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Kick- excitation of "qua ntized"
oscillationsr

Wadimir Damgov, Arun Holden*

Space Research Institute, Bulgarian Academy of Sciences
tCentre for Nonlinear Studies, Leeds LS2 NT, U. K.

Introduction

The phenomenon of continuous oscillation excitation with
amplitude from discrete value set of possible stationary amplitudes [] will be ana-
lyzed numerically on the basis of a general model - a pendulum under the inhomo-
geneous action of external IIF 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 held structures. A great number of papers
deals with the simplest model case - the so-called model of Fermi-Past-Ulam [5-
l2l. ln 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 dynarnics.

In the recent years, the principle ability of using the Fermi mechanism for
boosting space rockets in the gravitation field ofthe 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.

I An investigation supported by the Bulgarian National Foundation "Scientific Research" under
Contract No TH-549/95.
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Fig. I . Illustration of the system under consid-
eration - a pendulum under the inhomoge-
neous action ofan external periodic forcer$l$
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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, l3-20].

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. I presents a schematic diagram of the pendulum system under consider-
ation. The deviation 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 limit zonel-d, dl of the trajectory of motion of the fendulum, 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 aetion 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
I-d, dl and is released to oscillate, it periodically passes through the zone [-d, d]and
is subject to the action of the external force F:d sinvl. At these conditions, a sta-
tionary mode of pendulum oscillation can be established with a quasi-constant am-
plitude, within one of the hatched areas of attraction in Fig. l 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 "quantizalion" 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"qtantization" of the dynamic states in a macro sys-
tem. The excitation of one amplitude or another depends on the initial conditions, at
constant other parameters and conditions. We consider that the pendulum in this
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case is b 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 nation of quan-
ta, photons, phonons, gravitons) is postulated, and in the Theory of Relativity quan-
tization is not derived by geometric considerations. At the phenomenon 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

-oscillatorobeys the classical laws to a gteatet extent than any other systems. A num-
ber of problems, related to quasiharmonic oscillators, have the same iolution 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 demonstrited that, due to the
character of excitation (adaptive external kicking action), maintaining quasi-period-
ic-al and quasi-regular oscillations is possible. Bifurcation characterisiicf are piesent-
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 ststems on very lon[ time
scales and th ise.

In this s 'quantized" oscillations excitation and bi-
furcation to i I simulations of the damped driven pendu-
lum emphasizing the role of the phases of attraction for different itable statei of the
dynamical system.

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

^ .- T!t" inhomo_geneously a. c. driven, damped pendulum system is given by the
following set of three first order autonomous diffe;ential equaiions

*:

t-
(l)

j,

-2P* - sinx * e(x)d sinz,

wherex is the pendulum's angle of elevation, y : its angular velocity; the driven
dx

dt
torque is a sinusoidal torque with amplitude Fo, frequency v, and phase z : vx + g, g
is the initial phase; B is the decrement of damfing in the system; the dot denotes an

ntiation by the dimensionless time "c=a^t,where ro^is the natural
y of the pendulum for oscillation with i disappearing small am-
cy of the external periodic source is in units of oo; the v>>1. case

^ The function e(x), which derermined the nonlinearity of the external periodic
force related to the coordinate ofthe excited system is accepted to be expressed as



,G)=i;;;;1.;(2)

where the parameter d thus defines a syrnmetrical 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 almost
periodic solution with a period T which is an odd-integer multiple of the driven

pedod?n :

f : Qn+l)!, ,= I,2,3, ...

A fourth-order Runge - Kutta ,or]rrn" was employed to compute numerical
solutions of Eqs. (l). 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 computai.ions the discarding points were determined to be 500 thou-
sand and calculating points to be 250 thousand. Comparison of the analytic and
computed solutions to the linearized form of Eqs. (l) indicated that this technique
gave numerical precision of seven decimal digits over one natural cycle.

Equations (l) constitute a flow in a three-dimensional phase space with dynam-
ical variables r, y:rb and the drive phase z. The control parameters Fo and B and the

initial conditions xoand jo=? determine the pendulum's motion. Based on the

physical mechanism of e*citatiJl, 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
rnade clear below, the initial phase rp plays a significant role at the adaptive mainte-
nance of the pendulum oscillations. At the same time, we take into consideration
that at the initial start of the pendulum the phase rp has an equally probable value in
the range from 0 to 2n, which means that the pendulum enters the action zone[-d, d]
of the external force at an equally probable (arbitrary) value of the initial phase g.
Once again, the meaning of the initial phase <p (its role will be explained below)
should be pointed out. The phase <p determines the state of the external driving force
at the time when the pendulum enters the action zonel-d, dl. Therefore, the phase <p

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 rp is chosen to be zero; g :eo:O. After the transition process is
completed, a regime of automatic adaptive self-adjustment of the initial phase is es-
tablished, around a value of rp,,, which is characteristic for any regime and the corre-
sponding set of parameters.

We have obtained computer solutions of Fqs. (l) and analyzed the resulting
data using three diagnostic tools: time series of the angular x and the angular veloc-
ity *, phase-plane plots (i vs. x) and bifurcation characteristics (the oscillations am-
plitude vs. the controlled parameters). The numerical solutions are obtained for,Fn
values in the range 0,1SFn<50,0, for p values of the damping in the range
0,0001<p<0,5, for dvalues inthe range 0,001<d<0,05, for fxed values of the driving
frequency v:51,0; 97,0; ... and always starting from the initial conditions

&"
lo = 7 = 0, x:vary. In all cases in order to eliminate transients, the solution were

ar
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io = l'5

xo = 1,35

xo: 0,25

50

xl(P
25 J0 75

xl0!

Fig. 2. Time series of the coordinates x(a) and the velocity i(D) in steady-state stationary regime of
motion of the pendulum at the following initial conditions: xn:1,5, 1,35, 1,05 and 0,25. The values of
the rest unchanging parameters are: yo-0, .Fo:2, v-51, p-0,01, d-0,025

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: p:0,01, v:51,0, Fn:2,0, d:0,025,yn:0,.rn:vary.

Figs. 2 and 3 show the time series and thd combined phase-portrdits of a station-
ary steady-state pendulum motion at four different initial conditions: xo:0,25; 1,05;
1,35; 1,5. Figure 2a shows the time series of the coordinate r and Fig.2b shows the
time series of the angular velocityrt. 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 xn:1,5, periodic oscillations are
excited, very close to the harmonic ones, with a stationary amplitude of - 1,45. The
initial condition of xn- I ,05 determines a stationary amplitude of - I ,l . In both cases
the value of the initidl 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. l) varies from l5olo



Fig. 3. Phase portraits of the dynamic
statc of the pendulum in steady-state
stationary motion regime for the same
initial conditions and at the same val-
ues of the remaining parameteis, as in
Fig.2

-l,o

Fig. 4. Time series of the coordinate
(a) and th transi-
tion proce tionarv
motion of e ru-',
values of , as in
Fig.2

xo = 1,35

50

xl(13

25 50 75

xl0r

l0



xo - I,35

-1 
q 0,50ro-or5

Fig.- 5. Phase portraits of the dynamic state of tle pendulum at the transition process of establisbing
stationary motion of the pendulum at the same values of tle rest parameters, as in Fig. 2 -

to 7o/o, with an increase of the absolute values of xn from 0,25 to 1,5, respectively.
When the initial condition is set to be between thebe areas of attracting, different
modes are possible - either the oscillations are quickly damped, or the motion is
"ttapped" 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 specified
related to Fig.2 and Fig. 3. At an initial condition of xn:1,35 (clearly seen in Fig. 5)

- a value located between the "allowed" values of thd stationary amplitudes - 1,1
and - 1,45, the pendulum becomes "heavier" and passes through the possible sta-
tionary orbit with an amplitude of - l,l, 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 4mplitude of - 1,45 in this case, is
sufficiently close by its nature to the harmoni principle of motion, at the motion
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 orbitwith amplitude-025,which is an amplitude - three motion (see
Fig. 3 and Fig. a).

As a whole, Figs. 2, 3, 4, and,5 illustrate the most important common features

ll
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Fig.6. Bifurcation characteristic repersenting a dependence ofthe amplitude ofthe oscillation ofthe
pendulum on the control parameter - the amplitude of the external driving high-frequency harmonic
force at the following paramet€r values; xo:1,05, tlo:0, v:51, 9:0,01, d:0,025, Fo-vary

of the system under consideration - discretiz?tion ("quantization") of the possible
stable motions by the parameter of intensity, at which the particular amplitude of
oscillation is determined by the initial conditiorls. The occurrence of a speciflrc series
of possible stable stationary amplitudes is associated with the condition v>>1 and is
defined by the condition of locking of the phase q 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 oscil-
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 (-l,l)
on a control parameter which in the case is the value of the amplitude of the external
driving high-frequehcy 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 Fn-[,l,2,8], i. e. when the amplitude of the external
excitation force is changed by almost 200Vo, the amplitirde of pendulum oscillations
remains practically unchanged and the motion is period - l.

This property is the second very important principle of the syst€m 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 Fn-2,
riod occurs. Amplitude - three oscillations exist u
result of a new complicated bifurcation, complex
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

t2

,l

5r55,04r54,03152r52rO1Ett'!0



0,5

Fig. 7. Phase portraits of the motion in the system of Fig. I at (e. F;2,77t,-(q) .F0:2,8, (c) Fo:3.2595,(d) Fo:3,26 and the same values for the rest parameters;as for Fig. b; r.:i:0'j

qualitative-changes.are usually called crises). The three specific portions of the bi-
lurcation characteristic are also illustrated in Figs. 7, g, and 9. At a value of F^:2,775

see Fig. 7a). At a minor change of the value of
shed as a result of bifurcation (see Fig.
e, without changing their nature, up to
minor increase of the value of the con-

and the oscillations in the system become

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.

the irregular oscillations of the pendu-
d the parameter B, which represent the
9 gives an idea of pendulum behaviour

strong external driving.

rement,p is chosen as a control pararnete€lsr*It'#iiJlt"":3t#E rtffff.TrB'f?"T;;
syj.t.e:n has. a strongly irregular nature. With the increase of the value of B, as a result
of bifurc-atio-ns,_steady-state stationary quasi-harmonic pendulum oscillations are es-
tablished, which exist over the range ofvalues of p-t0,002, 0,021. At the set value of

l3



350 400 450

Fig. 8. Time series of the coordinate x (a) and angular velocity i (b) and phase portrait (c) of the irreg-
ular motion in the system of Fig. I at (I) F0:5,190, (II), f0:5,195, (III) Fo:6,480 and (IV).Fo:6,51 and
the same values for the r€st parameters, as for Fig. 2; xoJl,O5
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0,0

-2r5

550

Fig. 9. Time scries of the coordinate (a) and velocity (r) and_phase portrait (c) of the irregular 4oti9n
inihe system of Fig. I at (I) p-q,1 arid f-o:49 and (ff) 9:0,5 and Fo:100 and the same values for ttre

rest param€ters, as for Fig. 2; xo:1,05

the amplitudeFn:2,O,for values of 9>0,02, the pendulum oscillations mainly degen-
erate into faster-or slower damped ones.

Fig. 1l gives a general idel of the nature of the pendulum oscillations on the
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Fig. I I . Illustration on the natur€ of motion in the system of Fig. I in the plane of main parameten -damping decrement p vrs amplitude ofthe external driving force f^.The hatched area oorresponds 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 paramdter 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 Fn>3,26 and Fig. I I - the space filled with dots) require a very
extensive and detailedinvestigation. 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 - Ulan, represented by a vibrating surface, frorn which an elastic
ball is bouncing freely and is falling back by the gravitational effect. In spite of this,
there ate 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 typicai principles of the determiriistic chaos (e. g. fractality, well
known scenaiios of transition to chaotic oscillations, etc.), our preliminary studies
of the irregular motion in the system in Fig. l, described by Eqs. (l), have shown the
following. Two main mechanisrns are "fighting" in the system under consideration -from the one hand, the adaptive nr-echanism based on phase locking and phase syn-
chronization and tending to establish determinate quasi-periodic oscillations, and,
on the other liand, 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
behaviour 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 borinded and large attractors, combined rotational and oscillating me-
tions etc.), but typical properties like period - doubling route to chaos, existenle of
periodic windows, crises, intermittency, have been observed also 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, I22,231. However, the cornplex 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 behaviour that is non an equilibrium point, not periodic, and
not quasiperiodic.

When the amplitude of the external driving force Fn is a control parameter (see
Fig. 6) the following common principles are observed. At a comparatively small in-
crease ofd after the critical bifurcation point (d>3), a motion with stoiihastic char-
acter appears (the maximal displacement time series obtained by sampling the pen-
dulum displacement once per cycle is selfaffined and quantatively similar to brown-
ian motion). There only exist namow windows with period - 3, period - 7, period -
14. A characteristic attracting set in the phase space is missing. The eruptive insta-
bility, which in other systems leads to the appearance of a strange attractor, only
breaks the condition of maintenance of determinate quasi-periodic oscillations in the
syptem under consideration and leads to a breakdown ofthe 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" (ftom "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 B is increased, noticeable frac-
tal structures are possible to appear in the phase space. In some cases, the chaotic
motion abruptly terrninates, only to resume after,some "laminar time", At the same
tirne, both for values of the e critical bifurcation value
(F.t3) and at significant va areas in which the pendu-
lum oscillations generally h time constant of damping
depends on the values of the parameters B and .Fo, its value significantly increasing
with the value of ,Fn.

Theoretical stirdies and experiments on the externally forced pendulum [24]
showed that chaotic oscillations of the pendulurn are obtained after the breaking of
symmetry of oscillations. 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. representing the dependence of the amplitude of oscillations of a"linear" de ofthe external driving high-frequency hatmonic force at the fol-
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terfo, _lhe^ir-regular oscillations of the pendulum are most often described by a "wan-
d...tng" of their amplitude, which is corresponding to a strange attractor (eiiher cha-
otic or n-onchao_tic). Strange nonchaotic attractorJ seem to be characterisiic for qua-
si-periodically forced systems, such as the system under consideration.

The inhomog
of poteutial wells.
behaviour. At rela
tions in one of the
and simultaneously "fills" the other wells, which leads to chaos at given values of the
parameter.Fo. For other values of the parameter .F^ the describing point "wanders",
vaguely-drift-s through all wells and th-e state is pre"chaotic due tJthe stabilizing ef-
fect of the-adapfive mechanjsm of phase lock and phase synchronization. In the-pro-
cess of "blurdng" around the potential wells the oscillatibns in the case under 6on.
sideration ar-e.mainly "turned around" the first, deepest potential well in the vicinity
of x-0,25, which has stronger attracting adaptive propeities due to the presence of
conditions for nonsymmetric amplitude - three modulated oscillations.
- 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
(l).

Sq. tZ shows a bifurcation characteristic, which'in this case is a dependence of
one-of the steady-state stationary amplitudes of oscillation of the "lirlear-" pendulum
on the value of the amplitude of the external driving high-frequency harrnbnic force
fr. BV comparing it with the bifurcation char we can note the fol-
lowing. while in the nonlinear case there is a hreshold bv value of
th-e-amplitude Fo (Fo-1,1 in Fig. 6), over wh dy-state oscillations
with unchanging amllitude are excited, in the linear case (rig. l2) there is a portion
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ofvalues ofthe control param
amplitude of oscillation in the
acteristip reaches a relatively fl
tion of the "linear" the value ofF.. At the fionlinear
pendulum (Fig.6), ,l<Fn<2,8) thb amplitude of its
oscillations is prac amplitude of the external f,orce
(the external drivin tp to 20Ao/o, at which.the oscillating pro-
cess remains unchanging). The adaptive mechanisrn of self-adjustment acts less
strcngly 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 comparison, it is seen that in the case of a "linear" pendulum the multi:
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Fig. 13. Bifurcation characteristic representing tbe dependence ofthe amplitude ofoscillations ofa
'linear" pendulum on the amplitude ofthe external driving high-frequency harmonic force at p:0,09
(a), p10,f (b) and B:9,225 (c) and the following values of the rest parameters: xo:0,75 (a and D) and
xr:tr,05 ("), yo:0, v:51, d:0,025, I':"ary

amplitude regimes at increased values of,Fo (Fo>3,6) are much better expressed than
in the nonlinear case.

The increase of the value of the decrement B substantially softend the section of
the bifurcation characteristic described by an increase of the amplitudes of oscilla-
tion. This is illustrated in Fig. l3.It is seen that in this case the threshold value of the
amplituded and the area of stable stationary steady-state oscillations are much bet-
ter expressed. The case of a very high vah e of the parameter B shown in Fig. l3c is
described by a wide area of irregular oscillations and the steady-state stationary os-
cillations are realized at high values of the driving amplitude Fn(Fo>37).In order to
get a more full idea, fig. 14 shows a bifur :ation characteristic of thb "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, Fn: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 B 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 maintaining 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 atFn:l,l (Fig. l5a) and
Fn:2,8 (Fig. 150). The time of interaction of the pendulum with the external high-
fr-equency source is determined by the phase g, corresponding to the tirne when the
pendulum flies into the zone of driving l-d, d) and the phase 9.,,,, when it leaves the
zone. The pendulum is speeded up during the positive half p6iiod and is stopped
during the negative half period. The resulting energy absorbeQ by the pendulum is
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proportional to the double hatched area marked with the sign @ in Fig. 15. In a re-
gime of st4tionary steady-state oscillations of the pendulum its ampiitude remains
unchanged at a drastic ehange of the amplitude of the external driving force, e. g. at
a change of Fnat almost 200% within the range l,X<4<2,8 (see Fig. 6). The portion
of energy absorbed by the pendulum, delivered by thti 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 <p, where the pendulum flies
into the driving zonel-d, dl. It is clearly seen from Fig. 15a that changing the ampli-
tude Fo from l,l to 2,8 causes the phase g to be changed in such a way tliat the dou-
ble hatched area with the sign @ remains unchanged (corhpare Fig. l5a and Fig.
l5b), tharefore the portion of energy input in the pendulum remains unchanged.

Consider the influence of the parameters v and d about which aimost nothing
has been said so far.

The analysis shows that the condition v>>l 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 I<v<I0 and
the rest unchanging parameters, the pendulum may only 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, -f ,1 and -t,45 (see
Figs. 2 and 3). At further increase of the value of v, the number of the stationary arn-
plitudes of motion of the pendulum is also increased. E. g., at v:97, the possible
discrete series of stationary amplitudes amounts to 9 values: -0,25, -0,43, -0,6A,
-0,75, -0,93, -1,1, -1,29, -1,33, -1,45.

Since the function e(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
rnodes, 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 condilions of Fig. I
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 f-d, dj, 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 /n, where
/:1, 3, 5, ... Obviously the stationary oscillations of the pendulum will be excited, if
the ratio ofthe external force frequency to the pendulum oscillation frequency is a
multiple to 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:51,0 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 frequency of the pendulum at disappearingly small amplitudes of
oscillation. At a flrnite amplitude (e. 9.-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 N) is greater than .51, i. e. N>5lldue to the non-
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isochronism of the oscillations. For example, the numerical experiment shows that
freqtrency ratios N:53, 55, 57, and 59 correspond to the stationary oscillations with
amplitudes -A,25, -0,75, -1,1, and -i,45 (see Fig. 3). Only at pendulum oscillations
with amplitude -1,45 there are conditions for osciilations with a precisely odd mul-
tiplicitybf frequencies N:59. As seen from Figs. 2 and 3, in this iase 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-
quency. At higher values of v it is possible the more complete fulfillment of the con-
ditions; N to be an odd integer, which provides symmetrical oscillations of the pen-
dulum. For example, atv:97 the 9 steady-state amplitudes listed above are realized,
to which 9 odd multiplicities of the frequencies correspond: from N:l0l to N:l17.

The numerical analysis of the influence of the parameter d, defining the zone of
action of the external high-frequency harmonic force showed'the following. There
exist ranges of values for d, in which the possible discrete series of steady-state am-
plitudes of oscillations of the pendulum and their values remain unchanged. These
ranges ofvalues ofddepend on the frequency ofthe 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 q; 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 osciliating process should remain unchanged.

Conclusion

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

The basic properties characteizing 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 specif,rc "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 ofthe eigenfrequency under the action ofexternal high frequency force upon
the unperturbed linear and conservative linear and nonlinear oscillating systems.

(3) Adaptive self-control of the energy contribution in the oscillating 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 action, the
quality factor {Q-factor,load,losses), 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 quadrupole mass filters and
various types <lf plasma confinement.

The simple pendulum is a very old device, yet it is a paradigm 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 fe-
search of a great number of scientists for centuries, allows us to speak about the in-
exhaustibility of the pendulum as a basic paladigm 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 ahd subharmonic motion. The physical signiflrcance of these and other ir-
regular motions which Lppear to occur in pendulum systtims apparently is to be yet
more studied and discussed.
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Kux-srs6yxAaHe Ha,,KBaHToBaIiu" Tpe[TeHItt

Btaduuup fla'ueoe, Apon Xoadeu

(P e s ro rra e)'

Ipe4cranen e rrucJrex anaJrrrs Ha cBreHnero nrs6yx4aHe Ha
TpenreHns c AucKpereH pe4 ycrofivrrBu aMrrnuryAn noA nrsAeficrnuero Ea BbEru-
na, ueannefiHa rlo xoopAlrHarara rlepuoAtrrrna ctrJra. gtcnenll.flr eKcrrepEMeHT e
HaIIpaBeH Ha ooHoBara Ha ypaBHeHrie, o[rrcBarrlo ABtrxeHuero na uaxajro. .{a4ent
ca npeMeBu cepull, cbBMecreHH oaconu uoprpertr, 6ur[ypraqnoHHr{ xapaxrepucrtr-
ru. Karo ynpaBneBarrln rrapaMerpn ca B3( Tr{ aMnnr{ryA ara*anrsurxaia sruAeficr-
Barrla cr{Jra u roeQnqneETLT Ha geUnQtpane B cEcreMara. r{ereprvrrnnpanara npo-
sBaF.a qBreHuero ce.xapaxrepngnpa c ABe BaxHU 3aKOHOMepHOCru: gncrperngaqug
(,,xdantonocr") na nrsMoxHnre y-crofiuunu aMrrnr{TyAu , iullr,aa4aurunna ycrofi-
rlllBocr IIptr 3HarInreJIHIt I{3MeHeIdnn Ha aMnJrrrryAara Ha BbHrrrHoro nrsAeficrBtre,
KarrecrBeHtrr r[axrop Ha rpenrrrrloro SBeHo rr Apyru BbHrrrH4 BrrnflHvts,. Aalena e
HarJreAHa Qnonvecxa nHTepxpera\vs:na caMoaAarrrtrBHnTe croficr.na, o6yiao"erru
or xapaKTepeu Qason lapaMerbp Ha cucreMara. HeperynrpHoro rroBeAeHr.re Ha
cvcreMara ce xaparffepv3upa cbc cJroxHa KoM[JreKcHa.Ar.rHaMnKa: neprroA - 3,7,
l4 ocqnaaqurr; Tpenrenur, nogo6xn na Epaynonoro ABHxeHr{e; panBr.rrn xaor1aqH11
TpenreHHr (4erepunnucrHrreH xaoc); ueperynrpHu ABr{xeHr{.f,, orrtrcBarrn cbc crpa-
HeH, HO He XaOTr{rreH arpaKTop n 4p. @opvlzpaldu rrpeAnoxeH eKIac caMoaAanrrrB-
Hr.r xr,rx-nrg6yArrMr{ cr{creMn.
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Introduction

The phenomenon of "quantized" oscillaticin 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 qu4rter 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 ofrf-driven Josephsonjunction and the ranges ofcontrol
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 geherality. 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. Bogolyubov
and P. L. Kapitza discovered the possibility for stabilization of the upper instable
equilibriur-n pendulum point using weak high-frequency modulation applied to the
point 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

I An investigation supported by the Bulgarian National Foundation "Scientific Research" under
Contract No TH-549/95
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junction discovered recently, as well as the charge-density wave transport process are
completely.analo-gous to the pendulum with its strong sinusoidal nonlin-earity. The
inexhaustibility of the pendulum as a general model isiorroborate once againby the
prese-nted 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 differeni systems under an inho-
mogeneo t s action of a nonlinear external force (nonlinear with respect to the coor-
dinate of the excited system) should be most beneficially analyzedon the example of
the pendulum.

Principle is stated for modulation-parametria interactions as reversible process-
es, representing fundamental issue of effective control of electric systems equivalent
impedances U0, 111. Heuristic viewpoint of the principle understinding and appli-
cation is presented, analysing the effect of unifrequency non-degeneratiie para-met-
ric r.e-gener-ation [ 0, I l] and - herewith - the phenomenon of excitation 6f '.quan-
tized" oscillations.

Energy parametric input, transformation and transmission is described as a rule
with,reactive parameter variation. Such processes are charaaterized by generation
and interconversion of combination frequencies. Two opposite ln chaiaEter yet si-
multaneous in manifestation processes take part - thitof combin'ation frequency'
generation accompanied by input signal - parametric element interaction pnO ttrai
of "r6verse" combination frequencies conversion with the same parametric element.
Thus is determined systern_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 modufation-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 s(age ofanalysis represents equation set, referring to "forward" signal transfor-
mation and combination spectrum generation. Second analysis stage includes equa-
tion solltion and gives system reactibn 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 inhornogeneous externai 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 

_o_f 
power supply causes a characteristic mixing of its frequency 1or its spec-

trum of frequencies) with the frequency of the oscillati,ons of the excited iystem. 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, inter4ction between the driven pen-
dulum and the high-frequency source of power supply. In the language of frequen-
cy, the process of nonlinear interaction of the pendulum with a high-frequency ex-
ternal source is expresSbd 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 ofexcitation ofond or another
amplitude of oscillation have a discrete nature and differ at the respective initial con-
ditions (initial kinematic parameters of the pendulum).

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:

(l) i+2p*+ coj sinx: e (x)Fsinve

where x - angle of deviation of the pendulum from the vertical, rrro - frequency of

the small natural oscillations, zpi + a'?osinx - function accounting for the friction
and the unharmonicity of the oscillations, ,F>0 - amplitude of the external forcg
with high frequency v))cDo, e(x) - function determining the position of the force in
space.

The solution of Eq. (l) is presented in the form

(2') x-xo*I',,

where Xo corresponds to the rnain oscillations of the pendulum, I", - sum of

combination components generated at the effect of the external forc! of the pendu-
lum.

By substitut ing (2) into (l ) and bearing in mind that I x, is small as compared
to Xn, we may write down: n-- Equation about the main oscillations

Xo+2BXo+rolsind *[';*'4T*]",
(3)

=['(4)rsinurl- .l$fx,rsinur.l ;L\ u/' rxo | fu a' Jro

- Equation about any /-th combination component out of the possible n-set

*,+28*,*[r;"*",I*,](4) 
=[,(x,)r,in"4:[g"{..'to,^',1,
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. -The 
subscri-pts "xo".and "r'in (3) and (4) mean that only the components with

ll: li:gLtl.l of tlr.e m"ain oscillationi or the borresponding combination f.eq,ieo"y
are selected liom the respective members of the Equations.
(5)

(6)

(10)

(1 1)

(r2)

where
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Xo = acos(col+go)= 4cos0,

I", = Iq ".r[(" 
+ na,)r+ e,]

y and phase of the main oscillation of the
, frequency and phase of the n -th combi-
to the resonance frequency of the small

represented in a different way, such as

, \ ftatlxl<a
\, "l e(x)= 

{o ut;4, a

(7 b, c)

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

"(Xr)= 
e(acose) = ao*2Zor,cos2n1,

adx^\ ac(a cos e) -a
'' "' =2Lb'^sin2mo'

, fu dx '^=,

^ The fglpwi^ng expressions are obtained for the coefficients in (8) and (9) for the
function of the form of (7 a):

o o = ?, ar, = L sin2ftL o, br^ =' "in..'T.0 0., 0o = urccosl.- fi -" \ fin u' zm fio sinO^ a

*2 ftl. (n \l- ----T

"@)= " 
,0. , e(x) = ];Lt. "*[;rJ at lxl< d

| 0 utl4,d

(8)

(e)

, Substituting (5),.(6).and (8), (9) into (3) we obtain the shprtened equations of
establishing the amplitude_c and phase go'oithe pendulum oscillations accounting
for an infinite spectrum of combination fr"equency:

Gr.a -Ba*J-:-(a.' 2a 2,r, \ "-'
-a"*,)cosNgo,

<;^=-t'-6i *o'*' ' \
2a 2aa ;\ar-, + aru)sin Nqo



fsin,
4-"1*, (qo -a,-"t.r,"{X (e,

..;; -;_/{X (oor2k<po'*.}

X (<oor2kctn* t.tl

-'t-,' *l-; :'' { ;i (o o + z*'p o* r. t 
. .; :'. { :; (* o + z*'t o* *. }

..:,;;l'{;i ('oo t2nxto**')} -.:;;i {X (oo+z'^oo*''t]'
:

' u(")
,I - Bessel function of the hrst order, ,i3 = .i + - change of the resonanie fre-

quency of the synchronous osciilations with the change of their amplitude, N: A -
multiplicity of the frequency division in the system, I 

* - means that any t"rJ of
the sum consists of two addends - for the upper and lower sign of n, respectively.

In the regime of stationary oscillations a:0 and go-0. By denoting

o G, G) - ,'-a1
6o = 29jr, \r=*,\r=*,\=-#,from (11) and (12) we obtain expres-

o0 60o @04 o0

sions for the amplitude and phase of the stationary oscillations of the pendulum:

rm[(r4) ":F1',,11 
1l.l+l | ,

| 
"U\o"-t-ott*r) \.o"-,*o*u) |\/

9o = larctg

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 [0-12]) 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 spectrwn. In this way,
maintaining the stationary osoillations in the system is an integral effect of summing
up the actions produced and mediated by pn inflrnite spectrum of combination com-
ponents. Since the excitation of the components as a result of the ac'tion of an exter-

(t s)
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nal high-frequency sourc under consideration
is marked by strong pha yclic accelerators in
wich phase selection and "equilibrium" parti-
cles, a substantial meaning hbve those combirtation componentsx, (see (6) and (12)),
the phase g of which has the most appropriate value from the pbint of view of the
optimum input of energr 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 sirnilir to those in (l l) aiO 1tZ;,
about a certain volum of combination components (4) and their joint solving with
(11) and (12) by numerical methods. Establishing the stationary amplitude a and
phase <pn of the se
ture. Processes re
plitude and ph a
vlues of a and gn.

It is interesting to notg that there exist t-th combination frequencies that satisfy
the equation
(16) v+/co:*ro
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 /-th components satisfying the condition (16), i. e. /:*l - N, are
taken into account out of the entire spectrum of combination frequencies, the infi-
nite sums disappear in the expression (13) and it takes on the following form:

(l 7)

(a,r+r)<1, -r,-,]]

_- ,"+l]

{3;} 
='; 

{[',(')*', r'V, "{X (*, -*'"}

+lr,(a)+r,(,X.4 "{;i (*,-, ,"t}

In order to determine the stationary amplitllde and phase of the two compo-

nents accounted for: xr-rii = l,-" cos(cor * g,-" ) and x-r-.d : ,4-,-" cos(-crlf * q-,-" )
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Eq. (al) may be written in complex matrix forrn (see, for example, [12] for the meth-
od of complex notation):

[-,,
L0

3 Aepoxocvuuecrn rgcleanaurr..., r. l2

(t 8)

;(r-z)qo] U"(nr"ro *" r"ro)

,(o)rt*o

(oy-*'

where xi_, andx]r_rv - complex quantities. Substituting the parameters A*r-*and
g*,_" obtained from (18) into (17), the possible discrete spectrum of stationary am-
plitudes and phases of pendulum oscillation can be deterrnined from (14) and (15).

Thus, the analysis demonstrates that except the main modulation 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 Eqs. (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 flexible. 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 demonstrate 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 a 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 fornfed, 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 high-fre-
quency power supply. These facts are caused to call the considered method of oscil-
lation excitation "argument method".

o l[*;_" I _ [:B' o l[";_" I
-<o'_llxl,_"1 [ 0 -jgt_ll"l,_,.]

*[ ait,(a) -rir,@Y-'"'l-ait,(api'- ait,(a)

P*-r"(*-'\roolu*("'ro * r-rreo )
- ilp -.r"tt* "\ro + b * -re

+ )Llo*,r"'1'nr+r)'ro -a'-,e r(ir r)'ro 

]}

* ,IV.-r"t(r-r)'po - c"*,e-j(N*r)+o 
J} 

'



nsidered as partial manifestations of tne

macroscopic oscillating systems. 
ism" of excitation of periodic motions in

rties offunctioning ofthe considered class
freedom allows us to speak about certain
le formations, which are inherent in theIn the system does
e in e. in the regime
the itself begines to
the he action under

source.
tion of the system on the exciting source,
near oscillating systems to excite forced

e argument method of
in linear systems con_

the excited oscillations is also retained in
friction, and in this case the phase adap-
xcessive energy".

hanism of excitation of the pendulum in
should be additionally noted.
nown [13], which is explained by Rocar

is created at high th-e unchanging reaction against pendu_
lum motion (stop udes as a re-sut? oi * upp.lpriati.yump
in the hysteresis s urve.

ence of the solenoid inductance on the
ibrium position/:0. The periodic
m motion leads to the resonance
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Fig. l. Electrical resonance circuit periodically interaction
with an oscillating pendulum

Fig, 2. Dependence of the solenoid inductance on the
position of the ferromagnetic plate of the pendulum

the pointy:0. Since a variable current leads through the solenoid, a ponderomotive
attracting force4 which is always directed to the equilibrium position of the pendu-
lumy: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 away 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 ofthe current in the solenoid
and even stronger attraction of the ferromagnetic plate. When the plate approaches
the resonance position ofy: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 solenoid 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-
lum motion (Fig. aa) up to position y:0 the force F will have speeding action, and
later, at lr>0 - stopping action. It is seen from Fig. 3 that the pendulum is speeded
up at high voltage amplitudes (up to U-",) acro s stopped at rel-
atively small amplitudes, which do not-iiiceed nce between the
voltage amplitudes U and the driving force .F c the comparison
of Fig. 3 and Fig. 4a. Atright - to - left pendulum motion (Fig. aD the process is quite
sirnilar - 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-

Fig. 3. Resonance characteristic of an oscilla-
ting circuit at periodic motion of the ferro-
magnetic plate over a solenoid

tn
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. -Tltt analyticalstud_y of the represented effe-ct may be performed on the basis of
the following equation describing ihe mechanical moiion in the system:

(1e) i + 2ei+ coi siny : #{+s(:, + :,. ) + #rt, - * )i,

energy losses ofthe pendulum due to fric_
oscillations of'thependulum,ml2 is the in-

c plate mass.
value ofthe

pulse of the force, 6(ytyJ is Dirac,s delta-function. 
deromotive

As a flrrst approximafion, the solution of Eq. (19) may be r,epresented as:
(20) y:asin0,0=co/*c.

By substituting (1 9) into (20) and assumin g i : aa cos 0, 4sin0 + aAeosO = 0

da

dt
-Fa+28'1F4,

# = ^(")-r"?,

and a>yrwe obtain the following shortened equation related to the phase and ampli-
tucle ol' the pendulum oscillations:

(2r)

(22)
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where crl(a) is the frequency of pendulum oscillations, depending on its amplitude,
.- -2

B: uot! 
,

2ml'

For the estabilshed oscillations (9 =0 and 
g= g) from (21) the following so-

lutions are obtained, 
* d

(23)

(24)

The steadiness study shows that solution (23) is unsteady and solution (24) is
steady. Therefore, in order to excite continuous stationary osciilations the pendulum
should receive such an initial puls that its amplitude should be greater thin a,.wide ifJifto"ll;i"ifftrJ#:H,Xt'l"!$'-11fl::Tnf.ii*:'*t
of ex nce of continuous oscillations and transfornnations-of sig-
nals and energy, which may be provisionally grouped in the following way:

l. Transformation of the signals by frequency with high efficiency at a single
division of frequency in several ten, hundred and thousand times, which is represeit-
ed by various radio-engineering devices with a discrete series of steady-statelegimes
of oFeration, e. g. transducers of SHF oscillations to lower frequencies, high-effilien-
cy frequency dividers, oscillators in a wide frequency tange,?requency modulators
in the optical range, high-efficibncy transformers of 

-energy 
in th-e optical and near

infrar-ed range (there are powerful sources producing thisinergy) intb energ5r of the
submillimeter raqge (where there are still missing powerful sources of electiomag-
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%o), including voltage stabilizers for micioprocessor systlrni with a
great range of permissible load changes, etc.

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

5. Intensification of various processes through special organization of argument
inter ms or wave processes, e. g. manipulationssuch emulgating non-mixable fi[uids and liquid-
Phas wave technologies.

6. Modelling of micro and macro processes lvith the methods of the classic The-
ory of Oscillations, explanation and developing of models of the processes of inter-
action of electromagnetic waves in the ionosphere and magnetosphere of the Earth,
the phenomena of gelerating powerful low-frequency waves in thl near space in the
presence of cosmic electromagnetic background, int-eraction of particles with eleo-
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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 [4], etc.
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Brs6yx4aHe Ha,,KBaHToBaHu" TpelreHut
I{ npr,rHrlr,rr Ha o6paTr,rMocT Ha MoAynaquoHHo-
rrap aMeTpHqHr4Te B3alrMoAe trtCrnus.

Bnaduuup,\aueoe

(Pesrove)

flpe4craneno e aHaJrETr{rrHo n3cJreABane Ha rBJregtrero BB3-
6yx4alle Ha ,,KBaHTOBaHtr" Tperlrerra.f, or DreAHa roqKa xa QoprvrnpaHe Ha MoAyaa-
IltroHHo-[apaMeTpurleH KaHaJI 3a eoeKTtrBEo BJIaraHe Ha eHeprtrc B xone6aT€IHtrc
rpoqec. flo4veprana e IultpoKara nporBa rra npEHrlrrna na o6parnMocr Ha MoAy-
naqnoHHo-[apaMerpErrHETe B3arrMOAefiCTBur, QOpnaynupaH tr [peAJroxeH or aBTo-
pa. flocnegHE.sr ce Qoprraupa Ha ocrroBara Ha ,,[paBoro" n ,,o6parHoro" upeo6pa-
3yBaEe Ha cIIeKTbp oT rl3xoAHE rou6usaquoHHlr KoMrroHerrTtr B rrp[qbcrBEeTo Ea
rlapaMerplMeH HJrr{ HeJIITHeeH eJreMeHT. Ha rasu ocEoBa e rr3Be,ueHa.unHaMnKara Ha
Qoprvrupane Ha Bbrpelrrnara crpyKTypa Ha rperrreHnflTaB crrcreMa, rrpeAcraBeHa or
Maxarlo IIoA BBHrrrHo lrexoMorenno nrsAeficTBlre Ha trepHoAxrreH trgTorrHrrK. flOxa-
3aHo e, ve odpasynaHl{.sr MoAynalllroHno-rapaMerpr{qeH KaHaJr sa eQerrnnno BJra-
raHe Ha eHeprEt nprrAaBa cbrrlecrBeEa rbBKaBocr Ha caMoaAanr'rasHug MexaHtr3bM
na nr:6yxgaEe rr rroAAbpxaHe Ha rperrreHr{.fl c Bb3MOXeH AIrCKpereX pe4 yCrofi.rn-
BI,r aMnnr{Ty4u. B saxlroqurerHara AncKycEr aHaJrnrrFrHo e AeMoHcrpEpaEo, qe
nptr B3aEMOAefiCrsue Ha MaxaJro c eneKTpErreH Tpenrsul rcpbr e Bb3MoxEa nporBa-
ra Ha Apyr (acnnxponen) vexanuslu na nm6yxgaHe rr [oAAtpxaHe Ea He3arHxEa-
Irlr.r TpenTeHn[,, HO C eAHa OnpeAeneHa aMrrnrrTyAa.
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l. 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 Mr:4i20)with the lunar pseudo-magnetosphere has not been clari-
fied yet. Only wh-en 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 [-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 Il,2,4l.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 solar wake are [5, 6]:

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

b) A downwind penumbral region aft of a rarefaction wave or Mach cone, ellip-
tical in cross sectional geometry, contains a reduced plasma flux and magnetic field
(>-30%);
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c) A very limited penumbral region, upwind of the lunar Mach cone, sometimes
contains an enhanced (<+30%) magnetic flrelds and plasma fluxes.

Although the data fiom the Explorer-35 and their interpretation increase our
understanding of the interaction between the solar wind and the Moon, there are
unresolved problerns 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

period of 29,53 days can be related to the magnetic field of the Moon, or to the lunar
pseudo-magnetosphere wake, as it is known that the solar wind disturbs the Moon
magnetic field 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; c) spectral analysis and d) theoretical anal-
ysis of the small irregularities due to the lunar wake on the magnetoslieath and on
the magnetopause during the new Moon.

2. C,omparative analysis

used as an initiar 0"," [lin"Jlltffr'"'"gH1Xi]t",f,"1?1;T:*,S?lf,"lil'::l??:?
the solar wind, the direction and the IMF polarity). It is evident that the long iail of
the-night side of the Moon appears to be a peculiar magneto-corpuscular -eclipse,

limitedbythe irregular magnetic fields. The region of this;cfipse is much larger t-han
the optica! one and does not coincide with it at att. The effebt of the magn6to-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 reaeh it,

r(o
3ot

al
.^l

OECEMSER 1976
ods for al

The preliminary analysis of the so selected
br all new Moons from 1970 to 1980 shower

'l'he 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 ofin a number of cases at comparatively quiet values

/,g-tr the solar wind on the zero day or on the +l-st, 2-nd
5@

f ; day, moderate increases of geomagnetic )d - in-
L36 l^- ^-^ ^L+^:-^l l---:-- ^-^ )^-. ---L:^L t-:- -- . - - -dex are obtained during one day, which is in no case

a magnetic storrn, but eventually can be a weak influ-
ence of a lunar wake on the magnetosphere. Several
cases of this kind are shown on Fig. I with effects on
the zero day - the day of the new Moon (on Febru-

Fig, l. Examples demonstrating the geomagnetic index increase
by new Moon at quiet values of the velooity of the solar wind.
There can be observed 102 such increases out of a total of I 14
investigated periods, i, e. in 89 per cent from the cases-t1-2-1012

...1-
3t
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Fig. 3. The sarne as on Fig. l. A perturbation in
the polarity of the IMF by the new Moon is shown
in addition. There are 112 perturbati,ons out ofa
total of 145 investigated periods, i. e. in 77 per
cent frctm the cases

-r, 1-2-1 0 'l 2 3 r.

Fig. 2. Similar as on Fig. l The change of the
polarity of the IMF is shown besides

ary 1977 and on May 1970) and on the first day after the new Moon (on December
Dlq. However, these cases are not isolated and have comparatively high frequency.
The analysis of 114 new Moon periods (-4, +4 days) during the period 1920-1980

showed that there arc 102 such days of the I r, - index increase. These weak in-

creases of l) K, = 5 + 10 on the background of the comp4ratively quiet (even abat-

ing in time) course of the solar wind can be caused by the disturbing effect of the
magnetohydrodynamical 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, *l day) when a maximal effect can be expected
of the lunar plasrna 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 lhe 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

of 77 pet cent is also an indication for the
netosphere, which has an influence on the

Jtli;fr'"'i:Itij;iif Hl,xlfi ffi ;iff I
2. on l,is. 3 three_periols a.re shown** 'l;,llliliiJ?j',f^t$*TJ:?:f"Trli,?new Moon period, and in the last case (on July 1974) the lunar wake caused a pel-
turbance in the polarity only.

3. Correlative analysis

thephenom",,"ou,.#[t:ff*x*",},:Ttlff 'J:H::3;ff l?"",,'"'fltx?.::$;t
obtained. As basic characteristic we have chosen the thr-ee horir planitary Ko-index

and its derivative Iq , One of the first works, indicating the correlative relationship
of the solar wind velocity ,r(km/s) to the magnetospheric activity [9] is the worh where:

I ", =fv - Qto tn)lf (t,u r.0,74).

Subsequently, a number of other relations of the K.-index to the parameters of the
interplanetary medium was established [10, I l]. P

In this work we shall try to find the relation of the solar wind velocity vto\xo
depending 9n the lunar phase in order to establish whether the magnetohydrdynam-
ical wake of the Moon-change_sthis relation by the zero day.For tfris prrriose utt di-
urnal periods (-4, *4 days) of the new Moon were analyseil during ttr-e p6rioO tlZO-
1985 and the correlation coefficientR was determined of vto IK, Some of these

results are 1,0 (new
this figure, the new
es its mini second

s from all computations are presented.
fluxes of the solar wind (Z>500 km/s)
km/s)

are represented separately (seen on Fig. 5). From 
^6Fig. 5 we come to a general conclusion that on days :'"

by the new Moon a change of the correlation reli- 0.8

0,7

0.6

0.5

o,L

tion of the solar wind velocity to the lfn C"o-ae-
netic index is observed, which is due to the perturb-
ing effect of the lunar wake on the magnetoiphere.

Fig. 5. Relationship ofR to the lunar phase..R.. is the correlation
coellicient for the high velocity fluxe1 of the'3olar wihd 12500
km/s, Ro for the normal solar wind

0,3

0,2

0,'l
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Fig. !. Scatter plot as on Fig. 4 for two cases: parallelism (g:0) and antiparallelism (9:1 99") 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, 5), in which e:0' and 180'. The correlation coefTicienl
R(cp:-l8-0'):0,67 practically does not differ from the normal value of R on the days
out of the new Moon oeriod (-1, + 1). But R (e:0"):0,79 exceeds to a large extent
all the cases considered up to now, whioh indicates that the interaction of ihe solar
wind with the Moon during the period by the new Moon is ma:rimized in terms of
parallelism of the.B magnetic induction of the IMF and the line Sun-Moon-Earth.

4. Spectral analysis

The statistical proof of the lunar wake effect on the magneto-
sphere perturbations demands measurements of the solarwind velocity Zbefoie 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 trr" f 4 series with a view eventually to
indicate a periodicity of 29,53 days (this numbervaries frorn29,25ta29,83 days due
tolhe 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 ll2-l4l,while in [5, l6] an uncertainty and the insignificance of
the sought effect are expressed.

We should determine the length -N of the series before discussing the methods
by which we can dehne the frequency characteristics of the consideied processes.
This can be done by means of confidence intervals. For this purpose we shall consid-
er the time series {x, }1, ur u casual process, and the distribution of the parameters

":;I",, s'=;f k, --y
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is normal and they have a probability distribution as:

t2,00

N =(v,-,,rslql
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The necessary amount of the data sample is conditioned by

and-by the condition that the distance between the mean of the sample f and themathematical expectation of the totality to be of the order of 0,5 units at confidental
probability 95 per cent. Let we have *:0,05 -V, ,r:1,96;tr:71,676; e = lp 

_ 
"l 

_0,5.

the order of 1000 observations. But as we
rrier Transformation (FFT) the amount
this is the period from 01.06.1965 to

to a period of 30,6 days. Low frequency
data obtained were filtered to eliminatei
variation). This was done by usingd dete
were let pass trough the FFT and the sp



E^

Fig. 8. The same as on Fig. 7 after filtering to
eliminate the deterministical component (27
days) and the influence ofthe period of 30,6
days

8-3HRsRs$
Fig, 9. Smoothed estimation of the spectral
analysis. The previous results are averaged by
three points to enhance the stability of the
spectral density

8.
N

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 frne 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 0,525.10-8 . f) .1,019.10a. 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 Zl|B re-
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Fig' 10' The results obtained by-spreiter, Marsh and summers [17], which have been used as initialconditions for the our theoreticil,iroOet '

duce.tothe effective gas-dynamicalequations. The problem is solved in an axis sym_metrical approach. The caviry orvoidiormed behin'd th" M";;i; t;ited by th-e-i;_gential discontinuity

1=0, Bo=0, {o+nilu}=o
where the internal magnetical pressu of the mag_netic flux and full preisure froln the
to pseudogas in [17] we get the correlatio ng from gas

S: ts(e' t r';(l)

where I^ is the modul 9f Fr pseudogas velocity, 0. - the angle between the line ofthe current and the axis ox (actuali-y the sun'- rvroo" iio"i-;. _ velocity of the
sound, (" f = (ap/ap)S' = corst, p'- the angle of Mach, p.:arcsin (r/nn.), ,. _

equating the system (l) and reduced
y using these results and the method

arities
in the
small
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For this purpose we consider the Hugonipt relation in point A and present it in
the form

(2) Q4:' =.fw,0;nt,,eq^X4)"', .

where W.\P are the parameters of the full stream after the bow shock wave. We ob-

tain foi th6parameters of the stream after the Moon in [17] the foliowing estima-
tionsi

u(u) 
= r,N6;!Y=l,oo6; P(") =o,q oQ) 

=o,g
u* U_ p* p*

which upon substitution in (2) yields

yt!= 
l,oo6 f,(x,M,,tgqA),

u*

E-= t,oo6 IQ,M,,tgqA),
u_

. (F)

L - o,9..fr\ ,M, , tgq^ )
nr6

p!') : (o,q) f,(v,M,, tgqn).

Fig. 11. Geometry of. the theoretical model in the
meridiorial plane in a phasE of, a trew Moon. The small
irregularities due to the plasma waks of the Moon are
given in the elliptical part of the magnetosheat only



We present the full stream as WF) =W| +Wr(W is the base flux, and lit- the
irregularities, as lit.<W) and receive for the velocities (V,:U, V,:V), the density
and the pressure of the small irregularities after the bow shobk waVe the expressions
as follows:

0

3 = 0,000 f,(t,M,, tggo ),U

V
-J- =0,n6 -f"(t,M,, €eo),
U

= -0,1 fo(f ,M,, €go)
'2

p

(3)

(4)

(5)

(6)

? =l9,ri" - tfr,(v, M,, teqo ).

The results obtained by solving the equatiop 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 conditionV.,^:0 of the magnetopause can no long-
er be considered as fulfilled in case of inhoriiiigeneities. The latter can be involved
and absorbed in the magnetosphere in a manner already discussed in [9]. Hence the
condition V^,^:A should be substituted by the conditions V^*+0 and, V^^,:0, where
the arrows irfilicate the most favourable orientations of the ni'agnetic moiir-ents of ab-
sorption and reflectioirs of these irregularities [17], which occur in ihe lunarwake
and enhanced in the magnetosheath region (3)-(6).The conductivities in the polar
ionosphere exert an influence on this effect of penetration, where the held 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 compon-ents 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). This will be an object for detailed future studies,

Acknowledgement. This research is supported by the National Science Foundation.under Grant.
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flpoqecrr Ha o6ruqaHe Ha Jlynara
oT cIbHrIeBIdfl BgTTp KaTO Ii3TOqHIIK
Ha MafHuTocoepHr cMyrrleHr.rfl

Ilemtp Benuuoe, Anerccaudtp llonoe, Ilaau Macmurcoe,
Xpucmo Cnacoe, Marccu*t Koeu, IfemKo HeHoscrcu,
Hurconail Kaaumeurcoe

(Peslorrae)

3a orrpnnarre Ea eQexr or MarutrToxuApoAtrHaMtrtrHara
nyHHa cJIeAa, Abnxalqa ce Ha npoqeca na o6rx.IaHe Ha Jlynara oT cJrbHqeBnfl &fl,-
Tbp, e rr3BaprrreH aHairrr{3 Ha oxoJro 150 nepuo4a rra EoBonynut (-4, f 4 ,qeHa) npes
1970-1985 r. 3a rasu qen ca cpaBHeHtr napaMerpure Ha MexAyrrJraHerHara cpeAa
(cnopeg Kara-uora Ha KuHr) tr Ha MarnrrrocQepnara aKTrrBnocr. Ycranoneno e, ue:
a) t 89Yo or rleplroAure ca na6lro4aBanr AHII c yBeruqen reoMarxuTen K-nu4erc
(aopn nptr EaMarcBarrIE no BpeMe crofinocrn-Ha cKopocrra V Ha crbnqeBtrr Bc-
mp); 6) s 77yo or cryqaure e na6nro4a&afta cMrHa Ha noJrrpHocrra (ulu cMyrrle-
Hr.f, B norspnocrra) Ha MexAynnanerHoro lrarnurnb none (MM[I) n gxure -1 ao*l orono HoBoJryHr{e; r) ropenaqnoHHn.sr KoeoErIueHTR rraexgy V n Kr3aBHcu or
Qasara Ha JIyHara nlalrla pa3nurrnn 3HaqeEEs.npn crroKoeH cJrbHrreB ni.itp n trprl
BucoKocKopocrrrr{re noroqr{ Ha cJrbH\reBrrs Bsrbp (V>500 km/s); r) xopenaquoEutr-
.er roeQzqnenr rR 3auncn cbrrlo It or braJra MexAy MMII x lrnnnflTa Cnirnue-
Jlyna-3ervrx xaro R (0'):0,79, R (180';:6,67; g) nocrpoeH e reopernqen MoAer 3a
nrsgeficrnnero Ha Ape6noMalla6snre EeeAHopoAHocrE Ha nyHHara cneAa Bapxy
BbHrrrHaTa rvrarnuroct[epa E no-cleqEaJrEo Bbpxy Marr{trTorray3aTa.
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to interaction of second order scalar
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l. Introduction

During the past four-fle years there has been an obvious in-
terest in the theory of wormholes, which could possibly provide an explanation to the
long-lasting and fugdamental problem about the vanishing of the cosmological con-
stant and the modifrcation 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 []. It has been argued that in the process of pinching off wormholes carry

into the hole will be losi for an observer
mixed state rather than a pure one. Coherence loss has also been advocated by
S. Hawking and R. Laflamme [?] in reference to the problem about nonrenormaliz-
ability of giavity due to the infinite number of effective interactions with unpredict-
able strengths. This effect is supposed to be signihcant fbr 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 infinite number of coherent cr 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
cr eigenstates remain unobservable even afler a sequence of interactions"
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-. Another important aspect of wormholes is that they tum all space-time cou-
P_ling constants, masses and the cosmological constant into dynamic a variables
Il I,l5l and thus the_vanishing of the cosmblogical constant and the smallest possi-
ble cr - value of the Newton's gravitational constant ar.e strongly favoured [16j.In the strict mathematical sense, the insertion of wormhoG-ends in ttre UaUy uni-
verse is accounted by additional terms t, = t,(o,aro) in the effective Lagrangian
of wormhole theory [2,3,9-ll];
(r) Lq = Lo *Zb,* oi[,,

where Lo = Lo(@,duO) and L, = L,(e,6uO) are local functions of the background
scalar and_gravitational fields, ai and ai ate respectively creation and annihilation
operators for baby universes and i. is thd pCT transform of i"

aper that the interaction between a fluctu-
scalar field and a perturbed second order
rance of the above mentioned additional

the short distance limit r-+0 (i. e.

*",:T"Tlfi: *T ::: :i,lT*3 _

pendent and thus "seltrses" the metric perturbations of the baby universe due to the
presence of the have been suggested also in ref. [12,13],
where in the first s have been tr6ited as spherical pertuiUai
tions of the back

(2) sr, - o'a'(t>u" * 4"),
where a is the scale factor and h,,denotes the metric perturbation, usually expanded
in scalar, vector and tensor harfionics on the three-sphere [la].

The present paper is organized as foliows:
In Section 2 the scalar and gravitational fields have been decomposed into back-

ground ones (@o, gu,) and fluctuating ones (O', ftr,u):

(3) .gu" : gl," * hu, 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. n = d !\.ro,
Fv lr/

simplicity spherical harmonics
well-known quantum-gravity p
ometries and matter (in ttre present case sc
ed also by an integration over the fluctuati
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, obhi;ed after
performing the integration over the fluctuating scalar field variable O'in the parti-
tion functional integral Z. Calculations h rve been perforrned in the short-disiance
limit r-+0 and also under the as elds do not change in
space aldtime sorapidly.if com lds. That is why b-ack_
ground fields can be considered
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(4)

In Section 4 a brief discussion of the physical meaning of the additional non-
polynomial term

L,^(gui,.,)=;[ #*.;1]t
has-been per_formed. This term, obtained in the effective wormhole Lagrangian of
background fields @' integration, evidently accounti for-the in-
teraction between near thl wormhole anci in this way .,signals"'
o{_l!" presence of In order to see whether quantum cohJrence
will be lost or not it has to be checked whether the additional nonpolynomial term
will persist atlarge distances (in the limit r-+oo), where a distant observet is able to
make certain conclusions. However, for that purpose the self-consistent problem

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

(l.rpa) scalar r,etc, co'pSlil?#rLt l"int 
is the effective action of self-interacting

(6) g =60 *(D', fu" = et" +frp,,

where for convenience we have used the ,hat, variables:

(5) s = la'x!,lrl-ri,^+ gF'6uso,q +Qtf * qonh, * l,q.].

The first term in the gravitational part of the action, (n is a
numerical coefficient, ling between scalai and gravitational frelds
and the integration is closed four-manifold liI of the baby uni_
verse.

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

decomposed into backgrounO (01", .i,,) and flucruating onr. (i 
", 

o ),

(7)

(8)

Et' = Gg",iu' = Gh'" ,*" =4:),
instead of the conventional ones gp, and, hp,.We assume also that the signature of
the background metric

ds2:dt'+a'Q)d'a.
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(e)

in positive (+, +, +, +). In (8) a'(t) is the scale factor and O" - 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:

z : ! *ag;' 
ao ode' dilu' r-'('flu 

*iuu' ^o **' ),

( r\
where Slfi" + hu,,Qo + O 

I 
is the action (5) in terms of the decomposition (6).

According to Hawking's definition [7,18], the integral (9), if taken only in re-
spect to the background variables, gives the transition amplitude:

(10) t : (*f', rf,)t'?) 16('),g(ott') )

to go from a three-geometry t!!{t) on an initial (baby universe) spacelike surface to a

three-geometry g(0X') on a flrnal (baby universe) spacelike surface and the integral is

taken over all four geometries and scalar fields, which match (,ilt),gl'J(')) uod

I ^ lt\ /^\/.\\

(.Dl'',glJ'''f 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 modifred partition functional integral encompasses also the short dis-
tance effects near the wormhole, which will be further investigated. Note also that a
complex rotation t) -ir 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 severdl parts, some of
them containing both background and fluctuation variables:

(ll),s(e;" *f,,",6, +o')=",(61",.ir)+s,(fr",60, o')*s,(.',gi")

*",((o-I) * E(.i.,@*l)* q(0,, r',@u'f). +(o,p'"y 1
Terms ^S,(....) account for second-order metric perturbations and terms, con-

taining both Second-order metric and scala field pertuibations 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)

s(e;" + fr,' ,60+o')= s,(4",6,)+q(t,")*s,(o')(r2)

in practice excludes any such interactions.

We will denote the integral over the {ef"}, {,a*}""0 {4.} fields in (9)by z,
and we will focus only on tl e evaluation of the (D' integral:

(13) z= z,!ao',-l''['''to''

54

).a[' ,I.'J].",[t., ' . ('*)'].",[' .['*)')]



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. e. stationary and uniform in space. After calculating the differ-
ent terms in the action (13) and rearranging the different kinds of terms, containing
(D', the following expression can be obtained:

(14)

(l s)

n -f aa,l oo 2*a(auo')(a"o')+(auo')1a,oop"o']
,=Z,ldQ'e r L

where a, b and,c are, as expected, functions of the background fields 6o and 6f" and

also of the perturbed gravitational field frr":

6= Q[, +hp,,(16)

(17) c = zqo6,(E[". * i*X*ll, + nfJ 
) 

+ +i,6;[fi' . :fr)
+m, fru' h u"6, + q6*n['J,i 

o + 2],i* ht u,6'0.

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

(r8) z=2,!ffi'r-[ao'la')a'*o'ef.

' ' In (18),f andfl arc differential operators of the kind:

(re) 2= a-na-(a.n)a, = a-lnau* a*o]a",

h = c - br'6, - (u",iXr, uY 
" -lua, *a,a]a"60.

It utill be proved in the Appendix A that by a suitable gauge transformation in
respect to the space variable r
(20) O', = O, + f(r)
the first order derivatives in (19) can be removed and thereforeA zndE can be writ-

2= a' -ba',
h = c-bd6o.

Note that to the positive signature of the metric the Delambertian tr is:

(23) a'E'= -; +A(') ,
dt

ten as:

(2r)
(22)
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where Arc) is the Laplacian of the space-three-manifold, embedded in a given
three-geometry. !n other words, tle choice of the variable rwill not affect the eigen-
value spectrum of the operatorsl andB , since the background fields (and thus the
functions a, b and c depending on them) are "frozen" in space and time according
to our previous assumption.

3. Zeta-fiinction rcgularization and the resulting
s calar- gravity background fi eld renormali zation

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

(24) I ^^@ = @, -: BA-'
i

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

(2s)

= ,r"iu"'-iu'*" 
1a"t 

A)-i .

Note that the transformation (24) can still be applied no matter that A and ii
are not functions, but operators.

The'determinant of the differential operator 2 will be calculated by applying the
well-known method of zeta-function regularization, previously developed by Hawk-
ing [20] and others a21,221. For this purp<ise the following basic formulae will be
used:

(26)

where

(27) E(")= Ir;
is the defined in [2O]generalized zeta-function and ]., are the eigenvalues of the dif-
ferential operator l, s is an integer num er (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 2 , is defined, is the three-sphere. Of
course, the eigenvalues can also be found in the case of other manifolds.

In the present case we denote the eigenvalues of the operator aV 2 bV tr, = 81.
This means that the operator equation

(28) 4Y=0
is being satisfied by an arbitrary function Y of the kind;
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(29) y = e""'.f,Q),

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 { is ob-
tained:

where A(') is the Laplacianon the three-sphere (i. e. in spherical coordinates r,0 and
a):

(30) d')I(') =l-u: +v(, oo,fl)h(')

(31)

^o\=+L("al* I ' 
u[,ri',ea)* -J--!-t'a.( ar) 12 sinoae[---- ae) ,2"in2oa,p2'

The function v(r, oo, sl") can b-e evaluated in the short-distance limit r-+0 by
useof (15)- (17),(21),(22)and,thefollowingestimatesforthe graity field[23]:

i,u. =Ghu' =4.]' +=r[+} Rp -+-r[+l
\r,/ ox \r ,/ ac dx \r ,/

_ 
Keeping in mind the above assurrptions, the following expression in the limit

r+0 is derived:

(32)

@) y(r, d,, fl"'))= 
"nll)€o 

* I, ,@,+ or"tii)+ i(rr,r.i3). )(e,o,al) * +Eop,,

where ^r.v Tz,T.t, ar€ constants. The function (33) may physically be interpreted as a
three-dimensional potential barrier of the kind:

(34) v(r)= 4+lL+9t-*I; 4,8,, c,, D, areconsrants

which will evidently affect rn" 
"rr**rues 

of the operator 2 .rtmaybe thought as if
in the vicinity of their neck (r-+0) wormholes create an effective potential barrier, in-
fluencing scalar.(and gtlrer) particles, penetrating down the wormhole from the baby
universe. Since in a higher approximation the perturbed metric may involve highei
powers of 1, we should keep in mind the simple fact-from quantum mechanics [24],

that the motion of a particle in a potential flreld U: - 
" 

C > 2) is restricted in a small

area around the coordinate center and will finally fall upon it. However, such a move-
ment is unlikely in the present case because of space-time nonlocality @ig. l).

Moreover, such a restricted motion would contrddict 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
down the wormhole will probably "sense" only the lower order terms and (- 1 uoO - 1)
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Fig. l. Particle motion down the wormhole from an initial stat€ to
a final state and-thus not crossing the interrnediat€ stat€ of th€
baby universe [25]

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

higher order terms of 1, how can this process of

,ffi?lf ';ff iJ:*,t,:"ffi:il,';#:1il3J1l'ffiT;
and gravitational fields continuously evolve in a self-consistent manner and thus
changing the coefficients 1,, 8,,C,,D,, unlike in our simplified model. By means of
a such self-regulating mectrani-sm the potential terms are adjusted in such a way so

that falling particles are influenced only by lower order potential terms in I . That is

why we shall neglect terms in the fluctuating metric with higher powers *"r ,f+].
\r- )

Further, we present the eigenvalue function f,(r) asz

(35) f,Q)= x,?Y^@:,q\
where Y^(0, V\ are the usual spherical functions. We have to keep in mind also that

in a spherically symmetric field an additional "centrifugal" term I x, appears

i1-the--poteltial as a result of moment conservation and level degeneracy [24]. From
(30), (31), (33) and (35) the following equation for 26"(r) is obtained:

ry. ?+.1", - 4 - + -7 -91,. = o,

4 :"Rll) .)@ +or6j)r,,

B, =3y rt'6f,,(39) C, = E.FSX"

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

(36)

where

(37)

(38)

(40)

(41)

(42)
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equation (36) can be written as:

(43) W*zo*,G) *[+_._,'(,'r.t)-lr_1oy=0.
dp' P .dp l+ P P' l'vtr 

\ /

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

X, - p")and which is vanishingly small at p-+oo (of the form 26, - "l) [24]. Both

assumptions are physically reasonable, since all fields decay at infinity and it is irseless
to deal with infinite solutions at p-+0. Therefore, the function t(p) can be witten as:

(44) x,(P)= "-iP"'b)'
Substituting (44) into (43), we derive the equation

pw" + Qt, + z - p)w' * (n, - t, - r)w : o,

where the prime denotes the derivative in respect to the variable p. F4uation (45) has
a well-known solution [24]:

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

where F is the so called degenerate hypergeometric function:

-/\ / '(47) F(o, y, )=*)lr,Q- rf"r- dt:r+a** "$".,t?*....
' zoiN' ' 't t! 1(1 +1)2!

The contour C comes from infinity (when Re t+ -oo ), goes to infinity (when
Re /+ f oo) and haspoles at f:0 and t:z.It is evident from (47)ihat the solution
F (u,y, z) is vanishing at infinity when cr<O, In the present case cr:-nr+lrtl and so
the following condition has to be fulfilled:
(48) nr) lr+l

This means that the eigenvalue levels are resticted from below. From (37), (38)
and (41) the eigenvalue spectrum ?", 

= 
Ei can easily be found:

(45)

(51)

(4e) tu - = E,- = L(rt + ol,ti,1)- 
3Yr\6i 

,n n 2\ ' ul qni

where z, is the renormalized mass due to the action of the background gravitational
field:

(50) m? = m'* Z..Rt).

It can easily be checked that the spectrum (a9) is always positive in the limiting

"a,2 ;,
case $..1. In the opposite case (*<< l) E^canbe positive if the inequalitymi 6l,0;

"irr#:
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is satisfied. If we assume thaty, and l, are positive constants, this may really happen,
since according to (48) the eige::nvalue levels are restricted from below and the inves-

tigated case -i <<l requires i",ifr to-be great. lVe will also assume that the posi-
6l,o:

!tl^q (?1r! tlr-u-s coltinuogs) eigenvalue spectrum ranges from zero to infrnity. From
(39), (42),(51) and (48) it is evident that such an assumption is justiflrable especially
for small / and small constants E^ or 0.

Finally, the generali zed, zetarfunction (27) can be calculated, replacing the sum
over nr by a continuous integration (since the spectrum is continuoui) and-multiply-
ing each ?"^ = E', from (49) by n2, since each eigenvalue level with a main quantum

n-I
(level) number n is I Qt +t)= n2 degenerate:

,=0

(s2) e(,)=ia,,nix-;, =ia,,nl:V:+ oi,6i)y, -+9-1 
"

o o 'L2t ' 4n, 
I

By making the substitutions

(53)

(54)

the integral (52) can be written as:

, : 2lr+l)(55) 6(')=+lar' "''-\/ K"J0 ,(, r)'.
lni --l

- .. Tl" last int-egral 
-is 

of well-knornr, ,ro"l;a ;i be evaluated by means of the
following formulae [26]:

(56)
.(T).(" T)

z@z)**r7'1 '

where f is the gamma-function f(cr) = te-,x"'fu. we obtain the following expres-

sions for the generalized zeta-function i1s; and its first derivative:

((s) = l-'\ / 
rK"

(s7)

60

*=|r,@+oi..ii),



(61) z: ,r"f,u"-'-lnza-zf ( at\ 1 i

L*o[-;J"=,]

(58) ,EG)=--* r(s)++'.(",--1)f*1,".1]-*6). ds 
"r+r^\",r'*r it"l \ ( z) ,,))'

wherg,I(s/ denotgs the term inside the brackets in (57). The following standard ex-pressions have al6o been used:

r'(z) = r@y(} r(z+ r) = rr(4
(5e) y(n+l)= r* )...)_r, yQ+D=1*v(r} 

,

Y(z) iq the Oiler function and y -'the Oiler constant:

=,*[t * 1*...*1 - mr) = 0,s7721s7.z+o\ 2 n )
The final result for the partition functional integral (25) with account of (26),

(52) and (58) is

= z, oolh, A_, _ ! h, A,f *irt * )t1

4. Discussion

if we rewrite it into 
"""ff;'oJ#cal 

meaning of eq. (61) will be more easily revealed

(62) z : !aE;" ao,^r(;e,;-' -:8, A")

. x 
"^o{-[a,*F,(gf',.$)+2,*(s;",60),

where we will call r.*(f;",60) u renormalized (nonpolynomial) Lagrangian:

'3(63) 
'*"(elt,6o)= 

lf-'' tae 1u' zL ,, @?.el'0f)-l

6l



(64) 6- {.(r-*t'}

N) f ,Q) =l- 
": 

. r?,a1, Ei )]

.[;).i,
,.(o)

-and has an important physical meaning. Remember that 6 has appe-ared in thePro-

cess in the evaluatiott of tti" zeta-functio-n integrals (52), (55), originally derived from

equation (55):

(65)

with a potential barrier V?,6 ,, #" ) tf 
f ), reflecting the properties of short distance

certain extent 5 maY be
and background fields.

PlaYs an imPortant role
in the renormalization term (63) and thus shows that the initial "nonlinear" features

approximation of the fluctuating gravit
/'\

possible to find an exact solution of (65), when higher order terms - Ol + lwere in-
[r'/

the additional term (63) is not unique and
sumed in advance. That is why the result

ll;1"'1?!"tj';ncoo;clusioninrer'[16]about
of G (the Newton'

is ce effects that we
of other constants."m 

:r it was emphasized that quantum inde-
terminacy will not be so clearly manifested because only the lowest order terms

/r) ( r )
- Ol: I and - Ol + | would probably be the most dominant ones, when investigat-

\r.i \r./
ing the motion of particles through c

coherence loss it is worth remindin e

sewer. In the present case, however, we h s

about scalar and gravitational field evolution and that is why_ye 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 (l), here we cannot
are surely induced. However, such a p
should not be excluded until the self-
tional field evolution is solved. The latter

solved. It is l
then such a s frarnework of
n theory [27] theory, sPace

nonuniform distribution of a given pti'yiici variety of sce-

narios for its evolution.
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It should be noted also that the correct treatment of the partition functional in-,:'3l3:ifr ;
ested only

ically flat at infinity (or, = (l) - an assumption, frequently applied in wormhole
theory. Also, we have removed all fist-ord

As a final result of this paper, it
ating topologies in general) may poss
lar and gravitational fields. This can
effect and is worth further investigating i
essence of this phenomena.

5. Appendix A

gauge (coordinatel,r".IrtrilfitLbe 
proved in this appendix that after performing a

(66) O'r=Or*f?)
the operatotsri attd.6 can be written as second order operators only and in terms of
the new space variable r'in (21),(22):

(67) 2: o' -b'a' ; fr:c-b'o' 6^.

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

(6E) 2: a-ba-(u,4, = o-l*,*(r,r)]r",

n : c - bn6. - (u.6, Xu ub) =, -loa. * (a.o)](r..i, )
we will have to establish the validity of the following operator equality:

(6e) lna *b n\la = bo' o'
L F \r'lln Fr

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

(70) bo,o"+(u,rF,=b,(au*tQ)\a,.t@).
In (70) and (69) D'is a function of the new variable r'. However, according to the

equivalence principle in gravity theory the relative order dependence lz-" = o(|) in
the function

b: fi;, +fi,,



should hold in any cooldinate system. Thdt is why it can be writ'ten:

(7r)

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

(72)

If we denote

(73) _u = t;.(,)

and take into account the estimates:

(74) b(r)'=:'

finally we derive the following differential equation foi the functionfir):

:#.i."!r*o$=o

(a,a) - ar](r"s) = l* rt). u'F.

C[

O D:---:uz'r

(75)

Our statement will be proved if we establish that a solution of this differential
equation exists foran arbitrary functionflr). However, the differential equation (75)
is of the type:

(76)
# = '(t'')

and from the theory it is well-known that a solution of this equation always exists.
This precludes the proof of the statement.
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Penopvar r4sar\urs Ha $oHoBu IIoJIera
n 6lugrara oKoJrHocr Ha rorloJlornqecxrt
rrpocrpaHcrBeHo-BpeMeBl,t crpyKTypl{
(or run ,,pbqKlr')
BCJTeACTBT{e B3a}IMOAefiCTS}re Ha cKilrapHII
fl r'paBnrarllrorrH]r rloJlera or BTop]r rlopsAbK

Eoedau fluuumpoe

(Peeroue)

B pauxur:e I{a reopntra 3a [pocrpaHcrBeHo-BpeMeBl{Te
crpyKTypr.r (or rnn ,,pbqxrr") B Hafi-paHHara BceneHa e AoKa3aHo, rle B3aI'IMoAeficr-
Buero Ha OnyKTyarltronHr.r cKaJrapHtr rr rpaBr{TarluorrHlr rroJlera or BTopu rropcA6K
BoAtr Ao peHopManlrgaqlafl, Ha AeficrBrrero Ha Qononrare lloJrera c AorrbJrHrITeJIeH
qreu oT HerroJlr{ItoMHaJIeH TEn. flpnnoxeu e MeToAbT Ha A3eTa-Syurcqnr peryJltpu-
3a,Ilg.g 3a n3qUCISBaHeTO Ha HerroJrtrHoMEaIHII.S rIJIeH, 3aBI{CeUI CbIrlecTBeEo oT Ee-

ntrHefiHlrre cBofr crBa Ira cKaJlapnoro rIoJIe (1"@areopu.a)'
flpegnoxena e Qu3nqecKa IIHTeplpeTaqI,{.s, cbIJIacHo KotTo cTpyKTypnTe

,rpbrrKll" Cb3AaBaT eQeKTnBeH KBaETOBO-MexaHI{qeH nOTeHqEaJIeH 6apuep, Bb3-

Aefi crBaIrI Bbpxy qacrtrIlure, rlpeMtrIraBalrln IIp€ pbrlKrrre'
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Erarapcxa axaAeMur Ha Hayxnre o_ Bulgarian Academy of Scibnces

Aeporocvuvecxil u3cJreABaHuz n Bsriraput o 12 o Aerospace Research in Bulgaria
CoQnro1996rSofia

f eoA egl,Iqe cKI,ITe crlbrHl,Iqu
n aepoHoMl4rra*

Ruputt Cepafruuoa , Beuema Roqeea

Itenmpaaxa aa6opamopua no Buctaa eeoleeun,
Batzapcxa axade"uun Ha HayKume

Kocuuqecrara leoAe3r{ s. cera e B cbprleBuHara Ha 
"ta-'utureoAe3r'Ls' Oqe npeo l'957 r, rt rlocraBlr ocHoBrrre sa 6rpsoio o6non.flsaHe Ha ra3r.r

ApeBHa HayKa - reoAe3trsra. Heqo rroBerre - rro.sBu ce HoBa HayKa - rrJraHerHara
reoAe3r{.fl, r.rJrr{ T. Hap. nJraHeroAe3u.s. flnanero4eH-f,Ta r,r3yqaBa Qurypara, pa3Me-
praTeu rpaBI{TaIIuoIrHoro rloJre Ha nJranerrrre or Clrnqenara cr,rcreMaurra rexHrr-
Te ecrecrBeHr{ cnbrHHqu. Axo He ce 3ac-flfa rBGpAe cnequQnunara o6lacr 3a reo-
Ae3HTIeCXOTO I{3)FIaBaHe rra rrJraHeTlrre rufaHTu, KorrTo ca [peAr,rMHo ratoBr{, a cbrrlo
u sd arrvrocQepuTe Ha MaJrKr{Te [JraHerHI,I TeJra, rrJlaHeroAe3utra B 3narrr,rreJlHa cre-
tes e eeoduun Ha BcrrqKI,I TBbpAu rlJlarrerHr{ r,r MaJrKr{ TeJra B Clrn.renara cucreMa,
B rur.Iporl,Ls cMpIcbJI Ha ro3lr repMHxI. Ilnrengunnoro pa3Br{TEe Ha rIJIaHeroAe3I{flTa
e r.scHo cBbp3aHo c nporpeca n o6lacrra Ha KoeMuqecrrrre H3cJreABaHvs, Kor{To
IIo3BoJIlIxa Aa ce H3rlon3Bar rpaAuqr.roHur,rre MeroAr,r 3a r{3cneABane na 3eurra upu
u3yrlaBaHero Ha Apyrlr reJra or Cnrn.renara crrcreMa. 3a valro rroBeqe or rrerBlpr
BCK MEXAYNJIAHETHI,ITE ABTOMATI{IIHH CTAHqI,IU (MAC) IETflXA gO rrAfi.OT4AJICqEHE-
re pafiouu na Cnrnqenara cr.rcreMa. ,{ocera caMo eArra or rrJraHerr,rre - Illyron,
TpyAHO AOCTbTIHa nOpaAlI CBO.sTa OTAareqeHocr, ocTaBa Her.r3cJreABaHa HenocpeA-
crBeHo or 6op4a Ha KocMr.rqecKu anapar. Tepunnure ,,rrJraHeroge3u.f," lr B qacr-
Hocr ,,cpaBHI{TeJrna nJraHeroAe3ut" Brt3oxa He E3BeAHtx B rnnpoxa ylorpe6a.
Hape.q c r.D( r{ cera Qurypr,rpar raKr{Ba rra3Banus. Karo ,,KocMuqecKa reoqe3r,r.fl", ,,ac-
TporeoAe3tr.s" u uo-qacrnnTe Ea:tBaHH.s ,,ceJreHoAe3nfl" 3a Jlynara, ,,apeo4e3zl" 3a
Mapc, ,,aQpogesr.rr" uru ,,BeHepo,qe3ur" ra Benepa. OQr.rquanno ruexgyHapo4rio
npu3HaHtre rlo cbulecrBo repMrrnr{Te ,,rIJIaHeroAegvfl" r{Jlrr ,,rrJrarrerHa feoge3H.t"
noJryquxa B pe3onroqrrnre Ha Mex4ynapoAnns cnMnosr.ryv ,,(Dnrypa H Arrnaluvrna
Ra 3eu.ara, Jlynara r rrJraHerrrre" n llpara, 15-20. IX. 1986 r. [,2]. CrsAaAeHa
6eure crnueclHa pa6orna rpyna npu IAU (International Astronomical Union), IAG
(International Association of Geodesy) n COSPAR (Committee on Space Research)

IIo goxraga Ha ar€A. K. Cepaipuvon sa 40-rognrulnilHara na I{JIBI, EAH
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no ,,Kaprorpa$cru (oopAunarr,r E poraqtroxur{ eJreMeHTE Ha nlranerrTeyr crrrrnn-
qETe". B [3,4] ca pa3rneAaHu EcKor,r repMHHoJrorHqHE rpo6leur,r E e ycraHoBeHo,
qe BcHTIKIT EayKrr ga 3eMsra r{ Apyrure ne6ecnu reJra cela pa3ruupflBar o6exra na
H3cneABaHr.rflTa'cn,6eg o6aqe Aa Menrr EauMeHoBaHHflTa cE, Tara nanpuMep reo-
MeTputTa olr ocTaBa cbc cbrrloT'o nMe, BbupeKr{ rre oT xyrJrflAoIreTu.fl T.fl Beqe Ee ce
3aHtrMaBa CaMO C X3MepBaHe Ha 3eMHnTe yqacTbqr4.

B Hacro.squ.r upo6aenaen o6sop nileau BcuqKo ure AetbnsnpaMe roHsruero
,,reoAe3rirqecxrr crrbrntrqtr". Te rprOna Aa yAoBJrerBoptBar KouKperHrr [3ucKBaHEs
rlo oTHolueHtre Ha TexrrHqecxETe cu xapaKTepEcTEKu, ilapaMeTpuTe rra TexHtrTe op-
6uru, ycrons,flTa ga Br{AEMocr, Br,rcoquHara Ha JrereHe n 6opgonoro o6opy,Enane

t5l. B t6l no4po6no ca E3JroxeHn neo6xoAnMure E3EcKBaHvc,3a reoAe3r.rqecKr{ crrbr-
nur. Tyrc safi-o6rqo ule rE pa3rJreAaMe [o creAHHq HaqEE:

a) I4sucxnanur KbM op6nrara - roJrffMa Brrcoqr{Ea; roJr-flM opSnraren HaKJIoH;
Mr,rHrrMaJreH eKcrleuTptrquTer Ha op6ulamara eJrnnca; BlrcoK ueprrefi; AByocHa
optreHTarlE.s r Ap,

6) IlsncxnaHu.s KbM 6opAonoro o6opyAnane, Qopuara H pa3Meptrre IIa crlb'r-
HtrKa - nr,rcorocra6r{JrHtr reHeparopr{ Ha qecrora; BucoKoKaqecrtsenlr pa4uoycnn-
Barenu; cleqrraJrHrr perpaHcnaropu; onTHrlecKn orpaxarenil; paAr,IoBr{coroMep;
MuKpoaKcenepoMerbp; orrrtrrrecxu Qap; OopaoBtr na3epnl{ AaJIeKoMepE; MEHTIMaJI-

HO OTHOrrreHrre MexAy rrJrorllTa Ha cpeAHoTo cerreHHe vMacaTa Ha cn6THI{Ka; Cr'JftrA
orpaxareJlna cnoco6nocr Ha noBapxrlocrra Ha crlbrEr{Ka.

Paz6upa ce, MonTtrpaHero Ha BcurIKo ne6poeno Bbpxy eArIH cnlTHEK e HeBb3-

Moxno, Eo 3a Aa ce u3rroJl3Ba o6errrr ga reoAe3nrlecxnnlunu ga reoAEHaMIrqecKE
IIeJIE, IIoHe qacT oT llocoqentrTe flgncKuanurfl. rpx6na Aa 6r4ar [3rIbJrHeHu. B [7] e
npeAnoxena cJreAnara xracut[uxaqnr:- l. CrrrHl,Iqtr, qulrro op6nrun napaMerplr, lnarnqr,H IracEBHIr ycrpoficrna (aa-
3epHtr oTpaxaTeJIE), cra6nlxocT x Ap. ca no3BOJIunv AA 6rgar orpeAeJIeHE oT
MexAyHapo4nara HayrIHa o6ulsocr Karo o6eKTr'I 3a E3CneABaHUq;

2. Currnuqu, uufiro alaparypen cbcraB no3BorcBa perrraBanero Ea reoAe3rr-
qecxr,r saAaqn (paaapu, aJrrlrMepn r Ap.);

3. Kounnerc5n xocMrrqecKn o6eKTrr, BKJrK)rrrrreJIHo oKoJloseMnu rurar$opuu u
op6raralnu craEqulr, Korrro r.r3BbprrrBar trbJrHa I{JrE HerIbJIIra xou6usaqut or npexn
(,,in-Sitv") H3MepBaHE.s, qbqeTaHl{ C AI,ICTaqI{OHHtr IIpOyrIBArdnfl B aKTEBeH V IIACE'
BeH pexnM tr c Ha3eMHtr na6rroAenn.s.

Oule Or 3opaTa Ha KOCMuqeCKaTa epa npo6leMtrTe 3a TSTIHOTO peruaBaHe Ea
reoAe3uqecKETe saAaqtr, BKJIIOTTtrTeJIHO 3a CBeTOBHaTa lI KoHTI{HeHTAJIHATA TpEaE-

rynaqtrfl; [pEBbp3BaHeTo Ea OTAa.11eqeHE ocTpoBtr; 1;1O$aIH1aTe IeoAtrHaMErIHtr ll3-
CIeABaHus; ApefiQa Ha KOHTtrESHTETS II Ap., ce CBbp3BaT T.SCHO c aepOHOMtrsTa

[8,9]. CnupavHoTo Bc3Aeficrnr.Ie Bbpxy cIIbTEEqI,ITe 6erue n ocuoBaTa Ea nbpBolia-
rraJrHr.rTe orrpeAeneHtrr Ha HeyTpaJrHaTa TeMIIepaTypa, nJIlTItocT tr HaIsraHe Ha BII-

coxara aruocQepa Ha 3eM.sra tr Ha BpeMeBrrre r.r lpocrpancrBeEl{Te u3MeHeEu.fl Ha

TegE rrapaMerpu. BnocneAcrBr.re noJD raBaHure cBeAeHLI.s qpe3 Ha3eMnu na6nroAe-
ta:nfl Ha I"/lCg A tra ocnoBaTa, Bbpxy KocTo ce I,I3Ip a.qrxa Mex,qyHapoAHETe peQep en -

rnn rvroAelri 3a BtrcoKaTa aruoctlepa CIRA-68, CIRA-72 v vMaxa IoIsMa pons 3a

Qopr"rupanero na CIRA-86. Ilvenno re3rr cBeAeHns c'bcraBrsBar cbrrlecrBeHu qac-

iu or aeponoMu.sTa [10]. IIle E3TIKEeM, qe 3a rIeIHTe xa QnsuxoxuMutTa Ha BEco-
rara aruocQepa reogeuqecKtrTe cnlTHrrrl[ 6rtra nalt-yAo6sure o6exru sa Ha6rro-
Aenfl.s., rufi xaro caMo npn Trx e HaJrHrIe orJrrrrrHo rIo3HaBaHe na op6urnnre rlapa-
Merprr tr Ha A[HaMr{Kara Ha co6crBeHrrre.qBtrxeHns na currunxa. 3arona na3eltnu:
re ontrqnn n Qoroelexrptrqun na6mo4ennr Ha reoAe3nrlecKure klC3 6nla tr ctr oc-
TaBar upeo6aa4anaulara qacr or BctrqKtr E3MepBauu.fl 3a orlpeAeJrtne Ra rno6alnu-
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Te HeyTpaJrHr{ [apaMeTp! - Tn, ftnH po"or csoc crpaHa trbK xoprrrtrpailnTe AaHHH
3a arMoc$epHure Bs3AeficrBl{.fr n<jsnonsnar Aa ce perraBar no-ioqno rpo6reMnre
3a reoAe3HqecKr{re H3MepBaH[c C Br{COKa TOqHOCT Ua Op6Urnure napaMerprI/.ga
0lJaltu3a IIpII reoAuHaMurlHlrre u reo0uglrrlecKr{Te 3a&aqv' Taxa ce crr,rra ]Io ecTec-
TBeHara r,rHTerpaqur Ha re3n AB,arrrra npoyrrBaH[r, Kosro flpoAanxaBa u cera. [Ile
ce c[peM HaKparKo Ha [r cbBpeMeHnu npo6reuu,

crcro.finuero Ha 3a HeyrpanHnre c'bcra'"flIlll{, B ToBa

:y:IJ u na xafi-npeAcraBHreJrHrrre MoAenr4 xaro cIRA-g6 u cnrp3aHu, c Het
MSIS, He e yAoBnerBoplITeJIHo. Bce orqe Jrnncua o6nrpsnane MexAy MoAeJrr{Te ga
HeyrpaJr pe$epeurnnre MoAeJrrr sa fionocQepara (nanpuuep
IRI-79). n [11-14], orcbcrBr{ero Ha canocraBEMocr.MexAy
ABATA OCHOBIII,I I(JIACA AEPOHOMEIIHIT MOAEJITI - TE3H SA fiOUUAUPAHIITC E 3A HEYT-
panHETe cbcTaBtIIIIt, e IIHAI'IKaTOp He caMo 3a TexHIITe HecboTBeTcTBEg, Ho H 3a
HeAocrarbrlHara IIM ToqHocr. B Il-13] e or6ensgaHo, qe rJraBHurr u3TorrH[K 3a
Te3I{ oTKJIoHeHE or aAeKBarrrHTe cBeAentrs H rpelrrKn e ne4o6poro rroggaBaHe Ha
a6colrornure crofinocrr{ tr H3MepBaHnflTa Ha HeyrpanrtrTe napaMerpu. 3arona
cbBpeMeHHara aepoHoM[-S E3r,rCKEa flpepa3rJrexAaldeIda rrpeAcraDrrTe rd AaHHHTe 3a
ocHoBIIr{Te rlpoqecE, flBiteHVfl
oco6eno Ha r.sxnara Bpb3Ka
lpo6leun, xofiro He ce orqnT
Te Ha BucoKara arvoctpepa or cnnparrHu
To Ha MHoro6pofinu r.r rBapAe aKTEBHE nrs6y4enu qacrurrKrr. Oqe n [ 5] e oupege-
reHa rcxHara roJItMa poJIfl B xnHerr{Kara na fionocQepHara rrJratMa, n eneprufinux
6aranc na repuocQepara, B rrpegoca Ha crcHtreno-3eMrrtrTe nrs4eficrstrr n n aepo-
HoMI,IqHlITe rlpoqecu" Tyx qe pa3BEeM HrKotr ocrroBun [peAcraBn 3aBlrnfllnlaflTaHa
nts6y4enure qacrr.rrrKn Bbpxy ABr.rxeHaero Ha reoAegnqecxure cubrHuqE rr rqe
IIpeAnoxIrM cuoco6n 3a orrllrraHe Ha cnEpaqHtrTe trM eneKTpoMarrrtrTHrr r{ MexaHu-
qecr<u nrg.ueficrnug.

Or ananusa na op6nrnure napaMerpu naI,y':CS creA cnbHrreBn epynqtrr{ u B
H.f,KOrr Cryl{av, Koraro ce llorB-f,Bar pr3Ko rroBErrreEE KoHqeHTpaqun na nro6y4enn
rracrErlKrll, ce ycTalroBflBa rroBHruaBaHe Ha cntrpaqHoTo nrgAeficrsue Ira BI,rcoI(aTa
arr"rocQepa Bbpxy crrbTHuqr{Te. AeponovnrrEETe npoqectr, KoHTo nporErraT IIpE
TOBa, CJIeABaT [pI,IHIIUnHaTa CXeMa:

l. [Ionuruena Arlcoquarlns, ocbllecrBsBaHa rrp.sxo nnE rrpes [peArrooqnartrB-
Hr.I UpOqecE tropaArl HapacHaJraTa rHTeH3rirxHocT Ha cJrsrrqeBaTa ynTpaBrroneToBa
pa4vra\ns*.{ocxopo ce [peArronararrre, qe no ro3tr MexaHu3bM ce a6cop6npa n
lpenpeAaBa cJIGHqeBa eHeprr,rff K6M KoprryctrTe Ha KocMr{qecKrrTe JreTaTeJrHn afra-
parr.r rJraBHo rrpes idoJreKyxrpnr.rs Kncropoa [10, 15]. Ho neqe e AoKa:raHo, rre aKTE-
BeH yqacrbK B AtrcoqtrarrrBHr{Te rrpoqecrl e rr MoneKynspntrtr a:or [6, l7]. Tona e
rIGpBIrtr rrbr, rro xofiro cJrbHqeBara aKTtrBnocr - tr B AbnroBpeMenHr{Te, E B epy[-
Tr{BHr,rre ir upornu, nrs4eficrna Btpxy reoAe3nrrecKtrTe crrbrun\v - rraBHo rlpes
noBrnrxaBane Ha EeyrpaJrnara reMrreparypa T" na Aucounnpauvre qacrxqxrr u qpe3
a6 cop 6upan ar a v np eu3:lr..quama eneprr{fl sri su coxara aruocQep a. flo-nncorara
Z, no4u B qacrHoor Ao uo-ror.sMo cntrparlEo nrgAeficrnue Bbpxy crrbrntrunTe, a or
nocJreAHoro Moxe Aa ce r.r3qr,rcJrlr o6parno 7"u eneprusrar,a [3MeHeHuero B AEco-
lJxvp aryaT a p a4ua\ns,, KoeTO e npelrr3BEKarro noBr{rrreHtreTo n.

2. Bloporo [psxo nrs4eficrnue Ha cJrtHrreBara aKTr,rBHocr, B rracrnocr rra
epynq[r.rTe, Bbpxy aepoHoMr,rqHtrTe rrapaMerpH, a qpe3 T_tr rr Bbpxy ABuxeHr{eTo Ha
I4C3, e cBbp3aHo c rroBtrrrrenara fionusaqusflpu pa:tnurrHuTe rrporBrr Ha cJrbnrreBa-
Ta aXTIIBHOCT, KO'TO Ce AbnXtr Ha yBenIIqeHATA ynTpABtrOJreTOBa, peHTrerroBa tr
taMa-pa4ilaqna. flperrare HapacrBaHu.s creA epynqrrtrTe urrar nafi-rolervr eQexr n
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HHCKara fionocQepa, KbAero crIbrHHqHTe He Jrerrr, Ho H r.r3Becrxn nansHu.s s o6-
Jlacrra F, xrgero oe ABHxar noBerrero lIC3. IIle or6elexuu, ve fionu3aquoHHr{Te
eQerrn teJvrc,flT Bbpxy ABlrxeHuero rra cntTHr{ur{Te rro ABa Haq[Ha:

2,1. 9pee HapacrBaHe ua fionuara{ u erexrponsaraN KoHqeHTparlus, Kor(To
rrpeArr3Br{KBar rr3MeHeHH.fl B 3apexAanerb, co6crneH[s uor6nqnal }r enerffpoMar-
HI{TIIHTe rsauuo4eficrB}1.s,Ha clbrHLIqI{Te c o(oJrHara r{M [Jra3Ma. E-nexrponaarnur-
Horo cnupavHo 4eficrwle Ha rIJIa3Mara Brpxy KocMr,rqecx[Te JrerareJrru anaparg
Aocl(opo He ce orql{Taure. Tona [peAI{3BI{KBarrre 3HaqHTeJrHr{ rperrrK}r ilpn o[peAe-
JcHero Ha MexaHl{qHoro cbrlporrrBJreHrre 3a ABr{xeHr,rero Ha cnbrHnrlure. B [ 8, l9]
e rloKa3alra BaXHocrra Ha rr3MeHeHr,I.sra B enexTpoMarnyrrntrfl eQexruren parquyc Ha
cnriTHr'tqETe. TagH TeMartrKa rxHpoKo ce parpa6orBa, Ho e AaJreq or cBoero pa3pe-
IrIaBaHe, rroHexe ilpn pa3nEqnu xoHsnrypar\Hn Ha KocMEqecxure o5errtr, flpu npo-
MeHJrr{Br{ unaguenn ycnoBrrr na reprvrocQepara, npn pa3Hoo6pasnu xou6uRarluu or
ENEXTPETIECK}I I{ MAIHHTHU YPEAII NA 6OPAA gA LIC3 U NPH I,I3MEHflIIITT CE PEXI{MU HA
TtxHoro QynxquonupaHe ce lonyqaBar AoroJrKoBa HecbnocraBHMr,r ycroBH.s, qe
3acera HsN{a o6qa reopnr 3a re3r,r nsar,rvo4eficrnux.

2.2.{pes HapacrBarre Ha eJrer(TpoHnara T.u fiousara T. reuneparypa, Koero
cneABa cneA epyrrqnilTe v Koero cblpoBoxAa fiouoc$epHr{Te r{ reoMarHr{THrrre
cMyIIleHIr-s. Teprraaansuparrero na Qoroenexrponr{Te, Ha lbpBurrrruTe reoaKTuBrrg
rlporolrHl{ E eneETpoHHtr rlorour.r rr Ha BTopuqHr{Te x rperr{qH[r.e rexrr[ fionnu N
eJIeKToHHH rIpoAyKTIr craBa qpe3 rroBr{ruaBaHe Ha eJrexTpoHHara u fionnara reMne-
parypa. flocleAnure or cBot crpaHa [peAn3BrrKBar HapacrBaHe rra Heyrpafltr,ara
TeMneparypa In, xoero craBa qpe3 oxJraxAaHero Ha eneKTporrr{Te u fionufe or Ee-
yrpaJrHl{Te v." }r eneKTponno-fionnure y. KoJrr{3pry\, aB 3rlaqr,rreJlHo no-MaJrxa cre-
neH qpe3 c6n'LcxnaHnflTav.n PelaxcaqnoHHoro BpeMe 3a re3H rrpefipeAaBaHils, Ko-
Irro BoArr.uo [oBr.rlxaBaHe Ha T", e cpanrureJlHo MaJrKo, a ga o6uxn
rrr.rHu Ha crrbrHr,rqnTe naa 200 knd, ro He HapacrBa nponopqlroHaJrHo
IIOHEXE I{MA IOJIEMI,I Jb3Aer{cTBr,rr oT ye. r,r oT noBuruaBaEe Ea pon.flTa r{a HeyTpaJr-
Hr{Te a3orHr{ aroMu. l(oHueHTpa\nsra Ha re3r,r aroMH cbrrlo HapacrBa cJreA er(cqe-
cItBr{I{ npo.flBn Ha cJIbHqeBaTa aKTI{BHOCT.

if", N,, To {, nonuureHl{ rlo eneKTpoMarIrI{TeH rr:"T wru rlpe3 noB}rllaBaHe Ea 2,,
BoAflT Ao yBenuqaBaHe Ha cbrlporuBneHr{ero rra Br,rcoKara arvoc@epa sa gnuxeulri-
Te ce B Hes lIC3, flpe4crasara, rre MoxeM Aa perunM o6paruara gaAaqa- or rroBlt-
rueHoro cIII{paqHo Aeficrnne 3a c[brHr,rKa Aa HaMepuM Ko.fl Aa e or re3r,r 4 neluqnsu
- e HeocbrrlecrBEMa. PasrrexAaHara o6parHa3^\aqa', ocBerr qe e rr{[r{qHo HeKo-
peK'f,Ha, BKnIOqBa rOJrKoBa MHOrO la6OparopnE, TeoperEqHfi }arfi arrpuopHr,r [peA-
cratsH, BernqnHn u roeQuqueHTlr, qe r,r3KJrloqBa paq[oHanHoro peureHue. Ho crn-
MecrHrltr aHaJru3 na fioHno-congun ualeuHn u cIIbrHHKoBtr AaHHH, xolr6unupann
c JrOK:UIHH CrIbrHuKoBI{ [3MepBaHUS Ha ir", Ni,7", T' mJtn I{3rIoJr3BaHero Ha cBeAe-
HVflTA OT I{HKOXepeHTH}ITe CKeTep-paAapri no3BolsBa npl{ HaJrEqr{e Ha pe3ynTaTH 3a
c[[paqHHTe ntsgeficrnur Ha BHcoxara aruocsepa Bbpxy I4C3 aa ce yrorrHrr cKo-
pocrlrre Ha aepoAuHaMEqHr.rre peaxqrl}I, Aa ce onpeAeJrrr rrpaKTuqecKll He[rSMepr-
eMr{ fro ApyrH HallvrlJvr BerrIrrrIHII wu Aa ce npoBeAar eKcrrepr{MeHTu rro [pqqecl{ c
MHOIO TPyAeU OnHTeH AHAJm3, KaKBr{TO Ca Te3r{ 3a HaMr,rpaHe Ha ym u ur. A pa3nuq-
HI,ITe Br{AOBe Ha3eMHH, CnATHHKOBTI r.r paKerHr,r paguosnsuvecxn, nJiasueHr.t rr onrlr-
qecKI'I I{3MepeHI{t' Ko}ITo BoA-sr Ao orlpeAeJlrue naN",{,T.,T,3aeAHo c a3MepeHnc
cIIbrHI'IKoB Apar, KofiTo ce o[peAens Hafi-roqHo rrpl{ reoAe3urrecxrrre crrarH]trl]t,
AOBex,qaT AO B!3MOXHOCTII 3a Tpar(ToBKa Ha peAuua 3acera HexoHTponupyeMtr
rlptro aepoHoMr.rarrrn rrpoqecu, HarrpuMep r€3rr 3a eneprufinur flpenoc MexAy Heyr-
panHrrre u itonusnpanr{Te xoMrroH errrrr.

3. Eauu or BaxHr{Te cnoco6u 3a rrpeHoc Ha c.rrbrseBure nrggeficrlnfl t eAHo-
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BpeMeEHo c roBa 3a BsatrMHo o6nrp:nane Ha crrnpaqHoro 4eficrnne B6pxy ctrbrHr-
qtrTe c aeponoMnrrnnre rrapaMerpn e .rpes nrs6yxAanero Ea Eeyrpansu u ionusn-
paHE rlacrlqru. PagnnqHtrTe rtrnoBe BtrcoKoeHgprufinn cJIlHqeBtr BJrtrqHu.fl (raxto
rrpe3 eneKTpoMarrrtrTHaTa, TaKa E qpe3 KoptrycKynflpEaTa paAB'a\ne. oT crbHqeBEs
oxmp) BoAsr 4o ionnsaqns,, Anco\na\r.rurrn caMo Ao nts6yxgane, BXJuoqr{TeJrHo
n rn6paqnonno. BupoveM,gbrrlecrBeHa rracr or npoAyr(TnTe Ha fionusaqnoRr{o-He-
yTpantr3aqtroHHtr.f, tr AncoqEaTEBHO-aCOqHaTtrBHE oalanC Ca CbrrIO BbB Bb36yAO-
Ho cbcrornue. Hafi-goSprrrr npuMep 3a roBa ca lpoAyrTtrTe or AucoqtraruBuara
perou6unallut, xo.sro e AoMuEaHTeH HeyrpaJrtr3aqEoHeH rrpoqec ga o6nxnonennre
BEcoqHEHu o6racrr, B KotrTo rer.sr crrbrHnrlr,rre [8, 15, f7].

4. Brs6y4enure qacruqKu yBenrraBar crrtrpaqEtrre nrsgeficrr;ns Ha Bucor(ara
arrvrocQepa rJraBHo Eo ABa Haqllna:

4.1. 9pes eneprufino nf,elpeAaBaHe, T. e. qpe3 npnBexAane Hatrpnuep na ru5-
paqnonnara rone6arenna reMrreparypa fyKbM Hey'rpaJrnara To, roero craBa rrpeg

crornernure 4enrsSyxAarqrr Kontr3rtra wril qpes paAuartrBro gearrunupane. flpr
TOBa EeyTpAJIHATA TeMrrepaTypa Ce rroBHrrraBa, a c ToBa HapacTBa clEpaqHtrcT
eQerr.

4.2. 9pes ynecnenara N nnrensnQnqtrpaHa fionnsaqu.r na nrs6yAeru{Te qacrnrr-
xu. flocreAnara nrsAeficrBa Bbpxy ABtrxeHnero na l1C3 no or6enssannre cnoco6u
2.1 u 2,2. ffpo6reva sa r.lrvsnytsra or AearruBrpauero na nrs6ygentrTe qacr[rrxr
Bspxy Kop[ycnTe Ea xocMtrqecKETe JreTaTenHn ailapaTE He e TpeTupaH rrbJrHorleH-
Ho n rlpeAcraBJrflBa r{HTepecHa sona o6aacr 3a Lr'arrrag Ha Bb3Moxrru npeKtr B3arr-
uo4efi crnu s na VICS c nrs6y4ennre xoMnorrenTtr.

5. Oco6eno cr{JrHE ca rrs4eficrBnsra Bbpxy op6urnr,rre rapaMerpr{ na I4C3 or
unrensuQuqnpanns, AEHaMtrqeE rrpeHoc, xofiro cbnpoBox,qa no-roJreMtrTe nposBtr
Ea cJrbnqeBara axTtrBHocr. Pegxure H3MeHeHrs Ha rpaHcnopraHa HeyrparrHnre rr
fionnsnpanure cbcraBcrqtr rrpflKo rocraB.s no rpaeKTopvsra Ea ctrbrnuKa EoBr{,
sHaqI{TeJrHO npOMeHeHE rrJriltMeHE KOMTTOHeHTT{, KOETO Ce XapaKTepnSnpaT.qoptr C

rrpoMenentr T^, P_ n 4. Ot nocneAH[Te npoMeHH cJreABar rl 3HarrETeJrEn r,apuapn

"a "orpa""nie iercfnns, Ha Br{coKara arrr.rocr[epa. O6parno - HaMtrpanero Ha

ArlnaMtrtrHr{f, rrp}rHoc or Ar{BepreHTHH.s qreH n 6ananconnre ypaBneHtr.fl 3a Ko.s Aa e
aepoAuHaMtrrrna KoMloEeHTa rlpe3 Toquo orrpeAonrne Ha cuupatlHoro Aeficrnne e
Bb3MOXEO CaMO rrpE KOMnJTeKCHR [3MepBaHU.S, KOETO rrpeAnarar rOrIHtr CBeAeHtrC
3a BcErrKE rrJIeHoBe na 6aaagca c u3KJIIorIeEEe Ha rpancrroprlrara My rracr. B rasu
o6nacr BlrnflHvlsraMorar pa6r4ar KaKTo upes 4uQysnflTana HeyrpannnTe n fiouu-
3EpaEETe gbcraBrrrltr, TaKaurrpes rrpeycrpoficrsoro Ha roKoBr,rre E BerpoBETe ctrc-
leuu. flonnlraBanero Ha cnnpaqnoro nrsAeficrBue B rosr c4yrafi ce rrocrr{ra rro
Tptr HaqtrHa:

5.1. 9pes no-ror.flMa orAaAerra enepru-fl. tr cborBerHoro rroBtrrrrenme na T.npu
Ancvnnpan.ero Ha roKoBnre E BerpoBHTe cHcreME E B npoueca na 4IrQysnr; -

5.2. 9pee npeKu Brvrsr;us Ha ABtrxeqara ce Maca Ha BtrcoKara arrvrocQepa;
5.3. 9pes eJrexTpoMarHrrrnr{Te nsauMoAeficruns Ha KocMuqecKus o6exr c

NIA3MEHETE ]IEEAMEIIHE CECTCMII,
6. EQexrrre Ea cJrtnqeBns,Berrp s cnorofiHo u unrenouQ[q[paHo sbcroffHue

Ao ronsMa crerreE 6rxa pasueAanu B rrpeAnrrrHnre rracru Ea riltn npEHIIrrrrHa cxe-
rvra. MarnzrocQepno-fionocQepnure ssauMoAeficrBr.rr, KaKTo u fionocQepHure Ir
reoMarHtrTrrure 6ypn r{ cMyrrlentrs,, llrpoflBflBar cBoETe BJrnflllvrs. rlpe3 rrsMeHenltsra
na fionusupannre, AucoqnrrpaHnre u nrs6yAennTe KoMrroHeHTE, rrpe3 eueprnftnun
H AUHaMIIrreCKtr-f, rrpeHOC, eJreKTpOMarHurHUTe BJrIlIflHns, rr ApyrtrTe CTpaHE Ea KEHe-
TtrrrEtrTe tr Ar{HaMtrrrecxtrTe npoqecu BbB Br{coKara aruocSepa. Ilopagu roBa rtx-
Horo unAnqupane upes op6urnure eJleMelrrtr Ha reoAe3ltrrecxuTe oubrntrrltr Mo)Ke
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Aa cTaHe caMo B KoMIrtIeKcHtr eKcnepuMoETtr, Kor{To rlo3BoJr.flBar o[peAeJrsHero Ha
oclroBEnTe TIJIiltMeHE E aepOHOM[rIHn XapaKTepncT]IXE OT npeKn trntr AtrCTaHTIEOH-
HII E3MEPBAIIH', KATO CNEPAqHOTO BIU.SHHE E EAEH KOMoEHUPAH, AOTIbJIETTEJIEH
onETeH KptrTepnfi rr eKcneptrMeHTaJrHa AaAeHOCT.

Oco6eno BaxHo e R3noJr3BaHero Ha rrpoMeHtrTe B cuaparruoro nrsgeficrlanena
BtrcoKaTa aTMocoepa 3a HaMupaHeTo Ha KoHqeHrpaqErrre Ea H.sKou HeAocrbrrHtr 3a
IIPEKE E3MEPBAHII' CbCTAB'IIIN, MC)(AY KOIITO TBbPAE BAXHA E NU6PAqUOEIIO-Bb3-
6yAenara &torna Moneryna N, (Z:0, 1,2, .,.)..(oxaro 3a peArrqa nts6ygenu crrcra-
BCIIIH MO]KeM Aa CSAEM trO TeXHETe eCTeCTBeHr,r OrrTtrrrHI,I II yJITpaBtrOJIeTOBU eMU-
crru - HarrprrM u Ap., To sa Nrn n.nrvra HIIKaKBtr rlpeKtr Kpr{Te-
pnu. flopagn r oMtrJreKcHo onpe,qen.rne ua N, (Z:0, 1,2, .,.),
pa3Bxrlr n [20], cBeAenurra, Korrro ce [onfraBar or crrupaq-
EUTe BJTEtHUfl Bbpxy reoAe3ErrecKtrTe crrbTHnrlu.

Pesynrarnre or sa6noAer;asra Ha reoAe3nqecKtrTe lIC3 ca oco6eno yAo6nn
3a KoMrIJIeKcHo tr3noJl3Bane c paKerHr{ coEAaxE.Bl2l,22l ca npeAJroxenr,r cnoco6ra
ga rov6nnnpaHe Ha pa(ernure RgMepBaHus c Apyrn cnarnr{KoBr.r u Ha3eMHrr tr3Mep-
BaHElr. Kru ouruualrlanfl 6pofi con4pxtr, orpeAeJrenn 3a piltJrnunn fionocQepnn
qacrn cnopeA l2l,22l,4o6arrnero na cpannureJrHo AbJrroipafinure p$yJrrarn or
Mpex(a c na6ruoAareJlHtr craErlmn 

'a 
cnmpaqEoro nrsAeficrsue Ha Br{coKara arMoc-

t[epa nrpxy crIlTHuqHTe rlo3BoJrflBa 3uaqnreJrno Aa ce uoAo6ptr Toqnocrra, B3aEM-
nara o6nrpgaHocr E aAexBarnocrra Ha aualru3a.

Zguorsnanero Ha na6nrogexusra Ha reoAe3r,rtrecKrrre crrbrHrrq[ u rexHnre
upeKu RsMepBaHLIt n fionocQepnarayt uarnnroctlepnara flJrfrrMa 3a aepoHoMErrHE
nleJlu 3HaqHTeJIHO IOAIIOMaIaT CbBpeMeHHaTa HayKa 3a OKOJTO3eMHOTO npOCTpaHC-
rno. Or Apyra crpaHa, HanpeAbKbr Ha,aeporroMEsra uo3Bo lrsBa Aa ce yrorrHrBar
peQepenrnure MoAeJIH 3a IreyrpaJrrrara srcbra arrraocQepa (CIRA-86) n ga fionoc-
Qepara (IRI-88) tr Aa ce AaBar Bce no-aAeKBarHr.r rr3xoAHrr AaHHn 3a KoperqtrE Ha
op6r.Iralnnre tr3MepBaHus. C rosa aeponoMtrrrHr{Te nocrnx:enns. npcxo noJr3Bar
KOcMHqecKara reoAe3nfl. Or 4pyra cTpaHa, ro4o6penr,rre 3HaHu.s 3a oKoJro3eMHoTo
rlpocTpaHcTBo IIo3BoJItBaT no-TolTHOTO OTqr{TaEe Ha EeTOBETe Brtr_f,Hu.fl Bbpxy pa3-
JIErIHure cuoco6n 3a HaMtrpaHeTo Ha KoopAuHaTtrTe na TorrKrr oT 3eMrraTa rroB'bpx-
Hocr HJrr{ s CserosHur oxeaH tr 3a pa3perlaBaHero Ha ocHoBHE reoHoMuqnu upo6-
JIeMIt. Tona e B3arIMHo cBGp3BarrIHrr KoMrrJreKc, xofiro o6eAunsna ycnnvsraHa cle-
rlrraJrr{crr{ c pa3nnrrHa rnalut[r.rxaquc Ha roNr6nnflpano MyJrrr{Atrcqunnr,rHapHo rpe-
TtrpaHe Ea 3eMHo-Kocvu.recriure upo6aevu.
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Ilocmonuta ne 19. IY, 1994 e.

Geodetic satellites and aeronomy

Kiril Seraftmov 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-aeronomiCinves-
tigations and experiments have been considered. The principal scheme according to
which the aeronomic processes are running is given. Their drag at the orbit rnove-
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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Eurapcxa ar(aAeMsr Ha Hayr(ure o Bulgarian Academy of Sciences

Aepoxoclrxvecxl n3cneABauue r Eanrrapre o 12 o Aerospace Research in Bulgaria

CoQnro1996rSofia

HeorerroHl{Ka I,I reo.unHaMuKa
Ha flpeA6arraHa
u Crapa rrJranrrHa

Xepuauu Cnupudouoe, Hurcona feopeuee

Ilncmumym 3a Kociruvecou usctedaauua, EAH

l. flocranoBKa Ha 3aftaqara

Vroqn.ssaHero rra ocuoBHrrre HeorexroHcKrr eAtrHuqtr B npe-
AeJrHTe xa IIpe.q6anKLHanCrapa frJraHHHa, T.sxnara parnoo6parna rvropQonoxxa u
TeKTOHCKa U3pa3UTenHOCT, rpaHrrqnre MeXAy r.flX, ce ocblrlecrBf,Ba flptr cbrleraHue
Ha ABa ocHoBHr{ rroAxoAa: u3rroJrgBaHe rra ArrcraHrIRoHHa (aeporocunuecra) nnQop-
MarIEs rir Ha KoMTIJIeKc or AaHHu, [onyqeHn or reoJloro-TeKToHcx]r, reot[nsn.recxn n
reor"ropQonoxxn na6nroAeHvs, I{3MepBaHn.fl H pa3ntrqHE no IvrailIa6 KapTrI Ir MaTe-
pHaJrrr.

2. PeruonaJrHn HeoreKToHcKIr crpyKTypu
n flpe46aaKaHa lr Crapa nJraHrHa

2, I. TopuoecKa peeuoHaaua uopfiocmpyrcmypa

Tosa e eAHa or roJIeMrITe pernoHaJlHu crpy(Typli s o6cera
na EarxanuAure, ycraxoBeHa B p$ynrar Ha KoMrIJIeKcHo ortluTalre Ha peAuIIa Ae-
nnQpontuuu, TeKToHcKu tr reoJroxKu 6ere3n, arana cblrlo tr Ha HsKoH reonaopQo-
JroxKu u ronorpaQcKE norasareJrn.

2.1.1. MopSoJrorrt

Trpnoncrara rr,ropr[ocrpyxTypa ce roArleprasa Hafi -neqe or
peAnrla rrJraHr{Hcxu Bb3B[rueHI{c, pnAoBe tr B[coqLIHrI (xrnnrone)' Tesn.oporpaQcrn
rfopvn ca qacr or Crapa rrJraHnHa H or [o-HncKltre rlJraHlarrn n Bb3Buluennc Ha
Tlpeaflatrcana n flepnnnarQopvenoro ro)KHoMnsnircro floHxxeHrle.

O6rqo B3ero AbJrxrnara na rvropt[ocrpyrTypara or 3anaA lta tr3Tor e oxoJlo
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200 km, a cpeAr{ara rrrupnHa - 50-60 km, uaolqra - oKoJro 12 000 km2. IIo cr-
IllecrBo roBa e c[Jrno yAbnxeHa uopr[ocrpyKrypHa eAuHrrqa B cborHoru€nae 4;l n
3aroBa rt e [puera Karo perlroHaJrHa eAr{nHrla or roJltMara rersToHcxagaJra na Eal-
KaHI{Aure. Pezurno prurneAanl{tr BbnrrreH BoAoAeJreH npbcren or nJrarrrrHtr u Bb3-
BtrrueHufl orpaxAa BbTperuHo oBanHo rrpocTpaHcTBo cbc 3HaqrrTeJrHo no-HncbK
pener[ u roJrrMo pasnoo6pastre or crrJrHo yAbnxeHr{ B rrocoxa [3ToK - 3arraA or-
AenHu rrJr_aHuHr{, Br3BrrrrreHrr H prrAoB€. Brrpoulnoro flApo na uopQoorpyrTypara
ce pa3qneHrBa or peqHara cucreMa Ha peKtrTe fllarpxu Kauunl, xouro tlopunpar
nponoMHl{ AoJruHH n AoJrr{Hrru pruru}IpeHr{r B oTAeJrHu oTceqKII Ha perrHuTe nope-
qus. no HMero Ha rro-roJreMrrre ceJrnqa e Hapeqeno Fa6poncro-Orvr5rpraurxo.

B pavxnre na fa6porcxo-OuypqaruKoro BbrpemHo ffApo ce na6aroAaBar orrle
Tplr rlo-Manxu rvropQocrpyKTypr{ or rro-Br{coK nopeAax. flo utvenara Ha rIeHTpaJr-
Hnre ceJrrrqa B Tflx re ca Hapeqenn Cesrnencra, JllcxoBcxa r{ Blp6nura (Qnr. 1).

2.1.2, f eotoro-TexToncKa xaparTepncrrrKa

B crpoexa na TrpnoncKara KpbroBa rraopQocrpyKrypa nre-
Mar yqacrl{e vegosoficKo-naJreoreHcxr{ crp)mrypnn KoMtrJrercctr, no nafi-rolflMo e
[plrsbcrBlrero Ha exaJru c rcpcKa n AonHoKpeAHa Bbgpacr. Togu KoMnJreKc oQopvr
ropcKo-AonHoKpeAHtrc crpyKTypeH rroAerax B paMKrrre ua flpe46alraua []. Tofi e
p$ynrar na ancrpuficKara reKTorene3a, [posBexa caeA 6eAyna, Ho npeAtr orJra.ra-
Hero Ha ceAr{MeHTHTe Ha ropnara KpeAa. IOxnara BoAoAenHa ATrafla Trpnoncxa-
ra rvropQocrpyKTypa e qacr or llhanqencKrrr aHrr{r(Jrnxopnfi [2], Korercxaranun\a
(Marop-uaHrrncxara aHrr{KJrrrHaJra) [3] u JlyAorav.rufi crara gosa.

Cenepno or roglr orpaAen BaJr e pa3rroJroxeua tronrrxera 3oHa, KoflTo ot[opur
EbrperrrHoro cApo ua Trpuoncxara rraop$ocrpyKTypa u rfl cbBnaAa c lOxnara cnn-
xJrEHaJrHa nuv\a na flpe46anxaxa []. Ocranarnre reoJroxKrr crpytrryp[, Kouro
EJru3ar n fa6poncxo-OnaypraurKoro BbrpemHo rApo, ce rrcrpaxAar or rcpcKo-AoJl-
rioKpeAH[s crpyKTypen erax rr ryr BJrrr3ar peAr{qa cEHKJII{HaJItr tr aHTI{KJIHHarn [].

Or rpern ropsArK s o6cera na fa6poncxg-OvyprarxKoro BbrperrrHo cApo ce
ycraHoBrrxa oule rpr{ flo-MaJrxrr rvrop@ocrpyrrypn: JkcxoBcxara, Brpbnurrara u
Cesrnencxara. Or no6poenr{Te nafi-ro_rsrvr HHTepec [peAcraBntna Jlscroscxara. Ts
BcbrrlHocr e qacr or Jlonenro-Trpnoncxara rbllxoBo-6rorosa trBl{qa. Ha ceuep
crpyKTypara ce orpaxAa or BoAorefi-r(paranoncKara AI,IcJIoKaqtrs, xo.sro e qacr or
flpeg6arrraHcxrr.s pasnou [4, 5].

2. 2. B omeee pad crca pez uoHartHa uopfiocmpyKmypa

Eorenrpa4cxara perlloHanna rraopQocrpyxrypa ce oQoprvrx
cbulo B npeAennre na EarranuAure. Tc o6xnaula roJItMa [rolq, patnoJloxeHa
MexAy Bpa.rancrn.r Earxan Ha ganaA, Ir Ha [I3ToK Aocrl{ra Ao ropHoro rropeqrre Ha
p. Ocrrvr n Tporncrara rIJraHr{Ha. O6qara AbJIxrHa e oKoJIo 100-120 km. IIInpu-
Hara Ha rvropr[ocrpyKTypara e oKoJro 25-30 km, rato Ha ceBep o[rrpa Ao AoJInHara
na p. Llcrtp, a Ha rc,r odxnaula 6u.rnR yrracrbrlu na Crapa nJIaHIrHa. O6qara noco-
xa ua rnropr[ocTpyxTypaTa e 120". I4 ryx ctoruoulenl{eTo e l:4, uoAo6no na Trpnon-
cKaTa cTpyr',rypa, T. e. B cn) ra.s e .rcHo oQopven Apyr cerMeHT oT roJrtMaTa TeK-
ToHcKa 3oHa Ha Barranu.unre.

2.2.1. Mopt[ororrs

Mopr[ocrpyrffypara cbrrJo raxa no cBot rvropQoloxru o6-
JrHK nprJruqa MHoro na Trpnoncrara. VI ryl( ce na6lroAana BbHIrreH BoAoAeneH
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nocc, oQopMeH or BrIcoKtr rIJIaHtrHcKu ptrAoBe H no-HucKH Bb3BtrrrreHtrr. r{pg3 .scgo
r{3pa3eHa noEtrxeHa trBurla MexAy BGHIIIEEC BOAOAeneH rrorc }I BsTperrrHr{Te yrrac-
rbIIH Ha uopt[ocrpyrrypara ce na6rroAasa Bbrperunoro Terenencio-Jlrrarlluro
rgpo. B HeroBara rleHTpanHa qacr ce pa3rroJrara nafi-nucrusr JrqacrbK Ha crpyKTy-
para - Borenrpagcxara KorJroBnrra.

Moxe Aa ce AorrbJrHrr, qe resu 4o6pe rmpa3enrr naopt[oloxx[ rpaHnqu ce noA-
qepraBar or peqHara Mpexa. flpn .qerunoplrpaHero Ha KocMHqecxure uso6paxe-
HEs Ha Eorenrpagcrara rraopQocrpyKrypa peqHara Mpexa 6ellre crqo nafi-xapar-
TepHr,rff T AerxnQpoBbqeH npu3Har<.

2.2.2. f eotoxo-TeKroHcKa xapaKTepncrr{Ka

B crpoexa na EorenrpaAcxara perrroHaJrH a rvropQo crpyrry-
pa ce na6lroAaBa psAKo cpeqana ocoSenocr. Cxpanencrara KorJroBrrrra, Kosro e
fl,Anara Ha crpyxTypara r.r e nafi-Aur6oKo rrorbnaJra, ce pa3noJrara B TeMeHHara
qacr Ha Eepxoncrur aHTIrKJIEHopnfi. Kouonnlaarae rr3nbJrHeHa c [JrrroueH-KBaTep-
HepHr,r yrafi_rn n nefinure oxpaAxr,r cKJroHoBe Bcbrrlnocr npeAcraBJsBar ceBepHoro
Ir roxHoro 6e.qpo Ha aHTItKJIItHaIIara, Or rsx ca ocranzurn orAeJrnu rrerHa. Ha-cenep
aHTIlKJrEHaJrara ce orAen.fl or flpe46zurxaHa qpe3 CrapoulannncKara rreJrHa rrBr.rqa
[,6]. Or roxua crpaHa ce npoKapBa Bu4auurnrr paslbv [2]. BrrperuHoro rApo Ha
Borenrpagcrara peruoHaJrHa ruopr[ocrpyKrypa e nsrpa4eno or goxarvr6puficru u
naneogoficxE cKaJrHr,r KoMnJreKcI{, a raKa cblrlo E uareosoficrtr fpaHr,tror,rA}I, a MaH-
Tnara Ha sAporo - or Me3osoficxu ceArrMexTtr (rpac, rcpa, Aonna rpe4a).

Brnmnnsr BoAoAeneH rtosc Ha rcr ce o$opM.s or cnorencrara u I{enrpamno-
6alrancrara aHTtrKJIIrHaJra,Ha rr3ToK or Terenencrtrr cBoA (sacno4rnane). Ilbcaea-
H-g-flT HA 3anaA rrpoAbnxaBa npe3 BrrcoqtrH[Te Jluceq, ilralg.vlilara Aparofiqa, JLo-
ru6pogcrara lr 3rypurpaAcKara aHTprKrrnHaJra. or roxua crpaHa BbnurHtr.sr BoAo-
AeneH no.flc ce oKolrrypBa or CnorencKara I{ I{enrpanno6arrxancrara aHTEKJrrrHa-
na, r'I3rpaAeHtr oT rlaJreogoficra s4l<a v uegogoficxa MaHTr.r.s r{ gaBbprrrBa rra 3anaA c
9nnponcxara aHTEKJrnHaJra, r.r3rpaAena or rptracKrr r,r rcpcKrr ceAlMeHTr.r.

Terenencro-Jlrxarnnruxoro oKoJroflApeHo noHr.rxenr.re BcbrrlHocr e [r3rrbJrHe-
Eo c rplracxo-rcpcKo-AoJlHoxpeAHlr ceAr{MeHTr{ E caMo K))KHo or Borenrpa4c6ara
aHTRXJTT{HaJra Ce na6nroAaBar HaBreqeHure Macr.r Ha opAoBrrKa II fopHEs rap6on.

2.3. MoumaHcKa peeuouaaua uopSocmpyrcmlpa

Cnegnarrlara roJrrMa rraop@ocrpyKTypa c perEoHzureH xapaK-
Tep, KosTo B MHOrO OTHOlreHr{s ce oTJrurraBa oT ApyfHTe, pa3rJreAaHu Aocera, e
Monrancrara. Crana B.rnpoc 3a repuTopu.f,Ta, Ko.sro o6xnarqa Bb3Br.rureHr.rqra Bec-
leq, Mnruu KaMbK, flrcrpuHa u Apyrn rro-Hucxu xbJrMoBe Ir prrAoBe. Te ragnrrnar
npocrpaHcrBoro Ha u3ToK or rp. Pouan u rlepnen 6pxr na p. Zcxrp Ao rp.Monra-
Ha Ha 3anal.

2.3.1. Moprforroru

MopQonornflTa HL rrscJreABaHus yqacrbK e pasnoo6paena,
no o6ulo B3ero craBa Barlpoc 3a yAbnxeH B nocoKa C3 - IOI4 oBrur, cr{JrHo pa3qne.-
HeH HanpeqHo or nprrrorlETe na p. orocra E ropHoro noperrHe Ha peKure crrr,
I4crrp ra Bur. Heganucnuo or ra3l{ HanpeqHa pa3KbcaHocr orAeJrHr{Te p}rAoBe
r{MaT nocoKa tr3Tor( - 3anafl.

Ocrana-nara rlacr, Kotro ce na6mo4aBa Ha Ior, ceBep n E3ToK or noooqeHtrTe
ArrE Ha aHTr{KJItrHaJIara, e 3HaqllTeJrEo rro-paBHa. Ta e cuqo raKa B ror.sMa crerreH
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pa3rrneHeEa or peKHTe vlCxrp,Marrx llcrrp, Karuur, Karyneq u Kauennqa, xaro
ce Qopuupar HarrperrHtr ptrAoBe B nocoKa ceiep - ror.-BncoqnrurutuBcurrKu re3l
orAeJrnr{ pr.rAoBe He HaAxBbprc 400 m.

2,3,2. leotoro-rexroHcKa xapaKrepucrtrKa

Hafi-rorsMara reKToncxa crpyxTypa, Kosro cbBrraAa c oBa-
JIa Ha perHoHaJlHara IraopQocrpyrrYPa, e Monrancxara aHTr,rKJrEHaJra, Kocro e rracr
or roJreM[r Belorpa4vurrrKtr aHTuKJrr.rnopr.rfi, HSrpaAeE HA gAilAA OT rOpCKr{ u AOJr-
HOrCpeAHn ceAr.IMeHTrr, a B II3TOqHa nocoKa ce sa6lroAaBar yproHcKtr anrcKn Bapo_
Br'Iqtr, zuI6cKI'I MepreJltr tr rlflcr'qHllrlu. Brpxy re3lr ceAr{Merrrrr oe pa3nonarar rpaHc-
rpecrrBrro orroxeHusra Ha ropEara Kpe.q r [7]. Tyr ce orAersr ABa crpyKTypHE era-
xa: AonHoKpeAeH r{ ropHoKpeAeH-[aleoreHcKtr.

Ocrananure reKToHcKIr crpyrTypz, KotrTo ce Ha6rroAaBar roxno tr r,I3TorrHo or
Monrancrara aHTIIKJII{HaJIa, caJlyronurcxara n Mes4peucKara cHHKJrr{Hzura. Tegr.r
floHr'rxeHu.s ca 3an]nneHn rrpeAr{MEo C naJreoreHcKE ceArrMeHrn [g].

3. Ananug Ha cbBpeMeHH[Te BepTr{KanHu EBil)KeHufl
na flpe46uuKaHa n Crapa ilIrannna
Ha ocHoBaTa Ha reoAe3[qHil AAHHI1| .

Zsclegnanur Ha BeprrrKaJrrrrrre ABr{xeHr{r Ha geMHara Kopa
B npeAeJrr'ITe na fIpe46aJrKaIIa u Crapa rIJraHr{Ha ce r.r3Btprrr[xa Ha ocHoB ara Ha rtu-
coKoroqHa Hr,rBerarllls B Tprr enoxu: 1930 r., 1970 r. u lgg5 r. I,Iscre,una11sraHa
reoAlrHaMr{rrHrrre rrpoqectr Ha 3eMHara Kopa ca npoBexAaHr{ B rrpoAsnxeEr{e Ha
NOJIOBUH BEK,

C lovoulra Ha nonyqeHuTe Kaprlr Ha cbBpeMeHrrr{Te ABuxeHn.s Ha 3eMrrara
rop_l (t[ur. 2,],4), a raKa ccqo noJr3Bafiru ugsecrHrr Kaprtr Ha peruoHa tr Kaprara
Ha Kapuaro-Banrascxnr perrron, Moxe Aa ce or6enex[ cneAnoro:

I ' ZgrorneruTe (aprtr Ea Beprr{KaJrHtrre ABExeHrls Ha 3eMHara xopa n M l:500 000
3a erroxlrre 1930-1985 r.; 1930-1970r.u 1970-1985 r. (r[ur. 2,3:4) roxa3Ba, qe
Koraro nepr{oAbr e rIo-npoAGJrxETeJreE, ca no-4o6pe rr3pa3en4 reoAtrHaMuqHrrre

=reHA€HAlIu. Tara 3a rlepl{oAa 1930-1985 r. (Qnr. 2) ce na6lro Aanar no-roJreMr{ cKo-
pocrr.r Ha ABlrxeHuflTaHa seMHara xopa B cpaBHeHr{e c neprroAa 193A-1970 r. (Qur.
3). Teau pa3rvqnfl, ca noAqepranu nafi-seqe B ceBepHara rracr na pafiona - Jloneq,
flasrr.rreHr.r, KGAero sa 1930-1985 r. cropocrrrre ca or -l,l ,qo -i,5 mm/a, a 3a rre-
puoAa 1930-1970 r. ca or -0,4 Ao -0,5 mm/a.

2. lnmxennflTa Ha 3eMrrara Kopa 3a rreprroAa 1970-1985 r. rroKa3Bar cbrrlrrre
TeHAelrquu, KaKBHTO rrMaMe rrpe3 ocranaJrr{Te [eprroAr{, T, e, rr3oJIrIHI{Itre r{Mar rloq-
Tu cbrrlu.s BI{A, KaKbBTo H npe3 rrepr{oAa 1930-1970 r. Xaparreprroro e, tre 3a ro3r{
repnoA cl(opocrure ca c eAI{Ir noprAbK rro-MaJrKr{ (Qur. 3 u 4) u neroru(oKparHo no-
MarrKr{ or neprroAa 1930-1985 r. (Qnr. 2 u 4).

3. Karro or6encgaxMe, n:oSpasrBaHero Ha cbBpeMeErrr,rre ABrlxeHEs rra 3eM-
Hara Kopa c rr3oJrr{Hr,Itr AaBa Bb3MOXHOCT npu aHzurE3A nM AA Ce rr3BtplrrE u cboT-
BeTHO CpaBHeHHe C npeACTaBeHItre Ha TO[rO-HeOTeXTOHCKaTa KapTa piltrurrHrr reo-
JIO)KKr{ CTpyKTyp}r, pa3JroMLI Ir JrrrHeaMeHTr{ r{ cborBerHo Aa ce u3cneABa r(openaqu-
.flTa MexAy re3lr crpyKTypr{ tr cKopocrr.rre Ha ABtrxerrHero Ha 3eMHara ropa. B cny-
qac ryK ce gaoenqgna, qe LI3oJII{H}rure, Kouro AaBar cKopocrrrre Ha cbBpeMeHHHTe
ABIrxeHr{.s na 3eMHara Kopa [pe3 n3cne4BaldusnepvioI., uoAqepraHo Kopenupar cbc
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cboTBeTEETe feoJroxxE MopoocTpyKTypr,ugonuiHntrTe, KoETo ca rroJrJ reHn 3o tr€-
ptroAa 1930-1985 r. (r[nr. 2), orroraprr Ea rrorbBarqara TereBeHcKo-JIbKarEEruNa-
u Cxparencxara (C) rraopr[ocrpyrrypa. Cenepuo tr K]xEo or resn norbBanas ce 3a-
6ensgua eAHa regAegqtrs Ea EaMaJrrBaHe na crofisocrnTe Ea rrorrBage. Tesn Ann-
xeuur o6xnarqar Mes4pencxara (M) n Jllmonurcxara (JI) uop$ocrpyrrypa. Moxe
Aa ce trpEeMe, rre cbBpeMeEEuTe ABEXeEE.f, C HeraTEBeF 3HaX XapaKTepB3EpaT
Trpnorcrara (T), Brp6auxara (B) n fa6poncro-Onryprarcxara (fO) crpylfrypa.
Ha ror or re3tr ABtrxeEEs cKopocrtrTe 3atrorrBar Aa troxalBar renAeuqr.s xbM trpc-
MuEaBaHe or orpnlareJrHn rcbM rroJroxureJrsz erofinocrn (-0,5 mmlaAocrnrar Ao
f 0,1 mm/a).

Ha rlnr. 3 nsornunure xapamTepa3vpar cKopocrnTe Ea obBpeMeEEETe ABExe-
Hns.Ha 3eMuara Kopa 3a rrepnoAa 1930-1970 r. Tpr6na Aa ce or6enextr, qe HeBaBE-
ctrMo or uo-ManKETp crofinocrn Ha cKopocrrTe Ha BeprtrKaJrHETe AEEXeHtrsutrro-
rortMoro KoruqecrBo o6oco6enr 3ouu c pa3Jruqntr cxopocrtr Ea ABqxenr{.s Ea 3eM-
Eara xopa E TyK ce 3arrasBa o6rqara renAeHqufl. Oeo6euoro 3a ro3tr trepuoA e, qe
u3oJItrHEETe uo-go6pe xaparTepu3zpar naopQocrpyrTypnoro pa:lrureneEue Ha reo-
JroxKnre oOpaeynannu.

Or raprara 3a rrepnoAa 1970-1985 rr co BtrxA&, ve o6rqara reHAeHqE e sara-
3eHa, EO TOAEmEETe CKOpOCTtr 3A ueptrOAa Ca C eAmr-ABa rropffAtKa no-Ma_IrKE.

4. 3axrro.reHr.re

l. B upegenure Ea llpe46alxana u Crapa rrJraHtrHa, KotrTo
[peAcraBIsBaT tcEo tr3pilteHtr TeKToEcXU U TTAOpQOIO)KKB 3OEn, trptr U3trOn3BaEeTO
Ea aepoxocMurrecKa tr KoMtrJrexcna znSopua\xs,EareouayKETe ce'ycraEoBtrxa rpu
perEoHanHE rvropQocrpyrrypu: TrpuoBcKa, Eorenrpa4cxa-u Mouraxcxa.

2. Bccna orAeJIHa Iraopr[ocrpyxTypa ce xapaxrepn3trpa c troArreprag rvropr[o-
Jroxxn o6aur E TexroEGKa tr3parurennocr: TtpnoncKarlri' Eorenrpa,qcrara trpuTe-
xaBar 6nnsrn qepru: uMar qeETpaJrEo BbrperrrEo qApo, oKono.sApeno rroutrxeEue
E BbHrrIeH BoAoAeneE uocc. Pa3ruKara MexAy r.flx e, qe aKo Bbrpeunoro cApo Ha
Eorenrp44cxara uopQocrpyrTypa e pa3tronoxeEo B qeuTpansara i vacr, xa Trp-
EoBcrara ro ce EaMtrpa n nefinara qeErpaJrEa ceBepna lepuQepur. Mosrancxara
peruoEaJrna nropr[ocrpyrrJpa trpuTexaBa yAbnxer Bbrperueu oBaJr, sao6uroren
or nepuQepnu uonaxeuus.

3. Peruoxanrnnre uopSocrpyKTypu peanno npeAcraBnrBar qacr or EnEpcKEs
KoJIE3troEeE oporeH, raro Sopuupauero EM B uo-ruupo( actreKT Moxe Aa ce cBbp-
xe c annzficxure rercroucKn ABuxerrtrfl (ancrpuficrn, napaunficrn n nnrpcxu).

4. Peruonannnre rvropQocrpyxTyptr npeAotrpeAemr cborBerua xn,qporpaQcxa
Mpexa, o6paeynaqa uEAEBtrAyaJrnu nogoc6opun 6acefiuu.

5. PeruoHarunre vopSocrpyrrypu ce cbcro.sr or JroKaJrEtr cEEXJrtrEaJrEtr E
aHTnKJIITEaJTHE eAtrEEqE, qtrrro cbBrcytrEocr ru Qopnarpa.

5. CrnperraenHuTe BeprEKuurEE ABtrxeHtre Ea 3eMnara Kopa B o6xnara Ea rpzTe
roJIeMIr pernonaJrutr rraopQocrpyxlypn trox&rBar cJreAuoro: qeETpanEETe ) racrb-
qtr Ha BorenrpagcKara E Trpnoncxara rvropQocrpyKTypa ga6elexzuo troraBar,
AoKaro npu MonrancKara e o6parnoro.

6 Aeporocxner.u xscae.unaxe.,.. r, 12 8l
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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 Georgiev

(Symmary)

In the paper, on the grounds ofthe available ground and air-
space information, the neotectonics and the modern geodynamics of the Forebalkan
and Stara Planina have been studied. The problern 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 platforrr. In it, several frrst-order tectonic units
havebeen outlined: the Misian platform, a deformed marge of the platform, the col-
lage zones on its periphbry and the post-collage paleogen-neogen sediment basins,
overlaying them.

The particularization of the basio neotectonic units within the zone of the Fore-
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I. Morrnaqus

Llavepnnanero Ha KoHBeHqEoEaJIHure rl3Toqntrqtr Ha eHep-

rus. Ha 3eltlra, XaKTo tr 3HaqtrTeIHETe eKoJIOrrlqHE npo6leuu, CBcp3alil c ToBa'

MoTr{Br{paT TtpceHeTo Ha HoBtr eneprnfixu peoypcu Ir Bb3MoxHocTE 3a TsxHoTo

e$exrxnno olon3qTBop-flBane. Qrpounn.nr tr [paKTFIecKE Hen3rleplaeM trOTeHq[-

aJr or cJrbgrreBa errepr[r, Ka(To n seixnre eKoJlortrqHtr trpeAmvrcrBa, ca npeArloc-

TaBKa 3a llpeoqeHxa Ha Bb3MoxHoCTIITe sa uo-eQerrtrBHoTo i yCnornane. Ourn-
MarlytcT er[err or pa6orara Ha cbopaxennflTa, npeo6pasynarltr cJIaHqeBaTa eHep-

rtrfl B TorrJIrIEEa Ir eJIeKTptrqHa, 3aBnctr KaKTo oT rIpEpoAHn - t[nsrtrxu u t[nsnxore-
orpaocKll, TaKa tr or rexHEKO-eKCUJIOa

flpupognure Qarropn o6yclanrr eprlrt KbM

,rp"er"o:opeo6paoyrareJlHure [oBbpxHc EQerrun-
Hocrra rra rrxnara pa6ora 3aBrrca or trIlTeE3trTera Ir BpeMerpaeEero na o6lrqqa-
sero. C napacrnane Ha brbJra MexAy crruqeBtrTe JIGqtr tr o6ntqsasara noBbpxrlocr

uHTeH3ETeTtT Ea IIpfKaTa cJIbHqeBa pa4na\il[', KOTTO e ocHoBHI{tT tr3TOrIHtrK Ha

egepr11s sa upeo6pasyBane, ce noBnxaBa. Karro e tr3Becrno, cborHolueHuero Mex-

Ay KontrqecTBoTo trpflxa cJIbEIIeBa paAnaqus S, IIaAaIqa 3a eAnEtrqa BpeMe IIo HOp-

ranata xtM AaAeni noBapxxocT, I,I cbulaTa paqnA\nflS', naAaqla IIOA npOu3BOneH

brbJl KbM Tdttr rloBbpxHocT, e:

Kallero ft e nncoqnxara Ha Clruqero HaA xoptr3oHTa.

sl
.S sin fr
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II. Merol

EAga ntsMoxHocr 3a troBtrrrraBaEe Ea eilextlnuocrra rlptr

-

uero raxa, qe IbrIETe My Aa traAaT IIo EopMaJIaTa ICbM axTtrBEtrTe UOBbpXEOCTU Ea

rogu 6nor. flo roeu r'
6ndrolapentreEaotr L

,BAHEEACIbEqEBATA K

socT.
EAgO AOnTnEETeJIEo trOBtrItraBaEe ua xoet[uqtrellTa ua eQexrungqcT Ce nqny-

rraBa rrpes trpEJlaraEeTo Ea upuEqtrtra Ha KoHqeETpaqE Ea cJIbEqeDtrTe IbIItr, OT-

paseHE or uapa6pltrrlEa noBbpxEocr.

our, 2. Hafi-o6qa 6loxora cxeMa rra yorpoficrnoro 3a trpueMaHe u upeo6paryraHe Ha cJIlHqeEa

eneprrrs c IIoB[IueE xoei[nquexr na eQexruruocr

I

rDnr. 3. Cxevaruqna Enrocrparluf, na xoacrpyxqutra Ha trpxeMxo-upeo6pasyrarencus 6ror
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IV.,[eficrrue

B ganzcsuocr or Bucoqs.nara sa Cnrnqero HaA xoptr3oETa
E or rroJroxexrrero Ha rraneJra Ha trpneMxo-npeo6paryBareJlEnt 6lox, cnontr cJIbE-
qeBu Jrbqtr norraAa Bbpxy cborBerxus $orovyncrntrTeJreu eJIeMeHT. Ctorsernust
ereKTpuqeu SIITEaJI OTtrBa B yflpaByrsBauqu.r 610r, xOfirO nOAaBa KOMaEAa tr rlpe3

eneKTpoABtrrarels tr peAyKropa cII 3aABuxBaIrIfltT 6lox uguen.s troloxenneTo Ea'
naHeJra Cnp.sMo Clrxqero. ,{nCxpefnorq rtO3EqEOHnpAHe [pOAaJIxaBa AOTOTaBa'

AOKaTO CHOrrbT cJrbHqeBtr IbrItr He nOIIaAHe Bbpxy ,,HlJilEBul5" tpOrOUyrCrnItTeJIeH

eJreMeET, HaMtrpaq ce TOqEo cpeqy Atra(DparMaTa Ha CeECOpa. TOsa O3HaqaBa, IIe

trOCIeAHEcT, pecu. u naEeJIbT Ha llpneMno-upeo6paryBtTeJtnnfl 6nOr, Ce EaMupaT

s noaoxesne, IIpu KoeTo cJrbHgeBtrTe,Jrbqtr norraAaT no HopMaJItTz KaM IIJIOC(OCT-

Ta Ha naEeJIa. Torasa orpiltenuTe or uapa6oluqHuTe troBbpxEEHtr IbrIE ce xoEqen-
rpgpar B6pxy rp's6zre cbc 3arpcBaEara BoAa. Baarogapenae IIa rotrJlon3ota\nsTa
sa3Ala(oo6veHbr e Bb3trpetrflTcrBan u ce trg6trBa pagcefiBanero B oKoJIHoro trpoc-
TpaHcrBo Ha trorbJlHarara or rps6ure ToIIJIEHa.

CneA BpeMe, KOTaTO BCJIeACTBtre Ha ABtrxeHtreTO Ea CnruqerO JIbqtrTe My 3a-

nOtrBaT Aa u3MecTBaT KoHqeHTpA\nsTA Cu or rpl6uTe, 6naloAapeutre Ha pqaKqtrc-

Ta Ha ceHcopa rIaHeJIbT oTHoBo ce IIo3trIIEoEtrpa no outrcaHllc 889trE; Ha np_axrlra

AHcKperHEsr npoqec Ha rlo3uqlloxupahe Ha llpueMno-flpeo6pa3yBarerlEtr.s 6rrox ce
gB'.B,a aHaJIoroB rlo orHolneHtre Ha ToIIJIOlpEeMaEeTo.

,{O nyCrur"rara EeTot{EO cT f.Iptr no3trqtroHnp aHeTO Ha _ilptreMgo-trp eofipgyBa-
TeJrHur 6rox gasncn or reoMerpurrHtrTe pa3Meptr Ea rlapa6ontrrlutrTe rloBbpxntrEtr,

Qopuara Ha CeqeHEeTO II AtraMeTbpa HA rpr;6rTe c|bo 3arpcBaHaTa TeqEOCT tr Ka-
qecrBaTa Ha ceEcopa.

V. IIpe4napI{roJIHrI pe3yJlTarlr ur }l3Bo4tr

flporornn Ha EaKparro otrEcaEoro ycrpoficrBo 3a flptreMa-
He tr [peo6pa3yBaue Ha cJrtHrreBa eHeprn.s c rroBIrIIreHa e(DexruBuocr 6eue nspa6o-
ren n I{enrrpa 3a Bb3o6HoBEMa eHeprufl flIRE) [5]. Axtunnara llnoq Ea naHeJIa Ha

rrpneMuo-rp;o6pasynarennu.f, 61Iore 1,25 nf, a o6ulaTa AlJIxtrEa na rpr6ure crc
3arpsBaHara rerrnocr e 12 n, Vcrpoicrnoro 6eme cnrp3ano napaJIeJIEo KIM eJIeK-

tporec*" 6ofinep rnnM72268fl80 c BMecrnMocr 80 anrpa, rpotr3BoAcrBo Ea,,EJI-
npoM" - Bapna.- 

Ilporornnrr,Ha ycTpoficrBoTo 3a npueMane E npeo6pasyBaue Ha cJlbnqeBaTa

exeprtrs c rIoBrIIrreEa 
-e6e*t"n"ocr 

6eue ercnnoaTtrpano r pafiona ua CoQur npes

rcroro rr HarraJroro Ha eceHTa fla 1994 r. flo npeue Ea eKcrlJloara\nflTa B peaJIEB

ycnoBns 6na nOrntpAegu peantr35pyeM6CTTa Ea MeToAa u pa6orocnoCO6sOCrra
na ycrpOficTBgTo. flonyveuure pe3ynTaTg AaBaT Bb3MOxEocT Aa Oe E1npansT r's-
KOE rrpeABapureJlHtr tr3BOAtr.

Heo6xoAuuoTo BpeMe 3a 3arpffBaEe Ea BOAaTa qpe3 outrcaEETe MeToA tr ycT-

poficrno trpe3 orAenHETe Meceqtr e troKiltaEo nrpat[nveq BtrA ua Qur. 5. Tyr sa

r"recequ VI, VII, VIII u IX Aaunnte ca B3ertr OT O$eKTtrBEETe tr3MepBautrfl Ea CIOT-

BeTHtrTe t[nsuurx BeJltrqtrHtr, a 3a ocTasaltrTe Meceql ca troJr1nreHtr tro TeopeTFIeE
ntT. Ha irrqara Qnrypa 3a cpaBgegne e IIoK&laHa u rpaQnxara sa neo6xoAuMoro
ga 3arpcBane Ao cbIIIaTa TeM[eparypa BpeMe, yCpeAHeEO 3a EIKOIXO BtrAa OT Hafi-

rxr{poKo pa3[rpocTpaHeEETe cTaqEoEapHu BoAo3aI'pcBa[IE XeJItrOCbOpbxeEtrt c

noAo6HE KOHCTpyKTEBEtr xapaKTepEcruKE.
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Eurapcxa aKaAeMu.s Ha Hayxnre o Bulgarian Academy of Sciences

AepoxocuuvecKr{ H3cneABagyr u Ernrapur o 12 o Aerospace Research in Bulgaria
CoQuro1996oSofia

CraHupyrcqas aHreHHa
AJrfl A Byxlon flpn3arJkro H H o fr
paAr,roMerpuqecrofi cucreMhr P-400
B paMKax MLIKII ,,npupoya*
Todop Hasupcrcu, feopeu fluuumpoe,
Vaedap Jleaue6, Xpucmo' Ilpodauoe

Eucmumym KocrruqecKux uccaedoeauui), EAH

Anrenna cBrerc.s oAHr.rM u3 ocHoBHbD( gJreMeHToB ruo6ofi
paAHoMerpnqecxofi ctrcreMbl. Xapaxrepucrrlrl{ aHrenHbr onpeAensror npocrpaHc-
rBeHHyIo pilperuaroqyro cloco6uocrb I.t tlynxquoHaarnrre oco6enuocrl,r cucienanr
(ro:uoxnocrr pa6oru B pexr{Me cKaHnpoBaHllrs Hra rpaccfipoBr(u, palora B AByx-
[Ontprr3aII[oHHoM peXI'IMe s t.A.), a TaK)Ke oKa3hIBaIoT cyqecTBenHoe BIH.sHue Ha
qyBcrBI{TeJIbHocrb H IrDrMoBbIe xapaKTepr{crzxu lpn6opa. flepe4 aHTeHHbrMrr ycr-
poficrnauu Ars KocMtrqecKr.rx paAtroMerp[qecKlx cr{creM craB-rrcr eqe psA Tpe-
6onauufi, Bbr3BaHH,bD( orpaHuqeHn.sMu B ra6apnrax r{ Becy, a raKxe ctr"qr6"rec*r-
Mri ycroBtr-svr.r pa6oru aHTerrHhr - "rarJle Bcero B orKpbrroM KocMr{rrecKoM npocr-
paHcTBe.

Ha ocnose trpoBeAeHHbx HayqHo-TeoperrrqecKr.rx uccJreAoBaHzfi u HaxonneH-
Horo npaKTrrrlecKoro onhlTa r parpa6orKe KocMr{rrecKr.D( paA}roMerpr,rqecKr{x cuc-
rena 66rlu ctfopr'ryrupoBaEbl cneAylorr1ue ocHoBHLre rexHr.rrrecKne ipe6onanu.r x
AByxnonrpHsaquonnofi cr@Hr.rpyroqefi pa4uoverpu.recxofi crrcreMe p-400, BxoAs-
T9g_l J.ocPB arlnaDarypu_ MexgynapoAHoro qeJreBoro KoMrrJreKcHoro [poeKra
(YI{KD ,,flpzpola". fl_pu6op P-400 aonxeH,rrMerb noJrocy o6sopa nopr4ri 350_
400 km rpr,r Bbrcore op6uru HocuTers 300-350 km. flpu erorra peureuo ocyrqecr-
BtrTb KOHr{qeCKOe CKaHI{pOBaHUe C OTKJTOHeHEeM OCHOBHOTO JlerrecrKa Ar.rarpaMMbr
HanpaBJleHHocrn (r{H) Ha yron 40' ornocureJrbHo HaAnpa,.rro o6ecnequna-er noc-
TO-SHCTBO pa3MepoB nr,rKceJrr Ha noBepxHocru 3evml [pr.r ABr.rxeHEu HOC1aTer.f ro
op6nre u orITEMaJrbHoe coorHorueHne MexAy crrrHaJraMr{ c pa3nr,rrrHoi nolrpn:a-
\uefi. B[usHlre cKarrupoBaHr,rs Ha rpexoceByro crrcreMy cralutmsa\Hrr HocnreJrs
.qonxHo 6rrr prunrluallbHo Bo3MoxHhIM. Anrenna AoJIxHa AaBarb Bo3MoxHocrb
pa6oru sa o6enx (ropr,rsonralrnofi E Beprr.rxaJnHofi) nuHefinrrx nonrpn3auu-sx,
flpocrpanorgeHHa.s paiperuarcqas cnoco6Hocrb craHr.rpyrcqero paAr.roMerpa on-
peAeJlflerct pa3MepaMr{ DEKcer.s, r(orop ,rfi.qolxen r{Meer 0op.y ,,9rnlca,. c oc.fl-
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ME [opsAra 55 n 40 km coornercrBeurro. Heo6xoAuvo raxxe o6ecueqrrr ilocro-
cHcrBo tlopuu AH c rvrarcuMaJrbEo noguoxnofi Torrnocrbro Bo BceM cerTope yr-
JroB cKaEEpoBaEur. Kporrre roro, AJrfl tloBbrrrrentrfl Torrnocrtr upu6opa neo6xoAurvro
rrpunsrb Mepbl rro Mr,rntrM{3arluu 6oxosoro u oco6esxo 3aAHero tr3nyrrennff aH-
TeIIHrI. Koncipyrrr.rBHbre oco6eunocrtr HocETeJrr HarJraAbrBapr orpaHwretrns. Ha
ra6apnrrr aHTeHnbL Ee 4uanrerp He AoJrxeH rrpeBbrrrrarb 1100 mm, a Bbrcora BMec-
re c o6lyrareJleM AoJrxEa 6rrrr ne 6olrrue 500 mm. Pa6oqas AnuHa BoJrHbr rrpr,I-
6opa P-400 cocrasrser 4 cm.

flpr npoerrnpgBaHr{n anrenuofi crrcreMbr npu6opa P-400 6r,urn npnnsrLr Bo
BHrIMaHtre pe3ynbrarbr, IroJryrleHHbre npu panpa6orxe uoAo6nrur 6opronrx cKaHr.r-
pyrcrqqx paAnoMerpuqecKr,{x upu6opon Ar.s parrurrnbrx coBercKtrx R aMeprrxancKnr
KocMrrrrecrr{x arrnaparon (,,Skylab", ,,Mereop", ,,Nimbus 5" u Ap.) U,2,31,

C y.Ierou orl{x p€yJlbraroB 4rr npu6opa P-400 perxeno HcnoJrb3oBarb HerroA-
Buxnyro oAHo3epKaJrbuyro aHTeHHy c loBoparrnBaroquMcr o6lyvareneu. !1tt
o6ecreqenur roKpbrrr.r.s saAaHHoft noJrocbr o6sopa cnrHaJraMu o6erx norcpusarlnfi,
n npu6ope HcnoJrb3yercq peBepcr.rBHoe cKaHEpoBaHEe, T. e. npu oArroM HanpaBJre-
Hrru ABr{xenr,rs ryqa lptrHr{Maercr crrrHtur c oAnofi nonspl,r3aquefi, a npu uEBepc-
HoM Ha[paBJreHur.r - c 4pyrofi. Penepcnnnoe KoHuqecroe cKaHupoBaHr{e ocyrqecr-
Br.flerc.fl rryreM BpauleErrr o6ny.rarenx aHTeHrrLr npu troMoulu c[eqaaJrbHo pa3pa-
6oransoro cxaHr,rpyroqero gJreKrpoABrirrarer.s. Taxas Konrlerrqu.fl [o3Borser Mr{Hr{-
Mu3upoBarb r.rHepqxoHHrrfi rvrouenr, co3AaBaeMrrfi 4nnxyrur,rMnc.s qacr.cMlr cKaHr{-
pyrorqefi aHTeHHbI, rITo cylqecTBeHlro )ereHblxaeT BJrnsgve Ha cEcTeMy cra6raluga-
ulrlr Hocr{Ters. Pac.{erbr [oKa3brBaror, rITo Ars o6ecneq.enns. npeAycMorpenHbD( B

rexutrrrecxoM gaAantrtr npocrpaHcrsenHofi pa:tper[aroqefi cnoco6uocrr.r ll noJrocbr
o6eopa npu6opa P-400 neo6xo4uuo, uro6rr,{H anrennbr uMeJr rrr}rpuHy ocHoBHo-
ro JrenecrKa He rrpeBbrrrrarcqyro 4"-5o (no rononunnofi uorqnocrn) n BogMox-
Hocrb rroBopora rJraBHoro MaKcr.rM)rMa Ar,rarpaMMlr B [peAenax noprAKa + 35'.
Torga [pr.r AJrr{TeJrbHocr[ oAnoft ayroo6pasnofi crporn cKaHHpoBaHat noptaxa 4 s,

rapaHTupyerc-s ilrorHoe rroKpbrrr.re senanofi rroBepxHocrr.r curHalraMu paAnorerrno-
Boro r,r3ryqenns 3evrr o6eux nonrprlsaqnfi c neo6xo.qtrMbrM roer[SuqueHToM rrplr-
rroxpbrrt4.s. 3ro Aaer Bo3Moxnocrb perlrrrb 3aAarry o[peAeJreur.rr reo$u:r,r.recKr.rx
rrapaMeTpoB rroBepxHocTlr IIo [rHTeHcr{BHocrr{ npr.rHHMaeMbD( cr{rHaJroB paA}roTe[-
JroBoro u3ryrreHug E no coorHorrreHr{ro MexAy crarHarraMr{ c o6er,rvu uonrprr3allufl-
uu. Kar rroKa3arro n [4], nanr,rvlre rrpunor(pbrru.s rrosBorcer Ha 3Tare rlrrcJlennofi o6-
pa6orru noJr) reHHhrx AaHHbD( (cauocrorreJrbno I,TJII{ coBMecrHo c Apyrofi annapa-
Typofi, nxoAsulefi B cocraB MKIII ,,flpupoga") sHavurenrHo floBblcl{rb npocrpaH-
crBeHHyrc pa3peruarcqyro cuoco6nocrb paAlloMerpuuecKofi cr.rcrevrrr. [nt coxpa-
HeHus rrocrorHcrBo Qopvu ocHoBHoro JrerrecrKa.(H npu cKaHI4poBaHI{LI B Aocra-
TOETHO rrrtrpoKoM ceKTope yrnoB perxeHo rrcrroJrb3oBarr ct[epzuecxyro tloprtry 3ep-
Kalra, Koropas, B cvrJry crrMMerpurr, oco6enno YAo6ua Ans perueHu.s noAo6Hofi sa-
Aaqn. HeAocrarKoM raxofi KoHcrpyxqrnv flBrsercs rroHr{x(eHnoe 3naqeHllre roeQtfu-
rlrreHTa r{c[oJrb3oBaHus noBepxHocTH 3epr@Jra r{, KaK cJreAcrBr{e, HeKoTopoe cH}Ixe-
Hr.re pa3peruarorqefi cnoco6nocrr4 paAr.roMerpu.recrofi clrcreMbl. Bnr.rqnue gToro

Qaxropa Mo)KHo yMeHbrrrnrb rrpn orrrrrMzunnou nrr6ope Qoxycnoro paccrosHprfi rr
ruuprrHbr cQepuvecxoro 3epKarra. feoverpr.ruecKr{e lapaMerpbr 3epKaJIa, o6ecneuu-
Barcrrlne neo6xoAunayr il[pr.rHy LI ceKTop cKaHllpoBarrlr.s uraBHoro MaKcI{MyMa

,{H, rvroryr 6rrrr onpegeJleHbl rlo MeroAr.IKe, rr3JloxenHoft n [5, 6]. Illupzny a ocBe-
ulaeuofi o6ryqareneM qacrr{ rroBepxHocrr.r 3epKaJIa (puc. l) MoxHo onpeAeJII,ITb I{3:

s=70L. *(l)
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I

\
D-ZR \

(z-R|+Y=Pz

[;)':''[+)"
(2)

Puc. I

rAe $ - tr3BecrHat Hg rrpeABapr{TeJrbHbrx pacrreroB rntrptrna !H no nononnnnofi
Morrlnocrr{ B rpaAycaJL a }" - pa6ouat Anr,rna BoJrrrLr. @opuyla (1) cnpanegnuna,
crporo roBopq, ToJrbKo atntapa6o.nuuqcrofi Qopvu 3epKaJra, Ho rrpu nedoasIrrrry
pa3MepoB ctlepuuecxoro 3epKarra, B crrny 6nugocru r[opvu orpe3Ka oKpyxrrocrrr
4o napa6orLr, Taxxe Aaer AocraroqHo roqxbre p$ynbrarbr. Paguyc crpepu R on-
peAenceTcs tr3 ycroBr.r.s:

Koropoe rapaHTupyer, qro Qatorar ouru6ra Ha Kpasx pacKphrBa ne 6yAer npeBbr-
ruarr ru/8. Onruvrarlrsoe 3Harrenue Qorycuoro paccro.f,Hr.rr f, o6eqrcqnBaroqee Ea-
uJryq[ue Qaoonrre xapaxTeptrcrnKtr B pacKpbrBe 3epKaJra, olpeAenercs KaK:(3) 

"f 
:!_+"232R

IIIupnna,{H o6lyuareJrfl cr, onpeAeJreHa tr3:

(4) a = arcq!.-R

Pacqerrr uo t[oprr,rynaM (1) - (4) noxasaJrr,r, qro neo6xo4nrvroe AJrr o6ecneqe-
nua rpe6yeuoitt]nupnnt.{H anrenHrr (c yrerorra ceKropa cKarrHpoBaHr-e) sna.reune
pa3Mepa e cocraBrser 560- mm, a AraMerp-c$epn 2R - 1070 mm, rrro-BxoAnr B
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orpaHr{qeHtrr, Texnr{qecKr{M 3araHrreM. flonv.reHHoe orrrrrMuurbHoe
3Haqenne Sorycnoro paccro.sHu.s f cocrantter 250 mm,

B raqecrse o6lyrarelr aHTeHHbr, B coorBercrBrru c peKoMengaqurrrau n [5]
nu6pan pylop c KBaAparEbrM cerreHtreM pacKpbrBa, AuaroHaJrb Koroporo pacilono-
xeHa B nJrocKocrs KaqaH[s. Pasuepu pacKpbrBa o6ny.raren.n uo4o6paarr B coor-
BercrBrrr{ c pactreraMn no Qoprrryne (4) raruu o6parou, qro6ur Bo BceM cexTope
yrnoB cKaHHpoBaH[s rransblfi Jlerrecrox,{H o6lyrarers He BbrxoAr,rn 3a rrpeAena.
MI{ 3epKana, uro o6ecneqtrBaer JpoBeHb 6oronoro a3nyqentrs aHTeHHbr, He rrpeBbr-
ruaroulufi - 17 dB.

Curna-u or o6nyrrareJr.fl rrocryflaer Ha BxoA floncpr{3arluonnoro ceJrexTopa,
BbITIOJTHeHHOTO Ha OCHOBe CTaHAapTEOfO KBaApaTHOTO BOJTTTOBOAa C nOAXOASUIEM
o6parorvr pacronoxeHnLrMu [rrhrpsM[. BrxoA ceJreKTopa coeAuHsercs c CBH
Knrcq-MoAynfrTopoM xa PIN-guoAax, Koropbrfi xorvrrr,ryrnpyer r(o BxoAy paAuoMer-
pHrlecKoro nptreMHr.rxa [ocneAoBareJrbHo ropHSoHTaJIbHo rr BepTtrKaJIbHo troJrflprr-
sonaHsofi cgcraBncrcqefi upuuurraaeMoro cntF.ara. Kporrae roro KJrrcq-MoAylsrop
ocyulecrBrser aMnnrlTyArrylo MaHurryn.sqnrc CBf,[ cnmara c tracrorofi rnranunyle-
qun 1000 Hzl7l. Mogylrqur curnaJra HerrocpeAcrBeuHo y BLrxoAa no[rpr,r3aquou-
Horo ceJreKTopa yn5[ruraer qyBcrBrrreJrbxocrb npn6opa, TaK KaK no3Borser crrl4-
T arr' cfl c troreprMrr- cRFHaJIa B rrocneAyloulrrx gJreMenTax arrreHHo -Qngepnoro rp ar-
ra. ,{anee aMrrntrTyAHo MoAyJrr.rposannErfi cErHaJr [ocrynaer Ea Bparqaroueecc
BoJrnoBoAHoe coqrrenenue H rrep$ roporrnfi orpeoK rr6roro BonHoBoAa Ha BxoA
paAuoMerptrrrecroro [pneMHr{Ka. Vrol orKroneE[s o6ry.rarenr * 35' onpeAerc-
erbc lrs coo6paxenufi o6ecneqenus neo6xoAnuofi runpunbr rroJrocbr o6sopa 350-
400 km, a MecronoJloxeHrre o6ryrarenr Ir3 ycnoBns orKJroneEr{e nyqa Ha 40' or
laa4rapa c IIeJrbrc o6ecneqenur pa6orrr B pexlrMe KoHurrecKoro craHrrpoBlntrs' a
TaKxe An.s o6ecneqeHu.s paccrrnTauHofi ouruvaarsofi neluqnnrr Qoxycuoro pac-
cronnanf (pnc. l). Bpeur orKJroHeHE nyqa paccqtrTaHo tr3 ycJroBrrr rroJrHoro rror-
pbITE.s rroJrocbr o6sopa cErHaJroM o6eux troJlflpfi3aqnfi n cocrasrse"r 4 s. AJ,r
BbrnoJrneHr.{s yKa3aHHbD( B TexHHrrecKoM 3aAaEHu orpanurrer{Es ua ra6apurax aH-
TeHHbr npeAycMorpen Bbrp$ qacrr,r ctlepu.recrofi nonepxxocrr{, xoropa.fl rre rlc-
[oJrb3yercr B npoqecce pa6oru 3epKana.

O6urufi Br,rA KoncrpyKrlnu craHr{pyrcqefi anrexurr paAtroMerpa P-400 rprrBe-
AeH rra puc.2.

.{nraxenae o6nyvarera oc)lqecrBrsercfl cneqnaJrrno paspa6oranrrbrM oJreKT-
poABr{rareneM c peBepcuBHbrM Aeficrsueru. BonsonoAnnfi rparr aHTeHHLI [poxo-
Ar{T He[ocpeAcrBerrHo rrep$ porop gneKTpoABnrareJrr. Snerrponnar cxeMa yrlpaB-
JreHHs 3neKTpoABErareJreM nxpaOarunaer 40 crpo6upyroql{x EMnynbcoB Ha (ax-
goft crpore cKaHHpoBaHE , Koroplre o6ecneqnsaror rrycK aHaJloro-IluQponoro upe-
o6pa:onarers [puHnMaeMoro ctrr'Halra. 3ro Aaer Bo3MoxHocrb aBToMarIrrIec(E
noryrrnrb unQopuaquro He roJrbKo o6 aunauryAer Ho E o rlpocrpancrBenno-Bpe-
MeHxrbD( xapaKTepr{cTEKax ctrrEaJra, T. e. ocyrqecTBrrTb aBToMaTHqecKyIo IIpocTpaII-
cTBeHHO-BpeMerrHyIO IIptrB.S3Ky rrpuHrrMaeMoro paArrorelJroBoro tr3JlrleEE.s EccJIe-

Ayevofi rloBepxHo.crr{.
,{-nr yueurureHux .EeQopMaqr,ru rroBepxnocrll 3epKana BcJIeAcTBI{e reMnepa-

TypHLrx rore6anufi orpaxarorua.s loBepxnocrb noKpblBaerct ctreqRaJIbHbIM pa4x-
oflpogparrHbrM TerrJrotrgoJrarltronHbrM MarepuaJroM. Bnerun.s.s troBepxsocrb 3epKaJra
o6ruura oKpaHHo-Baryyr.anofi rerrJror.rsoJraqnefi (3BTII). O6ry.rareJlb aHTeIrEbr raK-
)Ke rroKphrBaercs paAuolpo3parrHLrM Tetrnoq3orsqloHHbrM MaTeprIaJroM.

,{nr ronrponc reMleparypHil( geQoprvraqufi eneuexros asrexnofi cucreMbl
npeAycMorpena ycrauoBxa frsrn reMnepar5pHbrx AarrluKon. Tpu Ir3 HEx pa3crloJlo-
xeHbl Ha orpaxarcuefi nonepxnocrtr 3epKaJra: oAuH - B qeHTPe, u ABa - B Kpaflx.
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,{na 4arvura MoHTr.rpoBaHbr Ha cr(anr{pyrcqeM onexrpoABl,rrareJre: oAtrH Ha Kopny-
ce ABr{rareJrs AJrs r(oHTporfl BbrAenseuofi rvroqnocrrr, a nropofi - na o6nyuareJle.
Pesymraru [oxa3aHr.rr repMoAarquKoB nepeAarorcfl no runpoxorroJrocnotvry quQ-
poBoMy r(aHaJry, a rarxe Brrroqarorcc B nepeAaBaeMyrc na 3eure rereMerpnqec-
xyro un$opMarlurc.

PesyDrarrr rroJrr4roHHbx ncnrrranufi oxcrrepr{MeHTaJrbnoro o6pasqa cnpoeK-
rnponaHHofi aHTeHrrbr npeAcraBneHhr Ha pqc. 3, Ha KoropoM nso6paxenrr.{H an-
TeHHbr rtpn ueHTpaJrbHoM r{ gnyx xpafinbD( noJroxeHun o6ryuarer.fl. VcraHoBJIeHa
npaBlrJrbHocrb no3r.rrlr4oHr,rpoBaHr.rr rJraBnoro MaKcr{MyMa r{H npn orxronenuu o6-
Jryrrarenfi na * 35'. Illnpuna nyqa H ypoBxr.r 6oxosoro E 3aAHero usryuenr.ir c Aoc-
raroqnofi ToqHocrbro coBrraAarlr c pacqerrrbrMu 3HaqeH[sMu. ]Ionrepennrrfi otno-
cnreJrbHbrM Mero,qoM xos@r[uquenT ycr{neHr{r aHTeHHbr cocraBrrJr 24,5 dB. flpone-
AeHhr rarxe rdc[brraHus pa6orocnoco6nocrr cranrrparcqero gneKrpoABl{rareJlt B

ycJroBHflx BaKyyMa Ir npu n3MeHennr reMnepaTyphr.
B garurroqenlrr{ MoxHo orMernTb, rrro [poBeAeHHbIe H3blcKareJrbcKrre rd rrpoeK-

Tno-KoHcrpyKTopcrxe pa6orrr rro3BoJrlrJr[r cogAarb AocrarorrHo HaAexHyro [I Bbrco-
xos$QexrunHyrc cKaHr,rpyrcuyro AByxnonflpr$arl[onrryrc arrreHHylo crrcreMy, orBe-
qaroqyrc ncena rpe6oBaHusM, [peAl.sBnreMbrM TexHr{qecr(trM 3aAaHReM x npu6opy
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
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antenna's functioning in a twopolaization regirire 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 cornponents is
considered, such as: the polarization separator, the modulator, the.rotating coa,xial
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.

Finally, the antenna system technical parametels 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-40Q and in the "Priroda"
project Scientific Prograni.
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Corlnrr1996oSofra

Pesynrarv or rrp[noxeHuero
Ha KanManoBvrfl, Sunrrp
B HaBprrauuoHHLs, alllopuTbM
3a GPS - Navsiar I|JIOHACC
Opnuu ltaemrcoe, Aueett Xpucmoe

Ilucmumym ia KocttuqecKu uscredeanua, EAH

Brnelenue

, KCH or rr{rra na GPS - Navstar [] u |JIOHACC usrrrqnar
cI{rHarIE n L -.recrorHr,rs Arlarra3oH, MoAyJrEpaHrr or nceBAocryrrafinu 4a-nexoMep-
HI,I KoAoBe u cryxe6no HaBr.rraqr{oHno cro6qenue. flpn [rpBuqHara o6pa6orxa na
Te3r,r crrrHaIII{ ce }I3BJII{qar AaHErrre Ha HaBrrraqtroHHoro cro6ulegue u ce Id3BrpI[-
Bar u3MepBaHUs Ha ocHoBHr,rre napaMerprr - BpeMe3aKbcEeHr{e Ha paAnoc}rrHaJra
r.r AorrJrepoBo oTMecTBaHe Ha qecToTaTa.

flo rarrn Haqr.ru ce [onyqaBa unr[opvauur sa:

- eQevepzAr.rre rra BtrAr.rMr{Te crrlTutrqtr n reot[nrczpaHa, reoqeHTpuqHa Ko-
opArrHarHa cr.rcreMa;

- fionocQepHr.rre KopeKrlr{u B pagnpocrpaHeHr{ero Ha cr{rHarrtrTe;

- nceBAopa3croflH[.sra (nopaau HaJrtrqnero Ha orMecrBaHe MexAy uorpe6n-
TeJrcxoro rr cr{creMHoro npenre) Ao cnbrnr.rqtrTe;

- cKopocTTa Ha r43MeHeHI{e Ha nceBAopa3cTosEnflTa,
CreA rona qpe3 r.r3rrr{cJrr{TeJrHa npoqeAypa (r. nap. BropurlHa o6pa6orra) ce

olpeAenqr KoopAr{Harr,rre rr cKopocrra Ha o6exra B HyxHara reorpaQcra crrcreMa.

1. Ounrup Ha Ka-nMaH 3a peuraBaHe
Ha HaBr{raqr{oHHaTa 3a4aqa

Ocnonnoro HaBr{rarlr{ouHo ypaBneHr.re 3a petrJlexAaHtrTe
cRcreMLI [peAcraBrsna nenr.rnefiHa clrcreMa or qerupu ypaBHeHr,rq il ntlr.a BuAa

(l)
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KbAeroX, Y, Z cauorpe6nrencKr.r KoopAunarv:X"t,Y.,,2.,- xoopAtrEarrr Ha crrar-
Hr.rqrrre (i:l+4); R, e usuepeno piltcro.silre Ao ciirrrinqrire (t:l-a); t - pa3nuKa
MexAy cr{creMHoro u norpe6ureJrcKoro BpeMe.

Cncrelran ypaBHeHI,It or ro3lr nug o6uxuoBeno ce pelxaBar rrpe3 ug[oJ3BaHe Ha
MeroAa na Hroron unn no4o6nrr Ha Hero rrreparr{BHu aJrropnrMr{ [2]. Ho orpaHtr-
qeHr{.flTa or 6rpsogeficrnnero Ha r.r3qHcrHTeJrHara rrporleAypa a HaJrr.rqr{ero Ha
IPEIIIKtr B IIABTTAuUOHHIITE E3MEPBAHII,S, I{MAIIIH CJTJAIAEH XAPAKTCP, O6YCIANET US-
IIoJr3BaHero Ha peKypeHTI{E anropnTMr'r 3a crarr,rcrrrrrecra o6pa6orKa Ha nceBAo-
paarcrorH[cra R-. B raruna cnyqau 3aliaqara ce cBexAa Ao 3araq,a 3a orIeHKa Ha
no'rpe6urelcxure KoopAnnarn c olpeAeJreHr{ Beporruocrutr Kprnrepr{E no ua6nro-
AaBaHETe I{3MepBaHEfl. 3a nunefina,3zAaqv Karrvranonuxr Qunmp AaBa orrrtrMaJr-
Ha oqeHKa Ha Hen3BecrHtrTe napaMerpr,r, ero saIIIo rofi 6e nglorsnaH B clrMynrpa-
HI,ITe Olepat\\ il, a noryqeHure oqeHKr.I ce pa3rJrexAar Karo cy6onruualHrr nopaAtr
nelrlqefinocrralaa (l). Berropnnsr n3pa3 Ha Jrrrneapusnpanara Qoprraa na (l) e
(2) Z:HJ( +V,
KbAero Z e nexrop Ha H3MepBaHero - BKJrroqBa pazlmrara MexAy rr3MepeHr,rre rr
H3r{ucJIeHtrTe 4 ucengopa3craslc.vs, cborBercrBarrlr{ Ha BpeMe3aKccHeHr{ero Ha cur-
HaJrrrre n 4 lcenAocKopocrE, clSorBercrBau\H Ha Ao[JIepoBOTO OTMeCTBaire Ha
qecrorara:Z : I6R,6R,6R36R46DRr6DR26DR36DR.I; x e BeKrop Ha rro3zqrroHHtrre
KoopAnnarr.r, cKopocr, ygKopeHtre rr BpeMe; H - nrarpuqa Ha rrsMepBaHero, AaBa-
rrla 3aBtrclrMocTTa MexAy H3MepBaHESTa n [apaMeTprrTe 3a orleHsBaHe:
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Peannsaqr,rxra Ha aJrropr.rrbMa sa KanMaH ona Qunrpau nc, rt3ngnna [peAcraBs -
Hero Ha ABExeHHero na o6exra qpe3 croxacrr{rrecrr{ MoAeJr. 3a olncanne Ha ABtr-
xeHHero 6e 4onycnaro, qe Ha AocrarGqHo Kbcrr,rrETepBaJrr{ o6exrtt ce ABHXH c
nocTorHHa cKopocT, a pa3nr{qHr.rTe MaHeBpE n arrvrocQepHu npoMeEr,r ce pa3rJrex-
Aar Karo nepryp6epancu B KoHcraHrHara rpaexroprrfl Ha cropocrral4l. Vcrope-
Hl{ero 6e upe4craBeHo Karo cJryqaeH rrpoqec c eKcrroHeHriuaana KopeJrarIHoHHa

Synxqnr. flpn resu ycnoBur BexTopHoro ypaBHeHrre 3a AEHaM[qHuc MoAer flptre-
Ma Br{Aa
(3) X:DKIU,
KbAeTO X e nerrop, clbcrocrq ce or KoMrroHeHTrrTe r{a KoopAnHaTvrre, cKopocTTa rr
ycKopeHlrero na o6erra; F - npexoAHa Marprrqa, Korro 3a eAHoMepen cly.rafi ce
npeAcraBr KaTo:

u - 6sr [ryM c KoBaplarltronna uarpnqa Q:

1 T T'12

F= 0 | T ;

00 1

0:247 :8n') 
h,T 1 S 8nhT'z 12x 

8n'hrT') 12 8n'h,T '

r00

o'^ - Avclepc\rs Ha ycKopeHr{ero Ha o6erra; d - pequnpoqna crofinocr Ha

BpeMeKoHcrarTara Ha Kopenaqr{fl Ha ycKopeHr{ero; T - nepmoa Ha AucKpertr3arlr .

flosexe noAJrexar Ha orIeHKa H orrle ABa BpeMeHrrtr napaMerGpa, orrrnrarrlrr
orMecrBaHero MexAy crrcreMHoro ra uorpe6ureJrcroro BpeMe - t E cKopocrra Ha
ToBa orMecrBane - A,t, za r,u 6e tr3rtoJr3yBaH MoAenbr (3), c npexo4na uarpuqa F
r,r KoBapuaqr{oHHa Marpr{qa Q, crolnerno:

KaAero ln e Qason utyll; h, - qecroren rr)a,r.
,{ncxperHnrr nn4 Ha-KanMaHoBEc aJrroptrTbM rrMa cJreAHara rrocneAoBareJr-

IIOCT:

l . Hnuqna.ru.r3r{paHe crofi nocrure Ha BeKTop a HL cr,cr o flHtrero X r_r n xoBapua-
quoHHara Marprrua Ha rperrrKtrTe B oqeHKETe - P*,:

Xo-,(+)= Xo; Pu-,(*)= P,.

2. flpornosupaHe Ha XrmPr:

x,(-)=4,x,-,(*)
pu C) = 4_rpu_r (+Ff; , + e*_, .

3. Onpe.u'elrne xoeQrqneHTaHa yctrJIBaHe na Qnnrrpa:

K- = P, (-)HI ["-"- e)H; * *o l-'.



4. OueHsnaHe naXouPr:

x rF)= Xo (-)+ Kolzo

p,(*)=[r-r_u,]p*(-).

2. CuuylupaHr{ oflepaq]rrl u pe3yJrrar\r

3a qerure Ha r{3cJreABaHere 6e cuvynupaHo ABHxeHyre Ha
o6exr n reoQurcupaHa, reoqeHrptrrrHa KoopAr{HarHa cucreMa c p$JrrrqH}r AlsI]fIa-
Muquu xapaKrepncrnru (nx. ra6l. l). Ha r[ur. I ca nso6pa3eHu cr,rMyJryrpannre yc-
KopeHHe E cropocr ga o6exrn c rrr{cKa, cpeAHa H Br{coKa ARHaMuKa.

3a cnvynupaHe Ha lnMepeHure rrceBAopa3crosntrs. r,r AeJrra-flceBAopa:]cror-
nus,6e paapa6oreua nporpaMa, MoAeJruparrla ABr.rxeHr{ero Ha 2l-cnrrnurbBa KoH-
Qurypaqur. 3a ns6pauoro BpeMe ua na6lrogenr{e - 120 s 6sxaBr,rAtrMr.r 'l cnsrnura
c MacKoB rr:sl < 5.

flpes nrpnnre 60 s 6cxa ugnor3BaHrr cnbrHr{q[, ocnryprBarrl[ reoMerpuqerr
xoeSuqnenr - 1,5, a cneA ToBa c rlen Aa ce [poBepr{ [oBeAeHHeTo sa Kaavallonus
Qunrrp rrpn npoMtHa Ha reoMerpuqna reoverpuinara xon0nrypaqvrfl. Ha crrbrnr4-
IIET'e, yqacrBarrlr.r B HaBr.rrarl[oHHoro pelreHne, 6e npeA]r3BHKaHo npeMr,rHaBaHe or
eArIH KbM Apyr crrbrnuK, Koero cxoroo6pa:Ho npoMentr reoMerpurrHur xoe$uqn-
enr na 5,2.

Cuuyarpanrrre tr3MepBanus6xxa3arrryMeril c Arrcxperen raycoB ruyM c Hyne-
Bo MareMarEqecKo orraKBaHe u Avcnepcufl clorBerHo - 35 m u 0,02 m/s.

Vcranonu ce, qe [oJryqeHr.rre orIeHKtr no MtrEEM)a,t Ha cpeAHoKBaAparurrnara
rpelxKa I'I Mar(cI{MyM Ha arlocTepHopHaTa KoBapnarluc Ha rperxKr.rre ts HaBrrraqnoH-
Horo peuleHtre He ce pa3nuqaBar cbrrlecrBerro. 3a cpannenue rro3r{rl[oHHr{Te Koop-
Aal{arr.r 6sxauscucreHr.r ll qpes alre6pn.rno perxaBaHe Ha ypaBnerrne (l). Ha Snr.2
e lso6pasena a6colrornara rlogtrrltronHa rperuKa B HaBr[aquoHHoro perxenue rrpu
anre6pu.rno perraBaHe ua (l) u rrpll r{snoJr3BaHero na Kalrvranon Qunrrp 3a pa:rrlq-
Ha AtrrraMHKa na o6exra. Ouruva-nnr.rre rrapaMerprr B ypaBrreHtrero, olncBarrlo ABa-
xeHr,Iero (3), Srxa nonyqeHtr no MeroAa ua MoHre $apno crrMynr{paHe. BnxAa
ce, qe Bbupexu BJroruaBaHero Ha reoMerpuvna ronQutypa\vs MexAy crrbrnr{urrre
n norpe6urers rorlHocrra Ha [o3r{rlrronupaHe ce 3anagBa 3a pa3ntrKa or payJrraru-
Te rrpu lprrJraraHe rra KoHBeHrIvoE.aJrIdtrs. rroAxoA.

Vnelnqananero Ha nogr,rquoHHara rperrrxa npn o6errnre c BrrcoKa AvflaMlana
ce Abnxtu Ha HerrbJrHoro MoAenr{paHe Ha ABr{xeHr{ero n ypannenue (3).

Ta6nr,rrIa I
flunanuuuu napal[tempu Ha curvtyltupaHume mpaeKmopuu

HAMI{KA Jlunefinu flapaMerpn 6uosu napauerpu, rad/s

cxopocr, m/s ycxopenue, m/s2 xypc TaIlrax KpeH
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3axnroqeHne

B 3aKrKxreEue udxe Aa ce u3TBKHar Ir Apym trpeAl{McrBa Ha
npuJrarauero na KamvranoBr{f, Qunrrp rrptr peilraBaEero Ea HaBuraquonnara 3aAa-
qa n KCH:
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a 6es (6) r.r3rron3yBaue Ha KanMaHoB Qulrlp 3a cuMyJrr{paHnre

- Bb3MOXHOCT 3a e Ha HoBtr rrapaMeTpE 3a oqeEflBaHe E HoBlr IJaBn-
IAIITOEHII U3TOIIHI{qtr C qEJI IIOBI{IIABAHE TOqHOCTTA tr HAACXAHOCTTA HA UO3EqEO-
HtrpaHe;

- clloco6HocT 3a KoETpon Ea AOCTOBepEOCTTa Ha HaBEraquOrrH[Te tr3MepBa-
Hur qpe3 cTaTtrcTEKa pk:
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p u = lz u - H" x" (-)]' ["-"- C)"'o + n uf-' lz o- H, x, (-)],

Fke pa3npeAeJreHa rro 3aroua X3^ " 
* creneHn Ha cso6oAa, aKo BcrIqKrI IBMepBaHtrt

ca HopMaJrHrr, Karo rn e paBHo Ha pa3MepHocrra rra BeKTopa na na6ruoAenue /r.
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An apptication of Kalman frlter
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-
frciency is estimated via computer simulations, modelling navigation measurements
and satellites and target movement.

The results analysis in comparison with conventional algorithms for different
trajectories shows the advantages of such approach.
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Co6uso1996oSofia

fIoAxoA 3a [poeKTupaHe \r rr3cJre.qBaHe
Ha KOMrrroTbpHr{ c}rcTeMu
3a y[paBJreHlre Ha JreTaTeJrHrr ailapaTLt
Ha dasara Ha MoAenr,r Ha Xoapr

Ilemap feqoa, Ilnaueu Xpucmoe,
Ilnaueu Aueenoa

Hucmumym 3a KocJrulqecKu uscrredeaHua, EAH

Brre4euue

Tagu craru.fl e BbBex,qarrla KbM eAHa nopeAurla, lpeAcraBc-
qa paspa6orKrr Ha ceKrlr,rc ,,AepoxoclruqecK4 npu6opn rr reney[paBrenxe" Ha
VIK'VI, EAH s o6racrra Ha rr3cJreABarrero n npoeKrnpaHero Ha KoMrrrorbpHrr ctrc-
TeMrr 3a ynpaBneHtre (KCy) rra JrerareJrrrr anaparv (nA) u ro-c[eqrraJrno - na 6es-
rruJrornr.r JIA (currnurlu, Jrersrrlu nnartlopun, Alrcranq[oHHo yrrpaBnreMtr caMo:
rervv ap.). [ope.qtrqara BKJrIoqBa crarvn ro [oJryHarypHo MoAentrpaHe na KCV,
npnJroxeHrre na QoprraanHu MeroAr,r tr MoAeJrr{ Ha nporpaMHoro ocnrypflBalae (fIO),
MeroAu 3a oneparnBna pexonQurypa\afl,, cneqrQnqnpaHe r{ AoKa3arencrBo Ha Ko-
peKTHocrra Ha rrporpaMHr,{ crrcreMn, MeroArr 3a Korrrpon qpe3 nporoKoJrrr Ha Xoap,
anroptrTMn 3a MoAennpaHe B peaJrHo BpeMe, aAeKBaTHocT r,r BaJrr'rAarIEs Ha nonyHa-
TypHtr MOAenlr n Ap.

PasrreAaHu ca ocHoBnrrre npo6reun, Bb3Hr{KBarrI[ npn npoerTrrpaHe tr E3cneA-
BaHe Ha crrcreMu or rO3r.r KJrac, lr naft-o6rqo e orrr,rcaH rlop(oA 3a rsxxoro peruaBaHe.

OcoSesoc rn Ha cucroMure
or pa3rurexAaHns Krac

KouuroruprruTe cucreMrn 3a ynpaBneHue Ha ABraxerr1u ce
o6emru ca cJroxHr,r, oSuxnoseHo MHoroMaIrIuHIrI{ ctrcreMll, cbcraBeHll or B3atrMo-
Aeftcrnaulu nporpaMnn tr anapartan KoMnoHeHTu, pa6orerqr.r B peanHo BpeMe.

I I4arcneAnasurra ce rpuuancupar or Haqronanen Qong ,,Hayuru nscreAnanus* -,qor. JE 14-305193,
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Crpyrrypata E aJlroptrTMlrre ce olpeAenrr B roJrrMa crerren or Haluqrdero Ha Hr-
xon o_co6esocru rrptr QynxquonupaHero Ha ctrcreMtrTe _tr JrerarenHEre a\aparv.
. Ha nbpBo M.scro roBa ca cJroxHHTe, fipoMeE-srqtr ce BbEruHu yanoBvts u cs;r:51u
cMylleH[s, nptrApyxeHE c aIIpIIopHa HeonpeAeneHocT IIpx IIpoeKTnpaFe Ha ctrcTe-
Iuara (uo orHorueHEe Ha AtrHaMr,rqHtrTe xapaKTepEcrnKE na o6exra Ha ynpaBneHEe
R BbHrrrHara cpe4a), orpaHurreHnc IIo o6ehra r{3MepBaHr{ ctrrEaJrl{ H napaMerpr, IIo
Qusr,r.recru peanr.r3yeMr.r rpaexTopr.r[ u curnaln 3a yrrpaBneHtre.

Apyra oco6enocr e npnHaAJrexHocrra na KCY na JIA KbM KJrac eprarnqHl{
pa3rrpeAeneHu cr{creMrr. qacr or Qynxqnnre ce a3rrbJrHsBar or orreparop, KoHTpo-
Jltrpalq,c noMorrlTa Ha HilteMrrara anaparypa pa6orara sa JIA. B unoro cnyrrau
6op4onara qacr Ha KCY zsnrpruBa caMo cralutmzaryw na fIA, KoHrpon na 6op-
AoBr{Te 6norone u o6uen na unQoprraarllls c HageMHaraqacr. Tona'noAu Ao ycnox(-
H'BAHE HA tr3TICKBAEI{'TA KbM PAAtrOKAHANHTE, AO T-SXHOTO TIPETOBAPBAHE,F.AMAT[,-
BaHe Ha pafiona na geficrnue r B roJ.sMa creneE orpaHuqaBaHe Bb3MoxHocrETe 3a
u3nbJrHeHr{e Ha 3ararrtrTe ua JIA.

3a e0exrvnnoro 4eficrBue Ha JIA na pa3nr,rqHtrTe eranu ce HaJrara r{3rroJr3Ba-
Hero na pa3nEqHn crpyKTypr{ u anropETMr.r sa ynpaBneH}re Ha KCV, Morar Aa ce
H3rroJr3BaT CJreAHr{Te ZUrf OpnTMr.r:

a) na ncuvrn eranv - (onrravalxa) npocrpaucrBerra c.ralulnsatlun;
6) npu r{3BexAaHe na JIA B olpeAeJreHa roqKa Ha rpaeKTopnflTa - TepMtrHaJr-

HII CTICTeMI{ 3a OITtrMaJIHO ynpaBJreEEe vJrL r,rHTerp]rpaHr cucTeMld 3a repMr{HaJrHc)
yrrpaBJreHr{e;

n) npu ABtrxeune rrv pa6ornara soHa - orrrtrMaJrrrrr cuoreMtr sa Sopvupane
Ha rrporpaMna rpaeKTopw u (unrerpupann) TepMr.rnarrHu cncreMn;

r) n pa6ornara 3oHa - (onruualnn) cne4rrqtr cucreMu;
A) rrpu 3aBbprrrBaEe na pa6orara - TepMtrHaJrHE nnu urTer1,nparrn cEcreMH;
e) Ha BcuqKE erarrtr - a4anlrarlur (upornosupane, trAenTuSnxa4ut, eraJroHHr{

MoAeJru E Ap.).
Ha pasnuunv erarrn or pa6orara sa JIA Morar Aa ce E3noJr3Bar pa3ntrtrnz. la3-

Toqnuqu na nuQopua\vs,n rleJru Ha ylpaBJreHr.rero no rpaeKTopr.rsra. flpu gnnxe-
Euero rrrvr pa6ourara 3oHa ce rr3noJr3Ba uuQopuaqur or Aarrrnqyrre a r'alaura\H-
oHuara cr{creMa, Aoxaro n pa6ornara 3oxa Mox(e Aa ce rr3noJr3Ba n unSopvaqnx
or rr3cneAoBareJrcKara anaparypa na 6op4a.

Izls6poennre oco6enocrn npeAlonarar HaJrrrqne Ha cJroxna MHoroqeneBa 6op-
Aor,a anaparypa 3a yrIpaBJIeEEe. Ha uparrnKa ce u3rroJr3Bar crauAaprHrr crrcreME
sa cra6rtrruga\ns, E HaBr.rrarlns, B E Kor{ cnyqatr - c eJreMeErn na agarraqur [8,
10, l3l.

Tpa4r,rquonno ce cMrra, ve KCV sa JIA ca cJroxEE n ynunaJrlan cvcreMv, a
trporpaMHoro octrryp.snane rpe6na Aa ce paspa6orna c noMorrlTa Ha qeJreBE noA-
xoA, BcJreAcrBEe rra rofiro Ha nporpaMuara cucreMa ca rrpucbrrlvpe4nrlaHeAocra-
TbrIH, Karo crarr,rrrHa xouQnrypaqmi,nmcoxa cJroxHocr IIpII peaJrtr3a\ufrTanIdirrcKa
EaAexArrocr rropaAn HeBb3MoxHocrra 3a rrbJrHa u Qopuanua nepuQuxaqur. Tesu
HeAocrarbqtr olpeAenrr rbpceHero Ha Apyru noAxoAu ga oprann3aqnr Ha fIO u ro
rre roJrKoBa nrn SynrquonaJrxo orHoruenne, KoJrKoro Karo oprann3a\v.s.

flpu paspa6orBane sa KCV na JIA or ror-sMo sHarrentre e Bb3MoxHo no-rrbJr-
HOTO rrpeABapnrenHo rrScJreABaHe Ha cEcreMara. He e Bb3MoxHo Aa ce pa3pa6or.sr
MareMarl{rlurr MoAeJItr Ha Bcr.rrrrrr eJreMenTrr u Qynrquonzursn 6norone. Tona na.rra-
ra r.I3rIoJI3BaEero Ha ctrcreMr{ 3a rronyHarypHo MoAenrrpane (C[IHM). Te BKJrrorrBar
MareMarErrHr{ MoAeJrtr, pa6oreuln B peanHo BpeMe, tr peaJrHa anaparypaHa E3cJreA-
BaIc'Es. o6err. OcnosHzre tr3ucKBaHns ruv CIIHM ca BucoKara AocroBepHocr Ha
rro4 raBanuTe pesynrartr u Br3MoxHocrra 3a peantr3aqntnana6op MoAeJrr{ c pa3-
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Jrr{rrHa cTerreH Ha AeTafinu3arl[.s, Kor,rTo o[epaTrrBHo Aa ce KoHoHrypI{paT oT LI3cJre-

Aotsarerc. Tona HsncrBa r{3rroJr3BaHero Ha HoB noAxoA 3a opraHn3npaHe Ha CIIHM.
Ha6poeuure oco6enocrn na KCY na JIA BoA.sr go QoprvrynnpaHe Ha cJreAHure

ocHoBHu uSucKBaHus KbM cr.rcTeMfiTe 3a yrrpaBneHr{e:
a) anroHouna pa6ora 3a 3Haqr,rreJreH uepr{oA or BpeMe npx cJroxH}r H npoMe-

HgrrIU Ce BbHrrrHr,I ycnoBr.r.g;

6) oneparunna pexonr[urypa\vfl na KCY B 3aBuc]rMocr or BbHrrrHvreyclrounr
n cbcrorHuero Ha JIA, raxro l,t Iro 3a.qaAeHa rrporpaMa Hn[ KoMaHAn;

t) nrsrvroxnocr 3a pa6ora o pa3rurrHr,r u3Torrulrqn ua nnQopuar\Hsn rrpoMflHa
HA UenTa Ha yrrpaBneHr,re;

r) agexrarna opraHu3arlus Ha fIO na KCY, no3BorsBaula Aocrurane Ha BI,Ico-
Ka HaAexAHocr n pean[3arlur na Qyurqnnre no [pecrpyKTypr,rpage r{ KoHTpoJr.

fIoAxoA 3a npoeKTr4paHe lr n3cneABaHe
HA KCY

B crornercrnne c us6poeHure rI3ncKBaHHt ce [peAnara rIoA-
xoA, rofiro BKJrroqBa:

l, O6errno-opneHTtrpaHo crpyKTypHo npoexTupaHe, ocnoBaHo Ha rIoroIIIITe
AaHHr{, Cucreuara ce npeAcraBt l(aro crpyxrypeH rparf or,,qepnu Kyrrlrl" (o6ex-
ru), raro Ha [poeKTaHTa ca r{3BecrHrr caMo BxoAoBere }I n3xoArlTe;

2. flonynaryprro MoAenr,rpaHe Ha Bcr,rrrKr,r erantr or r.r3cneABaHero Ha crlcreMa-
Ta - or na6oparopnr{ MoAeJrn Ao npeArronerHl,I I{3tIHTanut, QteparnBHa pexon$ra-

rypaqrc sa CfIHM, nepuQuxaqn.fl na fIO nr,aJrnAar1.Hq Ha pe3ynrarurei
3. MoAenr Ha nporpaMuoro ocurypsBaHe (rvrogenu ua Xoap) na KCV n

CIIHM n Qoprnrannu MeroAI{ 3a npoerrlrpanena fIO. Mo.qeru{re Ha Xoap upe4cra-
Bflrf crrcreMara Karo na6op or rrocJreAoBareJrHrr npoqecr{, KoETo ngar.rvoAeficrsar
vpes o6rraen na r.rnQopuarllrr no KaHaJrr{ }r MoraT Aa ce rr3rlbrH.sBaT rlapaneJlHo.
@opvalnure MeroArr 3a rrpoexTr'rpaHe Ha fIO ce 6aznpar Ha MoAeJIa na fIO u o6ux-
HoBeHo BKrroqBar cbcraBrHe na cuequ$nnallnt na fIO B orlpeAenena Qoprvra, upo-
BepKa na cneqnQunarryflTa,peanu3arlu.s Ha flporpaMara u Qopuanna nepn$nna\vs'
MoAelnre na Xoap u Qopnaarrnure MeroAr{ AaBar Bb3MoxHocrra ga nocrrlraue Ha
BrrcoKa HaAexAHocr na flO, a orraM n sa KCV;

4. Enoxono-MoAyneH rrptrHrlr,r[ na paepa6oruane Ha rlporpaMnoro oc[ryptBa-
ue ua KCV u CIIHM - renepupane rra rprrJroxnn rrporpaMnn clrcreMn or roroBu
o6exrn qpes 3aAaBaHe Ha HoMenKJlarypara, unt[opMallrloHlrure E yrlpaBntBalrln
Bpb3KE B paMXtrTe rra MoAeJra na fIO;

5. ,{orasareJrcrBo Ha KopeKTHocrra Ha nporpaMHara cncreMa upes cneqnQn-
KarIrrH H 3aKoHlr na Xoap. Teopu.rra na Xoap AaBa Bb3Moxnocr sa cnequQurlnpalre
na cnoficrnara Ha rrporpaMara r{ cJreABaruoro AoK&tBaHe Ha c}orBercrBtrero Ha
peann3 arlusra rr [peABapr{TeJlnara cnequQuxaq nn 12, 5];

6. Konrpon na pa6orara Ha cr{creMara 3a ynpaBJreHr{e qpes rlporoKoJlrl Ha
Xoap. flpororolure orrrrcBar BctrqKr,r cr6urw, B Korrro I{3tIIrcJIrITeJIELIsr upoqec
Moxe Aa yqacrBa r.rJrr{ e yqacrBarr Ao orrpeAeneH MoMeHT. B rosn cMrIcbJI Te ca rIoA-
xoArulu 3a KoHTpoJI na pa6orara Ha cl{creMara B peanHo BpeMe;

7. Oupe4errHe crpyrTyparailrtapaMerprrre na KCV B peanHo BpeMe sa6asa-
Ta Ha: unQoprvraqnr 3a cbcrornr{ero Ha cucreMara 3a yrIpaBJreHI{e, JIA u ntnrunara
cpeAa; nnQopuaqnfl 3a KaqecrBoro Ha yrlpaBnenuero; KoMaH.qr{ or orleparopa.
Tona e orAeJIHa rpyla or aJlroprrrMrr, KoI{To R3rr:bJrHtBar pon.tra Ha o[eparop rrpu
onp eAenqHe cTpyKTypara u flap aMeTplITe Ha cl{creMaTa;
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8. oreparunna peroH0utypa\ns Ha cucreMaTv - paanv3aqtrr Ha saAaAe'tr
crpyroypu r rapaMerpu no cuequQrKaqE.s or orreparopannn cucreMar4 3a onpe-
Aen-flHe ua rouQurypar\uflTa, B paMKtrTe na o6qtr rnro.qel Ha nporpaMHoro ocury-
psBaHe;

9. Mo4ernpaHe B peaJruo BpeMe - MeroAtr sa noBrrrnaBaHe Ha 6rpso4eficrrz-
ETO HA AJITOP}ITMU 34 MOAEJIITPAHE HA KCV N JIA U UETO4trKA 3A IIPEJIOXEEtrE UA
pa3_nr,rrrHr,r anropr.rrMrr 3a peuraBaHe ua 4nQepeHqEaJrHu ypaBHeEtrr KtM O[peAeneE
na6op MareMaruqntr MoAeJrrr;

10. ,{orasnaHe Ha aAeKBarHocrra Ea nonyHarypHn MoAenE - na6op aJrroptrr-
Mtr 3a BArI,.AArlns, Ha [onyHaTypHtr eKcrrepl|MeHTtr.

B crornercrBr{e c orncanns, rroAxoA KCV na JIA ce pa3rnexAa raro na6op
[porpaMHr{ r{ alaparHr'r o6exru, KotrTo Mofar 4a ce ront}uryptrpar [poH3BonHO r.r

Aa o6vensr un(iopuaquc [oMexAy cE, KaTo ce cr.rru(poHn3upar u rron) raBar Aoc-
TbII AO O6uIn CUCTeMHT{ pecypctr. ctrqnrr rroAxoA ce npunara tr rrpE peanE3EpaHe-
ro sa CfIHM.

Tpr6ra Aa ce or6enexu, qe roBa He e [o,e(oA 3a rrpoeKTtrpaHe tr tr3cJreABane
HA CI,ICTEMtr 3A YIIPABJIEHtrE B KIACtrIIECKUS CMUCbJI, A I{MEHHO _ CNHTE3 HA YIIPAB-
r.sBa[Io ycrpoficrno tr Ir3cJIeABaHe Ha xapaKreptrcrrrKr{Te Ha ctrcreMara (ananuiuv-
HO trJrtr .rtcneno). flpeglarannsr IIoAxoA ce orEacr Ao peanrcaqu.fl Ha KoMrrrorLp-
Hr{ cEcreMu 3a y[paBneHne na 6asara Ha tr3BecrHrr aJrropETMH 3a yrrpaBneHue, op-
raEE3xpaHtr no cnequQuqeH Haqr{E. Ha6oprr or cacreMHn o6exrn reopergvio
no3Bor.sBa Aa c€ peanu3trpar BclrrKrn It3BecrEE anroptrTMlr 3a yrrpaBneHHe tr TEtrOBe
cncreMu. KonQnryprpaHero na KCV ce E3BbprxBa na lasara na cueqnQuKaqns
(vogel), rocro Moxe Aa ce npoMeHs BbB BpeMero B 3aBtrcnMocr or ycJroBnflTaHa
pa6ora. fIoA nscJreABage Ha ctrcreMara ryK ce pas6npa trscneABaneio ir xaro us-
rrEcJrtrTeJrHa cEcreMa - xopexrrocT Ha trporpaMHoro octrfyprBaHe, 6esusxogun
cnrya\nn, pa3xoAuMocrr Ap.flonynarypHoro MoAeJrnpaHe ce x3troJr3Ba 3a n3c-
JreABaHe Ha rroBeAeHuero Ha crrcreMara, Karo ce MoAenupa nefinara pa6ora n pe-
aJrrro BpeMe E yaroBv,s'6rnsrn Ao AeficrnureJrHtrTe.

O6utu xapaKTepr{crr,rKr{ Ha MoAeJr}rre
I| MeTOAr4Te

O6qure xaparTepucruxu orroBapflT Ha rrgrrcKBantrrra Ha
Bb3npnerls noAxoA. B ocnonara Ha noAxoAa e trSnon3BaHero Ha MoAeJr Ha rrpor-
paMrroro octrrypflBarre tr MeroA 3a rrpoeKTtrparre Ha fIO, ocnonaH Ha ro3n MoAeJr tr
BKJrrOrrBarrI MeroAtrTe 3a onpeAerflHe n peaJrESa\Us.HA rOnQnrypaq[rra, AoK4ra-
TeJrcrBo Ha KopeKTHocrra tr KoHTpon na pa6orarana cucreMara.

flpu rost rroAxoA ce o6prqa BHr{MaHEe ocHoBHo.Ha MoAentrpaHe Ha crpyrTy-
paran Qynrqunre na o6exra E Ha B3anMo4eficrnuero Ha orAeJrHlrre rrpoqecu.

Mogentr fIO onncna HoMenluarypara Ha cr,rcreMHr{Te o6exru, nnQoprvraqr,r-
orrHure ra ynpaurilarrltrTe Bp53KE (roncrpyxrunen rvrogen), AaBa IIbJrHa npeAcraBa
3a crpyKTypara r.r Qynxqur{Te Ha rrporpaMHara crrcreMa (r}opuarreu uogen na Xoap
u rpaQon rraogen) tr rro3BoJltBa AoK&tBaHe Ha KopeKTHocrrau KoHTpoJr Ha pa6orar-a
B peanHo BpeMe (Qopva.nen Mo,qeJr na Xoap).

or rnegna rorrKa Ha orrncaflnero rrpeAnaragu-sr MoAen Moxe Aa ce Hapeqe
lpoqecHo-arperareH. Cucreuara ce [peAcraBt Karo clBKyrrHocr or rrocJreAoBa-
TeJIHO-[apaJr_e_nH]r. flpoqecu, B3ar.rMoAeficrnaqu .rpeo o6rvren-na unQopuaqur (n
cMI{cbJIa na Xoap). Ha nraso [poqec MoAenbr ce rrpeAcraBr qpe3 nuiefinu cllrrcb-
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B NPOqECA +
NP'K AEMEH HA

KOHryP NObTb'l
HA HAlglOH -)

nPowc HAxoAP,
MOAEnUPN4CTWKWPATA
u @vHKtuufE HA KorlTvPA

KOHTyplt no brbn HA
HAKNOH U 3ABbPTAHE
+ nocrrEAoEATEIrHU

npotlEcu, KouTo cE
U3NU'HflBAT NAPANENHO
u oEMEHST UHAOPMAUUfl

nH@oPMATUOHHU

KOHTYPWTE CA CBbP3AHI4

coswxot

<Dr.rr. l CrorsercrsI,le Ha o6exru B crpy(Typuara cxeMa r.r

MOAeJra Ha rrporpaMHoTo ocHryprBaHe

qr{ oT arperarr,r. B3arrMoAeficTBr,rsTa MexAy npoqecr{Te ce.ocbrIIecTBsBaT rrpe3 I{H-
QopvaquouHlr KaHaJru. 3a npeganaue Ha cbo6rqeHuc ce rr3rroJr3Ba MeroA c yKa3Ba-
He Ha KaHaira 3a Bpb3Ka.

MoAemr Ho3Bor.sBa [ocrrrraHe Ha BrrcoKa crerreH Ha crpyKTypHo cborBercr-
Br{e MexAy MoAenr,rpaHara cr{creMa u flO, Koero e rJraBHoro ycnoBr,re 3a aAeKBar-
nocr rra MoAenr{paHero. Or4elru{Te KoHrypr{ Ha MoAeJra na KCY ce lpeAcraBrr
rrpe3 rrpoqecl{, BpG3KI{Te Me)KAy KoHTyptrTe u t[uszuecrrlre ycrpoficrBa - rrpeo Ka-
HAJrn, A npeo6pa:yaaHvrflTa, KotrTo ce H3BbprnBaT BbB BceKr{ oT KoHTypr.rTe - qpe3
llsnefinu crrtrcbUu or arperaru. Ha $ur. I e noxasaHo ctorBercrBnero Ha o6errure
Ha crpyxrypHtrr MoAeJr Ha 6e3nr,uroren JIA tr crrcreMHrrre o6eKTr,r B MoAena Ha
npofpaMHoTo ocufypsBaHe.

Cncrevn 3a rroJryHarypHo MoAeJrr,rpaHe
rplr rpoeKTlrpaHero Ha KCy Ha JIA

Cucrelrzre ga rroJrynarypHo MoAentrpane ca ocnoBnoro
cpeAcrBo 3a Ir3cneABane Ha [oBeAeurreTo u AoKtBBaHe na pa6orocuoco6nocrra na
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E#dod
(Dur. 2. Crpyxrypen Mo,qen Ha clcreMa 3a rronyuarypuo
MOAeJrupaHe

KCy. flpegrux4a ce cb3AaBaHe ua quQposa CIHM, Karo qeJrra e noBmnaB?He
TOTIHOCTTa rla MoAenrrpaHeTo r.r trpeAocTaB.sHe Ha Bb3MoxHocT 3a rr3cJreABaHe Ha
paSrurrHr{ MoAeJrn Ha cEcTeMaTa.

Ha Qur.2 e norasaH o6rq crpyrrypen MoAen sa CfIHM. Peansara aflaparypa
e KCY, a BbHrrrHara cpeAa n o6errrr Ha ynpaBnenue (OV) ca rpeAcraBeHn c Mo-
]IEJIE.

Ilgnongnann ca cnellHrrre o3narreHur:
El - I erarr -,,SYSTEM CONFIGURATION'- AEaJror c oreparopa, xofi-

To 3aAaBa ycnoBusra Ha eKcnepuMenra. Ha ro3r,r eran ce xon$urypupa cr{creMara

- 3al.gBa ce crpyKTypara Ha MoAeJra ua OV H HeroBr,rre uapaMerprr, BrrAa Ha ctrr-
HaJruTe, H3Mep B aHI,ITe napaMeTplr, HaqaJrHr{Te ycnoBr,rs;

E2 -ll erarr - ,,SIMULATION' - HMrrrnpaHe sa Aeficrnue na KCV B pean-
no BpeMe.

{pyrure rpoqecu B cncreMara Ha ro3tr erarr ca,,SIGNAL SIMULATION* -
rrMr,rrr.rpaHe Ha crrrHzurn tr cMyrIeHH.s; ,,CONTROL" - uspa6orBaHe Ha yrrpaBnrBa-
rqu ms4eficrnur KbM Oy Ha 6tsara Ha noJD raBagxre cr,rrHaJrn;
,,MEASUREMENT* - r.r3MepBaHe H perncrprzpame Ha BeJrEqEHtr, xapaKTeptrstrpa-
u1u pa6orara na KCV; ,,MODEL' - MoAenupaHe rra ArrrraMnxara sa BJIA B pean-
HO 3peMe.
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@lrr. 3. O6o6ule,u crpyrrypeu MoAen Ha IIO na KCY sa JIA

flpoqecnre,,SIGNAL SLMULATION",,,CONTROL",,,MEASUREMENT" r,r

,,MODEL' ce r{3rr6JrHrBar rrtrpanenuo, Koero orroBaps Ha [pupoAara ub pealnara
cr,rcreMa (cn creua c ecrecrrreH rap alelzsrrvr).

flpr.r nopvanHo 3aBbpuJB ane Ha eran II crrcreMara rrpeMuHaBa rru eran III -
,,ANALYSIS", B KofiTo ce ?rHarrz3lrpar p$ynrartrTe or erar II.

C'rpyxrypHr{ MoAeJrH Ha IIO Ha KCy

Crpyxrypnucr MoAer ua fIO na KCY e qacr or o6ulus Mo-
AeJr E rrpeAcraB.s HoMenKJrarypara rra clrcreMHtrTe o6eKTtr E Bb3MoxHtrTe Bpb3Ktr
Mex,qy r-m. Ha Qur. 3 o rr,oKo3&H nptrMepen crpyKrypeH MoAen Ha fIO na KCV.
Moxe ga ce or6enexr cxorAcrBoro Ha opranu3aqusra Ha fIO na KCV u CIIHM.
Tona e eAHa or Qoprvrure,Dra [peAcraBrEe Ha KorrcrpyKTtrBrrara cuequ$nxaqns sa
fIO. CrpyrrypHncr MoAeJr Moxe Aa 6r4e gerafinr.r3trpaH (ryx e norasan n o6u1 nz4).
Apyrn Qoprrau Ea [peAcraB flr'e ca pa3rr.rtrnu ra6llu\ufiJrn3ar]rcil na cuequ$uraqu-
OHHII E3IIUU.

lll
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MoAelu Ha Xoap

Mo4err.rre na Xoap orrrcBar Qynrquure r crpyKrypara Ha
ctrcreMara upes ua6op or B3arrMoAeficraaulu locneAoBarenHlr [poqecr{, KoRTo
Morar Aa ce EgrrbJrHrBar napaJrenHo [5]. Moaelure BxJrK,qBar CSP - on[canr{e,
rlporoKon u cuequQnxaqur. BsauuoAeftcrsrlcra ca clrrilpoHHu tr ce ocbrrlecrBrBar
rro eAHorrocoqHu KaHarn. flo-4oay ca nora3arrfl [prrMepHn MoAeJrn Ha HsKou crrc-
TeMHr.r o6erru tr crpyKTypl:

l. [apa.lerHrr rrpoqecu. T[nr.reH rrprrMep 3anapaJrenHrr rrpoqecu ca [poqe-
cure B CIIHM, peaJrlrcHparqu o6exra Ha yrrpaBneHne,ynpaBrflBarrloro ycrpoficrno,
cllMynr{paHero r,r rmMepBaHero Ha crlrHaJrn. vynpaBnflBarqu nrs4eficrlr,rr. Mo4elnr
na Xoap e:

MODELLING = CONTROL II UBN,SUNNMENT II SIUU],NTION II
MODEL,

(bAero ll or"u"u"u rapaJrenHn rrpoqecr (CSP - norarllle [5]).
As6yxara Ha lpoqecnTe otrpeAenr MHoxecrBo cr6urrlr, rorurrecKu Bb3Mox-

Hr{ 3a napaneJrHaTa cr{cTeMa:

o (@NrRoL ll wesunm,mrvr ll snvrurmoN ll Ivroonr; :
cTCONTROL U cTMEASUREMENT U aSIMU,LATION U aMODEL,

KbAero cr e as6yra Ha rrpoqeca.
flpororonure (trace r,uu prot) Ha rrapanenHr.rl'e Eporlecr ce orpeAersr or:

trace(coNTRol ll vensuREI\aENT ll srNauuq,rtoN ll MoDEL) : {t | (t I
cTCONTROL) e trac{CONTROL) & (t l' cTMEASUREMENI) € trace
(MEASUREMENT)
&(tl'cr SIMULATION e trace(SIMULATION) & (t i' 0MODEL) etrace(MODEL)
&t e (gCONTROL U gMEASUREMENT U aSIMIULATION U cIMODEL)),

KbAero trace e nporoKon na npoqeca, onr{cBarrl c's6t{tnnta, B KotrTo npoqecbr e
yrracrBar Ao onpeAeneH MoMeHT. Cuvnorur l' osnaurana cBI{BaHe Ha rlporoKoJla
B6pxy HsKaKBo MHoxecrBo, Harrp. as6yxara na npoqectr [5].

2. Konrypen trpoqec, onr{cBarq $ynxquonupaHero Ha clrcreMara rlo oTAeJIHE
Korrrypl. O6o6rqesoro orrucaHue Ha KoHTypHuc trpoqeci e

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

KbAero PR e rpoqeAypa, peaJrrmtrpalqa Qynrquure Ha rr'poqeca, CH - MHoxecrBo
na unQopvaqr{onrrrrre KaHarrrr, AGR - MrroxecrBo Ea iarperartrre, PAR ca napa-
MeTprr.

MoAemr na Xoap e:

LoopProcess : c[0]?x -+ Aggregateslist; c[n]!y -+ ENI]process; ModelProcesses,

KbAero c[ ] ca KaHarrr{ c onpeAeneHrr HoMepa, Aggregatr:slist -'lnneeu crIEclK or
arperartr, ?x - npoqeAypa Ha Xoap sa rpueMaue ua rru$opuaqu or KaHaJI c u
rtprlcBo-sBaHe na crofinocr Ha rrpoMerrJrtrBarax, ! y - npclqeAypa Ea Xoap sa EsBex-
Aarre Ha nu0opvaqur B KaHaJr (uporvreunnnara y), Mode lProcesses - MoAennpalqu
IIpoqecu.

t12



flpororonure Ha npoqeca co onpeAerrr rro creAntrq HaqtrH:

LoopProcess:P; Q; ModelProcesses;
P:c[0]?x + Aggregateslist; Q : c[n]!y + ENDprocess;
prot(P):{tlt:<>V(to:"101?x& t'e prot(Aggregateslist))}:{<t} U {<c[0]?x>rlt
e prot(Aggregateslist));
prot(9):{tlt:.tY(to:c[n]!z &t' e prot(ENDprocess))] : {<>}U{<c1n1!z>"t;t eprot(ENDprocess));
prot(LoopP_rocess):{s;tlseprot(P)&teprot(e);rlseprot(p)&tepror(e)&re
prot(ModelProcesses)).

cuunomr " o3Har{aBa cre4 (vexgy nporor(oJrn), tn - Haqaro na npororoJr, t'
- onaur(a Ha npororon, o ( > - rpa3eH nporor(on (CSp - uoraqru [5]).

,{e0Nnuqnrra Ha r(oHTypeH npoqec B Horaqusra na Modula-2[9i e'crcA'ara:

LoopProcess : RECORD
ModelProcess: SYSTEM.PROCESS;
ActiveProcess: BOOLEAN;
OutputChannels: ARRAY [..] OF CARDINAL;
InputChannels: ARRAY [..] OF CARDINAL;
NumberOfOutputsin Separate Points: ARRAY [..] OF CARDINAL;
NumberOfAggregates: CARDINAL;
ListOfAggregates: ARRAY [..] OF AGGREGATES. Aggregates;
END.

3. Mo4elrr na Xoap 3a npoqeca Aggregates List e:

_ 4ggegateslist : (cli)?z -+ AGGREGATE[i]; Aggregateslist I c[i]!z -+
AGGREGAE[$ eggtegateslist) | (next + ACGREGATEIiI; Aggregaieslist)
l(end_list -+ ENDprocess),

KbAero END process e cleqrraJreH rrpoqec c as6yra, cccro.srqa ce or cr6uruero,
o3HaqaBa[Io ycIIeIIIHo 3aBbpruBarre.

AGGREG_ ATE :input(x) -+ AgrTransferFunction(xy) ; ourput(y) + ENDprocess ;
AgrTransferFunction : G - ENDprocesg | (f, + ENDprbcess) 1...1
(fl + ENDprocess);
t-. f" ca Qyuxqru, r't3BbprxBarrln upeo6pasyBarrero x + y.

flpdrorco.nu:

- Aggregateslist
(c[i]?z -+ AGGREGATEID : Pl; (c[i]!z -+ AGGREGATE[i]) : P2;
(next -+ AGGREGATEIiI : P3; (end_lisr + ENDprocess) : P4;
prot(Pl):{<>} U {<ctil'lz> "tlt e pror(AGGREGATEIiI)h
prot(P I ; Aggregateslist):{s; tl s e prot(Pl )&t e prot(Aggregateslist)};
prot(P2)-{< t} U {."[] !z> "tlt e prot(AGGREGATEtiI)];
prot(F2; Aggregateslist):{s; tls e prot(P2) &t e prot(Aglregateslist)};
prot(F3):{<>} U {<next> "tlt e prot(AGGREGATEtiI)};
prot(P3; Aggregateslist):{s; tls e prot(P3) & t e prot(Aggregareslist)};
prot(P4):{-<>} U {<end_list> ^tlt e prot(ENDprocess)};
prot(P4; Aggregateslist):{s; tl s e prot(P 4)&t e prot(Aggregateslist)};
prot(Aggregateslist):{tlt:<> V (to e B & t' e prot(P(to)},
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KbAero B : {c[i]?2, c[i]!2, next, end_list];P(t0):(P1lP2lP3lP4).

- AGGREGATE

P:(inpul(x)+AgrTransferFunction); Q:(ou@ut(y)+ENDprocess); AGGREGATE:@;
a)
prot(P):{< >} u {.input(x)> tlt e prot(AgrTransferFunction)}
prot(Q):{<>} u {<output(y)> "tlt e prot(ENDprocess)};
proI(AGGREGATE) : {s; tls e prot(P) & t e prot(Q)};

- AgrTransferFunction

prot(AgrTransferFunction):{tlt:<> V (to e B & t' e prot(P(to)}, rrAero B:{f,,
E,",1)
P(to) :(f, -+ENDprocess 

I 
fr+ENDprocess 1... | {-+ENDprocess) ;

A; B norasna, qe npoqecure A r,r E ca rocJreAoBareJrHr.r, a A I E - qe ca aJITep-
HATVTBHPI,

flpnuepnara geQunuqr.rs Ha o6exra AGGREGATE e cre.qnara:

Aggregate Type : (AdderUnit, ProportionalUnit, SeparatePointU, IntegUnit,
DerivatUn, StaticUnitl, Staticunit2, MultiUnit, AndMore);
Secondlnput:REAl; ('nropr,r nxo4')
AmplifCoeficient:REAl; ('xoe$uqueHr Ha yculnaHe')
TimeConstant:REAL; ('npevreroncraula')
('TI,IrATPE|AT")
Aggregates:RECORD

Aggregate: PROC; (-flpoqe4ypa, oclrrlecrB.sBaula Synxquonamrure upeo6pa3yBa-
Hvs, Ha arperara')
CASE AggregateType OF(-xapaKrepLIcrLIKLI Ha pa3ruqHure Br,IAoBe arperaru')
AdderUnit: Secondlnput;

Secondlnput;
AmplifCoeficient;
AmplifCoeficient;
TimeConstant;
('Apyru rr.rnoBe arperaru ')

MultiUnit:
Input2:
Input2m:
Kp:
Ki:
Ti:

ProportionalUnit :

IntegUnit:

,{Pyf14
END; ('case')
Input l:REAL;
Output: REAL;
APYTI4

('ocnonen BxoA Ha arperara or rI{II REAL')
('rasxog Ha arperara or rI{rI REAL')
('gpyru napaMerptr na arperara')

END; (- RECORD - xpafi na 4e0unuquna')
flo noAo6eH HaqEH ce ,4eQunr.Ipar I{ Apyrure crrcreMHrr o6errr'I (Communi-

cationChannel, Dispatcher u 4p.).

MeroA 3a KoHrporr Ha pa6ora Ha KCY,
ocHoBarr Ha rrporoKoJrrl Ha Xoap

Teopr,r-ara 3a 83 arrMoAefi crsarqu rro cJIeAoBarenHI,I np o uecu
[5] rpe4lara noAxoAsulu MexaHr{3Mr{ 3a npeABapETeJrHa cuequt}uraqnr na t[ynxqr,r-
r.rTe u crpyKTypara Ha cr{creMara LI npouecr{Te B He.f, rr 3a cneABarrl KoHTpon Ha pa-
6orara - ToBa ca crequQraKaqr{r{Te, ae6yrure u lporoKoJltrre Ha rlpoqecrrre.
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PEANI|3AIII4' HA C]4CTEMATA
l,l AOKA3BAHE HA KOPEKTHOCT

HA PEAN]rcAqH'TA . P sal S

HAENOAEH}IE HA PAEOTATA
HA CI4CrEMATA (nPOqECA).

PETUCTPLPAHE HA nPOTOKOIA S(P)

<Dr.rr, 4. A;rropurru 3a KoHTpon qpes nporoxonr Ha Xoap

O6ulusr zurropr{TlM Ha MeroAa 3a KoHTpoJr e rroKa3all Ha QHr. 4. Merogrr ce
CbCTOtr B CJIE]IHOTO:

a) Qopvyllrpa ce cnequt[uxaqurra Ha rrporpaMHoro ocurypsBaHe Ha ctrcreMa-
Ta, KO.STO BKJTOqBa Ha6opa OT cnCTeMHn O6eKTr.r;

6) pealusupa ce rporpaMHara cucreMa rr ce AoKa3Ba rrefiHara xoperrnocr (ue-
TOA 3a AOKa3BaHe Ha KOpeKTHOCTTa r{a CrteqU(bEKaqI,IE na Xoap);

n) onpegenxr ce BcnrrKrr BrgMoxHn rrpororoJrr{ na cuequQuqupaHara ctrcreMa
c rporleAypara trace(P);

r) craprupa ce crrcreMara;
g) cuequaneu rlpoqec - rporoKonunx (tracer) cneAI,I tr perlrcrprlpa flporoxo-

Jrr,rre B cr,rcTeMaTa r{ onpeAem AaJru ca BaJrr4AHn, T. e. AaJrr{ ce sB-sBar rIoAMIro)Keo-
TBO rra MHOXeCTBOTO rrpeABapETeJrHO OnpeAeJIeHI{ npoToKonr{;

e) npu peruIcrplrpaHe Ha HeBaJTLIAeH nporoKon ce [peAnprleMar cborBerHnTe
' Aefi crnu-s za anapufrua curry a\ras.

MeroA 3a AoKa3BaHe Ha KoperTHocrra

Vl4esra'na MeroAa ce cbcrol{ B ToBa, rle ga Aa ce r,I3rIbJIHu

orHorrreHEero P sat S (upoqecrr P yAonnernoprna cnequQIIKaIIHtra S), rofi rptona
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Aa yAoBJIerBoptBa [peABaplnrenHo o[peAeJreHrd crrerluQnraquu Ha rrporoxonrrre.
Tosa e MeroA, rofiro pa1oru c orpaHzqeH, rrpeABaprrrenHo 3aAaAen na6op o6erru
E craHA aprrrr,r crpyxrypr,r. flo cleqoB areJrHo crra e cJreAHara:

L OupegenaHe Ha rr,{ua (crpyrrypara) na npoqecavrr}r noAcr,rcreMara;
2. Vz'tucrsname Ha rrporoxoJrr.rre qpes $yurquxra trace(P);
3. flponepra Ha nporoKoJII,ITe (uo6op or MHoxecrBo cranAaprnu nporororu)

upes Synrquqra SAT (P,S(np)), Ko-sro s o6Iq BuA e npuBeAena ro-Aony, KbAero np
e [porr3BoJreH rrporoKoJr Ha npoueca.

SAT(P,S(np)):
ifP:STOPthen

if nP : <> then return TRUE;
else return FAISE; '

end;
elsif P sat S(np) & (c+P) then

if (np : <> V (npn : c & S(np'))) then return TRUE;
else return FALSE;

end;
elsif P sat S(np) & (c-+d-+P) then

if (np < <c,d> V (np > <c,d> & S(np"))) then return TRUE;
else return FALSE;

elsif P sat S(np) & Q sat T(np) & (c-+Pld+Q) then
if(np : .> V (npn : c & S(np')) V (np. : d & T(np')) ('S(np') n

T(np') ca cneqnQuraqnil naus6panara alreinarnna-) 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 (npo-€ B & S(np', np))) then return TRUE; ('npoqec

c r.rs6op or vnoxecruo'')
else return FAISE;

elsifP sat $(np) & Q sat T(np) & P | | Q then
if (P | | Q)sat(S(np l' o P) & T(np l' .. Q)) then return TRUE; ('uapanennu
rpoqecn')

else return FALSE;
Apyru craHAaprHr,r crpyKrypr.r

else return FALSE:
end;

Oupe4enrHo Ha crpyKTypara v napaMerprrre
sa KCV

poft xanaKCVo."u"uff ullffi ;:H:''."^T*H?XX1l"f;#f#fl"i1#'#JJ""#"J-
HOTO Oculypf,Barre Aa Ce npOMeHsT CTpyKTypATA tr lapaMeTptrTe Ha Cr{CTeMaTa.
flpoqe4ypara Moxe Aa ce pillAenrr Ha ABe cacrr - onpeAerrne E peaJrn3a\ac, Ha
xonQurypaqra-ara.

Orpe4eranero Ha xonQurypaqu.flTa Moxe Aa craHe or oneparopa B AtranoroB
pex[M qpe3 BbBexAaHe Ha trpeABaprmenHo rroArornena cnequQilKag;as trJrH or cnc-
TeMa or rro-Br{coKo aEBo, Ko.flTo cJreAtr cbcrornrrero na KCY E BburrrHara cpega. B
crrcreMr.ITe 3a onpeAensue na xonQuryparyrsra Morar Aar.aMepsr r\rflcro pa3nErrHrr
MeroAr{ - peanr43arlvs Ha rrpeABapuTenHo 3aAaAenu ronrpurypa\vrr, MeroAE Ha
TexHnqecKara Ar{arHocruKa, oqeuKa Ha [apaMerpr{Te u cbcro.flHuero, u4enruQurp-
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C14CTEMA 3A
ONPEAEII'HE HA

KOHOUryPAllr4rTA
U NAPAMETPIITE

(coKn)

@zr. 5. Crcreua c Ba3Mo)r(Hocru sa pexonipr.rrWa\r4A

qur, orrruME3arlur I{ npo c r.r3KycrBeH EHTe_
JreKT r{ Ap. Cucrervrarasa paMeipETe palor]f-
Ha 6e3ara 3a uHQopMarltr u Cy. Kaqe;rBoro
Ha ynpaBneHr,reTo, cbcro.sHr.reTo Ha BbHrrrHaT a cpela,o6uu roNra;A; 

"r;".p;;;;;r'r Ap'; CrpyKTypara Ha cllcreMa 3a yrrpaBneHrre c yKagaHETe Bb3MoxHocru e rroKa-
saHaHa Qzr.5.

tt7

Mero4, ocHoBaH Ha $yHKrlllrr Ha yoJrirr

Tona e MeroA 3a KoHTpoJr r,r Ar{arnocrnKa Ha KCY na JIA,
rofiro ce ocnoBaBa Ha EMETarIuoHHo MoAonvpane Ha ABr.rxeHr,rero Ha JIA n anrroi
ptr'rME sa ugenrzsuKarlus, na roeQuqneHTr{Te Ha pa3no)KeHr{e Ha r4iexo4nure Qyn-
Kqurr B peA Ha oproroHanHure Qynrquu na vorur, Paspa60reuara cxeMa (Qnr. 6.)
no3Bor.sBa Aa ce KoHTpoJII,Ipa rexrrnqecKoro cbcrosHne na o6exra B npocrpaHcr-
BOTO Ha Cr.rrHaJrr.rre E B npocrpaHcrBoro Ea rrapaMerpr,rre. B nbpBtrs. clyuafi ce occ-
ulecrB-sBa cpaBH-sBaHe rra npexoAHure Qynrqr,rrr Ha rpoBep sBaillrs. o6erry*(l) x era-
JroHHo ycrpoftcrno !rlt), rLprz Koero

lv-ft)- "v*(t)l < au,



@ur. 6' Cxeva ga r(oHTpoJI' peanugriPary.a MeroAa 3a uAeH-

rnQuxauur

KbAeTO k : 1,2, ..., fl e 6pOrr Ha KOHTpOnupaHI{Te tr3xOAU Ha CtrCTeMaTa I'I MOAeJIa.

Eranonnoro ycTpoficTBo n3rIa.Irgsga Qynrqunre Ha EMtrTaIIuoHeH MoAeJI c II3xoA-

Hrr crrrHarru, Kor{To ca AocrarbqHo 6rE3Ku Ao cErHaJrI,ITe Ha E3xoAI'ITe Ha peaJrldl/-f'

O6err. laAenutr KpLITepufi IIO3BOJI-flBa Aa Ce OTKpI'IST BHe3alHu oTKa:ttr B CECTeMa-

ra. CHrEaIcr sa orKa3 ie r[oprurlrpa B rpaloBus 6nox npn ycnoBlls tr(t) >6r .

Cxevara Moxe Aa orrpeAenr{ u 6aBHo u3MeHtrrltr ce [porp9cnBHr'I orKroHeHns

B pa6oTaTa Ha cr{cTeMaTt 3a orKpI{BaIIeTo Ha nOAo6HE Ae(beKTtr E tr3MeHe1uc ce

npeqnuxga yCTpOfiCTBo 3a pa3IIO3EaBaHe, KOeTo IIo KOeab[UUeHTIITe Ea ptrtnqxeHtre

atT) ua Qynrquure Ha yoJrrrr ro3BorsBa oTKptrBaHeTO Ha CI,ITyaIIvsTas cpaBH.flBa-

n'ero ir c [peABapI,ITeJIHO 3aAaAeHure.
Cucreuara or OyHKrIr,ru Ha yonIII W{t) e.rbJIHa cllcreMa opro,HopMtrpaHE

Qynrquu II Bc.f,Ka rnnierpupyeMa B l{IrrepBana [0,1] Qynrqux Moxe Aa 6lge npegc-

TaBerra cac 3aAaAeEa TOqHOCT KaTO CyMa Or KpaeH 6pofi r[ynrqlil Ha yoJIIII:

y, (t) = L",F)w,@\ i : r,2,...,rr

(Dynrquure Ha yonIrr w{t) n KoeouqueHrnre Ha pa3JIoxe_H,I,Ie B peA 4,(t)_c_e:a-

AABAT rd OrrpeAeJrflT rrporpaMilo CbOTBeTHO OT ,,reHepaIOp Ha yonIII" R ugentuQu-

KaTOp.

Mero4 3a peaJrl43 a\us. Ha KoH$uryp a\usra
HA CI{CTEMU

Crulnocrra Ha MeroAa ce cacrotr B reueprlpane Ha rlpr,tnox-

Hn [pOIpaMHI{ CIICTeMII OT TOTOBII u uslpO6naHll KOMIIOHeHTIT Bb3 oCEoBa !a Qop-
MaJIeH MOAeJI,3aAaBaIq HOMSHKJIaTy1ATAHA tr3IIOJISBaHuTe [pOrpaMH[ OfiSKTR It
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cborBerHr,rre r,rHQopMarlrrorHtr tr yrIp aBnrBarrlr.r Bpb3Kr{ " f rasHure oco6eso cru na
MeroAa ca:

l. HgrorsnaHe Ha npoqeAypHlr E rrpoqecHrr rurroBe AaHHn sa 4eQunnpaHe Ha
cr'rcreMHr.rre o6errr,r. TesH ruuone AaHrru ro3Bor.sBar aKrrrBHrr o6exrn (npoqe.qypE)
Aa ce pa3noJraraT B naMeTTa KaTO npoMeHJrlrBr{;

2.VzrpaxaaHe Ha [IpnJloxHara nporpaMa or crrcreMHu o6exru, pa3rroJraraHr.r
B pe3r{AeHTHadagaAaHHE. Cucreprnure o6exru ca 6nusKr.r 4o npo6leuxara o6nacr
- KoHrypHr.r npoqecn (LoopProcess), crcrorrqr ce or lRnefisra cnr{cbqu or arpe-
raru (AGGREGATES) r,r B3ar{MoAefibrnarqra upes uu@opMarltroHrru Kanarrn
(InfbrmationChannel);

3. .{unaunvHr{ rcaHaJrr{ 3a ocbrrlecrBsBaHe Ha B3ar.rMoAeficrBr,rqra, n:6op Ha Ka-
HaJTHTF qpe3 )mil]BaHe Ha rexHLITe HoMepa.,{unauuvnr,rre KaHaJrtr no3Bor-sBaT cB:bp-
sBaue Ha npolr3BoJrHtr ToqKH B cucreMara rlpu pa3nnrrnra xon@nrypauu[;

4. Bn6tuoreqHu MoAyx[, npeAocraBrrrlu ctrcreMHr{Te o6exrra u Qopunpanlu
6azara AaHHr,r;

5. ,{e@unuqur na unr[opMaqr,roHHtrte KaHaJrR, no3Bor.sBalla o6uenrr Harr*-
Qopuaqua, reHepr.rpaHero rr r,r3MepBaHero Ha peaJrHr{ curHaJrr,r Aa ce [peAcraBrr Ha
eAHO rr cbrrlo KoHrlerrTyaJrHo HEBo.

Crpyrryprrri rpaQoBr,r Mo.qenu

Crpyrrypnure rpaQu ca AonbJrHrrreJrHo cpeAcrBo 3a onuca-
HI{E HA NPOIPAMHI,I C}ICTEME, BKJIIOqEHO B MOACJIA HA NPOIPAMIIOTO OCrITYPCBAHE.
OcnonRoro r{M rrpeAr{McrBo e HarJreAHara rrpeAcraBa, Ko.sro AaBar 3a nororltrTe
AalIHtr, crpyxTypara Ha ctrcreMara r{ BgauMoAeficrBusra B crarr{Ka H Ar,rHaMr,rKa.

B pa:rnex4aHr{r noAxoA ce r{grroJr3Bar crpyKTypnn rpaQu, ocHoBaHH Ha rroro-
qII'Ie AaIIHE n cucrervrara [4].

Pa:pa6orena e rpar[uuna Horarl[s 3a npeAcraB.sHe Ha crpyxryprrlrre rpatlu, na
6asara Ha Korro ce paspa6ornar rpaQonu MoAeJrr.r. ![acr or rpa$uvnara Horarln.s e
noKa3aHa na Qnr. 7.

B gaxlroqenrre Morar Aa ce HanpaB.sr cJreAHr,rre

Vsnoru

flpeqnoxen e qsnocreH rroAXoA 3a rrpoerfftrpaHe E E3cneA-
BaHe Ha KOMIIIOTbpHTI CHCTeMU 3a ynpaBJreHtre Ha JreTaTeJrHv anapaTr.{, ocHoBaH rra
Qopva;rnu MoAeJrrr Ha nporpaMHoro octrrypfBaEe (rraogenu na Xoap), KoHcrpyK-

EBHE cnequSuraqr,ru Ir crpyKTypuu rpaQu vpeaJrtr3npaH rrpe3 MeroAnre sa peKoH-

Snrypaqur, KoHTpon u nepuQnraqur.
Mo4eltr na fIO onrrcBa o6o6qeno QynrqnouupaHero Ha cucreMar&, rr3rroJr;

snafixE crpora MareMarEqHa reop[s - TeopEcra na ssar.rMoAeficrsarqEre nocne-
AoBarenHE np oue cu i uog nonsna cuequQuxaq ufl , p eaJrngaqua, nepuQn Ka\as v ana-
JIII3 HA CIICTCMATA.

floAxoArr Moxe Aa ce [p]rnara KaKTo KbM E3rpaxAane na 6asosoro rrporpaM-
Ho ocurypsBaHe Ha KCV n CfIHM, TaKatr Ha nprrJroxnr.r crrcreMu.

Paspa6oren e rroB Tr{rr MoAen Ha rrporpaMHoro octrryp sBame - npoqecHo-ar-
peraren, orruqaBall ce c BEcoKa e$errunnocr r.r crerreH nla crpyxrypHo cborBerc-
TBEe c MoAeJrr{paEure o6errn }r MoAeJr Ha B3ar,rMoAeficrnlura, orroBap.flrrl Ha oco-
6enocrnre na KCY na JIA u CIIHM.
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AAHHYI

o
OSEKT C HEf,CHA

CTPYKWPA

@ur. 7. 9acr or rpaQuvnara rrorarl[r 3a rrpeAcraBrue Ha
crpyr(ryput4 uoAeau na fIO

Tosu vero4 sa crpyKTyprro MoAeJrlrpane 6H MorbJr Aa ce rr3noJr3Ba He caMo 3a
ollrlcaHlre Ha fIO.qper nero 6[xa vouu Aa ce onErrrar rr flpoqecr,rre B eAHa aEaJIo-
roBa cucreMa. ToBa e eAuH HoB Harrr{H 3a onucaHtre Ha ooeKTtr u c}rcreMu, upr,r rofi-
To ce o6pbrrla noBeqe BHrrMaHne Ha crpyKTypara tr oyHKqunre Ha MoAenr{paHrrfl
o6exr R Ha B3ar{Mo4eficrnuero Ha orAeJrHr.rre [poqectr r4 rroAcncreM[I.

llsnonsnanero Ra o6exrHo - oprreHTr{pauo crpyKrypno rrp oeKTtrpaHe (usrpax-
AaHe Ha flO or ctrcreMHr{ o6errn) 3aeAHo c 6noKoBo-MoAynHr.s rroAXoA [o3Bor.sBa
onpocreHo peaJrr.r3r.rpaHe Ha npor{3BonHr.r crpyKTyptr Ha KCY u CIIHM,

Merogrr 3a KoHTpoJr tr AEarHocrEKa Ha KCV, 6aenparq ce Ha trMrrrarltronHo
MoAenlrpaHe Ha ABtrxeHr{ero Ha JIA u n4enrnr}uraqnr Ha Koe(buqEeHTlrre Ira pa3-
JroxeHlre Ha rrpexoAnnre Qynrquu B peA na Synxquure Ha yonu, rro3BoJltBa orK-
pnBaHe Ha Bne3arrHr{ orKa3tr n 6asHo E3MeHsuIu ce, nporpectrBHr{ orKJroHenus B

peanrro BpeMe.
Mero4rr 3a peantr3arlna na xonr[nrypa\vfiTa ce ocHoBaBa Ha [poqecHrr u [po-

rleAypHrr rurroBe AaHHtr, AuHaMurrHE KaHarru n na6op cncreMnr.r o6exrr.r. Tofi Aasa
BG3MOXHOCT 3a r{SfpaxAaHe Ha npHJrOXHtr CTTCTeME rlpe3 [porpaMHa reHeparlur.
,{ualoronurr rroAxoA 3a nporpaMHa reHepaquc Ha rrpuroxnncvrcrelnr,v. e npuuqlil-
Ho HoB ga.KCY ua JIA u CIIHM u no3Bor-sBa peanu3arlus Ha rxupoKa raMa MoAe-
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ntr. BaxHo rIpeAEMcrBo Ha MeroAa e Bb3MoxHocrra 3a cneqtrQrlqrlpaHe Ha rrpor-
paMnoro ocurypflBaue Ha MHoroMarrrr{Hntr KCY n CIHM.

Merogure 3a KorrrpoJr n nepu$uraqur rro3BonrBar cb3AaBaHe Ha ctrcreMu c
BEcoKa HaAexAHocr qpes npeABaprrreJrno AoKfrrBaHe Ha KopexTriocrra sa fIO u
na6mogenne Ha cr,rcreMara B peanHo BpeMe. flpegnaouaueHr{ ca sa pa6ora c 6ro-
KoBo-MoAynHrr ctrcreMn c [peABaptrreJrHo 3aAaAeH na6op or crpyKTypn. MeroAtr
3a KoHTpoJr qpes lpororoJru Ha Xoap e nptrHqxnHa HoBocr B KoMnroraprrnre cuc-
TeMr.r 3a ynpaBJreHtre.

frasHoro 4ocrofincrno Ha rrpeAJratanvs. noAxoA e HeroBara q-srocrnocr u
Eb3MoxHocrra 3a rrocraraHe Ha onpeAeneHa crerreH Ha yBepeHocr n pa6orocno-
co6nocrra Ha crrcreMara [peAn rroJrerHuTe vt3rrnranvfl.
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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 ofpapers. It concerns
the particularities and problems of the unpiloted flying vehicles computer control
systems design and study. A general view of the developod approach is considered,
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which includes: an object - oriented structural design; a half-physical modelling on
all stageg of the studi; software rnodels'(Hoare's m-odels) and formal methodsithe
program systems verification method; the system working capaoity control method,
based on the Hoare's trace model; the system configuration defrne method, and es-
pecially the real-time identification method, based on the Walsh's functions; the sys-
tem configuration implementation method; -the real-tirne modeling methods; ihe
half-physical experiments validation methods.

The main advantage of the approach is its completeness and the possibility to
study the system working capacity before flyrng 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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MeroA 3a rr3r'paxAaHe Ha aBToHoMHa
cr,rHxpoHu3ar\vrs, c np orHo3up aHe

Ha cIYrI atrIHu SnYrrYaqru
HA 3AKbCHEHI{ETO

B KO CMLITIECKN PAAIIOJIVTIJIiIVI
3a Bpb3Ka rI yilpaBneHrle

Aumouuo Audouoe, 3oa XY6euoaa*

BBTY ,,T. Ka6rcwxoe", Co$ua
+ Ilncmumym 3a Koc,MuvecKu ugc!,edaanua, EAH

3a peAnIIa cbBpeMeHHrI cI{creME 3a rlpeAaBaxe na nnQopr"ra-
qEs,TaxtrBa KaTo cIIcTeMLITe 3a KocMl{qecKa paAuoBpb3Kav cncTeMaTe 3a Bpb3Ka c

rroABrrxHg o6errn, ca xapaxTepHu eAHnHE u3ncKBanul, npeA-sB.sBaEu I(bM E3rIoJr3-

BarrETe cvtHaJm. Axo ru cpaBHIIM c TpaALrqloHHIiITe Qaso- n qecToTxo-Manvfitynfl-

paHH c[rHaJI[, To Te rpx6ia Aa ocuryptBaT noBl,Iruena qecToTHa eQerrnrnocT B He-

lnnefiur KanaJrrr ea rprsxa, Aa rrMur 6rngra eneprufina etfexrunnocr Ir cbrrleBpe-

MeHHO Aa AaBar BG3MOXHOCT 3a IIpOCTa tr IIKOHOMIqHa alapaTypHa peaJlu3aqtrt Ha

ycrpoficrnara sa QopvnpaHe u o6pa6orxa Ha cvr5.aJrnre' Hafi-nepcneKrgBHll 'r1o

oTHOIUeHUe Ha nocoqeHtrTe tr3trcKBaHE.S ce oKa3BaT cErHaJIItTe c pa3III[peH cleK-
Tap, rraprlqaHn orrle cJroxHn, ruEpoKoJreHToBIt, [IyMonoAo6nn clnrnaJltr. O6aue npu

T9XHOTO II3[OJI3BaHe 3HaqI,rTeJIHO IIapacTBaT [3trCIGaHUCTa IIO OTHOIIIeHUe Ha Toq-

HocTTa IIa cuHxpoHnsarltrs. flo ornorueHEe Ha cEcTeMIlTe 3a Bpl3Ka npo6neutr sa

cEHXpOHIT3aIIUS Ce cscTon B cbBMecTcBaIIeTO IIO BpeMe Ha nepIIoAIItIEtr trpoqecn'

Ott"""Uttt" pa6Orara Ha IIpeAaBaTeIs il 1rptreMgtrKa Ha CIICTSMaTa. ,{opn TOTIHO-TO

rro3rraBaHe Ha BpeMeTO Su^"atuttO na pa6Ora Ha IIpeAaBaTeIc, v' 6'Ae,aJTrIATL Cta;6n-

Jfir:la1rrrs Ha erzurouuTe Ha BpeMe He peulaBar EarIsJrHo upo6nelvra 3a ctrExpoHtr3a-

qnc. TOsa e BantrAHO OCO6SHO 3a CnCTeMtrTe Ha IIOABtrxHaTa paAtrO-Bpb3Ka' KbAeTO

BCJIeACTBI,IS Ha npoMsgaTAp1AqA3CTOqHEeTO MexAy IIOABSxII-E-Te o6exru B13HEKBa

HeolrpeAeneHocT B 3aKbcrreHEeTO Ha rrp . HegasucnMo oT ToBa

peAHrIa aBTopE [],2] nsncrnar cbo6pax ETO B rIepcleKTIIBHrITe

ilrnpoKoJreHTOBH CIICTeMtr 3a ycTaHoBsB Ea cEHxpoHn3aqus qe
6r.Ue [gnOI3BaHO CbqeTaHue Ha MeTOAa 3a aBTOEOMHa CI(ExpOHvrcA\ns' BbB Bpb36a

c Bb3HuKBaHero Ha Br{coKocra6rrJrgu eraJrogu Ha qecrorlr, npeAHa3HaqeHE 3a rIoA-

BExHII O6extll, ll MSTOAII 3a IIpOrHoStrpaHe Ha pa3cTolHEeTO MexAy npe4aoaTe1svl
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NPIIEMHI,IKA C NOMOIIITA EA AOIAJIHI,ITEJIEtr CPEACTBA, BXIIOIIBAIItr EI4M N AABAUIE
Bb3MOXHOCT Aa Ce non)^Ir{ AOCTaraqHo roqHa unQopvaqn.s c oureA KoMtreHcaqE.f,
HA 3AICbCEEHITETO.

Cr_rqecrnynar peAr{IIa rpyAoBe, rrocBerenu Ha anaJrtr3a Ha ctrcreMn cbc 3aKbc-
HeHrIe. 3naqnreles 6pofi.pa6orn ca nocBerennHaorleuKara Ha MoMeHTtrTe Ea lrptr-
eMaHe Ha cHrHanr,r B ycnoBE TA HA AnpHOpHa HeO[peAeJIeHOCT OTHOCHO TqXHOTO
3aKbcHeHEe. Paspa6oreHu ca ror-sM 6pofi pasnnrrnu alropnrMr{, rro3BoJrsBauln Aa
ce o[peAenrr eQexrNnnure (uln 6rnsru 4o rrx) orIeHKtr na gaxrcnextrero 3a mtr-
poK KJrac ctrrHturrlr u cMylleHns. B resu pa60ru ce npeAnonara, qe alptropHoro pa3-
trpeAeJleHrre Ha 3aI(bcHeHIIero e rrgBecrHo. I4snecrsnre aJrroptrTMrr tr,cxeMu Ha KBa-
3norrrr{MaJrHrr rprreMH}rqn ca pa60rocloco6nn npu 6annn Qlyrryaqru Ha BpeMe-
BETe napaMerplr Ha curHaJla. flo ornorueHtre Ha rrprreMagero Ha eArlHtrrrEn cyrtnalrr
B ycroBr'I.sra Ha rIbJIHa anptropHa HeonpeAeneHocT orEocHo MoMeHTa Ha 3aKACHe-
HHe B5.B QnrCnpax EHTepBan eArrH or nafi-curnure p$ynrarrr e nonJ reE r pa60ru-
reuaA. II.TuxoHon[3]. IIoorHoIrIeHEeHarrpueManeroEarrocJreAoBareJrHocrrr
or cI{_rHaJrI{ B TeOperFIeH nJIaH He e peneHa 3aAarrara 3a pa3rro3EaBaHe Ha ctrrHaJra
npu 6rpsz Qnyxryaqnn Ha 3axlcEeHnero. 3a4auara sa npnerr,rane Ea cJroxgtr cnr-
HaJrII Ha Qona na KQMTIJIeKcHI{ cMylrlentrr e pa3rneAana B AocratrEara rexHtrqecKa
JltrTepaTypa caMo rrpu npeAnonoxeHle, qe e 3aAaAeHO anpnopHoTo patnpeAeJreHEe
Ira 3aKoHa, onp.eAencq npeuesarrcHeEtrero. rlpu anpuopua lreoupe4eneHocr ra:rfi
SAAAqA He e pelrreHa B oMIlCbJI Ha CrrHTe3a xaKTo Ha OnrEMa-rrHrr MeroAE Ha rrpEeMa-
Ire, TaKa n ga 6lagxu Ao rfx acnMrlToruqno orrrtrMaJlHtr Mero.Itu.

Hafi-o6rqruT rIoAxoA KaM gaAaqara Ha cEHTeg Ha orrrtrManHr{ aJrroptrTMrr ga
nptreMaHe ce ocHoBaBa Ha Mapr(oBcKara reop[r na nelnnefina sznrpaqn.s. B Hac-
Tosllara padora na 6asara Ha ycnoBHr{Te MapKoBCKE npoqecn e npeAJroxeH noA-
xoA 3? peruaBaEe Ha rrpeAnoxenur npo6neu.

c orne,q r(oMrreHctrpaHero Ha 3aKbcEennero r(t) B cpeAara rra pa:rnpocrpane-
Hae Ha cnruana,S(l) cblrlutr 6y.rpndnalo Aa ce H3Jr3qtr c r{3rrpeBapBaHe BbB BpeMe-
ro x(/), T. e. Aa 6rAe nrs nzra

flpu naanulre Ha 3aKbcHeHrire r(t) uoresnnsr curHar rra BxoAa Ha npEeMHtrKa
ce olxcBa c rrcpata

(r) s,[r 
"O]= "{r-t(r)+x[r 

,(4]].
flpo6neurr, qtrero peruegrre e rleJr Ha Hacroruloro r{3cngABane, e Aa ce onpe-

Aenu crofinocrra na x(t), npE xocro ce ocllryprBa MtrHuMaJrHa CpeAHOXBAAparU.r-
na crofiHocr Ha orMecrBaEero e(l), nrr BpeMero Ha npueMarre Ha cnrnaJra Ha Bxo-
Aa Ha nprreMrrrrKa npu Haruqne na cnyrafinoro 3axbcHenue r(t), r. e.

(2) 
"(r)= "O-"[r-'(4]

3a onpe4enrHero nax(t) Moxe Aa ce r.r3[oJr3Ba rlrJrara reryrrla nn$opuaqnr sa
clyuainoro 3aKbcHeHr4e, Koero ce cbAtpxa B peaJrr{3r.rpaEoro rpeurexe-r(t) sann-
TepBaJra [0, l] na BxoAa Ea rrpr{eMHtrr(a, IIpII Koero roBa rperrreHe e cyMa or rrone3-
HI's CVTIlAJfl n ruyMa.

(3)

curnaJlrr, rrgJrbqeH or rrpeAaBareJrr B nporr3BoneH MoMeHT Ha BpeMero to,
trocrblBa Ea BxoAa rla rIprIeMEr,rKa B KaH JI cbc cnJ rafino garrcuen[e s voMenr Ha
BpeMe tr, TaKa rre e rr3rrrJrHeHo orreBElHoro paDeHcrBo
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s,(r)= s[r+x(r)].
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(4) ro = t, - r!r)
flocraseHusr npo6lena Moxe Aa ce cBeAe Ao roBa, qe Bb3 ocHoBa na na6noAa-

BaHsro fla peamsarryrra r(/) 4o uoveura Ha H3lrbqBaH e Ha cwrmara ri, = {, @,0 < r < ro }
Aa ce oflpeAenr{ r{3npeBapnanerox(r), Koero ocl{rypsBa MuHr,rMarrHa cpeAHoKBaApa-
Tr{qHa crofiuocr Ha orMecrBaHero e(t,) na cnrnalra, [pueMaH B MOMeHTa Ha BpeMe
t..' Kaxro e r.r3BecrHo, orrruMaJrHara cpeAHoKBaAparr.rrrHa orIeHKa ctBrraAa c yc-
JToBHOTO MareMaTI,IqeCKO OqaKBaHe, T. e.

",(. t)= 
"{"(,,),J. }

(8)
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(5)

3a Aa ce r,rs6erHe pa3rnex,qaHero Ha rrpoqeca n c:ryuafinu MoMerrrrr Ha BpeMe-
To, e qeJrecbo6pasno BbBexAaHero Ha npoqeca
(6)

' (r,)='(1)

"0,)= 
,vr{.(f )r. } = J*",q('lr,W,

Or (4) creABa, r{e

(7) ,,(,,)= ,[r, +,(q)]: 
"[d 

* r,(,,[
Torana 3a IIJIbTHOCTTa Ha BeposrHocrure P,(r I t) rtaoxe Aa ce Kaxe, qe e reKy-

uara anocrepuopHa rrJrbrHocr Ha BeposrHocrure Ha rrpoq€ca r,(* 4(tl4:

= r{r(r,)r.t }= P{r,(t )tt } no cnor r[usuvecKr{ cMrrcbrr Berrr{rrrrHara r,(l) e sa-

KbcHerrl{ero Ha crrrHzura, r,r3JlbqeH B rvroMeHTa t0.

Or r[oprrayla (7) voxe Aa ce noJn)ntu ypaBHeHEe, orpeAeJrrulo Bpb3Kara Mex-

av 4G, t) u r(r' {r)= r{r( + l),;o 
}, t. ". 

c arocrepr{opHara Bepo.srHocrna rrrrbr-
Hocr Ha cry.rafinoro saKbcHeHr{e B ornpeAeneH MoMeHT rra BpeMero r(t+t1. Aro / ce
pa3rlrexAa raro clyuaftHa Berrqr.rHa c BepoqrHocrHa rrJrbrHocr P(D, a t(l*I) xaro
Qynrcqur Hara3v BeJrr{qtrHa, To Bb3 ocHoBa na (6) e ugnbJrHeno:

P{', (4 = 
"ld' } 

= J- r{'t + r) : 
"lr. \rO*.

Or panencrno (7) cne4na, ue /:t,(/) , r. e.:

p0 = r{t,(r)= /lr,' 
I = q {/lr}.

flo rarrs Haqr{rr Moxe Aa ce [oJryrru orHorrrentre, onpeAeJrrrqo eAnopoArro
r4HTerpanHo ypaBHeHue na (Dpe,qxolM or BToptr poA, no3BoJrrBarrlo Aa ce onpeAenr{
f,(tlt) npv 3aAaAeHa rrJrtrHocr Ha BeporrHocrrrre P(r; llt)
(e) 4(!r= J_"("' tlt)r,Ql)a.

Vpannenr,re (9) cnrpsna BeposrHocrHure xapaxrepr.rcrr{Kr,r Ha rrpoqeca t,(t) c
xapaKTepr{crr.rKr.rre Ha rrpoqeca (t). AlropurbMbr 3a r{3qrrcJrrBaHe Ha P(ri llt\
cJreABa or pe3ynrarllTe Ha reopusra Ha onrr{MaJrHara HeJrr(Hefiua t}unrpaqr.ra. Cny-
qafruoro 3axbcHeHr{e Moxe Aa [pueMa Heorp[rrlarelnu crofinocrr{, T. e. t,(t))0,



P,(rlr):0 ga t<0. 3arona r (9) ce trsrroJrgBa carvroP(t; llt) sa 120, r. e. caMo eKcrpano-
n[parrara rrJrbrHocr Ha BepoflrHocrure. flparrn.recxr{ Br,rHaru Moxe Aa ce npl{eMe
t(l) oa KoMrroHeHra Ha HcKaKbB MapKoBcKH npoqec l"(t):{r(r), p(t)}, raro r ce orAe-
JII{ B flBEH BI{II.

AxoS(t) e cuHxpocnrHaJr, tr3JrbqBan oryrrpaBrsBau\ara craHqr{s, u 3aKbcHeHrI-
ero e eAr{HcrBenrrrr cJryqaen rrapaMerrp Ha currraJra S,(t), ro 3aAaBaHero Ha r laa-
rrbJrHo ollpeAens ctrIEalra

nru $opr"ryra (l), rrfi Karo peanlr3arlnqra 6'-'(') at troryqaBa 863 ocHoBa Ha trpe-

Ar{rnnrr na6ruoAenns u creAoBareJrgo e r{gBecrHa.
Cne4onarerHo, olpeAeJrcHero Ha arrocrepr.ropHara rurbrHocr Ha BeposrHoc-

rr,Ire.P(t; /lt) nm ocHoBa na na6moAeHr,rero r'o e peruur"ragaAaqa or MapxoBcKara
reop[s 3a otrrr.rMaJrna mnefisa $unrpaqur. flnrrnocrra na BeposrHocrr{Te Moxe
Aa ce onpeAeJrrr oT ypaBrreHr.rero

s;['- 
"(r)] 

= s{r - "(r)* "['- "(4]]
(e)

a{<O+r'-")-;":('- "t

(10)

KbAero L(.) e aupnopHrsr oneparop na (Doxep-flnanr-KonMoropoB [3]. Haqal-
HOTO yCnOBr{e B TOBa ypaBHeEr.re Ce OIIpeAeJI.fi c rr3pa3a

P@, ,: q4 = P(/, r)
xbAero P(t, r) = r{l(r)r' } " 

t"*vruta anocreptropna nnbrHocr Ha BeporrHocrn-

Te Ea rrpoqeca )'(t) upu na6noAeHr{ero r'o,Ko.flTo ce onpeAens or ypaBneHtrero 3a

Qrurrpaqur na Crparouonuv [3]. B pasuex4anut ctyuair ro LIMa BrAa

ry:r{r(^,44},

4? LL{PQ,^)}.[qG,)-4(4] PQ, ].),(11)

KbACTO

(r2)

(l 3)
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F,Q; r)=

4(r)= tr"Q,r)rQ, ),)^.
C oueA onpocrsBaHero Ha ypaBHeHusra (10) n (11) n QoplvrlpaHe Ha eKcrpa-

noJrtrpaHara arrocrepr{opHa Bepo.flTnocrHa nnrrnocr P(t; /ll) uoxe Aa ce tr3rIoJI3Ba
u3BecrHr.trr MeroA 3a raycoBo npu6luxenue. 

r

Cucrevara ypaBneHn.s 3a rer(yqa o leHKa na l"'(t) rr KoBapnaqrloHHara Marpu-
rla Ha rpenKr{Te Ha Qnrrpaqur ft, rouro oflpeAersr arrocrepnoplrara BepotrHocr-
Ha urbrHocr B raycoBa anpoKclrMaqus ce norytraBar AI{peKTHo or ypaBHenne (ll)
I{ CA BbB BI']IA

*: *,(r , t)+ n_!(t 
"'), 

r:r, m;

- 
a?,is: f [r*,("", 

,) 
p ^urb,') p]

at Fl oLi rP oLi 'l



+ND(l.-,,)* ^,,49 h,p, i F =1,*.

, Ko :#.?i:H:i.tHT#Jl*'"1TI""#,lJ"rIfljl
o6q euv,sra3a raycoBa anpoKcrrMaqtrc, sborBercr-
nauu na (10).

orpegerxuero Ha 3aKbcneHrrero ri(r) Moxe Aa ce n3Bbprrrtr Ba3 ocHoBa Ha
<[opuynn (5) n (9), orKlAero

(14) x(r) = t'(r) = I 4D 1(4) d,

KaAero ercneptrMeHTaJrnara anocrepuopHa orIeHKa na cny.rafiuoro BpeMe3aracrre_
HtrE C

,r+D= m{rQ+lr" 
}= l, ""("; rl,Y".

Axo ce pa3noxtr 44) t creneneH peA B rorrrara ti(r) a ce B3eMo npeABrrA
caMo qJreHa oT nbpBu peA,

(l 5)
',(r)= 

*("i@0.
fpeIrrxara or oqeEKara e,(r) = ",(l) - ti(r) e Bl3Moxrro Aa ce xapaKrepu3upa c

a[ o cTep r.r op Har a Ancnep cufl .

(16) o'(r) = J [, - "l(,)]' P,GVW,

Ko.flro, Karo ce nbeve [peABtrA (8)rvoxe Aa ce [peAcraBu BbB BtrAa

(tv) 
"?(r) = J["'(,t4 . "f Ql,\p,(4) d- [', (4]' ,

KT,AeTO

(1 8)

ce nonJrqaBa

", 
(44 = a{f"Q + r) - *Q,Y ll']!:

Pf t, t12
= 

J ['- 44,)]' rlt, tltlar

e eKcrparronnpanara B MoMeHTa Ha BpeMero /*/ anocreptropHa Arcrrepcus Ea
cnyvafinoro 3aKGcHeHEe {t+q. flonyrananero na ti(/) Moxe Aa ce otrpocrn, Karo
ce pa3Jroxu m(llt) B creneHen peA He B roqKara ,i(t), a B rorrKara t"(l). Axo ce B3e-
Me npeABr.rA caMo c rureHa oT trbpBtr peA, ce non)rrraBa

(le)

Tpy4nocrure, Bb3EEKBarrIu .nptr peaJrv3a\nsra Ha pa:trureAaHure ypaBneHtrs B
peaJIHo BpeMe, Morar Aa ce rs6ersar, aKo ce R3rron3Ba eAr{H or nafi-pasnpocrparre-
IItrTe MoAenu na crry.rafiHo gaKbcneHr{e, Koraro l,(r) e raycon [poqec. B rosu cny.rafi
roeQuquenrrr Ea rrpe.qaBane lnnefino 3aBrrcz or 1,, r, e.
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x,(t, x)= \A,ux,; N,
p=I

= COnSt

A,,, ca eJreMeHrHTe Ha Marpr{qa or rvtna mxm.'' Torana 3a H3noJr3BaHara BbB rloprvryna (19) upournoAna e r{sntJrHeHo

(20)
r-lrl. I n an lrl m

-y= Iry' r,(r)= Za,e*Q)x,Q),ut i- | ut .l-1, p=l

KbAero 0,, e npexogHara Marpr{rla 3a ypaBHenue (12), nonyrraBana rro craHAaprHa
rraero4nxa [3].

Excrpanorupanara B MoMeHra /t/ oqexra na ctyuafiyoro 3aKbcHenue m(llt)
ce llonyrlaBa oT paBeHcTBoTo

444=ia,$x',@.(2r)
J:L

Or r[oprvryna (19) u r[oprraynu (20) u (21) ce ronyqaBa

(22)

flolyuenurr MareMarr.rqecxr{ r{3pa:l [peAcraBrsBa KBa3rIoIrruMaJIeII aJlropu-
TbM 3a Quarpaqm Ha raycoB rlpoqec rpu HanlErILIe ua clyuaiHo 3aKbcHeHrle.

Crpyrrypnara cxeMa Ha orrrr{MarrHoro ycrpoficrno 3a cr{HxpoHusaulzs., Koero
E3rroJr3Ba [puBeAeHr.I.fl anropuTbM rpt6na Aa BKnroqBa perynupyeM rIpeAaBareJI,
cneqr{aJrr{3r{pauo r.r3qr4cJrr,rreJrHo ycrpoficrno, rr3qncrflBalrlo oIIeHKara ti(r) Ha 3a-
KbcHeHraero Ha tr3JrbqeHrz^fl ctrrnaJr B cborBercrnr,re c $oprvrym (22), u t[oprraupona-
'reJr Ha orleHKara Ha orMecrBane e *(/), n rofiro or orleExara t-(/) ,qa ce n3BaAH 3a-
rroMHerrara crofinocr Ha u3npeBapnanerox(/-t') na npueuanus cvffHar B npeArlo-
raraeMu.s MoMeHT Ha HeroBoro I,I3JrbqBaHe l-t'. Oopvupanero Ha x[t-t'(t)] rraoxe

Aa ce peaJrH3[pa qpe3 Mrrofou3BoAHa 3aKbcHr{TeJrHa JIIIHII.fl, Ea BXOAa Ha KOSTO Ce

noAana x(t),ana sceru I{3BoA cborBercrBa olpeAeneua croftnocr na t'(t). Tpr6na
4a ce or6enexu, qe rrpr,r orpaHllrrena cKopocr Ha BgatrMHo ABRxeHue Mex,qy [pn-
eMEr{Ka E rrpeAaBarerr (ninrc.u{TeJlHo tlp}r Bpb3Ka MexAy caMoJlertr ua BBC),
o6r.rxnoneno x(t)e no-6anno u3MeHsrla ce Qynrqut Ha BpeMeTo B cpaBHeEr{e cbc
cvffH:ana S(t), r, e. B I,rHTepBaJIlITe oT BpeMe, rlpe3 KoI{To ce II3JIITIBaT CuHxpolapa-
Merpr,rre, x(l) u S(t) ce orruqaBar c rroqrtr rrocroflHuo I,I3MecrBaIIe, Koero ce rIoA-

A6pXa B rrpeAennTe Ha AbJrxI{HaTaIJ.A TIeCTOTEtrt eJIeMeHT HA CVIIHAJIA.

Ilnreparypa
l.AHAoHos,A.B.O arlrcorreA

. Mr{HnMu3uparre Ha xoroo6Parno
r.r3MeHeHr.re na pa6o Ka6neurxos"
1992.
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Ilocmanuta na 23. III. 1994 e.

A method for creation of an autonomous
synchronization with forecasting
of random fluctuations
of the delay of cosmic radiolinks
for communiqation axd management

Antonio Andonov, Zoya Houbenova

(Summary)

On the basic of Markoi-theory of optimal non-linear filtra-
tion a problem is set antl being researched for the estimation and maintainance of tl

autonomous synchronization in the system for radiocommunication among remote
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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Brnrapcxa axaAeMus Ha Hayxure o Bulgarian Academy ofsciences
Aepoxocvuuecxlr r3cneABaHr.rr n Errrapur o 12 o Aerospace Research in Bulgaria
Co(purr1996oSofra

Irl:nex4aHe Ha MilrKr,r r43 cJreAoBareJrcKtr
cnbTHt4rlu IIo MHOrOCTerreHHa CxeMa
OT CAMOJIET HOCI,ITEJI

,Quuumap fiopdanoe

Eucmumym 3a KoauuvecKu ugcaedsaxun, EAH

Brne4eurae r4 cbrrlHocr Ha ilLeATa

Ha Bropnx MexIyHapoAeH acrpoHaBTtrsecKu KoHrpec B
Jlon.qon npes 1951 r. Bpurancxoro MexAynJraHerHo o6rqecrno npeAcraBr KoHrIe[-
IIH3A MAJIKETE C[GTHI4UII, KO-STO IIO-KbCHO B OCHOBHNTE CN UAEV, E IIPEJIOXCEA B
aMeprrKaHcKara KocMr.rqecKa nporpaMa rrpe3 cnbrHtrrlure or rr,rla Ha ,,Ecrnropbp,,
M,,AnaHrap.u".

,{Hec n ycnoBusra Ha KoMepclalrl,3a\r fl Ha KocMr{rrecKr.rre r,r3cJreABa:nnfl, v Ha
ilpala Ha KocMr{qecr(ara r,rHAycrprrantr3aqlls rasu uAes vrMa cbBpeMeHHo 3ByrreHe,
oeo6eno 3a crparr[ 6es parernoKocMuqecKn rroreHquaJr E HaMr{parqu ce B gaBucr.r-
MOCT OT AbpXaBI{ C MOHOIIOJTHO IIOJIOXeHtre B KOCMOHaBTEKaTa.

,{ocera cnbrHr{rlu r.r lrunu-na6oparopr{E c Maca 50-200 kg ca zsuonsBaur 3a
TexHoJlorurrHr,r eKcnepuMeHTr,r [1], raro rr3BexAanero rrM e ocbulecrB_sBaHo rrpe3
craHAaprHI,I paKerlr Hocr{TeJrrr. B pe4uqa cJryqau eKcrrepuMerrruTe c rrpoAlJrxtrTen-
nocr 5-7 min ca npoBexAaHn v Ha qacrn or 6alucrnqHa rpaeKTopur. Tarun ruu
KocMEqecKI{ o6ertu, a noH.sKora }1 3HaqETerHo IIo-roJIeMI{, ocBeH c paKerl{, Moxe
Aa 6rAar rI3BexAaHu r op6nla r,r qpes crrcreMa or caMoJrer, rroctrTeJr tr ycxopuTeJr-
HIr crerlenl{ 3a AocrlrraHe na neo6xoAuMara sa op6r.rraneH noJrer cropocr. Tosu
cnocob Karo nAe-s He e HeIrIo nono. CpannrrreJrHrr orleHKr.r Ha pa3nuqHr.r cxeMrr tr rn3-
cJreABaHe Ha rexHr{Te Bb3MoxHocrr,r ca r{3BbprrreHr{ or peAr.rqa aBTopn [2, 3]. B rrx
tsGnpocrlTe ca pa3rJreAaHu B TexHrr.fl ,,npoerTplpoBlqeH napuaut!'Ir Ha cpaBHerrtre ca
IIOAJroxeHrr rJraBHo o$utara craproBa Macau prunpeAenenr.rero i.

B qacrnocr AoKa:tauo e [3], .re E3BexAaHero Ha KocMtrqecrn o6exrn na 6agona
op6ula qpe3 craprupaHe or caMoJrer HoclrreJr e orrrtrMa-rrHo rro Maca Ha rore3Hus
ToBap, aKo rrbpBara ycxopr,rrenHa crerreH (or o6rqo gne) craprupa or Hocr,rrers, Ha
xurlep3ByKoBlr cKopocrlr. CrsAanaHero Ha xr.rnep3ByKoB HocrrreJr e Bce oule B r{AeeH
eTarr u canlusT npoeKT e pEcKoB,

B nacroaulara paspa6orra ce lpeAnara HroaHc HaraKaBa rpaHcloprHa aepo-
KOCMIiqeCKa CHCTeMa, KO-STO Ce peaJltr3upa OT HaMr{parqu Ce B eKorrJroaTarlHr BoeH-

i30



Hrr tr rpaxAaHcKH caMoJreTrr r{ ABe HJrrr Tpr,r ycKopHTeJrHr,r cTeneHu 3a KocMllqecKuc
o6err, Kouro [peAcraBr.sBar BaHrrrHo t[Nxcupan MoAyJr, rroA r{Jr}r HaA TffJIoro Ha
caMoJrera HoctrTeJr. Mo4ynrr craprupa or caMoJrera Ha AGByKoB pexnM H nbpBa-
Ta crerren ycKopflBa Macr{re cneA Heq (nropa, Tpera crerreH rl KocMuqecxu o6exr)
AO XHrrep3ByKOBa CKOpOCT, OtrTr.rMaJrHa 3a BCtKa KOHKperHa CXeMa.

CneA orAer.sHero Ha [cpBara crerreu ocraHalrlrre ycropuTeJrEtr cretreHu rr3-
BexAar o6exra na 6agora op6ura. 3a paslnra or Bapuarrra c xtrnoreruqeH xl,Irrep-
3ByKoB nocnreJr [3], n rosu rr,rrr rpancrroprHa ctrcreMa e QuKcr,Ipan pexuMbr
Ha cTapTr{paHe Ha KocMl{qecKr{r MoAyn - Ao3ByKoB, cboTBeTcTBarrI Ha qI{cJIa
M:0,85+0,9, Koero e no BlsMoxHocrr{Te Ha BcrrqKtr cBpbx3ByxoBn caMoJrertr or Bo-
erruara aBnarluq. Tarrs pextrM B peAr{qa cJryrratr e peanu3yeM H or rexKr{ Ao3ByKo-
BE TpaHcrroprHtr rr rrbTHtrqecKr{ caMoJIeT}r, IIpu Kor,rTo ocHoBltoTo npeI,IMyIrIecTBo e

3HaqlrerHo rro-roJreMure Macr{ na KocMr,rqecrure o6errrr, Kor,rro Morar Aa 6rAar
[3BexAaHrr n op6ura rro raxaBa cxeMa, BKJrrorrr.rreJrHo rrunornpyeMlr MrrIrEKocMI.I-
qECKI,I COBATIKU.

Oco6enocr HarrpanataHarauqes,sa rpaHcnoprHa cncreMa e, qe o6rqara crap-
ToBa Maca e Jrvurrrvpanaa, a ra6apurtrTe Ha ciraqenara BbnIIrHo cucreMa or ycl(o-
pn'reJrrr tr KocMuqecru o6exr cneABa Aa ce Brrr,rcBar B rrpeABapr{TeJlHo rlptrern ga

BCeKr{ KOHKpeTeH CaMOJTeT pa3Mep[, rapaHTrrparqu [pI{eMJII,IBo II3MeHeHI{e Ha JIe-
TareJrunre xapaKTeprrcruKrr B cpaBHeHEe c 6agonuq caMoJrer. Tona srnexAa.Aorltn-
EtrTeJrHr{ ycnoBrac B 3aAaqara r{ pelraBaxero i nafi-peynrarHo craBa qpes MeroAa
Ha nocJreAoBareJrHrrre npuSrr,rxeunl, pearur3upaH Ha EI4M. flo rarana MeroAIIKa
3a perneHr.re e B63MoxHo Aa ce aHann3upar rrpeuMylqecrBara H HeAocrarbul,ITe Ha
KoHKperHo no46pan BaprranT, BKJrK)qBauI cepueH caMoJrer Hocr{TeJI, ycxoptrTenHrr
clerreHn c pa:trtrqHu rrrrroBe paKerHn ABurareJrr{ n KocMurrecxu o6err c onpeAeJle-
Ha Maca mra6apurm.

Vcneurnure E3[ETaHr{.s Ha rrporuBocrrbrHr{KoBn opbxlls npes 1985 r. c aMepu-
KaHcKH.fl nsrpe6urel F-15 csuAereJrcrBar 3a Bb3MoxHocrr{ Ha caMoJlerltre, KotrTo
3acnyxaBaT KoMIIeTeHTeH aHaJru3 3a rr3rIoI3BaHeTO r.irM KaTO 3BeHO B IrepCneKTI{BIrr,I

aepoKocMuqecKr,r TparrcnoprHE crrcTeMr{ v 3a MvrpHvr rr3cJreAoBaTeJIcKI{ Ilena.

OopvynnpoBKa Ha 3a4aqara H oco6eHocrl4
Ha perrreHHeTo

Marcr.rrvrarnara lrLaca Ha KocMuqecruc o6err, Ko-f,To Moxe
Aa 6rAe rr3BeAeHa n op6ura or caMoJrer Hocr{TeJr rrpeg H.sKonKo ycKopI{TeJIHIT cre-
neHtr e rpnrepnfi, no rofiro e Bb3MoxHo Aa ce r,I3Bbpr[n oqeHKa 3a rlpuroAHpcrra
Ha KOHKpereH CaMOJrer 3a r.r3noJr3BaHe Karo eJreMeHT or aepoKocMHrlecKa rpaHc-
noprHa ctrcreMa. Tosu noragareJr 3aBr{cr,{ ocBeH or Bb3MoxHocrLITe Ha Hocurer-s,
HO Il OT CtCTaBa Ha CXeMaTa, TUfirA Ha ABITTaTeJIHTe Ir U3rIOJI3Barrr{Te rOpI{Ba Ha yc-
KOprrTeJrHr{Te cTerreEtr, pex}rMrrTe Ha rroJrera, npll Kor,rro ce rI3BrpIIrBapa34ensEeIra
eJreMenTrrre or MHorocrerrenuara cxeMa. 3a rpunqr,Irl{aJreH amalrv3 Ha pa3Jrr,IqHr,I

cxeMr saAaqara Moxe Aa 6r4e tfopvyrupaHa Karo:
l. Onpeqenxne Ha MaKctrMarrnara Maca Ha KocMIrrIecKHr o6exr, Ko-flTo Moxe Aa

6rAe nsseAena n 6agona op6ura c ilpeApapureJrHo 3aAaAeHE rapaMerpn I{ KoIrKpe-
TEH CAMOJIET HOCIITEJI.

2. OnpegelrHe rra orrrtrMarrnr{Te pexHME Ha,pa3AerqHe rla orAenntrTe eJIeMeH-
TI{ OT MHOIOCTENEHHATA CXEMA.

3. I,Is6op Ha BapnaHT, cro6pasen c ra6apurru{Te orpaHrrqenr{.fl Ha caMoJrera
EOCtrTEJI.
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B npoexrupaHero Ea Mnorocrelrenntr cxeMu 3a tr3BexllaHe Ha KocMnqecKrr
o6exrn or xtrnorerllyeH caMoJler Hocr{TeJr ce rr3lroJrgBar 3aBr{c}rMocrrr 3a pa3qer Ha
Macara [3], rouro ca rI3BeAeHrI wa 

'asara 
Ha KracHqecrara Soprrayla na iluon*on-

cxn. Te [peAcraBJrrBar Bpb3Ka MexAy gafi-naxnure naaconr, KoHcrpyKTuBHn r{
eHepferr.rqHr,r xapaKTepr{crr.rKu Ha crrcreMara, rro KoHTo MOXe Aa Ce nanpann o6oc-
HOBaHO 3aKJrrOqeHHe 3a peanHocrra Ha BceKr{ npoexr. Macara Ha ,,f'-eJIeMeHT OT
cxeMara B npeAnarasu.f, cnoco6 ce orpeAerc ro cneAHara r[opvyla:

KbAero m. e Maca Ha ,,1" ycropulel, kg; , kg; ,I -cnequtpuven HM[yJrc rra ABtrrareJrr, m/s To cneA-
sa Aa 6sAe peanrr3xpaH or ycKopuTers, aepoAr{-
HaMr{rrHo cbnpor[BJreHr{e u 3eMrro npHTeur.sHe, mls; fr* - orrrocr{TeJrHa Maca Ha
norpe6noro roprrBo B paKerHara ycropr.rrenrra crerreH.

Brn t[oprvryJrrlTe HEBoro Ha rexrroJrorr{trTe e 3aJroxeno qpe3 3HarreHLrsra:aa or-
HoCr.rreJrHara Maca na Heo6xo4rrMglg ropr.rBo m* sa BcsKa crenen r.r cleqnou.rnur
I,IMTIYJIC HA PAKCTHHTE ABIITATENI,I, TESE ABE XAPAKTEPrrCTI,Ky, AIIEC CA AOCTHTHAIII{
ctofinocru, KoI{To [o3Bor.sBar Aa ce cb3AaBar orHocr{TeJrHo JreK[ u eQexrunnrn yc-
Kopr.rrenHr.r crrcreME, Korrro no ra6apurn u Maca Aa ca no Bb3MoxHocrlrre Ha ce-
pnfr}anre caMoJrerll 3a rpaHcnoprr{paHe Karo BbnrrrHo oKaqeH ToBap Ao HqKaKBa ra-
paHTtrpaHa cKoposr, or Ko-sro Aa craprapar r.r ycKopsr KocMErrecrlrs o6err Ao na-
paMerpr{ na ycrofiuuBa oKoJro3eMna op6ura, Tegr,r nenr,r.rvli.u ce 3aAaBar Karo Ha-
qrurHrr ycnoBu.s. IlsueReRr,rero r{M 3a olpeAereH Tr.rfr ABr.rrareJr}r u roprrBa Bapvpa
B rr3BecrHtr rpaHrrq[. crofinocrra Ha nt-RFor [op.sAbKa na 0'8-0'96 Beqe ca Aocrr{r-
HATII.

Or ue4na roqKa Ha HocETeJrr naft-usro4eH pextrM e Ao3ByKoBr,r flT, [tpvr rofiro
ne e neo6xoAr.IMo 3HaqETeJIHo gopa6ornane, a aepoAlrHaMtrrrHoro cbnporr.rBJreHr.re,
rlopoAeHo oT BbHTTIHO OKarreHlr.s roBap, e [peoAontrMo c H{uII{qHI{Te AB}rrareJIr,I Ha
HOCIdTSJIS r{ C npr{eMJrIIBo KoJlr.irqecTBo ropr{Bo.

cxopocr LV,,tcoit-
To .3ary6ure or cKo-
Po crra, npr{Kosro ce
BKJTIOTIBaT ABLIrarenLITe Ha OTerreHTa r{ ce oTAeJrrT rrpeArrrecTBarrlrrTe r crelrenn. Ha
6asaraHa Aar,r^n or [3] sary6ure or cropocr 3a rpr,rcreneHHa ycKopnreJrHa cncreMa
ce anpoKcr,rMr,rpaT oT 3aBtrclrMocTr{Te:

m,=

(2)

ln*, l

6V'r:tgOO e IMJ,

('it)
6Vrr=l 800e l.r8ooJ- LVrr,

-flal
6vrr =l8oo e lr8ooJ - LvL3 - LvL2,
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(3)

K'bAero %t, e cKopocr, or Kotro ce BKrK)rIBar ABIrfareJII{Te Ha ,,r" crerleH I{ ce orAe-
JrsT oTpa6oTrrJrrrTe rrpeArrrecTBarrlE eJreMerrTH oT oxeMaTa.

Cylrara or 3ary6ure Ha cxopocr 3a Bcr{rrKrr ycKopnTentr E HocuTens He rrpeB[r-
IIraBaT o6Rxsoneno 22-25o/o OT rrGpBa KOCMuqecKa CKopocT.

Pearnocrra ua nog6opa Ha EaqturHz AaHHH (ffi*,J, LV) npu MoAeJrHo rrscneA-
BaHe ce npoBeprBa no ycnoBrleTo

,l
m^^ - | *----;::;;- > 0KI ^rirarL.

e"

HeugurrneHuero Ha roBa ycJroBne rrora3Ba, rre c noA6paHrrre AaHEtr 3a ctreqn-
Suuen rrMrrync J n oruocnreJrHa lr,aca mw Ha paxerHoro roptrBo He Moxe Aa ce
p earm3np a rrJran.np alar sT Atran a3 o H oT cKo p o cT LY, up ez ycKo p r.rTens.

Or 4pyra crparra, caMoJrerbr Hocr{TeJr ;aarara cBor.r orpaHuqenus. 3a Aa ce
ocbIIlecTBE E3JrrrTarre I,I ycKop.sBaHe Ha caMoJreTa HocETen Ao cKopocTTa Ha cTap-
TLIpaHe Ha KocMr{rrecxara crrcreMa, e HyxHo o6ulara Maca Aa 6rAe n paMKure Ha
MaKCI{MarrHATA 3A AaAeH Tr.r[ CaMOneT, KOeTO e B63MOXHO aKO KOCMHqeCKtr.ST MO-
Ayn KaTo Maca ce BMecTu B orpaHHqeH[sTa3a cMeTKa Ha HaMaJr.sBaHe Ha ropEBoTo
tr HaTOBapBaHeTO (rOnAepVeCXO r,rJrE BOeHHO), rOerO e CIOCO6eH Aa HOCU CaMOJTeTAT
rlo ocHoBHoTo cu npeAHasHarreHr{e. flpu rarana [ocTaHoBKa,3aAaqaTa 3a pa3rreT Ha
MacETe MOXe Aa Ce CqUTa 3a perueHa, aro 6rge tr3[r6JrHeHo ycnoBr,reTo

\ - m, - mp - fttRz - *r, >Zffii - ffiutt

KbAeTO mae MAQA HA ilpA3HnS..CaMOJreT; mo - MAKCVMaJTTIa r,r3JreTHa MaCa Ha CaMO-
JIeTAi mp - lvlaCa Ha eKEnaxai flnz- pe3epB OT MaCa (5o/o Ot u3JIeTHaTa MaCa Ha
HOCr,rTeJrrr; !m,- cyMapHa Maca Ha ycKopr.rreJrHure cTetreEEi ffis,t- Maca Ha Koc-
MuqecKE o6exr; ffirr- Maca Ha ropuBoTo, norpe6no 3a rr3JrHTaEe, ycKopcBaHe, Ma-
HeBpEpaHe u 3aBpbrrlaHe IIa HocrrTenr cneA tr3nbJrHeHtre Ha 3aAarlaTa.

B pe4uqa cnyqatr ocBeH orpanr{qeEus no Maca ce HaJrarar ura6aparm{ orpa-
HuqeHE 3aycKopETeJruTe.

3a ronxp erHara rrocranoBKa Ha gaAaqara MaKclrMaJrH ara lr'aca Ha Ko cMnqec -
Ktrt o6eKT, Kosro Moxe Aa 6rge zsne4ena n op6nra, gaBEcn or pa3[rpeAeJreHEero
Ha cKopocrHr.rs Auan&toH or crapra Ha MoAyna (M:0,9) Ao rrcpBa KocMuqecKa cKo-
pocr MexAy orAeJrHtrTe ycKoplrrennrr eJreMerrrr.r Ha cxeMara. Cropocrnusr Anana-
3oH Ha nlpBara ycKopr{TeJrna creneH BJrrrre nafi-culso B6pxy o6ulala Maca Ea Koc-
MEqecKE.s MoAyn. flgpaAu roBa e neo6xo4r.rvo Aa ce onpeAenflT orrrtrMaJrEtrTe pe-
XEMII 3a flpeKpaTsnane paooraTa Ha rrGpBaTa ycKopETenHa cTerreH u HefirroTo or-
AeJI.flHe or orHocurgJrntrTe eJreMerrrr{ Ha KocMr,rqecKur MoAyn. 9pes Hec KocMuqec-
Kr.IsT MOAyI CneA OTAenrHe OT rrocr.rTenfl npeoAolcBa TpaHc3ByKoBu.s Atrarra3on, xa-
paKTeplr3uparq ce c MaKcrrMaJrEo HaroBapBaHe Ha cucreMara. flo npeue napa6ora
Ha nbpBn-s ycKopl{Ten ca E Hafi-roJreMnTe sary6n or cxopocr no Qoprvryna (2). Axo
ycroplrrenr,rre ca rprr, [ocJreAntrTe ABa ycKopuTers e qenecbo6pa3Ho Aa ctr [oAe-
r.sr no paBHo ocranaJnrr Auana3oH or cKopocrr. flo rosu EaqtrE ce onpocrrBa orr-
TI{Mr,I3aqE-sTa 6es crqecTBeH yrrlbpS sa vaxcuMaJrrraTa Maca Ha KocMtrrlecKEg
oderr. Axo ce HaJrox[ AonrJrntrTenHo orpaEr.rqenue lopaAnra6apmrnu cro6paxe-
Hv.s' To Bapr,raHTbr crana nafi-u3roAeH rrpu onrEMaJrHEr pexr{M Ha orAeJrrEe Ha
['bpBaTa ycKopr,rTenHa cTerreH.

3a carvronera HoclrreJr Macara Ha roplrBoro fr*, ce oupeAeJls no AaEEure 3a
KoHKperHtr.s caMoJrer qpe3 uExenepno-rqypMancKr4r pa3rrer. Btgr"roxso e Aa ce E3-
rloJr3Bar rr 3aBr,IctrMocrv.3a orrroclrreJrnaraMzca na norpe6uoro ropuBo 3a ycKopt-
BaHe Ea caMoJrera HocETeJr Ao cr(opocr Ha craprr{paHe Ea rr]pBtrq ycxopuren [3]
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(5)

KbAero P0 e rsroBbopbxeHocr Ha HocureJrr npr4 H3JrvraHoiH,u, Zr,, - nucovuHa, m
H cKopocr Ha crapra, m/s Ha nbpBr,rr ycKopr.rren; Cpu, - cntiqn(iuveH pailoA Ha
TOPI,TBO HA ABI{TATEJII,ITE.HA HOCHTEIC IIPU PCXHM HA CTAPTA HA IIbPBI,I.S YCKOPUTCJI
(gosnyxor pexr{M M:0,85+0"9 3a rpeAnaraHHs cnoco6);K,,, - aepoAr,rHaMHqHo Ka-
rrecrBo Ha caMoJlera HocI{TeJI C BbHTXHO OKaqeHE IIOA T.STOTO r{Jrr,t KaqeHr.r IJaa rA-
Jloro paKerHLI ycxopllTeJlHrr creneHr{ r{ KocMr{qecxra-s o6exr (ea gosnyroBrr pexr{Mrr
o6r,lrnoneno KaqecrBoro rrpr{ TaKaBa KoMrroHoBKa He HaABrrrxasa 6-8 ga uoseqero
cepnfiHn cavoleru). flpu usnecrHa ll3JrerHa Maca Ha caMoJrera nocureJr mofi Maca
Ha npa3HHs caMoJIeT c noMoIrITa Ha I{SrIIrIcJIeHoro n (5) 3HaqeHtre Ha oTHOCTTT1JTHaTA
Maca Ha ropHBoro frr", Moxe npu6lusureJrHo Aa 6r4e onpeAeJreHa Macara Ha Fo-
pr{Boro mpF ga HocnreJi.s

m*r o mrurmo + 0,07 5(m. * fr ur*o)
Pesepnrr or Maca m*ne ycnoBue (4) e sa 4opa6orrn rrJrrr ropuBo, a cbrrlo

TaKa I{ 3a eBeIIryiIJrH}I AorIbnHETeJrHE ycropr.rreJrr.r KaM caMoJlera HocHTeJr (sa uo-
Jrr{Tar{e HJrH AocTHraHe Ha rapaHTEpaHa cKopocT 3a [ycKaHe Ha rrbpBaTa ycropu-
TeJrHa crelen).

I{enecro6pa3Hyrsr peA 3a pa3rrer e:
l OnpegencHe Ha onrl{MaJrxoro rrr{cJro M sa nrrloqBaHe Ha BTopara ycKopu-

TeJrHa creneH H orAersHe Ha rrbpBara orpa6ornna crerren ga BceKrr orAeJren r,apv-
anr. To cborBercrBa Ha cxopocrr.r or xr{[ep3ByKoBue Atrana3on. flpu rarun Bapv-
anr a6conrorHara Maca Ha KocMllrrecKEq o6err e MaKcHMaJrHa B paMKr{Te Ha Bb3-
MOXHOCTI,ITE HA HOCHTEJI'.

2. Pas.Ier Ha Macr,rre Ha ycKopxreJrlrr.rre creneHtr r{ roptrBoro ga caMoJrera Ho-
c[TeJI [pr.r 3aAaAeHa :lr'acd, Ha KocMrlrrecrr.r.n o6err, craprnpaHe Ha KocMr{rrecKrrt
MoAyn ld.aqvcra M:0,9 or HocI{TeJrnnpa6ora Ha rrbpBara ycKopnreJrHa crenerr Ao
onrl{MaJIHI{t xulep3ByKoB exr.rM. Sa4asaHara Maca Ha KocMuqecKnr o6err rp.r6-
sa Aa 6rAe rIo-MaJIKa nnu nafi-unoro paBHa Ha Maxcr{MaJrnara, otrpeAerena s r. I
3a BceKIr BaplIaHT. OSuxsoneno 3aAaBaHero Ha rro-MaJrKtr Macr e cBap3alro c ra6a-
pnrnr cro6paxeuu.a.

Pesylraru rr ri3BoAn

flpe4naranncr MeroA ga aHaJrn3 e rrpnJroxeH 3a orrpeAen.flrre
Bb3Mo)KHo crllTe H a cBpbrcp)moBu.s crp arerr{qecKr.r paty3naBarr SR- 7 1 . Bzcoqranara
na op6nrara e 200 km, craprupaHero Ha KocMr,rqecxtrs MoAyn or HoctrTeJrs craua
na 20 km rrpu rrucno M na noaera - 0,9. Ouruualuoro rrncJro M na nonera, rrpr
Koero craBa orAeJr.sne Ha nbpBara orpa6oruna crefren, gaBucv or tr3uoJr3BaHtrTe
ropltBa ga paKerHHTe ABtrnareJrr.r, or 6por Ha creflenure tr TrxHara rov6unaq[s.
Cauolerrr SR-71 HMa npFnqur.laaJrlavt pa3qernu Br3Moxuocrrr Aa tr3BeAe Ha op-
6ura cnernr{Te rIoJIe3Hu Macrl:

1. flpu rpr.rcreneHHa ycKoptrTenHa cncreMa Ha KocMntrecKtrs MoAyr, c reqno-
paxerHr,I ABr{rareJrr{, pa6orerqu Ha BoAopoA r{ KucnopoA, rrpr{TexaBarrln Aocrzrua-
Tsre KbM MoMerrra cnequt[uvnu r.rMnyncu Ha reurureJrnura cuna,f:4500 m/s, rrra-

134



cara Ha. crrbrHtrKa Moxe Aa Aocrtrrne 1075 kg. flpuero e 3a Bc[rrKtr pa3qeru, ve
Macara Ha paKerHoro ropr{Bo e 80% or o6ulara Maca Ha BcrKa crerren (z*.:0,8).
Tosu noxagareJr 3a Hr.rBoro Ha rexnoJrortrtrTe, Marepr{aJrtrTe tr cbBbprueHcrBoro Ha
KoHcrpyKrlusra e AocrwHar npe3 60-re roAunn. OrrnrraanHoro qtrcro M na none-
Ta, [pr{ Koero ce olpeAeJrr nbpBara crerreH, e M:7.

2,flpn ABycrenenHa cxeMa r,r cbrrlure rroKa3areJrn ga rexHoJrortrquo HEBo oII-
rrrMaJrHoro qlrcJro M na norera,ilpn Koero ce orAers rrbpBara ererren, e M:l1,5, a
MaKcrrMzurHara v.aca Ha cnbrur,rra e 770 kg.

3. flpn H3rroJr3BaHe na paKerHrn ABtrrareJrrr c rBbpAo roptrBo 3a rpncretrenHa
cxeMa Marcr,rMalrrr4qr [o4e3eH ToBap, xofiro Moxe Aa 6rAe usseAeu r op6ura or
SR-71, e 65 kg. Ouruuannoro qtrcJro M ua norera, rrpu Koero ce orAers [apBara
orpa6ornna cre[eH, e M-7.

4. flpn rpr,rcrerreHHa cxeMa, B Ko-ffTo trbpBara grerreH pa6orn Ha rBbpAo roptr-
Bo, a ocraHaJrtrTe Ha reqno (nogopo4-rucnopog), orrrtrMarlnoro qIrcJIo M ga orAe-
Irsne Ha nbpBara crenen e M:4,5, a MaKcrrMaJrHEsr [ore3ex ToBap, rI3BexAaH B

op6ura, e 661 kg.
Or npune,qeHnre pa3qernu l^algnn e scno, rre or BcsKaKBa uIeAHa roqKa (auro-

qETeJrHo ri eKororu.rHa) uafi-uepcrrexTnBntr ca MoAynE c reqHopaKerrrtr ABurarenu,
padorerqn Ha BoAopoA rr KtrcJropoA. CrrqecrneH c.qbpxalq Qaxrop upt.I r.sx 3acer&
ca 3Haq[TeJrHrrre rpyA.rro crH, cBrp3 LHvt c:bc cbxp aHeHEero, 3ap exAaHero, ToTIJIEH -
Hara E3oJraqtrs Ha p$epBoaprrre 3a ropnBo E oxr{cJrureJl fa6apurure, nopaAu Huc-
Kara nJrnrEocr Ha reqnr{-fl BoAopoA, cbrrlo He ca 6roronpu.flTHl{ or aepoAEHaMurIHa
rJreAHa roqKa. Hanpuruep patMepnTe Ha KocMErrecICH MoAyJI 3a ctrGTHEK c Maoa
1075 kg ca cbtr3MepuMn c rrJroro Ha caMoJrera. B uparrunaraHa rpauclloprHure
onepaquu c eJreMeHTH Ha KocM[qecra TexHr,rra ca RSBecTnu n cryqail c ra6apnlnu
TOBapE, 3HaTIIIIT€IHO IIpOBI,IIIaBaIIIU paSMeptrTe Ha CaMOJI€THOTO T9JIO, HO TflXIIATa
Mncpts, e 6ura caMo rpaHcrloprHa. Axo ce Bb3nprleMar r,IAeure IIa KoHrlenqnflTa Ha

MaJrKrirre crrtTHuqu, To e qenecbo6paeno Aa ce orpalluqu rnulara Maca Ao 200 kg.
flpu rarnna ycnoBu.fl Macara u pa3MepI,ITe Ira KocMr{qecKLITe MoAynE c requopaKer-
HE ABErareJrU CA HarrbJrrro npIIeMJIHBE 3a OpbrrlecrB.sBaHe Ha cTapr oT caMoJIeT
HocrrreJr. Harpzrraep MoAyn ga 100 kg cnrrnur rro rpl{cre[eHHa cxeMa e c pa3Meptr-
Te Ha roHAoraraHa ABtrrareJI sa caMoJler SR-71 u e nafi-qelecto6pasno rofi Aa
6rAe nocraBeH MexAy ABara Beprr,rKalrntr cra1utusaropa HaA rtJroro Ha SR-71.

Pag.rerure rroKa3Bar, qe qpe3 onrxMl,r3rrpaHu KocMErrecKE MoAynu c AtsErare-
m,r, pa6orerql,I Ha retleH BoAopoA tr TeqeH KLIcnopoA n BtrcoKI{ crofinocru Ha efleqtr-

Quunna HMrryJrc, Morar Aa 6's4ar Ii3BexAaHtr MaIIKIT cnbrHl,Iqtr Aopu c [o-JIeKtr ca-
MoJrerrn or SR-71 (usnerna rvraca 63,5 t).

fa6apurure Ha KocMnrIecKI,I MoAyJr, cbcraBeH or ABa ycKopurens tr KocMuqec-
rn o6err c Maca 20-50 kg, upr.t raKI{Ba ycnoBn.f, ca cxoAHH c ra6aprlrgre Ha oKaq-
BaeMtr pa3epBoapu LrJril par.ern,,Bb3AJD(-[oBBpxHocr" E ycKopsBaHero HM Ao BE-

coKE Ao3ByKoBI{ cKopocrl{ He rlpeAcraBr.sBa rpo6leu 3a Hocurers.
Paspa6ornanero Ha raKvBa crrcreMn nrvra AsofiHo npunoxeHl'Ie - 3a MI{pHIl E

BoeHHr.r qeru. Bvecro MaJIbK crlbrHr{K, caMoJIerr,ITe c tr3JlerHa lr'acalaa( 30 t o6nr-
HoEeHo Morar Aa 6rAar I,I HocrrreJru Ha rlporr{BopaKerHrr E rIporrrBocrIGTHr,IKoB[
CI{CTEMI,I.

TexsororlrqHu npeAr{McrBa Ha cxeMara

flpoexrnpaHero Ha KocMIrrIecKE MoAyn 3a craprtrpaHe or
caMoJrer HocIrreJI Ha BlrcoKlr Ao3ByKoBrr cKopocrr{ (M:0,9) HMa roBa npeAtrMerBo,
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qe cb3AaBa orHocrrreJrHa He3aBECUMOCT Ha MOAyna OT HOCUTeT_S. TOna e raKa 3a-
rrloro orrrEMarrHr{Te pexEMrr 3a rrpeKparrBaHe Ha pa6orara Ha nbpBara ycKoptrTen-
Ira creneH n nefinoro orAer.sHe ce olpeAenrr caMo or rrapaMerprrre Ha ycKoplren-
Hl,rre crerreHr{ c paKerEtr ABHrarenr{. flpn onruuanHtr pexuMr o6rqara Maca Ha yc-
KOPHTEJIHETE CTCNEHI,I E MI,IHHMAJIHA I,I 3ATOBA TAKAB PEXtrM CE NPtrEMA 3A trPOCK-
THpOBbqeH no oTHorrreHxe Ha KocMrrqecK[r MoAyn.

Eqnncrnenoro ycnoBne, Koero o6nrpsna HocnreJrr r{ KocMrrqecKtrr MoAyJI, e
ycJloBuero o6qara Maca Ha KocMuqecKI,Ir MoAyn Aa rre npeBlrrrraBa B63Moxuara 3a
BCeKr.r caMoJrer BrHrrrEo oKarreHa Maca, Kosro rofi ycroprna go M:0,9. Tasn vaca
3a BCeKtr CaMOJrer HOCtrTeJT rrpeABapETeJrrro Moxe 4a 6tge otrpeAeneHa Karo pa3nr,r-
Ka MeXAy MaXCUMaJIHaTa II3JrerHa M.acaI.l cyMaTa or: Macara Ha npiltHus caMoJrer,
eKr{rraxa, npeABrrAerrtr.s p$epB (lo 5% or r{3JrerHara waca) u norpe6noro 3a cJry-
qac ropuBo (15-20 o/o or usrerHarh Maca ua nocurenr).

ornocurenRara He3dBucl{Mocr ce cbcror{ B ToBa, qe KbM Hocr,rTgr.s Morar Aa
6rgar no46pauu rlo.qxoAsIrln KocMr{qecKu MoAyJrrr, Konro sro6qe Morar 4a 6tgar
craHAaprn3r;taHra, rrpuMepHo sa KocMr.rqecru o6erru c Maca 25,50,75 kg.

Bropo rexr{oJrornqHq rrpeAuMcrBo e, qe BeAIIbx cb3AaAeH KocMr.rqecKl,IflT Mo-
Ayn Aa craprr{pa or rrocr{TeJr.s Ha Ao3yKoBtr cKopocrr{ (M:0,9), rofi voxe Aa crap-
Tilpar Ha cBpbx3ByKoBr{, aKo pa3Mepnre My He cbSAaBar aepoArrHaMrrqHrr upo6le-
MII Ha HOCr{TeJrr u rofi uoxe Aa AocrrrfHe cBpbx3ByKoBure cKopocru npu npr{eM-
JIITBE HATOBAPBAHNI,3A CAMNfl rrErO. fIO TAKbB HAtItrH MOXE C CAUH I,I C5III KOCME-
qecKl{ MoAyn Aa dloAar trsBexAaglr I{ cnbrHurlr{ c MarrKo tro-roJreMtr Macn vrn la ce
Bru.se Ha napaMerptrTe Ha op6urara nnr.
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Bringing to orbit of small
research satellites by the multistage
scheme from an airplane-carrier

Dimitar lordanov

(Summary)

Modern 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
T,ondon, 1951 . The subject of the present paper is estimation of the potentialfies 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 rnethod. By the
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developed iterative rnathematical model, the potentialities of schemes of different
types ofairplanes and acceleration stages have been studied. Inthe paper, the'chief
factors have been evaluated and conclusi< ns 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 eeonomic advantage lies in their independence on start
complexes as well as on countries-monopolists in austronautics.
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I4screABaHe Ha $opMlrpaHero
Ha [ceBAoMeTeopI,ITeH ITOTOK

OT TIACTULIVI
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Rpacuuup Eoadrcuer* *, CmaHqo IIemKoe* *

Tyacrcu dopctcaeeu yHusepcumem, Tyaa, Pycua
+ Ilodeteuue 42660 - Munucmepcmeo na omdpauama, Cofiua
+ +,, B aaoacrcu Jvauu H ocmpoumenHu zaa odu", Conom

Onpegenena o[acnocr sa KocMr,rqecKare anapartr npee Bpe-
MeTO Ha rroJreTa EM rrpeAcTaBLsBaT MeTeoptrTHE qaCTHqtr C pa3ntrrrHa cKopocT tr
roJIeMEHa, rrpeAn3BtrKBarrlu epmur tr MecrHrr pa3pyrrrenns Ea KoHcrpyxunrra u o6-
rrrr.rBKaTa Ha ailapaTa.

Mereoprarzre (r'rereopnre) ce gelrr Ha ABa KJraca: MereopnTHtr rrororlu n e\v-
HtrrIHu Mereopr{TE []. ,{oxaro op6zrure u lapaMerpnre Ha ABuxeHEe Ha HrKoE or
Tffi. CA E3BeCTHrr r{ rrO3BOJrrBaT rrporHosEpaHe, cpeqaTa c ApyrE e clyrafina u no
Ta3r{ nprnqnHa orracua 3a eJreMenTr{re u QynxquoHupaHero Ha KocMtrqecKufl,ailapar.
,{uanaeonrr Ha cKopocrrrre Ha ABnxenue Ea Mereopurnure reJra e B paMKtrTe Ha
ll-73 km/s, rexnrre Macrr ce ABuxar B rpaHnqtrre Ha l0-rr - 10, g fl,2l. lartuqn,
rrocraBenrr Ha KocMrrqecKvanaparn ca pertrcrprparrny4apnnarera c Maca l0-7 -l0-'r g [2].

flo ctcras MereopurHuire reJra ca KaMeHHE tr xeJre3Etr. flnrrnocrra Ha KaMeH-
HETe Mereopnru e 0,5-3 glcrn3, Ha xeJre3ur{re - 0,5-7,8 g/cm3. gucnoro Ha Mere-
opr{THr{Te TeJra B rroToK ce yBelErraBa c HaMaJrrBaEeTo Ha TrxHaTa Maca m - npn-
MepHo o6parno rponopquoHarrHo na m2 lll.

Jla6oparopHara rlpoBepKa Ha xr{3Hecroco6nocrra Ha eJreMeHTnre Ha KocMr.r-
qecKus aflapar e Bb3JIoxeHa rrpe3 o6crpelnane c eAuHtrrrrrrzwrvt c rroroK or nceBAo-
MereoprrrHu rracrr,rrln. Tosu npoqec Moxe reoperurrxo Aa ce onrlrue tr eKc[epr{MeH-
TaJrHo Aa ce Br3npor{sBeAe upu r}opunpanero Ha KyMynarr.rBHa crpy-s. BrsMox-
Hocrra 3a qeJreHaco.reHo t[oprvrupaHe Ha KoMnaxrHtr KyMynartrBHtr eJreMeHTu, yrMu!-

Ttrpaqu eAuHElrHr{ MereopnrHn qacrnrltr, e pa3rJreAana n [3, 4]. Onpe"qereH RHTe-
pec npeAcTaBJlflBa TeopeTuqHoTo orrEcaHrre na QopvupaHeTo Ha rroToK oT trceBAo-
MereoptrTHrr qacrtrqu cbc 3aAaAeHlr cKopocTHrn xapaKTeptrcTr{Kl{ Ha HaqaloTo tr
Kpas Ha uoroKa. B la6oparopntr ycnoBtrr raxoBa ABux(eHEe Moxe Aa ce uMurupa
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@nr. I vt- F(x)
.v, = O (x)

/r=Q(x)
!o: f 6)

or p&lKacBarrla ce BI{coKorpaAEeHTHa KyruynarEBHL crpys.. I{enenacoueHoTo E3cIeA-
Balre Ha Sopuupanero n pa3BtrTEero Ha BucoxorpaAneFlTilns, trceBAorroroK EstrcKBa
HAJIIIII}IETO HA 3ABtrCRMOCT MEXAY IPAANEIJTA HA CKOPOCTtrTE EA OTAEJIHETC MY CACTU-
qu B nepnoAa Ha T.DOroTo o6pa3yBaHe E reoMoTpssTaFiaKyMyJraTnBHnssaps.A,KofiTo
ro OopMirpa. 3a nonyranaxe Ha raKaBa 3aBuctrMocr e yAo6no Aa ce E3trbn3Ba MoAeJrbr
Ha OpreEKo, Ha 6a3arana xxApoAEHaMFrHara reopn Ha r(yMynaqvrsra I5l.

(Dopunpanero Ea BtrcoKorpaAEeHTHa K5fiuynartrBr.a crpys or Kyrlq/JrarnBeu sa-
psA lpeAnoJlara rr3noJr3Banero Ha neua B 3apcAa, E3xptrBflBarrla Qponra Ha Aero-
IraquoHHara BbJIIra tr npoMeH-srqa \r'blra Ha rroAxoAa i rru K)rMyJrartrBHara o6nr-
qotsKa. Ilsnorgnasero Ha BucoKonrrl'epo4nrr croMaEE E KepaMtrKa 3a MarepuaJr Ha
odluqonrara orroBaps Ha u3trcrBanero ga onpeAeneHara rurbrHocr Ha qacrtrquTe
or nceBAoMereopnTnus noroK - 0,5-7,8 Elcmt,

3a uscnegname Ha rfopuupanero rra BtrcoKorpaAEeETeH [ceBAoMereoptrTen
noroK or rlacrtrIltr e yAo6no Aa ce tr3noJr3Ba cxeMara Ea KyrvrynartrBen 3aprA, rroxa-
saHa Ha <!nr. l.

feouerpuvHlrre xapaKTeprrcrtrKu Ha K5rluynarriunr.s gap.sA ca otrtrcanu Erpe3

o6pasynaqure Ha noBbpxHocrnTe Ha Kopuyca Hasaps4a,Ha qa{yJraruBnara o6rm-
qoBKa, cborBerno Qynrqnure: y-F(x),y2:O(x),./3:g(x), yo:flx) u paAvyca Ha Jre-
Irlara'rn. flpu saga4eHrr MexaHnqnn n rel MoAuHaMuqHrr xapaxreptrcrtrKE Ha c'bc-
TaBHETe eJIeMeIrTtr Ea KyMyJraTnBHus 3AVS,A, KaKTO rr trsECKBaHeTO 3a HenpeKboHa-
Tocr Ha Qynxqunre lr rexntrTe rrporrgBoAuu B paSrnexAaEnfl ) racrbK or sapx4a 0-
rEI, no cxeuara Morar Aa ce EatrpaB.sr creAHETe p&tcbxAeHr.rc.

,{eroaaqnoHHara BbJrHa, pa3trpocrpaHcBaula ce no Macara or B3pEBHoro Be-
IrlecrBo Ha K5[uynarilBrns.3apsA tr usKpuBcBarrla ce or Jrerrlara BbB BpeMe /:0, goc-
TEra Bbpxa Ha KyrlfynarnBnara o6nuqonxa u BbB BpeMe />0 ce peirrpocrpancBa KGM
ocHoBara na o6rnrlosKara cbc cropocrD tr E3KptrB-sBaHe Ha trocoKara, ol'iv.canaE;a
Qur. I c orcerrKure KA, KB.

Pa:rnex,qa ce eJreMeETapHa rracr or r(yrvryJrarnBnis,3ap.sA c AGJrxnHa dx, sar-
BOpeHa MexAy ABe nJrocKocTrr, treprreHAtrKyrspHn Ea ocTa Ha cEMerprrs. Ha 3aps,Aa

- sur. 2.flpeuunanafixu rpes rorrKa A n pagualno 4eQopunpafiru KyMyJraruBrra-
ra o6rurqonxa, AeronarltrorrnaraiBbJrHa Aocrrrra Ao roqKa B, 3a rona BpeMe dt:dxl
D loqxa A usnrpurna ABrrxenne

(1) ay :w,(x)at :W,@)+

E ce HaMtrpa or ocra Ox ua pascrosHrre
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wo+ dwr

Qur,2

l(x)+dl(x)

(3)

3a rona BpeMe rorrKa B ce [peMecrBa KbM ocra Ox cbc cxopocr
W o@) 

+ dW o@), nslz.vtnaBafiKu IIbr

(2) n :,f(") - dy : f(.)-w,(41.
Ilpneva ce, qe cKopocrra He 3aBtrcn or BpeMero Ece sBsBa Qynxqnr caMo Ha

KoopAtrHaTara x. Torasa pa3cro-sHnero.R roqxa A rqe nsuzne sa npeue .T

,:ffi=h?e)-w,(4+1.

(4)

tr ce HaMr{pa Ha piltcrol^rme Lror ocra Ox
(5) r, =17@\+ df(x\l- r,., L" . / v \ lJ

CneAonarerno 3a brlJra Ha cxJrorrBage ct, Ha eJreMeHTa dx uoxe ra ce gatrrue

(6) e"(") =?=
dx

trocJreAEoro )paBHeEEe Ao6una cJIeAHntr BtrA:Cneg npeo6pa3yBanut

(7)

(8)

B Koero cKopocrra rapaAnanrna leQoprvraqu Ha eJreMeHTapHara gacr or Kyrrlyna-
Tr{BHara o6nuqosra Wo@) e cBbpgaxa cbc cxopocrra na o6pasyBarrlara ce eJreMeE-
TapHa qacT oT KyMynaTuBEara crpys. cbc cboTEorxeHEeTo

w,(*) = w,("),s I = ry l#[r - a, iin ]"(x)1,

rcrAejro K, e roeiluqrrenT Ha cxoAEMocr or - roeQuqnenT Ea nsauvo4eficrnze:
AerorraqtroHna BTrre'a - o6rnqorra;
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f(r) - brbJl Ha Ilo,ryoAarla AeroxalltroHgara BaJrEa rrrvr o6pasyBarrlara Bbgmnara
rroBbpxuocr Ha KyMynarnBnara o6nnqonxa:

r(")=; *"rH "-r[;9)
Torana tr3pa3br 3a onpeAeJrrHe Ea brbJra Ha cxJrorrBane rrptreMa BtrAa

flonaraue

Qz) 
"(*)= ;6ffi " , 

n(') =r-ersini,(x)

u orqnrafirn,ue ar<0,248, nspasrnaMe ranreucarla'brlonra E TaHrenca Ea noJroBu-
n,ara Ha 5r6Jra Ha cxJronBaEe rrpes Qoprvryla (8): Torana u3pa:tbr (l l) uoxe 4a ce

KbAeTO

(r4)

(t t)

3atrnlre B cIeAH[s Btr]I:

(1 3)

(10)

_ drE) _ /(t- d. -4tr(,'x4-

(l s)

"l# "or,o) . n{ (')49G)l . #' oh(-)

$rg;o)'p(")'^t"))=ffiry
, uGn) mG) a('n) ar(")- aF@ a. -aG) e '

3a onpocr.rBaHe Ha trspasa (14) nolaraue

t4l



s(")= (o,**f +("" - *@)f = *'
u 3antrcBaMe Qopuyna (14) n crelutrcBtrAl

(16)

' nux nauun [3]:

(17)

(1 8)

"(;),,(," -rG) lt-_
-2'tb(

'(")',("0 
*") a,et (') a,pS)

dx" dx

+

,FO

* l*G).-
tu

'@

'(;)",(a *"f

@ynxquxra Ha aICTEBEaTA,MLua Ea nsptrBnoro teulecrBp ce nspa3rna rro cneA-

+(a(x)a(x) + r(")r(")* . B@Y@)+

KbAero A(x),B(x),C(x),a(x), b(x),c(x),d(x),e(x),3(x) ca cnoxnu ipynrqnz' KotrTo
He CbAbpxaT npotr3BoAntr or QynxquuTe, otrECBaIIItr regMeTpntTa Hax)rMynaTtrB-

""s 
sapi4. Ilocias.slre ypanndnne (16) I (17) n (13) E crleA u3Becrua o6pa6orra ce

noJrrraBa cJIeAHoTO ypaBHeEne:

lr(,)"(")"(">(") - rf 9 . # [nt'l"t"i

+ = A@Y@\+. (4(")a("). c(")"(")#

" 
(a(x)0(x) + c(x)s(x)) +
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'(")",G"

,Fo-

+/(,)E("I t@Y@).c(")'(")l # . f @F @V@y@)

h(")*ffi=o

para rrpotrsBoAna. 3a sucoxocropocrHn crpyn

6orxa ce flonyrraBa

Vpannennero,tr HeroBoro pemeHue ce ycnoxHsBar or EaJrnqtrero Ha BTopa
rIpoE3BoAHa or Qynrqnnra, orncBailIa BauruEara troBtpxnocr Ea KyrvryJrarnumara
oSnuqosxa. flopagz qecro cpeuaHr.s cnyrafi B [paKTrrKara Ha rtonurrna K)rMyna-
TtrBHa o6ruqosra, Koero e rexnoJrortrrrno E3roAHo, e y,4o6no 3alryntBaHero Ha BTo-

,*(*)* :l.Torasa cner o6pa-

(le) Ir@F@n(")"G) -'l+ .ffi tt't.pt"l

"(4)r(,)..(')"(').'
q(r - *G)Xq .')'I *G)--"('re-)-T

. ffi [*)' ] 
. r @)n("),le@Y@) *'(")'(") #

+ y (x) n (x)t@y3)+- I " 
("h (").

1- 
"G)n'(")

,'GhG)

Vpannenue (19) e aeQepexqtraJrno ypaBneuue or ntpBn peA tr Espa3cBa Bpbs-
KaTa Mex,qy cKopocTTa Ea KyMyJraTnBHaTa cTpyc E reoMeTpuqHtrTe xapaKTepucTtr-
KE Ha KJ lynaruBnns saps4, or rofiro rr ce $opuupa, a EMeHEo: o6pasyraqvrer.a
BGHrrrHaTa tr BarperuHaTa noBbpxHocT Ha Koplyca Ea KyMynaTuBF'ufl 3aps4 n Ha
BbHrrrnara r.r Bbrperxnara rroBbpxnocr Ha KJM/Jrarr(BHara o6nnqonra. flpu rr3Becr-
Htr EaqarrHtr ycIoBE.s tr orpaHnrreHtrs ypaBHeHtreTo e tr3xoAHo 3a pelraBaHe Ha 3aAa-
qaralaa Korun 3a KoMeHTupaHv,s cnyuafi.

,FO

,+-9"a

-0.
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(20)

Peruarafiru ypaBEenue (19), ornocno cKopocrra ce [oflyrraBa B3xoAHo ypaBne-
Hue 3a olpeAensEe Ha rpaABeETa Ea cKopocTTa

,[ eel 9,ffi ] 
w: @) *r(4r 

\F-,(" )q t')

.g#['e,,ffi-,("f=
KbAero [(x) e Qynrquc Ha reoMerpnsra Ha 3aprAa, HeBrurroqBarrla cKopocrra Karo
trapaMeTbp.

3aAasanero Ha BtrcoK rpaAuenT (rpann.rex sa eracrurruure cnoficrna Ea Mare-
pr'alra na o6rnqonxara) na Kyrv$/naruBuara crpys tro q.ffrara ir 4rnxrna EJrtr caMo
Ha orrpeAeneHn ]Fracrbqu, rrpn peuraBaHero r,agapaqaraB eAtrH or trerre fi napnan-
Ta - oTHOCHa rpaAtreETa, rro3BoJrrBa qeneHacoqeHo HaKbcBaHe Ha cTpytTa Ea ene-
MeHTapHtr qacrrrrlu c palJrrrqntr cxopocrtr n Mactr" flocne4noro B pesynrar Qopun-
pa troroK oT trceBAoMeTeoprrTHu rracTtrqtr c tr3BecrHn HaqaJrHE ycnoB[s Ha ABuxe-
HUE HA IIACTEqHTE QT IIOTOICA.

Peruenr,rero Ha ypaBneuuero B Apyrnre.rrernpr r,apnarTa - ornocno o6pasy-
Barrlrrre Ha reoMerpFrHrrre troB6pxHocrtr, tro3BoJrrBa E3cneABaEe HaBn''aH'ytero Ea
reoMerpn.srana3aps,Aa E rpaAEeHTa na Qoplaupanrs or Hero rroroK or trceBAoMe-
Teopr{Tnn qacruqrl u Aeficrnuero rrM Bbpxy eJreMeHTE or KocMuqecKtrTe arraparu B

raOoparopnn ycnoBtr.s.
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Bapuaq vomnas, 3a4aqa orrrrrMrr sa\vn
lv
(popMbr ronoBHon LracTpr

rrJraHerHoro ueHerparopa

Burcmop Eapauoe, Ileopt Jfona,
3eesdenuu VttBttKoB', Xpucmo Xpucmoe"

Tytrcrcuil z ocydapcmaennwil mexxuvecrc4il y xueepcumem, P occua
' ,,[yxapum" EOO,\, Eoaeapua
" Ilodpatdeteuue 42660 - MO, Eorcapua

SQQexrnnnoe BbrrronneHue HaflHhrx nporpaMM trccneAoBa-
Idlidtr nJrarleTnoro rpyHTa, KaK H KaqecTBo IIoJIy'qeHIrHx p$ynbTaToB, cyIIecTBeHHo
3aBnc.sT oT SKcnJroaTaqrnoHHbrx napaMeTpoB rrcnonByeMbD( rIJIaIreTHbIx IIeHeTpaTo-
pon, B rracrHocrtr or Irx npoHuxax)qrlx Bo3MoxHocrefi [].

I4enecrHo l2l, uro colporuBJreHne rpyHTa npoHEKaHI,IIo B Eero xecrKoro gJIe-

MeHTa 3aBrrcr{T or rrerbrpex He3aBacxMbD( Sarropon: cKopocTtr ABExeHIl.fl rleHerpa-
Topa; nnoIIIaAtr ero MI{AeJIeBa ceqeHl,I.s; MexaHl{rlecKnx cnoftcrs cpeALI, B Koropyrc
rrpou3xoAr.rr rrpoHr{Kauue u Qoprrarr o6pasyrcrqefi rononnofi qacrl{ neHerparopa.
Hsxe anaJflr3upyercsBlrr.flr.ne HocJIeAHero Qaxropa. Peruenue flpoBoArlrc.s B paM-
KaJ( r{3BecrHofi rnuoregrr o npene6pexRrvrofi Marlocr}I KacarerbHofi cocranncrcqefi
yAelrnofi crrnbr corrporrBreull.s rpynTa Ea ronoBHofi'aacrn (cunrr rpeHns Kylona)
rro cpaBHeuuro c ee HopMaJrbnofi ror"ruoneniofi. B AaHIroM cJD lae gneMeHTapHat

Z Z+dZ z Pac,l
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perrrnocrn annpoxcuMaqun peureiw (5) cnyqa_e pelneutre

salaqn(S) cre4yer rpoBoAtrrb TIEcJIeHHo rpem6u [4].
flonyuennoe raKtrM o6parorvr pelreHue (5) uosnonrer orbrcxarr ycnonnrrfi

MxHEM)a{ (3), rar KaK rrpn rrpoBeAeHtrn pernentrt nrrure 6ruro HaIIoxeHo xecrKoe
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Variational problem for optimi zati6n
the shape of the.front surface of a planet penetrator

Victor Baranov, Igor Lopa,,
Zwezdelin Chiwikov, Chriqto Christov

(Summary)

A variational problem is formulated, regarding the
optiqrization the shape of the shaping surface of the frontal of a planet penetrator;
penetrating into rocks.

The oitimization parameter is the c refficient of the fore-part shape. Numeric
resulls'are bhown and discussed.

It is shown that it is possible to reducb the penetrating resistance in comparison
with a cone up to l0 percent.
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Iucrcycuu

Kprron [oroK or ra3oBlt fioHLr
B MAIHPITHO TIOJIE

Mun,ao Baqoe

Hti4uouaaen 4eHmbp no xuzueHa, Cofiua

l. Bue.uenue

I4gsecrsu ca ABa npoqeca, rrpu Korrro ce oclrqecrB-sBa
HacorreH npeHoc Ha ereKTptrqecKl{ 3apeAeEltr qacrwtrn upes Aeficrure Ha MarHtrTr{o
noJre.

flrpno, ako eAEa rracrtrqa c ereKTpuqecKtr 3ap.flA q ce ABuD.rv. B HexoMorenno
MaTHIITHO rroJre, To rracrr.rrlara ocbrrlecrBrBa apefiQ [l] uo nocoKa Ea eAtrHEqeH
BeKTOp

Koraro nefinara HalpeqHa cropocr, yr e pa3nuqna or Hyna. flo 4eQunuqrl.s Hanpeq-
HaTa KOMnOHeHTa vr Ha frbJrHara cKopocT Ha qacruqaTa e EopMarrlHa Ha BeKTopa Ha
MafHETHa r.rn4yrqur .8 B ToqKara Ea B3auMoAeficrsne.

flpu rosn npenoceH npoqec He ce tr3Bbpurna pa6ora
Bropo, aKo eAHa eneKTpuqecKtr 3apeAena rracrlqa B3atrMoAeucrBa c rrocrorn-

HI{ XOMOTeHHTi tr B3atrMHO neplerrAEKyntpHE eneKTptrrlecKo E MarHrrrEo rroJre
(EJB), To rr ocbrrlecrB.sBa Hacoqeu ApefiQ no trocoKa Ha eAEHtrrreH BeKTop

ExBll. = TTi.' Pllal
Karro rl npu nbpBlrc npeHoceH.rrpoqec, TaKLn npn To3u Marnr{Tnoro rroJre

orl{oBo He E3BbprrrBa pa6o'ta, a KoJrnqecrBoro pa6ora, Koero ce E3BbpruBa or no-
TeIIqtrZUTHOTO eneKTpHqecKo rroJre 3a BceKtr qEKbJr rra TpaxoEAaJrHo ABExeHr{e, e
nyla. Cne4oBareJIHo cpeAnoro KoJrtrqecrBo pa6ora, Koero ce E3Bbpruna B rrpenoc-
HE UpOqeC, KJIOHIT KbM HyJra.

"r=rt
(t)

(2)

t5l



@ur. I

flparruvecxr{ sa rroAAbpxaHe r{ Ha ABara rrpeHocHn npoqeca He ce rr3BrprxBa
pa6ora. E4r,rncrnenuflT MexaHH3bM, qpe3 xofiro 3apeAerxuTe rracr[rlu ry6.rr or xu-
HeTI{qHaTa C}r eHeprnt, e To3r,I Ha eneKTpoMarHuTHo [3JIbqBaHe,
' EnexrpoMarHrirHara paAnarfi.rs, Koqro BoAH Ao 3arlrxBaue Ha ronJIrIHHoro
ABI{xeHrIe Ha 3apeAeHnre rracr[rlure onncaHa n [2] xaro ,q[ctrnarrrBeH npoqec.

Ho rorana rBbpAeHr4ero, rre ABara rrpeHocHn rrpoqeca ca lae4ncw]artrBHu c
TOqHOCT AO KOTUITeCTBOTO Ha Ar,rCUnarUBHtrTe gury6n, T. e, C TOlrrrOCT AO KOr[qeCT-
BOTO HA I{3JIbIIBAHATA EJIEKTPOMAIHNTHA EHEPTII.S, E B'PHO.

C ropnoro ocHoBaHr{e qe orrpeAenuM }r ABara rrpeHocHn rrpoqeca Karo ycnoB-
HO HeAHCErrATHBLrpr, a B CneABarrlur TeKCT I{ B CCilItrS CM[rCbJr IrIe ESIIOJI3BaMe nOH.S-

Tne -,,HeArIcurIar[BHLI" ltpoqecu.
Cera rparxo lr olpocreHo rrle o6crgnu nrpBns or ABara rlpeHocHrl npoqeca

3aqacrnnfl clyuafi, (oraro KaKTo rpaAr{eHTbr Ea MarHtrTHoro rIoJIe, TaKan Anarra-
3oHbr Ha E3MeHeHHe rra rroJrero ca 6esxpafiso roleun.

Beg Aa AorilrBaMe, rqe locorrrrM, ue 4pefiSoBara cKqpocr vd, c Kotro 3apeAe-
Hnre tracrurlrl ce AB[rxar no nocoKa Ha Bexrop n,(l), ue 6sle rpanuqHo roJrtMa,
KOIATO:

- 3apeAeHaTa qacTEqa [pr{ cBoeTo ABI{x(eHtre B xoMofeHHo u rqpafino MaTHET-
Ho IIoJIe (B:Br) Aocrnra Ao 3oHa Ha crbrraJlua MarHItrHa HexoMoreHnocr
(grad.B-+o);

- B 3OHaTa Ha CTATIaJTHa MarHrrTHa HeXOMOTeHHOCT, TOJIeMEEATA HA MaTHET- .

Hara HHA)mqHr ce H3MeHr or rpafina crofinocr (B : Br) go 6eupafino roncMa'crofi-
uocr (B-+o).

3a nmocrpa\vs,Ha Qur. I e rroKa3aHo eAHo Harlpeqn{o ceqeutre Ha KoJItrHeapHo
r.r HalpeqHo-HexoMoreHHo MarnrrrHo noJre. Marnurnara HexoMoreuHocr e crbrlaJl- 

,

HA U Ts [peACTaBrsBa rrJrocxa floBbpxHocr, ql{tro [poeKqtr.s B paBHEHara Ha rlep-
Texa cbBrlaAa c ocra Ox. B ropuara rlonypaBntrHa MarHETHara nnAyKqut e [o,cro-
.sHHa Beruqrana c rpaftna crofisocr (B : Br), a B AoJIHara flonypaBnuna rc e 6egr-
pafino roJrrMa BeJrr,rqr,rHa (Br-+o). C nnrrua lrnnas e noxa3aHa rpaexroptrtra Ha

eAHa rroJroxHTeJrHo 3apeAerra qacrfi\a, Kosro ce ABtrxLr B TIJIOCXOCTTa Ha qeprexa c
nocrocHHa Hanpeqna cxopocr yr r{ ocbqecrBrBa B3arrMoAeficrsne cr'c crarIaJIHE
u rpaHr,rtrEo rorsM Marnr{TeH rrpexoA.

Axo lpeue6perHeM aary6ure Ea KtrHertrqna eHeprtrfl or enerTpoMarutrTno n3-
JIbqBaHe, TO HaCOqeHOTO rrpeMecTBarre Ha qACTId\ATA nO IIOCOKa Ha nl IrIe ce H3B5p-
ruBa c rrocrorHHa apefiQosa cKopocr

152
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(3)

mv
KbAero r: r e napMopoB paAnyc 3a rracrtrqa c Maca m lll; u e noJroBEHara Ha

qB

Qaronnr nbr, Kofiro rracrnrlara tr3Mr{HaBa B 3oHara c reafiqo MarHtrTHo rone (Odr. l);
qB

(D : '- e napMopoBcKa qecrora [1]; vu(cl),, € HecBHa napaMerpxqxa Qynxqnr c ap-

.yr.h o.
Oupocrenoro 4eficrnne Ha crbrraJrnnfl rpau[qeH MarHr{TeH rrpexoA Bbpxy yo-

KopoEE u eJreKTptrrrecKu 3apeAeHr{ qacruqu (Qrr. l) Moxo Aa 6r4e cne4eno go geficr-
ELIeTO Ha [AeaJIeH OfJIeAaJIeH MeXaHHqeH OTpaXaTen B XOMOTeHHO MarHrrTHO rroJre.

Tasr r[ynxquoHaJrHa uAeHTnrrHocr Hu HacoqBa xcM troAMsHa Ea MaTHHTHo-
MarHnrHara crpyKTypa Ha crbrraJrH[s rpaH[rreH MarrrETeH rrpexoA (rr e Texnnvec-
Krr Heo cblrlecrnuua) c MaTIII,ITHo -MexaHlrqna crpyKTypa. Hexa uarnurno -MexaHr{q-
I{ara crpyKTpa Aa e trgrpaAeHa or xpafino no crofinocr nocrorHno R xoMoreHHo
MarHrrrHo nole (l|,) r.r MacrrBeH MexaHtrqeH orpaxaren or EeMarHnreH rrAeaJreH
AlreJreKTpHK. flpu rona HeroBara orpaxareJrua rroBbpxnocr rpr6na ga 6tge opu-
eHTr{paua yclopeAHo na nerrop B.

Ha Qnr. I e uorasaxa v e4laa trJrocra MarnrrrHo-AtrereKTp[qHa crpyKTypa
(M.{-crpyrrypa). C nperrcnana JrnHnfl Ha qeprexa e noKa3aHo eAHo rropMaJrrro
CETIEHHE HA IIJIOCbK MEXAHI,IIIEH OTPAXATEJI, qtrSTO OTPAXATCNHA NOBbPXIIOCT Cb-
Abpxa ocraOx E e optrenrrrpanaycropeAno Ha nerropB.

Tyr qe ce a6crpaxupaMe or cJroxnocrra n uxoroo6pa3nero Ha Bb3MoxH[Te
nsauuogeficrBns, Ha 3apeAeHETe qacrnryr c noBrpxHocrra rra AtrereKTprrHls or-
paxaren rr BpeMeHHo rrle [pr{eMeM, rre yAapHoro BgatrMoAeficrnne Mex,qy sapeAe-
Hrrre rracrr.rqtr E rroBbpxHocrra HMa xapaxTep Ha enacrtrrrHo u 4utlysno orpaxeHue
(pascefinane) n nrocxocrra Ha naAarre.

Torana rpaexTop[cra Ha rroJroxnTeJrHo sapeAeEara qacrtrrla or Qur. 1, ro.nro
ce ABrrxu B rrJrocKocrra Ha qeprexa c HanpeqHa cxopocr y' rrle 6r4e gpyra E Tfl e
noKa3aHa rIaK TaM c rryHr(TtrpHa Jfirnrs. B roslr ctryuafr rpaexropnara Jrnnns ce cbc-
Tor{ or rrocneAoBareJrrr[ tr EefrbJrHr{, crc cnyvafina roJreMEHa (2a),4rrn or oKpbx-
Hocrrr c rocro-sHeH JrapMopoB paAtryc r. Cpeguara cKopocr Ha EacorreHo ABrrxe-
Hrre no ocra Ox,3a BpeMero MexAy Bcerr{ ABe rrocneAoBareJrHrr orpaxeHrrfl, T. e.

ApefiQonara cKopocr B orAenHa crbrrKa, ce o[pe.qeJrs orEoBo rrpe3 gaBEcnMocrra
or panencrno (3).

2. TeopeutreH MoAeJr Ha ronJrlrHeH ABllrareJr

flpuero e, qe Bc.sKo ycrpoficrno, Koero upeo6paryna rorr-
JrllHHa eHeprr,rt B MexaHl{rlrrapa6ora, Moxe Aa ce Hapeqe ,,TofIJrrrHeE 4nzraren" [3].

I,IscaeAsaHero Ha ABara rrpeHocHrr npoqeca (or r. l) qe r{3BbpruuM B Teoper}r-
rren MoAeJr Ha rorrJrrrnen ABlrraren (Tr{), roiro e noKa3aH na $nr.2.

Pa6ornusr qnnlrHAbp na T.{ e 3arBopeH E Kyx. Tofi e HarrpaBen or HeMarHr{-
TeH Mareptral, xofiro e r{ HAeareH H3onarop (sarona R Teoper[qen uo4err). B qu-
n[HApnrrnara KyxrrHa e garBopeH eAHopoAerr ra3 or fionn c orHoctrTeJrHo HtrcKa
KoHrlerrrparlra.s. fa3onure fionu ca cno6oAnl{ r,r eAEaKBo fionuoupann MoJIeKyJTE c
noJroxnTeJreH eneKTpuqecKfi 3apflA q.
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Berroprr Ha MarHlrrHa EHAyKrIu.f,B ua npuloxeHoro (naup. qpes AeficrBxero
Ha rrocrorHen varuur) flocro.flHHo r{ xoMoreHHo MarHr{THO noJre e yc[opeAeH Ha
porarltroHHara oc Ha pa6orHHc qr,ur,rHAbp. IIpu roBa aKo MaKporeMneparypara
Ha cucreMara e T, To HeKa HHAyKrIr.r.sra B Aa nMia raKaBa crofinocr, qe ra3oBETe
fionLI Aa ocbrllecrB.f,Bar B rlJrocxocrra Ha MaTHHTHo B3auMoAeficrnr,re (IB) n:rprene crc
cpeAeH napMopoB pa4ryc re, xofiro e MHoro [o-MarrbK or rcoHcrpyKTuBHr.r-s pa4uyc,R".

Ouenn4no e, qe BbrperlHara oKoJrHa rroBbpxHocr na pa6ornur qulun4rp u
npunoxeHoro MarHr{THo none o6pasynar eAHa rlr.rJrr,rHAprrrrHa M.{-crpyxrypa.

Karo orqr,rraMe rIpI,IHqI{[ure Ha eneKTpocrarr{Kara, MarHerrr3Ma I,I Kr{Herr,IqHa-
Ta reopus Ha ra3oBere [4], naoxev Aa ce y6eAnM, qe B ueHTpaJrHoro HanpeqHo ce-
rreHr.re na pa6ornur qunr{HAbp rrle ce ycraHoBr.r B}TperII]Ho ereKTptrqecKo rrone c
rocrosHuo paAr.ranHo Mar(popaslpeAeneHue or BuAa Ha KpuBara E (R) ua Qur. 3.

3a npocrora ryK rrle rrpneMeM, ue o6pa:ynareJrHara / na pa6ornur qr,rJrr.rHAbp
e MHoro no-roJqMa or HeroBr{r paAuyc R" (r!ur. 2).

Torana MaKpopa3npeAeJleHlrero Ira nirpeurnoro eneKTpnqecKo rroJre rqe 6rAe
paAr4anHo rrpaKTr,rqecKH BbB BC.SKO HarrpeqHo CeqeHtre Ha rlr,rJrnHAbpa.

B clegnarrlu s amarrug ule u3cneABaMe rorrJrtrHHoro lIBHxeHr{e Ha fionu ga vo-
AeJIIl, B KOI{TO MaKpopa3npeAeJreHr,reTo Ha eJreKTpr{qecKo'fo none IIIe cboTBeTcTBa
upu6mazreJrHo Ha pa3npeAenenue.E (R).

Karo ltpno upn6rnxenue na Aeitc'tBr{TeJrHara xpmta E (R) woxe Aa ce }r3rroJr-
3Ba eAHa paAvanna 0y"*tlus cbc crbrraJrno pa3rrpeAeneune. fpaQr.rrraralrra.3aMecr-
Barrlo eneKTpr.rqecxo noJre cbc crlrraJrHo pa3[peAenenr{e e noKa3ana Ha rpur. 3 c
nyHKTr,rpHa rl,Hvrc.

CleA xaro rro3HaBaMe Berre KoHcrpyKrluqra na Tr{ E pa3npeAelrenvrflTa Ha
eneKTpuqecKoro r{ MarHrrrHoro none (Qnr. 3) rpa6ornrzs,r\vrrnr4\p, To Mox(eM Aa
TBbpAHM CneAHOTO:

<Dur. 3
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- fasonure fionu rpn cBoero rorrJrr,rHHo 4nuxeirue ca AHHaMITqHo cB6p3ann c
oKoJrHara (orpaxarernara) nonrpxHocr Ira qunrlHAbpa - Te H-sMar ycrofiuuno
cbcro.sHue BbB Bbrperxnocrra Ha ra3oBus o6erra;

- flpu cBoero rorrJrr,rHHo ABr.rxeHfle ftonure H3JrbqBar eJIeI(TpoMarHHTrra
eHepr[r,3arrloro re ce ycKopsr,ar r]p]t sganNroAeftcrBrre c ABere noJlera rI flpu
yAapEo nean\,roAeficrBue KaKTo c ra3oBHTe qacrlIIIE, TaKa II c A[eneKTpnqHara rro-
BbpxHocr Ha Koprryca.

3. Anarug Ha rroBbpxHocrHl4t ApefiO
Ha fioHH B pa6orHufl IIrrJIr,IHAbp ua Tr{

CreAnarqu.sr aHaJIu3 e HarrpaBeH Ha ocHoBara Ha ABe B3art-

MOCBbp3aHn npe.qnoroxeH[s:

- Cucreuara ua Tr{ e B ycraHoBeHo cbcroeHue - H.sMa npexoAHr'I MaKpolpo-
rlecr4 r{ cJreAoBareJrHo MaKporeMneparypllTe na fionnns ra3 r,I qnJrIrH4bpa ca npn6-
JII,I3IITENHO EAHAKBIT;

- Tpuenero na fionnu.s ra:t B creHI{Te, rrprl ycraHoBeHa ctrereMa, e ,,HeAncuna-
TuBeH" lpoqec, 3arrloro cpeAHoro KoJru recrBo pa6ora, Koero ce H3BbprnBa or cn-
Jrn're Ha TprreHe 3a ycKop.flBalte Ha rII{JIrIHAbpa, KJIOHI,I KbM HyJIa.

Vl ryx ycJroBnoro orrpeAeneHne ,,IIeAI{cIr[artrBeH" e ynotpe6euo c rouHocr Ao
KoJllrqecrBoro rra eHeprerplrlHrlTe zary6u or eneKTpoMarHnrHo Ir3JIbrIBaHe, Koero
fi our,rre o cr;ulecrBfl Bar npI,I MexaHtrrlHo rplreHe.

3a ofilerqaBaHe Ha cneABarrlur aHaJrrr3 rrpeABaplrreJlrlo qe [prIeMeM HtKorl
olpocrqBaIIlII AonycKaHl4s.

3. l. Onpocmnsau4u d onycrcauua

3.1.1. KonqeHTpaqlrrra na iionr,rre n pa6ornur o6ev e orHoc[TeJIHo HRcKa,

TaKa qe rexecrra Ha yAapHOTo E eneKTptrrlecKoro nsanvloAeficrBtre Mex-
Ay orAelriure fiosu e upeue6pexr{Mo MaJrKa B EgcJIeABaH}ITe rrpoqecu.

3.1.2. KonuqecrBoro na fionure, Korrro ocbrrlecrBtBat,,cno6ogno" TonrRHHo

ABI,IxeHI{e B ycnoBns na M.{-crpyKTypa e nocrosHlta BeJII{rItrHa.
Tyr npe4loJraraMe, are eJleKTplrqecKara rrpoBoAllMocr Ha Kopnycanv.a HyneBa

crofi nocr (ngearreu r,Isonarop).
3.1.3. Bcerv trHAr{BtrAyaJreH aKT rra orpaxenue na fion or AIreJIeKTpuqHaTa rlo-

BbpxHlIHa e MexaHHqHo B3alrMoAeficrnrne c xapaKTepncrl'IKa na guQysno
pa:cefinane cJreA enacrr,rqeH yAap. flocoxnre Ha orpaxeHue ca cttyuairtau
tr paBIIoMepHo pasnpeAeneHlr B npocrpancrBeH brbJl ot 2n creppa-
nnaHa.

CrarraCruqeCKOTO II3cJIeABaHe Ha ABI,IySHI{STO Ha fiOnure n T,{, rOerO ule Han-
paBtrM rrpu IOpHOTO AoIIyCKaHe, HsMa AA 6r4e nofpeIIIHO, BbnpeKH rle oTAeJIHI{flT

aK'r Ha orpaxeHtre e Aopr{ lo-qecro aKT Ha HeeJracrtrqHo yAaplro ngalvo.qeficrsue.
PeSynrarnre Ha CTaTIICTHq9CKOTO I{3CneABaHe Iqe 6lAar BepHI{, SaIIIOTo cpeAHOC-

Ta'r[cTuqecru (rarro IIO BpeMe, TaKa [I no MHoxeCTno) upoqeclT Ha OrpaxeHl{e Ha

fionnre B eKBrrTeMIIepaTypHaTa cI,IcTeMa ,,ra3-ArreJIeKTpHK" e o6exrnnno npoqec
Ha eJracrtrrrHo yaapno sgauvoaeficrnue (crarucrrlqecK[,,HeAL{c[IIaruBeH" upouec).

3.1.4. EnerrpuqecKoro nganvroAeficrBr{e MexAy fionure rue orqrrraMe B rlbpBo
npu6ruxenl{e caMo .rpes,qefi cru{ero Ha cyMapnoro enerTpl'IqecKo MaK-
ponoJre, Koero ce cb3AaBa or BcI{qKu fionu s pa6ornut' o6eu'
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3.1'5. I4screABaHero IrIe I{3BbplrrtrM 3a eKBnlorenquarel r{ e6BgcKopocrer{
MOAen Ha B3atrMoAefiCrsue MexAy ra3oBHTe fiOlgu u ABere noJrera.

3a qenra qe.rrpneMeM, rre:

- Cpegnara ToIIJIxHHa cxopocr Ra fionnre Aocrrrra Bbpxy rroB:bpxrrocrra Ha
AneneKTpr.rqHHc orpaxarel (neuocpeAcrBeHo npeArr r{ cJreA yAap) rvraxcylMaJrilara
cn croftuocr [4]

(4) v:v =max

KO.STO e paBHa na cpeAHara ronJrEHHa cKopocr Ha r&toBa qacrtrrla c Maca m npll
TeMrrepaTypaT uxrgero k e xoncrarTaHa Bonqrraan;

- EQexrunHara Hanpe.rna (IB) KoMrroHeHTa Ha ronJrtrHHara cKopocr na fio-
Hnre gclcrura Bbpxy noBbpxHocrra Ha orpaxareJr.tr cBorrra MaKctrMaJrHa crofinocr

ft/
/2

- 2 l" 2vv:v, =-ll'cosi tde--s r6ax Ine^ n
l,

(5)

KGAero t e rIJIocaK brlJl cbc cnyuafiua roJIeMnHa, Korro onpeAenr brJroBoTo orK-
JIoHeHrIe Ha rlocoKara rla orpaxeHl{e Ha orAeJreH fios or rrJrocKocrra Ha MarHr{THo

sgauvoAeficrBr{e B Ar,rana3oH l-: :l
3'1.6. fronuTe He u3JI6q"* 

"rr"*tpoMarHETHa 
eHepf trs (nperraeuno gonycxaue).

3:2. IlscnedeaHe noltpxHocmHun dpefifi
ua sapedeuu qacmuqu I ycJtolu.n
Ha nnocKa Mfl-cmpyrcmypa

Or our.rcanRero Ha TA (r. 2.) snaervr, qe KoHcrpyKTEBHnrr
pa4nyc na pa6ornus qunr,rHAbpR" e lruoro no-foJrflM or cpeAHr.rfl napMopoB paAE-
yc r".-Karo 

nbpBo reoMerpurrHo npn6lnxeHne Ha qunnnApuqnara Mr(-crpyKTypa
ule rpneMeM eAHa rrnocra u 6esxpafino ror.sMa Mr{-crpyxrypa.

Karo eAno rpy6o npu6r[xenue Ha pa3rrpeAeneHnero Ha BbrperxHoro eJreKT-
PHIIECKO IIOJIE B qI,INEHAbPA IqE IPIIEMEM TOBA HA EAHO TIOCTO'EHO N XOMOTEEHO
eleKTpr.IqecKo rroJre, Koero e HopMaJIHo HaCOqeHO KbM OTpaXareJIHara rloBbpx-
Itocr.

3.2.l.vscrcABage rroBbpxHocrnnr ApefiQ Ea 3apeAeHr qacrtrqu n unocra M.I[-
crpyKTypa uo4 Aeficrnl{e Ea HanpeqEo rlocrosrrHo r{ xoMoreHHo eJreKT-
pErrecKo IIoJIe

Ha Qur. 4 e rorasano ycnoBHoro raso6paxeHtre Ha rrJrocKa M,{-crpyrrypa,c
HalpeqHo rrocToqHHo E xoMoreHHo elexTptrqecKo rroJre.

Berroprr Ea eJrer(r?rrqecKoro nole.E e HopMaJreE Karfro Ha BeKTopa Ha Mar-
HITTHA IIHA)MIIH' B,'TAXA II HA OTPAXATENEATA IIJIOCKOCT, KO.STO E NPEACTABEHA B
paBHHHara Ha treprexa or ocra Ox.

Begnara MoxeM aa ce y6eauM, rre ycJroBneraB MoAeJra or Sur. 4 ocrryprnar
4eficrruero fin;aABara,,IreAEcErrar[BH[" rrpeEocltz upoqeca, rouro 6n.aon:acap1n
s r. l. flocoKtrTe Ha ABara rIpeHocHII lpoqeca ca lporuBorroJroxHu, 3arrloro BeKTo-
pbr Ha Marrrr{THo-MexaEEqldufl, aHaJror Ea BeJruqtrHara gradB or (1) e yctrope.4eH Ea
Ber(Top E or (2) n cneAoBarerrno nt:-n2,
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IIIe qprrnoMHr.rM, qe [pl,t ycnoBrrara [oAMsHa Ha rpaHnrrntrc MarHureH npexoA
(r. 1.) c r. Hap. M.{-crpyrr)pa e 3ana3eH r{ ,,rreAr.rcnrrartrBHr{sr" xapaxrep Ha orpa-
xarerHr{.fl npouec (r. 3.1.3.).

Hera 4a cr{ [peAcraprrM, rre or t. O Ha ocra Ox (Qur. 4) craprr,rpar rrocJreAoBa-
TeJTHO BlbB BpeMero 3apeAeHr{ qacrtrrlu c eAHaKBa cKopocr v., Ho c pa3nwtlJu crap-
TOBH brJrrr tp. brrltr g e paBeH rra rrJrocKtr.fl rrul, rofiro nexroptr Ha cKopocrra yc

cKJrroqBa c ocra ox rtpn crapr. cne4 crapr s r. o qacrnuara ce ABr,rxu rro rpaxo[-
AaJl,Ha rpaerffopur, AoKaro Aocrr{rHe ornoBo orpaxarenHara oc. CneA scqxo or-
paxeHne 3apeAeHara cacrvt\a craprr{pa orHoBo or ocra Ox,yo noA brbJr <p, roftro
uua cnyvafina crofisocr n nnrepral [0, n].

B paMrtrare na MoAeJra Bc-sxa xopE3oHTaJrHa lrunns. (pannnta) y=!,naa ocra Ox
e eAHa eKBHrroTeHqvaJrH.a LI eKBr.rcKopocTHa JruHnfl.

CreA naqaneH crapr, Bc.sKa qacrnrla rqe ocbrrlecrBrBa cranKoBo npeMecrBaHe
no SerpafiHara oc Ox n ro 6esrpaftno Abnro BpeMe (nx. r. 3.1.2,3.1.3 n 3.1.6).
Cre4orarerHo B rrJrocKara u 6esxpafina M.{-crpyKrypa cpeAHara cKopocr Ha Ha-
coqeHo ABrrxeHr,re [o ocra Ox t4e KJroHr{ KaM orrpeAenena crofinocr, rrurro ro-
JIeMI{Ha orrle He 3HaeM, Ho 3HaeM, qe rq [Ie 6rAe eAnarBa 3a BctrqKr{ 3apeAeHx rra-
CTIIIIU.

3a Aa onpeAeJruM cpeAHara cxopocr Ha HacorreHo ABr{xeHHe, e neo6xoAnMo Aa
orlpeAenHM rlbpBo cpeAHaTa cKopocT Ha xopH3orrTaJrHo ABtrxeHr{e B rpaHnqr{Te Ha'
orAeJrHa crtnKa rl 3a Bc.sxa Bb3MoxEa crofiHocr Ha craproBrrr brbJr q.

.{nr,rxenuero Ha eJleKTptrqecKrl 3apeAeHr{ qacrurlrl BbB B3arrMrro nepneuArrKy-
nflpntr erexTpuqecKo r( MarHr,rrxo rrgne e ao6pe r,rscnegnano [5].

Bsauuo4eficrBr{ero na fionure c ABere rroJrera B MoAeJra or Sur. 4 uoxe Aa ce
onurrre caMo B nJrocKocrra Ha Marrrr{Tno B3anMoAeircrsne. Asnxenrero rlle ce ocb-
ulecrB.sBa rro orp.sgbrlr{ or rpaxotrAaJrHu KprrBrr, rrtrHTo rrapaMerptr ca OyHKquc Ha
craproBus brrn q. Mexanngurr Ha rpaxonAanHo ABExeHrre c orpaxeHxe e [occ-
HeH Ha Qur. 5, KlAero ca r'r3rron3BaHu cJreAHrrre o3HarreHu.s:

mv"

"qB
F

- & : !- e paauyc Ha qEXnotrAaJIHa oxprxnocr [5];' loB

- p e MoAynHapLAnyc-BeKTop; rofiro cBbpsBa qacrlrlara c qeHTLpa Ha qEK-
Jror.rAaJrHara orpbxHocr, Korro ce rbpKars no flpaBa Jrr.trne PP', yclopeAna Ha ocra
Ox u oraaleqeHa or rrer Ha pa3crosHr.re r- cos q.

Cucrervrara or guSepeHrlrrarrntr ypanienux, c KoflTo ce onxcBa ABExeEEero Ha
fionure HaA orpaxareJrHara oc Ox 3a ycroBu.sra B MoAeJra or Qur. 4,*tlaa cJreAErrfl
nus [6]:
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(6)

x : p[sin(cor - ")+ 
sincr]- 4r,ra / : o[css(orr- ")- oorcr].

9pes cy6crtrTyquu, nocoqentr n [5], u npeo6pasynane peureHnrra Ea ropHara
cncreMa, Kouro ce oruac.sr 3a ubpBara crlnra cJreA crapr sr. O (Qnr. 4), Morar
Aa ce [pnBeAaT Ao cneAHI{s KaEoHEqeH BEA]

(7)

Or.reprexa na Qnr. 5 uoxe Aa ce flpoqeHrrr'qe or MoMeHTa, r rofiro qacr[rla-
Ta craprrrpa, Ao MgMeura, n xofiro ifs'orHoBo AocrEra orpaxarenEara oc, ,,oKpbx-
Eocrra", Ko-sro ce rrpxall.f,, Rgrvrnnana Qason nsr,2u".

Benu.ruHara Ha brbJl d, Moxe Aa ce olpeAeJrrr or rleprexa ua fiur. 5 no cne4-
!
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(8)

(e)

Cf,=

Or crulxr rreprex rqe onpeAenuM r{ pzrcro.snraero MexAy qacrv\ara r{ uenTb-
pa Ha rlur(Jror{AaJrHaTa oKpbxHocT

Cera axo perAenrrM xoptr3oHTanntrq r.br, rofiro e tr3MlrHar or qacrurlara B rpa-
HUqIITe Ha nbpBaTa cTafIKa, Ha BpeMeTo ata x3MrrrraBaHe Ha cbulu.s rrbT, To rIIe IIo-
ryqnM roJreMtrHara {a gpefiOonara cxopc)cr B orAeJrna crbrrKa, T.e. cpeArrara cKo-
pocr Ha xoprr3oHTaJrHo ABuxeHrre B oTAeJrHa cTbrrKa

(10) u) (o) = 
2p sin o' - 2ol?o 

= op 'i' o 
- oRo.-\ / 2a c[

(l)

Axo n (10) sarvrecrtrM BeJrurrtrHnre (r x p c rexHr{re Qyurquu or (8) u (9), ro
cne4 npeo6pa3yBaHe rrle nonyqtrM

*" 
[?.oo,*J=o

*" [?.".,,r).0

(n )

[;. cos eJ > 0'

(^" )
"0" [; 

+ cos <oJ < 0.

sln q
sln a.rcts 

-

-Rn
j+cose
r

v
R

Û-7
(1 1)

u', (q) =

stn g
{nrctg 

-

v
R.

+ 2icos tp
r

&
-+cos 

tP

r
e

/ \ sin<P
| - I lsin arcts 

-

\ ./ -Rn

-+ 
oos I

r

sin q
n * arctq 

-

-D,.^

-+cos Q
r

R:
U

;

: u', (<P)"-,q'
-fe

,{pefir}onara cKopocr vi(O) e rroxanaHa n (11) r Karo He.sBHa Qynxqur Ha apry-
MeHTa q rrpE napaMerpl{: e(peKTRBEara HanperlEa cKopocr vc tr orEorueHEero Ea
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R^
ABara"paAlayca a . AKo n (11) oauecrrrM BeJrrrqnHvre ra,Ro u crt c rexrrure Qynrqnn

f.

/\
[,*. E uqBl,
I ,, '; ^; I 1e uI9 nonyqtrM Hafi-o6iqtrs BI{A Ea Qynrqnrra Ha cpeAHara cl(o-

pocT Ha EacoqeHo ABRxeHne npu apTyMe,HT (p u [apaMeTpE v", B n E
(12) v'o [9) = u'u (q)"" g = ,'o (q),",r,u.

'e

Aro r'rscreAnalvre (l l) sa gnere rpaHu qnu crofinocrrr Ha eJrexTptrrrecKoro noJre
p_-R^

(0 n m), T.e. 3a ja-+0 E 3-+-, To rrle rtcrryrrtrM

sin g 6s121s,8-+ (1, T. e. Koraro 5 -+ 0,'r
9e

cos g;oraro lt -+ oo, T. e. Koraro 5 * *.
r

Ha Qur. 6 ca noxaganu rpaQr,rrure Ha ro prltr{Te ABe rpaHr.rrrHn Synrqnu, KaKTo r.r

resn Ea Sylrrcquxra ,'o (q)".,& 3a ABe MexAtr Hsirr crofiHo crr, HarrapaMerbp4 &, g
.-rere

Rn&
trMeHHo-'o:l u a<1.

rree

Axo cpannnv tfynrquara oi (3) c rlynxr g.rra crr (13) 3a cryqas, roraro.E -) 0,
To IrIe ce y6e4ruvr, rle re gbBrraAar.

Karo or.rurave 4ur[younfl,vr,,lae4urcuna trtrBen" xapaKTep Ha orpaxeguero (nx.
r. 3.1.3 u 3.1.6) BeAHara MoxeM Aa orrpeAenrrM roJreMr{rrara Ha cpeAnara cKopocr,
c Ko.sro BceKI{ fton qe ce ABtrxr{ uo 6esrpafi Hara orpaxareJrHa oc Ox

, -;-- Ifv'": l'o [q):: I n'ut.g),_., 
o 
dqr 0.

. 1r; " E<t

(13)

(14)
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Cropocrra v'M e paBHa rra ocpeAueHara no Bcrrqxrr crofinocru na q 4pefir[ona

cKopocr B orAenHa crbrlKa v'o (<p)r r.s ce orHacr Ao BceKr,r fioH or'uHoxecrBoro Ha

ftoRute, KoETo ca cBpb3aHE rlptr cBoero ronJrrrHHo ABr.rxeHlre c uocxara M,I[-
crpyrTypa Ha MoAeJIa or Qnr. 4. C rosa ocHoBaHlre cbrrlara cKopocr cMe o3HaqrrJru

c v' u n tlle c HapeqeM MaxpocKorrnrrHa cKopocr Ha ABuxenrre, folevnn ata Hav' * e

npaBorrponopqnoHanHa Ha pa3nr.rKara B rrJrorqrrre; Kolrro KprrBara v'o (<p)"-.q

3arpaxAa or ABere crpaHr,r Ha ocra O<p (Qur. 6). 
' 

"
Or Qnr.6 ce nNxga, ve crofinocrraHa r{Hrerpalra (14), r. e. roreMnHara Ha

Ma{pocKon[rlHara cKopocr, vf",e BEHartr lo-roJltMa or HyJIa, Koraro eneKTprlec-
Koro noJre e [o-MaJrKo or 6esxpafinocr. Ho KaKro Eerre 3HaeM (t. l), cpe4noro rro
BpBMe {oruqecrBo pa6ora, Koero ce rtBbprrrBa 3a rroAAbpxaHe Ha p$ynranTHr{t
IIpeHoceH rrpoqec, KJroHr{ r(bM HyJra.

Torana nocreAHusr pe3yJrrar AoKasBa (npu nanpaBer{r.rre o[pocreBarrlr{ Ao-
nycKaHus or r. 3.1.1, 3.1.3 u 3.1.6) crqecrByBanero rra ,,HeAucElarHBeH" pe3ynrar{-
TeH eAHonocoqeH rrpeHoc Ha BerrlecrBo B ycnoBurra Ha MoAeJra or Snr. 4, npaxru-
qecKlir 3a Bcr{trKrr crofiRocrn Ea erexTp[qecroro rroJre.

Ouenugno e, qe cpeAHI{Te cKopocru Ha HacoqeHo ABrrxeHr.re qe Kron.sr (bM
HyJIa B 6r[socr Ao rpaHurrHure crofisocrrraarbn q (0 n n), [opaAn Tpnerre rrpu
rIJIb3raHe. Axo anan[supaMe rpaQnrure na Qur. 6, ro uqe ce y6e4r.rv, qe rtoBtpx-
HOCTHOTO TpEerre CaMO rrle naMalrl{ pe3ynTaHTHES trpeHOCeH npoqec, HO HSMa Aa rO
yHrrrqoxu, 3a upocrora rqe npoAbnxuM a3cneABanero Karo orHoBo HsMa Aa orrru-
TaMe qacrnqHoro 3arrlxBaHe Ha rrpeHocHnr npouec 3a craproBn rrrr.r orono 0 n n
paAualra.

3.2.2 VlscreABarre rroBbpxnocrllur 4pefiQ Ha 3apeAeHn qacrnrryr B rrJrocKa
M.{-crpyrrypa rroA Aeficrnne Ha HaupeqHo eJreKTptrqecKo rroJre cbc
cTL[aJrHO pa3npeAenEne

O.renuguo e, qe aro HanpeqHoro eJreKTptrqecKo rtoJre, Koero r{3rroJr3BaxMe B

AocerarrrHur MoAeJr (r[nr. 4), e cbc crbrraJrno pa3rrpeAeJreHue, To rreroBoro Aeficr-
BHe rrle orroBapr [o-Toquo Ha BGTperrrnoro eJreKTpuqecKo [ore n pa6ornr.rr quJrnrr.

.qrp (nx. Qur.3).

(Dur,7
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Ha rfnr. 7 e noxagano ycJroBHo uoo6paxenue Ha rJIocKa M,{-crpyxrypa c rpr-
JroxeHo HanpeqHo eneKTpuqecKo rroJre cGc cTbrraJrHo pa3npeAeneHl{e IIo BepTI'IKaJI-
r{ara oc Ha rreprexa.

Mo,qelrr or t[ur. 7 ce orrucaBa or ro3u ua Qur. 4 eA[ncrseno rlo roBa, rle
eneKTpuqecKoro [oJre He e xoMoreHHo B rlsrara ropHa rroJrypaBHHIIa, a caMo B Te-
een clofi rraA ocra Ox,r. e. ro Aeficrsa caMo B r{HrepBalla ory:0 Ao!:!r Ha Beprrl-
riaJrrruTe Ko opArrrraTr.r.

Axo orHoso cH rrpeAcraBuM, rre fionure craprrrpar or r. O na 4NQy:no orpa-
)ffareJrHara ac Ox c eAHaKBa cKopocr ve Ir pa3JIlIrIHr{ craproBn bIrJIIr g, To orleBrtAHo

e, qe rpaexTopHr,rre IruIHvn4, KoHTo He HaABlIIlaBar [IpaBara y:yprrle 6raar uAeH-
Tx4rrHu c rpaeKTopHvre Jrvtntrtr or Qur. 4, rouro cbrrlo Ee HaABlIIrraBar roBa HI{Bo.
Ocranalure rpaeKTopHrr ITHHHIa, KoI4To cborBercrBar Ha craproBu brJIH or
q' Ao q" (Qur. 7) rqe 6rAar pa:tnErIHLI ro r$oprvra caMo 3a yrlacrallnre, Koltro capa3-
rroJroxeHn HaA rrpaBara Jnffivs,y:y,, finuxeuuero Ha rIacrI,IIIETe B ropH]ITe yqacrb-
qH ule ce r{3BaprrrBa c nocrosHna (bpegHa) HanperlHa cxopocr [6]

(1 s)

I{ rr0 Abrrl oT oKpbxHocT c

(1 6)

rrocrorHeH (cpeAen) napMopoB paAEyc

,, /,, \/ \ '^tr1 tr"l!, ) = j-r--j-''

'"(Y,) 
=

xlHqra v,l9l. q_,

. .{pefiQoBara cKopocr vi(o), 3a orAeJIHa crbrlKa B ycnoBusra rra MoAeJIa or

@nr. 7, Moxe Aa ce onulrre aHaJIlrr[rIHo xaro Qynrqv,fllaa craproBr'Is brbJl, Ho roBa
He e rranpaBeHo ryK.

Ha r[ur, 8 e uorasano npnSnusureJrHoro pa3rrpeAenenl,Ie Ha cpeAlrara cKopocr

Ha rracoqeHo ABllxeHlre B orAeJIHa crrnra v"u (q,),",lo=, lo crofinocrl'ITe Ha apryMeE-

'ra e A 3a roJreMr{Halaa crr,traJrHu.s lapaMerrp E, KoflTo cborBercrBa Ha ornorrre-

r", & = 1. Ha ccqara $nrypa, Ho c nyHKrupla lrnlns,,orHoBo e noKa3aHa Oysx-

or $ur. 6, xo.aro e BaITI,IAHa lpn geicrntre Ha xoMorenno ereKT-

<Dlrr. 8
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pnrlecKo rIoJIe E. IIan na cbrrlara Qurypa c [peK]cBaHa rrrrnyrs. ca rroKaitaHr{ rr cbB-

flaAarrlr{Te rpaHr.rrrH}r Qynxqr,ru v"u (g)"-.^o-_ + v'o [q')"-.^o+-, KoETo ce ornacflT 3a
te-le

6esxpafino ror.sMo ereKrpuqecKo noJre (E-+co).
fhoulra ua Qnrypara or rreprexa, Kortb e eAuHtrrrHo rqp[xoBana, e [paBo-

npo[opqrloHaJlHa Ha MaKpocKorrnqnura cxopocr yM 3a ycJroBr{flTa B MoAeJra or Qur. 4.

Cyvara or nJrorrlure Ha eAHHr.rr{Ho n gnofino qpuxoBanr.rre Qurypu e rrpaBorrpoflop-
IILIoHzuIHa Ha MarpocKolrr{qHara cKopocr v, na fionr.rre B ycroBusra Ha rrocneAHut
MoAen (Qur. 7). \

flpeuvyuecrBara Ha rtocreAHu.fl MoAeJr 3a cb3AaBaHe H noAAbpxaHe Ha ,,He-
Ar.rcr{[arr{Ben" rlpeHoceH npoqec ca OescnopHu cnpsMo MoAeJra or $nr. 4.

4. ,{eficrwre Ha rorrJrr{HHr{s ABuFaT'eJr

flory.renure Aocera pesyJrraru ca npunoxnMrn 3a npn6au-
3I4TeJrHa KaqecrBeHa oqeHKa rra npeHocHns npoqec n pa6oruna qunnHAbp na T,{,
3arrloro:

- B nrpno lpu6rnxenrie rlrrJrr.rHApr.rrrnara gn$yeno-orpaxareJrHa uoBbpxHocr
Ha Kopryca ce alpoxcr.rMlrpa c 6esrpafina nJrocxa guQysno-orpaxareJrna noBapx-
nocr (R^>>r );

- Pasnfe4eJreHrrero Ha erexrp[qecKoro H MarHHTHoro rroJre n pa6ornu.r qn-
nrIHAbp (Qur. 3) ce anpoxcr{Mupa crc 3aAoBoJrr{rerna roqHocr qpes pa3npeAene-
HvrflTa rra rroJrerara B MoAeJra or Qur. 7.

CreAonarerHo ,,HeAIiIcI{raruBHI,Igr" rrpeHocen MexaHI,I3GM, KoftTo e BaIIEAeH 3a
pa3rneAanrrre Aocera rrJrocKu MoAentr ule Aeficrna rro aHarrorurreH HaqLIH Bbpxy ra-
3oBlrre fionu s pa6ornu.n rIEJrr,rHAbp.

Hacoqenoro ABlrxeHlie rra ra3oBI,IT'e fionu uqe ce ocblrlecrBsBa oxoro porarlu-
oHHara oc Ha rlr,rJrrrHArpau rle ce 3arBap.s B KpbroB MaKponoror, Kptronoro ABI{-
xeHrre na fionure qe ce orpanr,rqaBa qpe3 cbrrporr.rBJreHuero Ha ra3oBara cpeAa.
Y4apnoro u eneKTpr,rrrecKoro nsar,rvogeficrBr{e MexAy fionnre orpaH[qaBa r-exnrlt
cno6oAen npo6er no nporexeHne Ha rluJunApr,rqHara orpaxareJrHa noBbpxlrocr.
CneAosarerHo roJreMlrHara Ha MaKpocKonnrlnara cropocr v, n pa6ornus o6eM rle
6r4e nunarld rro-MaJrKa or MaKcHMaJIHara cKopocr v"r, Kotro e o[peAeneHa B or-
c'bcrBr.re Ha yAapHo u eneKTpr,rrrecKo BSalrMoAeficrnne MexAy orAelnnre fionn.

Jlornqno e Aa ce orraKBa, rre npeHocHr.rflT rrpoqec rqe 6rAe ga6erexur,I 3a KoH-
rleHTpaquu, nplr Korrro AbJrxrrHara ua cno6o4nur rpo6er e no-ror.sMa or cpeAHI,Is
JrapMopoB paAr,ryc.

Axo ragonure fioHu octrrlecrBflBar B rrJrocKocrra Ira MarHlITIro nganvoAeftcr-
Br{e MaKpocKorrr{qHo ABr.rxeHrre no rroBbpxHocTTa cbc cpeAIIa cKopocT vM, To Te IrIe
ocbllecTBsBar r.r KpbIoBo ABIrxeHue oKoJIo poTaqlroHHaTa oc Ha rIlInHHAbpa c MaK-
pocKonuqHa buroBa cKopocr

(x 7)

Tyr cauo rle BMerrIeM, qe aKo B ra3oBu.s o6eu, rofiro e ueo6xoAraMo c ltucKa
KoHrlenTpaqur (nucor Ao cpeAerr naxyyrnr), rIMa ocBen itonm n HeyrpaJIHr,I MoJIeKy-
JrH, ro HeyrpanHara ra3oBa rbasa qe nr"ra (vpes ynlnvane) cbulo poraqr{oHHa KoM-
rIoHeHTa Ira ABrrxeHr{e coN, Kotro Iue 6bAe rIo-MaJIKa or cDM,
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Torana aKo ctrcreMara Ha Tr{ e neolupaHa, To B Her rqe ce ycraHoBn paBHoBe-
cen KpbroB rrorox or ra3oBr.r qacrurlu. Tosu uarpolpoqec Ir1e 6bAe paBHoBeceH,
3alrloro 3a rloAAbpxaHero Ha KpbroBlr.s [orox npaxTuqecKtr He ce rrgBbprrrBa pa6o-
Ta oT BbTperrrHlr ctrJrtr, a cpeAHoTo KoJrrIqecTBo xr{HeTHqHa eHeprrlq, KoeTo ce o6-
MeHe MexAy ra3oBara cpeAa n 6loxuparu{r Kopflyc (r[nr. 2), KJroH[r KbM HyJra, Kora-
To MaKporeMneparyprrre Ha cbrrluTe ABe reJra ca npu6nuer{TeJrHo eAHaKBrr.

Ovenu4no e, qe QnyxTyaqr{ure rra xapaxTepr{crnxrrre Ha rorrJruHHo ABnxeHr{e
Ha orAeJIIIEte fionu, KaKTo H Te3u Ha rlenllc aucarvr6u qe 6t4ar 3Haq[TerHE rropa-
AH HHcKara r(oHrleHTpaqus Ha ra3oBara cpeAa. CaeAosarerno u Qlyxryaqurrre Ha
cKopocrur{Te rr eHepreruqHure xaparTepr.rcrnKu Ha KplroBuc noroK rle 6bAar 3Ha-
qtrTeJrHr,I. Brnpexu roBa MarcpocKo[urrHr.r.sr npeHoc Ha qacruqn e paBHoBeceH rrpe-
HOCeH rrpoqec,3arrloTo HeroBHTe flapaMeTptr I,IMaT nocTosHHaId pa3JlurlHa oT Hyna
cpeAHa cbcTaBHa rrpl,I ocpeAHflBaHe 3a roJreMH rrHTepBaJrr{ oT BpeMe.

flpn croero paBHoBecHo poraqr.roHHo BbpreHe rasoBu.sr o6eu ocrulecrB.sBa
Tpr,reHe c Koprryca. Paoylranrnara cilJra rra rpr,reHe cbgAaBa Bbprrrrl MoMeHT, Kofi-
To Moxe Aa pa3Bbprn KoprrycHrrs qunr.rHAbp, aKo rofi ne e 6aorupaH.

,{o rosu MoMeHT E3ucno npene6pernaxMe npoqeca Ha enexTpoMarnr.rrHo r{3-
JIbrIBaHe, Koero ocbrrlecrBrBar 3apeAeHr{Te qacruqrl n Tr{ (r. 3.1.6).

Bcsra H3oJIIrpaHa MaxpocKorr[rrHa crrcreMa Aocrlrra Ao cbcrosHue Ha paBHo-
Bec[e, rrpu I(eero cpeAHtrTe no BpeMe KoJrtrqecrBa rra r{3JrbqBanara H o6paruo npe-
o6pasynanara (n rolrrHHo ABnxeHue) enexrpoMarHrrrHa eHeprn.s ca paBHr,r (upun-
IIErr Ha gerafinnoro paBHoBecue). CaegosareJrno BbB BcsKa r,r3oJupanara ycraHo-
BeHa cEcTeMa eJreKTpoMarHETHoTo H3JrbqBaHe e paBHoBeceH rrpoqec.

ElexrporvrarHr{THoro }r3JrbrrBaHe B crrcreMaranaTlre clnbrcrBarrl r,r Heonpe-
Aerclq [poqec 3a E3cneABaHr,re ryx rrpeHoceH Ma(po[poqec. B nsoanpou&To c]rcr€-
Ma Ea Tr{ 4nara lapaneJrHrr flpoqeca, To3n Ea npeHoc r{ cbrrbrcrBar\nrT ro flpoqec
Ha enel(TpoMarHurHo E3Jr6qBaHe, ca cBGp3aHr,I n o6q npoqec, rofiro e paBHoBeceH.

5. O6o6ueH MoAeJr Ha rorrJrlrHeH ABr{rareJr

B r. I 6.sxa parrpaurrqenu ABa upenocnr{ npoqeca Ha fionu
noA Aeficrstre Ha MaTHETHo noJre. VI atara BEAa flpeHoc, e4nnnsr rro rrocoKa Ha
BeKTop ,,2," (1) r,r BToprrtr rro locoKa Ha BeKTop ,,nr" (2), ca HapeqeHu raM;,HeAI{-
cI,InarEBHR" npeRocnn rrpoqecu.

I4scne4nanurr MoAeJr na T! rvroxe Aa 6rAe pa3BtrT Ao ",o6o6rqes 
MoAeJr na T,{".

O6o6qen MoAeJr Ha TA qe HapetreM Bcrra cr{creMa cbc co6crneso MarHI{THo
rroJre, Koero 4eficrna n o6enaa Ea 3aKpRTa cpeAa c orHocrrreJrHo HrrcKa KorrrleHTpa-
qur (or BHcoK Ao cpeAeH naryyrra) n B Kocro:

- rrMa coo6o4nn rl ereKTputrecKrr gapeAeHu rracr[u[;

- Maxpopa3rrpeAeneurrero Ha qacrrrrlrrre n o6eua Ha cpeAara e orHoclITeJIIro
cTaqHoEapHo;

- 3apeAeHtrTe qacrtrql,I trJII{ rlacr or T-rl( yqacrBar gafi-uarro B eAlrE ,,HeAtrcu-
narEBeH" npenocen npoqeq or BIrAa Ha,,nr" nrw ,,nr",

6. O6crxaaHe Ha roryqeHure pe3yJrrarl{

Pesyrrarnre Ha HatrpaBeHoro nscJIeABaIre Morar Aa 6rAar
o6o6llenn.

Kprronn.ar rroroK or rasoBrr qacrtrqu, rofiro ce ycrarroBrBa B u3ontrpaflara
cucreMa na T,{, e paBHoBecen npenoceH npoqec, 3arrloro:
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- 3a HeroBoTo rroAAbpxaHe He ce rsBbprnBa pa6oTa oT BbTperrrHn cnnn;
- eHeprerl{tlHllgr o6Ivren rIpE MexaHrrlrHo B3atrMo4eficrnne rra MtrKpoqacrErlr{-

Te B eKBtrTeMrrepaTypHaTa cEcTeMa e paBHoBeceH rrpoqec;

- npoqecuTe Ea u3IbrIBaHe rr floDrarrlaEe Ea eJreKTpoMafHrnTHa eHeprtrr B r{3o-
nvp aHaT a crrcTeMa ca B3alMHopaBHoBecHr{ npoqec[,

Cnegonareruo Kp6roBl{.sr loroK or r&toBu rracrnrlr,r e [penoceH npoqec, rofi-
TO Ce xapaKTepu3trpa c ToBa, qe:

- rofi e o6errnnno HeAlrcnnartrBen, T. e. rofi e BerreH, Koraro cr{creMara e u3o-
nlilpaIJa;

- rofi e ,,HeAtrcl{rartrBeH" c roqnocr Ao Kor[qecrBoro eJreKTpoMarHETrra
eHepfE.s, KotTo ce It3JIbrrBa oT eJrer(TpHqecKtr 3apeAeHuTe rracTuqu IIptr TcxHoTo
yqacTl,le B cblrlllt npeHoceH Mar(po[poqec 3a cJryqas, Koraro cr.rcTeMaTa e Hetr3oJrr{-
paHa.

B npe4loxeHl,It reoperr{rreH MoAeJ Aeficrsa raKGB rrpeHocen Mexanr{3bM, qpe3
xofiro equa rlacr or KuHerrrrrHara eHeprus Ha xaorurrHoro rorrJrr{HHo ABtrxeHI{e Ha
BcHtIKu MuKpoqacrEIIE B MaKpocrrcreMara ce rpancQopMupa B KrrnerlrqHa eHgpru.s
I{a HacoqeHo MaKpoABr,rxeHrre.

Koraro pa6ornurr qunlrnAbp Ha MoAeJra uvra cno6oAa Ha ABExeHr{e oKoJro
poraqr,roHrrara cu oc, To roraBa rofi ce panBbpra 4o rpafina BrJroBa cKopocr, rrpe3
noBbpxHocTHo TprreHe c KpbroBr.rs riltoB rroToK.

Pa6orara, ko.sro ce II3BbprxBa 3a pa3B6praHe na quntrHAbpa, e eKBr{BaJrerrrHa
Ha KOTEqeCTBOTO KHHeTnqHa eHeprEs, KoeTo e oTHeTo oT cyMapHaTa erreprE Ha
TOnJTEHHOTO ABrrXeHne Ha BCtrqKr{ MuKporracTr,rrlE B MaKpoc[crrTeMaTa na T,{, r. e,
T-s e eKBr,rBarerrr rra rpancQopwnparroro KoJrr.rqecrBo nbJrna eHepr[r.

Ovenn4na e neo6xo4uMocrra noJr5rreHlrre Aoryx pesynraru Aa 6TAar npoBe-
peHH r{ rrpe3 MeToAr{Te r{ cpeAcTBaTa Ha TepMoAr{HaMHKaTa:

B r. 3.1 6rxa narpaneHr,r ortpocrsBarrln AonycKanytfr, Kor{To He KoMrrpoMerr.rpar
npI,IJIOXeHr{eTO Ha [OnyqeH[Te pe3ynTaTtr KbM pearrHr{ crrcTeMrr, KoraTo Te MoraT
Aa ce cBeAar.qo o6o6qeH MoAeJr na Tr{.

Bcuqxr.r HarrpaBeHu AonycKaHr.r.s ocBen ToBa B r.3.1.2 6sxa xoNrenrr,rpaulr Ao-
TyK B eAHa Irnn Apyra creneH E no orHorrreHr{e Ha r.sxHara cbrrluocr, qeaecro6pas-
HOCT rI rpaHr,rqu Ha u3noJr3BaHe.

B r.3.1.2 e rrpuero, qe KoHrIeHTpa\uflTa Ha ra3oBETe fionn e locrocnHa Beru-
quHa, qpe3 rrpeArronoxeHne ga EAeaJreH ArreneKTpr,rK (usonarop).

flpn usrorsBane Ha peaJreH AneneKTptrK fionure rqe [peAn3BrirKBar fiox-fionna,
fion-enexrpoHna tr fion-arouna eMucn.s or noBbpxuocrra vrru re rrle ce a4cop6u-
par rz,nna6cop6upar.B AueneKrpnra. Torasa lpeuocHr.rffT rrpouec n o6paseq na Tr{
IrIe cbrrlecrByna caMo onpeAenexo BpeMe - AoKaro B ra3oBara cpeAa r,rua cno6oA-
nr.r fionu.

Karrs e cMrrcbJrbr Ha rrur{ paspa6orra, Koraro MoxeM Aa oqaKBaMe, qe eAI{H
peaneH o6paseq na Tr{ ule Aeficrna caMo HrKoJrKo rraca nau Aenonouluq?

9peo reoperrrqHoro u3cneABaue, npene6persafiK[ npo6neuu c ArdereKTptrrl-
HRln MarepuaJr, Hr.e ce y6eguxue, qe cbrrlecrByBa eAHH ,,HeAHcI{rIaruBeH" Mexantr-
3tv, rofillo npeo6pasyna eHeprrrrra Ha xaorr,rqHoro rorrJrtrHHo ABxxenr{e B eHeprrlq
Ha KpbroBo MaKpoABrrxeHrre.

Axo Anec Hr.re He MoxeM Aa cb3AaAeM T,{ c rpafino AeficrBtre, To ecrecrBeHn-
Te KocMtrqecrr,r reJra crc co6crneHo MarHtrTHo rroJre Morar Aa ce cBeAar-lo o6o6-
rIIeH MoAex na.T.{ c npaKTtrqecrtr Beqno AeficrnRe,3arrloro:

- Marpopa3npeAeneHr{ero Ha cno6oAnu eJreKrpr,rqecKr.r 3apeAentr qacrnqtr B
paArrarltroHEETe rroscn B,e, Te3tr TeJra e oTrroclrTeJrHo [ocTo.sHHo qpe3 rrelpeK]cHaT
npEToK Ha 3apeAeHr,r qacTEqE oT KocMrrqecKa paAna\I,fl;
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- KOHqeHTpArryrsTA Ha qacTtrqE B paAEarluoHHure flocctr e oTHocI{TeJIHo
HUCKA;

- eneKTpr{qecKH 3apeAeHHTe qacrr.rqtr B paArraq[oHHHTe rro.f,cn ca rroA Aeficr-
Br{e Ha Marutrrno (8, grad B) u enerrprrecKo (E, grad -E) nole.

ZgseclHo e, rle B rraarnnroct[epuTe Ha ecrecrBeHrrre KocMtrrIecKR Tena lportr-
qar n ABara npeHocHtr rrpoueca, Kor{To HapeKoxMe ,,HeArrctrrrarutBHr". Or .qpyra
cTpaHa, KocMuqecKnTe TeJra r,r TexrrtrTe paAlraqrroEHn rrogcn ca cBbp3arru IIoMexAy
cH rpaBlrrarlr{oHHo, a B MHoro or crytra[Te u qpes parpeAeHa arrvrocSepa.

Torana Moxe Aa ce [peArroJroxu, Ere oceBoro BbpreHe Ha ecrecrBeHl{Te Koc-
Mnqecxu reJra tr o6pasynaxzt (ntaneru,3Be3Ax, raJraxrtrKrr u r. u.) ce nopax,qa tr
rroAAbpxa oT KpbroBtr rrpeHocHtr npoqecIl Ha eneKTpurlecKE 3apeAelru qacTllqu,
IIPE3 KOI,ITO B KOCMHqECKUTE CECTEME CE AKYI!{YNEPA BbPTENEBO MAKPOABIIXEHNE B

rrpoAbnxeHlre Ha MrrJrr.{apAtr roA}rHH.
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Equilibrium circle flux of gasoous ions
in magnetic field

Milcho Vatsov

(Sumrnary)

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, maiptained without work, then under some conditions, an equi-
librium circle transport of material will be observed in the system
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Murtuo Batloa

Ha4uouaaeu qe+mbp no xueuexa, Co$ua

1. Brne.uenue

B ugroqnux [] e uarpaneno crarzcrtrqecxo rr3cJreABaHe Ha
KpbroB npeHoceH MaKpo[poqec Ha [a3oBtr fionu uog Aeficrsne Ha MarEtrTHo rIoJIe B

ycroBusra Ha rr3xycrBen MoAeJr Ha ronJrtrrren 4nnrarer (Tr{).
T.{ e nsrpa4eH or trgroqHr{K Ha nocroflHno xoMoreHHo MarnarHo rroJre x pa6o-

TeH qtrJrEHAbp or HeMaurrrreH r{AearleH trgoJlarop, B KofiTo e 3arBopeu r&r or eArro-
I{MeEHr.r fionu c KoHrIeHTpaq[r, orroBapsr\alal cpeAeH BaKyyr!{.

Ha r[ur. I e noxagano ycnoBrro uso6paxenue Ha eAr{H Tr{. Or qeprexa ce BrIx-
Aa, qe npunox(eHoro MarHrrrHo rroJre (B) e opuenrnpauo ycnopeAHo Ha porarltron-
Hara oc Oznapa6omtrc qr,urrlnArp n T,{.

IlgcneAsaHero e HarrpaBeHo rrpu npeArronoxeHtre, qe pa6orxnrr o6eu, n xofi-
ro fionnre ocbrrlecrBrBar ronJrrrHHo ABuxeHr,re, e KoaKcuaJrHo exBtrtroreHquaJruo E
KoaKcuaJrHo erctrcxopocrHo npocrpancrBo. ,{onycranero e eAlro aodpo upn6au-

/t/
i-- L ----- 1

+'p'
_- -J

@ur. I
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xeHne KbM peanHr{Te ycnoBrrfl B qnntrHAbpa, aKo EeroBara o6patyBareJrHa o MEoro
rro-roJreMa or BbTperxHns My paAnyc.

B exrunorenquarnr,r.s E eKBtrcKopocreH MaKpoMoAeJr na Tr{ cpeAnara rorrJrtrE-
Ha cKopocr na fionure Aocrrrra MaKclrMaJrHara cr. crofinocr Bbpxy oxoJrnara rro-
BbpxHlrrra na pa6ornm rIHJrtrHAbp n rfl e

(r) v(r)=,;@l=J#
I(bAero 7 e rraaxporeMrreparypa Ha Kopnyca, k - xoncranra
Maca Ha orAeJreH fion (rarona uacruqa).

naEoaqvax,ifl-

(2)

,{orasano e, rle B ycnoBurra Ha qtrnnHApil.rtar,A MoAen (Qm. l) fionnre rrvrar
MaKpocKorrErrHa poTarIHoHHa XoMrroHeETa Ha TOTIJIUEHO ABEXeHtre, KOSTO e O[pe-
AeJreHa n [] no creAHHs Haqr{H:

t"(T)= '"0(') ',(r)
R

KbAero rrrr(T) e MaKpocKorrtrqHa brJroBa cxopocr na fionure, v*(T) - MaKpocKo-
rluqHa ranreHlll,rzurua rurnefina KoMrroHeHTa Ha cpeAHara rorrJruHHa cKopocr na fio-
HLITe Bbpxy oKoJrrrara rroBbpxrrocr Ea rltrntrHAbpa, n. - Bbrperxeu paAnyc Ha pa-
6ornus qrrJrrrnAbp.
' MaxpocKorr[qHara raHreHrIRaJrHa KoMnonerrra Ha cpeAnara rorrJlunHa cKo-
pocr vr(T) or (2) u MarcuMarrHara cpeAHa rorrrunna cxopocr v(7) or (l) ca cnrp-
3aHI,I Ha rroBspxHocTTa Ha qr{JrtrHAbpa qpe3 cJreAHoTo paBeHcTBo:

,' F) = 4,F) * vi (r) + f, (r) = 4@) * tr*(r),

KbAero vo"(T) e cpeAHara rorrJrnnHa cKopocr na fionure no ocra Oz,v^(T) - cpeA-

Hara pa.qtrarrna KoMnoEeHra na v(T), a v.(f)= ,[r;@1*rt(q - cpeAuara xao-

TulrHa KoMrroHeHTa na v(T).
B [1] e ror(a3aHo, qe fionure npn cBoero ronJrtrHno ABExeEtre B ycranoBeHara

tr eKBtrTeMrreparypHa crrcreMa na T.{ ry6xr or Kr{HerrrqHara ctr eHeprtrt caMo rlpe3

eJIeKTpoMarHurHo r,r3rbqBaue. Koraro cucreMara ua TA e trsontrpaHa, Testr sary6u
ce KoMneHctrpar rrbJrno rrpe3 npoqec na o6parno npeo6pasyBaHe Ira eneKrpoMar-
r.vrna eneprrrfl B eHeprtrr Ea rorrJrtrHno ABnxeurre (npnnqnn na Aerafinnoro paBno-
necue). 3a npocrora, Koraro orrtrcBaMe rrbJrnara W unrrpeutsara U eHeprtrlr Ea
E3OJII{paHa Cr{CTeMa, HflMa Aa patrpaHr4qaBaMe TexrrtrTe eJIeKTpOMaTHUTHtr KOMtrO-
HeHTr{, 3arrloTo Te ca caMo aIInTvBHn BeJrIrqtrHE.

Torasa olpocreHusr 3arruc Ha nbJrnara eHeprrls Ha ra3oBara cpeAa Wr(T), sa
u3oJll{paHara crrcreMa na T,{, ule rrMa cJreAHE BnA:

(4) w 
"(r) 

= w*,F) n u 
"(r) 

= + (tr- {r) * tF)),
KbAero WkB(!) e KrrHerr{rruara eneprr{fl Koero ce }I3-
BbpIrIBa or-rasonara cpeAa, U,(D - nr o6eu, Kosro
rIpoI{3JIH3a oT xaortrqHara roMnonenra afrr- cyMa-
TA OT MACHTC HA TA3OBI{TE IIACTUIIH B MHOXECTBOTO.

flrnnara eneprrs Ha pa6ornns qErEEAbp lI/tT)uoxe orpocreuo Aa ce [peA-
CTABE TAKA
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(5)

KbAero wk"(T) e Kr{HeruqHara eneprtrs Ha MaKpocxorltrno BbpreHe, au"(T) - Bbr-
PEIIIHATA EHEPTE' HA qtrJIHHAbPA, KATO C}TMA OT XI,IHETI,IqHIITE EHEPIUI{ HA CbCTABfl-
Ir{trTe ro MnKporlacrl{qu rIpH T.sxHoTo xaornqHo rorrJrr{HHo ABEXeHT{e B TBbpAO
TffJIO.

Hera Aa 3anl{ureM Ir rIbJIHara eHeprus W(T) na rrconr{paHara cr{creMa, a rrMeH-
HO

(6)

(7)

w(r)=w,F)*w"(r).

,s(z)= s,(r)*s"(z).
Bcu.rrrl BeJrr,rrrrrrrn, Kor{To 6sxa otncaHn Aocera (cxopocru, eHepruu, enTpo-

nuu), ca eAHosHarrn[ rfynxqun rra MaKporeMreparyparaT.Sarpocrora B cneABa-
rrlE TeKcr ra3u BaxHa QynrquonanHa Bpb3Ka rqe or6encsBaMe caMo c r{HAeKc,
xofiro e eArraKbB c r{HAeKca Ha reMneparypara, TaKa HanpuMep aKo T : T" To cb-

orBerHtrTe B.JIIIqI{HI' ca orr,, rW'rS'rU', tr,t.

2. Tepvo4uHaMutreH aHanrr3
Ha H3oJrr{paHa cucrevra ua Tr{

Tyr qe olpeAeJruM H.flKolr repMoAEHaMtrrrHE napaMerprr Ha
nsonr{paHa c}rcreMa na T.{ (VlC na TA) n,pa3r[rrHtr paBnoBecHr{ cbcrorHu.s r,I lrle
aHarlrsnpaMe rrpexoAa Ha cucreMara MexAy paBHoBecHtrre i crcro.sHns qpes cpeA-
cTBaTa Ha TepMoAr.rrraMnKaTa.

C nperrcnaHa ItlaHHr na Qur. I e o.repran np[rMepen KoHryp Ha eAHa nJrtTHa
o6nunra, Korro r{3onupa BbrperrrHn cn o6ev.

2.1. PaeuooecHu cbcrnonHu.fl Ha neceo6oden TI
Hecno6ogen TA (HTD rue HaprqaMe ro3n, a xofiro pa6or-

Hu-sr qtrrrnAbp H.sMa cso6oAa Ha poraqtronHo BbpreHe. O6parnoto ule EaptrqaMe
cno6o4en TA (CTD. MexanRgurr sa 6lornpaHe Ha Tr{ e noxasan ycJroBHo na Sur, l.

Cera'nera VIC sa HTr{ aa e ycraHoBeHa B cbcrornrre Ha repMoAtrHaMtrrrno
paBHoBecr,re npn reMrreparypa d (crcroruue T).

flapavrerpnrenaIlI.C na HT.( B cbcrorHne To ue orrnrrreM TaKa:

w"F)=wu.@)*u"g),

Analoruqno n o[pocreHo rrle 3anr{rrreM r.r eHTpolucra Ha cr{creMara

(E)

T' : TO,

Wo =Wo +Woga

=W.o +(Jokga

So=So+So.go

=wl,+ui +wi+ui
+Uo, oauloro W!.=0,

II{e:arurueM rr flapaMerpnTe naVIC na HT.{ B cbcrornr{eT,a EMeErro:
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1W,

Paur.mara MexAy ABere ctcrosHrr (TrnTo) Moxe Aa ce orrnrrre qpe3 r,r3MeHe-
HnsTa n croftxocrr.rTe Ha TepMoAuHaMErrrrr{Te napaMeTpH, TaKa:

(l 0)

A4, : Tr-T0.0,
LW = LWI + LWot = t4l *lt/' +A{'

:Wl" -W:, * U'" - 4 * u:- 4 . 0,

ASot = s' -so : St -So +St -So < o.

=wi+ui +ui

so.

(e)

LQo' : orr(#rr",

Zsuenenuero Ha [bJrHara eHepr[r LWt or (10) uoxe Aa6's4e rorrHo orleHeHo
rrpe: rpecMsrane Ha eArrH [poqec na usoxoirno oxJraxAaHe (Af^,) [2] n crqara, uo
Heu3onupaHa cucreMa na HT[. Kornqecrsoro Ha u3BeAenara dr cncreMara rorr-
nuHa rrle ce onpeAenu TaKa:

Kb.qero MreuonapHa Maca Ha ra3oBl{.s o6eu,m" mM"ca cborBerHo Macara rr Mo-
rapnararj'acana BerrlecrBoro B rltrJrrrnAbpa,C"ru C 

"- 
uorapnr.rre roIIJIoeMKocrI{

Ha ABere reJra B r,r3oxopeH rrpouec, a tQ(tTr,) e nernua eAHo3HaqHa Qynrqrar na

Ad, la BceKLI r{HTepBaJI Ha reMrreparyplrre, n roftro C,,^ C," ca rocro.sHHrl BeJrE-
qvldn.

9pes npr,rraraHe Ha rrbpBn.s gaxon na repMoAI{HaMIrKara Mox(eM Aa HaMeprIM
Bpa3Kara MexAy AQor or (l I ) n LWl or (l 0), rorro rI3rJIexAa raKa:

/\lm
(12) LQo' = LWot wwt LiI^,|:J-C.^*!-C."|= tWI +AUf'+AUfr"ut[t, vs Mo *) K8 E c

(11) O(o4,). o,

2.2. Ilpexod om pesHosecHo cbcmo.flHue
ua UC ua HTI ttbJvt pa*HosecHo cbcmonHue
ua IIC ua CTff

Hera IIC ua HT.{ Aa e ycranoBeHa B ctcro.auue d.
Cera nexa Aa cn npeAcraBl{M, rle B ropHara cucreMa cMe npeMaxHaJIE Mexa-

rrtrqHara 6nornponra, Ho raKa rre He cMe ocbIrIecrBIrJIII HITKaKBo Apyro ntsAeficr-
BI,IE HA]I CtrCTEMATA.

Kptronuer ra3oB rroroK, rofiro Ao ro3lr MoMeHT e ocbrrlecrBqBar nacoqeHo
,lgeArrcunarBnHo" TptreHe [1] c oxonnara noBbpxrrocr rrpoAbJlxaBa cBoero porallrr-
prrHo MaKpoABnx(eHrre. Pesynranrnara raHreHquaJrua cuJra rra rpllreue, Kosro e rrprr-
JroxeHa Bbpxy qunr{HAbpa, Berre e cno6o,qna Aa r{3BbprrrBa pa6ora 3a rleroBoro yc-
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KOp.SBaHe, SarrIOTO CEJTATA rra [pOTEBOAetrCTBEe, A'b3AABAIiA AO TO3tr MOMeHT qpe3

6nornparqur MexaEI{3bM, rrMa Berre HyneBa crofinoor"
3a n.flrarso BpeMe KpbroBurr ra:roB noroK rrle tr3Bbprrru eneMenTapHa noJloxtr-

reJrHa pa6ora 6A",3a Aa ycropr{ raHrenq}raJrno poraqr{ouHns qlrrHgrp. 3a cbrllo-
To BpeMe u crrqalra no KoJruqecrBo, Ho orpuqarenHa pa6ora 6A":-6A" ule H3BLp-
urn ra pa6orHnrr qr{JTEHABp HaA ra3oBara cpeAa. Cre.qosarerno iaronn"-sr o6epr lr1e

ce oxJraxAa, a or orxocureJrHo lo-Tolrus (cuprvo oxJIaAeHrIfl c H.sKaKBo E3npe-
BapBaHe ras) qunuu4cp KbM ra3oBuc o6eu qe ce HacoqBa rorrJltrHa.

lICna ocno6o4enur Tr{ ne e ycrofivnna n'rbpcv HoBo paBnoBecno cbcro-snr're.
Ovenu,qno e, qe qertr.sr rrpexoAeH rrpouec or cbcrosHlle d na LIC na HT.{ xru pan-
rroBecHo clcro.snr,re na}.IC na CT.{ qe ce ocLqecrB.sBa sa HsKaKBo Mlroro roJIsMo,
no rpafino BpeMe. 3a nper"rero Ha npexoAa ctrcreMara rrle [peMEHaBa rIocJIeAoBa-
TeJrHo rrpw HerrpeKbcHar peA or Hn3xoA.flu{u tr npaKTuqecxx Sesrpafino 6nnex[
cbcrorHr,Is Ha repMoAr.IHaMEqHo paBHoBecue. CneAonareJlHo cncreMara,ga BpeMe-
To Ha npexoAnnr npoqec, qe ce HaMrrpa n neycrofiunBo KBa3r{cfarl{tlHo repMoAr{-
HaqtrHo panxonecue [3].

3a npervrero Ha rrpexoAa brJroBara cKopocr Ha IIHnrIHAapa oJT) qe pacre, a
MaxpocKolurrHara rrJroBa cr(opocr o.(7) Ha r&toBn.s noroK rrle HaMarcra. ,(rere
brJroBH cropocru rqe KroHcr rru eAnd o6rua crofisoor o (7.) :g)r(f,), rpn Kotro
p$ynraHTHnrr Bbprsur MoMeHT (or nacoveno rpnene) "ur"'.qoot" HyneBa cron-
Hocr, a MarporeMrreparypara s HC Ha CTA qe cflpe Aa r'aMareBa H IrIe ce ycraHo-
BE B H.sKaKBa paBHoBecHa crofinocr Tt(TfT).

flpr.r vraxporeMnep aryp a T r wso rirp airar a cucreMa (HC) na cno6oAHus ronJIE -

HeH ABnrarer (CTr{) e AocrtrrHzuIa cbcrosHue na ycrofruuBo repMoAI'IHaMtrqHo
paBHoBecr.re

Tara onpe4eJleuara MaKporeMrleparypa T, e ocnonna xapaKTepncrnKa 3a paB-
HoEecrroro cbcro-snne sa VC na CTr{ n sefitrhra BeJIETII{Ha Z, e oupeaeJltnla 3a
Bcr4qKlr reMrreparypu, Kor{To ryr rrpeABapr{Tenno 6ma osnaqeHr{ cr'c cbull{.s cuM-
nor (7,).

3a- npewero Ha rrpexoAa eHeprerualnucr o6veH MexAy ABere reJla e eAEorloco-
rreH cxoArrq MaKpolpoqec, KofiTo xronn KbM MaKpollpoqec Ha paBHoBecen o6ves
Ha Kr{HeTr{rrna eHepru.s B cbCTO.sItI{e Tr. flpu cIIHxpOHHo BbpTeHe Ha ABeTe TeJIa

(co"(r,) :or(T,)) rplleEero MexAy r-f,x e ,,HeAneurarnnen* npoqec'- 
3a nptir*.reio na npexoAa rlocorara Ha eHeprerurlelr o6ues e BlrHartr:

- orpr.rrlareJrHa 3a raSoBus o6ev, garqoro rofi r{3BbprlrBa caMo IIOJIoxETeJIIIa
pa6ora 3a ycKopsBane Ea qlrJrrrHAbpa;

- noJIoxI{TeJIrra 3a pa6ornu-a qI{JII{HAbp, BbrlpeKrr qe rofi ce oxJraxAa, 3auloro
H3BbprrrBa caMo oTpr.IqaTeJrHa pa6ora HaA 1a3oBrnt o6etr xaro aryMyntrpa KEHeTnTI-

Ha eHeprl,Is Ha BbpTeJIr{BO MaKpOABT{xeHtre.
Cera nera Aa npocJIeAIiM HaKparKo o6parnnr fipexo.q MexAy ABeTe paBHoBec-

HH c:ncrosnns, r.aVlC na T,II.
Hexa VC na CTA.qa Ce HaMEpa B cbcTosHtre t. {pes IIocTeIIeHHo trJItr ,,Mtrr-

HoBeHo" BKJrrorrBaHe Ha MexaHnrrsara 6norupoBKa u6xerur orHoBo Aa cnpeM pa6or-
Hr.rs qunnHAtp. OnpOCreEo II5pBETIHEqT pe3yITaT Ha TOBa Aeficrnne rqe 6lAe Or-
,uersHe Ha rorrJruHa, Kotro e rorrJrnHen eKBr{BaJIeHT na upeo6pasyBaHara KEHeTETI-

Ha eHeprnl E Ko.sro ocraBa B crrcreMara. Tervrueparypara B cucreMara rrle ce rloBlt-
rrraBa rrJraBHo urv pq3Ko. Eeg Aa anarftrgvrpaue rrpoqecuTe B rIJIaBHrrt o6paren upe-
xoA r{JrE TS3II cJIeA ,,MI{rHOBeHO" cf,ItrpaHe, MoxeM Aa KaxeM, KaTo Ce IIo3OBeM caMO

IIa SaKOHETe 3a CbXpaHeHEe B MexaHIiIKaTa, lle cJIeA AOCTaTGqHO AbJITO BpeMe clac-
TeMaTa rrle ce ycTaEoBE B cbcTo-sHlle Ha TepMoAr{IIaMrrqHo paBHoBecEe, KoeTo Toq-
Ho cbBnaAa cbc cbcrotnue Tona IIC na HT.{.
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flo crrqara JrorrrKa Llc naTA qe ce ycraHoBtr o6parno B cbcrornrre Tonavc
na HT.{ H aro [p[HyArrreJrHoro crrtrpane e tr3BbprreHo u n rofiro il Aa.e Mex,qurreH
MOMeHT Ha rrpaB [pexoAeH [poqec, T. e. Koraro crrHpaEero ce H3Bbprrrtr rro BpeMe
Ha flpexoA or gbcrornne d rula crcronrue T,.

Haupanenr.rtr JloruqecKlr aHaJrE3 not a3na, qe BctrrrKn paBHoBecHH crcrognnr
na I/IC na Tr{, B T. rr. tr KBatxcrarurrHure paBHoBecHu cbcrorHHr IIpE npexoA, ca
paBHoBecHr{ n o6paruuu cbcro-sHuq. cae4onareano r.r Bcrrrrxtr MaKpolpoqecrsvIC
na T.{ ca paBnoBecyu n o6parnMrr npoqecr.

BrsvoxHo e r e neo6xogrrMo Aa ce HaMepH Kor[qecrBena oqenxa Ha napaMer-
pETe Ha ctrcreMaTa rlpe3 [pEnaraHe Ha rrbpBETe ABa SaKoHa Ha TepMoArrHaMrrKaTa.

IIfe ounrueu tr3Merrenrrrra, KotrTo rracranBar tvIC saTA caea pa:rBbprage Ha
pa6ornnr q[nrruAbp rrpes rrbpBu.s 3aKoH Ha repMoAr{HaMtrKara.

flpou.enara B cbcrocn[ero Ha rtrtoBara cpeAa npu npexoA naI,/LC na T,{ or
cGcrorHHe 7o xru cbcro.sHlle 7.,,r. e. IIpn [paB npexoA ATo, rue npeAcraBuM Taxa:

- tait > 0 e rorrqecrBoro ronrrHa, Koero ra3oBara cpeAa nonyrraBa or pa-

6ornus rIHnr{HAbp B npexoAntrfl npoqec;

- Lr:t = Lwt+ A,r;' a 0 e orpnqareJlHoro tr3MeHeHtre Ha nbJlnara eHeprns

na rasonoro r.rno;

- LWt < 0 e orpuqareJllroro I{3MeHeEue Ha eEeprrl.sra Ha MaKpocKorrurrno

ABr.rxeHr{e Ha ra3oBaTa cpeAa;

- Lqt '0 a otp"qareJl'oro u3MeHeHtre Ha BarperuHara e'eprtrr Ha ra3oBara
cpeAa;

- M:t > 0 e nunoro Kor[qecrBo rroJroxureJrHa pa6ora, Koero ra3oB[sr [o-
TOK e R3Bbprrr{n HaA rIEnEEAbpa:

flo anaroruqeH rraqnn MoxeM Aa ontr[reM E npoMentrTe r pa6ornuc qlrtrE-
Abp, Kor{To ce rr3BbprrrBar trpr{ npexoA LTor, a EMeHHo:

(14)
oQ!' = LW!' + Mo' = LW * a,UL + Mlt,

xb,ueTo:

- LQ:t ( 0 e ronuqecrBoro rorrJrrrna, Koero e orgero or pa6ornr s\nnrr,ATpi

- L4t = Lrq:* A4' > 0 e cyrvrapHoro E nonoxureJrno nsMeHeHtre Ha trbrr-

HaTa eHeprH.s Ha qHruHAbpa cneA pa3BbpTaHe;

- AW:: > 0 e *""et,nqrrara eHeprtrr rra BbprentrBo ABtrxeHtre, Ko.sro e ax5[!{y-

nnpana n pa6ornua qunrrHAbp;

- Lu:t < 0 e orpuqareJr'oro tr3Me'eHue Ha BbrperrrH ara e*eprurfl Ha qrurtrH-

Abpa rrpH oxJraxAaHe;

- M:t < 0 e nranoro KoJrurrecrBo orpnqarerna pa6ora, Koero pa6orun.rr qu-
Jrr,rHAbp e r{3Bbprrrr{Jr HaA r&roBaTa cpeAa.

Ho s HC na T.{ H.sMa Hnro npnrox, Hnro orroK Ha rorrJrrrHa tr cJreAoBarenEo

(13)

KbAeTO:

(ls)
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Torasa rlJrHoro trsMeHerrre Ea eHTporunal2lnVhC uaTr{ npn npexoA AZo,
ule 6rae

(16) aSo, = 
rcl'+ aol' 

- o.

floryuenurr p€ynrar e B cborBerat"", 
" 

BToplc 3aKoH Ha repMoAtrHaMtrKa-
ra, rofiro tracn, qe r,r3MeHeHtrero Ha eHTporrE Ta B eAHa rcOJItrpaHa CrrCTeMa e
HyJIa, He3aBI{CtrMO OT BUAa Ha npoqec[Te, KotrTo npoT[rraT B Eet"

Cle4orarelnogaVC na T.{ cneA pa3BbpraHe u ycranoBcBaHe B sbcroflnmeT,
Moxe Aa ce HaIrllrue u3Becrxoro repMoAr{HaMr,IrIHo rbxAecrBo, Koero o6eAuscnd
rrbpBns H BTopE-s saKon rra repMoAEHaMHKara [2], uo cneAHu.s Harrxu:

(17) 
4^.so' = Lry' * Mor' * Lry'+ Mol

= Lvq:* 
^4' 

* M:' + 
^q:+ ^4' 

* M:' .

Axo orqeren, .re AS01=0 , u Mf,t = -M:t Ir 3aMecrtrM n (17), ro oneA perrraBaHe

Ira paBeHcrBoro crpsMo LWf) ttrc roryrrrM
(r8) 

^w:: 
= -^w::- ^q' - ^q, 

= -Lwo'.
Berr.r.runure nWi| , LU:' , L(Ju' u LWU' , KaKTo 3HaeM, ca eAHosnarrxrl Qynx-

q[I,I Ha rrocoKara E roJreMr{Hara Ha reMneparypHns flpexoA LTorm cJreAoBarenHo re
I{Mar orpuqareJrHa crofinocru. Torana eHeprrrrra Ha BbprentrBo MaKpoABtrxenne,
Koc'ro e aKWyJIIrpana n pa6orntrc q[rtrHAbp, e noJroxr,rreJrHa rr peaJrHa BeJrtrqtrHa.

Ho or ypaBeHue (12) nue r{MaMe rorrHara KorrrecrBeHa orIeHKa Ha BeJruqtrHa-
ra AWt. Torana ule 6rAe BrpHo H cJreABarrloro paBencrBo

(le)
^w:, 

=-*,(tr."*tr*J -tr{ 
^w:: 

=-^c'=loo,,l.

Or panencrno (19) [prKo cJreABa, qe KorxqecrBoro Ha KrrHertrqnara eHeprlls,
Ko.sro ce 3anacsBa n pa6ornx.r rltrJrrrHArp, pacre Eeorpan[qeno, Koraro :lr'acara Ha
eAHoro vJrn Ha ABere_gLcraBHH TeJra (m", m") ce yBernqaBa.

CreAonarenno IIC na CTr{ e axyuyirarop Ha MexaHnqna eHeprus, xofito wtoxe
Aa nMa HeorpaHlqeH KanarIETeT.

eprernqeH eKBEBaJTeHT na pa6orara
M: ycKopsBaHe na pa6ornur qtrnlnAbp.
Or e rorrJIIrHeH eKBrIBaJreHT Ha rpaHc-
Qopr"rupanara BbB BbprenrrBo MaKpoABtrxeHRe K[HertrqHa eHeprus Ha.xaorl{qHoro
TOrrJlrrrHHo ABr{xeH}re rra BcrrrrKrr MEKporracTxqrr B tr3on[paEaTa MaKpocrlcTeMa 3a
BpeMero na npexo4a AIn,.

Torasa or paBeHcriio (19) cJreABa, .re roet[uqnenrrr Ha rIoJIe3Ho Aeficrsne
(KIID raallC na T.{ upu rpancQopMaqus na co6crseHarlca BbrpellrHa eHeprrlt B

KpsroBo MaKpoABnxeHrre e

Ml' LW.o'
n = 

Fo'T 
= 

i^ar1= 
t.(20)
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Eueprnxra Ha BbprentrBo MaKpoABnxenne AE!|
TUqHA 3ABNCUMOCT, KOCTO E I,I3BECTHA OT MEXAHtrKATA,

5GU-'"""(q)

MOxe Aa ce cBbpxe caE,anu-
NO CJIEJIHE.g IIAqI{H:

(2r) nW=

KbAero.I. e nuepquoun 6orHr.r.s qnnr{HAbp.
Torana aKo 3HaeM I 

", 
R", mr, ffi", M 

s, 
M 

", 
Crs, C""n To, To qpe3

gbuecrbase n (21) u peruaBane Ha cbrrloro ypanrieune ubtrcervr gd onpegertrM qr{c-
JreHara crofinocr na MaKporeMrreparypara 7,. Crea 3aMecrBalle na T, n (2) u pe-
rrraBarre qe oilpeAenEM eAHo3rraqHo r{ crourrocTTa na MaKpocKonurrHara brJroBa

TIOTOK B C}C
enn.runu (2, olrue MoxeM Aa olpe-
rrapaMerpE, oocbxAaHlr ryl(.

3. AHarug Ha qacruqHo rrgoJrrrpaHa
cucreMa na Tr{

T.{ n xoncrpyxrnBHo orHolueHue rlpeAcraBJlflBa eAHa 3aK-
pr{Ta ctrcrerraa. Hera 3aKpr{Tara cncreMa na T.{ Aa Moxe Aa EpBbpruBa MexaHI{rIHa
pa6ora HaA BbHrrrHtr cuJrn, Ho Aa He Moxe Aa o6rvrenc rorrJrrrna u eJIeKTpoMarHIrrHa
eHeprr,rr c oxoJrHara cpeAa. EAna rarana ctrcreMa rrle HaperleM qacrurlgo Irgonlrpa-
Ha cr.rcreMa na T.{ (qI4C na T.{).

Vlsotmpanurr MoAen na T.{ or Qur. I qe oe npeBbplre B MoAen na 9HC na T,{,
aKo H.sKaKbB BbHruerr (nrn or erpalra) roBap ce cBGpxe arcuturno c pa6ornur qll-
nuEAbp qpe3 TBBpAa Ir TepMon3onuparqa Bpc3Ka.

Ha Qnr. I e norasaH eArrn rrptrMepeH BIHITIeH loBap - ryp6una.
Hera upocrparrcrBoro oKoJro I{VIC'r'a TA aa e 3arr6JIHeHo c ra3 c npol{3BoJlHa

KoHqeHTpaqHc E MaKporer"rueparypa Tr.
B usxoAHo noJroxeHr,re pa6ornurr IltrJlrrrrAbp na Tr{ e necso6oAen, 9I4C na

HT.{ e ycraHoBeHa B cbcrosnueTom lteKa reMrleparypara ToAae uo-uzulra_or Z'
a BbB BbHruEoro ra3oBo [pocrpaHcrBo A r EsMa npexoAnu Maxpolpoqecu.IIHC sa
HTr{ u oxoJrnara cpeAa o6pasynar e4na o6e4nuena crrcreMa, Koqro rrle ocraEe B

r,r3xoAHoro ctr cbcrosnqe npoE3BoJIIro Abnro BpeMe - Ao BbBlrrno stgAeficrnue.
Hera Aa ctr lpeAcraBtrM, qe 6eg Aa EapyrunM E3xoAHoro cbcro.snne sa o6eAu-

HeHara cucreMa cve ocno6ogunu T,{ s 9I4C.
cneA uorvreHTa Ha ocno6oxAaBaHero ryp6aftara Jqe 3anoqHe Aa ce Bbprrr;

Hefisnre JrorrarKu rle 3arpsBar oKoJruara cpeAa ga cMerKa Ha IIbJIEara eneprut B

9I4C sa CTA.
B rogu r.4eaJfirsfipatr cryuafi Hl4Cua CT,{ nrvra ycrofi.runo paBHoBecno cbcro.-

rHrre rrpu reMrreparypa T,:0.
Kpafiuoro cbcrornue Ha oKoJrHara cpe4a IrIe ce xaparTepu3upa qpee MaKpo-

TeMtreparypa d, rorro e no-rorsMa or EarIaJIHataTr(\>T).
CleAonarerHo eAtrHcrBeHr{flT p$yJrrar Ha ropHus rrpoqec e npeAaBane Ha

TOnJruHa or xJraAHo KbM rope4o T.sIo.
Hexa Aa rroBTopEM ropnuq qsK6JI, Eo trpE BIHITIeH ToBap - porarluoHHo rtJlo

c rpafina Maca, Koero e B cpeAa na a6coarcrerr BaKJryM.

Kpafinoro gbcro.sHae Ha cr,IcreMara cJle.q ocno6oxAaBaEe Ha T.{ n pasnrpra-
He Ea roBapa rqe ce xaparTepu3r4pa c roBa, qe 9LIC ua T,{ e B paBHoBecno c'bcro.s-
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Hue'Tr (0<Tr<70), a BbHruHHrr roBap ce Bcpru c nocrocHEa aruroBa c
ro e paBHa na rrl"({).

Il4uncrreRu.sr pe3yrrar or ropHns npoqec rqe 6rAe rrcBbprrre
cMerKa Ha oxJraxAanero Ha eAHo T.flno - tIIlIC ua T.{.

I4 n resn ABa cryqas JrecHo MoxeM Aa ce y6eAuu, ue KII'{ na 9 ua T,{ e
orrroBo eAEHnrIa. Hanpnrvrep Korraro BbHrrreu ToBap e porarlrroHHo c KpauHa
Maca, ro KII.{ npu ycKopsBaHe Ha BbHrrrHHc roBap rqe ce orpeAenrr

(22)
'.'i,(t) "''"(t) 

'

'n=

qec qe 5r.qe (ne.re) ro-MaJrbK or eArrHnua. B rogra cnyuafi [3MerreHrrero
Ha'ra eHeprur e cyMa or noJre3no r,r3Bbpruenara pa6ora rr RrrrerpaJra or
Ha eneKTpoMarHr{Tnoro H3JrbqBaHe 3a BpeMero na na6lrogenRe.

Ouenugno e, qe ctrcreMara Ha CTr{ nva paBHoBecHo cbcrornr,re ptrT,:0.
, eAEa c[Ic-flo-unrepecHo e,qa cn trpeAcraBr,rM KaKBo ule 6rAe rroBeAeHr,rero

TeMa Ha CT.{ c nocrorHen npEToK Ea BbErrrHa eHepr[s.
Axo vorunocrra Ha BxoAsllara eHeprur e paBHa Ha Moulnocrra eneKTpo-

MarHr,rrHara eHeprri.s, Ko.flTo HanycKa crncreMara, ro CTr{ rqe e B ycro trBO paBHO-
Becrle. Koraro ABere MorrlHocrtr ca pa3rurrHu, To roraBa porarluon
CTA tqe ce ycKopqBa n:l.u za6ans,.

B egna ycrauoBeHa cucreMa na CT.{ c [ocroflHen npEToK rra BbH r{a eHeprnt
poTaIIIroHIroTo T-sro ce BbpTu c KparrHa brJroBa cKopocT, Ko.sTo e TIA BEJII{-
qI{Ha.

B eAHa cncreMa na CT.{ c rocro.f,EeH rrpr{ToK Ha BbHrxHa eHeprtr.r IA Ce

llocrr{rrte pa3BbpraHe Ha rcro c 6esrpafina Maca Ao rpafina brJroBa
r<ap r{ 3a 6eoxpafino AbJrro BpeMe.

Moxe 6E [gcreAnaHnrr B [] u ryr tr3KycrBerr MoAeJr e nprrMr{Tu urpnooS-
pa3 Ha MoAen 3a peanHo E3cneABaHe Ha oceBoTo BbpTeHe Ha III{ KOCMIT-
irecKu o6exrr,r crc co6crseHo MarHIrrHo rIoJIe u rocrosHeH rrpr,rroK Ha
KOCMrrrrecKa pa4narryts,.

t75

lor"l-t+^
KbAeTO,I" e UnepunoHHtrffT MoMeHT Ha BbEIITHUS TOBap.

4. Anarr,rs Ha Helr3oJrvpana cucreMa rra A

Hexa eAun npeABaprrreJrHo 3arpqr HTA aa e s
no na a6conrorerr BaKyyu. Cucreuara na HTr{ ry6u eneprnfl rrpe3
HO I,I3IbqBAHE I,I CNE]IOBATEJIHO CE OXJIAX]IA.

Cera nera B eAHH ,,Ha.rareH" MoMeHT Aa ocno6oAurvr T,II n
Axo orqerena pa6orara, Korro e tr3BbprrreHa 3a ycKop.sBaHe H4 rrAcpa Ao

H.sKaKbB Apyr MoMeHr (cle4 nava.rrnra.e) u.s orHeceM KbM r.r3MeHeHr{ero BbTpeIII-
Hara eueprur n CT,,{ 3a cbrrluc rrHTepBaJr or BpeMe, ro KfI.{ Ha ycKop npo-

pa6ora sa

BbTperu-

T-SIO B

, MO-

HeprEc oT



5. Xnnore3a 3a roKoBo repMoAI{HaMrIqHo
paBHoBecr{e

B [a] e HanpaBeHo npeArlonoxeutre 3a cbrlesrByBaHe Ha 3a-
KorroMepEo qBJrenue, xoero e o6exr Ha tr3cneABaue E TyK. Hanpanenara xurlore3a
MOXe,qa ce ontr[re.

Axo n gaKptrTtr.fl o6e*r na eAHa 3arpcra cpe4a, c ornoctrreJrno HrIcKa KoHqeEr-
pa\vs,, e ycrauoBeHo craqtrouaplro E HeHyJIeBo MaKpopasupegea€nne Ha gbcraBs-
uIETe q csg6oAHn HeyrpaJrHlr u cno6oAnu eneKTpuqecKu 3apeAeHlr Mtrrpoqacrnqtr,
Kornro ce HaMtrpar noA Aeficrsue Ea Btrperluo MarHtrTHo rIoJIe, ro s o6eMa Ha ope-

Aara npaKTnrrecKu 3a BcuqKtr crofinocru rl uocoxtr ga Aeficrsalqnre BbrpelxHu Mar-
HtrTHO U eneKTpHrreCKO rIOJre qe Ce ycTaHoBE HacoqeH Mal(po[poqec Ha xparoB
Upeuoc Ha BerrlecrBo, rofito e:

- ,,r.e4vlcwlartrBeH" [poqec c rorrnocr Ao KonnqecrBoro eJIeKTpoMarHnrHa
eHeprl{.s, Ko.sTo ce r{3JrbqBa oT eJleKTprlqecKtr 3apeAeHrlTe qacTllqu IIptr TcxHoTo
yqacrl{e B cbllltr.s npeHoceH MaKpoflpoqec, 3alrloro 3a rloAAbpxaHe Ha cblrlllt npo-
qec fipaKTtrqecKlt He ce tr3Bbpruna pa6Ora u 3aIIIOTo enepreTnqHurr O6uen upu
MexaHuqno ssaul\doAefiCTBtre MexAy MtrKpOqaCTEIItrTe B exBtrTeMllepaTypHaTa Cpe-

Aa e paBEoBeceH npoqec;

- o6errr.rsHo lreAtrctrtraruBeH npoqec, Koraro ctrcreMara (cpe.qa u nonera) e

rr3oJrrrpaHa, 3aIrIoTo KoJrtrqecTBaTa fa E3JrbqBaHaTa tr noIJIbIIIaHaTa B CECTeMaTa

eJreKTpoMarHtrTHa eHeprH.s ca paBHtr.
C ropnoro orrrlcanne e HatrpaBen ourtr Aa ce Qopuynnpa [o-npeqtr3Ho xnno-

Te3a 3a TOKOBO paBHOBeCtre B CpeAa C BtrCOr BaK)0rM tr xtrIloTe3a 3a TOKOBO TepMO-

Ar{HaMUqHO paBHOBeCtre 3a CpeAa cbc cpeAeH BaKyyI!{.

6.3arrro.reHne

Pesynrarure Ha ro3tr aHaJIE3 trorBbpxAaBar HarrpaBenoro B

[] npe4nonoxenrle, qe KpbroBfi.sr rrpenoceH MaKpolpoqec Ha,,cno6ogntr" tr erer-
Tpr,rqecxu sapeAenn qacrtrrla noA Aeicrsue Ea Marnltrlro rIoJIe B E3ontrpana ctrcre-
Ma Ea qrrnuHApurren Koplyc or EAeaJIeH n3onarop e paBnoBecex u o6paruM [pe-
EOCeH MaKpoflpoqec,

B usryCrnenut MOAen Ca CG3AaASHE yCJIOBtrt, 11ptr KOUTO qaCT OT egepltrflTa
Ha xaoT[rrHo TorrJrrrHHo ABtrxeHtre Ea BctrqKtr MtrKpOqacTtrIItr B MaKpOCtrCTeMaTa Ce

npeo6pasyna HenpeKbcuaro B KtrrrertrqHa eneprns Ha BcprennBo MaKpoABuxeHrIe
na ,,cno6o4HnTe" E eneKTpuqecxtr 3apeAeutr qacrl{qtr'

B ueorupanaTa MaKpOCECTeMa Ha u3KyCTBeHRt MO.qeJI KpIIOBE T npeHoCeE

Maxponpoqec e o6exrnnHo HeAucunartrBeH - rofi e BerIeH.

B ueUSO UpAHATA MaKpOCIICTeMa Ha tr3KyCTBeHtrs MOASI KpbrOBtrST IIpeHOCeH

MaKpotrpoqec e ,,HeAnctltrarnBen" c roqnocr Ao KeJltrrlecrBoro Ha eJlexrpoMarHtrT-
rlaTa eHeprtrt, KoqTo ce E3JIbqBa B CbIIIltt lpoqec tr KoflTo EanycKa ctrcTeMaTa.

3axpurara MaI(pOCIICTeMa Ha tr3KyCTBeHtr.s MOASI, Haperlega ryx CnO6O4en

TorrJrnHeH ABtrrareJr, uua ycroivtrBo cbcro.sHtre Ha paBHoBecue, Koraro E3raqBa-
HaTa oT Her eneKTpoMarEETHa eHeprrrr ce KoMIIeECtrpa qpeS eKBEBaJIeETeH trpETOK

Ha BbHruHa eneprur. B crcro.f,snera ycrofiunBo paBHoBectre glcraBntrTe reJra Ha

TOIIrIiHEn.S ABEraTeJr ocbrqecTBflBaT cEE)(poEHo poTaqRoHHO BbpTeHe c IIocTotE-
Ha brJroBa cKopocT.
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Ilocmtnuna na 12, XII. 1994 e.

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 transport of gaseous
ions round the rotational axis of a cylinder qf 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 betwee{r the two equi-
librium states is an unidirectional thermodynamic one of the type of quasi-static di- 

-

rect or reverse trigger transition. The internal energy and the rotational macromove-
ment engrgr 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 source compensates for'the eleetromagnetic radiation losses. 

-
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Bopuc Bacunee

Eucmumym 30 Koc.iluqetrcu uscredaanua, EAH

l. Crrquocr Ha rrpo6JreMa

Ocsonxrre EaBtrraqtronHtr cpeAcrBa, xotrTo ce f,3troJr3Bar
3a npugeMna HaBtrraqtrr B MoMeHTa, ca paAtroHaBtrraqtroEutrTe cf,creMn (PHC) r
rlnepqtraJlntrre EaBrraqtroEEtr cucreun (IIHC). Kru PHC ctraAar tr ctrbrEtrxoBure
HaBtrraqBoEHtr ctrcreMu (CHC).

flparrr.ruecroro tr3noJr3BaHe Ha CHC uocraBu peA Bbrrpoctr [peA cneqtraJrzc-
Tr{Te rro r.aBrrla\ns,. Be4nara cneA Karo 6erue 4orasaua Btrcorara roquocr Ea re3tr
ctrcreMtr, BbgHEXHa Bbnpocbr ga qenecro6pa3Hocrra or pa3BtrTuero Ha sai-toq-
EtrTe AO MOMeETa HaBtrraqtrOHHtr CpeACTBa - trHepqtraJrEETe HaBf,raqEOHEf, CUCTe-
un. Eeure HopMaJrHo B ecrecrBeno Aa ce rroMtrcJru, qe rean ctrcreMtr ca eran B pa!J-
BnTrrero Ha HaBrrraqtroHEara Hayra. flo-xrcno o6a.re ce BtrAs, .re CHC nMar
HeAOCTaTbTIE, KOtrTO 3a peAtrqa npaKTtrqeCxtr IIptrJrOXeEE.s Ca CbUIeCTBeEn U Tfl-
Horo roMtrencupane Moxe Aa crane caMo rro rlcrt na o6eAngsBanero nM B HaBEra-
qrroHeH KoMrrJrexc c Apyrn HaBtrraqrronntr cpeAcrBa u sai-ne.re c IIHC. Bccxa or
ABeTe EaBtrraqtroHHE CtrCTeME rrptrTexaBa EeAOCTaTbqU tr [peAnMCTBa, XOtrTO B3a-
trMrro ce KoMrreHcxpar n AotrbJrsar. Tosa e trprrtrHara KoMrI.reKcrr or CHC E
VI}JC rc ce KoMeHTtrpa n E3)rqaBa n nafi-pasntrqEtr cBerJrtrHtr, c paJIEqHa cretreu Ea
EnTerpaqtrr tr c trgnoJr3Banero Ea pa3ntrqeu MareMartrqeE atrapar sa o6pa6orxa na
rraBuraqrronnara unQopMaqtr.s. I4HC ce xapaxreplrcupar c rpelrrKu B otrpeAeJr.flEe
rra HaBuraqnouHure rrapaMerpn, flopoAentr or,qpefiQ Ea {yBcrBrrreJIHETe eneMes-
rn, rofiro e AocrrrrHaJr cBor MuHBMyM rr tro-HararbruEoro My HaMaJItBaHe rlpaKTtr-
IIECKE E HEBb3MOXHO IIPE3 tr3NOJI3BAHETO HA TEXHOJIOTTqHI YCbBbPIIIEECTBAEf,g,
xarrn6ponxa Ea ctrcreMara Karo qsno u orAenHure neinn eJreMeHTE E ycranoB.sBa-
Hero Ha LIHC (nlarQoprvrena ulu 6egunarrloprvrena) s 6asosara KoopAtrEarna cf,c-
reua (x. c.). IIHC B aBToHoMeH pextrM na pa6ora ce lryx,qasr or sHaqtrTeJIHo Bpe-
Me 3a ycraHoBflBaHe s 6agonara r. c. (or nopffAbra xa 5 Ao 15 min), ocBeE axo He
pa6oru B Herrpexbcrrar pexuM, Koero e cBbp3ano c Apyrtr neyAo6craa. Ocnen roaa
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BrlcoKororlEETe IIHC ca xoMrIJIeKc or rlpeqrr3lttr otrTrlrlHr,r, MexaHtrqrrE r{ eJreKTpoH-
nn ycrpoicrBa, Koero e trpeAnocraBxa 3a rlo-Hrlcxa HaAexAnocr I{a cucreMara.
LlgnorgsaRero xa LIHC B rIoJIer HaJrara neo6xoAnuocrra or AorrblrurrreJrHa ux@op-
MATIES 3a OTKprrBarre tr xoMneHcllpaHe Ha oTAeJIHE OTK4trr B CHCTeMaTa.

Anrosouno pa6orequre CHC ce xapaxTeprrsupar cbrrlo c rurrr{qxr.r HeAocra-
mqn. CncreMara e y.fl3BtrMa HaflptrMep or n;iona4aHe rra crrrHaJrr{re or nporuBHrr-
KoBr{ Br3Aeitcrsufl, Bbpxy crlcreMara or HaBr.rrarltroHHrr cnbrHr,rrlu. Ocnen roBa e
B:sgMoxno IlpueMHara aHreHa Aa 6r.qe 3acexqeHa rrptr eBoJrroqw Ha rerarerH[.s
anapar nrrnrro Apyrn nprlqnntr. Bpeuero, neo6xo4uuo sa o6pa6oTxa Ha paAnocnr-
HAI[A., r TOBa 3a pe[raBaHe Ha HaBrrraqrroHHlrTe ypaBHeHEc, AaBa Bb3MoxHocT 3a
[onyqaBane Ha lraBnrallfionua un@opMarl[r c qecrora I Hz a B rr3KJrrorrr,rrenH]r cny-
rlan Ao lOHz. flpaxrnqecxn neo6xoAnuara unQopnaaqnr B peAr{rla cnyqatr e c qec-
TOTa Ha eAtrH rroprAbK lro-BtrcoKa.

Kouuercupanero sa CHC n IIHC n pa3rrqua crerreu Ha r.rHrerpaqrs pena-
Ba B eAHa trJrE Apyra crerren BcurrKlr resn npo6leun, OcnonHoro npeAr,rMcrBo Ha
TO3tl KOMTIJIeKC IIpOtr3TtrrIa OT pa3JII,IqHI{r qeCTOTeH CIIeKTbp Ha rperrrxnTe Ha ABeTe
cHcreMu. floneqero noABuxHrr o6errn B nuJroraxHo-HaBrrrarl[oHHH.fl cr{ KoMrrJreKc
BKJrroqBar CHC u IIHC, HHTerp[paHr{ B e.qHa nJru Apyra crerreH.

Tyr o6aue r-pr6na Aa ce nMa rrpeABEA, qe crofinocrra rra I,IHC e Ha rlop.sAbK
no-Bucoxa or ra3u na CHC.
' B crarnflTa ce pa3rnexAa HaBuraq[onHa cr{creMa, rr3rroJr3Barrla nntpopnaaqnx
or 3eMHoro Marnrrno rroJre, Korro c yclex 6u gauenulaIdHC B KoMrrJreKcaLAHC

- CHC, 6es rora Aa noBru,se Ha rorrHocrra My n qr.rflTo crofinocr 6u 6nta oT rro-
pcAbKa Ha rarr{ na CHC.

2. Mero,u 3a lr3[oJr3Bane Ha MarHrrrHoro rroJre

Ha 3eM.f,Ta 3a HaBuraUloHHlr UeJrrr

crcreMa (MH c) 
"0 "o 

#iX?#T #3iilffi #:TH,ffi;::?f ii#f"HHl
IIpOBOAHtrKa B MaTHUTHO noJre B HerO Ce rrHAyr0trpa eneKTpOABr.rXeqO HanpexeHlre
(e. l. n.), olpeAeneHo or 3aKona 3a eneKTpoMarrrnTHara trHAyrrlu.s

(r) E: t( x r\
xGAero I e 4r;lxnna Ha npoBoAnnxa; Y - BeKTop Ha cKopocrra Ha rrpoBoAnuxaiB

- BeKTOp Ha MarHr{THaTa nnAyrrltrr Ha noJreTo.
IIo npnuqnri e Bb3MoxHo rrocrporBaHero Ha aBToHoMna MHC, Hera ce Es-

noJI3BaT TpH BaTIMHO rreprreHAHKyJrrpHrr AaTrrnKa Ha cr(opocT E ro T-sx e oprreETu-
panq K: c, Oryz, EenoABnxrro cBbp3aHtr c noABxxrrtrs o6exr. Axo Z:{v,, vy, v"} el

B:{b,,br,b"}, npr /:1 KoMrroHenTrrrena E:{e,,ey,e,} ce o[peAenrr or

e 
" 

=vrbr'nrb".
3a pa:lnuntr MoMeHTE or BpeMe trn t2, ga KotrTo Vr+Yr r{ c AocrarbqHo roJrr-

Ma roqgocr Mox(e Aa ce nptreMe, .te B:const, ca BepHrr ypaBHegrrrra:

t79

e =vb-vb.x y z z 1'

e =vb -vb.y 2 x x 2'
(2)



(3)

H

(4)

err=vrt|^-Y"rbrr,

eyt =Vrtb"r-Vrtbl,

€^=r^br-urb^.

g ,z = v yzb"z - l,2b 
12 >

eyz =lrzb*z -!,zb"z'
e"z =vrzbyz -lr2b,z.

Bexropure E, = {e*r, eyt, ezt\u E, = {e,r; er,e,, } onpe4enrr ABe flpecrqaqr
ce paBHtrHn. HanpannenneTo fl,aB ce olpeAeJrfl oT npaBaTa

(s) extx+ €rr! * €"r2,

ex2x+ ey2y+ e,22.

t.\ flpn nopunpaHero Ha BearopB, otpe4eneH or)paBueEnero(o, B: E, x E*
ce oupeAensT HalpaBntBaIIIETe KOCEHyCtr, KOtrTO AABAT bIJTOBETe HaBEraqUOEHtr
rrapaMerptr Ha o6eKra.

llpu 4nuxeHrre da o6exra no 3eMHara noBbpxnocr, rrptr xoero BeKTop Y texu
B paBHtrHaTa oXy, HeroBoTo HarrpaBneHtre Moxe Aa ce HaMeptr KaTo npecerrHa npa-
Ba MexAy paBnlrnara, olpeAeneHa or BeKTopsreE mB, u paBHtrHaraOxy, flpn ns-
BecrHtr BeKTopE E nB m rrpn onpeAeJren brbJr MexAy BeKTop[Te Y u B He npeAc-
TaBrcr,a npo6aervr olpeAenflEero Ha MoAyna Ha BeKTop Z.

3. 3axlroqenne

flpegrara ce MeroA 3a otrpeAenrne Ea HaBHrarItroHHr{Te na-
paMerpu Ha troABuxen o6exr, rofiro ce xapaKr€ptrsnpa c:

o Bncora roqnocr. Cropocrra ce rr3MepBa AtrpeKTno c BtrcoKa roquocr u noc-
TOTHHO MareMaTtrqeCKO OqaXBaHe Ha rperuKaTa Ha B3MepBarrero, AoKaro
npn }.IH:C ce rloMepBa ycxopeutrero Ha o6exra, a cKopocrra ce onpeAens
rrpe3 trHTerpEpaHe Ha nocneAHoro, IIpI{ xoero ce HarpyrrBa rperxKa;

o Bncora rraAex,qgocr Ha ctrcreMara;
o Onpocren or rexnoJrortrqHa rreAHa roqxa AarrrtrK;
o Oupocren aJrroptrTbM 3a onpeAensHe Ha HaBtrraqtroHEtrTe rrapaMerpE;
o OrnaAa neo6xoguuocrra or BucoKoroqna cra6nnn3npana rlnarQopMa;
o CRcreuara e aBToEoMEa, rrpu xoero MeroAbr e rrptrnoxlrM tr 3a KocMErIec-

rn o6exrn;
o Tosn MeroA 6r rraorua Aa ce usrron3Ba tr 3a onpeAersne rrapaMerpnre Ha

MATHIITHOTO IIOJIE;
o MarRurnara. Har,utaquonna cncreMa e tr3KJrlorrurenEo rIepcleKTrIBHa or

rureAEa ToqKa Ha KoMrrJreKctrpaHeTo i c nPYru EaBEraqtroEHn ctrcTeME tr
safi-seqe crc CHC.
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Merogtr 3a onpeAensue rrapaMerptrTe Ha o6erra upes tr3rroJrcBane Ha MaTHBT-
Iroro noJre na 3etvr.sra Moxe Aa Srle peanrcupaH B pa3ntrqntr BapnLHTn. Tyr ce nvra
npe.qBr{A BKrK)qBaHeTO B CtrCTeMaTa Ha XEpOBepTilrrArA, ALrqA\fr Ha brJrOBtr yCKO-
peE.us., pa3nErlHn BtrAoBe BtrcOTOMeptr tr T. H., KOeTO AaBa AOIIbnHtrTeJrHtr Bb3MO)K-
HOCTtr 3a IIOBtrIUaBaHe Ea TOqHOCTHnTe n HaAeXAHOCTHtrTe XapaKTeprrCTtrKH HA CnC-
TEMATA.
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Method of using of tho earths magnetic flreld
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 a;ris of prepumptively chosen coordi-
nate system.

The proposed method for magnetic navigation uses such types of sensors which
are entirely new in the feld of measurement of navigation parameters of mobile ob-
jects - linear accelerations, speed and coordinates, magnetic heading, declination
and dip.
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Erarapcxa aKaAeMus Ha Hayxr{re r Bulgarian Academy ofSciences

Aepoxocuuvecxn lrscJr€ABarrun nB'wrapun o l2 o Aerospace Research in Bulgaria

Co(pueo1996oSofia

Aeuaopa u,KocJiloHa*muKa 3a BcuqKu

AIIOJIO -
p e aJrn3rr p aHaT a aMepr{KaH cKa aDl6w\ns,

fluuumop ilopdauoe

Hxcmumym sa KocrruqecKu uscaedeaxun, EAH

O6eop Ha KocMrqecKara rrporpaMa AIOJIO,
pr{cKoBe n pq3yJrTaT}r

Ha 25 llr'afr 196l r. aMeptrKaHcKurr rrpe3uAeHr Axon Kese-
Ar{ B rocnanr,re Ao KoHrpeca Ha CAII{ o6rnrBa HaqaJroro Ha npofpavara AIOJIO
c AyMHTe: ,,A3 Uplarr,qeld.aruarali,arls,s, Moxe Aa rroeMe aHraxRMeHT Aa E3trpartr
troBeK Ha noBtpxHocrra ua Jlynara n 6narororry.rno Aa ro Bbprre na 3evsra B ToBa
]IECETtrJIETHE...

,{nec, creA floBeqe or 30 r., Moxe Aa ce xaxe, qe roBa e 6u.a eAEa u3xrK)rltr-
TeJTHO CMeJra U pr{CKOBa 3aAarra,

,{o rona nocJranne na.{xon KeneAn, Crnercxucr cbr)3 e ocalqecrBnn trbpBn.s
op6uraaen KocMr{qecKrr rroJrer or 108 MRH. Ea IOpuft farapnn na12anput 196l r.,
a aMepr{KaHrIETe Ha 5 vafi 1961 r. - eAEH cy6op6uraren noJler Ea xocMtrqecxu
ropa6 ,,Mepxypufi-3" c acrponanr Amn Illenrpg sa l5 Nrnn. Oxoro Meceq cneA
noJrera na farapun Kenegu ortrpaB-s rrorJleA rcru Jlynara.

B Kocuoca ce BoArr rtrraHTcxo rexntrrrecKo cbpeBI{oBaHEe MexAy Anere xafi-
roJreMtr KocMrnqecxu AbpxaBr{. B saqaroro ycrrexn n 6egnnnornarl n lunornpye-
Mara KocMoHaBTrrKa trMar cbBercKtrTe ytreH[ rr clleqEaJrEcrn. cleA EeyclleluEu
orrr,rrn Aa ce o6rern, QororpaQilpa a uscreABa nynHara rloBbpxnocr tr yclerrlnure
noJrerr{ Ha pycKHTe aBToMarr,rqHtr cranqutr ,,Jtryna-1,-2,-3", HACA or 1959 r. ocb-
ulecrB-flBa 6egnunornara trporpaMa ,,PefisAxrp". fltpnure QororpaQutr c ilpaKTE-
qecKo sHarreHr,{e 3a rrporpaMara AfIOJIO ca nonyrlentr npes 1964 n 1965 r. c ,,PefiH-
4xrp-7,-8 H -9". flpes r[enpyapn 1966 r. ,,Jlyna-9", a upeg K)HH cblrlara roAEHa
,,Crpneftrp-I" ocrulecrB.f,Bar MeKE KaqaHmt na Jlynata.

Henocpe4crBeno rrpeAr{ runornpyeMtrre noJIerE no rporpaMara AIIOJIO
qpe3 yclreruHrr rroJrer[ rra aMepEKaHcKure cralrqtrtr ,,Crpnefirp-3,-4,-5,-6 E -7", B

trepr{oAa 1967-1968 r., HACA ronyrraBa n neo6xoAnMnre AaEEtr n rso6paxexn.r,
xouro ce u3rroJr3Bar sa ue6op Ha Mrcro 3a KaqaHe Ha aclpoHaBTE.
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flaparenno c 6egnnrorntrTe rroJrertr s CAII ce RgrrrJrHrBar tr ABe xocMtrqecKtr
[porpaMu 3a tr3) IaBaHe BE3MOXHOCTtrTe Ha qOBeKa B OXOJTO3eMHOTO KOCMtrTTeCKO
rrpocrpagcrno -,,Meprypufi" tr,,,{xeMunn".

Tpu rognnn npeAn roBa - upes 1958 r., c aMepEKaHcKE crrbrEnqtr rr MexAyrr-
JIaHeTHE aBToMarRqHE cranrltrtr ca orKptrTE ABara paAtraqnonnflnoflca orono 3e-
u.era. Curya\sflTa c paAtraqnoHnara orracuocr ce ycnoxnrBa tr or orrnTtrTe c rApe-
Ho opbxue n arvocQepara E KocMtrqecKoro npocrpancrBo, n3BbprrrBaHrr EETeH-
3trBno rlo BoeHHI{ rlporpaMtr sa 6op6a c 6aancrnqntr parerr{. B rasn ne6naronpnrr-
Ha 3a qoBeKa KocMrnqecxa cpeAa ca peaIrn3ilpaHtr troJrertrTe Ha rrbpBtrTe cbBercKtr
KocMuqecxn xopa6u ,,BocroK" u aMepuKaHcxara nporpava ,,Meprypnfi". flpes
1963 r. sApeHHTe AbpxaBE rroArrtrcaxa cropanyMenne 3a npeKparcBane Ha orrtrrtrre
c cApeHE B3prrBoBe n aruoctlepara tr KocMtrqecxoro rrpocrpaHcrBo.

CneA noc.naHnero rra lpetrAenra Kenegn E HaqaJroro na AIIOJIO Hayrrntrre
ga4aqn or nporpaMnre ,,Mepx1ryEfi" tr ,,.{xeMuntr" ce lpeHacorrBar 3a ocbrrlecrB.f,-
BaHe Ha HoBara rexnororlqHa qen. Yracrxzqure B Te3tr nporpaMtr ca tr acrponaB-
TE Ha JIyHHaTa nporpaMa, a TexHtrqecKnTe trocTnxeHnr ca eJreMeHTtr oT peaJrtr3aqE-
nrar'a AIIOJIO.

flporparraara,,MeprypRfi" npe4nnxAa eAHoMecrHE KocMtrrrecxn ropa6u sa
TISYIIABAHE BA3MOXHOCTETE HA qOBEIIKTI' OPTAHtrSbM B KOCMtrTIECKOTO TIPOCTPAHC-

rno. Tg sarrorrBa c 4na cy6opdnratnn rroJrera. O6qo ca tr3Bbprxenu 6 uunornpye-
MU IIOJIETA:

,,Mepxlpufi-3" A:rrx Illenap,q na 05. 05. 1961 r. - l5 unu., cy6op6nraren no-
Jrer, c MaKcnMaJrEo orAarerraBaue or 3elrsra na 186 ru.,{oxasa-
Htr ca BG3MoxHocrI{Te 3a prtrno yrrpaBnentre n 6esreuonnocr;

,,Mepxypufi-4" BrpAxu fpucru na21.07.196l r. - 15 uux., cy6op6uraaes
rIoJIer, rlpoAbnxaBa u3yrlaBaHero Ha Bb3MoxHocrxre 3a ynpaB-' JreEEe B 6egrernonnocr sa rrorBbp)I(,AaBane Ha p$ynrartrTe;

,,Meprypnfi-6" ,{2xon fres na 20. 02, 1962 r. - 4 'ract n 55 uun., rtpBn op6ura-
JIeH [oJler Ha aMepEKaHcKtr acrponanr. Ilpe4u Irero B op6uralen
noJIeT B HenEJIOTtrpyeM BapEaHT JreTtT Tptr [rl{MtraH3eTa;

,,Meprypnfi-7" Maarorrna Cror KapuenTbp na 24. 05. 1962 r. - 4 caca t
56 uuu., npoAbnxaBa E3tr laBanero Ha qoBeIrrKETe Bb3MoxHocrtr
B trorrrtr eAHaKBa c,{5on Fren sa4aua ga trorBbpxAaBane Ha pe-
3ynTarETe;

,,Meprypufi-8" Vonmp IIInpa na 03. 10,1962 r. - 9 qaca, npoBepKa Ha rlptrHqrr-
rtnre Ha nsanrvrogeficrBne MexAy qoBexa tr MarutrHara, saJloxenu
n KK,,Mepryprfi";

,,Mepxypnfi-9" fopgln Kynrp na 15. 05. 1963 r. - 34 qaca, qeJlra Ha rloJlera e
rr3cJreABane sb3Aefi crsnero Ha rIpo.qbJIxtrTeJIeII noner.

flporpauara,,.{xeuunn" npe,qrnxga n3rIoJI3BaHero Ha AByMecrIIu KocMnqec-
ru ropa6u 3a u3yqaBaEe Bb3MoxHocrHTe Ea rroBexa B npoArnxnreJleu noner Ao 14

AeHoHorrltrfl, cpeqa ua op6nra, cKaqBane c 6esunroren o6err, Rsna3ane Ea acrpo-
HaBTtr B orKprrr KocMoc. O6qo ca rr3nbJrrrenu 12 notera Ha KocMnqecxn ropa6n n
oKoJro3eMna op6nra. .{ecer or rsx ca lnnortrpyeMtr:

,,f[pKeMuH[-3" Brp4xna lpucru, ,{xon 9nr. flrpnn MaxboBbp na op6ura c
pbrrHo ynpaBnenrre - 23.03.1965 r.;

,,,[xeMrHtr-4" ,{xefiuc MaxAunnrr n Eayap.q Vafir - 03. 06. 1965 r. flrpno ns-
JItr3aHe B orKpur KocMoc Ha aMeplrKancKrrt acrpoHasr E' Yafrr;

,,,{xerrunn-5" fopArn Kyurp u gapas Konpa,q - 21. 08. 1965 r. OcnonRara sa-
Aarra e rr3cneABaHe Ha Bb3MoxEocrr{Te 3a cbrnacyBann Aeficrnn.s
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Ea eKntraxa B 6eoTernoBaocr sa 8 ,qeuonoqnr. [Ipe4nrgeEnflT
ercrIeptrMeHr uo c6lnxaBane c ronreixep tr npoBepKa ua o6o-
pyABaEeTo 3a CKaqBaHe Ce OCyeTrBa oT Eer3trpaBEOCT Ea eJreR-
Tpo3axpaEBaEeTo;

,,.[,:KeMnutr-7" Opaux Eopuau z ,{:xeEuc Jlourn - 04. 12.1965 r. Ilolerlr
rpoAtJrxaBa lo 18. 12,1965 r. u rptr Eero ce rpoBeprBar Ebs-
MOxHOCTtrTe Ea TpeEtrpaE rroBertrKf, opraHustM Aa l|oEece cbc-
Tosnnero xa 6esrerroBHocr 3a BpeMero, ueo6xogxuo 3a JryEEa-
Ta ercrreAuqur. fpynon troJrer c,,,[prelrunn-6.;

,,,{:KeMtrnn-6" Yoarrp IIInpa I Touac CraQQop.q - lS.12.1965 r. fpynon uo-
ret c,,,n[re:lz.unu-7".
llo nperrae Ha troJrertrTe ABara KocMnqec(u atrapara ce go6nzxa-
Bar Ha pa{rcrosnne 30 crvr.
Ha creAsaqilfl, AeE acrponaBTure EsrrurE Bar 3a trbpBtr nbr ytr-
paBJrreM BxoA B arrraocSepara;

,,.[pxeMrRn-8" Hnfil Apucrpour u.{efirlg Cror - 16. 03. 1963 r.
flrpno cKarrBaue c 6egnunorex o6exr. CrsAana ce arapnfina o6-
cranoBxa creA cxarrBanero c o6exra ,,Agxena.; ,{para KocMf,-
qecKn Lnapara 3atroqBar 6rpso Aa ce Blprrr. Cne,q pasAeJrrue-
ro Bbprenero npoAtnxaDa, pbqnoro ytrpaBnentre eynrquonnpa
c npo6leuu. AcrponaartrTe ce cnpaB.sr cbc curyaqf,rra u uoJre-
TaT 3aBbpruBa,ycneruHo;

,,,[pxeMunr-9" Torvrac CraQrDop.q u lO4xuu Cepuan - 03.06. 1966 r. lfgunnue-
so e c6luxentre cbc ctrbrnf,K Mtrrueua n e HarrpaBeu EeyAarren
orrtrT ga cKatrBaHe c Eer. IO. Cepnan uglngl B orKptrT xocMoc f,
npaBtr orrf,T ga Manenptrpax€ c ra3oB rrtrcroJrer, rofiro ce ocye-
TflBA OT OTKA3 EA UtrCTONETA;

,,,Qrevnnu-I0" .{xon Anr nMafirua Kolung - 18. 07. 1966 r. 3aAaqara e upex-
Bar Ha ABa KocMntrecrt o6exra,,AgxeEa', c6lnxenne, cxarrBa-
He, BKJrroqBaHe Ha ABurarer.s Ea ,,Agxexa', ManeBpupaEe B cra-
qeHo cbcrornue, trsJrrr3ane B orKpnr KocMoc or M. KoJtuxs,
npu6lnxanane Ao EaMtrparrlara ce Ha rptr Merpa ,,Agxeua*,
cHeMaHe na o6pasqz or Her, EaJrrrntr tr Texnf,qecxn eKctrepf,MeE-
rn. flonerrr 3aB6pruBa yclerrrEo cne.q 70 qaca E 46 rvrun.;

,,,{Sevunr-ll" tlapls Konpa4 r Pu'rapg fop4ln - 12.09.1966 r. llsurrneno e
cBeAtrE BaEe na ropa6a u 6esnxaoren o6exr c Bbxe. B cregune-
Ho cbcroqHtre ABara o6exra ce f,3Atrrar na 1370 KM n or rdtrr
BtrcoqtrEa Konpag cto6ulasa, qe BnxAa 3eila.sra raro ruu6o;

,,,{2reIrauRn-12" ,{xeirr,rc Jlonrn u E4nnn Ongpzx - 11. ll. 1966 r. }Igunnnenn
rptr tr3nf,3antrr B orKptrT KocMoc or Ongpun c o6qa trpoAbJrxf,-
TeJruocr 5 qaca n 30 urn. Hscaegnanu ca Bt3Mo)kEocrtr 3a pa-
6ora c MnoxecrBo KocMf,trecrtr trHcrpyMenTtr,

flapaaelno c nporpaMara ,,r{xeunnu*, f,orro 3aBbpruEa upes 1966 r. ce pa6o-
Tn f, rro rporpaMara AIIOJIO. Hefinnre rrurortrpyeMf, eKctreAxqrlu sanoqBar c rpa-
rr{qeE cly.lafi B Eaqa-Iroro na 1967 r., rofiro HaJrara npercbcBaEe Ea noJrertrTe 3a
trorrrtr 2roannn. O6oto Ao 1972 r. ca RarrurHeuu 9 ercueAf,qtrf, go Jl5mara, 6 xaqa-
nm4 12 acrponaBTtr capadorntrr Ha JryHuara uoBbpxuocr. 3a reoperr.recf,o Earra-
JIo Ea uporpaMara Moxe Aa ce cqnra 1960 r. c AoKJraAa na Yfirslr Muqen or EaJ r-
Eotr3cJreAoBareJrcKn.fl rIeETbp n Jlenrnu - orAen no MexaxtrKa. B rogn AornaA Mn-
.{er o6ocnoBaBa eneprertrrrecKrr nafi-qelecro6pasnnx cnoco6 3a raqane na Jlynara
tr BpbrrlaHe Ha acrponaBTtrTe. BuocneAcrsne A:ros Xy6onr tr HeroBf,Te gbrpyAntr-
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qtr ctroco6crDar sa jmBap)KAaBaEe Ea upeAnoxeEara or MFren xAer. OcEoBEoro B
Eet e, rle Eararalqure ce B npoqeca Ea rroJleTa cKarrBaHE tr pa3AersEe Ea rlagrtr or
ctrcT

rEtr troJr)EaBa Ilopsqra 3a
Pa3P 2 r. r[nfrvrara ,,Ipyuau" sa-
trorrBa paopa6orxa Ea JrynHara ra6nna.

flpes 1966 r. e f,3EeAeH ri op6ura 6nox sa KocMnrrecxtrs

Tgpaq AIIOJIO. flonemr e 6egunnoren era Eocnrerr ,,Car5fn-lE . 3a trf,JrortrpyeMf, troJrerf, ce tr3rroJrg
Hasaroro Ha nf,nornpyeMure troJrertr e trnaEupago uo rpaQnx sa 196? r., no

ubpBtrrr e(f,trax B slcraB Brpgxm fpncru, Po4xrp HaQQn z Egyapg Vafir sa-
rf,Bar rlpn troxap r ra6unara Ea KocMf,qecrnr ropa6. Ocranannre rroJrertr or rrpor-
paMara ATIOJIO, Marap rr ApaMarnqno B orAeJrnn crryqan,[peMtrHaBar yclerrrno tr
6es xeprrn.

B npeAraparerntrs rpar[ur ua HACA rarlanero na Jlynara raro ooEoBEa qacr
or rrporpaMara e trpeABf,.qeno Aa tr3ubJrnf, exurrax B ctcraB flapas Konpa4, pu-
vapg fop.qrn x Aarx Eus na,,A[OJIO-Il" upes roln 1969 r. flpn pealxoro zs-
rraJrEeHtre Ea rrporpaMaTa HacTbtrBaT trpoMeutr.

llo pe4a Ea craprf,paue ca perueuri cJreAEf,re saAarIn Ha rrporpaMaraAflOJlO:

,,AIIOJIO-7* Ennuax -Yonrrp IIInpa, r{onx Efisea n Yonrrp KasnnraM.
Ilpouexgar ce tr3rrtrTaxnrTl Ha ocEoBEtrfl 6aox n op6zra oxoJro
3errasra na ll. 10. 1968 r.;

,,AIOJIO-8* Ertrnax - Opanx Bopuan, Yfiasil,r Anaepc n.{:xefirvrc Jlosrr.
llsarpruna ce o6nnrase na Jlynara no eJrtrnrtrqua op6ura
(ll2 x:lr/3l2 rrra) n upeutrHaBaHe B rcpbroBa op6ura oKoJro Jlyxara
(l l3 xu or rroBbpxrrocrra ir) na 21. 12. 1968 r.;

,,AIOJIO-9* Exunax -r{xefirrac Margrrnrr, r{efinug Cror n Ptcen lllnefirapr.
B nepno4a or 3 .qo 13 rr,rapr 1969 r. ce rtBbpruBa tr3rrtrTareJren rro-
ler. B Hero ca orpa6orenn Ha oKoJro3eMna op6nra orepaqtrtrTe tro
trpecrporBane Ha ocHoBnnc 6ror. B rasr ofleparlnr_ ocxoBHtrrr
6lor c acrpouaBTf,Te ce orAeJrr or cucreMara, o6ptrqa ce na 180"
E ce gbeAtrHrBa c Jrynrrara xa6xna.ToBa ce tr3BbpruBa rro rpacero 3a
Jlynara, 3a Aa ce o6eAnxn ocnoBsusr 6nor c nynHara ra6una n
eAf,HEa CItQTeMa, IIO3BOJI'BaTTIa npeMnEaBLHe EA ABaMa OT eKtrna-
xa B JryEHara ra6nna. Ocren ToBa, rro rogf, Earrf,E rro-rbBKaBo ce
f,3noJI3BaT ABf, raTenETe, eJreKTpo3axpaEBarrlETe E xE3HeocnIJpS-
BauIETe cucreMn. flpu ,,A[IOJIO-9* TesE orrepaqrtr ca,rpeHnpaHtr
Ea orono3eMna op6ura. Ha7 :orLap' e [gBbprrleg z uafi-cloxnnflT n
pncxoBan etcrreptrMenr. B lynnnr MoAyn npeMnnaBar Illnefirapr n
MarltrBnrr, a Cror ocraBa B ocnoBxtrs 6nor. TpenupoBxara
BrrroqBa orAer.sne Ha n)mxara ra6uua, ManeBpupane, tr3Jrn3ane B
orrcpf,T KocMoc, craqBane. IIo rpeue Ha rroJrera MaKctrMarHoto
orAarerraBaHe Ha ABere qacrtr or KocMnqecxm xopa6 e 175 rvr. IIpu
trgtrbJlHeutrero Ha pagAenen floJrer f,sJrtr3auero or Jrynnara xa6tna
B OTKptrT XOCMOC Ce rpeHtrpa raTO peepBeE Bapf,aHT 3a BpbrrlaHe

' KbM ocuoBntrr 6aox upn eBenryanEa LBLpnf,, Ea Bb3eJra 3a cKaqane
c Eero. Jlyunara ra6nna e trpeAxiltHaqena caMo 3a uoJrer H3BIE
nJrbrntrTe cJroeBe na aruocQeparan rbEKETe ir crenn HeMorar Aa
ocurypflT BpbIrIaHe na 3eIvrsra. Lfgnnrannsra gaBbprrrBar ycflerrrno
tr cJIeA CKarIBaHe tr npeM[naBaHe B ocEoBHf,r MoAyn acTpoEaBTtrTe
orAensr nlmrrara xa6nsa f, ce Bptrqat na 3elr.ffra. Jlyxnara xa6rna
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,,ATOJIO-IO'

,,A[IOJIO-11'

,,ArfoJIo-12*
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nsraps, B arMocQepara cneA oxoJro 19 roAunn;
Ernnax - Toruac n fnr. Or 18
lo26:lr;afi 1969 r 3a Kaqane Ea
Jlynara. [Io rpeu eJreMeHTx or
[porpaMara 6eg cauoro Kaqaue Ha JryHHara rroBbpxnocr. flporpa-
Mara BKJrIoqBa: orAercHe or KocMnrrecKtrs ropa6 na rrynnara ra6u-
Ha c ABaMa acrponaBTtr - Cra$Qopg n Cepnan, uoJrerbr no eJrm-
Trrqna oKononynna op6ura, nptr Kosro nyHEara ra6nna ce npu6nn-
xaBa Ha pa3crorEne 15 rrvr or nyHuara troBbpxnocr. Kpurnuex uo-
MeET B [oJrera HacrbrrBa, Koraro sa 23 :lr'afr cJreA MaEeBptrpaue 3a
c6anxenne c ocHoBnrrfl 6lox, uzJrortrpaH or [xou.f,nr, acrpouan-
THTe OTAeJTTT CtrCTeMaTa 3a npruryq[BaEe, KOSTO trptr CTapTnpaHe
or JryHnara noBbpxnocr ce rrpeABtrx,qa Aa ocrane na Jlyxara. B
To3rr rroJrer roBa ce tr3BbpruBa Ea oKonoJryxna op6ura. Ocrananrara
qacr or Jrynnara ra6nsa 3aeAHo c acrponaBTtrTe sanorrBa 6rpro 4a
ce Bbprtr, npr{ Koero ce crsAaBa EJrK)gxr ga rraAaHe na Jlynara. IIpn
TaKaBa xonQnrypaqtrr, B r(orro ce e HaMrrpaJra JryEEara ra6una na-
Aanero na Jlynara e xaracrpo$a. 9pes pbrrHo yrrpaBnentre acrpo-
HaBrtrre ycncBar Aa ctadntmgtrpar Jrynnara ra6una n tr3BbpurBar
yc[errrxo cJreABarrltrTe orreparlun no c6nuxenne v, cKa\r,ane c oc-
HoBHtrr 6ror. Asantr3br Ha curylrtrusra e noKa3aIr, qe npeAnocraB-
KaTa 3a Bb3EtrKBaHe Ha yCJIO)I(EeE'.ATA, e TeXH[qeCKa MOHTaXHa

IpeIIrKa, 3aJroxeEa otrIe Ha 3ervrxra;
B nepuoga or 16 ,qo 24 to:nn ce tr3[GrncBa ocHoBnara gaArra HL
rporpaMara AIIOIO - raqane na Jlyxara n 6naronorryvHo Bpb-
rrlaHe Ha rpr.IrteHHn.s exnrrax. flonerrr e octrqecrBen or eKtrtrax B

cbcraB: Hnfin Apnrcrponr - xoMaHAEp Ea KocMtrqecxnr xopa6,
E4nun Ongpun - rrnJror Ha nyunara ra6nxa, n Mafirrl Kornns -
nEJIor Ha ocgoBHrrs 6rox.
Cneg nsnrnrrexne Ha Bcnqxtr eJIeMeETn or cxeMara na nonera Ap-
Mcrponr ra Ongpun c JryHHara xa6una oculecrBcBar Mexoro Kaqa-
He Ha JryEHaTa noBbpxHocrt a KorEES ocTaBa Ha oKononynna op6u-
ra. Ha 2l rctm 1969 r. Aprvrcrpoxr u Olgpnn sa trapBtr trbr B qo-
BerrrKara Ecropu.fl crbrrBar na Jl5mara. Te uournpar r,aynar,aLrtapa-
Typa n [poBexAaT rrpeABrrAeHETe exclleptrMeETtr f, TenepenopTa-
xn. Ocran.sr na Jlynara naMerEE MeAann c o6pa:ure Ha garEHaJrE-
Te rroKopureJrtr Ha Kocuoca - IOpnfi farapnn, Bnagnunp Koua-
por, Brp4xnn fpucru, Pogxep IIaQQn r E.qyap.q Yafir. Crct 2
qaca [pecrofi na Jlyxara craprtrpar or nefinara rroBbpxrrocr, cKaq-
Bar ce c ocHoBHBr 6nor n cJreA E3nbJrEeEBe Ha BcnqKE rrpeABrrAextr
onepaqnn ce 3aBpbrrlar ycnerrrno na 3elrsra sa 24 KrJrn Karo ce
rrpEBoAHrBar r Trxn.fl oKeaH na 1600 KM or Xasaficxure ocrpoBu.
Tara sartplrlBa peantr3aqtrrra Ha eArra Apb3xa qoBerlxa Merrra.
flporpauara AIIOJIO npoArJDKaBa c oqe 6 nonera Ao 19. 12. 1972 r.
Hayvnara lporpaMa Ha noJrerure, Koqro ce tr3rrbJrHrBa or Bctrqrn
exurraxtr BKJrK)qBa npeAtr BcEqKo cr6npane na o6pasqn or nynHara
noBbpxHocr tr or rpynTa, EgcJreABaHe Ha ceu3MuqHara o6cranonra,
Ha MaIHTTHOTO rroJre rr Ha CJTbHqeBUS B.flT1p, reOIOrnqeCKn E3CJreA-
BAHEfl, E3rrRTaEUe Ha TpaECtrOpTHa TeXHEKa E Ap.;
Eruuax -tlapns Konpag, PnvapA lop.Eu u Anrs Eun. Ha 14. ll.
1969 r. craprtrpa B trpontrBeH AbxA, Ha 37-rr,rara cex. or crapra Ha



,,A[IOJIO-13'

,,AnoJIO-14"

,,A[IOJIO-15*

2 rnr sucoqnHa B parerara HoclrreJr norraAa MtJrrrtlr. Tora npegzs-
BtrKBa HeHopM Axalrugrr na
o6cranorxara AE3BuKaHa or
npeMBHaBaHeTo Ha paKerara rrpes HaeneKTpnsupaxtr o6larlu. Me-
TarHusr Kopnyc c ATJrx.nra oxoJro 100 u z tr3xoArrrlara or ABtrra-
TeJIure crpyr fionnsupanu ra3oBe c AbJrx[Ha noBerre or 200 u uo
cbrrlecrBo [peAcTaBnrBaT A6Jrbr npoBoAHnK, BHeceH B eneKTpn-
rlecroro noJre Ea o6aaqnre. Hegarncuuo or rpyAnocrnre B Harra-
roro, rtoreTar [poruqa yclerrrno. Ha orononyxra op6ura ocraBa
P. fopArx, a !I. I(oupaA E A. Bun nsnrpruBar MeKo Kaqane u pa3-
troJrarar Ha JryHHara rroBtpxHocr crreq[aJrHo parpa6orenn ga Hayq-
Eara trporpaMa cetr3Morpatf, uarntrToMertp tr crreKTpoMerup. B
patxoAxara na 183 M or JryHHaraxadnra re HaMzpar anToMar[rr-
rrara craHrltre ,,Ctprefirp-3' 6es nptr3Haqtr Ha pa3pyruenne n cr6n-
par oKono 34 rr nyxxu o6pasqn or rpyura;
Exnnax - Axefirvrc Jlonu,,{xon Cyngxepr n Opel Xefic. Crap-
Trrpa Ha I I . 04. 1970 r. ,{ne 4enoxoqnr cneA crapra ernrraxar rro-
rlaAa B ceprro3Ha anapufrna cnrya\nl BcJreAcrBrre Ha nspuB Ha pe-
3epBoap 3a x[cnopoA. 3acernara e ctrcreMara sa xu3Heocnr5p.sBa-
He tr ce cbgAaBa orracxocr or 3aAyruaBase. CleA ApaMartrrrnu AHtr,
KopeKqtrtr na op6nrara, eKrrnaxrr n3BbprrrBa o6nnrane xa Jlynara
H c pe3epBa or KBcJropoA B nynnara radnsa 6larouoayrEo ce 3aB-
plrqa na17.04.1970 r., Naro rrpeAtr rMlpKaEero r arrvrocQeparaac-
TpoHaBTtrTe.rrpeMnnaBar B crrycxaeuns aflapar Ea ocEoBntrs 6ror
E orAeJrrr JryHHara xa6ana;
Errnax - A.rrrn IIIeuap4, E4rap Mnrqen u Crroapr Pyca. Craprz.
pa na 31.01. l97l r. A.IIIenapA tr E. Mur.rel u3BbprrrBar MeKo Ka-
qaHe Ea Jlyxara, a C. Pyca ocraBa Ha oKonoJryxxa op6nra. Acrpo-
HaBTETe E3rIbJrHrBar upeABEAeEara EaJ rHa rrporpaMa, crdupar
44,5 xr nyEnn o6pasqu, [Ipu 9-uacoBara ctr pa6ora na Jlyuara us-
rroJrgDar aBToHoMeH rpaxcnoprbop 3a o6opygnallero, xofiro ca
.rIpEABtrxBaJrE pbrrno. flonerrr 3aBbprrrBa HopMaJrHo na 09. A2.
l97l r.
Craprupa na 26. 08. 1971 r. AcrponaBrtrre Aefrnnl, Crorr n
,{xefivc Vlpnun R3B6pruBar MeKo Kaqane na Jlynara, a AnQpe4
Vopgrn ocraBa Ha oKononynna op6ura. flponegenn ca Eayrrntr tr3-
creAr,Llans,3a E3yqaBane E KaprorpaQnpane Ea nyEnara troBbpx-
Eocr or op6nra E c noMorrlTa Ha crreqtrarHo [oArorBeH Manar ny-
HeE CrraTHtrK Ca n3ygaBaHrr aHoMaJrrrtrTe Ha rpaBxTaqtroHHoTo troJre.
Lipes orpaxareJl Ea na3epno tr3rbrrBane e olpeAeneno roqnoro
pa3cro.sxne MexAy 3eIvrsra n llynara B AaAeE MoMeHT or rpaerTo-
pnflTa.Tosn ercuepnMenT e n3nbJrnrBau u or eKtrtrarKBTe Ea'A[IO-
JIO-I l" n ,,AIIOJIO-14". IIo BpeMe Ea eKctreAtrqnrTa ca Estrtrrantr
JryEoxoA, ycbBbprrreEcrBarrtr cxaQangpz E ctrcreMa sa xtrsneocnry-
prBaue, crdpann ca 77 ,5 xr o6pasqr or JryHHara nonrpxnocr. IIpn
Bpbrrlarrero rrv 3eMsra Vopgru tr3BbpruBa B3Jrtr3aEe B orKptrT
xocMoc sa upu6zpaHe Ea Eaytrnrr MareptraJrn. ,,AIIOJIO-15" zua
peAuqa ycbBbprrreHcTBaE',s, KotrTo uo3BoIsBaT Aa ce trpoAbnxE
rroJrera Ao l6 Aeuosoultrs c Bb3Moxxocrtr sa npecrofi Ao 3 Aenoxo-
ultr.s Ea JIynara. f,Ipr sanrpruBane Ea troJrera eAEE or rptrTe ocnoB-
Hu rraparnyra He ce pasrBapfl. CrsAana ce otracnocr or 3atrJrnraEe
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rra Eepaltr.Bops.Jrnr ce traparuyT c ocTaHaJruTe ABa, Fo o6qo llptr-
BoAE BaEero 3aBaprrrBa 6larouonsnrro Ha ABa rraparuyra c no-ro-
rsMa BepTtrKaJrHa cKopocT.

,,AIOJIO-16* Eruuax -,{xox.flxr, 9apls,{pr u Touac Marrnuuu. }Isnrpruna
eKcrIeAEqE 4o Jlynara c MeKo Kaqane or 16 ,qo 27 anpw 1972 r.
,{:ron flsr n 9. r{ror Kaqar ua Jlynara, a T. MarrnHrJrtr ocraBa Ha
op6nra. Acrponanrure cr6trpar 95 rr rpynr u tr3MtrEaBar 27 rut c
n)moxoAa. Pa6orara Bbpxy troBbpxnocrra na Jlynara e 20 qaca.
flpoqraxena e Ha) rHara rrporpaMa qpee acrpouoMtrqecxu na6mo-
Aenns, u MaTHBTEn n3MepBantrr. Anaparypara. ga n3MepBaHe Ea
TorrJrtrEEtrTe rroroqtr or HeApara na Jlynara orKa3la ga pa6oru.
llponegenn ca ce[3Mtrrrutr n3cneABaEnr;

,,AIOJIO-I7" flocreAnara eKctre,qtrqnr c Kaqaue na Jlyuara or 7 Ao 19 4exeurpn
1972r. Acrponanrnre IOAxnn Cepuan r Xapucrn IIIuurr tr3Bbp-
rrrBar MeKo Kaqaxe, a PonanA Enanc ocraBa na okononynna op6n-
ra. Ocnossara rracr or HayrrHara nporpaMa ca reorornqecxtr trg-
cJreABaEEr. Vcneurno e [poBeAeH €xcrreptrMeHT no ns) raBane Ha
TorrJrtrHHtrTe troroqtr or JTyHHETe EeApa. feoaorrr IIIunrr u ntrJro-
16r Ha nyEHtrfl MoAyn Cepuau u3MBHaBar 36 rrvr c JryEoxoAa, cr6n-
par ll0 rr o6pasqn r rpaBrr roBeqe or 2000 cntrMKtr Ea Jrynrrara
noBLpxHocT.

Hayvuara uporpaMa B JryHHr{Te excrreA}rrluu

Hayvnnre 3a4aqn Ea JTyEEETe excrreAtrqnu ca cBbp3anu trpe-
Atr Bcnqro c E3) raBarre Eanynnara rroBbpxnocr, crpyKTypara rI cbcraBa na o6pas-
qnTe or rpyHTa, cetr3MtrqHara aKTuBHOcr, trScneABaEe Ha MaIEETEOTO rIOJIe, TOn-
JrtrrrEtrTe noroqu or JryHHtrTe HeApa, crbnrleBus Btrbp, pa3croflEuero rvrex4y JIy-
lnaran 3eu.rra, xaprorpaQupaRe, na6rroAenns.3a qelnre Ea EayrlHara nporpaMa
ca u3noJr3Bau[ ner KoMrrJreKTa Eayqntr a[aparlr. O6qara AbJIxtrHa na Qoro- n
Kr{Ho-MarepuaJuffe Har{BI{IrIaBa I 5 ru.

Hafi-rorsM uHTepec [peAcraBncBar p$ynrarnTe or trgyqaBauero Ea JTyHEETe

o6pasqz. O6rqoro trM KorrqecrBo e 384,2 xr. C anarnsa BM ce 3aHBMaBar 125 sia-
yrrHn rpy[E or qsn cn.sr. Xul{zqecKurr aHaJIu3 na o6pasqnre AoK&tBa, ue Jlyxara
He ce e orAentrna or 3elrsra B npoqeca na o6pasynaxe Ha rIJIaEertrTe. O6IrIara n
Bb3pacr cbBnaAa npaKTrlec(tr c Bb3pacrra sa 3elrsra - oKoJIo 4,5 r*orpg. roAtrEtr.
B nSnrnn.a rpynT lrMa Btrcoxo cbAbpxanne lra atrylvrtrHnfi. n rnran, a B nylrHtrg npax
oKoJro 30o/o e crlKJroBrrArro BetrIecrBo BbB BI{A ua cQepu c AtraMerap EfKoJrKo Ae-
cerKu or MnJrlrMercpa. llpegnoratace, qe rtptr yAapn Ea MereoptrTun qacrtrqtr nyn-
HOTO BeUIeCTBO OT [OBbpXHOCTTa Ce tr3IIap.SBa E cJIeA TOBa naAa BbB BUA Ha MaJIKtr

xparntr xarrxtr. flpn nsy.ranaHero Ha JryHHara noBbpxnocr acrpoEaBTrlre o6prrqar
BHRMarrEe Ha cJretrBanero (aAxesrdtra) na qacruqnTe or rloBbpxnocrHnt upa;roo6-
pa3err crofi, rouro He ce cBrtrqar Aaxe nrnpllr HaKJIoHR ot 70".

C pasnoroxeHrrt Bbpxy JIyHEara rloBcpxnocr ceugMoMerbp ca perncrptrpanu
nyxorpeceflHt, eAHo or xotrTo npoAbnxaBa oKoJIo 5 unn. Tesu 4annu AaBar ocno-
BaHBe Ea yqeHrrre Aa trpepa3rneAar reopnsra, .re Jlynara e HarIbJIHo MbprBo B reo-
IornqecKo oTHorueHBe TcIo.

Vlscre4sasmrra c MarHEToMerbp norBbpx,qaBar rIotITIr rlbJllroro orcbcrBne
Ha MarrrnTrro rroJre. 3a par.nura or 3elrrra, rroBbpxrlocrra na Jlynara e rloAJroxena
Ha pa3pyrlureJrnoro stsAeficrnue Ea crbHrleBtrs Btrap.
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cpe.quara rrJrlrHocr Ha nynHtrre o6pagqr e 3,36 r/cu3, a na 3ev.flra 5,52 r/cv3. B
nyHHure o6pasqu no-qecro or 3elrsra ce cperlar Meranl c BtrcoKa roqxa Ha rone-
He u no-pcAKo - MeraJrrr c HrrcKa rorrra Ea ronege. Teou 4anun AaBar ocHoBanne
Aa ce npeArroJrara, ue Jlyqara e o6pasynaua rpu tro-Br{coKr{ reMneparypHtr ycnoBu.s
or 3eulra, Koero ce cbrnacyBa rr c Jrr,rncara rra BoAa.

B lpoqeca Ha rrcyrraBaHe xa Jlynara ca HanpaBegn u orKpETEr, nafi-naxnnre
or Kor{ro.ca 4ne. flr_pnoro e, qe JIyHara e HanbJrHo creprrnHa. Broporo e, ue Jlyna-
ra uMa uoAooes Ha 3ev.sra reororFrecKa rcropEs B crpyr(Typa. Blnpocrr sa npo-
E3xOAa na Jlynara ocraBa orKpET. Yqennre ce trpEAbpxar KbM 4ne reopull. cno-
peA eAHara Jlyuara ce e o6pasyBara H.sKbAe n Cmuqesara ctrcreMa E nocJre e ro-
naAHana B rpaBrrraqtroHHoro rroJre Ha 3ev-flra. Cnopeg Apyrara reopLs Jlynara ce
e o6pa"rynala n 6nugocr Ao 3eIvrsra.

O6tqo e MHeHEero, qe floryqeHara qerrua unt[opuaqn.s or u3rtbrfleHrrero Ha
JIyHHara HayrrHa rrporpaMa, npngo6rra c MHoro rpyA n Qnnanconu parxoArr, e noc-
Tauwra u MHoro HoBrI Bbrlpocu. Obeurr na neo6xogtrMtrTe r{3cJreABannc caMo 3a
lr3f,cn.sBane Ha rlpolr3xoAa E eBoJrroqnsra xa Jlynara rrgrcxBa trpR cerarrlntrTe reM-
rroBe noHe 100 rogunu. ovennAno e, qe 3a roBa ca HyxHE rroBu JTyEHH rrnnortrpye-
MI{ KoMnJIeKcH or rrlna Ha JIyHITE 6asn c [poArJrxtrTeJlnocr Ira cblqecrByBane Mr.r-
HITMyI!{ Ao eAHa roAnna Ir opraHtrgaqnc sa cHa6AsBaHe c neploAnqHa cMrrra Ha exrr-
naxrrre. flpouuruaeHoro rrpotrsBoAcrBo Ha aJryMnrrEfi u rurau na Jlynata e noA
BBnpoc [opaArr JrnncaTa Ha BoAa.

flpoguxexue r cle,qnarqtr 6pofi. Ifocmonula no l. X. 1994 z.
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Crunaynilparqo BbsAefi crBue
Ha 6brrapcKoro KocMrrqecKo MeHro
BBpxy pa6orocroco6Hocrra
HA KOCMOHABTNTE

IIpu [poAbJrxrrTeJrHrr rroJreTrr

Jlrcftrca feopeueea, Ileemau lleemrcoa

H ay unousc ted oa a meJ, c Ku uHcmumym
no rcpuo6uotrozua u tuofiuausa4un, Cofiua

IIpn ercrpeMarrntr ycnoBu.s Ea rpyA n 6nr porcra Ha aJrn-
MeHTapHtrs Qaxrop ce n3pa3rBa c rroBnrrraBane Ha Bb3MoxHocrtrTe Ea araxyBaHtrTe
or BpeAHIrre ycnoB[c na o6rprxaBarrlara cpeAa oprann E ctrcreMtr ga rfoprvrnpar
crpyKTyplrnTe ocnoBtr Ha aAarrraqnflTar'a, opraHtr3Ma rr HeroBara pearrurocnoco6-
nocr. KoruqecrBerrara tr KarrecrBenara aAeKBarHocr Ha xpaHara r(oMrrencnpa 6rp-
3<l n3pa3xoABaHtrTe geQuqnrnn 6rocrcranxn Ha opraHtr3Ma.

Xpanenero e eAxH or Eafi-Baxnure t[uouoJrortrqno-xtrrueuutr Qarropn c otrpe-
Aenrrqa poJrr ga rroAAb1xaEe BEcoKo EEBo Ea pa6orocnoco6uocrra, aAatrTEBHocr-
Ta tr 3ApaBOCJTOBHOTO CbCTOsHtre Ea KpCMOEaBrUre. lIgnUrAHnsTA, CBbp3aHrr C MO-
AennpaHe na QaxropuTe Ha rroJreTa, KaNTo tr no BpeMe Ha noJreTtrTe c pa3nErrHa
rlpoAbJrxuTeJrHocr, AoK&tBar, qe ocEoBHtrTe rrpoMeHrr s o6l{.ssara Ha BerrlecrBara
r{ cborBerEo r norpe6nocrtrTe rra oprantr3Ma or xpaHETeJrHE BerrlecrBa ce Abnxar
Ha xllrroKtrHe3usra,6egreraosnocrra n Saxropure, npeArr3BEKBarrIE rrepBEo-eMo-
qEoHanHo HanpexeEtre.

Hapylrennrra B oprauu3Ma, Bb3HIrNHaJrtr cJreA rlpoAbnxtrTeJrEa tr pr3Ka xrrno-
NEHe3trt, BOA'T AO OrpaHFraBaHe Ea'aAatrT[BEOCTTa KbM yCJTOBtrflTAIlA. BBHITTHaTa

cpeAa tr Ao 3narrtrTeJrHo cHtrxaBaEe Ha pa6oroctroco6nocrra [, 3, ll]. flpn o6esA-
BtrxBaHe B npoAbnxeHre Ha ABe Aenonoulrc o6qoro KoJrnqecrBo rrcBbprueua pa-
6ora cneA BToporo AeHoHorrltre halranssa cpeArro c 43,4o/o, cJreA Aeceroro --:- c
42,0o/o, cneA .qeBerHaAeceroro - c 26,0Vo. Brgrvroxnocrra 3a pa6ora Ao orxa:r B

nocJreAnure cpoxoBe ce EaMaJrrBa caorBerEo c 32,4,30,6 N l8,2%o.Ilo4o6nu npo-
MeEn B pa6orocuoco6nocr-ra ca ycranoBeHu tr npn aMeptrxarrcxtrTe acrpoHaBTtr
cleA l4-AxeBeH rrorer 12,4,81.

Pssxoro rloutrxaBaEe Ea MycKynnara pa6orocnoco6nocr ce o6ycranfl He roJr-
KoBa or BererarnBHnre $arropu, KoJIKoro or flqHtrxeEara cnoco6Hocr Ha caMara
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MycKynHa rbKaE Aa tr3BbprrrBa nETeHSEBEa tr npoAbnxETenEa pa6ora.Tesu 4na
Qaxropa otrpeAencr B3Menentrrra, Kotrl o HacranBar nrn Syxxqnonupagero Ha
cbpAerrHo-cbAoBara cnbrervra n xefinara p eryra\ne' B xaJrqEeBar a o6vltia, B Anua-
Hero E rasoBara o6ruxna, r uera6oau3Ma Ha BctrqKE BerqecrBa, B KpbBHtrs cbcraB u
xeMoKoaryna\vsra, n 6r6peuuara geinocr, B EepBEo-xyMopaJrEara peryJraqn.fl, B
trctrxtrrrHtrT€ Qynrqun, n npeycrpoficrBoro na,qefiiocrraua iererartrBnara HepBna
ctrcreMa, B peaKruBEocrra tr ycroftunuocrra Ha oprarrtrsMa E AOptr 6nOeneprern-
Kara Ha MnroxoHApuure. Tosa ca tr3MeHeEtrs, KotrTo ct3AaBaT rrpeAnocraBKn 3a
pa:lBurtrero na cuoeo6pasno npe46oJrecrHo cbcrorntre, Haqaro Ha flBeH naroJlortr-
rren rpoqec [1-3, 7, l1].

flpunoxennero Ha KoMnJreKcEa xpannrenEa upoi[uaaxruKa HopMaJrnslzpa
Aefinocrra Ea opranu3Ma, trocraBeH trptr excrpeManutr ycnoBus. vcranb"e"o e,'"e
rIJIeEoBere Ha exErlaxnre na op6urallHure craHqutr ,rCarror" n ,,Cxafiar6", Il3IIbr-
HSBATII CTPtrKTHO ONPEAENEEEfl XPAHETEJIEE E ABBTATEJIEH PEXtrM NO BPEME EA
trpoAcJIxtrTeJIEtrt lIoJIer, ca garra3f,Jru xpaHtrTenen craryc, 6rngrr Ao trpeAnoJrer-
Hns'n QyxrquonalHo HIrBo na Qnsuoaoiuqnure ctrcreMtr, Koero € Aorrpu1ecno 3a
cpaBntrTenHo 6rpsara HM peaAatrTauu.s KbM seMnxre ycnoBur.

Bu4rr Ea KocMnqeclffiTe xpantr, KoMrrJreKToBaHtr B xpaHETeJrHtrTe paquoEx, ce
ollpeAeJrt or rIpoAGJIxtrTeJIEocrra Ha KocMuqecKnr noJrer. flpu nenpo4tnxnrenxu
rroJngrtr - or H.fl(orKo AHn rurtr ceAMtrrIE, rrpn (otrTo tr3noJBBanara xpaHa e no4 r[op-
Mara Ha p$epB, xpaHurenHtrfiT MoAerr Ea exrrrtalra BxJtroqna o6mnoseua rcogcepBtrpa-
Ha xpaHa. Tosn xpaunreJreH MoAeJI o6aqe oe oxata HeyAarren. Ha op6uransari cris-
qufl ,,Carrot-6]t_r peoylrar Ha rlpeHaroBapBaue Ha MeEK)To cbc crepruu3rrpantr xox-
cepnu (orons 8V/o or gLcraBa na uerroro), xocMoHaBTtrTe or uerre ocEoBHtr eKcne-
4trqtrtr KbM ICpaf, Ea BTOptrS Meceq or noJrera rrpEcrbtrBaT c HexqrraEEe KbM TrxHaTa
xoEcyMaqtrr. Tona EaJroxtr 3a exnrralr(a na op6uranHara cranqtrs ,,Calrror-7" Aa 6rAe
paspa6oren xpaurrreneH paqtrox src gsaqnielno no4o6pen sbcraB, rpn xoiro oro-
tto 650/o or xpaHnre ca r nuoQunu3trpaH nug. 3navnrqlHnsr EHTepec rrlr lnoQrulnsn-
paHtrTe xpaHE, npeAHa3HarleHtr 3a trpoAbJDKnTeJrEtr trOJreTtr, Ce rrOTBsp)r(AaBa OT Kpy[-
Hrrre nHBesrtrqun, Kouro HACA Bnara 3a rf,xnoro npousBoAcrno n CAIII.

JlnoQnnusa\nflTl ce yrBbpAtr Karo eAuE or nafi-nporpecrrBHrrre rexnoJrornq-
Hrr MeroAtr 3a AbJTIOCpOTTHO xoEcepBtrpaHe Ha xpaHtrTenHu trpoAyrru. Passnruero
Ha npoE3BoAcrBoro na luoQnlrctrpaEE KooMnqecKrr xpaEu n cnirosen uaula6 e n
cJreAHnTe HallpaBneHtrr:

- 3a[a3BaHe KalrecrBoro Ea xpaHBTeJrEUTe paqUOHtr Or n[OQxnn3npaEtr xpa-
rru 3a neploA, tro-[poAbJrx4TeJreH OT.rreT roAtrFtr;

- onrEME3trpaHe IIa xoJlnqecrBeHns tr KarrecrBeHtrs cbcraB Ea KocMuqecrctrTe
xpaHu B cborBercrBne c trJlacrlrrrxnTe u exeprnixure norpe6Hocrf, Ea opraxngMa
rro BpeMe Ha npoAcJIXnTeJtHn rroJleTtr.

ocnonononoxnnx Ea cbBpeMeHHETe rexgoJrortrtr sa rrpotr3BoAcrBo Ea mloer-
Jrtr3l'IpaHn KocMtrrlecxtr xpautr n Perry6nnxa Eurapur e Ha5r.rnonscJreAoBareJrcxtr.sr
Hncrrrryr uo rpno6uololtrc u anoQulnsa\nfl.B CoQnr.

flpunqnnrr Ha optrrtrEaJruara 6urrapcKa rexnonorn sa rrpotr3BoAcrBo Ha
nuo$nausupaEu xpauu ce ocnoBaBa Ea tr3rroJr3Baxero Ha E3KycrBeEtrr cryA B gbrre-
TAHU9 C BaryyMa. cr.rerauu ca otrTEMaJrHo ABa MerOAa Ea XOHCepBRpaHe - 3aMpa-
3SBaHe tr CFrIeHe B5B BaKyJrM rIpE TeM[epaTypn, HerlpeBruraBatrItr KptrTf,rrHrTe, [prr
KOETO Ce HapylraBa MEKpo- rr MAKpOCTpyKTypara Ea [poAyKTa. flpoqecrr BxJrK)q-
Ba rptr nocJreAoBareJrnu erana na o6pa6orKa Ha tr3xoAntrr rrpoAyKT:

- nbpBnrruo cylrene, nptr Koero o6paryranlrre ce trpu gaMpa3flBaEe neAenu
KpEcrarrE cy6anunpar noA BJIuflEI{e Ira rrLpBoHaqaJrEo [HTeH3EBEo, a cJreA ToBa Ha
yMepeHo HarpsBaHe B ycnoBr{rTa Ha BtrooK BaKyyM;
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- BTOpnrrHo c]rrueEe, Irpu f,oeTo ce oTAeIc ocTaTsqEaTa BJraxEocT B ycnoDf,.s-
Ta Ea tro-BtrGox Baqryrvr tr IIOJIOxtrTenEE TeMtreparypf,;

- 3axlroqtrTeJreH eTarr - AocrtrraEe Ea rpafrEa ocTaTBqEa BJraxEocT Ea upo-
Ayrcra tr EaplIIIraBaEe Barryylvra Ea cy6:unraryoHEaTa f,al4€,pa cbc Gyx EEepren ras [5, 6].

Ocramqnoro BrarocbAbpxanue, Koero € B rpauuqf,re na 2,0 Ao 5,0o/o e paB-
HoMepEo pa3npeAeneno n o6eua Ea trpoAyxra. B c5[o, otraxoBaEo sbcrocEf,e, rf,o-
Qunnsupau[sr [poAyrr ce gbxpan.sBa Aurrorpafiso - Ao uer roAf,EE, 6eg Aa uu-
sa B xoHrarr c BJrarara E Kf,cJropoAa Ha Br3Alxa. Tosa ro trpaBu troAxo,qflu1 3a qe-
JrtrTe Ea rrpoAbJrxtrTeJrflng. rocMf,qecru noJreT.

Pe,qyqnpauero na o6eua Ha xocMf,trecrf,Te xpauu 6e ocrrqecraeso rrp€ ryra-
Eyntrpaxe tr rocneABaulo [pecoBane uog r[oprraaraflL ra6nerrn.Ta6nernrre $op-
ME ca y,qo6nn sa oQoprvrrne Ea xpaHtrTenun Aax6exn KoMrurerrf,, BKrrK)qBarqf, qe-
noAHeBEo Menro cbc sborBeruara eueprnfina crofiuocr, xf,Mf,qecxn cbgraB E otr-
TrrMaJrHa vaca -300-350 rpava. -

Xpanara raro Susnorortrrrra norpe6xocr Ea opraEf,3Ma u3trbJrnflBa cBoero
ocHoBHo npeAuasHarrentre - Aa rroAAbpxa Bf,coKa pa6oroouoco6socrra f,a rocMo-
HaBT[Te, xoraro Harr]Jrno ce ycBoflEa. Crenesra Ea ycnouMocr Ea xpaEara ce otr-
peAenc or neinnre KaqecrBa, xoEcf,creEqf,t, xtrMf,qecxu gbcral, or ycrauoBeunt
xpaHrrTeneH pextrM, xaKTo f, oT EKycoBnTe trpeAtrorrf,TaHE sa oTAeIEf,t f,EAEBTA.
Ero 3arrlo npu paspa6orBane Ea gbcraBa na 6arrapcxoro xocMurlecxo MeHrc or-
AenHtrTe xpaEtr 6na nguzrsantr rrpn o6uraonesu, 3eMEn ycnoBus f, B xepMeru3n-
pantr KaMeptr, trMtrTnparqtr rocMrrecrf,Te ycnoBm. IIpn trpone,qenoro rpeunpo-
Bbqno xpanene c 6opAonure paqf,oEtr, BKJrK)qBarIIf, rnoQurnsupalf,Te xpann, B
npoAbJrxeuze sa 12,(esonoqus, KocMoEaBTtrTe, yqacrnaJlE B trpoerra ,,Illntrtra',
npugo6nxa reopernrrecru f, nparTnqectrtr tro3naf,ur 3a tr3troJBBaue Ea ctreqf,arugs-
paxoro xpantrTeJrno 3BeEo. Vlnaronayastnf,Te Br(ycoBf, trpeAtrorlf,Tanzs tr oqeuKara
Ha cborBernf,r Aerycrgpan rrpoAyrT or:rJlenolere Ea ernuaxadna perf,crpf,panf,
B aEKerHtr xaprn. flocoqennre or rtr MEeEtrs Ef, Aa.qoxa Hacoxu trpf, roMrurexTo-
BaHe Ha AHeBEf,Te paqnoutr, rrpeAndtuarreEx ga rrpoAsJrxf,TeJren troJler. Censopna-
ra oqenKa Ha AerycrtrpantrTe luoQunnsupaxn xpautr e BEcoKa - 8,9-9,0 no 9-6an-
nara Xeronf,qxa cKara.

IlpoexrupaEur xtrMtrqecrtr qbcraB n eneprrfinoro cbAbpxanze xa nnot[rnr-
3npunn xpantr, Brurrorrenf, n 6rnrapcroro (ocMf,qecro MeEro, ca cao6pasextr c
eueproperxo4a n ne6narouprrrHtrTe rlrera6oanrsf, trpoMeEn, trouro Bb3HnKBar
trpf, trpoAbJrxureJren lroJrer. Karro e ngBesruo, 6egrernosnocrra E xxrlorf,Hegf,tra
[peAtr3Bf,KBar EaMaJrrBaHe trHTeH3UBEOCTTa Ha acEMf,Jran(f,oHHf,Te npoqecu B op-
raEtrSMa trpE 3atra3BaEe Ea u3xoAEoTo Ef,Bo f,JIE trpf, 3aCuIBaEe Ea H.SKOf, AXCf,Mn-
Jraquouutr upoqecf,. BrgAeficrsnero Ea sr?eca gbulo gacf,Jlna xara6orsrxoro Eatr-
paBnentre ua o6Mcsara.

3a upeogonrBaue Ea EerartrBnf,Te trpoqecx B orltaEx3Ma Ea xocMosanTf,Te,
Br3HrrKHaJrtr noA BJrtrrEf,e sa BpeAEf,rc Qaxropn trpf, trpo.qbJlxf,TeJlEf,t troJler, f, 3a
octrryp.sBane.Ha nHTeE3f,BHocr, rrltrpora Ir qtJrocrnocr Ea xpaneuero e neo6xoAn-
uo nafi-onrf,MaJrno gbqeraBane B AHeBEf,fl xpaHtrTeneH xocMf,qecrx paqf,otr Ba
xpaurr or pa3rurrex rrpof,gxoA - u3Torrnzqf, Hannacrf,qnlt, eneprf,finu u 6nonornq-
HOAKTEBHtr BEIIIECTBA.

Ernrapcroro KocMf,qecxo MeHK) e gbcraBeno or 27 snAa tnoQuausnpanf, xpa-
Htr Ea MeCEa, MeCO-3eneErIJXOBa tr ITIOAOBO-MJIeqEa OCHOBa - Cytrf,, OCgOBHf, tC-
Ttrr, Aeceprtr, trJlo.qoBe, oQopuexn BtB Bf,A Ha xatrxn c trExanTxf,s, TpaAf,qnoneg
BKyc Ha 6urapcxara Haqf,oHanna ryJr,Hfl.

Koclruqecxnsr AHeBeH xpansrenex paqf,on or 6tnrapcrn nuoQnnn3upaEf,
xpanrr e c eneprnfiua crofixoot - 12810 rr{2x - 13230 rA:x (3050-3150 xxan). Xa-

192



paKTeplrgtrpa ce crc cJreArrf,r xtrMtrqecKtr gbcraB: 6enrr.nrsn - 135 r, Matxf,nf, -
110 r, n BbrnexrrAparr - 380 r. Koau.recrBoro Ea MtrKpo- tr MaKpoeneMexTEre B

Aax6ara.e, KaKTo cneABa: xaJrqRfi - 0,8 r, Qocr[op - l,'l r,uarnetufi - 0,4 r, rumit
- 3,0 r, narpufi -4,5 t, xers3o - 0,05 r.

Kparnocrra Ha xpaHuretnnr pexnM ce olpeAens B saBrcf,Mocr or Qynrquo-
rraJrnoro cbcrornue Ea oprantr3Ma, EeroBara Qusnuecra E HepBuo-rrc[xtrqua Earo-
Bapouocr. Errrapcxoro KocMnsecro MeEK) e aAaurtrpauo 3a rrertrptrKparen xpaHtr-
reJren pexnM (gne sarycru, o6rg u nevepx), c nHrepBaJr MexAy orAenEETe rrptreMtr
or rpu Ao ner qaca. KoncyMaqusra na rnoi[unn3upautrTe KocMurIecKE xpauu ce
ocbrrlecrBrBa cneA pexaAparaqrs,npn reMtreparypaor 27 Ao 65'C, B 3aBrrcrrMocr
oT BHAa Ha xparrnTeJrHE npoA)mT.

flponegeHnrq MeAnKo-6zororRqnra rmcneABaHtrfl Bbpxy nrgAeficrnRero Ha
ruoQunnsupaHnTe xocMnrrecKtr xpann, BrrroqeHtr r 6urapcroro KocMlrqecKo
MeHKr, AoK&raxa rsxHara xparrnTeJrrra u 6uororrqHa trbJrEoqeHnocr. Tosa ce Alrr-
xlr, oT eAHa cTpaHa, Ha paqnoHa-IrHo tr3rpaAeHtrr EM cbcTaB, a oT Apyra - HL npfr-
JroxeHure orrrnMaJrnn rexHoloruqHn napaMerpu na cySluMaqrrorrHoro cyrueEe.
fpynupanero na ruoQnJrn3npaHrrre xpann B KoMrrJreKToBaHtr Aax6t nosnorn Qop-
Mnpanero tr noAAbpxanero na Onaronpncren MoAen Ea xpaneHe 3a npoAtnxtrTe-
JreH rreprroA or BpeMe, 6eg rvronoroHHocr n c parnoo6pa3tre Ea MeHroro.

Berrrqnara KoMrroEeHTa Ha tr3cJreABaxtrTe auotfnrnsupann xpanx ce orrnua-
Ba c BRcoKa 6uolornqua crofinocr, Kogro ce onpeAens or cbAspxannero Ha Mr@q-
r{E E pacrtrTeJrnn rrporeunn, 6oralu Ea He3aMeHEMF aMHHoKEceJIEEa. Or 4pyra
crpaHa, cbqerantrero Ha uporenEtr or panJrtrrreE npou3xoA Aonp[Hacr sa go6para
ialanampayocr Ha aMnHoKtrceJrunnnfl. otgraB sa 6errs.rnara cbcraBKa,6e3lr'alrs-
rrrre B Hefl Ha nEMETEpauxtr aMnEoKEceJrtrHtr.

Macrnugr KoMnoHeET n 6trrapcroro KocMrrrlecKo MeHK) e orrrtrMaJlrlo Ao3E-
pan, Karo e B3era'noA BHsMaHtre [3xrroquTerno Baxuara Qusuolornuna. pons Ha

Jrr{trtrAure - exeprnfina, rrJracrnqna, perynaropEa u rpaHcrloprlra, n o6ulns Mera-
6onnsrNr Ea opranugMa.

Bxcoru.sr orrroctrTeJren ArJr Ea rlnoAoBere n 6arrapcroro KocMrlrlecKo MeHro
ro o6orar.sna c qenyno3a, rreKTFrHoBR B€rrlecrBa, opraHtrqnn KuceJIrIHE, BrITaMnEtr,
MuKpo- E rlraxpoeJreMenTn. fho4orara cbcraBxa ctAeficrna sa o6pasynaHe Ha rutr-
pox crrerTbp or B3affMEo AoIIIJIBaITIE ce noreHqnpalqr Aeficrsnero cn xpanrreJl-
nu t[axropu. Te orassar 6:raroupr.rrxo srgAeficrBrre Brpxy aJIKaJIHo-KBceJItrIIHoro
paDHoBecue B opraHn3Ma, HeyrpaJrtr3npaT peAEqa oTptrqarenlrnBJJ,E-[EE[. Ha KOC-

Mtrr{ecxr{fl rroJrer Bbpxy o6tvrcHara, aAarrruBHocrra, Ir3ApbxJltrBocrra u pa6orocno-
coSsocrra Ha KocMoEaBTrre.

flonoxnrelen eQerr Bapxy opraHngMa ora3Ba BxJrroqBaEero B ctcraBa Ea Ae-
ceprHr{Te xocMnrlecKf, xpaxn Ha ABa BtrAa MreqEoKEceJItr 6axrepnalutr EIaMoBe -
Lactobacillus bulgaricum n Lactobacillus acidophylzs. flpoyrnannera Bbpxy racrpo-
lrHTecrtrHaJrHara Mf,KpoQropa Ha qoBeKa, rrocraBeE B ycroBn.s Ea EepBno-eMoritro-
HaJreH crpec, na 6egreraoBEocr I xtrnoKtrHe3n , Haloxtrxa trpeoqexKara Ea HflKoE.
rvrnxpo6noloruqiru KptrTeptrtr 3a KaqecrBo Ha KocMurrecroro MeHK). flponeAesrre'
r.r3cneABarr[r rrorBbpAnxa qenecto6pagEocrra or BKJIroqBaEe B xpaEETeJrHna paqu-
orr Ha KocMoHaBTure Ha xpaHE, B Kouro e EaJrtrqe aKTtrBHa 6n0ulO- znu naxtoQno-
pa [9 l0]. flo rogu HarrrrH ce rroBr{rrrf,xa 6nonorrqHara qeHEocr, orIpeAeJIeEa or Ae-
TorcnKnpalqaTa poJlt Ea MIeqEoKtrCeJItrTe 6arrepnz n SnsrolortrrlHoTo sb3Aefic-
TBtre, cBbp3ano c noAo6p.sBase Ha rrpeBuara uuxpoS:ropa qpes cra6mnsupane Ea
rranrpo6noqeHo3rrre Ha racTponHTecTtrHaJlEnr TparcT n nogo6p.eraEe Ha HeroBoTo

QynrquonarHo cbcrosntre,
Zsnecrno e, qe trpu eKcrpeMaJrHE ycnoBn uorpe6nocrnre Ea opraEn3Ma or

BilTaMlrrrtr gna.rurergo ce yBentrqaBar. Tara HarrpnMep npn Mbxe Ao6posorqu cbc

13 Aepbrcilurccu r3cfleanHtrr.-r r. 12 193



70-Aeuosorquo o6es4ruxBaHe eKcKperltrf,Ta rua 4-tmpnAoKcrrHoBara KxceJrtrHa, Ko-
sro a BETaMtrH B. ce nonuxasa c 23o/o. HeAocra-
Tbq n npu unao6njrusnpaue Ha opraHu3Ma BoAtr AoBJro ru. 3a ali.ruenrapnoro KoMrreHcr{paHe Ha Br{-
TaMHHHI'I' .qe0uUlr B xpaHHTenHHt paIlHoH Ha KocMoHaBTHTe gonunure-uao 6e
BKJIr{,qeH paspa6orenurr n Hayurol{3cneAoBareJrcKnr EHcrr{Tyr lo xpl,ro6uororu-s
u moQu.rnsaqur uonuBr{TaMr.rEeH npelapar - ,,BtrTaroH", nptr Ao3trpoBKa AO TptI
KarrcynH AHeBHO.

flpone4ennre r"reguro-6uoJlortrqHtr tr3cJreABaHrrfl,qoKa3a)e, qe r1oA BJIurHrre Ha
np[noxeHoro aJItrMeHTapHo Bb3Aeficrnue c BXJrK)qBaHe o 6opgonure paqHoHn rra
6urapcru nnoQuruslrpann xocMnrrecKn xpaHtr 3riarrrTerno ce no4o6pira uopQo-
JlortrtlHoro n QynrqnonaJlHoro cbcrocHne Ha opraHrBua (relecua Maca, TeJreceH
cbcraB, 6noxuuuqsu noKa3areJlu, I{HAexc na Qusuvecxara pa6orocuoco$nocr n r,
H.) B ycroBnsralaa rrpoAcnxureJren rroJrer.

B gauroqenne cneABa la o6o6qnrra, ve 6rnrapcKoro KocMtrqecKo Merrx) or Jrrr-
o0nnnsupaHu xpaHn orroBaps Ha crBpeMeHHETe HyrpnonornqHlr H3ncKBanns ga
xpaHeHe IIp[ npoAGnxI{TeJIeIr KocMnlrecKn noJrer. To o6esneqasa Heo6xo,utrMrare 3a
rlocraBeHut B eKcrpeMzuIH[ ycroBuq opraHrr3bM eneprufinz H rlJlacrrrqHr{ Berrlecr-
Ba 3a noAAGpxaHe rra Blrcoxa pa6orocnoco6nocr, rrMyHope3ucreHTHocr a altan-
Tr{BHOCT lpn ur"ro6rurn3a\vs, cbqeraHa c ocraHaurnre Herarr,rBHn Qarropn Ha pa-
6ornara cpeAa.
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EKOKATACTPOOI4
(flpnpo 4nu eKoJlorrtlHrr Karacrp oQu)

flpeg 1995 r, xHnxur{rr Hn triltap ce o6oraru c HoBa EaytluoflotryJltp-
ria xnura, n3AaAeHa or IdgAareacxa xbrqa,,Baneca-. OuIe cavoto 3arJlaDue Ira xHnrara rloAc-
xa3Ba, r{e Ts e rocBeTeHa Ha e,qBa cpaBHuTeIHo HoBa, aKTyaJIHa rr [HTepAncqunnllHapHa HaytlHa
o6:racr, xaxBaro e exoJrourrra. Anrop e x. Q, u. nrx. Iapo Mapgtpooxtl - cr. H' c. B HayqHo
HanpaDJreune ,,,{ucranquonHr{ r{3cneABaunt xa 3eMsra or Kocrr,roca" n llxcrnryra 3a f,ocMlt-
qecxil rl3cJreAaauur npn EAH.

Kaxro x caM rrpxsHaBa n npegionopa, aBToprT cu e uocraBl{Jl EereKara 3aAatla B eAf,H cpaEHI{-
Te.[Ho orpanxven o6eu, Ha noflynrpHo rr Aocrbflflo 3a rrrupoxa ayAxropr{fl HnBo Aa AaAe Ha rturarem
npeAcTaBa 3a xapaKTepa, IIpI{qr{HnTe, pa3BrrTueTo, pa3rrpocTpaHerrlleTo, IIIeTtrTe, XepTBUTe U T. H. Ha
npupoAHnre exoxaracrpoQrr,.xaxro r r{3BoAure x noyrure or BcI{trKo rosa. lI'rpr6na BeAHara Aa ce

noAtlepTae, 're rofi e ycntJr HarrbJIHo Aa nocrlrrue llenra cn.
B na.ranoro Ha Kgr{rara ca y3tcgeHu repMugoJloruqHo trousruflTa,,exoaorug'n ,,xaracrpot[a*,

3a xoxro Bce rqe ce BoArr gucxfcuu E rra)Fruara o6qecrnenocr. B uanara ,,Hgxon toJIeMn ApeBHr
exoxaracrporln" ca patue.qann rilraHTcxnre rrpupoAHn Kar&KJIn3Mn, xouro e trpexliBtna Halrlara
nJraHera B npoqeca ua o$opuruero cu, xJruMarurlHnre raracrpot[il npeAlr crorltrlt xtrJrtAtt u Mulrn'
oHlli roArrHrr, eBeHTyaIHaTa Bpa3xa MexAy nosBaTa Ha xxBoT Ha HaruaTa IUIaHeTa Il HtI(Ot XOJTOCaJIHa

xocMuqec(a xaracrpotpa.
Ha paslnvunre npHpoAHH xaraKJru3Mr{ ca nocBereHn cre.usarqnre rJraBH B xnfirara. ICcropn-

qeci{Il cBeAenss 3a flpoqyrlr eroxaracrpot$u, pa3r(a3r Ha oqeElAIII{, ,,upauna* crarilcrilxa 3a xeprBx
l,t rqeru, flayqHo o6.scHeuue or rncAnrqe Ha cbBpeMenHara reotlxsrxa Ha nplqttnnre 3a [oslara, pdt-
Br,rrr,rero, pa:rlpocrpaEeHr{ero r{ T. H. Ha exoJrorxqHl{Te xaracrpotDu, oflr{Tlite lra qoBera Aa'I{M rlpo-
TlBocror r{ MuoxecrBo Apyrn lro6onnruu Qarrr u r(oMelTapn sa 3eMerpeceH[t, IIaBoAHeHtt, Tpo-
nrqnlr qr{xJronr{, ByJrxaHn, qyxaMn, xaBr{Hr, MlJrrrufi, npil(oll{ 6ypu, ropcru [oxap[... Bcuqxo rosa e

AonbJrHeHo c 6orar x uHTepeceu HJrrocrpar[Beu MarepnaJr.
Cneqra.lxo Mrcro e orAeneug 14 Ha e(oxaracrpoiprre, crroJrereJru HaurHTe seMli or ApeBuocrra

ao riaru[ ,uHE.
E4no or rrasuure AocrofiHcrsa na .Exoxaracrpo$n' e, qe H$aBr{clrMo or norryntpBxt rl Aoc-

TarneH HaqI{H Ha ItoJIoxeHHe aBTopbr e cayMrn Aa 3afliltr HayqHoro sByrleHe r{ HrlBo Ha rHnrata. Ts e

o4o6peua or MrritcrepcrBoro rra o6pasonaunero, Hayxara Ir TexrtororrrrrTe rl ce flpefloprqBa xaro
yueSHo-uoruorqHa nr{TepaTypa 3a yqaulsre ce.

Muoro e noJre3ua r{ ga [o-Hupoxa ayAl4Topnr - or o6uxnoseulit qxTarer Ao cneqltaJrlcra no
re,oipnsuxa, reororur, eKonorHtr xnAponorHs, MereopoJrorl{t, 3a MeAuIInHcxIl flepcoBaJr, 3a caHllrap-
llo-xErEeHHH cayx6n, 3a ctreqlraJlucrtr or Boelrnrt BeAoMcrBa lr T. H.

Anropureixilre perlex3eHTn npoQ. Ziran flerxor r{ cr. H. c. Eofixo Paxrelon, go6para pa6ora
na xyAoxHnxa BeauIl'r,rp Xpncron r{ Ha qeJrufl u3Aarercxr exruI ca HaIIpaBHn[ rtsuo:xno'otlopMtlre-
To Ha eIIHa KHfir4 xocro Moxe Aa ce Hapeqe rDJIeHIie Ha Harurf, xHHxeH narap, xuafrn npeABI{A oc-
KbAlqaTa o.f Ha)AHonouyntpKa nl{TepaTypa IIpe3 nooneArruT€ ToAHHI{, OUI€ noBeqe Ha exoJlorltqHa
TEMA.
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yKA3ATII{' 3A ABTOFT{TE

B teMarr'rxara tropeAilrla ,,Aeporocuxvccxx x3cneABexxr r Etaraprr' ce

IIeqaTaT opHrnHaJrHg HayqHg cTaTrrr IIa rocMl{tlecf,aTa u aExaqxoHllaTa Hayxa r llparTuxa.

VcJroruc: Crarunre rpe6na Aa 6r,qar npe,qcranellx a 2 exseurinrpa xa 6ur-
rapc1n, pycx[ xnl axunicrt esnx. ErlrapcrrTc aBTopIt rpr6ra Aa [peAcTaBtr n rIpeBoA Ha cra-
TilSTA,

o O6eurr Ha vrtT:,,,'ra (pxrro.rfirerHo ra6rrqnre il nnrepa'I;yt,ara) ne rpr6-
Ba Aa npeB[ruaBaT 15 cragAapruu Marrrr{HonucHlt crpaul{qr (30 pela Ha crpallrqa, 60 y,qapa xa pcA)

c Qopuar 210x295.
e Bcrxa cramnrpt6na Aa 6lAe npsAPyxeua or pe3loMe (4o I craugaprxa

crpasnqa) na 6tlrapcxu I{ Ha eAuH sartaAeu eour.
e Mareptaau, rrPxerx 3 ] treqar raau ny6lnryranu B Apyrl x3Aauur' rre ce

nPrreMar.

rloAperAare:
r Ha utpoara crpanrrrla Ha Bcsxa crarnt rpt6na Ao 6'bfta'r Harlucauu 3aula-

Br{ero, rMeHara Ha aBToPlre u eAPecbr xa uecropa6orara.
a T a 6 a Il q u u n JI Io c rp aqx u' Ta6llqure rr rexcrbrKbM ilnrccrpaqrr-

lre rpr6na Aa ce flpeAcraBrr ga orAe xM B Tel(cra Aa ce flocoql| E rloJlero Ha

c"ot"q"rata crpaiUa. Ha rup6a xa , qeprexu' rpar[lxn rr Ap.) c MonIrB Aa

ce Hanr4rraT 3arJIaBI{eTo ia craturrr4 IMeHaTa H HoMepbT na Qurypara Ir Aa ce y(axe

no HoMepaqur, nosBrBarqa ce xpoxonorxqHo E Texcra. Lluero xa rrtpBllt aBTop ce AaBa c lluBepcut.
Cneanaf 3anraBr{ero Ha crLTaATu 3arJraBr{eTo Ha cflucaHl{ero (c6opuura), ToM, roAsHa, xHtrxxar
crpaHurla, a [pI{ Moxorparlnure - rpaA, [sAarencrBo' roAuHa' crpanlrqa.
Ilpuuep:

l. Kptcrauon, JI., K' CepaQn'aos. - Cn. sa EAH, )<)L1974, M 2' c.29.
2. Hbcropoo, I. @rsrxa Ha lrucl(ara fionoci[epa. C.' EAII' 1969' c' 63'

,[pyrn ncncrraxnrl
Mtpnnre eAI{HHIIu 3aArnxI{TeJrHo Aa 6r,qar no CII.
r Anropure [Perne)r(Aar eAHa ropexrypa B onpeAeneH cpox. ,{onycxar ce

caMo noupaBxu Ha rperuxx, HarlpaBerrl upn na6opa.

oprreHTaqxtTa.

npaTrT Ha aApec:

o JI n r e p a r y p a. I$rupanara JlureparyPa ce flpeAcralt Ha orAeJrer Jlucr

A,upec. ABropxre Morar Aa lpeAcraBtr ruqHo Mareplall{Te au urn Aa-ru u3'

Corfru 1000

n uscJIelIBaHItt - EAH.
a,,Aepoxocuuqecxu Ir3cJIeABaxur o Etlrapnri'
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