IOTOLH H SA-
ER4HE meTeopuTr [1]. Jlokato opbutuTe n napaMeTpATE HE ABHKCHAE HA HAKOH OT
TAX €4 A3BECTHH H NIO3BOJABAT IPOTHO3ADAHE, CHELIATa C JIPYTH & CIyYaina H 1o
Ta3d IpHYHHA OTIaCHa 33 EJIEMEHTHTE B QYEKIACHADAHETC HA KOCMHYECKHHA anapar.
HAnranasoHsT Ha CKOPOCTHTE Ha ABYIKECHME Ha METEOPUTHHTE TEJA € B DAMKATE Ha

11--73 km/s, TeXHATE MacH ce ABMXAT B rpaunanuTe Az 1071 — 102 g {1, 2]. HaTunnm,
AOCTaBEeEN H2 KOCMHYECKH allapaTH, ¢a PETHCTPHPANH YA4DH HA Teja ¢ Maca 107 —
1071 g 2],

Ilo cheTaB METEODHTHATE TENA €A KAMEHHE K Xee3an. [ITETROCTTA Ha KaMeH-
ruTe MeTeopETH € 0,53 gfcm?, Ha xenesnuTe — 0,5—7,8 g/cm®. UucnoTo Ha MeTe-
ODHTEHNTE TeJI2 B IOTOK CE YREJINYaBa ¢ HAMANABAHETO Ha TAXHATA Maca M — IIPH-
MepHC oOpPATHO IPONOpPIHOHANHO Ha # [1].

JlaGopaTopHaTa NPOBEPKa HA XH3HECNOCOSHOCTTE Ha eIeMEHTHATE A2 KOCMH-
YECKHSH ANZPAT ¢ BB3JI0KEHR upe3 oOCTPEIBARE ¢ CAMHAYHE AIIA ¢ HOTOK OT IICEBAG-
METEODHTHE YaCTHLA. T3¢ IPONec MOXKe TEOPETHYHG 14 Ce ONHILE B eKClepaMEH-
TaJHO A& C€ BBINPCH3BEAE NPH HOPMEPZHETO HA KyMYJIATHBHZ CTpy4. BLamox-
HOCTTA 3a IeJICHACOYeHO (BOPMUDZHEE Ha KOMITZKTHH KYMYJIATEBHH €NEMEHTH, HMH-
THPALIM €AHHHYHH METSOPATHE YacTRUM, € pa3rnexana B [3, 4]. Onpenenen RuTe-
pec IpeACTABIABA TEOPETHUHOTO ONACAHHE Ha JOPMAPAHETO Ha IIOTOK OT ICEBAO-
METEOPHTHH YaCTHLUH CBL 32080CHHE CKODOCTHH XapPaKTePDRCTHKH HA HAURAIOTO H
Kpas Ha HOTOKA. B naﬁopa’ropnn ¥CIICBHA TAKOBA ABHKCHHE MOXE I1a CC HMHUTHD
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5= Ftx)

1
i ¥, =@ {x}

»=ex}
yo=flxy

E

a, X, dx

OT PAa3KhCBAINA C€ BHCOKCTDaANEeHTHa KyMYJIaTRBHA c1pys, LleneracoueHoTo R3chen-
BaHe Ha (POPMHDEHETC W PAZBATHETO HA BECOKOIPAAHEHTHHS TICEBACGIOTOK HIHCKBA
HaJIMMKETO Ha 3aBACEMOCT MEXIy TDROHEHTA HA CKOPOCTHTE Ha OTACJIHATE My 4aCTH-
I¥ B IEPHOAZ HA TAXHOTO 00pasyBane H reOMeTpAATA Ha KyMYJIATHBHAS 32psia, KOHTO
ro opMEpa. 3a MONYY2aBAHE HA TZKaBa IABECHMOCT € YIOOHO Aa Ce H3MOA3Ba MOAETHT
Ha Opierxo, B4 6asaTa Ha XMAPOJARAMEYRATE TEOPHS Ha KyMyJannsTa [S].

DOpMHPAHETC HA BECOKOTPAAHEHTHZ KyMYJIaTHBES CTPYS OT KYMYJIATHBEH 34-
psA NpeAnoaara H3NOI3BaHeTo Ha JISWA B 3apsifa, ASKpABABaINa BpOHTA HE AeTO-
HANIMGHHATA BLIHA ¥ IPOMEEAIZ BI'EJa He NOAX04a B XbM KyMyJIATHBHATE O0)IH-
noBka. MI3no13BaEeToO Ha BECOKOBEITIEPOOHN CTOMAHR A KEPAMHK2 33 MATEPHAN H2
o0HOORKaTa OTIOBAPA HE H3MCKBAHETO 33 ONPENENeHaTa ILILTHOCT Ha YaCTHIRTE
OT TICEBAOMETEOPHTHUA n0TOK — ,5—7.8 g/em?,

3a uacneaBane Ha (OPMHPAHSTC H2 BUCOKOTDALHEHTEH NCEBIOMETEOPATER
IOTOK OT YaCTHUM € yA0DHO a e H3NOJI3Ba CXeMaTa Ha KYMYJIATABEH 3ap#L, oKa-
3aHa Ha dmr., 1.

I'eoMeTpHYRNTE XapakTEPHCTAKA Ha XYMYJIATHBHHSA 33pA4 4 QOIHCAHH Mpe3
ofpasyBallluTe H2 HOBPBPXHCCTHTE Ha KOPIYca Ha 3apA1a, Ha KyMyJaTHBHaTa obnu-
LIOBK&, CBOTRETHO ynknmnre; y,=F(x), y,=P(x), y,=¢(x), y,=f(x) n paauyca Ha jie-
wara #,. IIpn 321a0€HM MEXaEMYHA A TEPMOAMHAMUYHAH XaPaKTEPHCTHKE HA ChC-
TABHHTE €JIEMEHTH Ha KYMYJIATHBHES 32DAA, KKTC H HIACKBZHETO 38 HENPEKLCHE-
TOCT Ha (PYHKIIMATE ¥ TEXHATE IIDON3BOIHMA B PA3TNEKA2HAL yYACThK OT 3apsaaa 0—
H, no cxemMaTa MOTaT A2 ce HATPABAT CACAHETE PasChKASHHUS,

HeTonanmroHEHEaTa BBIHA, PA3IPOCTPAHABILLA C€ OO MACETa OT BIPHBHOTO Be-
IeCTBO H3 KYMYJIZTHBHHSA 32PSH M ASKPHBSBALIA Ce OT slellaTa BbB BpeMe =0, aoc-
THCa BbpXa A2 XyMyJ1aTHBHATA OOJIKIOBKE H BB BpeMe >0} ¢e Da3IpOCTPaHABa KBM
OCHOBATa Ha OOJIALOBKATA CHC CKOPOCT D A H3KPUBABAHE HA IOCOKATA, ONACEHE Ha
dur. I ¢ orceuxnre KA, KB,

Pasrirexna ce eneMeHTaPHR 42CT OT KYMYJIATHBHES 38DHA ¢ ABKAAE dX, 38T-
BOPEHa MEXAY JIBe HIOCKOCTH, IEPISHARKYIAPHE HA OCTA HA CAMETPHS HY 3apaaa
— ¢ur. 2, [TpemuAaBafKH IIpe3 TO4KE A U PagHanao AehOPMAPAHKE KyMyJI2aTABHE-
Ta OOJHMIOEKA, AeTCEANHOHHATA BBIIHE JOCTUra A0 To4ks B, 3a ToBa Bpeme di=dx/
D 1ouka A M3pBpINBA OBHKEHAS

1 dy =W, ()t = W, ()=

A ce gaMnpa oT octa Ox Ha pasCTOSHAE
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| » @, 2

1) fxyt+dfix)

@ R=f(x)-dy = f(x)—Wﬂ(x)%.

ITpuema ce, 4e CKOPOCTT2 HE 32BHCHE OT BPEMETO H CE SBABA (PYHKIHS CaMO Ha
KOOpAMHATATA X. Toraera pascTogHERETO R Touka A 1mie w3MuRe 32 speme T

@ e ol r-me]

3a Topa Bpeme TOMKa B c¢e mpemectsa ¥BM o0cTa OX CBC CKOPOCT
W (x)+dW {(x)}, i3MEHaBaHKH BT

@ L, = T[W,(x)+ aw,(x)] = [ 1(x)-W,(x) ] o(x):(x) (x),
H €€ HAMHPA Ha pascmﬂnne L OT 0CTa Ox
) L, =[r(x)+drx)] - L

CrnegopaTeNHEO 33 BI'bJa HA CXJICNBAHE ¢ HA £JIEMEHTA dXx MOXe A3 CE 3aIHlLle

©) tga(x)=;_2 it W()[ (x):() ][ ey U(x)].._

Cnen npeofOpazyBaHEs NOCNEAHOTO YpaRHEHNE A0OHPA CIEIHHSA BEA;
N tg a(x) ' ajf‘(x) f(x) qu(x) Wﬂ(x)
dx o(x) G >

B KOETO CKOPOCTTa Ha paguanna AetopManas Ha eleMeHETapHATa MacT OT KyMyda-
THBHaTa 00unoBxa W (X) € cBLp3aEa ChC CKOPOCTTA Ha 00pa3yBalara e eleMen-
TapHa YacT OT KYMYJIATHBHATS CTPYA CBC CHOTHOLICHASTO

® W)= () g L) L K2 rirl a smA(x)}

5 2 {aeplx)l

L}

K'BI[S’I‘O K e KOG(})HHHSHT H3 CXOAMMOCT, 4, — KOG(I}HI.[HGHT HA B3&HMOJICHCTBHC
neTouaunonHa BBIHA — 06HHHOBK3
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; ) () ma)-mE)

2 B = m(x){ ) () D))

A(X)} — BI'bJl H2 IO/IX0/a HA ACTOHALACHHATA BEJIHA KbM obpasypamarta PHEIIBATA
HNOBBLPXHOCT Ha KYMyJNaTHBHATA O0AAOOBKA!

gl ol r.~9(x)
(10) ?\.(x) arctg— arctg[aaTJ.

Torasa mapassr 33 onpexemne Ha BI'BJIE HA CXIONBARE IpHEMa BEAA
e
an g a(x) 4f(x) f(x) aw,(x) . E(x—)+uf'1(x)—~—

thg@ % i dx

)

D

e

ITonarame

(12) )50 ) n)=1-a sna)

M OT4ATaHKY, 4¢ 2 <0,248, H3passsamMe TAHTEHCA HA BI'BJIa B TAHFEHCA HA IOJIOBH-
HaTa Ha BI'bJI2 HA CxonBaEe 4pes hopmyna (8). Toransa uapasst (11) moxe na ce
320HAIIE B CIIEAHAS BA;

(13) 26(0cn(x) o) s(x)
=e()n’(x) o s(x)m(x)n(x)

[“’W (x) e(xm(x) +W(x‘ (e (x)”(x)):l wi{x) s(m(x)

& RO ) e ) alf&)f%

L2 en) ap{x) . o{en) ar{x)

p(x) &  afs) a

3a onpocTaBaie na mipasa {14) nonarame

RRrCaTo)

(15
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S{x)= (ao + x)2 + (’} - cp(x))2 = kB*

¥ 3anuceame Bopmyna (14) B cenars BUE:

(16} d( (") q(x)) s(x) T](x) E(x) (x) (")(“()x)dw (x)

Gelaol)) 20 Al oo o)
F)J[ ()] ()JT)J[%—’]

() ddafar) @) el

2

T "

B O C00) : d{p(x)Jz.
S(x)m‘j1 ; {‘L‘Z(x’i)]

@OYHKNAATA H2 aKTHBHATA Maca Ha B3PEBHOTC BEUIECTBA C¢ H3pa3dpa TIo CJied-
- HAA HaugH [3]:

an % = A(x)a(x)_d_Fd_E"_-)-+ ( 4(x)d(x)+ Clk(x)) %@)
(BP0 )L B .

KBRETO A(X), B(x), C(x}, a(x), b(x), c{x), d(x), €(x), g(x) ca cIOXHE GYHKIAHA, KOHTO
HE CHABPXAT IIPOR3BOAHA OT GYHKIHATE, ONACBAILA TE€OMETPHATE HA KYMYJIATHB-
Has 3apad. IlocTassme ypasnenne (16) = (17) 8 (13) u cnexn mapecTHa obpaboTka ce
IIOJIy4aBa CIeAHOTO YpaBHeHHE:

_(18) [ f(x)E(x)B(x)?(x)_l]i(:) f( ) {[ x)E(x)

+

< BE)B(x)+ CO)e(x))+ — (= 0(x))ao + %) : d{pf
el
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+

o) (d¢(x)Jz bl
s(x)‘/@\f; ; [%J : o J b [ MT

3 a'q:; gx) - a {ay +x) = d¢;(2x) dcpd(:)}
s(x)J ()]

(Y ACKE) + CCORGI ) 1 ey(e)aeate)
P (") %s(x)q( ) D i 23(x)"(x)

1-g2(x)n?(x)

YpaBHEEHHETO ¥ HEI'OROTO DEIUeHHEe Ce YCIAOXKHABAT OT HAJMYHETO H& BTODA
NPON3BOAHA OT QYHKIHATA, ONACBAINA BLEIIHATA IOBBPXHOCT HA KYMYJIRTHBHATA
obsinnopka. ITopann vecTo cpelaEnsg CiiyMail B NPAKTHXKATA HA KOHMYHA KyMYJa-
TABHA 00/IANOBKA, KOETC € TEXHOJIOTHYHO H3TOINO, € YIOOHO 3aHYNSIBAHETO HA BTO-

2
paTa NpOR3BOIHE. 32 BECOKOCKOPOCTHHE CTPYH (1 + (%‘l) =~ 1. Torara cien ofpa- .

60TKa ce OIy4asa

(19) [/ (2)E(x)B()e(x)-1 ]“f(x) ’8 {[nx))

(o) ) 2 vl +xf]d@(x;)

S(xk/s{x} dx

+|a0+x) do{x) MO+ Cloclel ao(x)
(2 | i Lo R

dF{x wlx 2e{x nlx
AN ) - (e 2o H D <0

Vpapuenge {19) ¢ nedzepenuna.uno YpaBHEHHE OT I'BPBH ped H E3Da3gBa Bpb3-
KaTa MeXily CKOPOCTTa Ha XKYyMYJI2THBHATA CTPYA M T€éOMETPAYHATE XapaKTepACTH-
KM Ha KyMYJIATHBHRAA 3apsj, OT KOHTO TA ce hopMApa, 8 EMEHHO; o0palyBallaTe Ha
BBEIIHATA H BBLTPELIHATA NOBBPXHOCT H3 KOPNYCa HA KYMYJ4ATHBHHS 3apii U Ha
BBLHIIHATA ¥ BHTPELIAATA IOBBPXAOCT HA KyMyJIaTHBEATA oOnAnoeka. TIpn nasect-
HE HavdaJlHH YCAOBES M OrpaHMYEHHs YDABHEHMETO € A3BXOIHO 32 PelllaBane Ha 3aia-
uara Ha Koum 32 KOMeHTAPaHAA CIyyaH.
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Pemapaiixe ypasHeHRe (19), 0OTHOCHO CKOPOCTTa C€ NOJYy4aBd H3XOAHO YPaBHE-
Hle 34 OIpEe/AsHe HE TPAJINECHTA HA CKOPOCTTA

& S-S O )

2+ B{x
20 o)
) o))

xpIeTo E(x) ¢ YHKIHA Ha FEOMETPHLTA Ha 32pAAa, HEBKIIOUBAIA CKOPOCTTa KaTo
TIAPaMETH].

3anaBaHEeTO Ha BACOK IPafHenT (TpaHAYeH 32 eJIACTHYHATE CBOHCTBA Ha MaTe-
pHaia Ha 0OJAIOBKAT2) HA KyMYJIaTHBHATA CTPYA N0 MAN2Ta ¥ ABLIDKEHA WA CAMO
Ha ONpPEAeSICHA YUacThLH, IPE PeLIaBaneTo H3 33/1a49aTa B €AWH OT IIETTE ¥ BAPHAR-
Ta — OTHOCHA [P2OACHTA, I03BOJIABA IIeJIEHACOYEHC HAKhCBAHE HA CTPYATA Ha eIe-
MEHTapHH YaCTHIIE C PasIHYHH CKOPOCTH M MacH. [TocneaHoTo B peaynTat GopMu-
pa IOTOK OT NCeBAOMETSOPUTHH YACTHI(M ¢ HIBECTHH HAYAHA YOJIOBAS Ha JABHMKE-
HHE Ha YaCTHOHTE OT MOTOKA.

PeluenneTo Ha ypaBHEHHETO B APYTHTE YETHPH BapAaRTa — OTHOCHO 05pa3zy-
BAIIIHTE Ha TECMETPAYHHTE NCPBPXHOCTH, IO3RNIABA H3CHEABAHE Ha BIAAHAESTO Ha
reOMETPHATA Ha 3apAAa i [PaJAcHTa HAa JOPMEDAHHAA OT HETO IOTOK OT ICERCoMe-
TEOPHTHH YACTHIIM ¥ ACHCTBHETO MM BBPXY SIEMEHTH OT KOGMHYECKHTE anapam B
nabopaTOPHH YCIOBAA,
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A study on the formation of a stream
of pseudometeorite particles

Victor Baranov, Christo Christov,
Krasimir Boyadjiev, Stancho Petkoy

Summery)

There is a definite danger for the spacecrafts during their
operation in space from meteorite particles of various dimensions, These particles
cause erosion and local damages in-the spacecraft construction and covering. The
laboratory test of the spacecraft components viability is possible by means of fire
with a stream of pseudometecrite particles. This stream can be defined theoretically
and replayed experimentally at the formation of a splitting high-gradient cumulative jet.

For the study on the process of formation of a stream of pseudometeorite par-
ticles, based on the Orlenko mode), there has been obtained an equation, linking the
gradiency of the jet and the geometric parameters of the cumulative charpe which
forms it. The equation is 2 basis for solving the task of Koshi for the above described
case. The solution enables the design of cumulative charges, forming a stream of
pseudometeorite particles and the study on their influence over the spacecrafts com-
ponents.
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2(p¢exTHBHOE BEINOJIHEERE HAYYHBIX IPOTPAMM HCCIEROBA-
HRf MJIaHETHOTO I'PYHTA, K4K H K24eCTBO NOAYYEHHEIX DE3YILTATOB, CYIECTBERHED
3aBHCHT OT SKCTLIOATAMOHHAIX IAPAMETPOR HCIIOIBE3YEMEIX IVIAHETHBIX HEHETPATO-
pOB, B YaCTHOCTH OT HX NPCHERKAIOIINX BOIMOKHOCTEH [1].

WzsecTHO [2], 4TO COIPOTHEICHEE TPYHTA IIPCHHAKAHKIO B HETO XECTKOIO 3J1e-
MEHT4 3aBHCHT OT YETHIPEX HE3aBECHMEIX (JaKTOPOB: CKOPOCTH ARMKECHUS IIEHETPE-
TOpa; NICIIAAR €r0 MAIENIcBa CEUCHEN; MEXaHUUECKHX CBOHCTB CPEJIBl, B KOTGDYIO
IPOM3XOAMT NPCHHKAHEE M (opMBl 00pasyIollelf TOJIOBHOH 4aCTH NMEHETPATOpA.
Hiuxe ananu3upyeTcs BIMAHAE nocaearero fakropa. Pelenne nposcanTes B pam-
XaX M2BECTHON TANOTEIN O IpeRebpekMMOoil MAIOCTH KacaTeIbHOH COCTaBIAIomeR
yACJILROR CHIIBI CONPOTHBICHNS FPYATA Ha IOI0BHON 4acTH (CRikl Tpenns Kynora)
110 CPaBHEHHI) ¢ €& HOPMAJIbHOH KOMICHEHTOH. B NaHHOM ciy4ae 3ieMEHTADHAdA

¥
Y &
y+dy
y ch[z]ﬁ(
\
& arctg y'iz)
' ¥ YEZJ
Py |
0 z z+dz H z Puc.1
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CRJIA CONPOTHBACHEA TPYHTa, ReHCTRYIONIAA HA KOJILIEBOH 36MEHT I'OJI0BHOH yac-
TH OIHHOHR dz {puc. |) onpegenseTcs Tax:

ey d@F,(z)= {4+ BV")Mz) d5,(z),

roe A, B, n — xoabOHUIHeHTE], 33BHCAIIMHE OT CTATHYECKUX M JHHAMMUYECKHX MeXa-
HHUYECKHX XapaKTepECTHK I'PYHTA (MX CTPYKTYpa PECKPLIBASTCA, HANPEMED, NIPH AC-
IIONIb3CBAHHH ABYWIEHHOIO 3akOHa conpoTHBneHns Maiiesckoro — 3abyackoro});

a5 v (Z) = 21’!}2(2 W(Z) — HI0IAAb MHACAEBA CEUERHA BRACICHHOTO JNEMEHTA,

@ Az)= sinz(arctg y (z)) = l—i—% — xo3bdunEesT GOPMEL BRIIEIEHHOTO 3i16-

MEHTA IOJIOBHOH YacTH (3amMeTum, uto npa y(z)=w AMz) =1, nosromy dusnueckni
CMEICT A(Z} — OTHOIlIEHAE CUIIH IOB0BOTC CONPOTHBACHUS TPYHTA TIPOHHKAHHIG B
HEro BAIJIGJICHHOIO 3AEMEHTA K CHJle CONPOTHBICHHA IJIOCKOTO XKOMABIEBOTO 3J1e-
MeHTa C TOH Xe IUIOLIaAbI0 MEACIEBA CCHEHHEN);

¥y = ¥ {2} — ypaBHeHEe 00pazyrollel roFOBHOH 98CTH HASRETODE:

wz)>0; ¥ (2)2 0 y(0) = y,3 ¥(H) =y, 2 €[0; H}
H — BRICOTA IOJIOBHOH YacTH,
C yuerom (1), {2) cymMMapHas criia CONPOTHBIEHHS ONPEALIHCTH TAK:

2 YH 2
(3) E =(a+Br)| 2= [ 22 dy o
Yu  Ym b+

3aMeTHM, YTO IPH IPOYHX AEA3ZMEHHEBIX YCIIOBHAX CyMMapHas CHJia CONPOTHB-
nenus F_ 3aBECHT OT NapaMeTpa ¥, — Paanyca APHTYIICHNA TOJIOBHOH YacTH B ¢¢
BEpUIKEE, M. BEA2 GYEXUAH y=y(z). O4eBHAHO, NOTPe0OBAB BHINOIHEHHSA YCIOBHS
Y,—const, IDHAEM K EMEIOLLeH JIOTMYECKHME CMEICK BapHAIHOHHEQH 33ga4e: cpeln
MEOXKECTBA (yHKIEE y=)(2), 0OJadarouX NepedNCIICEEHEIMHE BRIILIE CBOHCTBAMY,
OTBICKATH (ByHKIHIC, MHEEMH3HPYIOIYEO RETErpasbHEIH x03(pduuneHT HopMEL ro-
JIOBHOM 4aCTH, YTO 3KBABANECHTHO B DAMKAX IPUHATRIX THOOTE3 MEHHMH3IAIHH CYM-
MapHO# CHJIEI CONIPOTHBIEENS IDOHAK2HKIO HASHTOPa B Iperpaay. GopMaibRS 3TO
TpebOBaHEe CBOAMTCH K OTRICKAHMIC 3KCTpeMyMa (PyHKIHOHAIA, SBJISICIIETOCH
COCTaBHOH 4acThIO {3}

¥

@ -

.Vlz}" 0
d= 22
1+ y° -I 1+y°

H3ecTHO [3], uTo BckoMas GyHKIHS y=y(z} ABJIACTCA pEIIEHYEM KpacBo 3a-
Oa4H ¢ KeCTKO 3aKPLIICHHAIME KOHIIAMH 118 00KKHEOBEHHOTO ABGdepeHInanLHO-
r0 ypaBHeHus Jinepa — Jlarpanxa Braa

(5) M o i)
s £ ¥ dz YY iz
(0= yo; W(H)= yy.

3
y oy
‘2

1+y

— NOOBIHTETpaNbHaA (PyHRKIHS {4},

e F(z. ¥, y')z
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Yu

Y=

AN

e

O

Puc, 2

JUist peanbRBIX KOHCTpYKIHH ¢ H>2,5y, nosyuero npubiImkenHoe petenne (5),
KOTOPOE B OTHOCHTEJIBRKEIX IEPEMEHHDBIX 32NIHCRIBACTCA TaK:

(6) -?Z[(I—?‘;%]E-Fj;%}%,

e e ez

CusTae orparruenns H>2,5y, TpABOJHAT k HEAONYCTHMOMY BO3PACTaHHIO TIOT-
PEelHOCTH ANNpOKCEMAINA pemenns (5) Qynkiuedi (6), 1 B 9TOM Ciy4ae peimerne
3aga4d (5) cleyeT IpOBOAHTE YACIEHHO, HAPUMED, METOAOM CTpeindh [4],

Tosnyuenroe TakuM oGpazcM pellieAre {5) MO3BOJNAST OTHICKATh yCIOBHLIM
MHEAMYM (3), Tax Kak Ip# [POBEACHAR PEUICHAA Bhile GBUI0 HAJIOKEHO KECTKOE
orpanuyenne y =const. CHsTHE NOCJIEAHEFQ ¢ YIeTOM (6) HO3BOMIACT OTHICKATE De-
3YCAOBHLIA MUHEMYM (3), 1% 4er0 ECTECTREHHO TeNephb BOCIONBIOBATECH YCTIOBHEM

{Hc (yo) ={
dy 5

]
2]
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XOTOpOE B paccMaTpPHBACMOM CllyYae HMECT BHIL

YH: '

2
d ¥
y0+_jy.

——dy|| =0,
dyu 1+ p

Yo

WitH, € yuéTtoM (6) B IpARATEX 0003HA4EHASX:

(7) I v = S

H=-H/ .
me BT,

TakuM 0Bpa3oM, IOJYYEHO aHAIMTHYECKOE IPEACTABACHHC {6), (7), noasos-
JolIlee CTPOUTH ONTHMABEEH Npoduies 06pasyroulel TOJIOBHOHR YaCTH RACATOPA Ha
CT&JIHH €ro IPOeKTHPOBEHEL,

VIHTEPECHBIM ¥ XaPakTepEBIM OBCTOATENLCTROM SBIAETCH TO, HTO OHTH-
MaJbHas GopMa rojIOBHOH YacTH HE 3aBHCHT OT a0COIOTHRIX Pa3MEpOB, 3 3ABACHT
TOJBKQ OT €€ YAIAREHHS,

Ha puc. 2 npeACTaBIeHb ONTHMANIBHbIE QOPMEI TOTOBHBIX yacrel TpORHKAI0-
LIHAX KOHCTPYKI#H NpH pasindasix . BuaHo, 910 OFY CYMECTBEHHO OTIHHAIOTCH
OT OCTPOKOHEHHbIX, NPHYEM COOTBETCIBYIOIIUE ko2 hrIMenTsl CHIbL IOGOBOTO
corpoTuBJienns nponnKaHuio Ha 8—9% menbme, CnejyeT OTMETHTS, 410 obpasy-
Jo1l1a8 TOMOBHOM UACTH, XOTH 1 OIrM3ka K KoHyCy, SABIAETCH BEITYKIIOH, MpHIeM
1IpH OANHAKOBBIX ¥, IDH YMCHBIIEHHH BLICOTHL TOJIOBHOM YacTH H BBRIIYKJIOCTE BO3-
pacTaeT. ,

Taxum 06pazom, NPEIOKEHO MHTEIPANTEHOE YPaBHERHE IJIL ONpPE/ICIeHI
kO3 HHIEEHTA CHIIbI JI060BOT0 CONPOTHRIICHIN IPOHUKAHHUIO TOJIOBHOW 4aCTH IPO-
H3BOJIBHOM Gopmel. PazpaGoTaHs! XPUTEPHH STC MUHAMU3ANMH M HOJNyHCHEI dop-

‘MYJIBI IS OTHICKAHUS ONTHMAJLHBIX 3Ha4eHHA paanyca NPRTYIVICHHS H yDaBECHAA
obpasyronieil roJIOBHAIX YaCTEH NPOHMKAOIIAX KOHCTPYKLHH.
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Variational problem for optimization
the shape of the front surface of a planet penetrator

Victor Baranov, Igor Lopa,: :
Zwezdelin Chiwikov, Christo Chrisioy

(Summzary)

A variational problem is formulated, regarding the
eptnmzatmn the shape of the shaping surface of the frontal of a planet penetrator,

penetrating into rocks.
The optimization parameter is the coefficient of the fore-part shape. Numeric

results are shown and discussed.
1t is shown that it is possible to reduce the penetrating resistance in companson

with a cone up to 10 percent.
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Hucxycuu

Kpbroe norok ot rasosu #oHH
B MarHUTHO IIOJIE

Munaqo Bayos

Hayuonanren yenmep ne xuzuena, Cofur

1. BeBenenue

HspecTHr ca fBa Tpoleca, HOPH KOHUTO C& OCHIUICCTRARA
HACOYEH NPEHOC HA €IEKTDHUECKH 3a8peAeHH Y3CTHIIA Ype? JeHCTBHE HA MArHHTHO
oJie. :
ITepBo, axko eAna YaCTHNA C EACKTPUYECKH 32PAT ¢ € ABMKH B HEXOMOTEHHO
MaTrHUTHO [0JIg, TO YACTHHATA OCBINeCTBABa aApeHd [1] no mocoxa HAa eRBAUEH
BEKTOD

1 s B x grad B
¢ " W el

KOTaTO HeHHATA HANIPE4YHa CKOPOCT, v, € pasnnyna oT Hyna. o nedmaunus ranpey-
HaTa KOMIIOHGHTR ¥, Ha IIbJIHATA CKOPOCT Ha Y2CTHLATA € HOPMaJHa Ha BeKTOpa Ha
METHETHA HHAYKIHA B B TOYkaTa Ha B3auMOoaeicCTBHE,

[Tpu To3K NpenoceH NMpoLec He Ce A3BLPIIBa paboTa.

Bropo, ako ¢/1Ha eeKTPHYECKH 3apeeHa YaCTHLA BIANMOEHCTBE ¢ IOCTOSH-
HU XOMOTSHHH H B3AaAMHC INEPHEHORKYIAPHHE eNeKTPHYECKO M MATHUTHO NOME
(E1B), TO TA OCBIECTBLBA HACO4YEH Apcitd) 10 I0COKa Ha EIAHHYEH BEKTOD

- _ ExB
(2) nz = Hl;[

KaxTo # npy mppeHA IPEHOCEH IPOLESC, TAKa H IPH TO3¥ MATHHTHOTO NOJie
OTHOBO HE M3BLPIIBA paﬁm‘a, a KOJIHYECTBOTO paGOTa, KOETO CC HIRBPINTRE OT TIO-
TCHIHAJNHOTO SJEKTPRYECKO NOJI¢ 32 BCEKH HPKDBI H& TPAXOHAAJHO ABAXCHHE, €
myja. CnenoBaTeHC CPENHOTO KOJIAYECTBO paboTa, KOSTO Ce A3BLPINBA B IPEHOC-
HAJ I[IPOLEC, KJIOHH KBM HyJla.
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Pur. 1 y

IIpaxTrYeckH 3a TOAABEXKAHE U HA ABATA NPEHOCHH IIPOLIECA HE Ce H3RLPIIBA
pabora. EAMHCTBEHMAT MEXQHMIBLM, UPE3 KOHTO 3APEACHUTE YACTHIH IYGAT OT KH-
HETHYHATa CH €HEPrusd, ¢ TO3H Ha eJeKTPOMarHEHTHO H3JLYBAHE,

*  EjexTpoMarHaTHaTZ paanaunsd, KOATO BOAHM IO 3aTHXBaHE Ha TOIUIMHHOTO
JBHMXKEHHE HA 3apelcHUTe YacTHIIH, & CIIACaHa B [2] KaTO AUCANATHBEH NTPOIleC.

Ho Torara TeBpASHMETO, Y& ABATA NPEHOCHH IPOLECa ¢4 HEZHCHIATHBHH C
TGYHOCT A0 KOJHMECTBOTO Ha AHCHIATHRHUTE 3aTYOH, T, €, ¢ TOUHOCT OO KOJIMYECT-
BOTO Ha H3JIbYBAHATE €JICKTPOMArHHTHE SHEPIHA, € BADHO,

C ropHOTO OCHOBAHHE Lile CIpeAeAM H ABaTa IPEHOCHH IpOLeca KaTo YCIOB-
HO HEAMCHNATHRHE, 4 B CICABAINESA TEKCT ¥ B CBIUHA CMHECHJ 11¢ A3N0IIBAME MOHH-
THE — ,,HEAHCHUIIATUBHE" IPOLIECH,

Cera xpaTKo ¥ ONpPOCTEHO e 00CHIMM IBPBHS OF ABaTa IPEHOCHH Npoieca
332 YACTHHA cjydall, KOraTo KaKTo rpagieHThT 2 MAaTHHTHOTO TI0JIE, TAXa B JHana-
30HBT Ha HIMEHEHHE Ha NoAeTo ca Oe3kpalHo rosieMH.

be3 na moxassame, e nocounM, 3¢ apeikdopaTa CKOPOCT v, ¢ XOATO 3apeae-
HHTEe 4aCTHIIM CE ABMXAT MO NOCcoXz Ha BexTop #,(1), Le ObAe IrpaHHYHO TONAME,
KOTaTo;

— 3apeASHAT: YaCTHIE IPH CBOETO ABHXEeHHAES B XOMOTEHHO H KPaiHO MarHmT-
HO mnojie (B=B) HOCTHra Ac 30Ha Ha CThHINAjIHA MarHATHE HEXOMOIEHHOCT
{grad B—w);

— B 30HATA3 Ha CTHIAJIHA MAarHUTHA HEXOMOTeHHOCT, TOJIEMHHATA A3 MarHAT- .
HATa MHAYKIMS C& M3MEES OT kpaiiia cToiHocT (B = B,) ao 6e3xpaiino rojismMa cToM-
HOCT (B—y00),

3a unrocTpannd Ha ¢ur. 1 e MoxasaHo eAHO HANPEYHO CECUCHHE HA KOJRHEAPHO
¥ HallpEYHO- HEXOMOTSHHO MAarHUTHO 110J1¢, MarHuTHaTa HEXOMOTEeHHOCT € CThIAN -
Ha M T4 IPeOCTARI4BA IUIGCKE NOBBPXHOCT, YHATO TPOCKINA B DABHHHATA Ha Uep-
TEXa ChBI2Aa ¢ ocra Ox, B roprarta noaypapRVHEA MBTHETHATA AHAYKIMSA € IOCTO-
AHHa BeJIM4MHA C KpaifHa cToHHOCT (B = B)), a B IoJHATa NOJYPaBHEHA TH € Ge3k-
paiHO rojisma BeaudHEa (B,—c0). C IUIBTHA JIKHEA € 1I0Ka3aHa TPACKTOPUATA Ha
€IlHA IOJIOKHUTENHQ 3aPE/IeHa YaCTHIE, KOATO C€ ABAXH B IJIOCKOCTTE HE HEPTEXa C
NOCTOAEHA HANPEYHA CKOPOCT ¥, U OCBHIUECTBABA BIANMOISHCTBAE ChC CTRIAHEN
H TDAHUYHG IOJIAM MariHuTeH Ipexol.

Axo npeHebperHeM 3arybuTe Ha KHHeTHIHA EHEprAd OT €1eKTPOMATrHATHO A3~
JTBYBAHE, TO HACCUEHOTO NpeMecTEaHe Ha YaCTHOATA I10 [IOCOKE Ha A, 1IE CC H3BBP-
LIB2 C NOCTOAHHA ApeH(ora ckopocT
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2rsing sing singt
(3) v, (o)= R s i 2 :vd(a)vl,

L]

my

KBJETO p = —L € JapMODOCB PAAXYC 33 4aCTHIRa ¢ Maca #1 [1]; o e nonoBrHEATa Ha
gB

¢asosus BT, KOHTO YACTANIATA KAMKHABA B 3CHATA C KPaliHo MarHATHO noje (dur. 1);

qi¥
® = — ¢ JIJAPMOPOBCKa YecToTa [1]; v (o), ¢ HeABRa napameTpuynAa GyRKINA ¢ ap-
m L

TYMEHT d.
OnpocTeHoTo AeHCTBHE Ha CTHIAJIHKSA IPAHUYEH MarHUTEH IIPEXCA BLPXY Y-

KODEHH H eJICKTPHYECKH 3apeicHd yacTuiud (ar. 1) Moxe aa Obae CBEACHO 10 OeHCT-

BHETO Ha HACAJICH OTVIGRAIICH MEXaHH4EH OTPaXaTell B XOMOTEHEO MATHUTHEO  [IOJIE.

Tazm QyHxUHOHANHA HASHTHYHOCT HH HACOYBA KBM MOAMAHA HAa MarHHTHO-

METHHTHATS CTPYKTYP2 HA CTHISJIHES IP2HHYSH MAaTHATEH NPeXxoA (T4 € TeXHAYec-
KH HEOCHIHECTBHMA) ¢ MATHHTHO-MEXaHH4HS CTPYKTYpa. Hexa MaTHHTHO-MexaHHy-
HATa CTPYKTYpa A2 e H3rpajeHa oT kpaiino no CToHHOCT NOCTOAHHC M XOMOTEHHO
MATHMTHEO nojie (B} ¥ MacHBEH MEXaHRYCH OTDaXaTesl OT HEMAarRAWTeH HAcalleH
AuenexTpuk, [Ipr ToBa HeroBaTa OTpaXaTENHa NOBPBPXHOCT TpabBa aa 6bje opu-
€HTHpaHa YCIOPEIHs Ha BeXTop B.
; Ha ¢ur. 1 e nokasana ¥ €HA IIIOCK2 MAaTHHTHO-AREICKTPHYHEA CTPYKTYpa
(MI-cTpykTypa). C npexbcBaHa JIMHAA HAa YePTEXa € NOKa33HO €AHC HOPDMAJIHO
CeueHHe Ha NIOCHK MEXZHHYCH OTpaXaTel], YHATO OTPaXaTelHa HOBLPXHOCT Ch-
Ibpxa octa Ox ¥ € OpACHTAPAHa YCIOPEAHO Ha BekTop B.

Tyx me ce abecTpaxupame OT CIOKHOCTT2 H MEOroofpasneTo Ha BEIMOXHEUTE
BIaNMOOEHCTBHS HA 3ZPEACHKETE HECTHIHA C IOBBPXHOCTTE Ha JHEISKTPHUHHI OT-
paxartesl H BDEMEHHO 1I¢ IPHEMEM, 4¢ YIAPHOTO B3aAMOIAeHCTERE MEXAY Japede-
HHUTE YaCTHIE H IOBLPXHOCTTA HMa XapaKTep Ha elacTAYHO H Ju(y3IHO OTPaXCHHE
{pasceliBang} B IIOCKOCTTA HA aJaHe. '

Torasa TpaexTOpHAT2 HA MOJOXKHUTEIHO 38DEACHATA YacTALE oT QHr. 1, KosATo
Ce JIBHXH B IIIOCKOCTTA HA YepTeXka C HAIPEYHa CKOpacT v, me §bae Apyra A TH &
DOKa32Ha Nak TaM ¢ MYHKTHPHA STUHUL. B TO3H ciyyall TpaeKTOPHATA JIMHNAS CE ChC-
TOH OT NOCIEHOBATENHH B HENIBJIHN, ChC CAyYaHHa roieMuna (2a), ABTH OT OKPBX-
HOCTH C IOCTOsHEH JapMopos pagayc r. CpeAHaTa CKOPOCT Ha HACOYEHO IBHKE-
HHe MO 0cTa OX, 32 BpeMeTs MeXKAY BCeKH OBe HOCICTOBATENHH OTPAXKESHUS, T, €,
LpefidoBaTa CKOpPOCT B OTAEJHA CTHIKA, Ce CIIPEAesa OTHOBO Hpe3 3aBHCEMOCTTA
OT paBeHcTBO (3).

8 TCOPGTH'-ICH MOALCI H&a TONMJIHHCH ABHTATE

IlpreTo €, Ye BCAXO YCTPOHACTBG, KOeTo Ipechpasypa TOII-
JIMHHA €HEPTHs B MEXaHUUYHA pafoTa, MOXE 1a e Hapede ,, TONNHHeH geararen’ [3],
HacnenpaHeTo Ha AB2Ta IPEHOCHH Npoeca (0T T. 1} e N3BPLPIIMM B TEODETH-
4eH Moaei Ha TonnuHen aeurated (T}, kodTo € nokasaH Ha Qur. 2.
Patorunst nmauaasp Ha T/ ¢ 3aTBoper u kyx. Toil ¢ HanpaBeH OT HEMarHu-
TeH MaTepHal, KORTO & U HAeaseH M30NaTop (3aToBA B TEOpeTHYeR Moaei). B nu-
JIMHAPAYHATA KYXHHA € 32TBODEH eIHOPO/AESH Tas OT HOHH ¢ OTHOCHTENIHO HHACK2
XoRneHTpanua. ['asosuTe HOHE ¢a cBOOOAHN M €IHAKBO HOHHINPAHH MOJEKYNIH C
NOJIOKHTENIEH eIeKTPHYECKH 3apRN 4.
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BexTop®T Ha MATHHTHE AHAYKUMS B Ha IDHIOKEHOTO (HAND, 4pe3 ASHCTBHETO
Ha [IOCTOSHEH MarvuT) NOCTOAHHC M XOMCI€HHO MAaTHMTHO NOJIE € YCIOPEeaeH Ha
pOTalmOEHATa OC Ha paboTHua uuiauaAbp. [Ipn ToBa axo MakpoTeMIepaTypaTa
Ha cucteMarta € T, To HeXa HHAYKUMATA B [la HMa TAK4ABA CTOHHOCT, Y& [A3CBHTE
HOHHM 114 OCBIIECTBABAT B INICCKOCTTA HA MATHHTHO B3a¥Mone#cTsue (LB) ppTeHe Che
CPEAeH JIAPMOPOB PALHYC F,, KOHTO € MHOTO II0-MaJIbK OT KOHCTPYKTHBHHS DaaRyC R .

CuERUIHO €, 4e BHTPEIIHATa OKOJIHA NICBBPXHOCT Ha pabOTHUA LMIMHABP H
IPHJIOXEHOTO MAaTHATHO M10J1¢ 00palyBaT eaHa UHIEEApudHA MI-cTpyKTYpA.

Karo oTaMTaMe IPHHIUIIATE Ha €JIEKTPOCTATHKATA, MATHETHIMA H KHHETHYHA -
T2 TEORpHA Ha rasopeTe [4], Moxem Aa ce yGeauM, ue B LEHTPAIHOTO HAIPEYHO C6-
YEHHME Ha DPAGOTHHA LMJIKHIADBD llie C€ YCTAHOBH BHTPELIHO €IeKTPHUYECKO TIOJE C
NOCTOAHHO PAaAXaliHG MaKpOPAasNpeNeIeHRe OT BAAA Ha KpuraTa E (R) Ha dwr. 3.

3a mpocTOTA TYK 1€ IpHeMeM, He ohpasyBaTeiHaTa ! Ha paboTHRS NHITHHIBD
€ MBOTO NO-rofiisiMa OT HETOBHA paauyc R_(dwr. 2).

Torasa MakpopasnpeneneHHeTO Ha BETPELIHOTO SIEKTPUYECKO TIge e Ghae
PaEMaIHC IPAKTHYECKH BB BCAKC HAPEYHO CEYEHHAE HA UMIHHABPA,

B cneapamns anasna e HacIeABAME TOHINHHOTO ABMKEHEE HA HOHH 33 MO-
AgJIM, B KOMTO MAKPOPa3NpPEASISHHETO Ha SNEKTPHIECKOTS I0JIE 1€ CLOTBETCTBRA
upubIN3ATENHO B2 pasnpeaencuue E (R).

Kato nmepBo npubnmxenne Ha AgHCTBUTEHATA KpMBa E (R) MOXe A3 ce H3A01-
382 €/1Ha panuainHa QYEKLEA ChC CTRNAJES pasnpeaenerne, [padukaTa Ha 3amecT-
B2ILO ENIEKTPUYECKO 0JIE CHC CTHIANHO PasNpefesienne ¢ noxasana xa ¢ur. 3 ¢
IIYEXTHPHA JIHHEUL,

Cilen xato no3zsHaBaMe Beue KOHCTpykuusTa Ha TJl m pasnpeneneHusTa Ha
SJIEKTPHYMECKOTO ¥ MarauTHETO noae (bur. 3} B paboTHER IMIRHAED, TO MOXKEM f1a
TEEPAEM CACNHOTO;

E(R)}

=

Our. 3
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— FasceuTe HOHH IPH CBOETO TOILIMHHG ABMKSHHE Ca JUHEMH4YHO CBBP3aHH C
OXOJHATa (OTpaXaTeNHaTa} MOBLPXHOCT HE MIIMHABPA — Te HAMAT YCTOHYHBO
CBHCTOSIHHE BBB BHTPSINHOCTTA Ha TazoBus obem;

— Ilpe cBOETO TOIJHHHO ABHKEHHE HOHHTE M3NBYBAT EINEKTPOMATHHTHA
CHEPFHA, 3aII0TO T¢ ¢ YCKOPSABAT IPH B3aAMOASHCTBHE C ABETE NOJETA H NPHA
YAGPHO B32aNMOACHCTBAE KaKTO ¢ TA30BHTE YACTHIN, TAKA B C ZHEIEKTPHYHATA IO~
BBPXHOCT Ha KOpIyca.

3. Anajiu3 Ha NOBBPXHOCTHEA ApeHd
Ha WOHHM B paboTHUs LUAMHEABP Ha TH

ChneABaIlBAT aHAJIA3 € HANPABEH HA OCHOBATZ HA JBE B32H-
MOCBBPIAHH IPERACIIOKECHUS:

— Cucremara Ba T/l € B YCTAHOBEHO CHCTOSHHE — HAMA IPEXCAHH MaKpONDO-
eCH U CCAOBATENEO MAaKPOTEMIIEDATYPHTE Ha ROHHHS T'a3 ¥ WHJIHHABPA Ca IpHO-
JIM3HTEIHO CHAKBH;

— TpHEHETC Ha HOHHUA T33 B CTEHUTE, [IDK YCTAHOBEHA CHCTEME, € ,,HCANCHNA-
THBEH* IPOLEC, 3AILOTO CPEAHOTC KOJHYECTBO PafoTa, KOETO €€ N3BbPLUBA OT CH-
JINTE HA TpHEHE 38 YCKOPABAHE Ha [HJIMHALDA, KJICHH KBM HYJa.

U TyK yCAOBHOTO ONpEnesIeHne , HEAUCHNATHBEH" € ynoTpeOeHo € TOYHOCT AQ
KOJIM4YeCTBOTO H2 EHEPreTHYHHTE 3ary0H OT SIEKTPOMArHHTHC U3NBYBAHE, KOETO
HOHHTE OCBIIECTBABAT [IPH MEXAHHYHO TPHEHE,

3a ofnexugBage HA CjeABalllNf aHAJIMI NPEABAPHTEIHO e NPHEMEM HAKOH
ONPOCTHBAIIY NONYCKaHHA,

3.1 Onpocmasawu 0onycKanun

3.1.1. KoHuenTpanusTa Ha iionnTe B paboTHHS ofeM & OTHCCHTESHO HHCKE,
TaKa Ye TeXECTTa HA YAAPHOTO A eIeKTPHHECKOTO B3aUMOIEHCTBHE MEX-
Jly OTAENHATE HOHM e NpeHeCpexuMe Mallka B HICNEABAHHTE NIPONECH.

3.1.2. KonuuecTBOTO Ha HOHNATE, KOMTO OCBINECTBABAT ,,CBO00ARO" TOIIAHHG
ABMXKeHHEe B youosus Ha M -CTpYKTypa e NOCTOSHHA BCIHYAHA.

Tyx npeanoiaraMe, He eaeKTpuyeckaTa NpOBOJHMOCT HA KOpUYCa BMa HyJIeBd

CTORHOCT {MjeaneH U3CAaTop).

3.1.3. Bceky ERAMBHIYAJIEH aKT Ha OTPAKEHNE Ha HOH OT AHEJIEKTPAYHATA N0~
BBPXHUHA & MEX2HEYHO BIAHMOASHCTBHE C XapaKTEPACTHKA Ha AU(y3HO
pa3ceiBaHe CiIeH €aacTHYEH yaap. [IocOKHTe Ha OTPaXEeHHE Ca Ciy4aiHu
H paBHOMEPHO DPA3NIPENC/eHH B IPOCTPAHCTBEH BIEJ OT 2% cTeppa-
JAMZHA,

CTaTHCTHYECKOTO H3CIeIBAHE Ha IBMKCHUETO Ha Houute B T, xoeTo me Han-
PABEM NPV TOPHOTO JONYCKaHe, HAMA Aa Obae IOTPEIIRO, BHIPEKH 4e OTHACTHHAAT
aKT Ha OTPXEHHE ¢ JOPH NO-YECTO 2KT Ha HeeJacTHYHO YAapHO BIaHMOACHCTBHE.
PeaynTaTiTe Ha CTATHCTHYECKOTO M3CacABane 1ue OBIAT BEPHH, 32ILOTO CPEAHOC-
TATHCTHYECKH (XaKTO IO BpeMe, TAKa H 10 MHOXECTBO) IPONEChT Ha OTPAKEHHE HA
/OHHTE B EKBHTEMIIEPATYPHATA CHCTEMa ,Ia3—AMEJIEKTPRK” ¢ OBEXTABHO Ipouec
Ha eNaCTHYHC YARPHO B3aHMOEHCTBHE (CTATHOTHYECKH ,, HEAUCHTIATUBER " TPOLEC).

3.1.4. ExeXTpHYECKOTO B3auMOIeHCTBAE MEXAY HOHUTE 11e OTYHTAME B IBPBO
NpuBIHKEHHE CAMO Ype3 IeifiCTRAETC Ha CYMAPHOTO eNeKTPHYeCKO Mak-
POTIOIIE, KOETO CE CH3AaBa OT BCHUKM HoHH B paboTHud obem.
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3.1.5. MiscneasaneTo INe MIBLPIIEM 33 €KBHNOTCHUHMAIEH K E€KBHCKODOCTEH
MOZeJ Ha B3aMOACHCTBAE MeXAY FA3CBUTE HOHN U ABETE [IONeTa,
3a neara me npuemem, ue;
— Cpennara TONIAAHA CKOPOCT Ha HOHHETE DOCTHra BBDXY IIOBEPXHOCTTA Ha
ARECIICKTPHYHHASA OTPaXaTell {HENOCPEACTBEHO NIPEAN M Cllell YAAD) MAKCAMAJHATA
cH cTolHOCT [4]

- 8T
(4) VT Ve S
KOHTO € pABHA HA CPEAHATA TONJIMHHA CKOPOCT HA I'a30Ba YacTHLUE ¢ Maca M IpH
TeMreparypa I' M XbJ€TC kK € KOHCTaHT2 Ha Bonuman;
— Edextnprata manpeuna (LB) XOMIIOHEHRT2 Ha TOIIMHHATA CKOPOCT Ha HO-
HHTE JOCTHIA BbPXY IORBPXHOCTTA HA OTPAXKATENISA CBOATA MAKCAMAIHE CTORHOCT

2% 2
5} y =% =—fvcoseds=—y.
JJIEﬂ

o Lmax
i

KBIETC £ € IIJIOCEK BI'BJ CLC cnyqaﬁﬂa TOJIEMHHE, KOATO OlIpeOens bIJI0BOTO OTK-
JIGHCHHE Ha IOCOKATA Ha OTPAXeHUE HA OTAESHEH HOH OT IJIOCKOCTTA Ha MATHHTHO

T
B3aHMONEHCTBHE B THAIIA30H l:'_ ';‘ ;j| .

3.1.6. loHuTe He H3NLUBAT €JICKTPOMATHATHE EHEPTHS (BPEMEHHO ACIYCKAHE).

3.2. Hscaeoeane nosspxnocmuun dpetid
HA 3apedeny 4acmuyil 6 YeAogus
Ha naocka MI-cmpyxmypa

Ot onucareero Ea TH (T. 2.) 39aeM, Y€ KOECTPYKTHBHHAT
pajnyc Ha pabOTHAA BHIHEABD R_€ MEOTG IIO-TONSM OT CPEARHSA JAPMOPOB Palu-
yer,.

Karo nbpso reoMeTprHo npuimkeEne Ha MUIHNApUYHAaTE M-CcTpYyKTYypa
e IpHEeMEM eflHa IJI0CKa ¥ Ge3xpaliEo ronsma MI-cTpykTypa.

Kato eano rpy6o npubnmxenne Ha pasnpeacnenAeTo HA BHTPEIIHOTO e/eKT-
PHYECKO HOJIC B MIIEHABDA 1Ie IPHEMEM TOBA HE €AHO MOCTOSHHO H XOMOTEHHO
€JICKTPHYECKO NI0JI€, KOETO € HOPMAZJIHG HACOYECHO KBM OTDAXATEIHATA MOBBPX-
HOCT.

3.2.1. Macnenpane nOPLPXHOCTHAS Apeitd Ha 3apeenn 4acTHOX B nocka M-
CTPYKTYpPa IIoA AeACTBHE HA HANPEYAO HOCTOSHAD H XOMOTEHHQ SREKT-
pPHUYECKS TI0JIE

Ha ¢wur. 4 ¢ nokasano ycnosuoTo m3olpaxenne Ha wiocka M-cTpykTypa ¢
HANPEYHO NOCTOAHHO ¥ XOMOTISHHO €JISKTBAYECKD NOJIE.

BekropbT Ha enexTpHueckoTo nosie E ¢ HOpManeH XKakTe Ha BEKTOpa Ha Mar-
HHTHZ MHAYKIHAA B, Taka M Ha OTPAKaTENIHATA IIJIOCKOCT, KOATO € MIPEACTABEHA B
DaRHHHATA Hg YepTexa oT ocTa Ox.

Benuara moxem ma ce yGeanM, ue ycnosnsaTa B Mofena oT GHr, 4 OCHIypsBaT
AeHCTBHEETO M HA ABATA ,, HEAHCANATHBHN" IPEHOCHR MPOLECa, KONTO BAXa OlACAHH
B T. 1. [locoknTe Ha ABaTa IPEHOCHH IPOLECA ¢34 IPOTHBONUICKHHY, 3aLIOTO BEKTO-
PBT Ea MArEATHO-MEXaHHUHHs aHANOT Ha BeivyrHaTa gradB ot {1) e ycnopesen Ha
BexTOD E o1 {2) B cneAopaTenHo n=-n,
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Dyr, 4 Y

[He npunomMauM, Ye Npy yCAOBEATA NOAMSHA Ha FPaHMYHAS MarHATER IPEx0x
(r. 1.) ¢ T. Hap. MA-CTPyXTypa € 3anajeH ¥ ,, HeAUCHIATHBRHST XapakTep Ha OTpa-
XaTenHus nponec (1. 3.1.3.).

Heka na cu npeacraBnM, ue ot 1. O Ha ocra Ox (thur. 4) craprupar nociienosa-
TCJIHC BEB BPEMETO 3ape]eRH YACTHLH C ¢AHAKBA CKOPOCT ¥, HO ¢ PAXTHYHH CTap-
TOBY BIJIH ¢. BredsT @ € paBeH Ha IIOCKAS BIbJI, KONTO BCKTOp'bT Ha CKOPOCTTA ¥,
CiJIroUBa ¢ 0cTa Ox npu crapT. Ciea ¢TapT B T. O YaCTAUATA C& JABHXH M0 Tpaxon-
JanHa TPacKTOPHA, J0KaTO JOCTHI'HE OTHOBO OTpaxaTenHaTa oc. Ciled BCAKO OT-
PAXEHME 3aPEAEHATA YACTHIIA CT2PTHPA OTHOBO OT 0¢Ta (JX, HO NGH BI'bJI ¢, KOHTO
HMa ciyyaliHa cToHHOCT B HHTepBaN [0, 7).

B pamMxuTe Ha MOZENA BCAKZ XOPH3OHTANIHA JIMANK (PARBHUHEA) Y=Y, HaJ ocTa OX
€ elHa CKBMIIOTEHHAIHA K eKBHCKOPOCTHE IHHAL,

Crieq HauaneH CTapT, BCEKa HACTHIZ 1€ OCHLIECTBABA CTHIKOBC IPEMECTBAHE
no GeskpaiiHata oc Ox ¥ 1O feskpaiiHo OBiro speme (8x. T. 3.1.2, 3.1.3 m 3.1.6).
CriegoBaTeNHo B IIOCKaTa ¥ GeskpaiiHa M/J[-CTpykTypa ¢peAHaTa CKOPOCT Ha Ha-
COYECHO MBMXKEHUE 1o oc¢Ta Ox e KIOHH KBM ONPEACHEHA CTOHHOCT, YHATG ro-
JeMHEA OLIC He 3HaEM, HO 3HaeM, 4¢ T e ObAe eOHAKBA 38 BCHYKH 3APEACHH 4a-
CTHIIH,

3a 73 oNpeAsiinM CPeaHATA CKOPOCT Ha HACOUEHC ABMKEHHe, € HeoOXxooumo aa
OTPEJAEIHM II'EPBO CPEAHATA CKOPOLT HAa XOPH3ICHTANHC IBMKEHHE B TPAHALNTS Ha'
OTZE/HA CTHIKA H 38 BCAKA FL3IMOXKHE CTOMHOCT HA CTAPTOBHA BI'BJ Q.

JBIDKEHHETO Ha €AEKTPHAYSCKH 3apeleHH YACTHLH BLB B3aMMHO NepNeHIHKY-
JIAPHH €AEKTPHYECKO K MATHATHC noJje € fofpe uicneneano [5).

BaauMozelcTEHETO Ha HOHNUTE C ABETE OJIETA B MOHEIa OT (ur. 4 MOXe Ja ce
ONHINE CAMO B IIOCKOCTTA KA MATHUTHO B3aHMOAEHCTRHE. JIBIKEHHETO LIS CE OCH-
HIECTBABA NO OTPAIBLM OT TPAXOMOAJIHH KPpHEH, YAATO IapaMeTpn ca QYHKIHA Ha
CTapTOBHA BbI'bJ . MexaHu3IMBT Ha TPaxOHAAIHO ABAXEHUE C OTPAKEHNAE € NoAC-
HEH Ha QUT. 5, KBALTO C2& M3NON3BAHU CACAHHTE O3HAYSHUM:

A m:_: e CpeldeH JapMOpPOB Paguyc;

¢

—R = —% € paJNyc Ha NUKNCHUIANHA OKPBXHCCT [3];
[{M
— { € MOJlyJl H3 PAAHYC-BEKTOP, KOHTC CBLP3BA YACTHHATA ¢ IEHTLPA HA IHK-
JIOKAaNRaTa OKPEXKHOCT, KOATO Ce ThPKaJIA 110 Ipasa JIMKEAL PP, ycriopenna Ha ocTa
Oxu QTAaJIEYEHA OT HEA Ha pasc*rosmne !‘ COos Q.
CHCTeMaTa OT Au(ePEHUMANEY yPABHEHNA, C KOATO O& OIHCBA IBAKEHASTO Ha
HOHHMTE Haf oTpakaTe/lHaTa oc OX 3a yOJIOBHATA B Mojiena oT $ur, 4, uma clearus

BHA [6]:
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mdrz = —g d.r.

Upes cybeTATYnMH, MOCOYEHA B [$], ¥ npeolpasypane peleHAATa Ha TOpHaTa
CHCTEME, KORETO C& OTHACHAT 33 I'bPBATA CTHIKA Cieh cTapT B T. O {((ur. 4), Morar
Ia Ce NIPEBEAAT A0 CICAHNA KaHOHAYEH BRI

) x= p[sin(cot— o)+ sino:] -Rot, y= p[qos(mt - d)—oosa].

Ot yepTexa Ha Qur, 5 Moxe A3 Ce TpeNeHH, Y& OT MOMEHTE, B KOHTO YacTHLE-
Ta CTapTHpPAa, 10 MOMEHTE, B KOHTO TA'OTHOBO AGCTHATE OTPEXATEIIHATS OC, ,,OKPEXK-
HOCTTAY, KOATO Ce ThpKand, A3MHEHaBa $a3os 0wt 2¢.

BenmynHaTa Ha BI'BJI O MOKE A3 C& ONPEJAENM OT YepTeka Ha Gur, 3 no ciaea-

HHH HAYHH; : i
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sin R
arctg———— npu |2+ cos¢ |20,
R, ¥
—= 4 cos .
o
® N A
sin ¢ Ry
arcth +T NpH | —+€os ¢ | <0,
0 rc

+.cos @
e

Ot cpluEA HEPTEK IIC OLIPpEACIIHM H DAICTORHEETO MEKAY HaCTHLATA B IEHTE-
Pa HAa THKACKHAGJIHATA OKPBKHOCT

2

R
(9} p=r. |1+ | +2-Lcosg.

r r
& -

Cera axo pasjeauM XOPH3OHTAIENS U'BT, KORTO ¢ ASMHHAT OT YACTHLATA B I'Pa-
HMI[HTE H4 ObPBATa CTHIKA, HA BPEMETO 534 M3MHUHABEHS HE& CBIHUL ITBT, TO e IIO-
JIyYEM rClleMHARaTa Ha ApeiihoBaTa CKOPOCT B OTALHIHA CTHIXA, T.6. CPEIHATA CKO-
POCT Ha XOPH30HTANEC XBMKEHHE B OTALIIHE CTHIK2

(10) v;((l)z 2psina—2aRP :OJPSina—G)RU-

plvs 3

w0

Axo B (10) 3aMecTAM BEJIAYAHATE (X B p ¢ TexHKTe hyrxnuu ot (8) u (9), To
cnep npeobpazysaHe e NOAYIHM .

i . sing
sin arct =3
£ Rn
2 %+ Co5 @
R R 7 R R
v |1+ 2| +2-"Lcos ¢ ‘- -2 | mpn |Z+cose |20
{1 r r sin ¢ r r
b % mrctg -~ ¢ s
ﬁ+i:m: @
%
vo(e)=
( 1) | ; it @
-1 )sin aretg —
3 R, e
2 — +cos g
R R r R | R
v l+] 2| +2-Lcos @ — : -2 | mpa | L+cosp (<O
i r r BN @ . v
e < n 4+ arclg >3 © S
Ry
— + GOS8 4
\ fe
r
Bl oy [(PJVe’;R_{,_-
rG

Hpeiigonara cxopocT v () e nokazana B (11) u xarc HeapHa QYEKIUA Ha APTY-
MEHTa () IPR NaDAMETPH: £(PeKTHBHA1'A HANPEYHE CKOPOCT V, M OTHOLUEHAETO Ha
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R
ApaTta pajuyca —. Axo B (11} 3aMecTHM BETHYAHUTE r. R, n®cTexHnTe QyRKIER

fa

mry K aB | . 3

b E " | To me nonyyrm Hai-o6i1xud BHA Ha QYHKOHATA HA CPEIHATE CKO-

POCT Ha HACOYECHO ABAXCHEE IIPDH apTYME AT ¢© H NapaMeTpHA L BukE

(12} vfd [(PJ = v;d [(P),e = v’d ((p]vu,B,E :

e

Axo uzcneasame (11) 3a gpeTe rpany YHE CTOHHOCTH HA EIEKTPEYECKOTO MOJE

A R
(0r ), T.e. 38 ~> >0 n ~>—>00, TG MmIE MCWIYIAM

" R
y St ¢ xorato E - {}, T, e. xorato -2 — (,
(13} v, ((p]: . »

R
V_Cos @xoraro E — oo, T. €. koraro % _, oo,
r

=

Ha ¢wur. 6 ca noxazanu rpadHKuUTe Ha I'C PRETE ABE TPaHUYHH QYHKIHY, KAKTO H

»

]

TE3IN HE beHKIIH}ITa s 4 [(P)v £ 33 ABS MOXKIH HRHH CTORHOCTH Ha IapaMETEpa ﬁ, a
o
. fa

R
UMEHES — =1 1 ﬁ< 1.

?‘c T

Axo cpaBHEM byRxOHsAT2 0T (3) ¢ Gysxr ara o1 (13) 3a cnyyas, korato £ — 0,
TO 1iie ¢e yOenuM, Ye Te ChbBOaAaT.

Kato otuyntame audyanns u ., Hegucuna TABeH™ XapakTep Ha OTPaXeHHeTOo {BXK.
T. 3.1.3 n 3.1.6) Beanara MoxeM Ia ONpPEAEsidM IFOJIEMHHATA Ha CPEIHATE CKOPOCT,
€ XKOATO BCEKM HOH Ie ce ABAXKH No He3kpaif HaTa oTpaxarenna oc Ox

n

(14} vJ_M: v,g [(p] :ijv_fd[:(P]vc,s‘E‘kp}&

ry F<a
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; a [
Cxopoctra vy, ¢ parHAa H3 OCPeAHEHATA IO BCHYKH CTOHHOCTH Ha @ Apeidopa

CKOPOCT B OTACHAHA CTEIIKA v 5 ((p] M TH CE€ OTHaCH OC BCEKH HOH 0T MHOXECTBOTC Ha

WOHHTE, KOETO C3 CBPB3@HA NPH CBOSTO TOIUIMHHG [BMXKEHHE ¢ Miockara MJI-
CTPYKTYpa Ha Mojena oT $ur. 4. C To0Ba OCHORZHHEE ChIUATA CKOPOCT CME O3HATHIIH

¢ V' ¥ 1ue 5 HapeYeM MaxpOCKOTIHYHEA CKODOCT Ha ABHXeHne, ['ojleMnuaTa Ha Vi, €
LPaBONPCICPUMCHANHA Ha PA3/IMKaTa B [LICINNTE, KOKTO KpHBaTa V', ((p) 5
L .

3arpakaa oT OBeTe cTpauu Ha ocTta J¢ (dHur. 6).
Ot ¢ur. 6 ce BExEa, Ye cTOHHOCTTAE HA HHTerpaia (14), T. €. TOJleMHAHATH Ha

MAaKpOCKOIIHYHATA CKOPOCT, V;M € BHHATIA IO-TOJMAMA OT HYJ&, KOTaTO CHEKTpHRYEC

KOTO TIONIE ¢ mo-Maiko oT Oeakpaiinoct, Ho kakto Bese 3naeM (1. 1), cpeanoro mno
BDEME KOJIMYECTBO PaloTa, K0eTC Ce HIBbPINRA 32 NOAABPK2HE HA Pe3yAT2HTHHA
IIPEHOCEH NPOLEC, KJIOHH KbM HYJIE.

Torasa nocneAHEAT pPe3yNTAT DOKA3BA {IPH HANPABEHHTE ONPQOCTHABANIM A0-
nyckagug oT T. 3.1.1, 3.1.3  3.1.6) cbinecTBYBaHETO Ha ,, HEANCHANIATHBEH" PE3yATAH-
TeH ¢IHONOCOYCH IPEHOC Ha BELISCTBO B YCIOBAATA Ha MOJeNna OT ¢ur, 4, npakTH-
. YECKH 32 BCHYKH CTOHHOCTH Ha SACKTPHYECKOTO IIOJIE.

OueBMAHO €, Y€ CPEAHATE CKOPOCTH Ha HaCOYEHO ABHXKEHNE ILE KIOHAT KbM
HyJla B OJIN30CT A0 TPaHAYHHTE CTOWROCTH Ha Br'b)t ¢ (0 K 1), HOpaAM TPHEHE NpH
nas3raHe. Axo aHajdnsupame rpadiukiTe Ha $ur, 6, To nie ce ybeaum, Yye HOBBPX-
HOCTHOTO TPHEHE CAMC HI¢ HAMJTH De3yATAHTHERS IPEHOCCH NIPOLIEC, HO RAMa Aa I'o
VHHILIOKH. 38 IPOCTOTA IUE IPOABIKAM R3CACABAHETO KATO OTHOBO HAMA A4 OTHH-
TaMe YaCTHYHOTO 3aTHXBAHE HA NIPEHOCHAA NIPOLEC 3a CTAPTOBRE BIVIK oxono 0 u m
pagnana.

3.2.2 HacireapaHe NOBBPXEOCTHHE ApeH( Ha 3apeleHH YaCTHLM B IJIOCKA
MHA-cTpykTypa noj AeHCTBHE Ha HANpeYHO ENEKTPAYECKO IOJIE CBC
CTBLIIAIHO PAMPEACIIHAL

QueBHAHO €, 9¢ AKO HANPEYHOTO eJIEKTPHYECKO II0JIS, KOeTO M3IIC/I3BaXMe B
Aoceralings Mopen {ur. 4), € ¢rC CTBRANHO PasnpeaeieHHe, TO HETOBOTO AeicT-
BHE HIE OTTCRAPA NO-TOYRC Ha BRFTPEUIHOTO SISKTRHIECKO NIejle B paboTHHA IHAIAH-

Asp (XK. dur. 3).

©Our, 7
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Ha ¢ur. 7 e nokasaHo yejioBHO H3obpaxense Ha ninocka MJ1-cTpykTypa ¢ OpH-
BOKEHO HANOPEYHO eJISKTPHYECKO 0418 ChC CTHHAHO paspeaelcHRe IO BEPTHKAN-
HaTa OC Ha YepTexa.

MogensT ot ur. 7 ce oTiEYaBa 0T TC2H Ha QUT. 4 eARHCTBEHO 11O TOBA, Y€
SJIEKTPHYUECKOTO TI0ME HE & XOMOTEeHEQ B I[SJIATA FOPHE IOJNYPABHHEA, & CAMO B Te-
ced cnoif nag octa OX, T. €. TO AeHCTBA CAMO B UHTEpBaa o1 y=0 10 y=y, Ba BePTH-
KaJIHKTE KOOPDAWHATH.

AKO OTHOBO CH NIPEICTaBHM, 4e¢ HOHHUTE cTapTHpaT oT T. O Ha Audy3HO OTpa-
KATEHATa 0¢ OX C §AHAKBE CKOPGCT v, A PA3NKYHU CTAPTOBH BIJIH @, TO O4CBAAHO
e, Ue TPaeKTOPHUTE JINHAH, KOMTO HE HAJBHLIABAT ApaBaTa y=y,, [t ObAAT HieH-
THYHH ¢ TPAEKXTOPHNTE JIMEHH OT (Qur, 4, XGHTO ¢BIIC HE HAABHIIABAT TOBA HUBO.
OcTaHaNuTe TPEEKTOPHH JIMHHHM, KOMTO CHLOTBETCTBAT HA CTAPTOBH BIIM OT
o 1o @' (bur, 7) we &AaT pazmauHu 00 HopMa CaMo 33 YIACTBIMTE, KOHTO £a pa3-
TIOJI0XEHH Ha/l NPABATA JIMHUA y=Y,, HBHXEHNETO Ha YaCTHUHTE B TOPHATE YHaCTh-
IE 1€ C& M3BBLPIIBA ¢ ICCTOAHAR (CpenHa) HanpeyuHa cKopocT [6]

(15)

H IO IBIH OT OKPLKHOCT © MOCTOSHEH (CPeAeH)} IapMOpOB paauyc

(16) ()= n)

Hpeitdposara ckopocT V;’(tp), 33 OTAEIHA CTBHIKA B YC/IOBHATA HAa MOAENa OT
$ur. 7, MOXe Aa ce ONUILIE ABATUTHYHO XaTC QYHKIEA HE CTAPTOBHA BB, HO TOBA
He € HAIPaBEHO TYK.

Ha ¢hur, 8 e noxkasaHo NpUEIHIKTEIHOTO Pa3NpPEACIeHUe Ea CPEIHATE CKOPOCT
KA HACOUEHO IBIWKEHNRE B OTHENHA CThuxa v”, (@ ]v° #_, TIG CTOHHOCTHTE & aPryMeH-

s

T4 ¢ ¥ 32 TroNeMHHA Ha CTBIAJIHHA NapaMeThp E, KOATO CBOTBETCTBA Ha OTHOIIIE-

R
aue — = 1. Ha cpmmata hurypa, Ho ¢ NIyHXTEPHZ JHHHS, OTHOBO € I10Ka3aHa (PyHK-
£

L]

uuaTa v (@ oT BHr. 6, KOATO € BAINAHZ IpH JeHCTBHE HA XOMOTCHHO €JICKT-
d (p)‘-_.R{’ =i 3

-
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I
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pusecko noJje E, ITak Ha cblllata irryp2 ¢ NpeKhCBAHA JIMHES €2 I0KA3aHH H ChB-
dn
G e e
Be3kpaliHO TONAMO EFEKTPHHECKO Mo (E—00),

[TnomTa Ha GHUrypaTa OT 4epTexKa, KOLTO ¢ ¢AHEHYHO NIPHXOBAHEA, € NpaBo-
[IPONIOPITHOHATIHA Ha MaKPOCKOIIAYHATA CKOPOCT v;ﬂ 34 YCNOBHNTA B MOIENE OT (r, 4,
CyMaTa OT IJIOLUHTE Bd ¢EMHHYHO K ABOHEQ IPHXQBEHHTE (PATYPH € NIPaBONpOonop-
UHOHAHA HA MAKPOCKONIHYHATA CKODOCT ¥,, Ha HOHHTE B YC/IOBUSTA HA NOCAETHAR
soaen (ur. 7). y

TlpenMyliecTBaTa Ha NOCNERHAS MOAEN 34 Ch3aBaHe H NOAABDXKAHE HA ,,HE-
AMCHNIATHBEH  IPEHOCEH NpoleC ¢a GE3CHOPHE CIPAMO MOAENa OT (HT. 4.

nafairTe rpanndad dynkuun v, (@) & oLl f(p]v Ry, KOHTO C€ OTHACHT 3@
& '

4. [JelicTBHE HA TONJIMHHAN JBUraTe)l

TNony4eHuUTE ACCETA PE3YATETH ¢a NPHIOKHMH 38 NpHGIH-
3UTENIHA KAYECTBEHa OLEHKA Ha NPEHOCHHS Nponec B paboTHus nuadeAsp Ba T,
38LUOTO;

— B mppae npufinukeHyue THIHHAPHYHEATA JHPYIHO-OTPEXKATEIHA IOBBPXEOCT
Ra KOpIyca ce anpoKcuMupa ¢ fe3xpaiiia niocka AnPyIHO-0TP2KATEIHS TOBbPX-
EOCT (R >>r ),

— I'230pPeaeiCHHETO HA BﬂeKTpH‘iﬁC'KOTO H MATrHETHOTO [ICJIE B paﬁOTHHﬂ -
JHRABD (Gur. 3) ce ANpOKCHMHApPZ ChC 32ACBOIMTENHA TOYHOCT YPe3 pasipencie-
HVSTA Ha [ICJETATa B Moena oT ¢ur. 7.

CreacRaTeNHo ,,HeANCHIATHRHUAT IPEHOCEH MEXAHHFBM, XOHTO € BRIKALSH 34
pasriiefaHuTE JOCETE IUIGCKH MOASIH 1le ASHCTRE 10 aHAJIOTHYCH HAYHH BBLPXY Ia-
30BHTE HOHY B PabOTHHA IAITHHABP.

HacoueHoTO ABMIKEHHE Ha TazOBHTE MOHHE HIE C& GChIECTRABA OKOMO POTALH-
OHHA4TZ OC HE Im';rIHH,Irbpa ¥ LIg ce 32TBapA B KPBIOB MaKpPOIIOTOK. Kptroroto asu-
XeHHEe Ha HOHHTE INe ce OTpAHHYaRa ¥pe3 CHIIPOTHBJIEHHETO HA Ia3oBaTa cpena.
Y AapHOTO ¥ eNeKTPHYECKOTO B3aUMOeHCTRIE MEXOY HOHHUTE CrpaHHYaBa TEXHHSA
ceoBoueH npober 1o IPOTEXEHENE Ha UMWIHHADHIHATA OTPAXATENHA TOBBPXHOCT.
CrnenoBaTeslHO I'OJIEMMHATA Ha MAKPOCKONIMYHATE CKODOCT V,, B paboTHAs oleM 1ie
6bAe BUHATH [0-MaJjIKa OT MAKCHMAJIHATA CKOpPOCT ¥, , KOATO € ONpefeiieHa B OT-
CLCTBHE HA YIAPHO K €IeKTPHYECKO BIAUMOIEHCTBHE Memy OTAEIHATE HOHH.

Jlornuno € Aa ce oyakpa, Ye IPEHOCHHAT Ipouec e Hbhae 3abeIexM 3a KOH-
UESHTPAINH, IPH KOUTC IBIKHEATE Ha cBOSOARKS npober e o-roisMa oT CpelHEN
NAPMOPOB Pagnyc.

AX0 ra3opuTe HOHHM OCBIIECTEABAT B INOCKOCTTa HA MArHHTEQ B3aUMOAEHCT-
BHE ME8KPOCKONHYHO ABMXEHHE II0 IOBLPXHOCTTA CHC CPEAHA CKOPOCT ¥, ,, TO Te Iie
OCBIIECTBABAT H XPBrOBO ABHXCHHE OKOJIC pOTAUMOHHETA OC HE NKJIHHEABPA € MaK-
POCKOIIMYHE BIIIGBA CKOPOCT

v
(17) @, =2
R
[

Tyx caMo 1lle BMETHEM, U aKO B rasopus 00eM, KOHTC € HeoOXOAMMO ¢ HHCKa
KOHLIEHTPauuA (BECOK OO0 CPEAEH BaKkyyMm), HMa ocBeH HOHH ¥ HEeYTDAJIHH MOJIEKY-
JIY, TO HEYTPaiHATa ra3osa dasa e nMa (Ipel YRAHUYAHE) CBING POTANHOHHA KOM-
NOHEHTa Ha ABMXCHKE ©,,, KOSTO 1ll¢ 6bAe N0-MANKa OT .
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Torasa axo cncremara ra T/ ¢ A30IHpaHa, TO B Heq 1lIe C& YCTaHOBH PABHOBE-
CeH KPBIOB NIOTOK OT Ta3eBH HacTHIX. To3x Makpoiponec me 6bae¢ paBHOBECEH,
3alIOTO 332 HOJABPXaHETO Ha XPEIOBUA NOTOK MPAKTHHECKA HE ¢ W3BLPIUBE pabo-
T& OT BHTPEIIHH CHJIN, & CPEAHOTO KONHYECTBO KHHETHHHA €HEPTHA, KOETC ce 06-
MEHS MEX/1y ra30BaTa cpeaa u H10xupanus kopnyc {(Gur. 2), KJIOHA KbM HyJa, Kora-
TO MEKPOTEMIIEPATYPHTE HA CHIUTE ABES TeJA ¢a NPHOININTENHO ¢IHAKBH.

OueBHAHO €, 4e PIYKTYALNHUTE HA XADAXTEPUCTHKATE H2 TOIIIMHEQ ABMKEHUE
Ha OTJEJIHKTE HOHM, KAKTO H TE3H HA Hejind ancaMOba me ObaaT SHAYHTEIIHE TOpa-
LM HECKaTa KORLEHTpalHa Ha rasoeata cpega. ClnedoBaTenHo ¥ QUyKTYalMHTE Ha
CKOPOCTHHTE H €HEPreTHYHETE XaPaKTEPHCTHKHA HE KPEIOBHA NIOTOK 1le OB AAT 3Ha-
4HTE/IHA. BBIIpexn ToBa MAKPOCKONHYHUAT IPEHOC Ha YaCTHLH € PABHOBECEH IIpe-
HOCEH IIPOILIEC, 328I0TO HETOBHTS TApaMeTPH HMAT NIOCTOAHHE B DA3NNYHA OT HyJa
CpefHa ChCTABHA NIDH OCPEIHSABAHE 3a I'OJIEMH HETEPBAJIHE OT BpEMe,

ITpx cBOETC pPaBEOBECHO POTALMOHHO BBPTEHE Ta30BHAT 0DeM OCTHLIECTBABA
TPHEHE ¢ Koplyca. PasyaTaBTHATA CHIa HA TPUEHE Ch3daBa BBEPTAIL MOMEHT, KO-
TO MOXE Ja Pa’BbpTH KOPDIYCHUS UHJIMHIBD, aKC TOH He € ONoKupaH,

Ao To3u MOMEHT H3Naj0 ApeHeSpersaxme IpPOLEca HE €IeKTPOMArHuTHG H3-
JIBYBAHE, KOETO OCBINECTBABAT 3apeAcHUTe yacTHUM B TH (1. 3.1.6).

Besaka m3cnupaHa MakpOCKOIIHYHA CHCTEMA HOCTHIE 10 CHCTOSHUE HA PABHO-
BECHE, TIPH KQETC CPEAHNTE II0 BpeMe KOJIRUECTRa HA HarpuBaHara u oO6paTHe npe-
oOpasypaHaTa (B TONIMHHO ABAXEEHRE) SIEKTDOMAETHATHA GHEPIHA Ca DABEH (IpHH-
LA Ha AeTaHIEOTO parHOBecne). CIeRnOBATEHO BB BCAKA M30JIHPAHa H YCTaHO-
BEHZ CHCTEMa ElIeKTPOMATHATHOTO H3NLUBAHE € PABHOBECEH IpOLEC.

EnexkTpoMarHENTHEOTO H3NbYBaHe B cucTeMata Ha T/ € ceNBTCTRAIL H HEONE-
AEJAIN IPOLeC 34 AICIeIBARNA TYK IPEHOCEH MakpoIponec. B usoiupanara cucTe-
ma Ha T/] ApaTa napajesHH Nponeca, TO3M Ha IPEHOC W ChI'BTCTBAILMAT I'0 IPCIeC
H& €JICKTPOMAFHETHQ HAIBYBRHE, Ca CBBDP3aHH B 00II NpOLeC, KOHTO € paBHOBECEH.

5. ObobuieH MOae)l Ha TOIUIMHEH ABUraTen

B . 1 6sx2 pasrpaHMyeHA APa OPEHOCHH IIpoleca Ha HOHH
nof AeHcTBEE Ha MarBEATHO noine. M gpara BEA2 NpeHOC, eAHHHAT IIC I10COKA Ha
BEKTOD »f,“ (1} ¥ BTOpHAT 1O IOCOKA HA BEKTOD ,,7," (2}, a4 HADEHEHH TaM ;,HEAH-
CHIIATABHE" [IPEHOCHHA IPOIESCH.

Hacneapaunsat moznen ua T moxe aa Onae pazeur Ao ,,000011eR Mogen Ha TH".

O6ofmen mMonen Ha T/ 1ie HapeueM BCAKa CHCTEMa Ch¢ COOCTBEHC MATHUTHO
noJie, KOeTo AcHCTRa B ofeMa Ha 3akpHATa ¢pella ¢ OTHOCHTENHO EHCKE KOHIEHTDE-
1¥d (OT BHCOK A0 CPEe/ISH BAKYYM) H B KOATO:

~— UM2 CBODOANE U £JEKTPHYECKH 3GPEACHH YaCTHIIH;

— MaKpOpa3npEAEAcHILTO Ha YaCTHIIMTE B 00eMa HA CPEA3Ta € OTHOCHTENHO
CTalHOHAPHOC;

— 3apeIeHATS YECTUNH WM MaCT OT TAX YHaCTBAT HAH-MAaJIKO B €QHH ,,HEAHCH-
NI2THREH" NIPEROCEH NpPONeC OT BHAA HA ""1“ HIIH ,,2,°.

6. ObcpxaaHe HA NONYYEHNTE PE3YJITATH

PesynTaTATe Ha HEOPABEHOTO H3CJEHBAHE MOraT Aa Obaar
060BIIeHH.
Kp'bI"OBHST MNOTOK QT TA3I0BRH HACTHIOH, KOﬁTO ce yCTaHOB.‘EBa B H30J1HpaHaTa
cuctema Ha T]I, e paBHOBECEH NPEHOCEH NPOIEC, 3all0To:
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— 33 HETOBOTO HOANBPXAHE HE Ce HIBBPIIEA paboTa OT BETPEIIHN CHIE;

-~ CHEPreTHYHHAT OOMEH IDA MEXaHUYHG B3GAMOJICHCTBEE Ha MEKPOYaCTHIM-
T¢ B EKBATEMNECPATYPHATE CHCTEME € PABHOBECER MIPOILEC;

— NpPOUECATE HA H3IbUBAHE H [IOFJIbIUIAHE HA €J1eKTPOMAaFrHHTHE EHEPTHA B H30-
JIMPAHATA CHCTEMA Ca B3aHMHOPABHOBECHH NMPOIIECH,

Ce10BaTENAHO XPEIOBHAT HOTOK OT T330BH YACTHIM € IPEHOCEH IIPOLEC, KOM -
TO Ce XapaKTepH3InApa C ToBa, Ye!

— TOH € 0OSKTHBHO HEANCHNIATHREH, T. €. TOH € BeYEH, KOTaTO CHCTEMATE € H30-
JHpaHa; :

— TOH & ,HeAHCHIIATABEH" C TOYHOCT AC KOJMYECTBOTO €IEKTPOMSTHHTHA
SHEPIAA, KOATO ¢ U3ABLYBA OT ENEXTPHYECKH 3apCACHATS YaCTHIH NPH TAXHOTO
Y4aCTHE B CHIUEA NPEHOCCH MAKPONPONEC 32 CiIy4das, KOFaTC CHCTeMAaTa & HeH30JIH-
paHa.

B npeanoxenns TeopeTH4SH MO ASHCTEA TAKEB IPEAOCEH MEXAHHIBM, Upes
KOHTO €J1Ha HacT OT KUHETHYHATA EHEPTHA HA XAOTHYHOTO TOIUIMHAO ABHXEHHE HE
BCHYXH MHKDOYACTHIE B MAXPOCHCTEMATA ce TPaHCDOPMHEpaE B XMHETHYHA SHEPTHL
Ha HACOYMEHO MaXPOABHXKEHHE,

Korato pafoTHuaT [HAREALD HZ MOASIA EM2 CBOOOJ2 HA ABHKEHHE OKOJIO
PDOTAIMOHHEATA CH 0C, TC TOTaBa TOH ce Pa3RspTd A0 KpaiAg BriigBa CKOPOCT, Ypes
LIGBLPXHOCTHO TPHEHE C KPBIOBHS Ia30B NOTOK,

PaboTara, X04TO ce H3BLPILBA 32 Pa3PbPTAHE HA UMIMHABPA, € EKBHBAJICHTHA
Ha KOJNYECTBOTC KMHETHYHA €HEPIHA, KOSTO € OTHETO OT CYMADHATA CHEPIHA Ha
TONJNARHOTC ABMXCHEE HE BCHYKH MHKDOYACTHIN B MaxpocHcuTemara Ha T, T. €.
TH € eXBUBAJICHT HA TPaHCHOPMHPAHOTO KOJNYECTBO NIBIHA EHEPIHd,

QuenfiHa € HeoOXOAUMOCTTA IOJYYEHHTE AOTYK PE3YJITATH Aa GROaT npoRe-
PeHH ¥ 4pe3 METOMUTE ¥ CPEJCTBATa HAa TEPMORHHAMHAKATA.

B 1. 3.1 baxa HanpaseRy ONPOCTABAIA ACIYCKaHAA, KOMTO HE KOMIIPOMETHPAT
TIPHIOKEHHETO Ha MONYYSHATE PEIYITATH K'bM DERIIHE CHCTEMH, KOTATO T€ MOraT
Zna ce ceenat a0 oboben mones Ha T,

Bcuuky HanpageHu AOMYCKAHUS OCBeH TOBA B T, 3.1.2 6gxa XOMEHTHPAEEH H0-
TYK B €1HA HJIHA Apyra CTEIEH A IO OTHOINICHHE HEa TAXHATE CHIIHOLT, uenec:&oﬁpaa—
HOCT ¥ IDAHMIH Ha HINC/IIBIHE.

B T. 3.1.2 e npreTo, Y KOHIEHTPAIEATA Ha TA20BATE HOHM € IOCTOAHHA BEIH-
HHHA, Upe3 IPEATICIOKEHHAE 32 AAeaNIeH IHeJIeKTPHK {H30IaToD ).

ITpn m3nCI3Bane HE PEAICH ARCACKTPHK HOHATE e IPSAHIBUKBAT HOH-HOHEa,
ﬁon-enexrpOHHa H HOH-aTOMH& EMHCHSA OT NOBEDPXHOCTTZ HIH TE LIS G2 ancopGH—
paT und abcopbupaT B AReNeKTPHKA. TOrapa npeHOCHUAT npouec b obpasen Ha T
II¢ ChUIECTBYBA CaMO OIPEAEACHO BpeMe — JNOKATO B [a30BaTa cpeaa uMa ceobon-
HH HOHK.

Kakwe e cMECENET Ha TasH pazpaboTka, KOraTo MOXeM Ja O4aXBaME, He eOuH
peanen obpazen va T/] me geficTra caMo HAKOJIKO YaCa WM AEHOHOIIHSA?

Ypes TeOpETHYHOTO H3CAeNBaHe, NpeHebpersaiiku npobieMy ¢ AHECKTpAY-
HUA MAaTEpHal, HHe ce ybeauxmMe, 4e ChLLIECTBYBA SOHH ,,HEAHCHIIATABEH" MEXaHK-
3BbM, KOﬁTO npeoﬁpa:;ysa EHEPTHATA Ha Xa0THYHOTQ TOILIHHEQ OBHXEHHE B CHECPId
Hi KDBIOBO MAKDOIABHXCHHE.

AX0 AHEC HHE He MoxeM Aa cb3faneM T/ ¢ Tpaino AelcTBHE, TO ECTECTBEHR-
T€ KOCMHYECKH Tela ¢5C COGCTBEHO MATHHTHO IIOJIE MOTAT Aa ce CBeAar 1o obob-
meH monen Ha TH ¢ npakTAveckn Bedno JeiicTBHE, 331I0TO!

— MaxpopaspeesieHHeTo Ha CBOOOIHN e/IeKTPHYECKH 3apeAeHH YACTEIN B
PROBANTEOHEETE IIOACH HE TE2H TEia & OTHOCHTENHO NOCTOIHHO Ype3 HEINIpOCKBCHAT
IIPHUTOK HA 32pCACHH YAaCTHIIM OT KOCMHYECKA PagAzInsg;
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— KOHIIEHTP2IIUKTA Ha YACTENH B PAAHANHOHHHTE [OSACH € OTHOCHTEJIHO
HHCKA;

— eJIEKTPHYECKY 3apeAeHNTE YaCTHIE B PaAHAIMOHENTE IOACH Ca NOA AeHCT-
Bu¢ Ha MarHRTHO (B, grad B) u enektpruecko (E, grad E} noae.

HsBecTHO €, 4e B MATHETOC(EPHTE H2 eCTECTBEHHTE KOCMHUYECKH Tela IDOTH-
qaT M ABATE NPEHOCHH MPOILECE, KOUTO BAPEKOXME ,HeucunaTupay®. OT Apyra
CTpaHa, KOCMUYECKHTE Ted ¥ TEXHWTE PaivaluOHHA NOSACH Ca CBEPIAHHE IOMEXKTY
CH IPaBHTAIHOHHO, 2 B MHOTO OT Ciy4Ya¥Te U Upe3 paspeleHa aTMocdepa.

Torasa MOXe Aa C¢ NDPEANOIOXKY, Y€ OCEBOTC BHPTEHE HA SCTECTREHMTE KOC-
MHEYECKH Teia A o0pasyBaHEA ([IJIAHCTH, 3Be3M, TAJAKTEKM K T. H.) ce OpAXAa H
NOIABLPX2 OT XPHEIOBH NPEHOCHH APOIESCH HA eJeXTPHYECKA 3apeAeHH YACTHOH,
4pe3 KOUTO B KOCMHUYSCKHTE CHCTEME € aKYMYARpPa BLPTEIIRBO MaKpOABHIKEHAE B
TNPOABIXCHES HA MUJIHADIIH FOAHEE,
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Equilibrium circle flux of gaseous ions
in magnetic field

Milcho Vatsov

{Summary}

There are processes, during which takes place a directed
transport of microparticles, which does not need work to be maintained. If the free
microparticles, being in thermal motion in an insulated system, participate also in a
process of transport, maintained without work, then under some conditions, an equi-
librium circle transport of material will be observed in the system.
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KBasucratuynu HpOLECH

H TEPMOONHAMHYHHU CBCTOAHNUA
B M3KYCTBCH MOICI

Ha TOIIJTMHCH ABUFATEI

Muauo Bayoe

Hayuonaaen yenmap no xuztena, Cofur

1. BeBenenue

B uaTounpx [1] € HanpaBeEO CTATHCTHHMECKO MICIAEHBAHE HA

KPBEI'OB IPEHOCEH MAaKPONPOIEC Ha Ta30RA HOHN IIOK AclcTRAE Ha M3PHUTHO IOITE B
YCNOBMATA HA UIKYCTBEH MOJIE] Ha TOILTHHeH aApuraten (TH).

T/ e n3arpaieH OT ASTOYHEUK Ha IOCTOAHHO XOMOTeHHEO MarEATHO NoJje A pafo-
TEH NHIIMHIADLD OT HEMATHHTEH HOLAJICH H3IOIATOpD, B KolfiTo e 3aTBOPCH I'as OT €AHO-
KMCHHH HOHH ¢ XOHIEHTPANHSA, OTTOBApAIIA Ha CPEASH BaKyyM,

Ha ¢ur. 1 e nokazaroe yciaopHo nsobpaxenne Ha ennH TH, Or geprexa ce BHX-
A4, Y& IPUIOKEHOTO MATHHTHO N0J1¢ {B) ¢ OpHeHTAPaHO YCHOPENHO Ha POTAIAOH -
HaTa oc Oz Ha paboTheg uMNKEHALD B T,

Hzcneasanero € HANPABEHO IPH IPEATONCKEHAE, ue paboTHAAT obeM, B KO-
TO HORATE OCBINECTBABAT TOMIKHEEC ABHKCHUES, € KOAKCHATHC eKBHIOTEHIHAIHO H
KOAKCHAJIHO EKBECKOPOCTHO NPOCTPpancTro. JoNyckaHEeTo € eaH0 1obpo npnban-
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KEHHE KBM PeaJIHNTE YCIOBHA B IHIRHABPA, aKO HETOBATA 00pa3yBaTe/IHA € MHOTO
TIO-TOJIAMA OT BBTPEIIHYS My DajIHyC.

B exBHIIOTEHIMANHEA B €KBACKODOCTER Maxpomoges Ba TH cpennaTta TONJIRHE-
Ha CKOPOCT H& HOHHTE ACCTHIa MaKCHMAaJIHATa CH CTOHHOOT BhPXY OKOJIHATA MO-
BEDXHHHA Ha pa0OTHHA MUWIAHAED A T4 €

1 W)= v )= =

kpjeTo T & MakpoTeMIepaTypa Ha KOpIyca, k — KOECTaHTa Ha bonmMas, a m —
Maca Ha OTAeNeH HOH (ra308a YaCcTHIA),

HokazaHo e, 4e B yCAOBASTA HA OANHAAPHEYHES Monen ($ur. 1) Honurte nMar
MaKPOCKOIHYHA POTAIMOHAA KOMIIOHEHTA Ha TOINIHENO OBHXEHHE, KOATO & Olpe-
Jenera B [1] no caenuns navun;

@ 0y (T)= M:"M_(T)

xpaeT0 ®, (T) € MaKPOCKONHYHA BIIIOBA CKODCICT Ha iorute, ¥ (T) — Maxpocxo-
OHYHa TAHT€HIIHASIHA JIHHEHHE KOMOQHEHT] HE CPE/IHATE TOMMHAZ CKOpOCT Ha #O-
HHETE BBbPXy OKOJIHATA HOBBPXHOCT HA IMJEHAEDa, R — BBTPElIeR pajnyc Ha pa-
6OTHUA MEAHEALD.

: MakpockonUYHATA TRETEHIHAIHEG KOMIOHSHTE H4 CpedHATa TOIUIRHHE CKO-
poct ¥ (T} ot (2) n MaxcumasiHaTa cpeana TomnueHa ckopoct ¥(T) ot (1) ca cabp-
38HM Ha NOBBLPXHOCTTA Ha [MIHHABPA 4pes CIeHOTO PABEHCTEO!

@ AT = 75, (1) + 1)+ v (T)= VT4, (7))
KbAeTO v, (T) € CpeaRara TOIUIMAHE CKOPOCT HA HOHATE 1o 0cTa Oz, vR(T) — cpen-
HaTa paguannra koMnonenta ma W(T), a vx(T) = ,/vf,z (T)-z— Vi(T — cpenHaTa xao-

THYHA KOMIIOHEHTa Ha v(T).

B [1] e noxasgno, ye HOHHTE NIPH CBOETC TONJIHHHO NBHXEHAE B YCTAHOBEHATE
M €KBHTEMIIEPATYpHA CHCTeMa Ha T rybaT OT KHHETHYHATA CH CHEPTHAA CAMO 4pe3
EJIEKTPOMATHHTHO H3abuBane. Korato cacremara Ha T/l e n30sApaHa, Te3n 3arybn
Ce KOMIEHCHPAT ORJIHQ 4pe3 [pollec Ha ofpaTHO NpeofpazyBane Ha eeKTPOMar-
HMTHZ €HEPTrHA B CHEPIHA Ha TOILUIMHHEG ABHKEHHE (IPAHIND HA JETAKIHOTO DaBHO-
Becue). 3a MpoCTOTA, XKOraTo ONMCBaMe IbiaHaTa W v peTpemnara U eneprus Ha
MI0AHMpaHa CHCTeMa, HAMA Ja pasrpaHRyaBaMe TEXHATE e1eKTPOMarHATHA KOMIIC-
HEHTH, 3aH10TC TE Ca CaMO ATATHBHE BEIUYAHH,

Torara ONpocTEHHST 3aTIHC HA IHIHATA €HEPTHA Ha ra30BaTa cpena WS(T), 3a
H30JINpaHaTa cucTeMa Ha T/, Ie uMa CieqHHA BHI:

@ W,(T)= W, D)+ U,(T)="2(3,(T)+2(T)

KBAETO W, (T) € KMHeTHYHATA €HeprHs Ha KPhroBO MakpOJBHIKEHHE, KOETO Ce H3-
BBPIIBA oT rasopara cpena, U (T) — pLTpeIIHATA CHEPTUA HA rasoBUs obeM, xoATo
IIPOU3IJIA3E OT XA0THIHATE KOMIOHSHTA ¥ (T) Ba TONJMHHO ABMXKCHAE, & I, — CyMa-
T4 OT MaCHTE Ha ra3cBUTE YACTHLH B MHGXECTBOTO.

ITennara eneprus na paborans uwrHELBp W (T) MOXke ONPOCTEHO Aa CE NIpexn-
CTABH T2Ka
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® C wD-wau),

kbneTo W, (T) € xHHeTHUEATA ¢HEPrEs Ha MAKPOCKOIMYEC BPLPTEHE, 3 U(T)— BbT-
pelUHATa CHEPTHA Ha HWJIHHABPA, KATO CYMA3 OT KHHETHYHATE SHEPTHH Ha ChCTABA-
I{MTE I'O MHKPOYACTHIH NIPH TAXHOTO X3CTEYHO TOIJIMHHC ABHKEHHE B TBBHDAO
THNO.

Hexz2 pa 3anuiueM ¥ NbiHaTa eHeprusa WAT) na H30/MpaHaTa CHCTEMA, 8 HMEH-

HO
®) WAT)=W,(T)+ W,(T).

AHaJIOTHYHO B CIPCCTEHO LIC 3a3HNIIEeM H eHTPONMATA HAa CHCTEMATA
M S(T)=8 (T)+S.(I).

Bewukn BenwvHHE, KOWTO BAXa ONHCAHM 10cera (CKOPOCTH, EHEPIHHE, HTPO-
IIMK), Ca 6AHC3HAYHE QYHKUHY Ha MakpoTemiepaTypaTta 7. 3a IpocTOTa B CIeABa-
¥ TEKCT Ta3K BaXHA QyHKUAOHANHA BPEH3KA e OTOENAIBAME CAMO ¢ HHJEKC,
XOHTO € eIHAKBB C MHAEKCA HA TeMIEpaTypara, Taka Hanpumep ako 7' = T, To ¢b-

i i i i
OTBETHHATE BEJIHYHHH C2 mM 2 w 2 § 2 Us HT H.

2. TepMOZAMHAMEYEH aHATH3
Ha M3oJupaHa cucrema Ha TH

Tyx 1€ onpeaeNM HAKOH TEPMOJMHEMAYER TapaMeTpH Ha
nm3osupana cucreMa Ha TJ (MC va T/I) B pasiauyle paBHOBECHHE ChCTOSHEA H 111e
aHaJH3HpaMe MIPexoa Ha CHCTEMATa MEeXAY DABHORECHATE N CHCTOSHHS YPE3 CPel-
CTBATa Ha TEPMOIHHAMHKATA.

C npexkcrRaHa JUANA Ha Gur. 1 ¢ ougpTan NpEMepeR KOHTYD Ha e4Ha OirhTHA
0OBHBKA, KOATC H30JHP2 BLTPRELIHAA CH 0feM,

2.1, PagnogecHt cocmoanun Ha Hecaoboden T/

Heceoboner TH (HTH) mie Hapuuame TO3M, B KOHTO paboT-
HHAT QAIHHABD HAMA CBOOO/Z HE DOTAITHOHHG BEPTEHe. OOpaTHOTO LIe HapHIame
ceobonen T/ (CT/). MexanusmeT 3a 6a0kupane Ha Tl ¢ noxasan ycaoBro Ha ¢ar. 1.
Cera rexa IC nma HT/I na ¢ yCcTaHOBeHa B CHCTOSHHME HA TEPMOAMHEMHYHO
pasHOBecue Npu Temneparypa 7, (CeeTosHue 7).
IMapamerprte g UC Ha H'IQJI B ¢heTOAHEE T 11e ONHAIIEM TaKa:

=T,

1] 0 o 1]
@®) W =W, +Wc“:Wk‘;+U;’+I'VRC+Uc
:WR‘: +U: +Uf, 3ALIOTO W;:Z =0,

SU = S;) +LS’:),

Ille sanumem u napamerpate #a MC wa HTJ B coerosnne T, 2 BMERHO:
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T=T<T,
© W =W + W, =W, +U +U <W°,
§'=5 48 <8

Pasnnkara mexay asere cecrosnus (7, u T} Moxe A2 ce ONAIIE UPE3 HIMEHE-
HHEATA B CTOHHOCTHTE Ha TEPMOANHAMHYIHHUTE NAPDAMETDH, TAKa:

Mol
AW = AW + AW = AW + AU + AU,
=W W'+ U U +U' U <0,
8 £ g B € 4
ASDI =SI _LSYO 219; _19: +S: _LS:? <0.

(10)

Hsmenennero Ea nbnHata eaeprag AW or (10} moxe A2 ObAe TOMHO OUEHEHO
ypes NPecMATZHE Ha eANE Npoliec Ha M30XOpHO oxnaxaane (AT, o) [2] B cpnaTa, no
HeHn3oMHpaHa cueTema Ha HTJ. KonuuecTeoTO Ha M3BeOeHaTa OT CHCTEMATA TOII-
JIMHA I ¢e ONIPEeHeiH TaKka:

(11) AQ™ = AT, jC +——C = AQ(AT,, )< 0

)

KBIAETO M’8 € MONapHg Maca Ha razoBus obem, m_ u M _ca CLOTBETHO MacaTa ¥ MO-
JIApHATA Maca Ha BEIIECTBOTO B IHIKHALPA, Cvs B C,_— MOJIAPHHUTE TCIJICEMKGCTH

Ha ABETe TENA B H30XOpeH NpoLec, a AQ(ATIH) € HEfIBHE SOHO3HA4HA (yHKINA Ha

AT, 3a BCEXM MHTEPBAN HA TEMIEPATYPHTE, B KOKTO C 1 € Ca MIOCTOAHHM BE/IH-
YHHH,

Upes npuiarage Ha I'EPBHA 3aKOH Ha TEPMOAHHAMHUKATA MOXEM Ja HAMEPHM
BpbakaTa MexOy AQ% or (11) u AW ot (18), x08T0 H3rnexga TAKA:

" 0
(12) AQ" = AW wmt AT, | 2-C +—=C = AW + AU + AU,
M M

B

<

2.2. ITpexod om pasHo8ecHO CHCMOAHUE
Ha HC na HTH kxom pasHo8ecHO CaCHIORHUE
Ha HC na CTH

Heka MIC ga HT/ Aa ¢ ycTaROBEHA B CLCTOsIHUE T,

Cera ueka na cu NPeAcTaBHM, Ye B FOPHATE CHCTEMA CME TIDEMAXHAIN MEXa-
HE4HAaTa GIIOKAPOBKE, HG TAaka ¥e He CMe OCHIeCTBHH HHKaKBC APDYro BLIAELHCT-
BHE Hal CHCTEMATA,

KpberoeusT rascp NOTOK, KOHTO [0 TO3H MOMEHT € OCBIECTBABAN HACOYEHO
»HEIMCHNATBHHO® TpAeHe [1] ¢ OXONHATE NOBEPXHOCT IPOAL/IKARE CBOCTO DOTALIH-
OHEO MaKPOABHXKEHHAL. PeByﬂTaHTHaTa TAHTEHIOWAIHA CHJIA H2 TPHUEHE, KOATO € [TPH-
JIOKEHA RBPXY UMINHIBPE, Beue ¢ cBobOnHa ga N3pbpliBa paboTa 32 HEFOBOTC YC-
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KOpsfBaHe, 3al10Te CAJIATA HA IPOTABOEHCTEAE, CEAAAPAHA A0 TORH MOMEHT 4pe3
OICKHpALIHA MeXaHUIBM, HMa Beue HYJIeBa CTOHHOCT.

32 HAKAKBO BpeMe KPBIOBHAT ra30B NOTOK 1€ HIRLPLIR eEMEHTADHA MICOKH-
TeJlHa paboTa 34 , 32 Jia yCKOPH TAHICHIMAIHG POTAIHOHHHA LIHMIMEABD. 32 ChIl0-
TC BpeME | CHINATA N0 KOJIMYECTBO, HO oTpunaTenya pabora 84 =-54 e A3BEp-
I H pabOTHUAT UIRALED HE/ T3308aTa cpena, CNenoBaTENHO Ta30BHAT 0heM 1Ie
ce OXJiaXha, a OT OTHOCHTENHC NO-TOIHS (CIPAMO OXJIZACHUA ¢ HAXAKBO HILIpe-
BAPBAHE I'a3) UHIHEALD KbM T230BH8 00eM 11 Ce HACOUBA TOMIIMHA.

HC na oceobogerus T/ He e yCTOMYABA H THPCH HOBO DaBROBECHO CBHCTOAHHE,
QueBHARO ¢, ue ISAAAT NpexoJeH npouece or ¢hetoanne I, ka UC ra HT/] xeM pas-
HoBecHO ¢heTOAHEE HE MC na CT/ e ce OCLINeCTBABA 38 HAKAKBO MHOTQ TOJIAMC,
HO KpaifHg BpeMme, 32 BpEMETO Ha IIpeX0fa CACTEMAaTa e [IpeMAHaBa OCIef0Ba-
TEJIHO NPe3 HEeNPEKBCHAT Pell OT HE3XOAALIM K IpaKTHHecKE OeskpaiiHo O1M3xu
CBCTOSHNS Ha TEPMOARHAMEAYHAO paBHOBeCHE, CneA0BATENHO CHCTEMATA, 33 BpemMe-
TO HA IPEXONHAA ITPONEC, 1l ¢& HaMHpPa B HEYCTOHUKBO KBA3HCTATHYHO TEPMOAH-
H2URHO paBHOBECHE [3].

3a BpeMeTO Ha Npexona BIIOBATa CKOPOCT Ha WMaAMHABPA @ (7) Wwe pacre, a
MaKpOCKONHUKATS BIJIOBA CKOPOCT @ (T) Ha rasoBys NCTOK Iie Hamallsea. [lpete
BIJIOBM CKOPOCTH IIE KJIORAT kbM ¢AHa obma croltrocT o (T)) =w,(7,), npu xodTo
Pe3YATEHTHAAT BBPTAL MOMEHT (0T HaCO4ERO TpHeHE) 1ie ,c(oGHc HYJIeBa CTOH-
HOCT, 2 MakpoTemuepaTypara B UC ma CTH e cnipe A2 HaMan#ABa H [Ie ¢ YCTaHO-
BH B HsIKakpa paBHOBecHZ cToMnocT T, (T,<T ).

IIpu makporemuepatypa 7, Haonnpaﬂa"ra CHCTEME (HC) Ha cBO0OIHNA TOIIH-
nedg peuraten (CTH) e ,uocmrﬂana CHCTOAHEE HA YCTOHHUABCG TEPMOIMHAMHAYHO
paBHOBECHE.

Taxa onpefenenara Makporemueparypa 7', ¢ OCROBHE XapakTeprACTHK2 32 pas-
HoBecHOTO cheTosEre Ha MC 5a CTH n ReHHATA BeIMYNHA T, e onpenessma 3a
BCHHYKH TEMIIEPATYpH, XOHTO TYK peEBapHUTENHO Gaxa OIHAYEHH CBC CHUIMS CHM-
Boi1 (T,).

3a BpEMETO H3 NPEXCIa eHEPTeTHYHULT oOMeH MEXAY JABETE TEJE & EAHONOCO-
4eH CXCHAAI] MaKpONpoLec, KOHTO KIOHH KBM MaxpONpoleC Ha PABHOBECEH 0OMen
H2 KHHETHYHZ eHeprud B ceerosnue 7. Ilpu CHAXPOHHO BBDTEHe Ha IBETE TENA
(0 (T,) =0,[(T,)) TpHERETO MEXAY THX e »HEAMCHIIATABEH" IpoLec.

ta BPEMETO Ha NIPEeXo/a NOCOKaTa Ha eHePreTHYeH oOMEH € BHHATH:

— OTPHIATENHE 3a Ta308us obem, 3a10TO ToH HIBBPLIBA CaMO IMOI0KUTENHA
paboTa 3a YCKOPSBZEE Ea UMJIHEIBPE;

— NOJIOKMTENHE 32 paboTHHES UUAHHASD, BLIIPSKH HE TOH ¢e OXJ1aX A3, 3al0TO
E3BBPIIBA CAMO OTPHIATENHA paboTa Ha razoBus obeM KaTo aKyMyJIHpa KHHETHY-
Ha eHEPTHH Ha BLPTEANB0 MAKpCABIKECHHE.

Cera Hexa A3 IPOCienM HAKpaTKo O0paTHAA HPEX0J MEeXAyY ZBeTe DABHOBEC-
HE cberogHus Ha UC Ha T

Hexa UC na CT/ ma ce HaMHApa B ChCTOARRAE T, Upea IOCTENERAO WA ,,MAT-
HOBEHO™ BKJIIOYBANE HA MEXgHAYHATA DIOKAPCBKa MOPeM OTHOBO Aa cupeM pa60T-
HHA IIHIHHOER. Ol'IpOCTCHO IIBPBAYHEAT DEIYIITAT HA TOBA ,IICHCTBHE}' e 6’1:,{13 oT-
JERAHE HA TOIUIMHAE, KOATO € TOIIALEH eKBUBAJICET Ha NpeoOpa3yBanatTa KHHeTHY-
HA SHEPTHA ¥ KOATO OCTABA B CHCTeMaTa. TeMIepaTypaTa B CHCTEMATa LIE e HOBH-
1IaBa IJIABHO WA PA3Kko. bes /la aHAJM3NPAME NPONECHTE B II2BHUL obpaTer Ope-
XOR WK TE€3H ClIe] ,,MUTHOBERO CIIAPaHe, MOXEM Jla K2KeM, KATC e NOICEEM CaMo
HZ 32KOHHTE 33 CHLXPZHEHHE B MeXaHHKaTa, 4e cief JOCTATBEYHO ABJIT0 BPeME CHC-
TEMaTa 11Ie C& YCTARCBHA B ChCTOAHUE Ha TEPMOANHAMHIHO pannonecne KOETO TOY-
HO ChENaJa ¢be cheTosHre 7 Ha UC na HT/L
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o cemiata noruxa HC wa TH we ce ycTaHoBR 06paTHO B ChCTOSHEE T,naHC
Ha HTM 7 axo npHAYyAUTENHOTO CIMPAHS € H3BBPIICHC H B KOHTO H Ja € MC)KL[H.HCH
MOMEHT Ha NIPaB NPEXOAECH Nponec, T, &, KOraTe CIMPaHETC ¢ H3BLPIIA [0 Bpeme
Ha IIPEXOA OT CheToAHne T’ KbM cheTonHne 7.

Hanpasenust JOTHYECKH aHAIA3 noxa:ma 4€ BCHYKH DEZBHORECHH ChCTOSHHSA
#a UC na T/, B T. 4. H XKBa3UCTATHYHATE DABHOBECHN ChCTOAHMA NDH NIPEXCH, Ca
PaBHOBECHH ¥ O0paTHMHE CbeTOAHMA, CACAOBATENHO H BCHYKH Maxponponech B UC
na T/l ca paBHOBECHH H 06paTHMH OPOIECcH.

BramoxHO € i € HeoOXOANMO 8 Ce HAMEPH KOJIHYECTBEHA OIICHKE Ha IaPaMeT-
pHTe H2 CECTEMATA Ype3 IIPHJAraHe Ha IbPBATE JBa 3aKOHA HA TEPMOANHAMHUKATA,

Ie onxmem mamMeHEHHATA, XoRTO HacTbnBaT B UC na T/l cnen passbpTane Aa
paboTHHA DHIMBALP Ype3 TEPBHA 33KOH HA TEPMOAKHAMAKATA,

ITpomsanaTa B CHCTOAHAETO Ha ra3esara cpena npa npexop Ha MC ma TJI or
CBCTOSHKE T') kbM CheTOAHME T, T. €. OpE NpaB Npexox AT, 11e npeacTaBnM Taxa:

17 S Q1 o _ 1] 0 i
(13) AQ8 _AWs +AAs _AW;SJrAUs +AAB, .
KBAETO! ‘
— AQY >0 € XONMYeCTBOTO TOIIINAS, XOETO Ta30BATa CPE/A NOJIyHaRa OT Pa-
GOTHES IMAMAABD B NPEXOAHAS MPOLEC;
— AW = AW, + AU <0 € OTPHIOATENHOTO AIMEHEHAC Ha IBIHATA SHEPTHR

Ha Ta30BOTO THIIO;
—_ AWkgm < (} ¢ OTPHOATEIHOTO HIMCHEEHE HE CHEPIHATZ Ha MaKPOCKOIIUMHO

ABHKCGHME Ha Ia30BATA Cpeaa;
i
— AUE <0 OTPHIATEIIHOTO H3MEHEHKE Ha PLTPELIHATA SHEPTHA HA rasosaTa
cpeaa;
L]
— A4 >0 ¢ pRAHOTO XKOIMYECTRO MONOXHTENHA PabOTa, KOETO Ta30BUAT IO-

TOK € R3FBPIINI Ha [RIREALpa:
ITo anajiorvyeH HaYyHH MOXEM A3 ONHIIEM B OpOMEHATEe B PalOTHAA OHIHH-
ABD, KOHTO €€ M3BBPHIBAT OPpY npexod AT, , 8 AMEHHO;

ot
48 AQY = AW + ALY = AW + AUY + A4”,

KBAETO;
— AQ" <0 ¢ koIMUECTBOTO TOMIMEE, KOETO € OTHETO OT paGOTENS NHAKEIBD;
— AW = AW + AUY > ( e cyMapHOTO B NOJIOXHATEIHO HIMEREHHE Ha IBJI-
HATa eHepris Ha OQUAMHIBPA CIEH PA3BbPTAHE,
— AW >0 ¢ xprernunara €HEPTHA Ha BBPTENABO JBHXEHAE, KOATO € aKyMy-
JN¥paHa B pa0OoTHNS WIHHILP,;
— AU <0 ¢ OTpRRATENHOTO NAMEHEHHE HA BETPEIIRATA CHEPIHS HA HAJIAR-
' bpa IIPH OXJIZKAAHE;
— AA?' <0 e NBAHOTO KOAMYECTBO OTPANATENHA PaboTa, K0eTo paSOTHHAT A-

JIHHABD ¢ H3BBPUIAJ Haj razoBaTa Cpeaa.
Ho 8 UC na T/ HaM2 HATO NPHTOX, HETO OTTOK H2 TOIUIHHA H CACIOBATEIHD

) AQP ~ -AQP.

172



6Tor.':u;a I'BJIHOTO H3MEHCHHE Ha enTponuaTa [2] B UC na T/l npa npexon AT
ue Gnae

01 [
o aQs + an

T

[TonyueHHUAT PE3YNTAT € B ChOTBETCTBHE C BTOPHA 33KOH Ha TEPMOARHAMHKA-
Ta, KOHTO [JIaCH, Y6 H3IMECHCHEKETO Ha SHTPONEATA B CIHA H30JIApaHA CHCTEMA €
HyJia, HE3aBUCHMOC OT BHAZ HZ OPOLECHTE, KOHTO NPOTHUYAT B HESl.

Crueposatenno 3a UC ua T/I cien pa3pbpTaHe B YOTAaHOBABEHE B CHCTOSHAE T,
MOKE Jla C€ HANMNIe W3BECTHOTO TEPMOIHHAMHYEO THXKIECTRO, KOSTO 00eAMEABA
IBPBUA ¥ BTOPHA 3aK0H HA TEPMONMHAMHKATE [2], IO CISAHHEA HAYWR:

{17) TAS" = AW + AL + AW + AL
= AW;';‘ + AU:‘ i AA;” + AW+ AU + ALY,

(16) AS® 0.

[1h] al
AKG OTHeTeM, 46 ASP=(0, a 84, = —A4 4 aanmecTum B {17}, To cnen pewasane
Ha paBeHCTBOTO cupsamo AW, mie nmomyanm

(18) AW = AW — AU - AU = —AW". ‘
BemuuvAnTE AWk‘;ﬂ AU:', AUY u AW", XaxTo 3HaeM, Ca €LHO3HAYEH (yHK-

UMM Ha IOCOKATa A FOJICMHHATA Ha TEMIEPaTYpHRs Npexod AT, K CIIER0BATENHO T&
MMAT OTPHIATENHE CTOHBOCTH. Torapa eHepruaTa Ha BbPTEIRBO MaKPOABHKEHRES,
KOATO € aKyMyJHpaHa B pabOTHHS LMIARABD, € NOJOXATENHE K peallHa BeJIAYAHA.

Ho ot yparenze (12) Hue uMaMe TOYHATA KOIHYCCTBEHA OLEHKa HA BEIMYAHA-
T2 AW Torasz uie 6bi€ BAPHO M CIEABALIOTC PABEHCTBO

biid
[

(19) AW = — AT, -:icvs Py C.| wm AW =-AQ" = |AQ°'[.

= 1+

Ot paseHCcTBO (19) npsAKo ciieABa, Y€ KOJIAYECTBOTO HE KHHETHYHATE €HEPrH4,
KOATO CE 3380aC¢ABa B paboTHHA HANUATED, PACTE BEOTPaHHYEeHO, KOTATO MacaTa Ha
€IHOTO WY HE ABET¢ ChCTABRHH TEHA (mg, m_} o€ yBeNnYana.

Cregosartenuo UC sa CT[ e axyMynaTop Ha MexaHE4HA EHEPTHA, KOATO MOXe
A3a ¥Ma HEOTDAHHMYECE KaIalHuTET.

Or enna crpana, BenuuuHATA AW,)' € €HEPreTHUYCH €XKBMBAJICHT Ha paforaTa
M; ', KOSTO € M3PhpLIeHa OT rA30BAs NOTOK 38 YCKOPABAHE Ha PAGOTHHSA HHIHHLLD.
Ot gpyra cTpaHa, BeTAYuHaTa |AQ° l‘ = AW, e TOIIMEEH €KBMBANEHT HA TPaHC-
$opMHpAEATa BB RBPTENIABO MAKPOABAKEHAE KHHETAYHA EHEPIHA HA, Xa0THYHOTO
TOIJHHHO ABMXEHHE H8 BCHYKH MHKPOYACTHIH B H30AHDAHATA MAKPOCHCTEMA 32
BPEMETO Ha npexoaa AT .

Torasa ot paeeHcTBo {19) cneapa, Ye xoeHIMERTHT Ha NOJE3IHO AcHCTBHE
{KI1O) va VIC sa T opn tparchopManns Ha coffcTBEHATA CH BLTPEILHA €HEPIUA B
KDBIOBC MAaKpPOABHXKCHHE €

20 e i AlEg g,
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EneprusTa Ha REPTEIRBC MaXpoaBxenne AW, MOXe /1a C& CBhpXe ¢ AHAIIM-
THYHE 32BHCEMOCT, KOSTO ¢ H3BECTHA OT MEXaHRKATA, 0 CeAHAS HaYMH:

21 AW = "c(‘”:u)z = 1oy(T)
ke 2 2

KBAETO J_ € HHepUHOHHMAT MOMEHT HA pabOoTHHS LHIKELDD.

Torasa axo 3naem crofiHocTuTe Ha J , R , M, 1, M .M, C C uT, To upe3
3amecTBane B {21) K peluasane Ha ChIIOTO ypaBHeHHe MomcM na Oﬂpe,HEJ'IHM HHC-
nenara CToMHOCT HE MakpoTemnepatypaTta T. Cnedl 3amecrpane Ha 7' B (2) # pe-
LI2BaHe ¢ CUPEASTEM eIHO3HBUHO H CTORHOCTTA Ha Maxpocxonﬂqﬁa"ra BIJI0BA
cxopoct ®,,(7') =0 (T') Ha razoBust noTOK B cherosHue 7'

Ho axo cme Haqncnnnu npere sesmuuBn (T u o, (7)), TO HHEe MOXeM A2 OlIpe-
JIeJiUM ¥ BCUYKH TEPMOLMHAMUYMHY AD2METDH, KOHTO Osixa OOCHKEAHN TYX.

v

3. AHaM3 H2 YaCTHYHO H30JIMpaHa
cucrema Ha TJ]

TH B KOHCTPYKTHBHO OTHOLICHEE NDEACTABIIABA €AHA 34K-
pura cacrema. Heka sakpuTtara cEcTeMa Ha TH ga MoXe fa HIBBPIIBA MEXAHHYHA
paboTa Haj PLHLUHA CHJIE, HO Aa He MOXe Jia COMEHS TOHIHHA B e1eKTPOMarHuTHE
€HEepT¥A ¢ OKOIHaTa cpefia. Eqra Taxasa cHCTeMa 1€ HapeueM YaCTHYHC M30/1EDa-
Ha cHcrema Ha TJ] (HHUC na TJI).

HsonvpasraT mojen Ha T ot ¢ur, 1 we ce nperspre B Mogen Ha YAC na T/,
2K0 HEK3KBB BbHIIEH (BLH OT €Kpala) TOBAp C¢ CBLPXKE aKCHANHO ¢ paboTHAS MH-
JIMHABD 4pe3 TBhpAa H TEPMOHU30IBpallia Bph3Ka,

Ha ¢wur. | e nokasan eANH IpAMEpPEH BRHIEE ToBap — TypOHHa,

Hexa npocTpancTeoto okeiio UHC va TH 1a e 23anbilE€HO € Fa3 ¢ IPOHIBOIHA
KORHEHTPAUHA B MaKpoTeMIeparypa 7,.

B maxoaro nojnoxenue paGorauat nunnHAbp Ha TM ¢ Recsoboaen, YHC na
HTH e ycranosesa » cheTonrme 7, 0 Heka Temnepatypara 7 na e no-manka or T,
a BB BPBHINIEGTO Fa30Bo npoc*rpancmo Aa HAMA ITPEXOOHA Maxponpouecn YHC Ha
HTH n oxonnata cpega obpaiysar egna o0¢ARHCHA CHCTEMAE, KOSTO LIE OCTAZHE B
H3XOOHOTC CH CHCTOSHUAE TPOH3BOJHO HBIATC BpeMe — IO BRHINHO BB3ACHCTBHE.

Hexa az cm npeacraeum, e Ge3 1a BapyIIAM AIXOAHOTO ChCTOSHAE Ha ofean-
Henara cucrema cme ocsoboaune T 8 YHC.

Cnen MOMEHTA Ha OCBOGOXAABZHETO TYPOHHATA HIE 3alIOYHE AZ C€ BEPTH.
HeilinaTe NONATKY LIe 2aTPABAT OKOJHATA CPEAd 32 CMETKa Ha I'bJIHATAE €HEpPIHAs B
YNC ga CTH.

B To3® maeasmaupan ciyuail YNC va CT/I EMa yoeTofiuaBO PaBHOBECHD CHCTO-
AHHe [p¥ Temnepatypa T, =0,

KpaliHoTo chCTOAHME HA OKOJIHATA Cpefa Ie ce XapakTepH3Hpa 4pe3 Makpo-
Temnepatypa T, XoATO € no-ronama or Rauanrara T, (T,>7,).

CieqoBaTeAA0 SAMHCTBEHHAT DPE3yNTAT HA TODHHA IpOoLec € UpeHaBane Ha
TOTUJIKHA OT XJIZJHO KBM TOPEHI0 TAIO.

Heka g2 nopTOpAM POPHHS IIWKEJ, HC OPH BBHINEH TORAD — POTAUMOHHO TAIIO
¢ ¥paiAa Maca, KOETO € B CpeAa Ha a6CONIOTEH BaKyyM.

KpaiinoTo ¢bCTOAHAE Ha cUCcTeMaTa ciel ocsoboxnasane Ha T/I 1 paspnpTa-
HE Ha TOBAPA I C& XapakTepuanpa ¢ Tosa, 4¢ UMC ua T/ e B paBHOBECHO CHOTOR-
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Hne T, (0<7 <T ), a BLHIIHKAT TOBAP C& BLPTH ¢ NOCTOSHHEA BIJIOBE CKOPOCT, KOS~
TO € paana Ha o, (7).

EI[HHCTBCHHHT DPE3YATAT OT TOPHHS Npollec e Obae uapbpecHa pabora 3a
CMETKa Ha OXjaXkAaHeTo Ha exnao taao — YHC na TH.

M B Tean ABa ciydan jecEc MoXeM Aa ce ybeanm, ue KIIJ] ma YMC va T e
OTHOBO eAMHALA. Hanpamep koraTo BLHILUEH TOBAP € POTANHOHHO THJNO C KpadHa
Mmaca, 1o KIL npu ycxopABaRe Ha BbHIIHNA TOBAP ILE CE ONPEAeiH TaKa

.!Lmi'(?'l) T)

JL«);( i
M(" ) “(;, g

(22}

: M(T) 2

ot

KBAETO J, € HHEPIHORHAAT MOMEHT H2 BHHIIHHMS TOBAD.

4, AHann3 Ha HEM30/IMpaHa CUCTEMA Ha

Hexa enne npenpaputenno 2arpsatT HT nae s n

BO Ha alcoiroTer BaxyyM, Cucremara Ha HTZL ry6yH eneprus 4pes ejex]

HO A3JIBYUBAEE M CACACBATENHO CE€ OXJIAXOA.

T

POCTPAHCT-
rPOMArHHUT-

Cera Heka B eAMH ,HauajJIcH” MoMeHT Ha ocsoboaum T B cucremMara.

Axo or4yereM paboTaTa, KOATO € H3BBPIIEHA 32 YCKOPSBAHE Ha Il

HKaKLB APYr MOMEHT (CIECH HAUANHEA) # 1 OTHECEM KbM HAMEHEHHETO
HaTa eHepred B CT/ 3a ceiuus nATEpBan oT BpeMe, To KITJ Ha yekopw1
nec e Opae (Bede) Mo-MambK OT AWHENA. B To3M ciyuaif M3MEHERHETO
HaTa eHEPIHA € CyMa OT II0JE3IHO U3BLpLIeHaTa paboTa M AHTErpasa oT
H4 ¢IEKTPOMarHHTHOTO HTLUBAHE 38 BPEMETO Ha HabiioAgHAe,

IHEAEPE A0
Ha BbTpEIl-
CITHMA TIPO-
Ha BbTPELI-
MOIIHOCTTA

QuesnaHo e, ye cucremara Ha CT/] uMa PABHOBECHG CHCTORHHE

ipr T, = 0.

HO-HHTepeCHO € 14 CH IpeaCTaBHM KAKBO I 5'1:118 INOBSACHHETO Ha CIHE CHC-

tema Ha CT/l ¢ NoCTOsAHEH IPHTOK HE BHEILEA €HEPIrUi,

AKO MOIIIHOCTTa H2 BXOASINATE €HEPrHd € paBHa Ha MOLIHOCTTZ Ha eJeKTpOo-
MarsuTHATa €Heprus, KoATo Hanycka cucreMara, 7o CTJI me e B yeToHYHEBO paBHO-

Becue, KoraTo gpeTe MOMIHOCTR Ca pa3fiHyHA, TO TOraBa POTALIMOH
CTJ me ce yckopsana HIH 3a0assi.

B eana ycranosena cucrema Ha CTJI ¢ mOCTOAHEH NPHTOK HA BBHII]

POTELHOHHQTO THAO CE BBPTH € KpalBa BIJIOBA CKOPOCT, KOATO & HOCT(
AHHE.

B egna cacrema Ha CT/ ¢ NOCTOREEH IDHTOK HA BLHINHA SHEPTUA
NOCTHTHE palbbpTaHe Ha TAMo ¢ Deskpaitia Maca O xpaiiHa BII0BA CH
Kap u 3a He3xpaifHO ABATC BpeMe,

Mooke 61 H3caenBaHAAT B [1] M TYK U3XYCTBGH MOAECI € IPAMHTHBE
P43 H& MOAEN 33 PEAJIHC H3CJIENBaHE HA OCEBOTO BBPTSHE HA ECTECTB
4eck# 00CKTH CBC COOCTBEHO MAarHUTHO NIOJ€ M IOCTOSKEH IPUTOK Ha
KOCMHYECKa pagHalins,

TO THIO B

Ha CHEPIMA
VIHHE BEJIH-

MOXE Oa ce
COPOCT, Ma-

H MBPBOGO-
EHK KOCMH-
EHEprHA OT
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5. XHII0TE3a 33 TOKOBO TEPMOAHHAMHYHO
PaBHOBECHE

B [4] & HanpapeHC NPEANCACKEHRS 38 ChIECTRYREHE HA 34-
KOHOMEPHO ABJICHHE, KOeTO ¢ 0DCKT Ha HaclleApaHe H TyK. HanpaBeHaTsd XAnoTe3a
MoOXe g2 Ce OITHIIE.

Axo B 3axprTRS 00EM HA €OHA 3aTrPATA ¢peda, ¢ OTHOCHTEIHO HHCKE KOHIIEHT-
palus, € yCTAROBEHO CTAIAOHAPHO H HERYJICBO MAKPOPA3IPEASI¢HAE HA ChCTaBA-
uTe A cBOGOAHNA HEYTPalHH H CBOJONHA EAEKTPHYECKH 1aPECACHH MAKDOYaCTHHH,
KOKTGC CE HAMHEDAT NoJ] AefCTBHE Ha BHTPEIIHQ MArHUTHO NIoJIe, TO B 0bema Ha cpe-
[1aTa IPEKTHYECKA 33 BCHYKHA CTORHOCTH ¥ NOCOKH Ha ASHCTRAIIINTS BTPEIIHY Mar-
HETHO ¥ €JEKTPHUMECKC L0JIE ¢ Gt YCTAHOBH HACOYEH MAKpOUpPONSC Ha KPBIOB
[IpeHOC HA BELISCTBO, KORTO &:

— ,,HEJHCHNATEBEH” NPONEC ¢ TOYHOCT 4O KOJAHHECTROTO £JIeKTPOMAarHHTHa
EHEPIrHf, KOATO €& UINBYEA OT €JCKTPHYCCKH JapeAcHHTE YACTHOH OPH TAXHOTO
Y4YacTHE B CHIIHA IPEEOCCH MAKPOIPONEC, 3aI0TO 38 TOAALPKAHS Ha CBIIHSA IPO-
LEeC NPAKTHYECKH HE CE¢ H3BLPIIBA paboTa M 3AIOTO €HePreTHYHHAT OOMEH IpH
MEXaHHYHO B3aHMONCHCTBEE MENAY MAKPOYACTHIHTS B EKBETEMIICPATYPHATE Cpe-
A3 € PaBHOBECEH IIPOIES;

— 0feKTHEHO HEAACHIIATABEH IPOTEC, KOTATO CACTEMATa (Cpeaa M II0JIeTs) &
M3OIMP2HA, 32ILOTO KOJIMYECTBaTa HE EUILYBAHAT2 M NOTIBIIAHATA B CHCTEMATa
SJICKTPOMATrHATHA CHEPTHS €& PABHA.

C ropHOTO ODHCAHAS € HaIP2aBeH ONMT Aa ¢e PopMynnpa NO-IIPENH3HD XHIC-
Te33 33 TOKOBO PZBHOBECHE B Cpefa ¢ BHCOK BAaKyyM H XHIIOTeza 3a TOKOBO TEPMO-
JAMHZMUYHEC PaBHOBECHE 334 CpEia ChC CPEOCH BAKyyM.

6. 3axmouenne

PesyiTaTRTe Ha TO3H aHAJIA3 OOTBEPHKAABAT HANPABEHOTO B
[1] npeanonoOKeRHE, H& KPLIOBKAT IPSHOCEH MaKpONpoied Ha ,,CBO00AHN" H eJleK-
TPHYECKH 3apeneHy YaCTHIM oA AeHCTBHE Ha MATHATHG [IOJIC B HIOJIEPaHa CACTE-
Ma Ha OUIMHIOPHYER XODIye OT HAealleH H3CHaTOP € PARHOBECEH M OOpaTHM Npe-
HOCEH MaKpOIIpoLEC.

B u3kycTBEHMS MOOEI Ca CH3NANEHHE YCJIOBUA, TIPK KOHTO 4aCT OT CHEPIHATA
HaZ XB0TMYHC TOILUIMHHEO ABHXEHME HA BCHUKA MAKDOHACTHLA B MAKPOCHCTEMATA C&
npeofipa3ysa HENPEKLCHATO B KEHETAUHA CHEPIHA Ha BHPTEIHBO MaKPOABHXKCHHE
Hg ,,cBOOOAHKTE" H eJIeKTDHYECKH 3ape/ICHH 4aCcTHON.

B nH30aMpaHaTa MRKPOCHCTEMA HA H3KYCTBEHA MOAEJ KPBIOBHAT OPEHOCEH
MaKpOoIponec ¢ 00eKTHBEO HEIUCHIIATHBEH — TOH ¢ BEUeH.

B HemzonupanaTa MaxpocucTEMa Ha N3KYCTBERAS MOJIEH KPBIOBHAAT IDEHOCEH
MEKpOIIPOLEC € ,, HEAACHIIATHBEH"” C TOYROCT 10 KOJIMAECTBOTO HA ¢JICKTPOMATHAT-
HaTa eHeprud, KOATO Ce H3JIBYBA B ChIUMA HPOLNEC H KOATO HANNYCKa CACTEMATA.

3aKpuTaT2 MakpOCHCTeMa Ha H3KYCTBEHHS MOJEN, HapeueHa Tyk ceobonen
TOIUIRHEH IBHIETEN, AMa YCTOHUYABO CHCTOSIHAE HA PABHOBECHE, KOTATO H3JIbHBA-
HATZ OT HEd eJIEKTPOMArHATHA €HepTHA C6 KOMIEHCHDA Ype3 EKBABAJICHTEH IPHTOK
Ha BLHIIHA 8HEPrEsA. B ChCTOMHEE Ha YCTORYABO PABHOBCCHE CHCTABHHATE TENA Ha
TOUIKHEKA ABATATE OCHIUISCTBAPAT CHHXPOHHO DOTAHHOHHC BBPTEHE € NOCTOHH-
Ha 'BIJIOBA CKOPOCT, :
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ECTeCTBEHUTE KOCMAYECKR TENa CbC COGCTBEHO MarEUTHO NGJIE ¢a ,,3aKpATH®
CHCTEMHE H TE MOTAT Ha Ce _CBC.IlaT 0 HEHAIOJIHEDAH MOJALIT Ha CBOGO}IBH TONAAHECH
ABRBIaTeN € NOCTOAHEH IIpHTOK Ha BbHIOHE CHEPIrHA.

JutepaTtypa

1. B 2 1 o3, M, KpbroB DOTOK Ha rajopd HOHH B MEIRMTHO NOJe, — AEPOXOOMEMECKH H3CHEABAHAN B
Baarapus, N 12 (non nevar).

2 H0etnad, A,B. ApopcxHif Kypc prsuxe. M., BIIL, 1989,

i Axanxoan, [ OGusnxa. M, Mup, 1989, . 614. .

4.Bauop M. Ousuvecks CHCTEMA B CLCTOAHKE HA TOXOBO TepMONKMHAYHC paBHoBecHe. C., FHPA,
per. Ne 53993, [991.

Hocmonusa wa 12, XII. 1994 2.

Quasi-static processes and thermodynamic states
in an artificial model of thermal engine

Milcho Vatsov

(Summary)

Simplified thermodynamic analysis of a closed system in
which under the effect of a magnetic field, takes place a circle iransport of gaseous
ions round the rotational axis of a cylinder of ideal insulator. Two reversible states of
steady thermodynamic equilibrium are characteristic for the artificial model insulat-
ed system. A direct or reverse transition from the one equilibrium state to the other
is likely to occur after external effect. The transition process between the two equi-
librium states is an urnidirectional thermodynamic one of the type of quasi-static di-
rect or reverse trigger transition. The internal energy and the rotational macromove-
ment energy differ substantially in the two equilibrium states of the insulated system.
The non-insulated system of the artificial model has steady equilibrium states, when
an external energy socurce compensates for the electromagnetic radiation losses. -

12 Aeporocumuecks macicnsanns..., 7. 12 | 177



BnArapcra skanemus Ha HaykuTe e Bulgarian Academy of Sciences
AepOXOCMHYECKH HIcTeqBanua B Brarapia o 12 e Aerospace Research in Bulgaria
Copusn « 1996 » Sofia

MeTon 3a H31013BaHE
H3 MarHUTHOTO II0JIE€ HA 3eMaTa
33 HABMTaHMOHHHU 11EJIH

Bopuc Bacuses

Hucmumym 3a xocMmuveckl uicieceanun, bAH

1. Cemnocr Ha npobaema

OcHOBHHTE H2BHTa[lEOHHH CPEACTBA, KOHTO C€ HINOMIBAT
3@ IpH3EMHEa HEBATAlAsg B MOMEHTA, C& PAaJHOHABRrannoRERTe cAcTeMH (PHC) 1
uHepnwaneute EasuranrorAE cAcTeME (MMHC). Kem PHC cnanaTt n cCOBTHAKOBETE
HaBRFAMHOHHHE CACTeMA {CHC),

IIpakTrteckoTo ranonapane Ha CHC nocrasy pea RLOPOCH NP COEIAAIHEC-
THTE [0 HaBHATalA4. Begtara cneq xkaTo femie qoka3aya BACOKATE TOYHOCT HE TEIE
CHCTEMH, BE3HEKHA PEIPOCHT 32 NeAectobpasHoCTTa OT PazBETHETO Ha Hal-TOY-
HHETE 10 MOMEHTA HaBATATAQOHHH CPEACTEE — AHEPIRAIHATES HABATAHOHHH CHCTE-
MH. Bellle HOpMAaIIHO ¥ 6CTECTBEHO Aa C€ IIGMHEC]IH, e TE3H CHCTEMH €3 eTall B pa3s-
BATHETO Ha HaBHranmoHHaTa Hayka. Ilo-xbcHO obaue ce pmpx, ue CHC mmar
HEAOCTATHIE, KOATC 338 PEARNE NPDAKTHYECKH IPHIOKEHAA C4 CBIICCTBCHA B THX-
HOTO KOMIIEHCHDAHEE MOXKE A3 CTAHE CaMO 00 IbTA Ha 00eARAABAHETO AM B HABHTa-
OHOHEH KOMIIIEKC ¢ ApYTH HABHranHOHHH cpencTra 4 Haii-peye ¢ HHC. Bceska or
IBeTe HARATEMHOHHA CHCTEMH NIPHTEXRaBa HeAOCTATHEE H NIPeOAMCTEAE, KONTO B3a-
EMHC Ce KOMIEHCHpPAaT ¥ OONBJPaT. 1oBa e IpEHMAHATa KoMmiekcsT oT CHC =
HHC na ce koMeHTHpPA H H3Y4a82 B Hall-pasnAYHA CRETJIHAE, C DA3JIAYHa CTENEH Ha
HATErPAannf ¥ ¢ A3NCA3BaASTO Ha pasiAdeH MaTeMaTHUCHE anapar 3a ofpaboTka Ha
HaBHranuoHHEaTa EHGopmanus. WHC ce xapakTepHIRPAT C IPEIIKH B CIIpEAE/IAHe
H3 HABHIANAOHHUTE NAPAMETPH, TOPOJEHA 0T ApeH{ Ha YYBCTBHTEIHATE EIeMeH-
TH, KOHTO € AOCTHIHAJ CBOA MUHAMYM U OO-HATATHIIHOTO My HaMallgBaHe IPaKTH-
YeCKH ¢ HeRB3MOXKHQ 4YPe3 H3NQJSBaZHETO HA TEXHOJOTHYHH YChELDIUCHCTBAHHSA,
XaJAOpOBKa HA CACTEMATa KaTo NEAQ i OTALIHNTEe HellHr eleMeHTH B YCTaHOBABA-
sHeto Ha UHC (nnatdopmens mnn HezmwrargopMena) b 6a30paTa KOODARAATHA CHC-
TeMa (K. ¢.}. UHC B aBTOBOMEH peXHEM Ha padoTa ce RYXKOEAT OT 3JHAUHTENIHO BpE-
Me 32 YCTaHOBABaHe B §a3opara K. ¢. (0T nopaasKa Ha 5 10 15 min), ocBer ako He
paboTH B HENPEKBCHAT PEXHM, KOSTO € CBRPIaH0 ¢ ApYrE HeyacobeTra. Ocper ToBR
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eucoxoToYRATe MHC ca KOMAIIEKC OT NPEIM3HA ONTHYHH, MEXaHAYHHA H e51eKTPOH-
HA YCTPOHCTBA, XOETO € NIPEANIOCTaBKA 34 IO-HHCKR HALeXIHOCT HA CHCTEMATE.
Hsnonssanerc Ha MHC B noneT Hasara HeoGX0AMMOCTTa OT AONBIEMTENHE HHDOP-
MalHA 332 OTKpHBAHE H KOMIIEHCHPAHE HA OTACIHHA OTKA3H B CHCTEMATA.

AptoHoMHC paSorteiute CHC ce X2paKTePHIAPAT CHLUO ¢ THIHIHH HEAGCTA-
Thild. CHCTEMATZ € YAIBAMA HAPAMED OT IIPONAAAHE HA CHTHAIKTE OT IPOTHBHA-
KOBM Bb3ACHCTBHA BBPXY CHCTEMATa OT HABMTailMOHHH cnbTHHIM, OCBEH TOB2 &
BhIMOKHO [IPHEMHATA aHTEHA fa ObAe 3aCeHUeHa [IPH eBOJIOLMYN Ha JICTATEIHANA
RNAPAT WM IO APYTH NPHYHHA. BpemeTo, HeoOxoaumMo 3a obpaboTka Ha pagrocHr-
Hala, ¥ TOBZ 3a DElIaB3HE HA HABUIZONCHHHUTE YPaBHEHHA, 1aB3d BL3MOXKHOCT 34
noJy4yaBaHe Ha HABHIaIHOHHA HHGOpMaUs ¢ YecToTa | Hz U B MBKIIIOMUTEIHE CIIy-
4au 1o 10Hz. IIpaxtAucckn BeoOXOAHMaTa AEGOPMANESA B pEANIE CAYYAH € C 4ec-
TOTA H3 AR NOPANBK N0-BACOKA.

Komnnexcupanero Rra CHC 1 MHC 8 pasnuusa CTENCH HA KHTETPANHA PEIlIa-
Ba B €ZHA MJIA [Pyra CTENeH BCHYKH Te3u npodneMa. OCHOBHOTO NPEAMMCTBO Ha
TO3H KOMIIEKC MPOX3TAYA OT Pas3IH4YHAA Y6CTOTEH CIIeKTHD Ra TPLIHKRTE HE ABETE
cucTeMH. [IoBesieTo MOABMKHE 00EKTH B NHIOTEKHO-HABATAIACHHNS CH KOMILIEKC
prnousaT CHC 1 MHC, NHTerpHpaHy B €5K3 KHIH APYra CTENeH,

Tyx obaye TpadBa na ce uma npexsrd, ye croifocrT2 H2 MHC e Ha nopsaask
ne-BHCOKa oT Tadn Ha CHC.

B craTmsaTa ce pasrnexna HaBEralMOHHA CHCTEMa, H3NOo/3BaiIa RHBopManns
OT 3eMHOTO MaTrHUTHO NOJE, KGATO ¢ ycnex 6u zameruna MHC s xomnnexca MTHC
— CHC, Gea ToBa Ja NOBIAAAE H3 TOUHOCTTA MY M MUATO CTOHHOCT OH BHIIa OT HO-
pageka Ba Tasn Ha CHC.

*

2, MeTona 3a M3DOA3BaHE HA MArHRTHOTO NCJIE
Ha 3eMAT3 38 HABMUTAIHOBHM 1ETTH

Heka AaTYHX'LT HE CKOPOCTTA B MArHMTHATA HABHIrALIMOHHA
cHCTEMA {MHC) npencrasiisisa Ipas IPOBOAHEK ¢ AbikaEa [, TIpu aBMKenHe HA
IPOBCAHAKA B MarHWTHO NIOJIE B HETO C€ MHAYKTHPA EAEKTPOABHKEIIC HATIPEXKEHHE
{e. 4. H.}, OIIpENIENCHO OT 3aK0HA 38 eJeKTPOMATHATHATE AHAYKIIHA

) E=1V x B),
XBJeTo { € ARIDKMHE Ha IPOBOJAHAKA; V' — BEXTOpP Ha CKOPOCTTZ Ha IPOBOAHNKA; B
— BEKTOp Ha MarHHTHATA WEAYKIHS Ha IOJIETO.

ITo npuHOALN € PE3MOXHO NOCTPOARaHeTe Ha abToHOMEZ MHC. Hexa ce us-
NoN3BaT TPH B32NMHO NIePIeHAMKYIAPHE AATHAKE HE CKOPOCT H 10 THX & OPHEHTH-
paHa . ¢. Oxyz, HENOABMXHO CALP33HA ¢ NOABMXHMA abexT, Axo V={y , Y v e
B={b, b .0}, ipm i=1 xoMnoHeRTATe Ha E={e , €, e} Ce OIpeaenarT ot

¢ =vbh —vh,
x ¥ & ¥
(2) . ey = vsz _vxbz’
e,=vb -vh.

3a pazIHYHKH MOMEHTH OT BpeMe i, ¥ I, 32 KOHTO V. #V, B c ROCTATHYHO oS-
Ma TOUHOCT MOXe Ja Ce IpHeMe, Ye B=const, ca BepHH YDaPHEHHATA:
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exl i vylbzl T vzlbyl ¢

(3) ey! = vzlbxl r vxlbzi’

ezi = vxibyl e vylbzl'
H

€= vy2bz2 o szby2 ’
4 o

e vzszz = vx2bz2 >

ez2 F vxzby‘z _vﬂbﬂ ¥

Bexropure E, = {eﬂ, €., -‘-’zi}H E, = {eﬂ s €30 é‘,z} OIIpEeAesAT ABE NPECHYAIIN
ce papunEH. HanpapaeareTo Ha B ce onpeneis OT NpapaTa
(5) ex1x+eyiy + ez
e, x+ e,y te, z

IIpr RopMEpaBeTO Ba BekTOp B, OLpenenen OT ypaBHEHHAETO
(6) _
B=E xE,

C¢ ONpeneNaT HallpasIABAINATE KOCAHYCH, KONTO NABaT BIJIOBATE HaBATAOHOHHH
napaMeTpH Ha obexTa.

Ilpr nBikeHHe Ha 00exTa N0 3eMHATE NOBLEPXHGCT, IPA XKOETO BekTOp V jicxkH
B paBHARATa OXy, HETOBOTO HANIPABJICHAE MOXe Aa C¢ HAMEDH KaTO IPECeUHa Npa-
Ba MEKJly PABHHHAaTa, olipedenena oT Bektopure E u B, n pasaunara Oxy. [Ipn us-
BecTHH BexTODH E n B 1 nprm onpegener BI'bJ MeXIy BekTopHTe V B B He npenc-
TasJ1gBa NpofeM ONpeAeAsHETO Ha MOy Ha BeKTop V.

3. 3aknouyeHue

IIpexnara ce METOA 32 QUPEALIAEE HA HABHTAMOHHUTE Ia-
paMeTpH HA DOABHXEH 00eKT, XOHTO c¢ XapaxTepH3nApa C:
® BAcoka Tounoct. CXOPOCTTA e H3IMEPBa NIRPEKTHO C BHCOKa TOYHOCT 7 [TOC-
TOAHHO MAaTeMaTH4YeCkO 04aKBaHe Ha IPELIKaTa Ha RIMEDBAHETO, JOKATO
npr MHC c¢e n3Mmepsa yeckopeHHEETO Ha 0DExTa, & CKOpOCTTa ce onpefess
Ype3 HETErpApaHe Ha MOCIEAHOTO, IPH KCETO C¢ HaTPYNBa FPeIlka;
e Brcoka HaZeXIHOCT Ha CHCTEMaTa;
e OnpocTen OT TEXHOJOIAYHA T/ICARA TOYKA JAaTUHK;
e OnpocTeH afATOpHTHM 38 OHPeIe/IgHE Ha HARATAIHOHHEATE NADaMETDH;
e Ornaaa EeoGXOAUMOCTTE OT BUCOKOTOUHA CTabminsnpara muatdopmMa;
e CrcTeMaTa € ABTOHOMEA, IIPH KOETO METOABT € IPHIOXHM H 32 KOCMHAYEC-
KM OBeKTH; \
e Tozn MeTom OM MOrbJI 12 CE M3NOJ3BA H 32 ONpeAeiIAHE IAPaMETPHTE Ha
MATHATHOTO II0JIE;
e MarEATHATA HABHTAHOHHA CACTEMa € HAKIIOYHTENHO NEepPCNEeKTHBHA OT
IJieAHa TOYKAa HA KOMIIJICKCHADAHETO # C APYTHM HABATAIHQHHH CHCTEMH H
pai-sexe cwe CHC. :
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MeroanT 32 onpenensEe NapaMeTpuTe Ha 06EKTa Upe3 NANOJI3PAHE Ha MaTHAT-
HOTO NIONE Ha 3eMATa MOXe Na 6bae peasMzApaN B pasiimIAA BapAanTH. Tyk ce AaMa
NpeABUA BRIIO4BARETO B CHCTEMATA H3 XHEPOBEPTAKAIE, JATYHIIA HA BIJIOBH YCKO-
PEeBHd, DA3NHYHH BEICBE BECOTOMEDH H T. H., KGETO A2BA AOII'LIHUTEHH BE3MOX-
HOCTE 23 IIOBMILdBAHE HA TOYHOCTHRTE M HaASKFHOCTHATE XapaKTEPHCTHKH Ha CAC-
TEMATa,

JurepaTtypa

1.Kynaansu, C. [l TeopeTHeckne OCHOBL JIEXTPOTEXHUKH (BiexTpoMaryuTHoe moje). Yacr 3.
M., BHepraus, 1970,

2. Napier, M. Integration of Satellite and Inertial Positicning Systems, — Journal of Navigation, 3,
1990, No 1.

3.Dove, M.,2K M i11er. Kalman Filters in Navigation Systems. —Journal of Navigation, 42, 1989,
Nog 2.

4.Hyslop,G,D.Gerth,J. Kraemer GPS/INS Integration on the Standoff Land Attack Missile
(SLAM). — IEEE Aerospace and Electronic Systems, 5, July 1990, No 7.

5. Whitcomb, L. Sensor Compensation for Vehicle Magnetic Signatures. — IEEE Aerospace and
Electronic Systems, 4, February 1990, No 2.

Hacmenuaa wa 6. IX. 1994 2.

Method of using of the earths magnetic field
for navigation purposes

Boris Vassilev

(Summary)

All the existing at the present moment systems for naviga-
tion, using the magnetic fields information belong to the type of correlative extrem-
um navigation systems requiring vast memory and effective computer speed.

It is offered a system, similar to the inertial navigations systems which, however
can directly measure the speed over the three axis of presumptively chosen coordi-
nate system,

The proposed method for magnetic navigation uses such types of sensors which
areg entirely new in the feld of measurement of navigation parameters of mobile ob-
jects — linear accelerations, speed and coordinates, magnetic heading, declination
and dip. i
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Aeuayun u KOCMOHABMUKG 3G 8CUHYKU

ATIOJIO —
peaM3upaHaTa aMEPHKAHCKa aMOHIIHSA

Humumsp Hopoanoe

Hucmumym 3a xocmusecku uczedsantn, bAH

O630p Ha xocMmuueckaTa nporpama AITOJIO,
PHCKOBE B PE3YJITATH

Ha 25 mait 1961 r. ameprkanckusT npesuient JHxon Kene-
nx B nocnanue xo Korrpeca sa CAIll obaBsea HauanoTo Ha nporpamMata AITOJIO
C OYMHTE: ,,A3 BAPDBEM, Y€ HALIATYE HAIAHA MOXE 4 II0EME GHraKAMERT 2 AZOPATH
YOBeK Ha NOBRbpXHoCTTa Ha JlyaaTa u 6aaronoiy4ao Aa To PbPHE Ha 3eMATa B TOBA
OeceTHAETHE",

Huec, caen noseue or 30 1., MOXe A3 C€ Kaxe, 4€ TOBA ¢ OiIa exAa A3KTIoun-
TEJHO CMEJld H PHCKOBA 331348,

Ho Tora nocnanve Ba Joxon Keneaw, CHBETCKEAT CHIO3 € OCBIISCTBAI OBPBAS
opfuraned kocMudeckd noyeT o1 108 mrn, 5a HOpnit Narapan 5a 12 anpan 1961 r.,
a aMepuxasuuTe HA 5 Mal 1961 r. — exun cyGopOHTAsIER NONST HA KOCMHAYECKH
xopal ,,Mepxypuit-3* ¢ actporasT AnksH llenspn 3a 15 muan. Okolo Mecen cien
nonera Ha [arapun Keregn otnpaps noraen keM Jlyrara,

B KocMoca ¢e BOAM THIA@HTCKO TEXHAYECKO CHDEBHOBAHAE MEX/y JBETe Hak-
TOJIEMH KOCMHYECKE Obpxasd. B HAauanoTo ycenexn B De3sNMIOTHATE H IHIOTHADYE-
MaTa KOCMOHZBTHKE PMAT CHLBETCKATE yueHH M ¢negmandcTH. Crel HeyclenHn
ONHTH Aa c¢ obnern, dororpadupa n BEICTEARA JIYHHATA NOBLPXHOCT B YCNEHIHATE
TIOJIETH HA PYCKUTE ABTOMATHYHW CTAHNHR ,.JIyra-1,-2,-3%, HACA or 1959 r. ock-
1mecTRARa Ge3MMI0THATAE NporpaMa ., Peiiaaxsp®, ITspeute doTorpadnm c npaxTa-
4ecKo 3HaueHue 33 nporpamara AFIQJIO ca nonyveRH npes 1964 r 1965 1. ¢, Pefin-
oxep-7,-8 u -9°. IIpes despyapu 1966 r. , JlyHa-9%, a npes IOHKH CBIIATE FOOHHA
»CBpBeREp-1“ cCBMIECTRABAT MeXKHE KanaHud Ka JIynaTa.

HenocpeacTseHo npead NEJICTAPYEMHTE IOJeTH ¢ nporpamara AITIOCJIO
ype3 YCHCIIHM [GAETH HA aMEPRKaHCKUTE CTAHNuH ,,Chpsednp-3,-4,-5,-6 B -7%, B
nepuoaa 1967—1968 r., HACA nony4asa u HecOX0AAMHATE OAHHE H A300paxkeHns,
KQHTO €€ HBIIONIBAT 3a n30op HA MACTO 32 KallaHe Ha aCTPOHABTH.
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ITapanenno ¢ SesnanorerTe nonern B CAIll ce m30BAHSRAT H ABE KOCMAYECKH
IPOTpaMH 33 A3YYaBaHe BL3MOMHOCTHTE Hd 90BEKa B OKOJIOZEMHOTO KOCMHYECKO
NpoCcTPancTBe — , Mepxypri® m ,, JIxemmann®.

Tpn rogunas npeau Tora — npea 1958 r., ¢ aAMEPHKAHCKH CIBTHAIA ¥ MEXIYH-
JJAHETHH aPTOMATHYAA CTAHIKEH Ca OTKPWTH ABaTa PaOAaIHCHHH [105ca OKoNeo 3e-
MaATa. CHTyanusTa ¢ paaAuanraoRHATa ONACHOCT Ce YCIOXHARA A OT ONATATE C AApPe-
HO OPBXKHE B aTMoc(epaTa B KOCMAYECKOTO NPOCTPAHCTBG, AIBBPIIBARA AHTCH-
SMBHC [IC BOSHHH Nporpamu 2a 6ophHa ¢ GanucTrYHA pakeTH. B Tasu neGnaronpnar-
H4 32 4OBCK2 KOCMMYECKa Cpefa Ca DeaIH3KEPadH DOJNETATE Ha MLDEATE CHLEETCKH
KOCMAYecKn Kopabn ,BocTox" m amepukanckara mporpama ,,Mepkypai®, [Ipes
1963 r. sgpeEnTE ABPXABY NOANACAXE CIOPAIYMEERE 32 IPEKPATABAHE Ba OIATATE
¢ AADEHH B3IPHBOBE B aTMOC(epaTa B KOCMA4ECKOTO IIPOCTPAACTRC.

Crnep nocynannero Ha npesnaenta Kepean m savanoro sa AIICJIO BayurnTe
3g&4a4d oT nporpaMure , Meprypr#“ u ,,JikeMuER® C& NPEHACOYBAT 32 OCHUICCTBA-
BaHE Ha HOBaTa TEXHOJIOTHYHA NeJl, Y HACTHANATE B TE3X IPOTPAaMH ¢& H aCTPOHAB-
TH Ha JIYHHATA HPOTPaMd, @ TEXHEYESCKATE IOCTHXEHHAS C4 eleMEeHTH OT peain3ani-
aTa Ha ATIOJO.

Ilporpamata ,,MepkypEH“ npegBmkia eJHOMECTHH KOCMHYECKH Kopalbm 3a
H3y9aBaHE BE3MOXHOCTHTE HA YOBSIUKHA OPTAaHAILM B KOCMHAYSCKOTC NpOCTpaHec-
TBG. T 3ancuBa ¢ Apa cyGopOrTanHK nojera. OG0 ¢8 MIBLPIUCHN 6 THIOTApYE-
MH IIOJIETA:

~Meprypai-3“  Ajppn Hlenapa ga 05, 05, 1961 r. — 15 MuH., cybopbGrTajien no-
JeT, ¢ MAKCEMAJIEO OTAanedyapane oT 3emaTa Ha 186 kM, Hoxasa-
HH C2 BE3MOXHOCTHTE 32 PBLYHO yIpaslieHAe B HE3TErnOBHOCT;

~Mepxypuit-4“  Bupaxun [prceM Ha 21. 07. 1961 r. — 15 mun., cybopburtanen
NOJIET, IPOABIXaB2 H3YYABAHETO HA BHIMOXKHOCTHTE 234 YHpaR-

' JieHRe B §e3TET/IOBHOCT 3a NOTBLPKIABAHE HA Pe3yJITATHTE;

~Mepxypuii-6“  JIxor [nen ra 20. 02, 1962 1, — 4 yaca 1 55 MuH., I5pBA opduTa-
JIEH NIGJET HA AMEDAKAHCKH aCTPOHRABT. I1penn Bero B opORTANEH
TIOJIET B HENANOTHPYEM BEPHAHT JETAT TPH LIAMIIAH3ETA;

~Meprypuit-7“  Mankomm Cxor Kapuertsp Ha 24. 05, 1962 1. — 4 uaca m
56 MHE., IPOALIAABA HIYYaBaHETO HA YOBEHIKATE BEIMOXHOCTH
B IouTH eaHaksa ¢ [JxoH e 3a1ada 3a DOTELPEAABAHE HA Pe-
3YJTATATE;

~Meprypri-8“  Vourwep llinpa ra (3. 10, 1962 r. — 9 yaca, npopepka HA IPRHIH-
TIATE HAa B3aEMOOEHCTBHE MeXAY UOBECKa H MALIRHATE, 3AJI0KEHH
B KK ,Mepkypnii®;

»Meprypuit-9“  Topase Kynsp na 15. 05. 1963 r. — 34 waca, OenTa Ha NOJeTa €
H3clielBaHe BEIASHCTEHETO HE IPCABILKHATEICH TI0JIET.

Ilporpamara ,, JkeMBBER® IpeNBRK A A3NON3BAHETO HA BYMECTHH KOCMHUULC-
KH Kopab¥ 33 H3ydaBaHe Bh3IMOXHOCTHTE H2 YOBEKA B [IPOALIDKHTENEH To1eT Ao 14
JIEHOHOLHS, Cpella Ha opOHTa, cka4uBane ¢ e3nunoTeH o0exT, H3NA3AHE HA aCTPO-
HYBTH B OTKDHT x0¢Moc¢, OO0 ca MInLiIHeHr 12 NosieTa Ha KOCMAYECKA Kopaln B
oxono3emHa opbura, JeceT oT TAX ca NMAJOTHPYEMH:

i DKEMHAHR-3 Bupmxan [pucsm, ko Adr. IIeper MaEbOBBP Ha OpOHTA C
pBuHO ynpabieHne — 23. 03, 1965 r;

il KEMHIHA-4" Hxeitrac MakausuTT B Enyapa Vait — 03. 06. 1965 1. IIspso n3-
JIA33He B OTKPHAT KOCMOC HA 8MEPHKaBCKHd acTpoHasT E. YaiT;

wibxkemaum-5“  Topabr Kynsp n Yapsa Konpan — 21. 08. 1965 r. OcroBrara sa-
Aada € H3C/Ie/IBaHE Ha BE3MOXHOCTHTE 332 ChrAacyPaHn DeHCTERS
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A KEMHEHR-7“

i PKEMRHA-6%

sAlKEMUHK -8

Al KEMHAHR-9“

ndKeMRAER-10%

wilKeMBHE-11%

sADKEMARK-12%

Ha ekHOaxa p OearernoBEOCT 32 8 meHcHOW R, [IpensHACERAT
€KCHEpAMEHT 0 cOMmxasage ¢ KOHTeHHep 1 npoBepka Ha ofo-
PYRBAHETO 34 CKA4BEHE C€ OCYSTABZ OT HEH3NPABHOCT HA €JIEK-
TPO3aXpAEBAHETO;

©pank BopMan 1 Jixedimc Jlopsn — 04. 12. 1965 1. ITonersT
npoasipkasa Ac 18. 12. 1965 r. ® npE Hero ce OpPOBEPAPAT BbI-
MOXHOCTHT¢ Ha TPEHHEPAH YOBCIHKHA OPTaRMYBM 14 IOHECE ChC-
TOSBAETO Ha 6e3TerI0BHOCT 38 BpEMETO, EeOOXOMRMO 33 JIyHHa-
Ta excrneannas. I'pynoe noner ¢ ,,JIxeMABER-5%;

Yoursp lapa v Tomac Craddopng — 15. 12. 1965 r. I'pynios mo-
aer ¢ ,, JxeMurm-T7%

[To Bpeme Ba NONETATE APATA KOCMEYECKH AN1APATA C& JOOIHXKa-
BaT Ha pascToiEEe 30 oM.

Ha ciensamas fen aCTpOHBTHTE B3MBIEABAT 38 I'bPBH I'BT Y-
paBJIfieM BXOX B aTMocdepaTa;

Hnitn Apmctporr u Hejisua CroT — 16. 03. 1963 1.

ITspro ckausane ¢ HesnuioTern obekt, Ch3aapa ce apapriina 06-
C¢TAHOBKA CJej Cka4BaHeTo ¢ ofexra , Amxena”; [saTa koCMH-
YECKH anapara 3auo4saT HBp30 Aa ce BupTAT. Crenl pasnensne-
TO BLPTEHETO IPOIB/DRABR, PBMHOTO yIpaBlieERe DYEXIROHAPE
¢ nipofeMH. ACTPOHSBTRTE C& CIPABAT Ch< CETYANEATA H TIOJIE-
TET 33BELPIUEA YCIEIIHD;

Tomac Crapdopa » FOnxes Cepran — 03. 06. 1966 r, Usnzare-
HO e CONMMXEHAE ChC COBTHRK MHAINCHA H € HANPABEH HEyAaueH
ONNAT 32 ckaupane ¢ Heg. FO. CepHan H3AR34 B OTKPHT KOCMOC B
IIDABE OIHT 33 MAHEBPHPaHE C a30B IACTOJIET, KOHTO C¢ OCye-
THBQ OT OTKa3 Ha NHACTONETE;

Hxon SAnr 1 Maitksn Konrnas — 8. 07. 1966 r. 3anayara e npex-
B4T Ha B3 KOCMHAYECKH obexTa , AlkeHa", COMMKEHHe, CKaTBa-
He, BKIIIOYEAHE Ha JBHraTeNs Ha ,, AJkKeHa", MaHeRPHEPAHE B CKa-
YeHO CHCTOAHHE, MIIN3AHE B OTKPET XocMmoc ot M. Kongns,
npuliaxasaRe 40 HAMHDPAINATA C& Ha TPE MeTpa ,AJKeHa“,
CReMaHe Ha ofpasnu oT Hes, HAYMHE A TeXHEIECKA eKCHepHMEH-
TH. [ToneTsT 3aphpinBa yoneno ¢iaex 70 yace u 46 MuH.;
UYapns Koepan # Pruapa l'opase — 12. 09. 1966 r. M3nbengens e
CheAHAABRaRe Ha kopaGa B Geanunoren o6exT ¢ ke, B CheNERe-
HO CBCTOsiHAE aABaTa ofexTa ce magmrar HAa 1370 kM 1 oT Tasw
sacoudHa Koepan crodiuasg, ue srxna 3eMATa XaTo Kbiabo;
oretimc Jlosna 1 Expre Onagper — 11. 11, 1966 r. Haowasenn
TPR H3IH3AHAN B OTKPAT KocMoc 0T ONADHE ¢ 0010a Ipo sk -
TeAHOCT 5 yaca H 30 muH, MacieapaEn ca BE3IMOXHOCTH 33 pa-
6oTa ¢ MAOKECTBC KOCMHEYECKHA HECTPYMERTH,

[Iapanesno ¢ mporpamara ,,JDkeMARA, KOATO 3aBLPIUB2 Npe3 1966 r, ce pabo-
TR B ii¢ nporpamara ATIQJIO. HeliEATe NAIOTAPYSME €XCIEORIAE 3al1098aT ¢ Tpa-
I'HYEH Cllydadl B Ha4anoro Ha 1967 r., koliTo Hajara NpexbChARE HA HOJETHTE 33
noyTH 2 roanan, O6mo go 1972 r. ca n3nbanery 9 excnenwnny Ao Jlynare, 6 kana-
Hes, 12 acTpoHaBTH ¢a palOTHNHN Ha JIYHESTA NOBBPXEOCT, 33 TEOPETHYECKO HAYE-
JI0 HA IporpaMaTa Moxe Aa ce curTa 1960 r. ¢ noxnama ra Yiiasm Mueven oT Hayd-
HOM3CJIeIOBATEICKAA UEATHD B JIeHTIH — oTAen no Mexarnka, B Tosn poxinag Mu-
4esl 000CHOBaRA CHEPTETHUESCKH Hal-Nenechobpasaes cnocob 3a kanare Ha JIymata
¥ BPBIIAHE HA aCTPOHABTHTE. Boociencrene Txor XyGoaT B HeroBAETE CLTPYARH-
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4 cHocoSCTAAT 3a YTRBPKA2BAEE BA NpeasickeraTa oT Muden maed. OCEOBEOTO B
Hedl &, Y€ BAJIATRIIATE C¢ B IPONECA HA NICJISTA CKAYBAHES H DA3AEIAHE HE YaCTH OT
CHCTEMAaTa Ce H3BHPINBAT HA OKOJIOJIyHHA opbuTa.

Tlpes 1961 r. ¢mpmara ,,HopT aMeprken aBmedrLg* nojiyyapa HOPLYKaA 34
paspaborxa Ha kocMuyeckns kopab AIIOJIO, a npes 1962 r. dupmara ,,Ipyman® 3a-
no4Ba paspaboTka Ha NyHHaTa KaGrHa.

Ilpes 1966 r. e m3negeH 8 opbETa MakeT HA OCHOBHHA GJIOK HA KOCMAYECKHS
xopab ATIOJIO. TToneTsT € Ge3mmoTer 3a H3NKUTaHAE HA pakeTa socaTen ,,CaTypH-
15%, 32 nraoTApYeME NONIETH Ce R3nON3yBa ,,CaTypa-5 :

Hawanoro Ha NEICTAPYEMHETE NOASTH € DIAFEPAEo 1o rpatdrx 3a 1967 r., o
OBPBEAT eKANAXK B ¢heTaB Brpaxan I'paceM, Poaxsp Yadde » Enyapa Vaiir za-
TEBAT NpH DOXAap B kaOHHATA Ha XocMAYeckRs kopal. OcTaHanuTe N0JETH OT Ipor-
pamata ATIIQOJIO, Makap ¥ APAMATAYEC B OTAE/IHE CIy4aH, IPEMHAZBAT YCTIEIIHO |
Ge3 xepTBH. _

B npeapaprtennns rpadnk Bz HACA xanareto Ha Jlyrata KaTo OCHOBHS 4aCT
OT NporpaMaTta € nOpeABAAEHC JIa H3UBJIHA €KEnax 8 cbheras Yapms Koupayy, Pr-
4apa I'opase & Ansn Brn Ba ,, ATIOJNIO-11% npes 1onr 1969 r. Tipn peaanoTo mH3-
II'BJIHEHBE HA NPOIrpaMaTa HaCThIBaT IPOMEHH,

ITo pena Ba crapTHpaBe Ca PEILSHH CIEAHATE 3a/1a4 R Ha Iiporpamata ATIOJIO;

A+ATTOJIO-7*  Exmnax —Yoursp lnpa, Acowr Eitsen # Yoarsp KaErarem.
ITposexnaT ce AINRTAHEHMATZ HA GCHOPHEA 00k B OpSHTA OXOJIO
Jemsara ra 11,10, 1968 r.;

wAIIOJIO-8% Exanax — ®panx bopman, Vilnam Araepc 1 Ixeitmc JIopsa.
Mapnpiusa ce ofnmraBe ma JlyHaTa OO e€NENTHYEa opfHTa
(112 xm/312 xM) B NpeMuHaBaKe B Kpbrosa opSETa oxono Jlyrara
(113 xM oT noBBPXHOCTTA H) Ha 21. 12. 1968 r.;

»AITOJIO-9*  Exmnax —Dxeimce MakausutT, Hefibun Cxor B Proen [sefixapT.
B neproga ot 3 mo 13 mapt 1969 r. ce R3pBLPUIBA HANHATATENESH HO-
JieT. B Hero ca oTpaboTeHH Ha OXOJIO3EMEA OpOATA CNIEPANEATE L0
OpecTpOsSBAHE Ha OCHOBHHA 6nok, B Tazm onepanusa OCHOBHHEAT
6JI0K ¢ ACTPOHABTHTE C€ OTAENA OT CHCTeMaTa, oOphila ce 5a 180°
H ce ChelIHHABA C JIyHHaTa KabHEa. ToBa C& H3BBPILBA IO TPACETO 38
Jlynata, 32 Aa ce o0eAHEE OCHOBHHAT OJIOK C NyHHaTa xalmHa B
¢OHHHA CHCTEMA, MOIPOJIAPAINA NpEMAHABARES HA OBaMa OT €KHIA-
*a B JyHEAaTA Kkabuaa. OcBeH TOBa, 10 TO3IA HAYHMH [O-TBBKABO CE
A3NON3BAT JBHTATEIHTE, SICKTPO3aXPAaHBAIIMTE H XKA3HEOCHI YDA -
BaurgTe cEcTeMH. Ilpn ,,ATIOJIO-9% Te3n onepanun ca TPEHAPAHK
Ha 0k0JI03¢MHa op6ETa. Ha 7 MapT ¢ H3pbpIIeH B Ha-CAQKHAAT A
PACKOBaH €KCI¢pHMEHT. B iyRHNg Moayn upemuananar Mlseitxapr n
MaxaesrTT, a CkOT OCTasa B OCHOBHHS Onok. Tpenmposxara
BUIICYB2 OT/AC/IARE HA JIYHHATA KaOWHa, MaReBPRpARE, HIIA3AHE B
OTKPHT KOCMOC, ckadpase. IIc BpeMe Ha ICAeTa MAKCAMANEOTO
OT[alle4aBare Ha ABCTE YACTH OT KOcMAdecKAd kopab € 175 M, ITpu
H3IBIIEEHEETO Ha PajfeneH NOJNCT H3JA3AHSTO OT JYHEATA KaOHHA
B OTKPHT KOCMOC c€ TDEHED2 KaTO PE3CPBCH PADHAHT 33 BPBIUAHE

: KBM OCEOBHRA OJIOK IIDH €BECHTY271HA ABAPHS HA BL3CNA 32 CKaYaHe
¢ Hero. JlyrnaTa kaGrHa e NpeXAal’HaydeHa CaMo 38 NOJET HIBLH
ITETHATE CNIOEBE A3 aTMochepara ¥ TRHKATE B CTEEH HE MOTAT Jla
OCHIYPAT BpBIaHE Ea JemaTa, M3NETRANATA 3aBBEPIUBAT YCOSINHO
¥ CJIE} CKAYBAHE M IDEMHAHABaHe B CCHOBHES MOIYJ ACTPOHABTHTE
OTHENIAT JIyHHaTa xabHHa K ce spemaT Ba 3emara, Jlyeeara xabunaa
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HATTOJIO-10¢

HAIIOQJIO-11*

HAIIGHO-12¢
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n3raps B aTMocepara cien okono 19 ronwnn;

Exnnax — Tomac Cradpdopa, FOmxun Cepran u xon Aur. Ot 18
Jc 26 mah 1969 r. ce npaBu reHepaHaTa PENETHLIAA 32 KAARE HA
Jlyrata. Ilo BpemMe Ha nojeTa Ce HINBIIHABAT BCHYKHA €JEMEHTH OT
nporpamarta 6€3 CaMOTO KalaHe Ha JIYHHATa TORLPXHEOCT. [Tporpa-
MaTa BKJIIOYBA: OTACARHE OT KOCMHAYecknd kxopalb Ha qynHaTa kabH-
Ha ¢ ABaMa acTpoRasTH — Cragdopa B CepHEaH, NONETHT MO £1IHI-
THYHA OKOJNOJIyHHA OpORTa, IPH KOATO JyHHATA Xabnua ce npubin-
XaBa Ha paszcTodHEe 15 kM 0T JyHEHATA noBBpXHEGCT, KpATHYEH MO-
MEHT B 1I0JIeTa HaCTHIB&, KOratc Ha 23 mail ciieq MaEeBpHpPAHE 33
cOnmxenne ¢ ocHOBHUS OJIOK, DENOTHPaH OT JIxoH SIHT, acTpoHaB-
THTE OTAENAT CHCTEMATE 38 OPHIIYHABAHE, KOATO PR CTAPTRPIHE
OT JIYHHATA IOBLPXHOCT €€ NpeABmXia Aa ocTane Ha JlyHara. B
TO3M IIOJIET TOBA Ce H3IPBPHIRA Ha OKONIONyHHa opbuta, OcrananaTa
4acT oT JiyAHATa KabHHa 32eAHO0 C ACTPOHABTHTE 3an¢c4Ba OBp3o na
C€ BBLPTH, IPH KOETO C€ Ch3AaBa Hilio3Kd 3a najgane Ha JlyHata. [Ipa
Takapa KOHGArypanns, B XOATO c€ ¢ HAMuUpaJa JIyHHaTa kabnaa na-
AaneTo Ba Jlynarta e xatacTpoda. Upes pryHO yIIpaBleHAE acTpo-
HABTATE YCIIABAT Aa cTa0RIAINpAT JYHHATA KaOAHa B E3BBDIIBAT
YCIEIIHO CHIEABAINATE cnepanuy no cOlnXeHNe B CKaiBaHe ¢ 0C-
HOBHHA 010K, ABQJIAIBT HA CHTYAHHATA € II0KA3aJl, Y€ NPEeANnOCTaB-
KaTa 32 BL3RAMKB2ZHE HA YCJIOXKHEHHATa € TEXHHYECKd MOHTAXHA
Tpelka, 3ajI0KeHa OMIe Ha 3eMATa;

B nepuoaa ot 16 o 24 10NH ce UINBLIHABA OCHOBHATA 33[ava Ha
nporpamaTta AIICJIO — xanane 5a Jlyrata B GIaronoyuHo Bph-
1IAHE HA TPHWIEHHHAS eKANax. I[0JIeTsT ¢ OChUIeCTBEH OT eXAIaX B
c¢beTas: Hulin ApMCTpORT — XOMaBHARp Ha KOCMHYMECKHS xopab,
Ensrr Onapee — nrACT BA AyHEaTa KabeRa, 1 Maikta Koanns —
TIAJIOT H& OCHOBHEA DIOK,

Cren A3NBIHEHERS Ha BCHYKHA EJIEMEHTH OT CX¢MATE HE NoJieTa Ap-
McTpoET B ONADHE C JIyHHATA KabuHa oCHINeCTBABAT MEKOTO Kana-
HE Ha JIYHHATa HOBBLPXHOCT, 2 KoNHA3 0CTaRa Ha OKOJIONYHEE OpCH-
Ta. Ha 21 1one 1969 r. ApMcTpoHT 2 OIADHE 32 OBPBH OBT B 90-
BEIKaTa ACTOPRAA CTEIBAT Ha JIyHaTa. Te MOHTHPAT HayuHa anapa-
TYP4 H IDOBEXAAT IpeABRICEHTE eKCIEPHMERTH H Tellepenopra-
#HK. OcTtapar Ha JIyHaTa NaMeTHA MeAaiIn ¢ 00pa3suTe Ha 3arBHAJHA-
Te noxopuTenn Ha Kocsmoca — FOpait Farapes, Bunaaamuap Koma-
pos, Bepaxua I'presm, Pomxep Haddr v Eayapn Vaikr. Cnen 2
yaca npecroll Ba JIyRaTa cTapTHpaT oT HeHHEATA NOBLPXHOCT, CKad-
BAT CE€ C OCHORHEA GNOXK M clled H3NbIHEHNE HE BCHYKH TIPEABHACHH
OIIEPANHA €& 3aBPLINAT YCNEINHO Ha JeMATa HA 24 10N K4ATO ce
npRBOOHABAT B Thxus oxean Ha 1600 xMm ot XapalckATe OCTPOBR.
Takxa 3aPBPHIBA peaNR3aORAT2 Ha €JHa JPH3Ka YOBEILKA MEYTR,
Hporpamara ATTOJIO mpoasimkasa ¢ onie 6 monera go 19. 12, 1972 r.
Hayunara nporpamMa Ba HOJIETHTE, KOATO C€ H3IIBJIHABA OT BCHUKH
€KHIIaXH BKIAIOYBA NPEAHA BCEYKO ChOHpane Ha o6pa3ny oT JyHBaTa
NOBBLPXHOCT H OT IPYHTA, A3CISABaHE Ha CeMIMA4HATa O6CTAHOBKE,
Ha MarHHTHOTO NOJIS H Ha CIBHYEBRA BATLD, [EOOTHYECKH H3CNE-
BAHAA, ASNINTAHEE HA TPRHCOOPTHA TCXHHKA H AD.;

Exmnax —Yapns Korpan, Pruapa I'opats » Anen Bra. Ha 14, 11.
1969 r. crapTapa B IpoaHBeR ObX¥A. Ha 37-Mmara cex. OT CFapTa Ha



+AIIOJIO-13

HATIOJIO-14*

»AITOJIO-15¢

2 XM BHCOYHHS B PakeTaTa HOCHTE] NIONAaAa MEiHAA. ToBa npeans-
BHKBA HeHOpMaJHa paboTa Ha GopoBaTa anaparypa. ARAIAIBT HA
06CTaHOBKATa NMOKA3Ba, Y€ MBJIHHATA BEPOATHO € NPEIH3BHKAHS OT
IPeMAHABAHETO HA pakeTaTa NpPE3 RASNeKTPASHpaHA obnanu, Me-
TAJHUAT KOPNYC ¢ ARDKHHEZ 0KON0 100 M B HaxeasmaTa or IBATE-
TEAATE CTPYR HORH3HPAEH ra’zose ¢ JRIIKHHA noseue oT 200 M mo
CBIIECTBO NDSACTABIAABAT ABJIBI MPOBOAHAK, BHECEH B €JEKTPH-
HeCKOTO none Ha obnanate. HeaaBRCHMO OT TPYAHOCTHTE B Haua-
JOTQ, NOJAETHT NpOTHYA yenemuo. Ha oxononysra opbaTa ocrasa
P. I'opash, a Y. Kospan B A. Brr #38bpIIsaT MeKO KanaHe u pai-
OOJIBraT HA JIYHHATA IOBBLPXHOCT CHeNyanHe paspaborenn 33 nayy-
HAaTa NpPOrpaMa CemsMorpad, MarHHTOMETBD H CIEKTpOMETHD. B
pasxoznxata Ha 183 M oT nyRRaTa xabEBa Te HAMAPAT ABTOMATHY-
HaTa CTaHlEs ,,Crppednp-3“ O3 npr3Hany Ha paspyluenne H ¢hOH-
paT okono 34 xr JryEHE o6pa3un OT rpyHTE;

Exrnax — Jxeitmc Jlopna, dxor Cyrnaxept B ®pex Xeiic, Crap-
THpa Ha 11. 04. 1970 r. [lBe NeHOHOIMSA CIIEA CTAPTA EKHNAXEBT [10-
TIaZia B CEPRO3HA aBapriiHa CATYaIBA BCAENCTENE HA BIDHB HA pe-
3€PBOAP 33 KHCAOPOA. 3aCerHaTa e CACTEMATA 34 XHA3HEOCHATYP AP -
HE W C€ Ch3A3aBa OIIACHOCT OT 3aAyiapane, Cnea ApaMaTUYHA AHH,
KODEKIAH Ha OpOHTATa, SKKIaXbT H2BbPIIRA 0OianTaHe Ha JlyraTta
H C Pe3epBa OT KACAODOX B IYHHATZ KaGnea G/arcOoaydEs ce 3aB-
prina na 17, 04, 1970 r., KaTo npeas rMypkaseTo B aTMocdepaTa ac-
TPOHABTHTE TIPEMAHEBAT B CIYCKagMHA ANapaT Ha OCHOBHHS 50K
H OTHOEIAT JYRHATA KaOHHa;

Exmnax — Anth lenapa, Earap Matuen u Ctioapt Pyca. Crapra-
pa Ha 31. 01. 1971 r. A lllenapa u E. METYen H38BPINBAT MEKO Ka-
naee Ha Jlynata, a C. Pyca ocrapa Ha OKOJICIYHHa opbHTa. AcTpo-
HEBTHTE H3NBIHABAT IPEABHACHATS HAYHHA IpOrpaMa, chOEpat
44,5 xr nysen obpasng. [Ipn 9-yacopaTa c# pabora na Jlysara m3-
10JI3BAT 3BTOHOMEH TPaHCIOPTHOD 32 ODOpPYIBaHETO, KOHTO ca
TPAABKXBAJIA pBYHO, llodersT 3aBbpinea HopMmanHe Ha (9. 02.
1671 r.

Craptupa Ha 26. 08, 1971 r. Acrponastare Heiisug CkotrT m
Jxeiimc ppHHE RIpbpiBaT Mexo KauaHe Ha Jlynata, a Anppen
YopneE ocTaba Ha OKonoayHAA opGuTa. [Iporenenn ca Hay4HR H3-
CJICABAHAA 33 M3yMaBaHE B KapTorpadupase Ha JyHHATA DOBLPX-
HOCT OT Op6HTa B C IOMOIUT2Z Ha CNEIHANHC IOATOTBEH ManbK Jay-
HEH CI'BTHRK Ca H3YYaBAHH AHOMATHHTE HA IPABATAIHOHHEOTC IOJIE,
Lipes oTpaXaTes] Ha JalepEC HINBYBAHE € ONpeAeleHC TOYHOTO
pascrosnne Mexay 3emaTa B Jlynata B gajieH MOMEHT OT TPaeKTO~
pasATA. TO37A eKCIIEPAMEHT € H3IBIIHABAH # OT ¢KAHAXATE Ha , ATIO-
JIO-11% 7 ,,ATICJIO-14% Ilo BpeMe Ha eKCIEIHORAATA Ca H3NATAHA
JIYHEOXOJ, yCEBLPIICHCTRAHH CKa(anADH H CACTEMa 38 KH3HCOCHTY-
psABaEe, cLOpanm ca 77,5 xr o0pasny oT JyHHaTa oBbpxEocT. [Ipn
BpPBINAHETC KbM 3eMATa YOpOBH H3BBPINRA H3JHIAHE B OTKDHT
XOCMOC 33 npAdApaEe R HAyYyRM Mateprand, ,,ATTOJIO-15“ nMma
penHOa YCHBBPIUEHCTBAHAA, KOHTO IIO3BOJIARAT A& Ce€ NPOABJIKE
nojneTa Ao 16 neHoROINA ¢ BE3MOXHQCTE 33 OpecToi 10 3 A¢HOHO-
mua ga JlyraTa, [IpK 3assplusaHe Ha NOAETA SAKH OT TPATE QCHOB-
HH napallyTa He ce pasTBapsa. Ch3gasa ce ONacHOCT OT 3alJIATaHe
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Ha HEepa3TBOPHJIHA Ceé OapallyT ¢ OCTAHAAHTE ABE, HO O0IIC IpH-
BOJIHABAHETO 32BLPIIB2 SIAaronofydHO Ha ABZ MapalyTa ¢ Ho-ro-
naMa BEPTHKRJIHE CKOPOCT,

»AITOJIO-16“ Exmnax — Hxos Aar, Yapms ok 7 Tomac Mattaaran, Mzsbpiipa
eEcnennnes Ao Jlyrara ¢ Mexo xanarne oT 16 no 27 anpan 1972 r.
Hxon SAer v Y. drok kanar aa Jlyrarta, @ T. MaTTRArAR ocTaBa Ha
opbrTa, AcTpoHaBTHTE CE0RpAT 95 KT rPYHT B M3MAHARAT 27 KM C
aynoxena. Paforara sepxy mosmpxaocTTa Ra JlysaTa e 20 uaca.
IIponsixkera e Hay?HATA NIPOrpaMa 4Ypes aCTPOHOMATECKH Babmio-
JeHAS B MarHATHH M3MEpPRaBAd, AnapaTypara 332 ASMEpBaHE Ha
TOIUTREBHT¢ NOTONM OT HeApaTa Ha JlyHaTa oTxazsa Aa paboTH.
ITposeacHR ca CeMIMAYEH AICACABAHAL;

SATIONO-17¢ TMocaeanara ekcreqnnmA ¢ kanare Ha JlyraTa ot 7 0o 19 aexeMBpH
1972 r. ActporasTaTe KO mRrA Cepran 1 XapaceH llIMATT A3BEP-
IIBAT MEKO xanaue, 3 Ponana EBanc ocTasa Ha OxoIonyrHa opGH-
T3, OCHOBHATA 44CT OT HAYMHATA NPOTpaMa ¢a TECJIOTHYECKA H3-
gcrnenpagns. YCIEUWIHG ¢ NPOBEACH CKCIEPAMEHT 10 E3yYaBaHE Ha
TONARHHATE NOTONE OT AyHARTE HeApa. [eonorst MmeTT ¥ nANO-
THT Ha IyHEAA Moy CepHEaH H3MHAHABAT 30 XM ¢ JIYHOX048, Ch0R-
pat 110 xr o6paznm H npasaT nosede oT 2000 CHEMKE Ha JIyHHaTa
NIOBBPXHOCT.

HayunaTa nporpama B JIYHHUTE €KCIEIHIIHA

HayunuTe 3aga4d Ha JIYHRATE eKCIIENBOAR C8 CRLP3GHA Ope-
JA¥ BCHYKO C H3y4aBaHE HA JIYHHATR NOBBDPXHOCT, CTPYKTYPaTa H ChCTaBa Ha obpas-
TIMTE OT IPYHTA, CEASMAYHATA aKTHBHOCT, A3CIeIBAHEe HA MATHETHOTO NOIE, TON-
JIAHHATE [IOTONM OT JYHHATE HEApa, CIIbHYEBHS BATHD, PA3CTONHAETO Mexay Jly-
HATa H 3eMATa, KapTorpadupane, HaGAIOACHAR. 33 UEAATE HA HAYYHATA IIpOrpaMa
¢a M3NQN3BAHH leT KOMIUIEXTa Haydnw anapate, Ofwmara AnixEAE HE (oTOo- B
KKEO-MaTepHanuTe Haasruiaea 15 xm,

Haii-roasm uHTEPEC NPEACTABIABAT PE3YNTATHTE OT HIYMABAHETO HA JIYHHHTE
obpasnu. O610To AM xoNr4ecTEO € 384,2 xr. C apaym3a BM C¢ 3aHAMABaT 125 Ha-
YYHHA CPYIHE OT NAJ ¢BAT, XMMHYECKHAT AHAJINR3 Ha o0pa3nATe noKassa, ue Jlyrara
HE Ce € OTAENHAa OT JemATa B Nponeca HA obpaaysase Ha niaageTHTe. OfinaTa
BL3PACT CHBIIZAA [IPAKTAUECKA ¢ BB3pacTT2 Ha 3eMATa — OKoNC 4,5 MIpA. FONRHHE.
B nyHHEA ITDYHT M2 BECOKO ChABPXAREE HA aTyMARNHA A TATAH, 4 B JJYHHHA Npax
oxoio 30% e CTBKIOBYMAHOC BENIECTBC BLE BHA HZ chepH C AMEMETD]) HAKOJKO Ie-
CETKE OT MAJIMMETEPa. IIpeanonara ce, ¥¢ IPH YAapH Ha METEODHTHE HYaCTHIH AYH-
HOTO BEIECTBO OT NIOBBPXHOCTTA C€ HANAPSABA B CII6H TOBA &2 PLP BHI HA MaJIKA
KDBIJIE Kankn, [IpH H3y4aBaHEeTo Ka JYHHATA NOBLPXHOCT aCTPOHARTUTS OOpHILAT
BHAMAHHAS Ha CJCIBAHETC (3AXe3MATa) HAa YACTROATE OT NOBBPXHOCTHAA Ipaxcob-
pa3eH CJIoH, KOMTO He C€ CBJIMYAT AaXe M IPH HAKUIOHHA OT 70°.

C pa3noNoXeHKs PhpXY JYHHATE TOBBPXHOCT CERIMOMETED €A PETHCTPHPAHA
JIYHOTPECERHS, €IHO OT KOATC NPOABLJIKAB2 OKOJIO 5 MHEH. T€3 AaHHH AABAT OCHO-
B3HHE HA VHSHHTE Ja Ipepa3riieaT TeopraTa, ye JlyHaTa € HaN'bJIHC MBPTBO B Ieo-
JIOTHYeCKO OTHOLLEHRE THIIC.

HacnensasnsaTa ¢ MATHATOMETED IIOTBBPKAABAT HOYTH MBIHOTC OTCHCTBHE
Ha MarEATHO Uo5e, 3a paiiuka oT 3eMATa, TOREPXHOCTTa Ha JIyHaTa € moAIoKeR2
Ha pa3pyIIUTeJROTO PRIAeHCTEHE Ha CITLHYEBAA BATED.
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Cpeararta IWITHOCT Ba AyHRATE o6pasnu ¢ 3,36 rjca’, a Ha 3emara 5,52 riom®, B
nysnuTe 06pasia No-4ecTo OT 3eMATa Ce CPeInaT METAIH € BHCOKA TOUKA Ha TOIe-
HE H IIO-PAIKO — METAJIH ¢ HICKA TOMKA H3 TONeHe. Te3n AaHAM A2BAT CCHOBAHHE
Ha ce npexanoara, 4e Jlynata ¢ obpa3ysana NpH 00-BHCOKH TEMIEPATYPHH YCIOBHA
OT 3eMsITa, XOSTO CE CHINIACYBa M C JIKIICATa Ha BOAA.

B mponeca Ha u3y4apase Ha JlyHaTa ca HANpaBeHH H OTKPHTHS, Hall-PAXHATE
OT KOMTO ca ABe. [IspBoTO €, 4¢ JlynaTa ¢ HannbiHo cTepuina. BropoTo e, ue Jlyna-
T2 WMa n0xc0en Ha 3eMATA re0IOTHYECKa HCTOPES B CTPYKTYpa. BenpocsT 3a npo-
A3xoaa Ha JIyHaTa 0CTaBa OTKPAT. YUCHATE C€ UPUABPXAT KbM B¢ TeopHH. CTo-
pen exnata Jlynara ce ¢ o6pasypana uaxsae B CruEMEBATa CHCTEMR B IIOCHE € T10-
najHajla B IPaBUTANROHHOTO nojie Ha 3emara, Cnopen apyrarta Teoprs JlyHara ce
¢ obpasysana B 61m30¢T A0 3emATa.

O6u1o e MueHRETO, Ye NONyHEHaTa HeHHa HHPODManAd OT HANBIHSHHETO Ha
NyHAaTA Hay4YHa Nporpama, nprAoOHTa ¢ MHOTrC TpyA H GHHAHCOBH Pa3XOdH, € Moc-
TaBHJIa K MEOTC HOBM BBIpocH. O0eMBT Ha HEOOXONAMMATE A3CASABAHNA CAMO 32
H3ACHABAHE HA NIPOH3X0JA ¥ CROJIICNHATZ HA JIyHaTa H3HCKBA IPH CEraIiHATE TEM-
noee noxe 100 rogunu. QueBHIHO €, Ye 33 TOBA €& HYXKHH HOBH JYHHH NHJIOTHDYE-
MM KOMILUIEKCH OT THIIZ Ha JyHHE 6a3H ¢ IPOABIKXATENHOCT HA CHINECTBYBARE MH-
HUMYM IO €J1H2 FTOAWHA H OPraHR3alAg Ha CHaDAABaKe C IepuoAHYHA CMAHA HA SKH-
naxure, IIpOMHIINEROTO NPOA3BOACTBO Ha alyMHHHHE B THTaH Ha JIyHaTa € mox
RENPOC NTOPaAH JIANCATA HA BOAR.

Ilponenxenne B caegsamys Spoit, Hocmenusa na 1 X, 1994 2,
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CTuMysiMpainc Bb3aEHCTBHE

Ha 6BJArapckOoTO KOCMHYECKO MEHIO
BBPXY paboTocnocobHOCTTA

Ha KOCMOHaBTHUTE

IIPH IPOABIKUTEIHE OJETH

JIwbka I'eopeuesa, IJeeman ILeemkos

Hayunouzcaedopamenctt shcmumyn
no kpuobuorozuna u auousuzayun, Cofun

Ilp® excTpemanBH YCIOBESA Ha TpYA H ORT pondra Ha aJif-
MEHTAapHEA (HakTop ce H3PA24Ba ¢ MIOBHILARZHS HA BEIMOXHOCTATE H3 aTAKYBEHATE
OT BpEAHHUTE YCHOBHA Ha 00KDBKaBAIATA Cpeda OPTaHK U CHCTEMH Oa dopMHpaT
CTPYKTYDHRATE OCHOBH HA aJaNTAOMATA Ha OPTAHAZMa H HErOBATA PEAKTABOCIOCOD-
HocT. KosmMuecTBeHATA B Ka¥eCcTBeHATA aIeKBATHOCT HA XpPaHaTa KOMIIeHCHpa Ohp-
30 R3pa3xcABanuTe AePUOATEA SHOCHCTABKA Ha ODTaHA3MA,

XpaHeHETO ¢ eANH OT Hail-BaXKHUTE PHANOIIOrAURO-XATESHEH DEKTOPH ¢ OIpe-
ReJslla poild 3a NoOIbpKaHe BECOKO HHBO Ha pabGorocnocobGHOCTTa, a1aNTAREOCT-
Ta ¥ 3/|paBOCAOBHOTO CHCTOSEHE HA XOCMOHaBTATE. MIBMHATAHAATA, CRBP3aHA C MO~
AeanpaHe Ha $akTOpHTE Ha IIOJETa, KAKTO A IO BpeMEe Ha NOJETHTS ¢ PasiHuHa
NPONXBDKATEIHOCT, AOKAIBAT, Y€ OCHOBRHATE IPOMEHHE B 0OMAIHATA HE BELIECTBATA
H CHOTBETHO B NOTPeCHOCTATE HA OPranM3Ma OT XPAHATE/IHE BEILECTBA C€ NbIKAT
Ha XHMIIOKHHE3HATa, Oe3TerIoBHOCTTA H GAaKTOpHTE, IPEAHIBAKPALIE HEPBHO-EMO-
OHOHATHO HANPEXEHAE,

HapyllleHAAT2 B OPraHA3Ma, Bh3HHKHAIH CJIel NPOABIKATEIHA A PsA3Ka XHUIIO-
KUHE3Hd, BOJAT AC OrPAHAYABARE HA AN20THBHOCTTA KM YCIGBUATA HA BLHITHATA
cpeda B OC 3HAYHRTENHO CHMXKasaHe Ha paBorocmocobroctTa [1, 3, 11]. Ilpn oGean-
BHXB&ZHE B IDOABJIKEHEE Ha JABe JeHOHOUIMA O0MIOTO KOJHYECTEO HIBLPIICHE Pa-
H0Ta CHeA BTOPOTC NSHOHOUIAE HaMandng ¢pelaHo ¢ 43,4%, caem neceroro — ¢
42,0%, cnen pesetHaaeceTore — ¢ 26,0%. BeamoxnocrTra 3a paboTa g0 OTKaz B
NIOCJIEAHATE CPOKORE CE HaMangpa CLOTBETHO ¢ 32,4, 30,6 u 18,2%. Ilono6ru npo-
MeHR B paboTocnocobHOCTTA ¢4 YCTAHOBEHH M NPH AMEPRKAHCKATE ACTDOHABTH
cnen 14-grepen noxer [2, 4, 8).

PasxoTo noEMXaBaHe Ha MycKyJiHaTa paboTocnocobrocT ce ofyciass He TONI-
KOB2a OT BETETATHBHHTE GakTopH, KOJIKOTO OT NOHAXCHATA cnocobHOCT Ha caMarta
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MYCKynHa TBKAH Aa HIPBpPIUBA RHETEHSHBHA M NDOZbAXATe/NHa pabota.Tesr msa
$aKTOpa oIpeNeIsT A3MEHEHAATA, KORTO HACTHIBAT BLE (YEKOEOHUPABETO Ha
ChpAEYHO-CBACBATA CHCTEMA R HeHHAaTa peryjianas, B KaloHesaTa OGMAHA, B AAIIA-
HETO M r430BaTa 0OMARE, B MeTafoIu3Ma Ha BCHYKH BEIIECTBA, B KDBBHAA ChCTAB H
xemoxoarynanasTa, 8 6x6peunara neHHOCT, B HEPBHO-XYMODAJIEATA PEryjannsd, B
NCHXRHHATE (YRKOMK, B IPEYCTPOHCTBOTO Ha ASHHOCTTA Ha BETETATHBHATA HEPBHA
CHCT¢Ma, B DEAKTHBHOCTT M YCTOHYHBOCTTA Ha OPraRHE3Ma M AOPH GHOCHEPIeTH-
KaTa Ha MATOXOHIpHETE, TOBA ca M3MEHEeHHs, KOHTC Ch3AZRAT IPEATIOCTABKE 32
Pa3BHTHETO Ha CBOLOOPa3RO0 BpenfosecTHO CHCTOARAE, HAYANO HA ABEH ATOJIOTH-
4eH npomnec [1—3, 7, 11],

IIpHIOXEHHETO Ha KOMINCKCHA XDAHHTENER OpOBAMAXTHKA HOpMAaJa3upa
A¢HHOCTTA Ha OPraHM3Ma, IOCTABCH NPH EKCTPEMANIHE YCIOBAS. YOTAHOBEHO €, ue
ICHOBETE Ha €KRIAXKTE HA OpOHTANAATE CTaR®n ,,Camor” B ,,Cxafins6, u3nsa-
HABAJIM CTPHKTHO CONPEICICHHEN XPAHHTENEH B ABATaTENCH PEXEM IO BpeMe Ha
NPOAB/DKATENHEA TOJIET, C2 3aNa3A/IH XPAHRATEICH CTATYC, GIMILK 10 Opeanosier-
HHA 7 QYHKIMOHAJIHC HHBO Ha GHIHOIIOTMYHATE CHCTEMH, KOESTO € HONPRHECIC 38
CDaBHATENHO 6bp3aTa HM peaNanTanus KbM 3€MHATE YCIOBHA,

BRALT HE XOCMAYECKATE XPAHHA, KOMILIEKTOBEHH B XDAHATEIHATS PALNEOHH, CE
ONpeAe/s OT NPOABIRATEAHOCTTA Ha KOCMBYECKAL noneT. Ipa HeNPOAKWIKATEIRA
TIOJISTH — OT HAKOJIKC AHK HIIH CEAMHUIH, DK KOHTO H3N0/3BaHATa XpaHa € noj Gop-
Mara Ha PE3ICPR, XPARHTETHART MOAEI Ha EKHIIAKA BXIIFOYBA OOUKEOBEHA KORCEDBHADA-
Ha XpaHa, Tosn xpannTener Monen ofaue ce oxasa Heyaauer. Ha opSRTaNHAT: CTaH-
uas ,,Cantor-6%, B peaynTaT Ha MPEHATOBAPBAHE HA MEHIOTO ChC CTEPIIIMAHDAHA KOH-
cepBH {(oxojio 80% OT CRCTABA HA MEHIOTO), KOCMOHRABTHATE OT METTE OCHOBHH eKCIIe-
JAIHA KXbM Kpaf Ha BTODHs MECEN OT NOJIETa MPACTHLIBAT ¢ HEXENAHAS KbM TAXHATA
koHcyManns. Topa Bamoxn 3a exnuaxa Ha opbrETanEaTa cTanEs ,,Cantor-7° na 6hae
paspaboTer XpaHHTE/ICH PANHOH ChC 3HAYKTENHC TIOA0OPER CHCTAB, TIPH KOHTO OKO-
J10 65% oT XpannTe ¢a B IEOGRIAIAPAH BEA. 3HAYATEHAAT RATEPEC KEM JTHO(DIIA3H-
PaHHTE XpaHH, Ipe(HA3HaYCHHE 38 IDOABDKATEIHE NOJIETH, C& IOTRLPRKAABA OT KpyI-
HHTE RABeCTHINA, KoNTO HACA Bnara 3a msxHOTO npousponcTeo B CAIIL

JlzodrnrsanasTa ce yTPLPAN XKATC €AKH OT Hal-IPOrPECHBHUTE TEXHOJIOTAY-
HH METOAH 32 OBJATOCPOUHO KOHCEPBAPAHE HA XPAHATENHH IPCAYKTH. PaspaTreTo
Ha POHSBOACTBOTO HE JIRODHIASHPAEH KOCMAHECKK XpaHH B CBETOBEH Maiual e B
CIIEAHHTE HANPABIICHHN;

=~ 33Ma3BaHe Ka9eCTBOTO Ha XPAHATEIHATE PAAOHA OT JIROGAAR3APAEH Xpa-
HH 33 NepHOJ, NO-NPOABIXATENEH OT IeT TOAMHEH;

— ONTHEMM3HPAHE H2 KOJHYECTBSHAA H KAYECTBEHHAA CHCTAB Ha KOCMAYSCKATE
XpaHHE B CHOTBETCTBAE C IJIACTHHRATE H eHEPIHAAATE NOTPeCHOCTR HA OPraEAsMa
IO BDEME Ha NPOABIDKATENHH MOJIETH.

OCHOBONOJIOXBAX Ha CHBPEMERHATE TEXHOJIOTHY 32 IPOR3BOACTEO HAa NTHODH-
JIA3HPARM KOCMHAYECKH XpaHH B Peny6nnka Brarapus e HayuronaciieA0BaTEICKAST
HHCTHTYT IO XpHOOROJOTHA ¥ anodnnnsanus 8 Codus.

ITpHEOENLT HA OpHTHEANHATA §BArapcKa TEXHOIOTHX 33 TPCH3BONCTBC HA
JIHO(RIHIEDARN XpaHH CE OCHOB2BA HA M3NOI3PARETO HA H3KYCTECHHN CTYI B ChYe-
TaH#e ¢ BaKyyma. ChueTaRy ca CIITHMAJIHO JIB8 MEeTO2 Ha KOHCEPBRAPAHE — 3aMpa-
3ABaHE A CYIICHE PBB BAKYyM IIDH TEMISPaTypH, HEIIPEBAINABAIN A KPHTHYHATE, IPH
KOATC C€ Hapyliasa MAKPO- H MAKPOCTPYKTYPATZ HA NponyKTa. IlponecsT BRIFOU-
Bi TPH NOCNENOBATEIHA €Tala A 06paboTka Ha MIXOAHAA IPOOYKT:

— OBPBRYHC CYIISHE, IPH KCETO o0pasyBaluTe Cce OpH 3aMpa3fBane JEeAeHA
KpECTand CyOIRMHDPAT O] BIRAANE Ha ['bPBOHAYAJIHO KHTEH3HBHO, & CJICHA TOBA HA
YMEDEHO HATPSABAHE B YCJIOBHATA Ha BHCOK BAKyyM;
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— BTODEYEC CYIICHE, IDH KOETO C¢ OTACAA OCTATHYHATA BIAXKHOCT B YCJIOBEA-
Ta Ha IO-BACOK BaKYYM H NONQRHETCHAHA TEMOEDATYDH;

— JAKTOUATENIEeH eTal — NOCTHraHe Ha KpaifHa OCTATHYEA BIaXEOCT HE NPO-
JYKTa ¥ HapYILIRBAHE BAKYyMa Ha CyO/IEMalMORAaTa KAMEPa ChC CYX HEEPTEH ras [§, 6).

OCTaTEYHOTO BIATOCHABPAKEHHE, KOETO € B rpananaTe Ha 2,0 g0 5,0% e pas-
HOMEPHC pasnpencincEo B obema Ba npoaykra. B cyxc, omakoBaBo CLCTOAHES, JIHO-
(UIAINDAEALT IPOAYKT C€ CEXPAHAna ALIrOTPAHEO — A0 NET TOAHEH, el Az BAH-
33 B KOHTAKT ¢ BJIAraTa # KECJIOpPGHA Ha BE3AyXxa. Tosa 1o npasd IOIXOMANI 32 Me-
JIATE Ha NPONBDKATEIHAA KOCMAYECKH II0JIET.

Peaynraparero Ha ofeMa Ha XOCMHYECKATE XpaEH O OCLINECTBEHO Ype3 rpa-
HYJHpaHe B NOCIeApallo Npecosane noA dopmaTa Ba rabnerxn. TabnerauTte $op-
MH ca yA06HH 33 opopMIREe HE XPAHHTEHA AaxCeRA KOMIJIEKTH, BICTIOYBAINR Ie-
JIOOHEBHO MEHIO ChC ChOTBETHATA €HEPTHAHA CTOHHOCT, XEMHYECKHE ChCTAB B OO-
THMaNHA Maca —300—350 rpama. -

Xpanrara kaTo (prIACNOTHYAA MOTPebHOCT HA OPraRMIM2 M3IBIHABA CBOCTC
OCHOBHO IPEIHAIHAMCHAE — I3 IOAOBPXKA BECOKA paborocnocobROCTTA HA XOCMO-
HaBTHTE, KOTaTC HallLIHO ce ychogBa. CTeneHTa Ha YCBOEMOCT HA APSHATA CE ON-
peaens OT HefHATe KauecTra, KOHCACTERNHS, XAMAYECKE ChCTaB, OT YCTAHOBCHRS
XpaHHTENEH PEXHM, KAKTO A OT BKYCOBATE OIPCANCIHTAHES HE OTACIHIA HHOABAL.
Ero 3amo opn pazpadoTrane Ha ¢HCTABA HA OBITAPCKOTO XOCMEYECKC MEHIC OT-
JCNHATE XpaHA 0fXa H3NATPAHE [IDH OGMKHOBCHH, 3¢MHEH YC/IOBES H B XEPMETH3H-
PaHHA XaMEpH, BMATHPAION KOCMRYECKETE ycsrosks, [Ipy npopeaesoTo TpEHApO-
BBbYHO XpaBeHe ¢ OopAOBHATE P2OECHE, BKIKYBAOIH NHOGHIAIEDAHATE XPaHHE, B
npoaBTXenne Ba 12 fleHOBOIMAA, KOCMOHEPTHTS, YUACTRANR B poexTa , Illnnkxa®,
NpEAOOHXE TEOPSTHYECKE H IPAKTAYESCKH IOIBAHAS 32 A3N0NIBAHE Ha CIICIHEANIH3H-
PaHOTO XPAaHATEJIHO 38eH0. MEIMBANVAIBATE BKYCOBE NPEANOUYHTARHAS H CIEHKATA
Ha CLOTBETHRA AeTYCTEpPAH NPOOYKT OT WISHORSTE Ha eKanaxe 6iXa PerECTpHPAHE
B apKeTEH xapTha, ITocOueHATE OT THX MEEHHS HH HAJCX2 HACOKH IPH KOMILIEKTO-
BAHE Ha AHCRHATE PAAOHY, TIPEARAIHAUEHH 32 NPOABIXRTEIICH noseT. Cen3opHa-
T4 ONEHKA Ha AETYCTUPAHHATE JIEO(HIRZAPARY XPAHH € BECoka — 8,9—9,0 mo 9-6ax-
HaTa XeOoHHYHEA CKana.

IIpoekTEPaHAST XEMAYECKE CHCTAB B €HEPTEREOCTO ChABPKABES HA IHODHIIRA-
3WpaH¥ XPaHH, BKIIOWEHH B GBIr8pcKOTC KOCMEYECKO MEHIO, ¢& ChoDpaseEm ¢
€HEepropasxoAa M HeGNaronpHATHATE MeTa0OIMTHH IPOMEHH, KOATC BL3ARKBAT
OpHE NPOABIIKRTENER MoneT. KakTo ¢ H3peCTED, Ge3TErJIOBROCTTA H XHIOKAHEIAATE
NPEOA3BHKBAT HAMAIAPAHE HHTEHIWBEOCTTA Ha ACHMEJIAIIHOHHATE NPONECE B Op-
T2HA3Ma IIPHE 3a043BaHe Ha B3XOJHEOTC HEEQ HJIA PR 32CHIBAEE HA HAKOH JHCEMH-
JNaNMOHRE npouecH. BragelicTeneTo Ha CTPeca CHINO 3aCHIBa KaTa60IHTECTO Hall-
pasiigERe Ha O0MsaEaTA.

3a mpeonosisBane H3 HETATHBHETE OPOKECH B OTPAHHIME HA KOCMOEABTHTE,
PBIHAKHANA [0/ BIMAHAE HY BpeAHATE GaKTOpH IPH NPOARIDKATENHRA NOJET, # 32
OCHTYDSBAHE HA MHTCHIRBHOCT, IOAPOTA ¥ OAIOCTHOCT Ha XpaReHeTo & Reobxonan-
MO Haf-OIITEMAIHO CHLYESTAPAHE B IHEBHEN XPAEHTENSH KOCMHYCCKH DRNHOR Ha
XPaHH OT paxIAYeH [IPOR3IX0] — A3TOMEHLE Ha NIACTAYEH, eEEPrHiHE B ORcACTAY-
HOAKTHBHE BEIECTBA,

BhIrapckoTo KOCMHEYECKO MEHIO e ChCTaBeHO OT 27 BAa2 NHO(DRIASHPAHH XPa-
HE Ha MeCHa, MeCO-3eJIeEYYKOBa H IUIOAOBC-M/Ie4Ha OCHOBE — CYIM, OCHOBHH SC-
THSA, AECEPTH, ICHOBE, C)OPMERE BLB BH]] HA XaNKH C OEKZHTEHA, TPANANKOHEH
BKYC Ha §BirapckaTa HallEOHAIHA KyXHA.

KoCMHYSCKHAT AHEBEH XPAHATEJICH PanHcE oT Hhirapckd ARCHHIEIHDARH
XpaHH € ¢ eHepruitea croinocT — 12810 x/bx — 13230 r/Ix (3050—3150 xxan). Xa-
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PaKTEPH3APA C€ ¢BbC CICOHEA XHMAYECKA ChCTas; GenrTpyEEr — 135 1, MasHAHE —
110 r, 1 peraexaapars — 380 r. KoanuecTBOTO HA MAKPO- B M3KPOEIEMEHTHTE B
Oax0ara e, KAKTC cnensa: xannnid — 0,8 r, pocthop — 1,7 r, marresnii — 0,4 1, xangi
— 3,0, sarpuit —4,5 r, sennzo — 0,05 .

Kparrocrra Ha XpaHHTEIIHAS PEXHM C€ ONPERENs B 3aBHCHMOCT OT QyRKUAO-
HaIHOTO CHCTOSMHHE HA OPradA3Ma, HeropaTa (pr3nUecka B HepBHO-NICHXAYHE HATO-
BaPEHOCT, BLATAPCKOTO KOCMAYECKO MEHEO € RHANTHPAHO 38 YeTHPHXDATSH XpaAHH-
TEJICH POXHAM {ABe 3a8KyckH, 0011 H Beueps), C AETEPBAN MEX Y OTACIHATE IPHAEMHA
OT TPE Ao neT 4aca: KoucyManasTa Ae JHOOHRIH3HPEHATE KOCMHEYECKH XPAHH €&
OCBIIECTBABA Ciled PEXRAPATANNA, IPH TeMIepaTypa oT 27 go 65°C, B 3aBHCHMOCT
OT BEI2 H2 XPaHHTENHASA NPCAYKT.

IIpopemennTe MeaMKO-OHONOTHYHAN HMICIENBAHHE BBPXY BB3ACHCTBRETO HA
JTHOGNIABHPAHATE KOCMHAYECKH XpaHH, BIJIIOYEHH B OBArapCcKoOTO XOCMHMECKO
MEHE0, ACKA32aXa TAXHATA XPaHATEIHA ¥ BHONOTAYHA NEJIHCIEeHHOCT. ToBa ce Obi-
AH, OT €IHa CTpana, Ha PaIHCHAIIHC H3rPaIeHAS M CBCTAB, @ OT ApYTa — Ha IIpH-
JIOXERNUTE ONTHMAJIHA TEXHONOTAYHA NMapaMeTpH Ha CyOIAManHOHHOTC CYLICHE.
I'pynnpareTo Ha AROHEIM3APARHTE XPAHA B KOMIIEKTOBaHN dax0r no3sonn Gop-
MHP&HETO H NOOIbPAKaHETO Ha ONArCNpRATEH MO HA XpaHeHe 3a NPOABIIKATE-
JIeH IIepHOA OT BpeMe, 563 MCHOTCHHOCT F C pasHooOpasre Ha MEeHKOTO.

BenThbyHaTa KOMIIOHEHTA HA H3C/ICABAHRTE AROHANE3APARY XPARH C€ OTIAYE -
Ba C BRCOKa DHOJIOrHYHA CTCHHOCT, KOATO C¢ ONPEASIA OT ChABDXAHACTO Ha MIISY-
BH H DacTHATEJIHR NPOTeHMHA, OOraTH Ha He3aMEHAME aMHHOKECEIHHH. OT Apyra
CTpaHa, Ch4ETAHAETO HAa IPOTENHA OT pas3jinveH IPOHIXOA ACNpAHEace 3a AZobparta
GaNaHCHPANOCT Ha aMAHOKHCEIMHRAA CHCTAE Ha OENThYHATA CHCTaBKa, ez HamA-
4Yne B Hed Ha JIAMATHPAIIA aMAHOKACEIHHH,

MacTHRAT XOMIOHERT B OBArapCKoTO KOCMHEHECKS MEHEO & OIITHMANTHO J03H-
paH, XKaTo € B3eTa 1o BHAMAHAE ASKITHTENHO BaXHaTa (hH3HONAOTEYHA POJd B
JIMNAAMTE — eHepTHiiHa, N1aCTAYE], PETYIaTOPHa H TPAHCIOPTHA, B OOIIAS MeTa-
60:113bM Ha OPraEA3Ma.

BucoxusT OTHOCHTEMEH A1 H2 INIOA0BETE B 6BIIrapckoTo XOCMHEHECKO MEHIO
ro oBoraTaBa ¢ Qeayi03a, IEKTHHOBH BELISCTBAa, OPTaHAYEHA KACEINHA, BUTAMHAHH,
MHXPO- A MakpoeseMeHTH. ILIoforaTa chCTaBka chaeHicTra 3a o6pazynaHe HA 1A~
POX CHEXTHP OT B3ANMHEC AOHNBLARAIIE Ce NOTeHOApaI A FeACTBHETC CH XPaHHTEN-
1K haxTopn. Te 0kassaT HHATONPHATHOC BE3IeHCTERE BEDXY aJiKaTHO-KHCEITARHOTO
PaBHOBECHE B OPraHAIMA, HEYTPAANSHAPAT PEAANE OTPHOATENHE BIHSHEA HA XOC-
MAUYECKUA TIOJIET BhpXYy 00MAHATA, aNaNTHBROCTTA, H3APBEUIHBOCTTE H paboTocng-
¢oGHOCTTa Ha KOCMOHaBTHTE, )

IonoxuTener edekT BRPXY OpPTaHA3MA OKa3Pa BKIFOYBEHETO B CHCTABA Ha Je-
CepTHATE KOCMHAYECKH XPaHA Ha IBA BAAA MJIEYHOKECE/IH GaxTepraHA amMoBe —
Lactobacillus bulgaricum u Lactobacilius acidophylus. [Ipoy4paEAsTa BBPXY FACTPO-
HHTECTHHAIHATA MEXpOdIopa Ha YOBEKA, IIOCTABEH B YCIOBHA HA HEPBHO-¢MOHHO-
HA/ISH CTPEC, Ha De3TErSIOBHOCT ¥ XHIICKAHEIAA, HAJIOKEXa IPEOHCHKATA. HA HAKCH
MHKPODHOJOrHYHY KPHTEPAH 332 K24YECTBO Ha KOCMHEYECKOTO MeHIo, flposenennTe
H3CIENBARNA NOTELPARXA Oe/1ecbOOPARHOCTTA OT BKAIOYBAHE B XDARHTC/IHES DaH-
OH H2 KOCMOHABTHTE Ha XpaHH, B KOHTO € HaJIuNe aKTHBEA OHbER0- BiR jaxToduIo-
pa [9 10]. Ilc To3m HAYKH ce NORMINAX2 DHONOTHYHATZ NEHROCT, ONPeALIeHa OT Ae-
TOKCHKHPAIaTa PO H& MAEYHOKHCENRTe DAKTEPHE B PH3EOJOTAYHOTO BBH3ASHC-
TBHE, CBBP3aHO ¢ noAoDpSBaHe Ha YpCBHATA MEKpO(UIopa Ypes cTabuIA3Hpane Ha
MHKPOSHONEHO3NTE HA TaCTPOMHTECTHHAIENS TPAKT B T0N0OpABAaHE HA HETOBOTO
(YRKIMORANHO CBCTOZHHE,

HaBecTHO €, %€ npH KCTPEMaJIEA YCJIOBHA NOTPEOBOCTHTE Ha OPTAHE3ME OT
BATAMHHHA 3HAMATEIIHO Ce yBeanuanat, Taka RanpEMEp UDH MbX¥e HOOPOBOANH CHEC
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70-HeHOHOLIHG 06e3BRXBARE EKCKPENRATA Ha 4-THPHACKCHHOBATA KHCEIMHA, KO-
ATO € KpaeH NpoAykT Ha oOMsaHATa Ha BATAMHH B, ce nonrxana ¢ 23%. Henocra-
TBYHOTO IIOCTBIIBAHE HA TO3W BHTAMUH NPH #MOOHIIN3APDaHE HA OPTAHHIME BCHH A0
BJICIIaBaHe Ha OenThunusa MeTabon3 M. 32 anHMERTADHOTO KOMIIGECHPAHE Ha BH-
TAMHHHMA ReGUIAT B XPAHUTEHAS DALHGH Ha KOCMOHABTHTE AONIBIHHTENHC Ge
BritcueH paspaborerraT B Hayunouzcne108aTEICKRS RHCTHTYT 10 XPHOGHOIOI RS
¥ THOGHIIH3ALNS [OJMBHTAMAREH IPEnapat — ,,BUTATOR®, PR AOIAPOBXA [0 TPH
Kalcyiii AHEBHO.

IposeseruTe MeauKko-GHONOTMURE HACEABAHNAS JA0KA3AXA, Ye TIOA BIARRHHUE Ha
NPHACKEHOTO AAMMEHTAPHO BB3ACHCTBHE ¢ BKJIIOYBAHe B SOPAOBHTE DAllMOMH Ha
Gparapcky THOGHIHINPAHE KOCMAYECKH XPARN 3HAYRTEIHO Ce NoAobpsBa Mopdo-
JIOTHYHOTO M (PYHXUHOHRJIHOTO CBCTOSENE Ha OpraHM3Ma (TelecHa Maca, TeJleceH
ChCTAB, DROXUMUYHH [I0KA3ATENH, HHAEKC Ha $ranueckaTa paboTOCHOCOBHOCT | T.
H.} B YCIIOBHATA Ha NPOOLIDKHTEICH [IOJLT. '

B saxmouenue cienpa ha 0606mumM, ue GEIrapeKoTO XOCMHYECKO MEHIO OT JIH-
OGuIHZMPAHE XPaEA OTIOBAPA HA ChBPEMEHHATE HYTDHOJIOTMYHYE H3HCKBAHMA 3a
XpaHEeHe NPH IPOABIKATENEH KOCMUYECKH 01T, To o6e3neyana HeOGXOMHMETE 34
IIOCTABEHES B eKCTPEMAIHM YCIIOBHA OPTaHUIbLM CHEPTHHHA H IIaCTHYHH BEINECT-
Ba 32 NOAABDXKAHE HA BUCOKA PaboTocnocobHOCT, HMYHOPE3RCTEHTHOCT M afiam-
THBHOCT IIPH MMOCHAH3AUMS, CHUETAHA ¢ OCTRHANMTE HEraTHBEA (BaKTOPH Ha pa-
60THATE Cpena.
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Brnrapcka axafeMus Ha Haykute s Bulgarian Academy of Sciences
ASDOKOCMAYECRH KacaAexsanug 8 Brnrapuz s 12 » Aerospace Research in Bulgaria
Cotus ¢ 1996 » Sofia 2 :

Hosu xnuzu

EKOKATACTPODU
(IIpupoaHH €KOJOTHYHH KaTacTpodu)

IIpes 1995 r. KHUXHHMAT HH 0a3a2p ce 00OTaTH ¢ HOBA HAYYHONONOYNAD-
Ha KHMra, uagzgenz ot Magatencka xwwg ,,Baneca®. Olle caMOTC 3ariaBu¢ Ha KHHTAT2 NOAC-
Xa3pa, Y€ TH € MOCBeTEHR HA SJHA CPABHUTEIHO HOBA, aKTYa/IHE H HHTEPAHCIUAIHHADHA HAYYHA
obnacT, XaKBaATO € exXONoruaTa. ARTOp € XK. §. H. HHX. ['apo MapaupocaH — CT. H. €. B HAYYHO
RanpaBacHKe , JIMCTaHUMOKHA H3cnenpaHna Ha 3emata oT Kocmoca® B MHCTATYTA 38 KOCMH-
4eckH MacieapaHua npu BAH. :

KaKTo i caMm NpH3HaBa B NPEATORODA, 8BTODDBT CH € DOCTABHI HENCKAT J2A448 B €AWH CPABHU-
TENHO OrpanRu4eH 00EM, Ra IMONYIAPHC H JOCTEHIHG 38 [UHPOKA AYAHTODKS HEBC A8 ARLC HA MHTATEIR
NPEACTABR 33 XaPAKTEDE, NIDHYKHHTE, PA3BATHETC, PE3IPOCTPAHEHUETO, IETHTE, KEDTBUTE K T. H, Ha
TPHPOAHHTE eKOKATACTRPORM, KAKTO H K3HOAMTE M TOYKHTE OT BCHMKO Topa. M TpaCpa seanara ag ce
Aon4epTae, 4e TOH & YCORI HanbjJHO Aa NOCTUrHE LEeNTa CH.

B HA%AKOTO HA KHHIATA A M3ACHEHW TEPMMHOJIOTHYKO NOHATHATS ,,6KOIOTHA" H nkaracTpofa’,
32 KOMTO BCE LIE €& BOJHT JAMCKYCHMH B HayuHaTa obuiecTsenocT, B rnapaTe ,,Haxon ronemn ApepHH
exoKkaTacTpodr® C& pajsrficAaHy THTBHTCKATE NPHPOIHH KaTEKAM3MH, KOKTO € DPCKHBA/A HAII&TA
[12HETA B NPONECE Ha ODOPMARETO O, XIHMATHYHATE KATACTPoMY OPERH CTOTHUM XHISAH ¥ MHIH-
OHM TOAWHH, EBEHTYRAHATE BPB3KA MEXAY HOABATE HA XHBOT Ha K4IIATA IUTEHETA K HAKOA KOJAOCAIHE
XOCMHYECKR XRTacTpOda.

Ha pasguun#Te IpHPOAHY K4TAKIHAMH €3 [OCEETEHM CiIeABEUINTE INaBH B xuurata. MeTopu-
YECKH CREAEH®A 32 FPOYYTH €KOXATACTPODH, DR3KA3H HA CYeBHILH, ,,MPadHa" CTATHCTHKA 34 XEPTBY
H IETH, HAY“HO OBACHEHHE OT TIEAHIIE HA CHBPEMERHATE Fe0)U3NKE HA NIPHIHHNTE 32 MOKBATR, Pa3-
BMTHETO, PA3NpOCTPBHEHMETC W T. H, HA EKOJIOTHYHHTE KATACTPOGdY, ONHTHTE H2 YOBEK2 I8 MM IpO-
THRGCTOH H MHOXECTBO ApYIrH MobonuTHY DakTH ¥ KOMEHTAPR 33 3¢METPECeHnd, HaBOAHERHR, TPO-
NHARY UHKICHH, BYAXAHH, IyHAMH, TABMEY, MBIHEH, NPaxosH 6YpH, rOpCkH NOXKAPH... Beruko Toba &
EOOBEIHEHO ¢ GOTAT ¥ HHTEPECeH MIKICTRATHREE MATEDHAL

CrneuHansEo MACTO € OTAGISHC M He £KORETACTPOMNTE, CIONETENN HAMIHTE 3EMH OT APEBHOCTTA
A0 HBIH JHH. ;

Eano oT riaeHETe D0CTORHCTEA Ha ,ExoxaTacTpodu” €, 4e He32BHCHMO OT NONYISPHHA W BOC-
TBIICH HE4HH H2 HAIOKEHHE ABTOPDT € ChyMas Ja 1aNash Hay4HOTO 3BYYeHe H HHPO Ha KumuraTa. Ta e
opofipesa 0T MUHHCTEPCTBOTC Ha o6pasoBaHNETO, HAYKAT3 W TEXHONOTRHTE H C& NPENOPBYBA KATO
y42BHO-ICMOLIEA AUTEPATYPA 33 YYaIHTE CE. '

M3uoro £ OoIe3Ha ¥ 33 BO-IIHPOKA AYAHTODHA — OT ODHKHOBEHHR YHTATEN AC CHELHANACTE IO
reodn3uKe, TECAOTHA, EKONOTHA, XHAPOIOTHA, METEOPOJIOTER, 32 MEJNIHHCKH TEPCOHAT, 38 CAHUTAD-
HO-XHTHEHHYN CAyx{H, 32 CIeNuaIMCTH OT BOENHA REAOMCTEA H T. H. '

ABTOpUTETHHTE peluersenTi npod. HeaH IleTxkor 1 ¢t, K. ¢, Bolixo Parrencs, goSparta pabota
Ba XYACKHHKA Beanmup XPHCTOR ¥ Ha LEANA H3A8TEICKY KU C& HATIDABHIHA BLIMOXHO 0bopMaHe-
TO HA £1HA KHAra, KOATO MOXKE A2 C¢ Hapede ABJICHAE Ha HAIINE KHIKSH 1a3ap, uMaliki IDSIBHE oc-
KbAKLATS OT HRY4HOTONYIAPHA JKTEPATYPR Opel MOCHeIHHTe TOAKWHY, Ollle TOBEHE HA EROJNOTHYHA
TeMa.
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TAPO, MAPHPOCAH

Toea ¢ egia rancTHHA AETYANHA, NOJIE3HA H HHTEPECHA KHUTE, 0COBEHO CEera, p TCOMHHTE HA

ofaserata or OOH -Mexayunapoasa aexans {1590—2000 I,) 33 HAMANABERE HE NOCMEIHUHTE OT OpH- .
POOHHTE DEACTHHA.

e H. ¢ 8-p 2. H. Xephauu Cnupudonce

Mapaxpocau, I Ekokatactpodu {IIprpoann excnoruynm karactpodu). Codus, KK BA‘HECA1
1995. Pezn. H. Entamosa, xya. B. Xpuctos, 248 c.).
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