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Excitation of ,quantized“ oscillations
under external inhomogeneous action®

Viadimir Damgov, Peter Georgiev*

Space Research Institute, Bulgarion Academy of Sciences
¥ Depariment of Physics, VMEI, 9010 Varna

Iniroduction

A modelling sysiem and oscillation excitation mecha-
nism are presented that might find application in revealing the generation
mechanisms of planetary magnetosphere radic sources and the wave interac-
tion mechanisms in the Earth ionosphere and magnetosphere as well as the exci-
tation of VLF waves in the near-Earth space.

The phenomenon of continuous oscitlations excitation with ampliude
from descrete value set of stationary amplitudes is demonsiraied on the basis
of a common model — an oscillating system under the action of external pe-
riodic force, nonlinear regarding the excited system coordinates. The pheno-
menon includes as particular case cyclotron process of charged particles acce-
leration. The phenomenon manifests itself in oscillating systems under the in-
homogeneous action of external periodic forces.

The Nonlinear Theory of oscillations consider mainly the action of perio-
dic forces which do not depend on the coordinates or are linear with respect
to coordinates of excited systems (the classical parametric systems) [1, 2, 3]
During the last years, linear excited parametric resonance in the presence of
a quadratic, cubic or periodic nonlinearity has been investigated [4].

The paper deals with the phenomenon of oscillation excitation under the
action of an exterdal nonlinear HF force, which is nonlinear as regards the
coordinate of the excited system [5, 6]. Such system may be considered as au-
tooscillating system with external power supply [7]. The investigation is mo-
tivated by servey the known from SHF and physical electronics, radiophysics,
mechanics, technics of charged particle acceleration, processes and phenomena
in plasma and other medium based on the inertia properties of the particles and
inhomogeneous inieractions ete. [1—7, 8, 9, 10], the problem examined by Fer-
mi, to be known as a possible cosmic ray acceleration mechanism when char-

P An investigation supported by The Bulgarian National! Foundation “Scientific Re-
scarch” under Contracl No TH-302/92, i




ged particles are accelerated by collisions with moving magnetic field struc.
tures [11]. In cvery parlicular case and mode the interaction mechanism has been
revealed differently — self-modulation, grouping, phase selection etc. How-
cver all these mechanisms are based on a common principle: the HF external
force acts nonlinearly as regards the particles motion coordinates. In the pre-
sent work it is shown, that the mechanism of LF oscillation excitation with
discrete set of possible stable amplitudes is connected with phase capture and
dynamical phase adaption, providing the necessary energy contribution fo the
oscillations during ihe exlernal inhomogeneous influence. References as LF
and HF are used only relalively. In the common case, the phenomenon is mani-
fested in all frequency bands in oscillating systems under the action of exier-
nal HF periodic Torce, nonlinear to excited systems coordinates. When the ex-
cited system and the power supply source interact, force is formed, which is
frequency or phase {in general — argumcnt} moduliated in character. Charac-
teristic system argument is adaptively tuning phase, providing the most ad-
vantageous inferaction between ihe excited oscillation system and the high
frequency power supply. Thus, the method of oscillations excitation is called
symbolically short “argument method” [5].

The phenomenon of continuous oscillation excitation with amplitude from
discrete value set ol possible stationary amplitudes is demonstryted analy-
tically for two cases (two analviical conditions) — first, when the nonlineari-
ty of harmonic-force-external action is presented by B-function and the influen-
ce is subjected to the lower equilibrium point of the trajectory, and, second,
when the external harmonic foree acts over a trajectory zone with a finite lenght.

Analysis: the nonlinearity of external harmonic
force is presented by s-function

The molion in differcnt oscillating systems under the
action of external periodic force, nonlinear with respect to the system coordi-
nate in general may be described by the following equation:

(1) X+280% +00x +f(x)=Fo(X, £

where x is the generalized system coordinate, 3, is coefficient describing the
system dissipative properties, f(x) is function characterizing the excited system
nonlinearity, Fy(x, ¢,) is external periodic ferce noniinear to the system coor-
dinate x, £, is real time.

Taking into account the wide variety of system, described by Eq. (1) for
the sake of analysis we select an concretized equation described the pendulum
motion. The pendulum is common oscillating model as it is isemorphic to a
variety of physical phenomena, particularly such as radio-frequency driven
quantum-mechanical Josephson junction, charge density wave transport, cosmic
particles in certain conditions ele. [12].

. The equation describing pendulum swing caused by the action of a force,
nonlinear to the coordinate, can be written in the form

2) X+ 28, %+ @8 sin x = Fo{x, £),

where x is the angular distance to equilibrium, @, is the resonance frequency
of the small oscillations, f=wf,.
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In order to integrate the nonlinear Eq. (2) using the methods of the
Theory of Nonlinear oscillations, we introduce new variable y and nonlinear
tlme 7. So, the strongly nonlinear reactive term sinx in Eq. (2) may be exclu-
ded. The transformation of variables is performed by the scheme proposed by
K. A, Samoylo [13], thus:

) - x
3) y=signx\/2 f sin x'dx’ = 23{11%.
1]
df _n dx _ ¥ _
(4) = &= sy =0

Functions x(y) and G{y) in Eq. {(4) are easily expressed, taking jnte
account Expr. (8):

(5) - x{(y)=2 arcsin(%), G(y) =

i

A
JI-T
Substituting Exprs. (3) and (4) in Eq. (2) we obtain

®) By= 95,2 Fx, 90(5)+@E— 1y,

where 25({:233 and F{x, t):'PU—(JZ’—E}, {$°—1) corresponds to the frequency
g
detuning, f~1.

The transition to new variables makes the system quite similar to a linear
concervative system, whose state is represented by a point, moving jn phase
Space on a circle with constant angular velocity. For such a system, common
methods of Nonlinear oscillation theory can be applied. It should be mentioned
that in terms of the new valiables all initial system features are kept. Trans-
formations (4) and (5) are appropriate if conditions G(0)y=1 and G(y)>0 for
all y values are fulfilled. Obviously Condition 1 is satisfied (see Exp. (5)).
Condition 2 is fulfilled for —r<x<n or —2<y<?2, Further consideration
will be performed for this y values interval. Physically it means, that initial
conditions and external action provide pendulum swing with angle amplitude
less than =+,

We assume that solution of Eq. (6) is:

D) y=Rcos¥=Rcos{Br—¢,),

where R and ¢. are osciliations amplitude and. phase.
- The dependence of normalized time ¢ on angle ¥ can be expressed in
agreement with Exprs. (4), {6y and (7) as

¥

_rr dy
©) s B / i T e
B \[ 1— 5 cos? ¥

Considering Expr. (8), the normalized oscillations period is:

2
1 ay 4 R
(9) To= J T (%)
J ] =3 cos? ¥




where K(%) is the full elliptic integial of first kind.

The shortened (averaged) differential equations [1, 2, 3, 13} for amplifude
R and phase ¢, can be written as:

2
(10a) (i—f)'—: *51;_;3 ] L sin ‘¥d'P,
0
In
d
(10b) ()= —_an;}—Rf L cos Wd'¥,
0

where the sign { ) denotes the procedure of averaging by fime 1,
L=28,BR sin ¥+ Flx, D)G(y)+(f2—1)R cos V.

Taking into account that
2

[ surwacae= fJ S a(R) 8 (B (2) k(L))

1—? cos? ¥

where E(.) is the full elliptic integral of second kind, the shortened equations
(10) také the form

(11a) 2Xy= —%B}i’{"”{(%)“‘ = B2}
- Q;B j’u Flx, ©)G(y)sin ¥d¥,
4]

2n
do, 1 : 31
(1 lb) (-a;)z T f F{x, ‘!)G( y) caos ?d‘P-—BQ—ﬁ°
G

Now, let us concretize the function Fy(x, £} as follows:
(12) F(x, t)=38(x)Psinvi,
where 8(x) — 8-function, P and v are the external harmonic force amplitude
and frequency correspondingly. We assume that v=~No,, where N=1,:2,3,...
Taking into account the solution form (7), &-function 3(x) can be presented
in the form

(13) = 3 [ s(r—Yo
o f

where the values ¥,, are determined by the equation

(149 _ x(¥o.)=0.
Considering equations (13) and {14) the equations (11} become



(152) | 2Ry ———BR{4K( )+%[E(§)—K(§)]

[GPSIII vt( ) %} i —{GPsin vt(‘z—ﬁ) % 3“},
a g
- do, BE—1
(15b} !<d_':)=— o

d¥Y d¥ dt dt 4% dt dt 1 -
dx T 4T af dx dr & dy ©  GiyRsiay and that (’(_2‘)

-—-G(—zﬂ-):l. the Eq. (15a) can be rewritien as

Noting that

(16) (B )____3;3{ 4K( )+ 5 [E(%)_K('_Q’i)]z:_
_Tg!? [sin_ vt (%) — sin vt (3—;)] .
From Eq. (9) we obtaiﬁ | |
17} p= Qviﬁg)'

Introducing the designation t(%)=tl and taking into account Exprs, (9) and
(17) we can write :

g(_:;i)____tl_i_if(i)' Sll‘l vt(sn)_ —I)NSiI‘I tho

Let us now consider two cases:
a) Case of even N (N=2/, [=1, 2, 3,...).

In this case sin vt(——)— sin vi ( ).._ 0 aml there are no stationary solution

(the oscillations are demped);
b) Case of odd N (N=2l+1, =0, 1, 2, 3,...).

In this case sin vt( 5 ) sin vt( 2) =2sinvi, ‘md

{ dT >=é(:‘?, | qmi

de,
(1= &R o)

where ™ pr gt ot
(182) (R, (pv)—f—BR{4K( )+ - [E(?)_ K(%)]——Tﬂ%sin vty,
(18D) g(;;), o) _' '_93—_* . ’

For stationary mode (e(R, ¢)=0 and g(R, ¢,})=0) from Eq. (18b) find

the condition B=1, which can Be rewritten consxicrlng Expr. (17} as I\( . ) =

x(z+)z012,3 v



Denoting & = % {the modute of the elliptic function), from Eq. (18a) we
can flnd the second condition of stalionary mode in the form
168
(19 —Pi" [E(Ry— (] —AHK(&)]|—sin vi;=0.
When £—0 the Eq. (19) is simplified

4115 k2

(20)

+sin v =0,

and corresponds to the condition
(2D | P} >4n5,42

For the sake of stability estimation we can rewrite Egs. (18) under the
condition £—0 as

(22a) e(R, §) = — 26,k — o sin v,
Be—1

(22b) BR, o)==

where $=1.

The characteristic equatmn can be wriften as

M—Mept Lo}t erBo—€r8r=0,
taking the final form
(23 A —ep)=0,

where ep, o, gp are the corresponding partial derivatives.
From Eq. (23} we find A, =0, ,=e,. The stability condition is: A,=e,< 0
ie <0

Using Eq. (222) we obtain ¢,=—23, +TIZ2 sin vf;,
Comparison with (20) reveals the stability condition in the form
(24} p=—43,< 0,

As the value §,>0 apn'on, the inequality (24)is fulfilled and the solutien
for odd N describes discrete set of stable stationary oscilltions.

Analysis: The external harmonic force acts over
a trajectory zone with a finite length

We consider the equation, describing pendulum motion,
under nonhomogeneous action of external harmmonic force, in the form

(25) X+ 28 % + sin x =s(x)Psin vi,

where
1, when | x|=<d. d<l
&(x)=

0, when | x|>d



|Zona of the
external
action

Fig. i

determine the trajectory zone of the external influence,

Cenditionally, we number the time moments, determined by the zone of
action, as it is shown in Fig, 1.

The pendulum motion in the time intervals [4n, 4n+1), [4n+2, 4n+3], ...
{out of the action zone) can be described by unperturbed equation

(26) o sinx=0.
Multiptying Eq. {26} with % and integrating, we find
I [dx\2
©n —Q—(W) —cosx=W—1,

where W is an integration constant corresponding to the full system energy.
From Eq. (27) we obtain

dx - ; i, X,
(28) = i\/?ll’/—-—él smﬂ-é— .

X

Introducing the designation 4=—

we can write

and sin #=z and considering Eq. (28),

, where a-constant,

_ dz
t—a= f—i: \/(l _2%) ('l;i Hza)

Further on we use the incomplete normal elliptic integral of first kind
F( * ')s 30

129 t—a=4a /

b

dz
\/(a‘d_zﬁ)(zs_._bﬂ)

=F(o, k),

where the amplitude ¢=am{f—uo, &), m=4% £ is the modul of the elliptic
function, m is the parameter of .the elliptic function.

In the case under the consideration @®=1, b3=~z—’<1 (in correspondance
with the condition —m<<x<<%),

sin X
2

(30) CENLANS S T

Ve
2



The solution of the equation (26) can be presented in the following form
31) x=2arcsin [Zsn{{—a}],

where sn{+) is sine of the amplitude (Jacobi’s elliptic function).
Taking into account the dissipation Eq. (26) becomes

(32) ¥ sin x=—28

dﬂ a dt

Multiplying Eq. (32) w1th EX and integrating, we find

d I /dx : dx 2
o [~2— (EE)__ cos x.-|= — 28,5 f (W) dt
or

& w4l f ()]
For a hall of the period, fro-m (30) ‘.;-md Eq (33) we obtain
QAm =AW= —25, f (%‘-Tdt.
Using (31), we can write

dx
(34) ~=-=2kcn (t—0)

and
f (ﬂ—j)“d::zw f en® (t—a)dt,

where ca{ -} is cosine of the amplltude {Jacobi's elliptic {unction).
Noting, that fcnz(t a)dt— k2 (E{am{f—0o), By— (} — E){f—0a)}] and

am [t—o+2K(k), Kl=am{f—u, &)+r, E(p+x, &)=E(e, )+ 2E(k), where E(-,-)

(KR - ik
is in complete elliptic integral of second kind, hence. f cn¥(f —a)dt = —k%
Q
X [2E(&) — (1 —EM2K(%)].
Fm_' the half of period we have

(35a) 2Am =AW = —165, [E(k)—(1 — 3K (&),
{350) Ak=— 48“ [B(R)—(1—£&2) K(k)].
In the case of small &, 0< k<1, we can find
TR ek L asakmy 5 ' |
(36) j cni(t— u,)dtw: “cos¥{t — a)dt =—--
. r 0 : .
Combining Egs. (34), (35a) and (36), we obtain for the half «of period
{37) Amo~—2ndn, Akoe—nd k.

Let us introduce the followirng designations:

At:ia“‘td.n-i-l Lins Mmﬂzt-mﬂ—fgsﬂ-
i0



The bordering points are x-= 44 and the semi-periods are symmetrical
with respect of the time points fenmex and 4o, wex (see the Fig. 1)

For.{ f,=t4n,max } we have 0 :{ ¥+ }%.

t= t‘in-{- 2,max

Using (30) we can determine

sin _JQC.
(38) @=arcsin{ ——/-
Combining Egs. (29) and (38) we find
sin ..g_
(39) Atip=2|F(5-, k)—Flarcsin—=, &)

zQ[K(k}— F(% k)].:@[ K(k) — _2%]

sin _d_

(40) Alipya=2 ’_F (—;—, k) —-F(arcsin—?r"—, k)] = Aty [K(k)—%],

where F(-,-) is incomplete elliptic integrai of the first kind.

The expressions (39) and (40) are valid when k?sin—'é--

Further we use the approach developed in [15] on the basis of stitching
the solutions,

In the region |x|<d, noting that d<1, we can use the linear approxi-

mation of the equation (26), i e-%;'i"%a% +x':_—'—2{;— sinvi and its solution in
the form
£
—5 g 2d .
x=Re 4 sm[u:o(t—~,f)]—:~\/(vsa o sin (vi+ @y},
LRy o
vhere w==\{1—82
2\’84

Let us assume that v>1, then ¢u=arctgv2_l—|—n.
When 0<8,<1! and v=1, the frequency w~1 and

P P
x=~R sin {{—v) + ﬁ sin vi, %:Rcos E—vy+v _IE‘;— cos vt .

Now, let us consider the region out of the acting zone [—d, d'],‘ but clo-
sely to that zone, i e. |x|>d, | x|~d.
Under these conditions we can write:

x="2aresin [k sn ({—o}] = 2arcsin {k sn [2K(k)—({—0)}} = 2&[2K(k) — ({—0a)].
It follows that the moment #,,,, can be found from the equatjon
(41) 22K — (Lypr — )]

11



ax
when —d—é—.z-—%.

From the condition of lacking of x and % interruption in the ;ﬁoint
t=t‘n+1, it fOHOWS -

P
o od .
{42a) Rsin (tdn-i-l_v)'*'l__g-_"? Sin Vg, 17,
P
o
(42b) Rcos (taln'l-l :‘Y) +v T2 COS V2 ypq o — Qki.ﬂ-l'

Solving the system (42) we can obtain formulae for R=Ry,4; and y=1v,,.,.
Analogically, when going out of-the acting zone, i. e. for the paint
E=tippe=tiper + Ay, wher::

(43) CAlpp1=tinse— bty
we can write
P

. 2d
(44a) | Rsin (t4n+1+Atin+1"“Y)+'l_f__\;f S [V{taps + Ay }lo—d,
L _ .
) ! 1F d i . =1 T 15 1] = el
(44D) | R cos (fypir+ Atypyy —7)+ YTz:\;E €08 [V{Ziner T Ay )i — 2R, g,
If

(45) E ' . V./_\t4ﬂ+l*’:§_' I s
the equations (42) give Af,,, =~ n 24 - =
—Rcos (tmﬂ—y)+v_liivé. COS VL 1y

Taking into account Eg. (42b), Expr. (43) becomes
d
(46) M-Lnﬂzk— .
13 dntl

Let us introduce the designation

(47) ARy Ripr— Ry
Compatison (47) with (37) reveals Ak —a8 ks,
ansi.der_ing;(?)g),. we can write

(48) Aty 2K (Bjp) — -

dr
- Using Eq, (44b), under the condition (45), we find.

§ - .F . . LA 1 ok
(49} k4n+2’—‘-"7{— R:COS_ (t4n+1—_ YH‘ RAL; 141810 (Fi01—7)

12



P P

o Ve _.__..
d
F Vg7 COS Vi — At4,,+1 sm Vinst }

Substituting Egs. (42) and (46) in Eq. (49) we obtain

P .
(50 , Fanss™Ryppy — o Sin vl
dnti
Analogically we can write the following equations
(51) At{n{-ﬁ—-z}{(k‘in-!-ﬁ) — ’
{n+2
(52) Ay s 42— T8 Ryegs
(63} _ k4n+3=k4a-§-2'175k4n+2*

bin+a=tiprat Alyprg.
For the region dn+3—4n+4 (see Fig. 1) we have (R=Rintsr Y="inss)

P
(54a) R sin(f, 45— Y) ”"Qd—l' sin Vt4n+3:-:_"—d!_ .
N ) :
(54b) Rcos (t;n;a—y) —v ?fi—l' cos wf,,ﬂ;az%m;_s,
\ binte=tings+ Alyes, | :
| ﬂ
(552) | Rsin{fipeat Aipsa— 'Y)—-. SN V{#4n 48+ Afygg)=d,
P

' 2a
(55D} | Rcos ({45t AMyppa—7y)— Va_p COS V(f4n+3+Af4;z+a)—2k4u+4

Assuming, that
(56) o VAL ra2 1,
and combining Eqgs. (54a) and {55a) we lind

2d
Af&rﬁaﬁ—-"’ P

Rcos(t, 24

ines ™)~ VT % Vlnia

From (54h) it follows
- d
(57) ik _ M{ni»s—-k ” t4n+d—“'tin+3+At4n-|3
Taking into account Egs. (52) and (50), we can write

k-{-n‘i-?Zk‘in - dek‘in sin vthri—i

B2
4k4n

Con31der1ng the condition (56) Eq. (55b) can be rewr:tten

13



p
1y 2d
{58) k4n+¢“—"—2" Rcos (inps—Tenpa)— v A oS Vipta

P

2d
—RAL 380 (fpa— 1)+ V2 i DlinraSin Vg ¢

Using Eqs. {(54) and {58) we can write -
(59) Eomsithsnss o Uf’ SiN Ve
Comparison (59) with (52) and (53) 1eveals
Bt Zhipsa— Wit g5 i S Vg
Combining Egs. (46} and {48} we find
tunra™] 2K (k) ~ -+ 52— +t4,,_2r<(ku>+tm.
In analogue from Eqs (51) and (57) we can obtain
Linta= [QK(kmn) P :+2] ﬁg-{-t‘,ﬁg";ﬂ}((k‘mﬂ)+t4,;+2.

In the long run we havc obtained the following system of equations:

(60a) tons it an+ 2Kk )y

(60b) Baigmboan— T8 gy — %n sift VEipian
160¢c) tipra™bin o+ 2K(By s r)s

(604) Bansihinss—T0 g pa 4ki — sin Viip

The spectrum of possible stationary amplitudes of continuous oscillations
is determined by the expression:

(61} V(lipas—tin)=2N,
where N=1, 2, 3,... is the ratio of frequency division.
The equation (61) can be written also in the form
VIK(Rg, )+ K(&gy2)] ==V

Below we show that N has to be an odd number,

Designating five successive time points as £, &, 5 f3 and £, and corres-
ponding values of & as &, Ay, ks ks and &, (in analogue to as it has been
done in Fig. 1), we can write the following conditions for the stationary mode

(62&) k4=ko,
{62b) vt —1,)=27N.
The eguation (62b) follows from the condition of oscillation synchronization

with the exfernal excitment.
The Egs. {60} can be rewritten

14



k3=k0—n8dko-—_z‘:; sin vig, k.= kg—frﬁdk,+£-sin vig
] ]

ty=ty4+2Klke)r  ti=ty+2K (k).

If we consider the condition of symmetry between the upper {4n—4n+2}
and lower {4n-+2—4n+ 4} periods, we can find that it is possible to have the
syminetry only if N is an odd number, i. e. N=2/+41, {=0, 1, 2, 3,..., and
if the next equality is fulfilled: sin v[f+ 2K(k)]= —sin vi.

From Egs. (41) and (42) it follows QvK(ke)=2ﬂ(£+%) and

(633) sin \-"t(]: —Sin \c’tg,
{63b}) €08 Vi, = —COoS Viy.
Combining Egs. {35b), (62a) and (63) we can write
168 '
(64) —p “[Ekey)— (1— kHK ()] —sin vé, =0,
which in the case of 2—0 becomes
And 4%
(65} R}f ®_ sin vt,=0.
Sclving Eq. (65) we can determine the initial phase £,
Apparently there exists an exeitation threshold,
(66) | P| >4n it

For the P values above the value P=4nd,22 a disctetization of the possible
stationary oscillating amplitudes appears. :

It is interesting to note that the threshold condition (66} coincides with
the analogical condition (21), obtained for the case when the nonlinearity of
the external harmonic excitement is presented by $-function,

As we have assumed the solution symmetry, for the sake of system stabi-
lity examination it-is enough to consider only a half or the period.

From Eg. (60b) we determine the variation "

Sbypn= ( 1 — s, +—- —sin vtmﬂ) 84 — V e (COS VEy40)Phi 05
4k, 4 in i

Taking into account the relation {16] dES?:%[ ﬁﬁz — K{&} ] and also the

approximate formulae E()= {1 —%) + O(k"), K(#)=5{! +%)+O(k4) we

can write
(67) TRl T+ 00,

Considering (67), from (60c) we can find the following variation:

dK(% ) ' P
St-mﬂ = 5t-in+‘1 + Q*dge_)skmu == %k;_.,“ (1 5 ?1'3,z+ Ikr

dn

sin Vf4a+2)3k;n



&
+ (1 _%vp ;”“ cos Vf&n-i—n) 84,10

in
Remembering that &,, 4= k,,= &, 5i01 vt:j“,“ = —sih vf,, CO8 VL, q=—C08Vly,

Psinvt .
trom Eq. (64) follows that SVl L Psinvh

- = — =8, 50, We can wrile
442, 42 e

B o= (1— 208 )i Vg (€OS VE)S ity
8t inrs =5 ko 1— 218, By, + ( 1+ vPeos vi, )8t4,,+,.

Let us assume that 6k4n+2: l&kh, and 6t4ﬂ+4=7\.8!4ﬁ+2.
Hence we can write

(1 =278, —1) kg, +v Z% (CoS VE)5t 1 p =0,
i T
L ko (1— 28 )0k, + ( { +2-vPeos vto—l) Bt 49 =0.
The characteristic equation has the form

—M2—2n8, 4 —- v Pcos iy )+ {1—2n8,)=0
a 3

and its solution is

Apg=1—mb, 4 %vpmsvto i\/ I—-—?tﬁd-I-%\r'P Cos vto)s— 14-2x6,,.

The stability condition is: |4, 4|« 1.

Apparently, the solution is stable when the following condltlon is satistied
Pvcos v, <0,

Generally, we have proved that in the system under consideration oscilla-
tions with an amplitude Irom a possible set of stable amplifudes can be excited,

The spectrum of the symmetrical solution amplitudes can be expressed as

QVK(}BQ)=2TC(£-{:—%), {=0, 1, 2, 3,..., which gives the spectrum of amplitudes
or Klko)= (14
N=21+1,10=0,1

% =0, 1, 2, 3,... and an odd ratio of frequency division
5 .

!
3.

Conclusion

It should be noted that the relation v=MNu; is complied
with in all cyclic accelerators; there v is the accelerating high-frequency field fre-
quency, @ is charged particles rotating frequency, and N is acceleration, multi-
plicity reaching tens and hundreds. That is why, the above discussed stationary
oscillations are analogous to the movement of “equilibrium™ particle in cyclo-
accelerator. Particles, close to the equilibrium, in cycloaccelerators perform
slow phase ascillations. Their analogue in our system is the fluctuating appro-
ximation to stationary values of the oscillation amplitude and phase. In our

6



problem, the phase oscillations damping is determined by the friction coeffi-
cient 8, while in charged particles accelerators damping is result of radioemis-
sion. Here, v, N and o, are constants, however in the cycloaccelerators the
process of charged particles acceleration is accompanied by increase of v
(phasotron), N (microtron), o, (synchrotron) or v and o, (synchrophasotron).
Injection in acceleration mode (for accelerators) and in stationary oscillations
mode (our system) represents a separate problem [14].

The presented mechanism of continuous oscillations excitation allow to
examine from this position the processes of plasma particle interaction with
electromagnetic waves. For example, equation of (1) form is obtained with
right-hand Fy(x, ¢,)=E cos kyx sin vt,; in this case §,=w; is jon-electron-neutral
atoms collision frequency and o, =A;g is ion cyclotron frequency, ¢ is electron
charge, M is ion mass, C is light velocity. This is the case of electromagnetic
wave interaction with particle in cylindric waveguide with longitudinal magne-
tic field B and £ type wave. If, for example, v=Nw, UHF oscillation is trans-
formed into low-frequency oscillation oo, then the corresponding correlations

between £ and £, (longitudinal electric field) is: E= % F, R
A

is Alfvéen ve-

b
where Q,,=4RCLM&’ is Langmuir plasma frequency, V, = J%‘;M
locity, #,, is plasma density. The condition for plasma heating is defined as
© OFRN
EO>—?1- ‘m{i . where R, and I, are the waveguide radius and lenght,
R ?

=.4 — A2 N
N-—- 0)0’ mp—r-4ﬂ£}e74-‘

Examination of the process of energy transformation efficiency in the
centimeter, IR and optical wavebands in low-frequency osciilations demonstrates
the potentials for generation of powerful low-frequency waves in the Solar
system near-planet space.

So, simple modelling systems and mechanisms of oscillation excitation are
presented that may contribute to the revealing of mechanisms of planetary
magnetosphere radiosources generation and wave interactions mechanisms in
the Earth ionosphere and magnetosphere as well as the excitation of VLF
waves in the near-Earth space.
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BosByxaenuc ,KpantoBavupx® Koachanuii  MOA
BO3JEHCTRBHEM BHEIIHEH UeOAHOPONHOH CHIIBI

Baodumup Homeos, Ilemp [eopeucs

{(Peasiwwe)

AHAAUTHYECKK TPEUCTABJACHO ABJAEHHE BO3OYKACHHA le-
3ATYXAIAX KOMESAHHN ¢ aMIIMTYNOH, TPHNAAICKAICH K JIMCKPCTHOMY DALY
BO3IMOMHBIX yC'l‘OI::II{PIBbIX AMILIMTYJL s ABYX ClHydaeés -— BO-TIEpBBIX, KOTAA
BHEHIHCC BO3ACHCTRUC, NpeACTaBACHHOe S-PyHKUHEH, MpHKAAALBACTCA K THX-
nefl paBHOBECHOH TOUKE TpAeKTOpHH KogeHadnw#d U, BO-BTOPLIX — KOTAA BOCUI-
i1sT TAPMOHMYECKARN CHa Bosnei&(:'rsye'r [} S?lﬂ,aiifl(}f:’{ 30HC TpaEKTOPHH ¢ Kolley-
HOM MPOTHKCHHOCTLIO.

l’lpe;xu ABJAEHHLIC MOAEAbLHAS CHCTEMA H MEXAaHM3M BO3BYXAEHHH Koaebaink
MOTYT HAATH HPHMCHEHHE B paﬁore MG BLISIBJSHHK MEXAHHIMOR i‘(.HGan,HH pa-
AMOHCTOUNKKOR B MAIHWTOC(EPAX NAANET U MEXAHH3MOD B3aUMONCHCTBHS BOJI
B jioHocdepe u marauTochepe 3eman, a Takike sosOyxaenus HY posu B oKoO-
JIO3EMHOM IPOCTRALCTBE.
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Discretization of the radius of the
electric-charge cyclotron motion in
the field of electromagnetic wave'

Viadimir Damgou, Peter Georgiev*

Space Research Institule, Bulgorian Acodemy of Sciences
* Department of Physics, VMEI, Varna

Introduction

As the history of research development shows, revea-
ling of generation mechanisms in planetary magnetosphere radio sources is
connected with the level of understanding of physical phenomena and the con-
cept development in modern radiophysics. The most vivid example is the in-
vestigation of cyclotron maser processes and the subsequent discovery of si-
milar processes in the nature of all magnetized planets [1-4].

[t has been shown [4-7] that a discrete spectrum of stable amplitudes of
an oscillatory system exists when the system is subjected to an inhomogeneous
force at a frequency which is much higher than the resonant frequency of the
oscillatory system. In the case of pendulum considered in [5], the interaction
nonhomogeneity has been especially arranged — by restriction of external
harmonic force action over small part of the trajectory.

When electromagnetic wave interacts with resonators, the eflect of “quarn-
tization” of possible stationary stable oscillating amplitudes arises without
satisfying any especially organized conditions (like the inhomogeneous action
of external harmonic force).

An electric charge, moving on a circular orbit in a homogeneous permanent
magnetic field is considered, When the charge is irradiated by a flat electro-
magnetic wave having a length commensurable with the orbit radius, an ef-
fect of discretization of the possible stable orbit radii has been observed.

A recurrent expression for the possible stable radius values (corresponding-
ly, for the possible rotation speed values) is derived. It is shown, that a radius
threshold values exists that for the values aboveit, a discretization of the pos-
sible stable radius values arises.

! An investigalion supported by the Bulgarian Nalional Foundation "Scientific Re-
search” under Contract No TH-302/02
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A stability general investigation is carried out.

Analysis

Let us consider electric charge g in magnetic field B
and electric field E. The egquation of motion in three-dimensional Euclid’s
space is,

0)) m——-F gE+V X B)y—2mpV,

where m is.the mass of the moving charge.g, . V—» . is the velocity, B is coc-

fficient of dissipation.
Considering ‘Eq. (1) and assuming that the motion is in the plane z=0,
we can write:

dV

m—=-=q(E;+ VyBo)—2mpV,,
(2)
m—---—-:q(E — V, By)—2mpV,y.
For constant magnetic field B=e,B,=const the cyclotron frequency
B,
&) wy=—1L22-

Taking into account Eq. (3), Egs. (2) take the form
av '

e B 02V
®

av, &

W: _-Fo Ey+wovx_2ﬁVy'

A solution, corresponding fo rotation plus drift is sought in the form
(5 : x=RcosW+at, y=Rsin¥+df, Y=wi+0q,

where R, ¢, a, b are constanis in the stationary regime, o= const. '
Let us introduce the sign { ) dencting the averagmg by time £. Then
the values @, & can be found from the next equations:

-—g—;’(Ex)—mub—QBa;d; .
(6) i 2
— 3 (B +0,a—2B6=0. -

Integrating (4), we can write
Vx= _:“’_ff f_E;dt—;ojoy—.:QBx+c_onstl} _
0

Vy = ———-nydt-f-mux Qﬁyﬁ—constn
| o



Negiecting 22 and % fiom 5) we obtain
g af dé

V,= g;f_: —wR sin ¥ + % cos ‘P—-i—TRSih q’#—@
=g = @RcosY 4 ar S¥+—- cos'r +4.

The substitution of (8) into (7} gives:

dR dp ! Wy | -
& Cos¥— g Rein¥=— 9 j Edt—a—aght

o —2Bat +{w—wy)R sin W—2BR cos ‘P—}-constl,
R

— Sin W +%(§ Rcos‘i’:——%—i fﬁ}dt——b—l-moat

—2Bbt—(o—ay)R cos ¥ —2BR sin ¥ + const,.

Considering (9) it gets clear how const, and const, have to be determined
for the constant part of the Egs. {7} to be fallen out.
Considering also (6) we can write

(10 a) %’; cos ‘{’—%Rsin Y= = gﬂ (periodical part of fExdt)
+ (0—w,) R sin ¥— 28R cos P,

oy | Rsinws Lpcosy— —5 {periodical part of f Eyat)

—{w—@g)R cos ¥ —2BR sin ¥,
From Egs. (10} we have

4R w, i
1 = Yo gt
(11 a) at B, l_ cos P(perlodtcal part of fEx dt)
—sin ¥ (périodicai part of nydt )] — 28R,

(11b) r_g:ﬂz T{( —gi[ sin ¥ (pe_r_iodical part of IExdt)

| —cos¥ (periodi_cal part of j Ey_dt)]—_(m—mu_}.

We consider a plane elecvti-omagnetic' wave (i e. E.k=0, where k is wave
vector), E~vcos (Vf~k x—bkyy—kz4a) o =
Let us assume that £,=%,=0 and ky=Fk Then £,=F,=0 and

12 - Ei=—kEycos [(V—kby t—ER sin ¥ +a].

Assuming that v=v—gb and —kEy=F,, Eq. (12) can be rewritten in the
form ity e 1 eI

(13) £, =Eycos{vi+a—ERsin¥).
We assume : '



(14) v=Ne, N=1,2,3,..

For the sake of solving Egs. (I1) and considering Eq. (13), we derive the
tollowing expansions:

(15) cos‘{’[periodical part of f cos (vt — ERsin¥ + ) dt]

Jo{kR}

= finite part{ {sin (N—1)of+o— cp]+sm{(N+1)®t+a+tp]}

;1 Ty (RR) {sin [{2/4+N— Dot {2/ - Dp-+al4sin {2/4 N+ Lot 424 Ho+a]

o 207+ Ve

“sin (27— N— oot +(2j— Do —al-+sin [(Zj— N+ Dot +2j+o—a)
+ 22j—-Nyn

. in [(2j—2—N)ot +{2j— 2o —al +sin [(2j—Njat+2e—o]
i gh!—*(k"?){”l“ | A2—1-Njo

_sin [(2/— 24Nyt +(2/—2)p+-al+sin [(21+Nlm¢+21f!’+ﬁ1 }
AZj—1+Nw

(16) sin ¥ [periodic part of f cos(vt — kR sin¥ +a)dt]

= finite part { JUER){ cos [(N—1)ot—@+a]—cos [N+ Dot+o-+oj)

[(2j+N—-1jpt+2i—1p4a cos (2 +N+ Dot +(2j+ e+l
+ Z JB} (k}?) {cas J lm 2] 2(‘2}1—{-1'\")

cos [(2j—N— 1ot +(2j—1)p—a]—cos [(2j—N+Dot+(2/+1)e+a]
+ 2(2j—N)w

\ 21— N—2)it +(2] —2)ip— ] —cos [(2j— N)ot+2jp—al
+ 2 Ja}—l(kR)‘{ms L) i (12(2_;0_1_];\(;;‘;1 : =

_ cos[{2j+N =2t +(2j—2p+al—~cos [(2j+Net+2j0+al \],
Z2j— 1+ Njo

where J(.) are Bessel {functions of first kind.
Using (11} we can write the shortened (averaged) equations:

(17 a) (iﬁ) =20 Flcos W! periodical part
dt B,

O

o, B,

[ f cos (vi— kR sin ¥ +a) di ]} y—2BR,
1
R

(17 b) (‘2—'?): o o2 (sin ¥ {periodical part
1]

t
of U' cos (vi—ER sin ¥+ o) dt ]})-—-(@—ma).
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From (15), (16) and (17) we obtain
(18) {cos ‘P{ periodical part of [f cos {(vi—kR sin ¥+ o) gt ]})
%—% w(ER) sin (No—a), -
(19) {sin ‘P{ periodical part of [j Cos (VE—kR sin'¥ +) dt ]})

= g’:—g J(ER) cos [ngz—a)l,

where J,(.) is the first derivative of the Bessel function of the first kind.
Taking into account (18) and (19) Egs. (17) can be rewritten as

(20 a) (Er=fR, o)

(20 b) (52 y=g(®, o),

where

21 2) SR )= 22 )1 (kR) sin (N —a)— 267,

(21 b) &R, 0)=22 T s Sl kR) o8 (Np— ) — (0 — o),

The stationary solution corresponds to the conditions
ar ., do
(22) =0, (=0.-

For the sake of stability analysis we vary
AR _ O sy 0fs
@& = R OR+ 5,59,
(23) p
- P _ 98 sn., O8s

Using fr for o and g, fq Jdenbtenthe' dgrivafi\}e's —g‘% g—i; %%' and %% in
Egs. {23) for constant {stationary} values of R apd o, corresponding to the
stedy-state oscillations, the stability condition can be written

(24) e . . .[ée(xi‘s)<0’ Joag: erillens Lt
where )

f Fo— g &
25) ma=L2pfe s (T B s g,

since the time dependence of the small deviations of R and ¢ from their
steady-state values is governed by the equatfons OR=A;eM + A.eMt and
8= B,eM + Bye™!, where A,, Ay, By and B, are constants,

Considering Eq. (25) the condition (24) can be rewrsitten :as:
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{26 a)
(26 b)

fR+gm<0t
| frGo—Fugr> 0.
The partial derivatives can be expressed:

@y

| fr= % = TR + (=1 ) I (RR) |

fom 20 wa * (R cos (No—a),

(27) - 2 T

E
‘ Bo=— % Bo kszz IR sin (Np—a).

Considering Egs. (22} and {21}, Egs. (27) become

fo=—apr i o k( i;:;——l)fn,(k;?) sin (No—a),

o =2 —NJN(kR) cos (No—a),

(28)
E, 1 ’
= — ? (3—ayg) + % Bz NE? 2 J(RR) cos (No—uo),
N2 .
8o = — 2 2k iz Ju(kR) sin (Ng—a).

Combining, from (28) we can write

(29) St o= —4B—Fulp(p)sin,
(30) fago—Fogn =F3 %” [_(1—%23) OSO)

+ Fo[ 48 55 J3f0)sin -2 (@=00) T /3 {0) OS]+ (VB p)@— 00+ 4BV
where the following designations are introduced:

Uy

?B—k FO! kR=P» N(P'_'U':'}"

First we consider the case of small amplitudes, i. e. Ip|<1. In this case
we can use the following assimptotical expressions for the Bessel functions [8]

30 Jnlp) = ( ) 2 zif(Ni}l)' (L)m %(L)Nﬂ-
(32) Tik9) ==yt (S)N_l+"'

From (20}, (21) and (22) we find
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{33 a) Fod {p) siny=2Bp,

N
(33 b) Fy ra Jy(p)cosy=0—a,.
Substituting (31) and (32) inte (33) we determine
s 2P
tg ')’__my
(34) w L
o4 A (2B (0—ag?]

From (34) it is evident that the spectrum of the possible amplitudes is
uninferrupted and that there are no conditions for the amplitude discretization
in this case.

When |p{<1 and N>1, from (29) and (30) we find
(35) frtgo=—4p<0,

(36} r8o—fogr N> — )+ 4B2N2 >0,
1. c. the condition (26) is satistied and in this case the system motion is

stable.
Let us now consider the resonance case, which means

(37} ©—ay==0,
or considering Eq. (33 b) this is equivelent to

N
(38) | Fol 35 5 [o—ay),

Twao possibillties follow from Egs. (33):

a) Ju{p)=0 and cosy+0 or b) cosy=0.

We show that when the amplitudes are large {p>1) the motion in the
case a) is unstable as long as in the case &) motion is stable.

Case a),
(39) J{p)=0 and cosy-0.

Then J,(p)+=0. In Eq. (30) we neglect (0—wy,) and J,(p) in correspondance

FE e
with (37) and (39). We find: fogo—7fogr=— 02 JAp)+4pINVe. However from

(33 a) it follows

@ BRI e fage— folnm 4PN (1 ) <O
and apparently in this case the motion is unstable.
Case &),
{41) cosy=0, or
(42) siny={—1)"*, m=0; 1

(the two cases are possible, e. g. with adding = to v).
As here B is not of essential significance, for the sake of simplifying
we put
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(43) 8—0.
From Eq. (33 a) it follows
(44) Ji(p)=0.

The condition (44) determinc the possible discrete spectrum of ampli-
tudes p. These amplitudes do not depend on the force Ey (or Fy).
Taking into account Egs. (37), (41), (43) and (44), frem Eq. (30) we find

NE e
49) Tato—foge=Fy iz (1~ ) J3(0)
When
(46) p>N

from (45) it follows that the stability condition (26 b) is satisfied : fogo—fogn>0.
From (29) and (42) we obtain

(47) f;\»-I-g sy 45_(_ 1)"‘F0]N(p},

Seclecting the values for m, it is possible to satisfy also the second stabi-
ity condition (26 a): f, g, <0, or

(48) Fy sin y.Jy(p)>0.

Conclusions

The analysis shows the folowing two essential features
of the system considered.

L. Discrete set of possible stationary stable amplitudes is existing, which
can be approximately determined using the eq. {44) under {he conditions ex-
pressed by Egs. (38), (41), (46) and (48). s '

2. There exists a threshold for the amplitude, determined by ihe condi-
tion (46), that for the values above it the discrete states are stable.

The phenomenon of continuous oscillations excitation with amplitude
from discrete value set of stationary amplitudes has been demonstrated on the
basis of a common modet — oscillater under wave action. It is shown that
phenormenon manifesiation condilions are realized in a natural way in an os-
cillator system. interacting’ with a conlinuous eleciromagnetic wave.

Modelling system of oscillating charge under wave action has been consi-
dered. It has been shown that the continuous wave with spectral components,
considerably higher than the oscillator charge natural frequency, excites char-
ge oscillations with quasinatural frequency and amplitude belonging to dis-
crete value set of possible stalionary amplitudes, dependent only on Lhe ini-
tiat conditions. The considered model may be used {or phenomenological in-
vestigation of plasma particles with electromagnetic waves interactions and
waves in the Earth ionosphere and planetary magnetospheres. Hypothesis of
adaplive non-linear parametric wave generalion may be suggested for Solar
wind control of Jovian heterometric radiations, Saturn modulated radio emis-
sions and Uranian auroral kilometric radiations. The mechanism is connected
with natural interaction inhomogeneity and its type can be defined as cyclo-

tron instability in the generaiion processes.
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There is general agreement between researchers that planetary radiation
is emitted in extraordinary mode by maser cyciotron process and all celestial
bodies with magnetic field and energetic eleciron source are strong radicemit-
ters due to cyclotron maser instability. We hope'that the effect, presented in
our work, may throw a new light and enrich {he concept of generation mecha-
nisms.

We have presented a mechanism of cyclotron processes that might prove
fundamental considering planetary magnelosphere radioemission. It can be
shown that the mechanism may give rise to radicemission not only in narrow
range of angles almost perpendicular to the magnetic field in source region,
but any time when a wave packet falls upon the charged pariicle oscillator.

Here-with is shown the potential for excilation of low-frequency conti-
nuous oscillations with discrete amplitude set under the influence of wave
with incompatibly higher frequency — in that number fall waves from the
ultraviolet band, near and far IR range and the radioband. Possibly, {his me-
chanism is combined with multiple re-emission with frequency downward
transformation and collision mechanisms are accompanied by radicemission
generation mechanisms due to plasma waves transformation into electromag-
netic under the “wave-particle” and “wave — wave” interactions.

The mechanism may also be combined with maser cyclotron processes,
giving initial excitation (initial conditions) in the presence of magnetic field,
whereas later a wave pumping from eleciromagnetic background is added.

Radioemission spectrum characteristics might be determined by ihe pro-
perties of the discussed effect — on one hand, a wave wilh same (unchangeable)
frequency paramecter may cxcite osciilations in wide frequency band and dif-
{erent amplitudes; on the other hand — waves wilh different frequency para-
meters may excite oscillations with same frequency (e. g., in gyroresonance
frequency arca and local plasma frequency, due o the resonance effects).
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Huckperuzauus pafguycoB UHRAOTPOHHOIO JIBH-
JKEHNs SMCKTPHUECKOND "3apsifa B [OJe
3JIEKTPOMATHHTHON .ROJHBI -

Bm@umup H a.maée, .Hemp I eé,beieee
(Peanwme)

Pacemorpeiio ABHKEHHE SJEKTPHUECKOTC 3apAfa NG Kpy-
ropoit opluTe ‘B HEORHOPORUOM MariuurroM uode. Ilpu oSnyuerun sapsfia mao-
CKO# 3IEKTPOMATHHTHOH . BOJIHOH. ¢ RNUHON CPARHUMON C PaliHycoM OpPGHTH,
HabmofaeTcs 30diekT AMCKPETHSALUH BOZMOXHEIX YCTONYMBBIX PafMyCcoB Op-
GUTHL- - : : i

Brisengno pexyppentHoe: BHpaMenue AJs° BOIMONKILIX YCTOHUMBLHIX 3HAUE-
Huft pafivyca (COOTBETCTBEHNO, AJiA BOSMOMNIIBIX 3HAYEHHH CKOPOCTH Bpailielus).
[lokasano, 4To CyllecTByeT HOPOTOBOE  3HAYEHHE PAAMYCA, BhILIC KOTOPOLO BO3-
HHKAET JMCKPETH3AIMA BEJIMYAH BOSMOMIKIX YCTONUHBHIX DajHyCeoB.

[IpoBegeno. ofinee uecAefOBAHHE YCTORUHBOCTH. .
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nization prbolems of magnetohydro-
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[. Introduction

During the past 20 years there has been an apparent
interest in some complex phenomena in physics and other natural sciences such
as the formation of spatial structures in hydrodynamical lows {Bernard’s cells
in thermoconvection, Taylor vortices between rotaling cylinders), distribu-
tions of populations in ecological systems, nonequilibrium chemical reaclions
and many others. Although various in their nature, all of them can be descri-
bed by means of similar models and equations in the framework of the so-cal-
led self-organization or synergetic theory [1-4]. As a rule, self-organization can
be regarded as an appearence of spatial (generally, evolving with time) struc-
tures in a dissipative, nonequilibrium medium. Moreover, the parameters,
characterizing these structures are determined by the properties of the medium
itsell and not by the spatial structure of the nonequilibrium source (energy,
mass and etc.) [5]. : e

The present paper has the purpose to present the basic theoretical princip-
les, on which a consistent self-organization theory of magnetohydrodynamical
accretion discs around compact astrophysical objects (black holes and neutron
stars) can be created. Such a theory requires to regard accretion discs as open,
nonequilibrium and dissipative systems. The main reasons for such a treat-
ment are obvious. For example, an accretion disc is an open system due to the
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following reasons: 1) there is an input of accreting matter {rom the outside
companion compact object {a massive star} with an accretion rate M, which is
an important parameter in view of observable effects such as spectra, bursts
and etc. 2) the gravitational field ol the compact object sels up the vertical
density distribution in ihe accretion disc in dependence ol the varialions of
the gravitational potential [6]. 3) {the magnetic field of a neutron star strongly
influences the movement of matier, especially in the boundary layer of the ac-
cretion disc around the neuiron star.

Since in accretion discs processes of substantial encrgy release occur due
1o viscous dissipation, reconnection of magnetic field lines and radiation trans-
fer, accrction discs can also be regarded as typical dissipative systems. Also,
since the unsieady accretion rate A .is connected with the complex iime va-
riations in the X-ray specira of accretion discs, they can be considered as non-
equilibrivim systems.

In the next chapter the specilic process of lurbulent magnelohydrodyna-
mical helicity structures formation will be investigated in the framework of
self-organization theory.

I1. Basic principles of the self-organization ap-
proach in magnetohydrodynamical accretion disc
theory

The first important principle is that of hierarchy, which
means that lhe initially formed turbulent structures (in the case-vortices) can
interact between each other fo form a new, hicrarchical system of siructures-
large-scale helicity structures. Such a process, occuring in the boundary layers
of acretion discs around neuiren stars, has already been investigated in referen-
ce |7]. However, the interaction and the exchange of energy betwcen the vor-
tices and the subsequent deviation from isofropic turbulence give some reasons
to assert in this paper that this process of anisotropization of turbulence shoutd
be accounted by additional terms in the speciral energy iransier equation:

() %z—zvm (b, H+T (& ),

where I (k, 1) is the nonstationary energy function in % representation (k-wave
number), T (&, 1} is the spectral transfer function in the inertial range and v is
the furbulent viscosify. The additional terms in (1) due to the interaction bet-
ween lhe vortices depend more especially on the interaction function [8], which
can account for the process of “energy accumulation” in the small wave num-
bers, characteristic for the case of two-dimensional turbulence, Moreover, since
in accretion discs around ncutron stars the twisting and the reconnection of
magnetic field lines limits the energy cascade towards larget space scales (. e.
small k), the energy cascade in two opposite directions should be taken into
consideration:
a) in the direction of small k, accounting for the orientation of two-dimensio-
nal vortices in the direction of the magnetic field;
b} in the direction of large &, thus accounting for the disorientating (chaotical)
action of three-dimensional turbulence [9]. ;

The second important principle of the self-organization approach concerns
the nonequitibrium energy exchange in accretion discs. The process of siatio-
nary energy transfer from gaseous turbulence to the magnetic field has already
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been investigated in references [10-12]. However, in view of the basic prin-
ciples of structure formation in self-organization theory it is natural fo expect
that the entropy of the open dissipative system “gaseous turbulence-magnetic
field” will decrease in the process of helicity structure formation. In other
words, this means that the assumption about isotropic magnetic diffusion and
reconnection should break down and therefore, the system of equations, des-
cribing the magnetic field generation in a geometrically thin disc will no lon-
ger be valid,

The third important principle is aboutf the osiablishment or breaking of
a given type of symmetry of the magnetic field. On the base of the invariance
of the system of equations (describing the magnetic field generation} under the
transformation z—>-z it has been proved in rel. [13] that two types of solutions
of this system can be distinguished, corresponding to two diilerent modes and
symmetries of the magnetic field:

Ist type of symmetry is

@) B (2)==B: (=2); By ()=—By (~2); B: (=B, (~2)

for the dipole mode and
(3) B: (()=B:(—2); By (2)=Bo {(—2); B: ()=~B,(-2)

for the quadrupole mode. However, when anisotropic diffusion sets in and un-
der the assumption that the fluctuating field’s scale is less than the characte-
risctic scale of the mean field, the fluctuating component of the expression

gi==v'x6’ in the above system of equations should be taken of the kind:

culinhs = P
(4) g,==u'xb =08 4By ox;

i, j, k=r, @, 2.; oy is the helicity tensor, Bijxis the anisotropic tensor of magnetic
diffusion, B, is the mean magnetic field and v’ and b’ are the fluctuating com-
ponents of the turbulent velocity and of the magnetic field correspondingly.
It is evident that the symmetry in this case will be different and more complex
and will not be connected only with the z coordinate. It should be noted that
it is not clear what type will be the symmetry at the final stage of the develop-
ment of the helicity structure, when the scales of the fluctuating and of the mean
field become comparable and equation (4) is inapplicable.

The Tourth important principle concerns the connection between the he-
licity structure formation and the changes in the turbulent viscosity as a para-
meter, characterizing the turbulent medium, in accordance with what has been
mentioned in the Introduction of this paper. In reference [10] the total visco-
sity had been presented as a sum of the viscosity when k< k; and of the “ano-
malous” viscosity (when k>k,), where k&, is the wave number when anomalous
viscosity sets in. At the same time the spectral function F (k) in the right-hand
side of the correlation equation:

= 1 1 kY-
(5) 5 @ B ol—k)=- T8
(the brackets ¢ . . . )denote spatial or time averaging) is typical for the isotropic

turbulence. At this important point. the following remark is.made in this pa-
per: the clear distinction in ref. [10] between . the two types of wiscosities
(when k<<ky and k>>k;) is physically inacceptible -and ideatized assumption.
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The reason is that “anomalous”vortices “overiap” the isofropical turbulénce
and hence a correlation in the helicity due to the prescnce of the term

(6) o= f (@(f) a(t+s)) ds; «—helicity
i}
in the diffusion term in the system of equations, describing the generation of

magnetic field. That is why it is proposed in this paper that another, antisym-
metrical term should be added to the correlation function Fylk, f):

Etk.B
4x k*

| K (ki
(k%8;j — Roky) + Jg—mﬁf—)' &1 R

a9 Fyj (k)=
where the spectral functions E {&, #} and K (&, [} are connected with the tur-
bulent velocity by the following formulae:

(8) % ) = j E (k1) dk; (v, rot v)=f K (&1} dk.
u U

it should be noted also that no explanation has yet been proposed of the
following facts, connected with anomalous diffusion:

a} what is the physical meaning of the change of sign in the dipole {oscilla-
ting) mode of the magnetic field and is this change related with the exitence of
anomalous diffusion?

by it is known that anomalous diffusion is connected with the appearence
of large-scale, long-lived vortices. However, it is not known presently whether
large-scale helicity structures should always be caused by anomalous diffusion?

The fifth important principle of the self-organization approach concerns
the application of the methods of nonlinear physics. In fact the assumption
about nonlinearity is in full accordance with the previous assumption about
the occurence of dissipative processes. To prove the last statement let us assume
the contrary. But then from Liuvile’ theorem about the constancy of phase
volume for ergodic systems (i. e. for systems without dissipation) it will follow
that when {—co the correlation Tunction

(9) (v (B, 0} vp (B 0y £ O
and also
(10) W (k8 v (p, 8 v, {—k—p, 1) =0, [14].

The last equality in practice excludes the three-mode interactions, which
is highly improbable, especially at the later-time process of interaction between
the vortices. Moreover, in a turbulent medium with nonlinearity and dispersion
(Jue to the viscosity) a nonlinear interaction between the perturbations along
{he r, 9, and z directions will take ptace, resulting in either competition or syn-
chronizalion befween the different modes and also processes of seli-focusing or
modulations, similarly to many known processes in radiophysics and nonli-
near wave propagation theory [15]. Therefore, the application of such nonli-
niear -approaches suggesis that the existing linear theory of disc instabilities
should be seriously revisited. In the framework of a new nonlinear disc insta-
bilities theory, the siretching of convective cells along the 2 direction, also
the growth of nonaxisymmetrical azimutal perturbations, discussed in ref.
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[16], probably would be explained with the effect of competition between the
modes.

The above proposed five guiding principles allow one to make the conclu-
sion that the variations of density, turbulent velocity, magnetic field, inten-
sity of radiation and ete. would depend on the concrete physical parameters,
characterizing the accretion disc such as the accretion rate M, the parameter
B=pr/(pe+py) (pr — radiation pressure, pe — gas pressure), the magnetic
Reynold’s number R ,=uvl/v (I — characteristic length of the magnetic field,
Ve — the magnetic viscosity), the dynamo number Dz{R%)uozgf\’il(R-
disc radius, w — angular rotational velocity, / — characteristic length along
z direction) and also the parameter 3, defined by the formulae:

rs 2 HE
(11) P = 2 D e,

From (11) it is evident that § characterizes the rate of pulsational kinetic
(i. e. turbulent) and magnetic energy and therefore the degree of nonequilib-
ricity of the system “gaseous turbulence — magnetic field”. One of the most
important consequences of the a oplication of the self-organization approach in
this paper is that this “nonequiliib'ricity“ can be quantitatively characterized
in terms of the other parameters of the accretion disc. This is natural to be ex-
pected since in self-organization theory it is important to determine which are
the “governing” and the “submitted” parameters [3,4]. This is not an easy
task and is not always possible, However, a more valuable idea can be sugges-
ted — the stohastic analyses of the intensity fluctuations of radiation and the
quantitative characterization of the level of stohasticity through the dimen-
sions of the stohastic attractor [17], can give valuable information about the
magnitude of the magnetic Reynold’s number and many other parameters.

The next chapter will be dévoted to some observational facts from black
hole and neutron star physics, which also suggest the idea about structure for-
mation in accretion discs.

III. Observational facts in support of the large-
scale turbulent helicity structure formation in
accretion discs

The profound analyses of the X-ray spectra shows that
although they are varied, they are also in a certain sense “symmetric” and “de-
terministic” on a macro and on a “micro” scale as well. Some observational data
in support of this hypothesis and reflecting also the process of accretion are the
following:

1. The existance of a “white noise” (i. e. correlation in the impulses) in
the X-ray spectrum of Her X-1 due to the influence of the accretion disc.

2. In some X-ray sources (such as Her X-1 and Cen X-3) the main profile
of the impulses does not change for a great range of energies, while for other
sources (441626-67) this profile depends on energy.

3. Age decrease of the period of repetition of the impulses and therefore
age increase of the rotation [requency of neutron stars in binary systems.

4. The great variety of the impulse forms (from symmetrical to highly
asymmetrical).
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If the “macro” spectrum reflects physical processes under the influence of
outer factors (for example the accretion rate), then the “miero” spectrum ref-
iects the ability of the system (in the case — the accretion disc) to create ils
“own signals” as a response to the action of the outer factors. That is why a
conclusion is made in this paper that the “micro” spectrum should reflect a
more complex dependence of the physical phenomena and parameters.

In this chapter two important and yet unresolved problems will be consi-
dered, which are based on observational data and are supposed fo be related
to the process of large-scale helicity structure formation.

The first problem is connected with the decrease and the subsequent in-
crease of the period of pulsations in some X-ray sources for a given period of
time (source 440900-40 for periods of 4 and 2 years respectively). A possible
explanation for this is the change of the direction of rotation of the acereting
matter near the magnetosphere, proposed in ref. {18].. Besides, in certain X-
ray sources this change of period (transition “spin up” — “spin down™) takes
place for short times, while for others (Vela X-1} it occurs for longer periods
(50 years). It can naturally be assumed that the reason for such a transition is
connected with the structurization of the accretion flow.

The second problem concerns the existence of a “soft” (with small energy)
and of a “hard” {with greater cnergy} components in the X-ray radiation from
neutron stars in binary systems and also from “possible” candidates for black
holes (CYG X-1, CIR X-1 and others). In the second case of a black hole the
existence of a “high” state (“soft” componeni with energy E< 10 keV} is ex-
plained by means of the theoretical assumption about a higher accretion raie

(M=>M.), while the “low state” (with a “hard” component ol radiation} is
connected with the decrease of {he accretion ratc below a certain critical value
Mo, i. e M<M,,. I is supposed also that the observed low temperature
specltum during the “low” state is connected with the existence of a corona¢
around the disk and with the increased activity of the magnetic field. The fol-
lowing observational fact is very important: the increase of the intensity of
radiation (approximately several times, without any change in the spectrum)
at the cnd of the “high” state. This clearly suggests that the transition “high-
low” state takes place gradually and the prerequisites for the transition to the
“low” state for example appear yet during the “high” state. Evidently there is
4 “transition time”, during which structural changes in the accretion disc may
“take place, including the formation of helicity structures,

As far as accrction discs around neutron stars are concerned, ihe “soft”
component of radiation is relatively stable in intensily and is identified with
the radiation from the oplically thick parts of the accretion disc, while the
“hard” component of radiation is identified with {he radiation irom the neutron
star's surface and mostly from the inner parts of the disc, most closely 1o the
magnetosphere of the neutron star, The “hard” component varies considerab-
ly with time and therefore quite probably may account for the process of for-
mation and destruction of large-sclale helicity structures in the boundary layer
of the disc.

Both in the cases of aceretion dises around black holes and around neut-
ron stars one and the same problem arises: is the transition from “high” to “low”
slate {or vice versa) connected with a transilion from chaotical to structurized
turbulent motion? Unforiunalely this problem in astrophysics has not yet
been resolved due lo serious obstacles and inadequate basic assumplions in
the theory. However, if thesc assumptions are properly corrected and various
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nhew mathematical methods are implied, it will be possible fo give a consis-
tent explanation o this interesting phenomena within the framework of self-
organization theory.
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CaMoopranusalloHEa TCOPHA ¥ CAMOOPraHu3alinoN-
uu npoGJemMu Ha TeopuaTa na MarsuTOXHAPOLu-
HAMWYHNTE AKPEIMOHHH JAHCKOBC 10 OTHOHICHHE
Ha fIpoleca ua gopMupaiie na eapomaliabun 1yp-
SVACHTHH BUXPOBH C1PYKTYPH B AKPEUUOHHH

JHCKOBE OKOJO Yepnu IyNKH W ICYyTPOHHH 3Be3AH

Boedan Jumunipos

{(Peaiowne)

Hacrosiata paGora umad 3a LeJ na GopMyJ/idpa OCIOBHH-
Te NPHINAHY 38 NPUJOKENHC HAa HOBWs CaMOOPTANM3ALMOINCH (CHHEpreTnuen)
HOAXOA B TEOPHATA HA MATHUTOX HAPORMHAMHUHNTE aKPEHHOHHY AHCKOBC B aCTPO-
duaurara. Ha ociosara fla KpuTHUEH aHAJH3 OT JIEAHA TOUKA Ha CaMOOprani-
3aNUOHHATA TEOPHUS B HAcTosliiaTa padoTa € NOKasaino, ue NO-HATAThUIHOTO TEo-
DOTHUNO H3CACABAHE Ha NpoHEca Ha efpOMAllabHO BHXPOBO cTpyKTYpOoGpa-
3yBaHe Ce HYXK/Iae OT 3HAUHTE/IHO MOAUDULHPAHE HA NOBLYETO OT OCHOBHATE NIpEA-
NOMOKEHNA B TEOPHATA HA MATHUTOXMAPOAMHAMMUHKTE AKDELHOHHY AUCKOBE.
TIpoacTaBenu ca u isKOM Habaiofate/inu GakTH OT acypoQU3NKaTa HA uCp-
HUTE AYNKH M HEYTPORHWTE 3BE3/M B MOTBLPXKAEHHE HA Te3aTa 32 Npeanonarae-
MOTO ChIeCTBYBaHe Ha TAKHMBA CTPYKTYPH B AKPELUHOHHHM AHCKOBE OKOJO CHO-
MEHATHTE KOMNAKTHH acTpodu3uyHu OUEKTH.
Hacronwara paSora 64 MOrsia Aa NMOCAYXKH KaTe OTHpaBHA TO4YKA 3a OF-
WHPHO TCOPETHUHO WBC/CABaHe na TypOYyNeHTHOTC MATHHTOXHADOAHHAMHEHO
BHXDOBO CTPYKTYpooOpasysatie.
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Quasi-Gaussian point source function
and two approximations of its out-of-
focus intensity distribution

Dimitar Dimitrov

Space Research Institute, Bualgarian Academy of Sciences

Introduction

There are many cases in the applied optics when the
point-spread function of the desired optical system is not diffraction limited
(Airy’s pattern) but seems like a blur spot with a size much more greater than
the diameter of the central Airy’s disk. The most trivial examples of this kind
are stellar (i e, point sources) turbulent images observed by means of ground-
based large optical telescopes.” If the optical system is not precisely focused,
the resulting point source intensity distribution g(r) will differ from that in
the focal plane (x, y,) depending on the distance Af between the plane (x,, v,)
and the plane (x, v), where the intensity is measured by the detectors (Fig. 1),

-
B
=

{0 va) ()

FFig. 1. Scheme of the optical system

{£°. ¥')— input aperiure plane; (x,, g} — focal plane; (x, y)
— out-of-focus plane;

f—focal length; Af — out-of-focus distance ; f:——-r;/rg_—-rlfrg—-

central screening
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We shall also denote by prime’s the quantities referred to the input aperture
plane {x’, ¥') and by f the focal length. For concreteness, it is considered the
case where fhe plane {x, y) is behind the plane {xg ¥o) (Af>0). Further, we
shall assutne that the circular input aperture of the optical system has a cen-
tral screening (shaded region in Fig. 1), as it is usual for the large telescopes.
According to the accepted in this paper geometrical optics approach, the illn-
minated area is a ring with inner radius r, and outer radius ry (r/f=r4/Af;

Fig. 1), The screened part of the input (output) aperture ig characterized by
the parameter e=r,/r,=r/ry=const<1,

During the last two decades many new methods for restoration of distor-
ted images are developed and their practical realization is proven to be useful
[1, 2, 3]. In particular, such techniques are applied in optical astronomy for
development of out-of-focus images (Hubble Space Telescope) and images obtai-
ned through the turbulent Earth’s atmosphere. The jater casc is implicitly con-
sidered as a preferred range of applicability of the results obtained in this
paper.

Let us denote by G,(x, ¥ the intensity distribution of a precisely focused
image and by G{x, y) the intensity distribution of the same imagein the out-of-
focus plane (x, y) where the light sensitive detectors {photographic emulsion,
CCD-matrix, etc.) are placed. Supposing that the principle of the linear super-
position is fulfilied, the relation between these distributions is given {in the
absence of noise) by

oo

(1) Glx, y) = f f Gi(x—E, y—mh(E, n)dedn,

—_—a

where the integration over the coordinates & and m is performed in the out-
of-focus plane. In practice, if the source is very bright, we may integrate over
the area where the ratio signal to noise Is greater than unity. In the above
expression /(x, y) is the point-spread function of the considered out-of-focus
optical system, e. g, this is the intensity distribution in the out-of-focus plane
(x, y¥) when the system is illuminated by light rays parallel to the principal
axis. According to the accepted geometrical optics approach, within a norma-
tizing multiple, A(x, y) is given by

. ——— 1, ifrs\fxﬂ-l—yzsr;
3 Br=J x2 2 ={ 1 3
@) (r=\ 2+ 5%) 0 in the other cases.

Hereafter throughout this paper we assume that Gy(x,, ¥,) is the point-
spread function of the tutbulent medium. Fried [4] has pointed out that it is
possible a separation beiween the point-spread functions of the atmosphere and
the telescope for long enough exposure times. According to Fried’s results,
the modulation transfer function (MTF) of the optical system “turbulent atmo-
sphere - telescope” Ty, is simply the product of the MTFs of the atmosphere
7, and the telescope 7, in separate: t,=t,7. Here 7, 7. and 7 are the
Fourier iransforms from the corresponding point-spread functions. However, in
this paper we prefer to use the convolution integral (1) in order to compute
the long-exposure point-spread function g(r) of the combination “turbulent
medium + optical device” system (without including the detector responce).
Concretely, we shall investigate the distortions caused by the out-of-focus
registration of the intensity distribution conditioned by point source, observed
through a turbulent medium. To specify this case (as we have already done
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above), we use small letters for the point source intensity distributions
&Xo ¥o) and glx, ¥) (. e., point-spread functions) in the focal plane (x5 Vo)
and in the out-of-focus plann {x, ¥), respectively.

Approximation by a quasi-Gaussian function.
Qualitative treatment of the problem

In this paragraph we shall assume that every of the
observed point sources causes a quasi-Gaussian intensity distribution g{r,) of
the light in the focal ptane {x,, y,) of the optical system

3 &ol7ra=\ X2+ y2)= S, exp (—rin/B,),

where By,={(2c62)% is a constant determining the size of the circular spoti.

So=S84(0,) Is a normalization constant depending on the total energy flux of
the image and its numerical evaluation is not important in this paper, because
we are interesting only on the relative intensity distributions within the images.
The power n, describes the deviation of the distribution 8o(ry) from the
Gaussian one (r,=1). We assume that ny,=constant for the whole area of the
image (i. e, n, does not depend on r,). We emphasize that the later statement
is true for the focal plane (x,, Yo) and, generally speaking, is not true in the
out-of-focus plane (x, y), where the intensity is measured by the detectors.

The observed intensity distribution g(x, y) may alsc be fitied by a quasi-
Gaussian function

(4) glr=y x® + 3% )= g(x, y=0) = Sexp [— 5™ /B] ; B={2c%)"),

but, generally speaking, we expect that for this approximation the power is
not a constant and will depend on r (or x, because we investigate the inten-
sity distribution in the direction y=0). Obviously, the point source out-of-focus
images have lower central intensities (S< Sp) and are enlarged (B >B,). If | Af|
is greater, the redistribution of the light energy from the central part of the
image to its outer part is a more pronounced effect (but the total light flux is
not changed). If we assume that the power n(x) does not vary too fast into
the interval (x—Ax, x+Ax), where Ax<c (i. e, we consider n(x) locally as
a constant), we can obtain the following expression [5]

(5) nlx)="0,5 [1 +x(%’j_— ﬁ%:?)]’

where the prime’s denote differentiating with respect to x. By means of the
above approximate expression we are able to evaluate the global (with respect
to the size of the image) changes of the power # which describes the slope
of the intensity distribution g(x).

In this section we shall assume that the power 7, in the expression (3)
has a constant value for the whole area of the (precize focused) image, but
its values, generally speaking, are not equal to unity. According to this accep-
tance, we shall also consider the powers Nga=>Ngs=>1 >ngy>n, which do not
depend on x. The relative comparison between distributions Zoloe; noy)y Golx s Mgy),
gu(x; ngs) and gy(x; ng) is given in Table 1. It would be pointed out that

(6) 8(0; ny)=8,=1; (i=1,..., 4)
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Table 1
Comparison berween guasi-Gaussian intensity distributions for different values of the power n,

gy <ty <1
x<y2 a, x>{2 g
x# x2
In ( —)<o0 In ( . )> 0
20y 204
x3 x2 x? x2
mInl———i>nIn (-7 — My, In | ——— 1] «<nye In —-)
il ( 20'5 ) o2 ( 26‘(2} ) oL ( 20_3 ) e ( 20%
( xz{ )”nl - ( x* )”us ( X2 \np < ( x¢ )”on
200 200 202 200
& {x; ngp) < g (x7 nyy) & ix; ny) > g (x) #yy)
1<Catgg gy
x<\2 g, 4‘>E“u
X ‘ xé
In ——2—)<0 In( 3 )>0
PL 203
X2 x® x* x*
Myg In | >np, In [ ——— Hyp In - ){H. In ( )
" ( 20y, ) - ( 20'é ) o ( Zcf, = 203
X2 \mgy, x® Amy, X% \iys %2 iy,
(E? ) > (—202‘) 202 ) S\ 2
0 0 0 0
£ (0 mygd < g (X7 myy) £ (x; Hgs) > & (X7 gg)
and
(7) 2\200; me)=e"1=0,368; (i=1,..., 4.

The later expression (7) means that all intensity distributions gq(x; 7
{{=1,..., 4) have equal widths (y2c,) at the intensity level 36,8%,. Roughly
speaking, the area of the image may be devided into two parts (y=0, r=x):

(iy inner part: 0=<x=<\20,;

(i) outer part: x==2c,.

According to the above description and to Table | {(bottom rows), the
intensity decrease in the inmer parts of the point source images is slower
{with the increase of x) for larger values of n, In the outer parts the situa-
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Flg, 2. Comparison between point source intensity distributlons
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Fig. 3. Schematic comparison belween the precise focused dis-
telbution gofx; ng} and its out-of-focus distorted {“flaitened”)
intage g{x; n( ) i

I — golx; mp=const); 2 — glx; n(x)+consi)

tion is opposite: the intensities g,(x) decrease faster for larger n, (Fig. 2).
Having in mind these considerations we are able to make a qualitative estima-
tions about the behaviour of the power # for the out-of-focus images, If the
out-of-focus distortions are not very “strong” {6], the energy flux is redistri-
buted from the inner parts to the outer parts of the images (the total amount
of the energy flux is not changed). Consequently, the intenslty decreases in the
inner parts and increases in the outer parts (here we do not use the norma-
lization of the centra] intensities S=1; eq. (4)). This circumstance leads to
the slower decrease of the infensity g(x) in the inner parts and to its some-
what faster decrease in the outer parts in comparison with the precise focused
images (Fig. 3). That is to say, the out-of-focus intensity distributions 8(x) are
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“flattened” distributions ge(x). By a rough analogy with the resulfs in Table 1
and Fig. 2, we expect that the mean (averaged over the inner or outer parts),
values of the power n are greater than the corresponding undistorted , parents*
values of the power n, This approximate qualitative conclusion is in accordance
with the numerical estimations for the particular Gaussian case {n,= 1) obtained
in a previous paper [6], as it would be expected from the continuity reasons.

Turbulent point-spread function as a sum of
Gaussian curves

In an earlier work [6], assuming that g () is a Gaussian
curve (n,=1), we have derived an anaiytical expression about the out-of-focus
intensity distributlon g{x). This result can easily be generalized if we consider
a sum of Gaussian curves describing the intensity distribution (¥4-=0)

m
@) &lxoy= O porexp (—x2262).
f=1

Here py (i=1,..., m) are weight coefficients which do not depend on x,»
i is the total number of the summed up Gaussian distributions with disper-
sions of, ({=1,..., m), respectively. Because of linearity of the differentiation
and integration operations, we are able directly (without performing interme-
diate calculations) to write by analogy with the equation (11} from [6]

o3

m m i
2k
G @n7ex)= 2/1 Poi Bt (5} + 3,2? Pot 2 {(k 1)_2( 2;:; ) Bulx)s
i=1 =1 E=i y
where
x24r? x4k
10 ; =g2 — =" (— 2)], i=1,,..
(10) By (%) Uo;[ exp( 203!) e\~ 7 (i=1,,.., m)
and
(an B =g |r2% ( A4y 2% ( x2+r§):|
) =0l APl = g e\ ~ g

+2kc§!8m_m(x), (kZI, 2. = L..., M).

[t would be noted that cvery coefficient p,; depends, however, on oy py
=po, (o) (i=1,..., m), by analogy with the dependence S,=Sy(s,) as in the
case of a single Gaussian curve [6]. This circumstance must be taken into
account if we'try to perform the transition o, —0 for some (or 2ll} of the
components in the sum (9). As can be seen from (10) and (11), B, {(x) and
B, {x) tend to zero when o,—0 (i=1,..., m). But the corresponding coeffi-
clents py ((=1,..., m) must approach infinity in such a way that the total

light flux in the out-of-focus image to remain a constant, eQual toff & (%6

Yoddx,dy, Moreover, the transitions o,,—0 {(i=1,..., m) are physically incor-
rect because they do not correspond to the adopted in this paper geometrical
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optics approach. Consequently, we shall consider all oy (i=1,..., m) as.a
large enough strictly positive quantities with preliminary fixed values,
Differentiating with respect to x one or two times the above three expres-
stons  (9)-(11), we shall obtain the first and second derivatives g'(x) and g"{x),
correspondingly, We shall write in an explicite form only the final results

n m oo
(12 @ g = 2 pabi i+ 2 ou 2 g () B
=1 =1 k==l 0

it oo

E 4 2 i 1 & \3&
+ B L ’
el Pos — {k I)E( 20.%{) Bg;(x);
where the functions Bj(x) and B, (x) are given by

, x2 x4y .o
(13 Bw(x)-——x[exp (—— ™, 2)—exp (— 2oL ﬂ (i=1,..., m}

Of

and

’ 2 2 %8 2

of
2k B) 0, (R=1, 2. i=1,..., m).

The second derivative of the intensity distribution is

# . u m"-’ ‘- — k —_
(18 @oge) = 2 rbi+ X e B B ) B0
] i=1 k=l 0o

=l
ol

" (- n
2k i Gk : 1 % .,
23 1_@?(_,) =B S py S W(Q“‘;) B (x),
=1 i=1 Sop

F=l 23; al
where
2 2 x2+r2
o sir=(2 e~ 222) <o (=2 o
{16} B (x) (53; 1)lexp P exp 2, {i _1 , m)
and
24 rd ' B4ry
17 B () = % )[ 2 (_" t_ o (_ 2)}
(17) %) (0_3! 15 rytexp 208 ’T2 exp 202,

+2k0LBr, (%); (=1, 2...5i=1,..5, m).

Taking into account that the coefficients py, (i=1,..., m) do not depend
on x, It is possible to show that for x=0 the power 7(0) is equal to unity.
Indeed, it is casy to estimate from (9), (12) and (I5) that fis

o~ /2 2
(18) (2m)y1g(0) = 2 po,-cgi[exp(—i—)%)—exp( _'.:2_2)]’
i=1 Cgy Og¢

(19) (2 1g'(0)=0
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and

mn " 2
o 1
20 (2n)~12"(0) = Z Dot By {0)+ 2, 2p4 (20?) B {(0)
=1 =1 :
el 2 3 2
=) 2 eyl =L 1
é Por {exp( 26&) e}_(p( 263£)+2(20&) B],(O)].

Obviously, the ratio —xg'(x)/g(x) tends fo zero when x approaches 0.
To evaluate xg"(x)/g'(x) for x=0, we must estimate the limit g'(x)/x for x—0.

(21) lirrilj [g'{x)x] =2n 1ing ] po,[x"lB{,f(x)

=0

o9

N 2k f 1 AR g A TR TR
+ el (k !)2( 2633) X ka(x)+ é: (k |}2(263£ ) X ka(x)ji .
Taking into account (13), (14) and also the expression (20), this leads to

2

" pj , 2
(22) }jg; [g'(x)/x]=2n > pof{ ew(~i)— °Xp(‘g‘§gj) + 2(;,;:37) B;,(O)lé g0y

=1 263
Consequently
(23} lim fxg"(x)/g'(x)]=1
and
(24) n{x=0)= 1.

This equality means that if the initial (i. e, precise focused) point source
intensity distribution is a Gaussian one {#,=1)} or sum of Gaussian curves,
then the curve S(x)=x/[2n(x)—1] for x close to zero is a nearly straight
line with a slope of 45° for an arbitrary value of Af. This result is indepen-
dent of the values of the coefficients p,, and dispersions oy (i=1,..., m). It

would be noted that the Gaussian curves in (8) have maximal values which
are not displaced from the center of the image x,=0. For every single Gaussian
curve term in (8) the results obtained in the previous paper [6] may be applied
separately, Then for some of the terms (with small ;) the out-of-focus distor-
tions would be “strong”, for other terms (with larger o) distortions would
be “moderate” and, finally, for- the largest o, they {(eventually) would be
“slight”, Having in mind that the “strong” distortions are not well described
{(in the case of a single Gaussian curve) by the power a(x) ([6]; Fig. 3), we
should use the expression (8) (or (9)) with some cautiousness if terms with
small o,; are included. This remark is connected also with the difficulties which
may arise with regard to the convergence of the infinite series in (9), (12)
and {15} when some (or all) of the quantities o, (i=1,..., m) tend to zero.
As mentioned earlier, description of the out-of-focus distortions by means,
of the power n{x} (5) is not a sujtable tool in the case of “strong”
distortions. In the case of a superposition of Gaussian curves (8),
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the later statement can be checked by assigning concrete numerical values
to the number of terms m, dispersions 6% (i=1,..., m) and weights

Poi (i=1,.... m). We shall not perform here these calculations. Qualitatively,
it is evindent that if the weights p,; (corresponding to small o, such that
the out-of-focus distortions are “strong”) are large, it would be expected that
the power n(x) is not a useful variable parameter giving the slope of the
function g(x). Nevertheless, the expression (9) still gives a reasonable descrip-
tion of the out-of-focus intensity distribution. It would be emphasized that the
above conclusions about the power n(x) do not concern the undistorted power
no, if the point-spread function g,(r,) (3) is addopted.

Conclusions

We have considered an optical system with central scree-
ning of the input aperture and the performed computations are made in the
geometrical optics approach. The point-spread function of the turbulent atmos-
phere is approximated in two ways: (i) by a single quasi-Gaussian cutve (3),
and (ii) by a sum of Gaussian curves with different weights and dispersions (8).
In the later case we give exact analytical expressions describing the out-of-
focus intensity distribution g(r). Such results may be useful when they are
applied for reconstruction of out-of-focus distorted images obtained during
observations through a random turbulent medium. Then £(r) is simply the
point-spread function of the system “turbulent atmosphere + out-of-focus
telescope”. We entirely neglect the distortion effects like koma, astigmatism, etc,
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KpasuraycoBa (hyukilust Ha uMiy/cHUS OTKJIHK
H JIBe anpOKCUMEaluH Ha HeHnoTO H3BBHYOKANHO
pasnpefie/leniie Ha OCBETEHOCTTA

Hunumop Jumumpos

{Peszwpme}

Pasrnenanii ca nBa cayyas na anpoxCHmMupane Ha QyHK-
IMATa HAa HMIOYJACHHS OTKJHK 32 HalmoO#eHus npes TypOynenTtua cpefa: 1) epu-
HHYHA KBASHFAYCOBa KPHBa g, (Fo}~exp { —r¥s/B,y), xbAero By e Koucraira,

ONpefie/iAllia pa3Mepa Ha u300paXKeHUeTO HA TOYKOBHA HITOULIHK, A4 34 CTENeH-
HHA NIOKA3ATEN Ay € TPHETO, Ye HMa HOCTOAHHA CTOHBOCT 2) cyMa OT raycoBH
m
Ty 3 2 2 : 2
KPHBH Gy {ry)= Z PoeXp { —ry/200;) ¢ pasauyiiyM TerAa P M AHCHEPCHH Og
i=1 . _ _ :
Axo n3aMepBaHHfTA HA OCBETEHOCTTA HE €A M3BLPIIEHM BLE (oKasiHata paBHHHA
Ha TesiecKona, U3BBHPOKAMHOTO pasiipejlefeHle Ha OCBeTEROCTTE & (1) COLLUO MOXe
Jd Objle anpOKCHMHPAHO € KBa3uraycosa, Kpuba, HO CTENGHHHAT NOKA3aTed f
e 3aBHCH OT 7. B cayuas 1) e janeHo KadecTBeHO ONHCAHUE Iid NOBEJRIHETO Ha
n M B cayyas 2) e HOoJyuyeHo TOUHOTO dHAAWTHYHO npen{:TaBHHe 3a pasnpepene-
HHeTO Ha ocBereHoctTa g (r). B nmocaenuus cayua# e roxasano u uye n (0)=1
34 NPOHUSBOMHH Pg;, Op; U M3BBLHOOKANHO OTMecTBane Af. Benuxu OLIEHKH ca
U3BBPLIEHH B NPUGIMKEHHETO HA TEOMETPHUHATA ONTHKA.
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Superhighirequency twepolarization
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stituting a part of the ,Mir“ orbital
complex '
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Destination

The systematic complex conirol of the geophysical pa-
ramelers on a global scale — the monitoring of the state of land, world ocean
and atmosphere, as well as the dynamics of these parameters state is one of the
most actual tasks of modern geophysical science and practice. The periodical
measurement of these parameters — temperature of the surface ocean layer,
wind velocity in the atmospheric layer closest to the water surface, cloud co-
ver characteristics, precipitation intensity, vertical temperature profiles, heat
flow at the “ocean-atmosphere” boundary etc., are of vital importance to the
modern development of geophysics, geography, geology, oceanology, hydro-
logy, meteorology, ecology and climatology. The study of this diversity of
parameters, moreover with the necessary accurateness, scale, expressness and
operativencss may be accomplished only by the use of remote sensing space
methods and technical means.

The major goal of the International Scientific Complex Project (ISCP)
“Priroda” [1] is namely to obtain data about the geophysical parameters with
high accuracy, reliability and space resolution. In if, there participate Arme-
nia, Bulgaria, Germany, Italy, Poland, Russia, USA, Slovakia, France,
Chechia and Switzerland.

Twotendencies may be outlined in the scientific program of the “Pridoda”
ISCP: fundamental studies and studies having application character. The fun-
damental orientation is characteristic of the scientific experiments aimed at
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Cig, 1. Scheme of the “Mir™ orbifal station together wilh the
Joined “Prireda”™ module

studying the cloudiness field, the temperature field of the world ocean surface,
the large-scale circulations of the atmoesphere, the ocean-atmosphere interac-
tionn etc. The application character is typical of the experiments related with
the ecologic monitoring of atmosphere, -water and land pollulion.

The Scientific Equipment Complex (S8EC) by which the above mentioned
scientific program is accomplished is mounted on board of the “Priroda” mo-
dule, specialized for remote sensing geophysical studies, which is joined to
the “Mir” orbital station (figs. | and 2). The “Priroda” SEC comprises cquip-
ment and systems for remote sensing working in the visible, infrared and su-
perhighfrequency range of the electromagnetic spectrum.

A major equipment in the “Pridoda” SEC is the superhighfrequency scan-
ning twopotarization radiometric system R-400 aimed at the measurement of
amplitude and space disiribution of the own radiothermal emission of the
earth's surface in the microwave range. This system has been designed, deve-
loped and implemented in the Space Research Institute of the Bulgarian Aca-
demy of Sciences.

The data cblained by the R-400 radiometric system provide information
about {he space distribution of some geophysical paramelers: land surface
layer. humidity, water surface layer temperature, precipitation zone, glaciers
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Fig. 2. Scheme of the “Priroda” module

age and floating ices distribution in the polar regions etc. The collective pro-
cessing of the data obtained by R-400 and the oiher equipment and systems,
constituting the “Priroda” modile allow for the solution of a number of scienti-
fic-application problems related with the development of a global ecologic
monitoring of the Earth.

Structure and principles of operation of R-400

The electrical block scheme of R-400 is outlined i fig.
3 [3]. The major blocks are: / — scanning two polarization antenna, 2 — su-
perhighfrequency (SHF) block, 8 — lowfrequency block, ¢ — scanning anten-
na control block, & — radiometric system control block, 6 — secondary power-
supplying source. Naturally, these are incorporated blocks, each one of them
comprising several subblocks.

The own radiation of the studied natural objects is received by a scanning
two polarization antenna. The movement of the antenna orientation diagram
is a reversive one — in one direction of scanning the horizontal polarization
of the earth’s surface own radiothermal emission component is measured and
in the other direction — its vertical polarization (fig. 4). Besides, the radio-
metric system’s control block gets information about the momentary position
of the aperture of the scanning antenna orientation diagram with respect to
the examined territory, The SHF signal at the output of the scanning antenna
corresponds to the adopted horizontal and vertical components of the mea-
sured radiothermal field. This signal is modulated by an adequate low frequen-
cy. At the output of the SHF block the received two polarizations of the ra-
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Fig. 4. Scheme of the reversive scanning implementation

diothermal field arrive in succession. In the receiver’s mixer the irequency
transformation of the received signals is performed after which they are am-
plified by intermediate frequency, quadratically detected and amplified by
the low frequency preamplifier. This signal enters the low frequency block
where it is synchronously filtered, amplified and synchronously delected. At
the output of the low frequency block the information signal is obtained which
is proportional to the horizontal and vertical componenis of the measured ra-
diothermal emission.

A reference calibration tract is provided for regisiration of the radiomet-
ric receiver gain coelficient fluctuation. The information there obtained enters
the algorithm for transformation of the outputl signals from the radiometric
receiver into the physical quantity radiobrightness temperature by which the
level of 1he own thermal emissionofthe examined objects on the earlh’s surface.

The blocks controlling the scanning antenna and fhe radiometric system
form the cyclogram of the radiometer’s work and the commands for control-
ling the eleciric motor of the scanning antenna.
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The described principle of operation of R-400 is made possible thanks to
a genuine solution [4, 5] with which for the first time simultaneously with the
polarization amplitude components of the measured radiothermal ficld informa-
tion is obtained about the space coordinates of the objects from the earth’s
surface that emit them.

Construction

Constructionally, the superhighfrequency iwopolariza-
tion radiometric system R-400 is constifuted by three separate blocks:

—- anienna system;

— electronic block:

— connective waveconducting section,

The antenna system is mounted on the outer surface of the “Priroda™ mo-
dule and works in the outer space. It consists of an antenna mirror, an irra-
diator, a scanning electric motor, a flange and a flexible waveconductor. The
antenna mirror has a spherical form, it is made of aluminium sheet with thick-
ness of 3 mm and is attached to the body of the “Priroda” module by the fiange.
On it, the scanning electric motor is mounted, too. Within the flange, the fle-
xible connective waveconducting section is located by which the SHF con-
nection with the electronic block located within the “Priroda” module is esta-
blished. The electric connection between the anteniia system and the electro-
nic block is effected by two couplings.

The outer appearance of the antenna system of R-400 is shown on fig. 5.

Constructionally, the electronic block represents a parallelepiped box
made up of duraluminium alloy with black anoded outer covering. All SHF
elements and electronic boards are mounted on a carrying plate. On the front
plate of the electronic block there are 6 couplings by which the electrical con-
nection with the business systems of the space station is accomplished.

The outer appearance of the electronic block of R-400 is shown on fig. 6.

Fig. 5. Outline of the antenna system of R-400
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Fig. 6. Outline of the electronic block of R-4040

Major technical and exploitation characteris-

tics of R-400

1. Working wavelength
2. Fluctuation sensitivity
3. Dynamics of the measured radio-
brightness femperature
4. Widlh of the antenna orientation
diagram at level 3 oB
5. Angle of scanning
8. Angle of measurement with respect
{o nadir
7. Scope of viewing al orbit height
H=300 km
8. Duration of one image line alt orbit
height H==300 km
9., Number of pixels in one scanning line
18, Power supply:
— voltage
~- power consumption
11, Dimensions:
—- scanning antenna
- electronic blocks
12. Total mass
13. Temperature:
— for the antenna system
- fot {he electronic block
14. Pressure:
— for the antenna system
— for the electronic block

52

4 em
=0,i156 K

50350 K

50
+35°

40°
350 km

238 %
40

2/ V
30 VA

030 x 750 %470 min
400 x 300 %< 200 mm
46 kg

from —30 to 4-50°C
from 0 fo -10°C

from 10 to 130 hPa
from 600 {o 1300 hPa



Scientific problems solved by the data
obtained from R-400

Using the data from the SHF twopolarization radiomet-
ric system R-400 problems from the following four groups can be solved: land
surface study, ocean study, atmospheric studies and ecological studies,

I. Land surface study:
1.1, Snow cover state control and parameters determination.
1.2, Study of the soil cover characleristics.
1.3. Study of the vegetation cover characlierisijes.
I.4. Study of lhe basins of big rivers and inner water calchments,
1.5, Mapping of the carth surface in different regions of the eleciro-
magnetic spectrum for the purposes of geology.
2. Ocean study: :
2.1, Moniloring of ihe large scale ocean surface temperature field
of particular aquatories.
2.2. Working off of methods for determination of wind velocity and
direction and wind turbufence characleristics,
2.3, Study of the ocean proccsses by radiophysical methods.
2.4, Study of the ocean-atmosphere inferaclion and their influence
on the inner continental processes.
2.5. Study of the ice cover,
3. Atmospheric studies:
3.1. Study of the large scale atmospheric processes above the oceans
on the grounds of the watercontent field analysis,
3.2. Study of the ocean and the atmosphere in the tropical zone.
3.3. Development of the fundamental remote sensing studies of
the “atmosphere-surface” system,
4. Ecological studies:
4.1. Study of the natural complexes in the regions with ecological
catastrophies.
4.2. Study of the influence of urbanization and prodiiction activily
on vegetation and woodcovers,
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CBpBXBUCOKOUCCTOTHA JIBVIIOJSA PU3ALHOHHA
paguomeTpuuna cuctema P-400 na Gopaa ua
monyna ,llpuposa* B cbcTaBa nHa OpPOUTARHHS
KOMILIEKC ,,Mup*

Todop Haswpexu, leopeu Humumpos, Hoasdap Jlesues,
Tapo Mapdupocsu, Xpucmo Hpodaros

{(Pezwome)

CraTnara € NOCBETEHa HA CBPDHXBUCOKOUECTOTHATE JARY-
NoAApU3alnoaHa pajHomeTpruda cucrema P-400, paspaboreda B MucrutyTa 32
kocMuuecks uscneanabnda, BAH. Tlokasano e npefia3iayeHHeTo Ha TA3H CHCTe-
Ma 34 M3IMEepBAalC HA T‘eOC})HSHQHH HapaMETpH ¥ MACTOTC ¥ B KOMILAEKCA Hayulia
anapaTypa HA CHeUHAMNINPAHHS 33 AHCTAHUWOHHH H3CAeABaHud mMoaya ,Ilpu-
poAa“, CTHKOBaH KhM opdutafnata crasuudsg ,Mup".

Haxpatko u B Raf-06i1 BHA Ca ONMUCAHH YCTPOHCTBOTO M NPHHUKIBT HA AHS
CTBHe 1ia pajucmerprunata cucreMa P-400. Jajenu ca W HAKOH KOHCTPYKTHBHH
napaMeTp¥ H OCHOBHHTE TeXHUKC-eKCNJA0ATAUHOHRH XapAaKTEPHCTHKH Ha CHCTe-
mara. Ma6poety ca ¥ HayuHHTE 3ajaud, pellaBaiy ¢ NOMOLITA Ha JlaHHWTE, NOJY-
garanu o7 P-400.
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BinsiHnsg Ha xOCMHMUECKHs Bakyym
' BBPXY KOCMHYECKHTE anapartw

KOauxa Cumeorosy

Hucinumym e Kocaumeckn uacaedeonun, BAH

Paspejenarta cpefia ¢ yansiraHe, [O-HHCKO OT atmocdep-
HOTO, OGUKIOBENO Ce HADHYA BAKYYM, MAKaD Ue caMaTa AYyMa B PEBOA OT AaTHH-
CKH O3H44aB& NMPasyO NPOCTPAHCTRO, AKO (@ M3XOAH OT TOBA, e MAAKA ACT OT
Beesienata e sannanena ¢ KonaeHssupalia MaTepH:, RAKYYMBT MOXE Jia Ce pas-
NIEKAA KATO AOMUTIHPALIO ChCTOAHNE, 4 aTMOChepaTa OKOIO 3eMata M ilaaneru-
TC KaTo qacten cayua#.

HoerbT OTAABHA [103HABA BAKYYMa, ChalaBaH OT HEFO H3KYCTBEHO B 3EMITH
ycaosusa. C BakyyMa ca cBBP3aiid U TBPBHTE OCBETHTENIHH JIaMIlH ¢ Haropeliena
KHUKA, KAKTO H ChBPEMEHHUTE TEJNCBH3HUHUM TPBOH H APYTH CHEKTPOBAKY YMHH
NpHGOPH, € KOHTO CH CAYIKHM €3KElUeBHO.

B ceBpemennara mayunonsciesoparesicka UPAKTHKE BAKYYMBT & HEOBXOAH-
Ma CPEAZ 3a NpPOBERAAHE HAa PeAHUA WPENU3NH EKCOEPHMENTH ¥ TEXHONOTHH,
BRJAWOUHTENHO W 34 NOAYUABAHE HA CBPHXHUCTH MATCPHANH.

CHBPEeMEHHUAT €Tan 114 KOCMHUCCKUTC M3CHENBAHNs © X4paKTepel ¢ akTyB-
TIOTO MSNON3YBAHE Hd KOCMUUCCKHS BAKYYM B PA3JIHYNY O6JACTH - — TCXHOJOTHH,
ACTPOMHMEHCDHN AEHHOCTH, HBYYABANC HA BEMITUTE PECYPCH, PaboTa B OTKPHTHS
Kocmoe # ip., kbaero yuacrsybar mimpox KPBI CHEHHANHCTH -— BRMICHUTENHD
TEXHONOSH, TCONO3K, OKEAHOMO3H, TPHOOMO3H, ONTHKO-MCXAHMIM H AP., KOWTO
Ha TPAKTHKA HEAOCTATHLUHO [I03HABAT CleludirKaTa Ha BakyyMa. Boaenu or
UPAKTHYICCKHST AHTEPCC W OT UECTO AUCKYTHPANH BLAPOCH B TA3H O6AacT, ime
pasraefiame HIKOH OCOGCNIOCTH 114 BAMAIMETO LA KOCMHUECKHA BAKYYM BBHPXY
KOCMHURCKHTC anapartd, Hiyvuasaiuu KocMmoca.

Flanoxurentio e oie b Ha9a10T0 2 ce OTERAENH FONTMOTO paznoofpasue B
KOCMHYECKOTO MPOCTPAHCTBO, KBAETO NMPUCHLUTBYBAT BCHUKH CHLCTOSHHS fa Ma-
TCpHATA, DasTipenefleHn KpaiHo nepasinoMepro [1]. Axo ce BzeMe Camd KONLEH-
TpANUsTA HA TA30BHTC YACTHIM, TO T CE€ MEHH B MHOTO IDHPOKH FPaHUNH — OT
2,7.10" cm~® {npu semHaTa HOBBLPXNOCT) A0 | # NO-MAAKO B MEX LY AATIETTIOTO
fipocrpanctso [2], 3anucHmoctTa Ha KoWuCHTpauHsTa, TeMOePATYPATA, HAMATA-
HeTO Ha cpefifaTa MOMCKYJiHa MAca ¥ 114 ChCTABA HA HEYTPANIIHS 1a3 OT Pa3CTOsl-
HHAETO 10 3CMHATA NOBLPAHCCT IPH CPpeliHa CABIIYEBa aKTHBHOCT {2, 3, 8] Aapa ua-
BeCTHa OpejcraBa sa ToBa (Tabn. 1),
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Tabnrusa 1

, Konyentpainsg
PazcrosHue OT Hanarane, TenmmepaTypa, TIpusepen ‘¢pCTaB HA
JemaTa, km Pa K ? e, Hey‘I‘p&ﬂIIHIﬁ g Ta3a
yagTand, om
Ha sMopcxoto 78% Ny 219 Oy ~1%
PaBHUUIE ~10% 360 2,7.10%° Ar; Hy He; Ne; Kr
30 ~10% 243 4,0.1017 Ny O4(0s) Ar
50 66,5 270 - 2 O O
100 2,9.10—2 200 — 2 O
150 5,0.10—4 800 — N, Og O
2090 ,33.10-14 1200 2.10% Nz2. O; Oy Ar; Hey H
300 2,899,108 1300 2.10¢ O, Ny; O, Hey Ay H
S00 3,30.10—7 1300 7.6.107 O; N; He; Oy H
800 6,65.10—8 1300 3,7.10% Q; He; H; Ny O,
1000 ~ 108 1300 2,6.106 O; He; H; Ny, O
2000 ~10-% 1300 2,110 He; H; O
5000 ~ 10—t ~ 108 30100 H; He
10000 ~ 101 ~ 103 ~ 103 H; He
20000 ~ 1012 ~ 108 ~102 H; He

[osnMoTO paspexpalie Ha cpeiarta oGyCaaBsi ¥ ApYTa OCOGENOCT Ha KOCMH-
YeCKHS BAKYYM, CBLP34HA € NOMMBIIANIOTO (H3nmoMnBaimo) aekcerbue. [pyMep aa
HETOROTO RPAKTUUECKO H3NOA3YBaHe e onucait B [8], KbAETO CKRCDEpUMEHTANHA
ikaMepa Ha GOpRa HA KOCMUYECKH AMApaT ce BAKyyMHpa OT KoCMHYeckara cpeia,
KaTo JOCTHTaHHA Bakyym B ues {~6,65.10-* Pa) e gocrarnues 3a nposexpaHe
Ha HAKOW DH3WYeCKW H3ICNeBAHWA HA KocMuuecka opbura.

HanomiiBamioro feficTeue Ha BakyyMa UpeAu3BHKBa OTASMsIHE Ha ra3 OT
NOMECTEHHTE B HErO MaTepuan# u ofexTn M oOpasyBaue Ha Tasopa ,,00BUBKA"
QKOO KOCMHYECKHA anapart. Ha NPpaKTHKa o7 NOBHPXHOCTATE ¢e H3BLPpHIBA H
cy@numauuﬂ, HpoMensnnia TAXUOTO ChOTOAHHE, BKAOUHTEAHO ¥ 1Ia CTICUHHAJHIN-
paunTe nokputua. CKopoctra Ha cybnnmauunta oOWKHOBEHO CE OIpDEleas eKc-
NEePUMENTANHO B CHMYJAHPAHH JAafopaToOpHH YCJAOBHA, KaTO €& OTUHTA ChBMECT-
HOTO JeficTBHE HA BAKYYMA W A HAKOM ejekTpoMaruutHy Jbueinnst [4].

KocMuueck AT BaKyyM NOCTabsi B PYF MHOTO ChIeCTBEH npobaeM, cRLp3an
HETIOCPEACTBENC ¢ M3MCKBAHUATA 34 XEPMETHUHOCT Ha KOCMUUYCCKHTE amaparH,
ocoleno BaXcei HPpH THAOTHPAHNKWTE NOJCTH 34 TAPAHTHDAEHE HUBOTA lia KOCMO-
HaBTHTE, HAW Ha ApPYrH SHOROTHYITH ODERTH. HSCJ’IE}IBaHHSI’i‘a NOKA3BAT, U -
BHTE CBIECTBA B YCAGBHATA HA KOCMHUECKHH BaKyyM 2ATHRAT IIOPDARH ganapeuue
Ha KAeTHYHOTO Bemectso |10, 11] ¥ feficraneTo ua KocMuueckata paanauus [12].
TepmopakyymHuTe yCaA0BUA B KocMoca neo0paTHMO YBPEXAAT XKUBATA KJICTKA
MITOro NO-6BP30 OT PAAHALHOHHOTO BL3/IeHCTBHE, 3aBUCELIO OT 103aTa HA obABuU-
Bane [3].

JeiicTBHETO A KOCMHUYECKHWA BAaKyyM BOAE JO yBeAHuUaBatle W Ha ajJiXe3us-
Ta, BAOWIABAHE MapameTpuTe Ha TpHemuTe nposneck B orkputha Koemoc. [lpn
TPHCHETO BBB BAKYYM OTCHCTBYBAT TPAAHHUOIHOTO CMA3Balle H KCHBCKIHOHIIOTO
OxXAaxnane. Temnepa’rypa'ra B 30HaTa 114 KOHTAKTA HapacTha, KGero CTHMYJIHP&
nfacTHYHATA 1eGOPMALMS Ha MaTepHanurte, agxesusra, NupysHaTa, AECTPYK-
nuATa ¥ RecopbuMaTa OT B3aMMONEHCTBYBAlHTe ROBLPXHOCTH. Topa BOMM AO
THXHOTO W3YHCTRANE, A0 3aUenBafe-3afHpaHe B KOHTAKTA W B HAKOH CAydYaH 10
SROKKPAHE HA ARHMENUETO B TpHeiys nnzen [5, 6, 7]. Tasu reHgenuua e RoGpe
W3PA3EHA NPY METANTHTE C KYOHYHA PeUIeTKa, CKIORHN KbM 06pa3yBane Ha TBLRAY
pastRopH ¥ cmaasu [13].

Hafi-o8uo sb3feficTBUdTa BLPXY KOCMHYECKHTe anapaT B yCJAOBHATA ia
KOCMAUCCKHS BAKYYM Ce PAAEJAT Ha MEXAHHUNH, TOIIO- U eACKTPO-Hu3HiIHU
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Tabnwnua 2

$azAvecko Mogenupane Ipu Hamsraie, Pa

HBMCpBﬂ.He Ha MEXAQHUYHATE JAPARHHE HE XEPMOTMIUPAMUTE clHeMenTy

HZ KOCMWYCCKHTE RIADATH NIPH HAMANABRAHE HA HATATAHETO ~ {03
Hsxitrousare Ha PLAgywWwroTo membupade npn BAGDRERR ol
JinuscTo TOnnooTAGBANE =< ]0—3
HueniexTpuunn etexty K palpanu =104
Hayyapane KOHCTDYKTHBHATA #XOCT, BHCKOINTETA W ADYTH CROHCTRA HA

MATepHANlHTe, COBPIAHN C MANMIMH HATHCK = 10—
Mzyzasaue paboraTa Ha HOHHATC W DRAIMEHUTE NBHTATENSE = 10—5
Crynena cBapka Ha MATepHAITe = 10—

Hayuasane nopspxHOCTHHTE CROMCTRA A MaTepnamaTe (ancopbus, pia-
BMONCHCTBEA | YACTALM — TBBPAO TANO™, CYXO TpueHe K np.) <1034 102

H NOBBPXHUHKK {CyOaumannsi, afxesns, TPpuGONOTUUHH NPOUCCH U Ap.). MHoro-
00pasueTo Ha (HEHUCCKHTE YCAOBHA ¥ HA IIPOTHYAKTE IPOUECH Tafara Aucpe-
penivpa Noaxoj fpu u3Bopa na yCORUSTA ¥ NaPAMETPHTE NIPH AaBOpaTOPLOTO
MOAGAHpaHe M H3CAeABAHE. Taka NANPHMCD TPH TOMAO- ¥ eAeKTPO-(HIUUHUTC
B3AUMOJCHCTBHA KPHTHUCH APAaMETDP € KOHUEHTPALRATA HA YaCTHUHTE B 0bema,
AOKATO NPH TMOBLPXHHHHHTE ONpejie/IfllH ¢& NOTOUHTE HacCTHLH OF # KhM HO-
BrpxHOcTTa [1]. OcHosen kpurepuil ¢bilo e u cTenenTa 1a BakyyMa. Uirrepaanst
Ha paGoTHOTO HajAfAraHe NPH EKCNePUMEHTANHOTO BR3NPOMIBEKAGHC HA HAKOH
(pusMUECKM ABNEHHSI BLE BAKYYM € pasfuuen W ¢ NOCOuEH 8 tabg. 2 7.

[Tonsitusara ,naGoparopho Momenwpane” u SCTUMYyTupane” Tpadea ja ce
pasrpannuasar. [Ipu AaBopaTopHOTC MOAEIUPANe NAPAMETPUTE U YCAOBHATA Ce
OUDEACAAT H PEryaMpaT OT EKCNEPHMEHTATOPA W MOraT B H3BECTHA CTeNeH Aa ce
passuuaBaT OT peannata Cpeia, JAOKATO CHMYJHDAHHTe HAPAMETPH Ca HPCHO-
TpeAeNeHy ¥ BH3NPOHIBEXKAAT peasnute ycnobus. Jlafoparopuoto Moieaupatie
AaBa BL3MOKHOCT 34 NPOTHO3HPAHE HOBEJEHHETC Ha 0UEKTA IPH PasJHUBH YCa0-
BUS Ha KOCMHUCCKHA NOJET, 1ipU AH(EPEeHUHPAH HOAXOA, CBBP3AH CBC CHEUHH-
KaTa Ha H3CACABANVS TIPCIEC WAH Martepuas,

He tpatra na ce 3abpass, ue BAHAIMETO 112 KOCMHYECKHS BAKYYM BLPXY
KOCMMYECKHRTE Alla paTtH e CBBP3AHO ¢ IS KOMTIJEKC OT B'I)SI.lef‘ICTBHﬂ Ha pazfHugiid
(baKTOpH — CJACKTDOMATHHTHH ADBUCHHH ¢ HIKMUUTEINHO IUPOK eHeDprved AHa-
1a30h, NOTOUH 3apefeHH YaCTWIIH, METCODHTH, MHKDPOIDaBHTAIMS, TONAHHHO
BJIHSAHUE W AD. B TO3H CMHCBA KOCMHYECKATa Cpeiia € YHUKaJNHA H HeHHOTO KOM-
IIEKCHO BL3NPOM3BERAANE B 3eMHH YCROBHA e Hepeasusvemo. Hezasucumo or
ToBa 00ate nalOPATOPHOTO MOKCAHDAIle BB BAKYYM TIpPH OHPCACACHH YCAOBHS
€ OCHIIECTBAMO i 11eNecho6pasHo, KaKTO 34 H3y4aBade Ha OTAGNHH OpOLECH H
epexTH, TaKa U 3a Ch3JABAHE HA HAYYHO OGOCHOBAHH NDOTHO3H.

Cunram 3a cBOM NpHATEH ABLJT fa H3KAMXKa Gaaropapioct ua Mapx Hasuno-
BHY H}/CI-! HOB 3a nennara HI!(I)O]JMEIU'IH H NOJC3HATA JIMCKYCHA MO 3aCCrHATHTe 11&-
KpaTro I'[])Oﬁu‘lCMi-I. Ha KOUTO TOH [OCBETH MEOTD TONHHK OT TROPUECKH A CH JXHBOT
Hd YYeH H3CAeA0BATEN. Mﬂ,eﬂ'l‘ﬁ 34 HanueBane Ha CTaTHATA NnJXHA dHa Iero,
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floemwnusa na 27. V. 1891 &,

Some influences of space vacuum on space
equipment

Yulika Simeonova

Svmmary)

The infiuence of space vacuum on space equipment has
been considered that is related with gas absorption and emission, geometry
disturbance, adhesion increase, influence on tive cells. The genetal principles
of laboratory modelling and simulation of vacuum as a working environment
for the study of particular processes of space experiments in earth coaditions
have been stated.
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JlaTuuk 3a usMepBaHe Ha CTPYKTYpHH
1a3MEH U -TIapaMeTpy

Cmegan Hankwsros

Hrcmumym sa wocmuseckit wocaedpanus, BAH

34 nphB NBT B KOCMHUECKATA TPAKTHKA Ha BOPAA HA CIIBT-
nuka ,Firreprocmoc Bearapnsn-1300%, uscrpeasn npes 1981 r., e npusoxen ue-
TUPHUENEKTPOAEH ChepnueH HoHer yiosuren [1] 3a uaMepBane Ha KOHUEHTPALHA-
Ta Ha HOHHATA KOMIOHEHTA HA KOCMHUECKata nsiasMa. HaTuHKDBT NPeAcTaBfsEa
MeTaJeH CPepuuet KOMEKTOP, OKOJAO KOHTO KOHIEGHTPHYHO CA PazNOJIOMEHH aH-
THQOTOSNICKTPOHNA DPeIleTKa, aHANM3UPAIlA DELISTKA ¥ BbHIIHA MeTagla pe-
n1eTKa — OOBMBKA TOA ,M/ABALL" ROTENIKAL, PBbHIIHATA pelieTKa W aHaJIH3uDa-
LiaTa peineTka wMmaT KoeduuueHT Ha uponyckawe nap 0,5, aoxaro anradoro-
efieXrponnara — van 0,9.

B nacrodmara cratus ce Tperupa npoSnemnbT 3a U3NOA3YBaHe HA ONUCAHH
AaTHHK 34 MPOBEXAAHE NMOCACAOBATENHO BB BPEMETO H Ha APYT BHJ H3MCpPBaHe
HA CTPYKTYPHHTE NAAa3SMEHH NapaMeTpH.

ChlecTBYBa AHPEKTEH METOJ 32 OTpPEAe/sne Ha eNeKTPOHHATA TEMNepaTypa
[2, 3], ipn KOHTO 3a RATYHIU Ce MANOASYBAT ABE OTACHALN COHAM Ha JleHrmoup,
KaTO HEMPEKLCHATO Ce CNEflH PAs3/iukara MeXAY NPUNOKEHHTE HANDEXEeHHs —
CYNepnosKIUA Ha JUNeHHO W3MeNAIR C& H MasNbK 110 aMINIHTYAa CHHYCOHAaseH
CHTHad — Jla € nocrosHna. [lpasu Briedarsende, ue Makap u orpadoTCH KATO
UAECs, BRIPOCHHAT METON 34 HaMepBANe HAa EJAEKTPOHIATA TeMllepartypa chien 70-
T€ TORHIIM HE Ce HPHJIAra B KOCMHUECKATA [IPAKTHKA, TOBa HaBexJd 1a MHCHATA
34 SHAUNTCNHH TEeX{IOJOTHUHY 3aTPyAHCHHA NPH U3PAGOTKATA H KanHOPHPAHETO
Ha CHOTBETIHA NPHOOP, KOUTO OGE3CMHCAST NPHJNATAHETO Ha MeToma. Jpyro
BBIMOXKHO 3aTPYANCHUE B CAyuas ¢ HEOOXORWMOCTTA OT NMEPHOJHYHO NPEBKJIIOY-
BaHe NO BpeMe Ha HOJET HA JiBeTe COHAH! pa3MeHsiHe Ha MecTaTa WM HA BKJOY-
BaHE NOpaiH MOHTAXKHH W TONOROTHYHY {H3MEpBAHE B DA3NHUHM TOYKH HA APO-
CTPAHCTBOTO} Pa3NiKH B OTACNHWTE AEKTPHUECKU BEPHIH.

Ilo Bpeme ua cniomenaT#s KOCMHYECKH EKCHCDWMENT Oeiue¢ HanpaBed OMUT
A8 Ce NPHJIOKH METOADT 32 JIWPEKTHO H3MEDBAHE HA €ACKTPOHHATA TOMIEPATYPA.
HamepBatestiusT TpancdopMaTop, KoATO € TeXHONOFUTIHO Haf-HeyAOOHKAT KOH-
CTPYKTHBEH BB3es, {emie saMedeH C peaucropua Bepura [4]. CpuieBpemerHo mo-
PaRy HEH3BECTHOTC NOBEJIeHHE Ha TOTEHLMANA HA ofexTa (KaTO HOCHTEN HA H3-
MEpBATENIHATA ATlApaTYypPa 32 UPERB ABT Oelile H3MOM3IVBAN CHORTHHK THU ,Me-
TEOp™) BBE BBUpPOCHUS NpHbop Geile IpeABHACHA BBH3IMOXKIIOCT 3& CTRIAAOBHAND
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KOMAEeHCUPAHe Ha DOTenNHaniiv pasanky e +24 V. Kpalinuar peayarar Gewe
HETATHBCH: HEHPEKBCHATO C& OKAasBailie RKJIOUEHO CTBHAJOTO ¢ HaH-BHCOKA KOM-
neficyupama crofiioct Ha Hanpexenueto, Topa opesnpiia npuGopsT B reneparop
Ha CMYINABALTLHE CACKTPOMATHWTHY CHTHANH 3a OCTAHaNUTE COHNOBH H3IMEDHTCAH
Ha BOpAa Ha CHBTEUKA W HANCKH HW3KJAHUBAHETO MY 34 1QJAHA AKTUBEH EpHOR
Ha ChillecTBYBane na ofexTa.

[Tpepnara ce uetupueneKTpoRHUNT cihepuded HOHeHd YJOBHTEN Aa €& M3NOJ-
3yRa ¥ B PeXXWM HA RMPEKTell HIMEpHTEA Ha eJeKFpoHnaTa TeMrneparypa. Tosa
e M0Kasano Ha ¢ur. [, Ha KOATO CHepHUHHAT METAACH KOMEKTOP € NOBLPXHOCT
S3 e eiHAKBE 110 0N ChC CHOUPALIATA OBBPXHOCT S, HA PCUieTKaTa, H3NoA3Y-
BaHa IIpH RonHTe H3MEPBAHKS 34 aHAJH3IWPAE. Taxa KOJEKTODDT H pelieTKa
8, urpadar posnTa nHa JBONHA eREKTPOHHA COHAZ. MCXAY TAX € Pa3NOo/IONEHA
AHTHEPOTOSICKTPOHETATA peltetka S,, KOATC B PEXHUM HA H3MEpRAHE HA eJeKTPOH-
HATA TeMIEPATYPa € CRBP3AHA C FeHepaTOpa Ha ANHEHHO H3MEHAWO Ce Hallpexe-
nue. OsHadenusTa na dur. | ca, KaKTO CAeABa: 7 — IeHEPATOp Ha JAHHEHHO H3-
MCHAIIO C& HanpeweHHe; § —- reHepaTop fa CHHYCOHAANHO Hanpexenue; § —
CyMaTQp; & — ChUpPOTHBUTENHA Bepura;, /[ — NUQepellyaneH YCHABATEA Ha
NPOMEHAHB TOK; 2- - jieHTOB GUATHD, § — aMOIHTYACH JNeTeKTop; 4 — uiaTep
Ha HHCKA uecToTa; & — Audepenianen ycuBateqa Ha NROCTCAHeH Tox; [0 —
TRHEPATODP Ha TOCTOSIHHO Hamnpekeiine 3a adHTHOTOSNAEKTPONHATA PEHICTKA B
peXMuM Ha H3IMEpBaHe Ha HOHHaTa JaaMeHa KOMOOHeHTa.

HefictBrero Ha cxemara e caeanoro. COHAOBUTC TOKOBE, KOHTO NHPOTUYAT
Npes Pe3HCTOPHTE, e OBYCIAaRaT OT IPUDMKEHOTO CyMapho Halpexelue or Ha-
X0Jla Ita reiiepatopa Ha TPHOHONOPA3HO HANpeXelHe 7 U CHHYCOHRAJHHS reHe-
patop & {uecrora 6 kHz v ammnuryna 20 mV) npes cymaropa 9. [loayueinre
BBHPXY PE3HETODUTE CUTHAJN CE IONABAT KhM ABC HICHTHUHY BEPHTH, BRAKOUBALLY
CBOTBETHO AuGepeHiHaNiiug YCHARATEN (12 IPOMEHAHB TOK {, JIEHTOR QUATED 2,
AMANUTYREH AeTerTop § H GUAYLD Ha uxcka uectora 4. Maxonauurte cursanu ot 4
NDOCTHABAT KbM J.lHd)epE’.HLlHa'JIEH YCHJRATEN HA NOCTOAHCH TOK 5 ¥ macnBen Aeju-
Ten 6. Ilpuaaranero Ha cxemara ot ¢ur. 1 BCBUIHOCT Ce oclioBaBa HA OBCTCATEA-
CTBOTO, ue Op# CMCCBalic Ha AHHCHHO HIMCHMIEO Ce Hallpewedue Cbl CHHYCOH-
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Hanen curhian ¢ MaKa -'-.l]\rlfUlli"I'}’ll.'-], pesyaraTHiTe COHAoBH TOKOBE HpH pa3J181"3'
He B ped #a Pypue, cpabpxar cvraacto Telgop nbpsa XapMmonuusa, nanpaia
HHQOPMAIHs 34 CTOMHOCTTA HA NbpBATA NPOM3BOJAHA HA TOKA.

Camusir upraunn wa usmepsane e caepunar, EJAekTponnust ToK, ApOTHYALL
npe3 meranda COHAA, TOTONEHA B NJa3Mara u 3apefiena A0 NoTeHuHana o, ce
uspassisa ¢

z'(,-—--% Anev,

Keaero A e iaond Ha congata (CpSupamara nOBLPXHOCT), 1 — eAEeKTPONIA TABT-
HOCE, ¥ — Cpeiina CKOPOCT Ha e/eKTpoliure, ¢ — 3apsii HA CAcKTpoHa. Axo
AOTEHUMAADT HA COHAATA € OTPHUaTeNel N0 OTHOWEHHE HA MJA3MEUNS, IO e/ieK-
TPONia NOCTHraT CaMO eJICKTPOHH C RICPTHA, AOCTATLYNA 3a HPEOROAsBAlle 1A
CHHpaLaTa UOTEHNHANIA PA3AMKa, TOK®T B cayuas €

=1y exp (-5

KbleTo ¥ e noteHinan na conpara, k — xoucranta na Boanmai, T — enextpok-
Ha Temueparypa.

llpu nonoxurenen movenunan Ha conpata BOAT-aMIepHata XapaxrepHeTH-
xa (BAX) Beue iic e excnoHEHUHAANA, 4 3aBUCH OT TEOMETPUATA HA NAaTuvKa.
[pu npunarane sa passuBamo HaupeKeHUe KLM COBAATA OPe3 HES NPOTHYA TOK,
KOHTO B CHMpamiaTa ofnact onpeness excnonenuuanna BAX. Korato ape comiy
Ce Hamupar ol pas/iuusn notesuuann V, u V, B ciiupamara ofaact, 0T rOpHHTE
SaBHCHMOCTH CNEABA, ue

diy s e (Vy—Vy)
(d},; )W _EXp[ BT ]

Axo oveomenuero na AnQepeHuHaNnTe Ha TOKOBETE CE HONIBPIKA NOCTOSI HHO
¥ PABHO Ha 2, ejletpouiaTa TeMHeparypa ApH H3BeCcTHa pasauka V,—V, mexay
JANPeHKCHKNITE €

_ & (ViV}
kin2

= 1,67.10' AV [K],

xpiero Vi--V,== AV BB BONTORC.

Hsuckpanero 3a cucremd, B KOSTO OTHOLICHHETO Ha AndepennuauTe Ha To-
KOBETE NpPe3 COMAHTE Ce MOAALPIKA NOCTOAHNO, Ce YAOBALTBOPABA YPE3 HAMEHEe-
HHETO ta V' MeXAY COHMHTE JI0 NONYYABAHE HA OTHOIIENHE 2 mexay aHdepeHyna-
JHTE. (_:é!MO'i'O OTHOUIeHHe 2 e ])CF.HEMQHTH;)&IIO OT HBHOJB)’BHHE Ha pESI‘iC'I'OpHTe
Ry u R,, xouro ce pasamuasar 2 mbrH no ctofiuoct.

Ol’lMCaHEITa CcxXemMa MoMe J1a ce HI)HJIO}KI’I JASCHO H B pe}KHM Ha [{SMEPBE!I'[e lia
HOHHATA MJIA3MCHA KOMUOHCHTA DU U3NOA3YBAHE HA AATYHKA B TPAKHHRHOHITHA
MY DEXHWM Ha YeTHPHENEKTPOsell chepuuen HOHEH YJIOBUTES, €/UMHHHpAHE Ha
KJIOHa OT cepBocHeTeMara OT GMr, 1, ¢cBbp3all ¢ aHasu3upamara pemerka u Te-
JIEM(:‘TpHpElHe Ha H3IXORHOTO Haﬂpe}KCHHe OT COHAOBHA I(OJ’ICKTOP. HpH TOBA n0N-
TGARMY 43CT OT QJ’[(—EKTpOHHHTE 6JIOKOB(:‘ MOFaT Ja ce HSHOJ!3yB&'1‘ 663 HIMCHEHHE,
Taxa mpu nocowenoro amaparypno nudepeHuupanc NbLpSaTa NPOH3BOLHA 1A
COHUOBHN TOK RdBa ,H,HpeKTHEl I'IH(I')OpMaLlHH 38 I.:IOHHaTa KOHHEH'I'paHHh‘.
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. Sensor for measurement of. structural plasma
parameters -

Stephan Chaphunov

Sermmary)

T A new possibility of application of a four electrode sphe-
rical ion irap is described here, i. e. as a double electron probe for direct mea-
surement of electron temperature. Usually this probe is used for ion compo-
nent density meter in space plasma measurements. These new in type measu-
rements may be performed sequentially in time under the simple reswitching
of the sensor electrodes. During the realization of the experiment no particu-
lar sofistication of the measuring electronic is required since the majority ol
the functional blocks perform equal fupctions both in positive ion density mea-
surements and in direct electron temperature measurements.
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A zone GPS/GLONASS monitoring
network of the integrity and
navigation signals quality

Angel Christov, Orlin Tsvetkov

Space Research Institute, Bulgarian Academy of Sciences

In paper the state and the prospects for satellite naviga-
tion systems (SNS) GPS/GLONASS in Bulgaria are presented. Following
ICAO, sever requirements were- imposed on ihe integrity and accuracy charac-
teristics of air positioning, in the last flight stages. The potentialifies for con-
trol stations siting in zones of higher accuracy and integrity requirements of
civil users is discussed. Such station will provide continuous integrity and qua-
lity monitoring of navigation signals and function as NAVSAT pseudosatellite.

The results obtained from simulations prove the advantages of the proposed
approach,

I. SNS use in Bulgaria — state and prospects

Navigation is one of pioneer fields of utilization of the
first satellite, Jaunched on Qctober 4ih, 1957. The experimental results ser-
ved as basis of the TRANZIT and TZICADA navigation systems, proving ihe
advantages of such systems for more than 20 years. Now we are on the thre-
shold of configuration completion of the so-called second generation space
navigation systems — GPS NAVSTAR and GLONASS, having the potentials
to meet the demands for positioning of wide area of users. However, they are
designed and developed for military purposes.

In Bulgaria, SNS use was limited — mainly for marine navigation. The
reasons are as follows:

— lack of information among potential users; -

—~ 1o guarantees for civil-users bécause the systems arc owned by USA
and RUSSIA respectively, and are under military conlrol; ral

— comparatively high costs of users’ equipment;

However, the economic stabilization processes and the transport infra-
structure development in Bulgaria arc expected to rise the interest towards
SNS services. Besides, due to the geographic situation: and the groving trans-
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portation tralfic, development of the ground-based support for local (regional)
system accuracy and reliabilily is imposed.

The space navigalion and communications division at the Space Research
Institute is investigating into {he poleniial SNS difierential mode use in ma-
rine, land and air fransport, as well as research experiments for high-accuracy
positioning in the fields of geodesy and surveying.

2. Disadvantages of GPS and GLONASS

The major GPS/GLONASS disadvantages concerning
civil use incorporates technical, economic and political elements, namely:
1) air and marine users demands for accurasy and integrity are nol salis-

fied for certain ilight and ship navigation phases; )

2) both systems design and first stage took place in the cold war period as
mililary support systems and as such their acceptance as international navi-
gation systems is difficult. The geopolitical changes impose gradual interna-
tionalization on the systems and probably the control functions should be exe-
cuted by inlernational body, like INMARSAT. Thus, necessary guarantees
will be provided for their future civil utilization and maintenance costs re-
covary;

3{ another SNS disadvantage is the contradiction between their glol?al
character, the high accuracy requirements of civil users and pational secug‘lty
resirictions. For example, in military conflict regions, the sysiem desactiva-
tion is impossible without disturbing the system funclioning in other parts of
the earth. Thus, the future discussion and legalization of the following is needed:

— limits should be imposed on maximum autonomous positioning accu-
racy of objects on the terrifory, air-space and territorial waters of souvereign
countries via.global sateliife navigation systems;

— zones requiring higher accuracy positioning should be controtled and
defined by state authorities;

3. System integrity and navigation signal
quality

3.1. Integrity

- Integrity is lhe capability of in — time wornings emis-
sion during periods of redused navigation system positioning accuracy. Cri-
terion for integrity is the time, necessary to warn the user, while criterion for
decision-making whelher system failure is present is the real position accura-
cy. The civil aviation imposes certain requirements for navigation support
precision and integrity, depending on the ilight phases, see Table I [1].

The satellite navigation message contains information bits about health
status, but they may be erroneus for 15 minutes to several hours, to rectify.
There are three alternatives for resolve the above mantion problem:

1} Autonomous integrity control in the navigalion receiver. Then at least
6 satellites in good geometric configuration are recuired for detection and eli-
mination of satelliie mulfunclions, and if it is used a GPS/GLONASS receiver,
configuration complexity is enhanced, while response time is redused.
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Table i
The FAA navigation system accuracy and integrity requiremenis

Operationai Accuracy (2 drms) o [%tegrity
phase - me {o
Min, alt, Lateral Vertical 1 alarm
En route ; termingl 152 m 74 km 500 m 0s/30s
Approach landing;
Non-precision 76,2 m 3,7 km 100 m 10s
Precision T 30,5 m 91 m Im 08
Precision H 152 m 4,6 m 1.4 m 1s
Precision 111 Om 4,1 m 0,5 m 1s

2) Wideband GPS/GLONASS Integrity Chanel (WB GIC) [2], using 4
geostationary satellites. In this case, messages for satellite elimination may be
transmitted due to higher accuracy requirements for the landing approach.
However, the same satellite may fulfil the requirements for en rout or terminal
[lights (false alarm). Besides, it is possible to use a satellite in non-precision
approach, which signals, due to local, atmospheric or other jamming is dis-
turbed, but WB GIC does not transmit alarm signal (missed detection).

3) Selective approach for integrity support. Definite flight phases, like
ocean and domestic routes and terminal area, are WB GIC supported, while
the precision and non precision approach are ground suported simultaneously
with differential SNS mode. Ground support may be executed by wide-area
dilferential GPS /GLONASS (WDSNS) [3] with integrity control and zonal
differential GPS/GLONASS (ZDSNS) with integrity control. WDSNS advan-
tage is that the ground differential station number is limtited, however the
vertical accuracy 1'e%uiremeﬂt for precision approach CAT 1 are not satisfied.
Also, it has no capabilities for positioning accuracy control by state authori-
ties over domestic territories. That's why ZDSNS using is most appropriate,
where a receiver with pseudorange corrections in integrated dopler aiding mode
is sufficient for CAT I precision approach [1], while the phase ambiguity prob-
lem solution in real-time will ensure a precision CAT 11 and €AT 111 approach.
In Bulgaria, ZDSNS may be realised via two control stations (Fig. 1), sited
in the eastern @and western regions in the whereabouts of main international
airports,

3.2. Quality 2

Navigation signal quality characterizes the potential
positioning accuracy and is determined by the factors influencing the naviga-
tion measurement process. Thus, its control is connected with the systems in-
tegrity as a whole. The position coordinates for a given user are obtained by

seudorange measurements to 4 satellites and solving the basic navigation equa-
ion, whose linerized form is (1):
(1) Z=HXto,
where Z— measurement vector; X — state vector of the position coor-
dinates and user clock offset; » — measurement noise; H — measurement
matrix. .
Or the position accuracy depends on the measurement errors and satellite geo-
metry. The measure of the sensitivity o error inherent in navigation solufion
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Table 2
Pseudo-range ervors with and without differential corrections
Bias eriors Rg_':.g?;n Bias errors Ri'_‘f{:’if‘?
Source of error wo,;DGPS w/DGPS el
(Motors) wo/DGPS (Meters) wiGPS
s (1, Meters) el (lo, Meters)
Space segment and SA ervor
Ephemeris data 4,0 0,6 210 8 0.4
Satellite clock 1,5 0,7 0,0 0,7
Selective availabilitg 30,0 0,0 1,22%10 % 0.0
Communication link errors
Tonosphere 4.0 0.0 2x10 @ 0,0
Troposphere 0,5 0,5 0,5 3.5
Multipath a0 1,0 0,0 1.0

5 is the uset — reference statioff ®Eparation {in melers);
T is the age of correction (in seconds)

is determined by the termi geometrical dilulion of precision — GDOP

(2) GDOP== [Tr (HH)™'].

The major error sources, systematic and random, summarized in Table 2,

are due to:

— errors associaled with space segment, as ephemeris data, satellite clock

and selective availability S/A;

— errors associated with propagation of the signals in ionosphere, tropo-

sphere and multipath. .

Real-time quality control should be realized by permancnt estimation and
identification of the errors introdused by wvarious sources. .
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4. ‘Performance of zone- differential SNS with
integrity monitoring

The best estimate of posilion aceuricy is the aposterior
efror covariance in navigation solution

(3) Py=[HR-H4-P—}]-1,

where Py is apriory error covariance.

It is clear, that P depends on satellite geometry and error covariance in
navigation measurements. Hence, integrity monitoring will be based on geo-
mefry and navigation measurements accuracy assessmoent,

Goal of the simulated operations wilh primary 21 satellile GPS constella-
tion was investigation of the influence of user, satellites and control station
geometry on user position accuracy in controled zone. The resulfs show, that:

I) The position dilution of precision variation PDOP in the airport zone
towards PDOP in the control point will influence insignificantly the objects
positioning accuracy (Fig. 2).

2) The performance of differential mode by pscudolite will increase pos-
sible combination for measurement with PDOP<« 6, and if GLONASS and
INMARSAT-3 come into line, that increasing will be considerably (Fig. 3),

3) Considerably improving of vertical dilution of precision VDOP by using
ol a pseudolit (Fig. 4).

The navigation signals quality moniioring is performed (Fig. 5) by con-
tinuous assessment of the pseudorange and deltapscudorange measurements in
the receiver (all in view with appropriate “masi” angle} on the basis of local
atmospheric and satellite motion modells. Besides, in the error analysis block
ate determined offsets between local reference time and GPS/GLONASS $ys-
tem time and the corrections concerning lhe differencies between GPS and
GLONASS, Then in the decision —- making block, the most suitable satelli-
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Fig. 5. Performance of DGPS wilh fitegrity monitoring

— the four GPS/GLONASS satellite number with their pseudorange cor-
rections;

— orbilal data version for those satellites, i. e. issue of data ephemeris
{(I0DEY;

— control siation coordinates;

— time corrections to GPS and GLONASS system time, respectively;

— warning, i positioning with required accuracy is impossible;

The computation procedure is simpler for combined GPS/GLONASS re-
ceiver, if the navigation message contain also:

— clock offset between GPS and GLONASS system time; :

— correction data for World Geodelic system (WGS 84) and Soviet Geo-
centric Coordinate System {(SGS 85} local difference. _

It has been suggested that the GPS receivers already have capability te
demodulate data at any rate submultiple of the /A code epoch (and that will
enable to increase the advantages in the using NAVSAT pseudotite.

5. Conclusion

The accuracy and integrity requirements of avio users
imposed the idea for zonal integrity monitoring of SNS like GPS and GLONASS
simultaneovs with differential mode realization via a NAVSAT pseudolite.
The future solution of GPS/GLONASS institutional and international prob-
lems, or the NAVSAT concept realization [5], will provide for an independent
civil aviation satellite navigation system. Such system with NAVSAT pseudo-
lites, operating in universal coordinate system and utilizing also electronic
airnautical maps and satellite communications will be set an entirely new ba-
sis Tor flight support operations in all flight phases,
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Peruonafei koUTPOA HA HHTETPHIETa I
KAUCCTBOTO Ma CHTNAJHTE 0T KOCMUTLCKHTE
uasuraguonnn cucremu GPS/GLONASS

Ancen Xpucmos, Opaun Heenucos

{(Peawye)

B cratuara ca aunaaH3MpaHi OCHOBIHTE METGAH 33 pas-
petilasale ua npolaeMuTe, CRLPIANK C WHTEPPHTETA W TOUHOCTTY 11 CIVLTHHKOBH-
Te gapurauuongu cuctemu (CHC) — GPS — NAVSTAR u GLONASS n e uzno-
MKCIE CTPYKTYPaTa Ha CXCMd 3a 30HANEH MOHHTOPHHT HA HHTETPHTETA H KAUCCT-
BOTO HA NABHTANMOHHWTC CHIHAAK B KOMOWIapW# € peajuzupale Ha Andepen-
HAAEH pexiuM 11a paGora.

Mzxomaaficy o1 upcnophiute na Mexayuapoivara oprall3auka 3a rpadi-
Aamcka asuannis {ICAO) u Mewmaynaponuara mopcka oprauuzains {IMO},
NOCTABSILE TBHPAE BUCOKH H3HCKBAHUS HO OTHOWEHWE HITCTPHTETA H TOHHOCTHH-
Te XaPAKTEPUCTHKN HA DO3WIHOHHPAHC (4 CAMOACTHTE B 3aRLPNIBANIHTE (ha3H 14
OoJgCTA H Aa KopaGoBOAEHeTO NPH 11ABMAN3ARE B UIPHCTAIIMINA B BIBB BOAM C Orpa-
HHYCHA CBOGOSA HA MAHCBPMpPAIC, TO ¢ YAAUHO B I0HHTE, CBHPRAHM C TOA0OHY
HSTICKBAIMS Jla GBlAT HITPAAEHH KOHTPOAHM cTaunuk. Taxusa crtanume (Hcen-
LOCHTC/AHTH) HCHPCKBCHATO HIe KONTPONHPAT MATErpHTETA M KayecTBOTO Ha Ha-
BATAUMOHHHTE CHIHAAM M [HE H3MBJAHABAT 1IKOH 0T DYHKUMKTE HAa CIpTHUHNTE
INMARSAT-3, xarto:

— H3ABUBANE Tid HABUIALHOUEIN CHPUAM,

-— npepaBane ua januu 3a uaterpurera na GPS w GLONASS,

Ocrelt TOBa JOKAMIHTE CTANIHE e OCHTYPABAT AHQICPEHIHANHE KOPEKIIHY
32 UOCTHTANC Na TOYNOCTHHTE H3MCKBALHS 1a NOTpeSHTeIHTE B OBCAYMBANATA
30HA.
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Bhrarapcka awameuun na nmayyure. Bulgarian Academy of Seiences
Aepoxocwrucckn nacAenBANTH 1 Grartapns, 1. Aerospace Resvarch in Bulgaris
Codna. 1994, Sofia ;

Onpenensine Ha HIKOX aePOLHHAMUYHM
XapaKTEpUCTHKY HA NapailyTHa
CHCTEM2 TIO METOAA HAa IHCKPETHHTE
BUXPH

Leopeu Heanos, Bopuc Gones

Hucmumym so gocuwreckn vaeaedsnnin, BAH

Mexure cnupaunn cucreMy (napamyTi) ¢ pasainuna pas-
KPOHHA I'COMETPHST HAMHPAT LWITIPOKO NPH/IOKEHHE B aBHANMOHIATA H KOCMHYCE-
KATA TeXAUKa. Taxuata 0COGEHOCT Ce CHLETON B TOBA, Ue Te NPEACTABIABAT MO0
OGTEKACMH TTOBBLPXHOCTH {IPOIHIACMY i HENPOHHLACMHU), 34 KOUTO co peannsipa
O6THNANG ¢ OTKBCBANE f1a NOTOKA. !

Briipocute sa Baaumogeficrpue na NAPAUTYTIATA CHCTEMA € [IOTOKA C& CBEH-
AaT DG M3CALNBANC 1A UPOBJEMNTE 1ta 4€POLTACTHYIIOCTTA, GCHOBANA 1A ATAPATA
Ha nesnlieiinara aepoaniamuxa, Ha aBropute e ca uspecTiny penleHHuaTa na yxa-
avara sajhaua. :

B ocnonara na nocrposaanero va Mogeaa ma 06THUAUC ¢ OVKLCBANC 114 110-
TOxA €2 NOJOMENH NPCATIONOMKENHETO 34 HACAA I HECBHRACMA TEUTIOCT U MOTOADT
Ha auckpernure Buxpu [2], Pagrienan e HeocHcHMETpHYEH NapaliyT, B UACTHOCT
KynoJ ¢ kpheroodpasia paskpofina reomerpus. Hexa npuemen, e caen sapbpli-
BANC HA TIpoleca Ha pasTapiiie Ha KPbhCTOOGPasHHA NapamyT KyMONET MY e
NPUAOGHT HAKAKBA W3XOMHA HPOCTPAHCTBEHA (hopMa.

PopmaTa Ha HANBIHEHHS KPBCTOOGPA3EH mapamyr e nsobpasena Ha (HT.
la, a chorBereTBAIATA i PASKPOIiHA reomMerpust e waobpasena na ur. 15 (1 —
BhIKE, £ — JieHTa nepudepuiiua u kapxacna, 3 — tkan). Pas Kpoinara (opma
Ha KYTOAR Ha DapalyTa ce YOpMEpa no caeanss uauny, OrHauano ce Hapsapar
OT THRAHTA OCHOBH, OT KOHTO CAE/l ChiliMBalle C¢ NOJAYYaBa IAATHHIIETO WA Ky-
044 T1a RapautyTa. Ha onpeiesenu MecTa cc NPUUIMBA KapKacHa JeHTA B TepH-
(epuiina acita. Caejil ToRa Kb A0ATRS PLE Ha KyNo/ia KnMm nepudiepufinara aeu-
Ta Ce 3aKPenBaT BLOKETdTa, TCXHHTE CBOSOAHM KPAaHIA ce CLOMpaT B e/WH HJH
HAKOAKO Koyma, Oznanasame upes [s —- IBLOKHIATA Ha BBKETO, b — pasmaxa
Ha fapaimyTa, & — ([UHpHAaTA Ha JONaTKaTa .,

BeapasMeprinre  kuileMaTHyiu  mapamerpw, XAPAKTEPUSHPALIH  HEYCTANC-
BCHOTO ABHNENME HA TapaIryTa xato TEBLPAC TAJO, CA (PYHKNWH Ha BpemeTo f
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2
7 //3
L]
b
®ur, |

Q. b
(1 fr=0(th =PB0) =0 () =—,
Q. b o 7

'?«1:(02(7):T, g; =9 (1), 1= ub

KBALTO O € napamersp Ha Aedopmaiis; T — 6e3pasmMepHO Bpeme;, b — Xapaxre-
pern nigileeH pazamep.

Msphu mapawyra tpabba fa ce M3NBAHABA 33KOHLT 34 ChbXPAHEHHE HAa Ma-
CaT4 Ha rasa, T, €, B CHfa € YPAaBHEBHETO 3a HenpekscHaroct. [lpeanonaraficn,
uc BCHYKY Ge3pasMepiiy KHHETHUHH NapaMeTPH ca MaJAKH B CPABHEHHE C EAHNHULR,
CMATaMe, e ChIHECTRYBA TIOTEHUHAN Ha CKOPOCTHTE, CMYTEHHM OT TapamyTa, TaKa ye

&
az

dd
ox

o®
dy

(2) sz s W_r,f: -3 Wz:_'

[p#u pemapane Wa 3afiauata B HECBHBAEMa CPEAa ¥ NPY AO3BYKOBH CKOPOCTH
Ha noroxa (0==M < 1} e nenecvolpazuo Aa He ce THPCH HENOCPEACTBEIC HOTEH-
IHANABT HA CMYTEHHTE CKOPOCTH, 8 HAPAIUYTRT U BHXPOBATA CIEAa A & 3aMEeHAT
€ rasolxitaMAuny ocobeHoCTH, HaNphMep BHXDU. 3a ONpeNeNisHeTo Ha aepojuia-
MHUHUTE HATOBAPBAHUA € AOCTATHUHO A CE 3aMeHu [ApAMYTLT C BHXPOBE NO-
BbPXHHIA, Dasnosomesa HA $a3oBaTa OAOCKOCT M la €& Hamepd HalpeKeHHeTo
Ha HUPKyaauuaTa. AepollHAMHUNINTE XAPAKTEPUCTHKH Ha HapamyTa ce onpe-
ReNisIT HeTIoCPeACTREHO 0T HAMCPENOTO paslipefieieHue Ha HanpeKeHuero Ha BHX-
poRHs Cno# Ha 0azoBata MJACCKOCT N0 Teopemata 1a JKyKOBCKH.

Ilpy necraunoHapHO ofTHYAHE Ce NpaBH AoNyckase, ue OT pbOOBETE Ha Na-
pamyTa CXONBT HA DOBBPXHOCTHTC I TAHPEHLMANCH DA3PHB — BHXDOBH fie-
JIeHY, ABHKEU(H ce CJefl TOBA 34€[HO C WOTOKA, e LenpexseliaT, BeaeAcTBie Ha
o0pasyBaneTo ¥ YHOCa Ha CBOOOJHUTE BUXDU B CHOTBETCTBHE ¢ TEOPEMATA 34
IOCTORICTBD RBB BPEMETO HE IHPKYJAIKATA O 3ATBOPRELH KOHTYP npowma 3~
MeHEeHHE Ha HITEH3HBHOCTTA Ha NPUCHERWHEIHTE BUXPH, B TO3u cAyual Ha Ho-
CCHIATE MOBBLPXHOCT eIHOBPEMEHHO C& HAMHPAT MPHCLEAHUHEHH # CBODOAHHK BHX-
PH, KCHTO 3aMeHAT CYMADHATA BUXDPOBA [eJeHE.
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B nennnefinata TeopHs, KOraTo Ce PA3TAeKAA OFTHYAHE NPH KPaeH BI'bd
HA aTaKa, CALAATa H3BLI ,,()GEKTHH HE JeXH B Heropata OAGCKOCT, {ZMYTEHa'!‘a
cxopoct W, 8 nockocTTa Ha ,,00eKTa" € pazauyHa OT y/a, a HalJbXXHATE BAXDH,
CBHFAACHO C T@OpeMaTa Ha sKYKOBCKH, CH3JARAT ASPORUHAMUUHI HATOBAPBAHHA.
33TOBH KaKTo Hanpemm're, Ta¥a H NaNALXHHATE BHXPH ce napnan ][pHC'be,llH'
HEHH,

MarematiyeckaTa NOCTAHOBKA CHABPNA YDABHEHWETO 34 HCHPEKBCHATOCT
BBLE QopMaTta Ha ypapucHueto Ha Jlannac, rpaHHYHUTE YCJAOBHS Ha OOTeKaeMa-
T4 TIOBBPXHOCT, YCJAOBHATA Ha BUXPOBATA NejieHa W (e3kpaisata OTHAJLYEHOCT
or paame)leaHHH OJeKT K HEroBaTa CJena, YCAORHETO 113 I‘IHHJIH'FHH — )KYKOB‘
CKH, Hadanuure ycnorus. PopmMupaHero Ha BHXPOBATA CJefla BLB BDPEMETO Ce
ONUCBA OT jiMdepentivaliiy YpaBHeHNs Ha EBHIKCHHETO HA CBOOOAHMTE BHXPH B
HAeanmHa cpe,ri\a‘ T'E)]‘:I HATO Cpe,ﬂ.aTﬂ & HaeanHa, TO HUTRIIBUDBHOCTTA (ia BHX}’)HT‘Q He
CE H3IMEHS, d Ce MEIH CaMO TSAXIHOTO NOJ0MEHHe B npocTpancroto. Kanto B cra-
HHOHBPHHﬁ, TAKA U B HeCTaiLHOHapHHH c,ﬂyqai& Ha 06’1"}{‘-181{8 Ha napamy’i‘ﬁ, 3a-
BAYUTE Ca NEJAHICHHH M Ce CBEMAAT N0 OUPEASATHC UMDKYAANHATA Ha BHXPHTE,
fbopmMaTa M NOJOMCHHETO HA CJeflaTa.

OO0uikTe NOAXOAK Ha CXCMATH3ALNA HA TEUEHHMHTA € OTKBCBAHE Ha NOTOKA B
Hlea/THa HECBHEACMA CPEAA Ca H3J0MKCHH B |2], Te ca peanH3anpaly Ha MOARAH HA
TLHKH 3ApaBy HOCCUH TTOBBPXHOUTH. TYK TE3M HONXOAH ca pﬁ3ﬂp0CTpaHeHH Ha
CHANO AePOPMHPYEMH TOBBPXHOCTH, Ha PBOOBETC, KBACTC ¢¢ HalAOAABA OTKD-
CBaile Ha NOTOK&, <€ H3NbJAHSIBA XHIOOTE3ATA HA anIJII‘]T‘HH S }KYKOBCKH.
BHXpOB&Ta Caefia ce MOCTPOABA B HpOllQCﬁ la peinenyue ia 33}18"{8_’1"3. ‘{p(33 METOAd
Ha JUCKPETHHTE BUXPH.

[Ipuemame, ue napauiyTsT ce ABMXKH ROA BUBJI 1a ataka a-=30°, fe3 ninsra-
1€ B HAeanua BecB¥Baema cpeRa. I{pW NBUNKEHHETC HAa HapamyTa B HalbJleHo
CBHCTORITHE CE& peadiu3upa OTKLCBAHE HA HOTOKA O BCHUKuTE ARanajecer pnba.
TobKkaHTa Ha Kyuosa ce CuuwTa 3a HeNMpOHHLAeMa H HEPAlTerAiHBAd.

p=N+1 p=N
k=Nt k=N
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‘Pasraexpame uynofa Ha napamyta B XOPU3OHTAJAHA NpoeKius (pur. 2).
CBnpspame C HETO NPaBOBIBJIA KOOPAHHATHA cucTema (Oxyz, MOMECTRANKH HAYA-
JOTO B B LEHT®PA HA KYNOJAA pa napamyTa {8 paskpoiina reomerpus). ITopspx-
HOCTTA Ha: KymoOsia PascHuame HA YaCTH upes. upasH, ycnopeiny wa ocra Ox u
MUHABALY Tpe3 praoBuTe ToOUKK. CCl TOBa BCAKA YACT PA3NCJAME 1A JIEHTH C
paBia uppuna (ueseckofpasHo ¢ KYNOMLT fia Ce AeJH TaKa, ue BCHUKH JeHTH A
UMaT ApHBAHAHTENHO efinakBa wupHHa). CAcl TOBA NPC3 CPEAWTE HE ACHTHTE
peKapraMe JIHHWY, yenopesan wa octa Ox, H rd oboaHauabame upes & (uau p).
Homepaunsta soaum ot mscho Ha asso (k=1, p=1). Ha ceuenuero pejiH uer-
TPaAHOTO MpucsoABamMe:HOMep N, a ua unenrtpanmioro — N-+1. Caep TORa pas-
fuBame Kynosa 11a J€NTH upes npasu v, ycmopeasn ua octa Oz, Tloayuapame n
AentH ¢ wupuHa b/n. OT npecuuaneTo na auuBnTe k{p) U v OBBPXIIOCTT 113 K-
[OMa CC OKA3BA DPA3fCNEHA HA NPOCTPAHCTBEHH UCBHPHBLILAHHIM., |
[Ipu nsbopa’ Ha TMOAGKEHKETO Ha -~ AUCKPOTHHTE - BHXPH H DASUETHUTE TOUYKH LIe
USTIOJIBYBAME NDUHUHNNTE, 00OCHOBAa#H B JdHefiHaTa Teopus [1, 4] Pasraexname
ACHTa, Jlewama: Mexay: p—~1 u p ceuenus. OTHOCHTENHATZ KOOpR¥HATA:HA

»IPESHKA" DBO B CeuCHHETO p osHauaBame &y, a ua ,3afmua® — &, ‘OTHOCH-
TeAHaTa 'XopAA Ha CeUSHHEeTO e 6bAe: =R Mol ot T

' B el S PRI

& L = Rt

Cuivraliku iopMard Ha HoCeu(aTa NOBLPxHMHA H3RECTHR ¥ 3afafeHa Upea
KOODAMBATATE ‘Had BrNOBATE  Touxm (HA ;mpEHHua M ,3aiHus® pub), "onpeael
JAMEe KOOpAHHATHTE HA XapaKTepHUTEe TOHKM M BHXpoBara cxewmd. Ha meexn
YUacTEK Ha pascrosiHue 0,/(2n) or HeroBwi inpefien® yu6 loMecTBaMe Hanpe-
YEH BHXBD, @ Ha Kpas Ha ydvacThia — KOHTpoaHa Touxa {dur, 3) Hagarome
HHTE BUXDH Ce [oMEeCTBAT HA KpaWilara Ha pasueTHuTe JeHTH. :

Bheexwcname enunua cucrema ot osHAueHMS $4 XapaKTePHHTE TOYKH Ha K-
[O7a Ha NAapalyTd W 38 UHDKYJAN¥ATa HA BHXPOBUTE OTPASLUK B PASHETHHH

LY
Al

?-—-ww—ﬁ M0

Pur. 3
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! LTS )

I"I.,r: e

T At
£ "u =1
Sir ———

FER TN
I

@nr. 4

ol : ! . P
Momery or ppeme r (hur. 4). Hanpeunnre Buxp0BM UiHypoBe  mie Xapaxrepu-
3upame upea nomepara W (3anousafiky OT rope na ‘Rodv). Ha wynoda 1<pknu
B cucremure | (n+lsp<ndr) u Il (1—r=u<0). sl el peall Loy
Koopaunarure na xpauinata Ha BHEDOBATE OTPA3BUH CA e Nuaw' Gk
(l—r=sp=<n+r; 1| —r<k=N+41), a xoOpAMHATHTE H& KOHTPOJAHHTE TOUKH LI
ca &, mp_y & (0<v=n, 1=<p<N+1). lpn usuncassare Ha aepojlura-
MHYHHTE HATOBADBaHUf € HEOOXOAMMOC Ja 3HdeM .CRODOCTTA HR cpeinre’ Ha' Ha
IpeYyHuTe ¥ HalN'BXHATE OTPR3BUM Ha KYitoda Ha napauiyta, TexHHTE Koopims
HATH 03HAYABAMC CLOTBETHO ! i
S mh i spsn; 1=k=Nt 1),

ne nhk

+14 i Lk ; B
I S S L S

[lle namonssame H aHaJOTHUHA CHCTEMA 0T O3HAUEHUS (34 U{PKYJaUnMTE.
Honbaunutesnto BHBeMAAME HHAEKS $ WAM F, XADAKTCPUSUPAL MOMEHTA OT BPEME,
B KOATO Ca BLIHUKHAMK M7 c€ pasraexxpjar . Tegw iupxyaauuy. Uupkynamure
Ha CYMapHHTE HAUpEYHH H HAANLWHA BUIPH TUE . O3HAYAM I"gukk_l(lﬁpﬁn,

I=<k<N+1} v Ty ., ,, (I=p=n 1<k<N), wipxynaunure na csofonyaTe
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Buxpn B cuctemure [y [l me 6vaar 8,  (I<k<N+1, I<s<;) un A(l =<k

<N+, 2=8=r); uapkyasauuure Ha cOGOAHHTE HANPEUHH A HaANBXHH BUXDU

B cHeTeMute 1 u 1V me 6naar Bf&m(lz-—_:ugn. l=s<nu A;j(l <umn 2=<s=<r}
Koopaunature ma xouTponHuTe Touxy ca

; _ -
& 1= (Eop+Eap1) + 570, + 8,1),

I 1
(4) T]:::_l = _2_(nvp+nvp—1); g:‘:_[ = _'Q'(cup”i"gvp—‘.)'
v=0,1,2,...,n p=12,..., N+1,

I—IGJIO)KEHHETG Ha CpenaTta Ha RPHCbeINHEHUA HanpeyeH BUXDD Ce QNpenesd TAKa ;
1

H=—"5" _

1 o =
1 =5 {8ox + §0k—1)+—25— (by+b,_i)

1 1
(5) nﬂﬁ_: = _2_(71;1R+nuk-—l)s C::z_.i :T(Cllk'l"Cuk“l)'

l==p=n, 1<k<N41,

BbB Beexu pasueren MOMEHT r e HeoBXOAMMO Aa OIPeJeAH ;

a) CymapuuTe Ge3pasMepnu IUpKYJaUWs HA HANDEUHHTE BUADH HA napauyra
Y (I=susn, 1<ksNT1); _

) GespasMepHuTe UMPKYAAUMM Ha HanpeyHuTe C¢BoSOAHH BHXPH B CHCTe-
Mara Il (na musugra p=0), cresnm ot p16a B pasueTHHWs HHTEPBAN OT BpeMe,
T. e 3O (1<k<N+1);

B) fespaaMepuuTe UUPKYAALUMH HA HaupeuHuwTe CBOGCOARH BHUXDH B CHCTe-
Mara | (da quguAta p=n+1), cresmn oT pH6a B PASUETHHI MHTEPBAA OT BPEME,
T e v (1 <k<N+ 1)

Or peiwuamanero Ha 3afayaTa B npesxoaHuTe MOMeHTH (s=1, 2,..., r—1}
Cd8 MSBECTHH CyMapHUTE LHPKYJalMM HA HANMpPEYHHTE BHXPH HA Kynoda Ha Hapa-
wyra I'y . (I=s=r—1), nupkyaauusra Ha Hanpeunmure BHXPH B cucreMarta |
ﬁik)jl(lgssr—l) A HHDPKYJAIMATA HA HanpeuuuTe BUXPH B cucrTemara [ 83
(1=s=<r—1). Or Buxposara cxeMa (hHr. 4) cae/ga, Ye K'bM LBPBHS pajueren

MOMEHT r=1 He ycnsBaT Aa ce 0OpasyBaT HRRABLKHUTE BHXPH B CHCTEMHTE
LIL I ulv

(6) A = ARY — AB = AW =0, 51,

Uupkynauunte Ha BCHUKM BMXPH HA XyToJa HA napamyra ¥ M3BBH HEro Ce Ha-
PasfBAT UPEe3 M3BECTHHTE NHPKYJIALMH.

CeCraBasBauiuTe Ha CMYTEHATA CKOPOCT B KOHTPOAHA TOUKA C KOODANHATH
vo—t? v C:§~1 Ce HHAYUHPAT OT HANpeuHd | HANABKER BHXPH Ha KynoJa
Ha napawyra W cucremure L II, Il u IV #

(7) Wwr =W LW+ W T W vop—1 T Wi

vap—1 T vpp— Vovpp—Lls
OnpefennT ce no CAGXHMS HAYKH:
MN+i #H

1 L8 —
(8) ngpp-l I B 2 2 I—‘;} nkk—1 (wﬁgﬁ—: ‘_'thj;—i)-'_
k=1

= p=l
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N+l n

H — r TS 1TV ST S PRy
on z Z FZ wl-Ink (vap—I Uvap—l )
k=1 =0

Aranorauio ce ONpedeJaT H 3a OCTAHAJIKTE CbCTABARBANIY.
BeapasmepuuTe CKOPOCTH WHAA—1 g oopphh—1 guutlk g grgn+ink ce payueng-

ven—1 wrp—1* vpp—i vpp—1i
BAT 00 U3BECTHHTE (opmysH [2] 3a cie/uTe apryMeHTH:

wﬁﬁ;‘:;=w(§pk; Nuke Cukr &uk-—l’ Thwr—1» Cuk_—‘l; E,’.:g_p H:ﬁ_p C:g_j)a

U‘Z@Jﬁ:::}:ﬁf{&uh Nuse Gggka &ﬂk—l; n;ltk—-l; ,O;ng—h g:{g__p Tl:;__p g:ﬁ-_.l)y

wﬂ;}‘ff = WG N Cuir Euinr Mpitan’ Ciigris’ ;?_'1": Eﬁ;';é iC‘Jﬁ_'l), P
B [ . ' D A LELERNC LS 3§ RENN A - i

I - T TR o Bz 1T ol B q Obe? L oY
mﬁ;},i_g{‘" WGy Mk SOy Giagta Mty eLalitfn §§§_1: Hﬁﬁ-_p- Gﬁﬁ_'l)'
BT Tt T S P e P 1 TR LA 1 R S PR ST S TP . g
-OT yenoBHATa 3a HEMPOHHUAEMOCT -CAEABE, UC ,HODMAAHATA ChCTABAABAIIA

HA OTHOCHMTENHATA CKOPOCT HA KYNOJAZ, -8, DABHA Ha, Hyna. Tosa. ycjoBue ce ua-

g P v Vo ¥

ObAHABE BB BCHUKY KOUTPONHM TOYKH C KOOPAMMATH £1F, ., W2, ., LY | Ha
BCAKA BpDEMEBA CTHIKA. 3a IPOCTPAHCTBEH KYTOA €€ '3alHCBa Taka:: - . |

LT R

(9) ‘Zt}gup COS(}E, g)up+whvp COS (}1; Tij\!p +w§v;; .COS (E' .C)vp: :

= —sin B cos(n, &),—cosP cos{n, M.

Cymupaitku cKOpPOCTHTE, HHAYLUPAHH OT BCHUKH BAXPOBH CHCTEMH H H3IVBJ-
HABAHKY B KOHTPONHHTE TOUKH IPaHHIHOTO YC/NOBHE 33 HE(IPOHHUAEMOCT, MOAY-"
UdBamMeé YPABHEHNS 32 OUpejle/fHe HA Ge3pa3sMCPHHTE LKMPKYAAUHAH HA CyMapHuTe
BHXPH Ha papawyra I wek—y ¥ CBOGOJHHTE HANpPeYHH BHXPU B CHCTEMATA

[ 80, u s cucremara Il 3" . Task cucTeMa oOT ypaBHeHHR ce AONmbABE OT

YCAOBHATA 38 NOCTOAHCTBO HA UMPKYNauMsTa Io 3aTBOPEH TEUeH KOHTYP, 06-
XBRILALY pasyeTHUTE NeHTH. B pesyarar nonyuapame viept

] 1t A 0 1 a . v " . ] ER T

:'N-I-i. gt
¥ JIE T2 (1 T hfe—1 (3 B ATy __ FIr
(10) é" A rE whk—1 avpy—l + bgfc-—-l avpp—-—l + akk-—l avpp-'l J vap—l’
= =

p=4L2, ..., N+t; v=1,n; r=1, 2...

N e Im Y o i . 0d . L r—1 . ST p— ;
- v
(n 21, FS e T 88 =cpp— 2; Q) (+882p, > w1
= =

=1, 2,..., N+1:r=1,2... '

Koeduuuenture a ce ompemeast mo (bopMy.H, aHANOTHUHM HA H3NOMEHUTE
B [2]. Koepuuuenrure ¢y, ce onpesessr or wavaauure ycnoBuda, Axo npu
T,>0 KynoasT He cMyuiaBa MOTOK3, TO ¢,y =0

Heka 8 namen momeur, or Bpeme 7 xpast na cmoGomen BUXBLD Ce Hamupa B
Touka ¢ xoopaunatd &, n’, {7, B cneasawma mMomeHT r+1 Tasu Touka ce 1pH-
ABHMBA 110 BEKTOPA HA OTHOCHTE/HAaTa CKOPOCT HA NOTOKA KW AOCTHIa TOYKA C
KOODAUHATH

(12) EH=g A W= A =L v
KBAETO AT e pagueTeH HHTEPBal Ha 6e3pa3vepHOTO BpeMe,
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[Tpr pasuer na HecTauHOHADHO OOTHUYAHE HA TBHIKH HOCEHIH NOBLPXHOCTH &
nenecsofpazHo jga ce H3bupa Ae~I/R, xbaeTo R e fposT na AKCKpeTHHTE
muxpu 3]

Peinednero 4 cucremara ypasuenus (10) w (11) b8 BCexn pasqueH MoC-
MEIIT 7 ce UPOBENJA HESABHCHMO. 3amousame ¢ r=1. Torasa /7 _ =2nf (&7 .
e, G5,y Ti) ¥ DONOXKEHMETO Ha CBOOCNHMTE BHXPH e u3BecTHO. Te aewar

B INIOCKOCTH, AOMHPATENHH KbM KYNOAR N0 JHHHHTE HZ HErOBHTE NOAHH PLOOBe:
CHMETPHYHO 10 OTHOIIEHHE NA HAH-CAM3KUTE BUXDY Ha KPbCTOOHPA3HHA TAPailyT
{na auzauTe p=0, p=n+1, £=0, k=N+1). llpu Tona ychoBue n3uHCAABAME
xoeduUHeTUTC Ha JIGBHTE YaCTH HA YPABHEHHATa, DEllIaBaME .CHCTEMUTE (10) 2
(11) u onpenensme uupkynaumate T'L ., ., 8O "u 3@ . Tlo Tesu cToitsoctH
H3UKCARRAME LUPKYNAalMHTe Ha OCTaHaJmTE BUXPH 4 ¢ pomolnra Ha (12) nocrpos-
BAME TOJOMKEHHETC Ha CBCOOAHHTE BUXPU NMPH F=2 U T. H

Peinapaiixu cuctemute (10} u (11}, namupame <cyMapHUTe LupKyJanad Ha
pHCDEAHHEHHTE ¥ CBOCOJHUTE UANPeYHH BHXDH Ha NapanlyTa B PAUETEH MOMEHT
r=1,2,.... a clen TOBA ¥ HA HANDBXKHHTE BHXDH Ha [apauiyTa. 3a onpefe-
ASHE HA AepONHHAMWUHHATE HATOBAPDBAHHS NIE H3NOA3BAME HeMOCPCACTEEHO HH-
rerpana Ha Kown — Jlarpamx [2).

PespasmepyaTa MHTEH3HWBHOCT Ha pasnpe/le/ieHnsi BHIPOB CJIOH Cce H3pasdea
ypes IHPKYAUHUTe Ua AHCKPETHUTE BUXPH
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ViaMenenuero Ha CyMaDH&TAa LHPKYJAZUHA 0O HOHTypa L Ce #BRBA BCIea-
CTBHME Ha B'h3HHKBAHETO M CX0J8 0T HOCELIaTAa NMOBbPXHOCT HA CBOSOLNH BHXDH
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Toea usMeHeHHe NpoTHYAR B Teycuue Ha Oea3pasMepes OTPAFbK OT Bpeme
At. TIpd MasKa cThOxa MOME Ja CC [pHeMe, Ye

6r£epp—1 é‘rbp;:-!

(1) 3 A

~ Ilo ussecTHHTe aepoiMHAMHUHH HATOBAPBAHUS upe3 CYMMPaHe N0 HOCEN[aTa
MOBBPXHOCT HAMUDAME DAsNpefieleHHTE ¥ CYMAPHHTE XapaKTePUCTHKH.

- Cues mecnioxuu npeoOpasyBaHHs OKOHUATEJRO Ce MoayuaBaT QOpMYNHTC 3a
pd3veT Ha DASTPEAENieHHTE W CYMapHHTE aepDOAHHAMHAUHE xapamepncmz{n Ha
napamyTa
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Determination of some aerodynamical
characteristics of .a parachute system by the
discrete vortexes method

Georgl {vanov, Boris Beney

(Summary)

The paper is aimed.at the study ef {he nonsiatjonary
characteristics of a crossiike parachute. The malhematical treatment of the
problem for the study ol the parachuie system movement has been outlined..
The principle of schematization has been shown, the vortex siructure has been
computed and an idea of the disposilion of the vortex systems and the control
points has been provided. The equation systems have heen defined by the sol-
ving of which the unknown circulations are determined. Formulae for the cal-
culation of some aerodynamical characteristics of a parachute system in an
ideal nonshrinking environment have been provided.
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Buarapexa axagewus na nayxure, Bulgarian Academy of Sciences
AcpOROCMHTECKH H3CICABANNS B Brarapusi. 11. Aerospace Research in Bulgaria
Codrin. 1994, Solia

[TpocTpaHCTBEHO T1OJIe HA CKOPOCTHUTE,
HHAYLMPaHH OT BUXPOB OTPA3BK,IPOU3-
BOJIHO OPHEHTHPaH B MPOCTPAHCTBOTO

leopen Hsarnos

B meauweiinata TeopHf Ha HOCEHIMTE MOBBLDXHOCTH € YAOG-

HO B K4YeCTHOTO H@ OCHOBGH BUXDOB eJIeMeHT & Ce Dasriewa [pasonyHeeq
BHXDOB OTPHASEK, NPOH3BOANO ODHEHTHPAH B ODOCTpaicTeoTo. fla paardedame
BHXPOB OTPH3LK € ABAKHHE [, ¥ HUpKyaauus [, DIPOM3BOAHO OPHEHTHPRH OT-
HOCHO KOODAMHATHATa cucrema Oxyez (dur. 1),

Hexa ypes A 03HaUMM HAYANOTO Ha BHXPOBHR OTPA3ELK, & 4pes B — xpad.
Touxure A # B umar caexnnte koopauuard: A(x;, vy, 21) ¥ Blxg Va 24).

3a ya0GCTBO BbBEKIAME CAeNHHTE §E3PASMEDHH BEAMYHHH :

Z

o T b e e e G

X ¥ z X B z
G=%> M= b= b= W= L=

KbleTc b e xapaKTepeH JihHeeH pasMmep.

Ceraacho ¢ dwur. 1. oswavaame c @ pascrosrMero AM, ¢ ¢ — MB, ¢
f — nepnenaukyaspa ot touxka M kM AB, ¢ [, osHavaBame ABJKHHATA Ha
BHXPOBHA OTPAIBK.

CkopOCTTa, HHAYUHpAHA OT YKa3aHusl BHXPOB OTPsSBK B T. M{X, Vo Zoh
cbraacHo ¢ fopmyaara va Buo — Casap e

r
{2) W= 47; {cos o, - COS t,),

KBACTO /2 € DA3CTOSHHE Mew Ay TOUKATE, B KOATC ONpejeasMé CKOPOCTTA U
BUXDOBUSl OTPHIFBK; O M 0p— BIVIM MEXAY NPHCHEARHEHHS BHXBD M OTCEUKHTE,
CLEAUHABALIM Pa3TACHAAHATA TOUKE ¢ KPAUUIATE MY. '

[TpoexuunTe Ha cMyTeHaTa cropocT Hd ocure Ox; Oy, Oz ca

W,.=Wcosh,,
3 Wy = Wcos B,
W,=Wcosl,
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M (. Z5)

B (x, v, ;)

X

Pur. [. Hauxcnasaue ua cxopocrnre or BHXpPOBH A
orprsLk AB, npom3sonno ophenvupan s npoCTpat-
CTRUTO

‘brante By, 83 u B; €& BLAH, KORTO CXJIOURA HOpMaNATZ KBM IJIOCKOCTTA
ABM ¢ ocute Ha xoopauHaTHaTa cucTema. IlOJOMHTENHOTO H2IDaBJeHHe HA
HOpMaJaTa ¢ ChraacyBa C MOJNOMHMTENHOTO HanpasxeHue Ha I'y. Tps6sa xa ce
HaMepAT BEIHUHHUTE, Banaamy B (2) u (3). 3naem xoopluHaTuTe HA BbDPROBETE
Ha Tpubroanuka, Cbraacne ¢ ¢ur. | ypaBrenwmsTa na TPHTE CTPaHH HA TPH®H-
I'bMHHKA Cd

*—n _y-n _ z—z ,
Xa—X1  Va—W Za—2

X—x y— 2—zy
@) o - L,
Ko—X1 Yo—W1  Zp—ay

X=X V=V _ 2—2%
La—Xy  Ya—Vp 23—2
‘Draute oy u oy ca BrAM Ha mMpeckuane ma npapure AM n BM ¢ npasara
AB, a penuuuHaTa £ € pasCTosHMEe oOT Toukara M no npasara AB. Cnego-
BaTeHO:
(1= X1 — Xo) + (1 — Vo) 31 —)) + (23— 25)(2 — 2,)
5 V=X + (3 = Yol 4 (21— 20V (Ha — X1 P+ (Vo — 31 P (2a—21)®
6 COS Qs s (% ~x,}(.rg—xﬂ)-!—(y,—_vl){yz---713!0)4-[23—_3_.)(_22—-29) _,
: VO — )T+ ( oy PP+ (25— 2,2 V=2 P+ (32— 21 )

cosuy =

KBELTO

\/(xl'_"‘xl})‘ —~(¥1—3o) ‘{‘_(23’1—30)2 =AM=gq,

& AepoKoUMHYCCKE H3CJCHBANHS b Buarapus, 1f 81



J(x,——icg)“ +(Ya—Yo)* + (za'zo)n_:BM=Cs ;
Vixa—x1 )2+ (¥a — 31 + (zp—21)? = AB,

b VG =P (=30 P (Z1—20P + (51— %) (Fa—X1)H(y1 =) (e =YD +(21 —%) (za—2)P
V=21 B Ya—y 1) Hlza— 20

3a onpejensHe HA HAMPABJABALLMTE KOCHHYCH HA HOpPMAnaTa KbM IOC-
kocrra ABM sanmucBaMe ypaBHeHWETO Ha NIOCKOCTTA:

®)

Ax+By+Cz+D=0.
Torasa

a::os[31=-.—-~'-'1 E

B

JA2+BE+C?

cos 832 “C:f‘_ e o
JATL B Ce

HeoOxomnmo € na ce Hamepﬁr,_xoe@fﬁunemme A, B u C. 3auears ce pas-
TAeMa YPABHEHWETO HA naockectTa ABM, munasaia npes TOUKHTE A, BuM:

(7

- co8By=

“ X—X YV—¥ 22—
(8) Xo— Xy Yo—¥i Zo—2 |=0.
Xeg—Xy Ve Vi %2
Wanonasysatixu (6) n {8), ce noaydasa

A=(y—y)z1—20)—{Ra—2)( }1— o)
)] B= (32—zl)_(xl—'xo)—(xz—'xi)(zl—zc)s

C={xq— X J17Yo)— (¥a—¥ ) X1 —Xo)
Boeewm gaMe GespasMepPHa CKOPOCT
_ 1tk
(10) W=-w.
Torasa, chraacio (2} v usnossysaiiky (1) nmoayuabame
(1D w:—-lz('cos u +costg), & LI
2k b
[MpoexyrHTe Ha Ge3paaMepHaTa CKODOCT HA KOODAMHATHHTE OCH Ca
wx=$ {cos u;+cos uy) oS Bs,

(12) 'wy=2-1;_(ccs ¢, + COS ty) €08 By,

W= 5%((:05 &+ €0S €y) CO8 ;.

HpeMHHaBame KbM GEBPESMQPHH KOOpAHHATH M BhBEMIEAME CACJHHTE oa=
HAYCHHWA
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4y =(N3—n)(€—Lo)—La—Es) (N — 1),
be = (Cs —E(& _50)_'(52 =& —Coh
Co={Ea—E) (M — o) —(Ma— 1 )E;—E,).

(13) a=\E =L+ (-1 + C—Co,
e=VE&—Ey+(ny— e+ (Co—Lo,
=6 —85) (&1 —Eo) + (1 —ng)(m, — M)+, —La)(6:—Lo)
ar=Ea— 8880 (e —N (M — o)+ Ca—E:)Cq — Lo)r

Torama Gopmynute 3a npoexumute ‘Ha Gespasmepunre CKODOCTH ¢e Npeh-
CTARAT BLB BHIA '

; 0,5 a4 ( ay | ay
W, = S a5 | = — |
T ag-{-bé—}-cg a * )

(14) .1 (“_t +“_2).

ST )
ay +b; +ej
0,5 ¢, ( a ay )
a} +bi4d \ @ ¢

[Tpu £—0 ckopocrute Ha BUXpomus OTPE3BX CE& CTPeMT KbM OeskpaiHoCT
Mpu 2=0, cregsa:

W, =

(15) Wixgizy = 0.
Ot (15) u (7) cnensa, ue npy A=0
(16) a2 +-b2+¢2=0.

CnefoBaTelHo, a0 B NpoLeca Ha UAYHCAGHHSTA Ce TONBH paBencTBOTC {16),
TO CHEABA, Y€ Wiy, =0,

[ipn pemasase ma craumMoHapuu 3afaud e yZoGHO Aa ce [oA3yBa NB/MKHU-
HATa HA BHXPOBHA OTPA3BK [, W HETOBHTE HANPABJABALLA KOCERych cos(l, X),
cos{l, ¥), cos(l, 2). Or pasescTsa oT THna

Xp— %
»

cos(l, x) = B

cos ({, ¥) :J’L;i"—,

coc{l, z) 2R,

HMaMe
Ea=E + Lo cos (U, x)
(A7) Ne="11+ Il cos{l, y),
Lo=L1+ fycos (U, 2),

KBALTO L,={/b e OeapaaMepHa A'B/UKHHA HA BUXPOBHA OTPAIBK,
3a Hamupane Ha Ge3pasMepPHHTE CKOPOCTH 3HAUEHMATA HAa Ea—E) (Mo—ny),
(§a—C;) samectBane B (13) B cborsercrBHe cbe (17). [Toayuasaxe
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tp=Tocos (b )61 —Lo) —To 08 (¢ &)1t —1p)-
bo= Ty cos (L. 2)(&— Ey)— Tocos (l, X —Co)
o= Iy cos {, x¥my—mnp)— Eu cos{l, ¥{&—%&o)
a={&—&P+m—noP+ (i — 5o

¢ =V(E—&+ Ly cos (b X))+ (m—ot Lo cos (L ) + (G +1 cos (. 2)),

ay= (—Igeos {, ))& —E)+(—Ly cos (f, ¥)m—ng)+ (=L cos{l, 2)) € — &)
ay=1lycos (l, x} (§,—8& + lycos (I, x))+ L, cos (f, y)ny—np s cos(ly 3))

+1, cos{d, 2) (§i—Co +1s 08 {4, 2))

[lonyuennre auaueHuss usnoéassame BLB opMyad (14) sa mpoekuuuTe Ha Ges-
Pa3MEDHHTE CKOPOCTH,
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ffocmsnuaa na 26. X, 1993 2

Spatial field of the velocities induced by a
vortex piece arbitrarily orienied in space
Georgi Tuvanou

Summary)

A rectilinear voriex piece arbitrarily oriented in space
has been considered as a basic vortex element in the nonlinear theory of bea-
ring sutfaces. The formulae for the nondimensional velocities caused by a
vorlex piece with length {, and circulation T', have been derived.
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Codwisi. 1994, Sofia

Moauduxkauusta Ha JeKM CaMOJETH
ype3 3aMfHa HAa BUTIOMOTOpPHA rpyna
KaTto TpobaeM Ha CraprosaTa Mmaca

Humumzp Hopdanos ]

Hucmumym 30 xocsumeckt wacie@eantin, BAH

Mofudrimpaneroc Ha CAMONETHTE WMa 32 e OpH MHHH-
MaJin PasXoAn ha €€ HIMENST Onpefienedd XapakTepUCTHKM U AA ce PasuiupH
chepara na NPHAOKENHETO WM. B usaoto pasHoobpasue 1a ChIIECTBYBAILUTE
MOAH(DUKANMY € BHANpHeTe [1] Te na ce KAaCHOHLUMPAT YCAORNO R [iBa THRA:
— »MAAKH", KOHTO Hie BEJIOUBAT NPOMEHHU B FEOMETPHATA, HJOUITA H CXe-
MaTa Ha HOCEUIHTE NOBLPXHOCTH (M3MENCHHATA O0XBAlAT Ah/IKUHATA H AHAMET b~
ba Ha TAN0TO, saMfiHaTa HAa O0ODY/iBaHe, BHTVIOMOTOPIATA I'PYNa, BLTpeinHata
KOMIIGHOBKA),
— »ABAGOKH", KOFaTo CC HPOMEHS TEOMETPMATA B HIHPOKH TPAHULE (TNION]
Ha KpHAOTO Sy, A0 20%, NAOH] HA OTANHHTE ACCKOCTH Sop A0 25% u Ip.}.
Ha#i-uecro cpemanara mopudmranus opu Jckute caMoJeTH e 3aMAHATA Ha
CAHa BHTIOMOTODHA TPYNa C Apyra, TPHTEXKABAINA NO-MOIEH ABMraren. He-
SABHCHMO 4C TOBA CC OTHACS KBM KaaCa Ha MANKUTE MOAUGDNWKAIMH, IpH 3aMAHa
fa ABHTATeN KOMIMICKCHO CC NMPOMEHAT KadecTBATa HA CaMOJICTA — YBeJAHUABAT
CE MaKCHMaJMiHATa CKOPOCT W CKODONOREMHOCTTA, HaMaqfBa e pasfersT npH
Haaurane. OCBEH NONOMHUTERHUS eheKT OT MONHDHRALNATA PH 3aMsiHA HA CALA
BHTAOMOTOPHA TpyNa ¢ Apyra {Mo-mMONiHa), C€ TNOABNBA ACULAHUTENIA Maca,
KOSITO NPCAU3BHKDE OO0 YBeAMUeNHe 1IA CTAPTOBATA Maca {OOHKHOBENO [G-TO-
AAMO OT AoNBALIUTENIaTa Maca). UKonuartefHaTa roAeMula Ha 1HOBaTa CTAPTOBA
Maca MOXe a OhAe 5oNyHena TOUHO OT PeleliHeTo Na YPABNCHHETO 32 MACOBHS
Ganauc. B naii-oful Bug TOBA ypaBHenue NpelicTaBAsRA CyMa OT OTHOCHTENMHUTE
MAach Ha rJIasHHTE YACTH, FOPHBOTO, NOJAE3HOTC HATOBAPBANE H EKUNAKA U € paB-
Ha Ha eNHUnIA.

ke i g +on - Hlos, anp— My +mrop+meii Moy, = 1,
ﬁ?i

KBHeTo Hi; = a
[

e OTHOCHTenHaTa maca; G, — cTaproBaTa Maca,

OtHocHTeAHUTE MaCH Ha KOUCTPYKIHATA {(Mpy My, Mo, Myon) €A CIAOMHH
GYIKIMY Ha JETATENNHTE H IEOMETPUYHUATE XAPAKTEPUCTHKH, /Moy € BYHKLUUA Ha
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MOILHOCTTa lia ABHTATEAS, Mg, € QYNKIME HA JANEUWHATA g UOJETA U CHeHH-
(huuHAS Da3XOA Ha TOPHBO. MacaTa Ha eKWIIaXa M (IOJE3HMAT TOBAD CE 3a4aBaT
OT [IPEAHASHAHEHHETO HA CaMOMSTa.

Peweninero na ypaprennerc 3a macosusi Gafianc cTapa upe3 UTepailMOHEH
Npouec B MatTeMaTHYHN Moo, PanuoHaauuTe peuieHns npd GopMupate obJinka
Ha caMofera MOTaTt Ja Ghjar HaMepeHu CaMO e}l alia/iMs [ia PASKPHTHTE OT
MOJICJIHTE 3aKOHOMEDHOCTH,

Beeku matemaTuuen MOAEN MMa HauafHE YCAOBMA M B DESYATAT Ha Demre-
HUETO.Ce MOMYuaBaT 34BHCHMOCTHTE Ha H30DaHUA 2a ONTHMH3ALUN KPHTCPUH OT
3afaBaHUTe KATO HAYAJHM YCAOBHA UapaMeTpu. 3afauara N0 NPHHLHIT & MHOrO-
nDapaMeTpryda, HO aHaliM3HMTeE H MHOFGﬁpOﬁIIHTe peuienyd HOKasear, 4€ ¥Ma Ha-
YANHH JAHHY, KOUTO €& ONpejpensiid ¥ UaR-CHIHO BJHSAT BBPXY HPUETHH 3a
KpuTepuh napamersp. [Iposexxianero Ha MIIOTOBAPUANTEH PASYET C TAKDB ONpeE-
ASARAUL NMapaMerTsp Kare apryMeHT OOHKHOBEHO §hp30 HRIARABA PAUHOHANHE H
ONTHMAMHE peuleHHs. 32 aHaNM3 Ha PE3YJATaTHTE C€ NOAGHDPAT BAPHAHTH, KOUTO
YAOBACTBOPABAT HAUANHUTC yCJOBUS B HIMPOK AWANA30H OT H3MEHCHHE lia Oipe-
BeASH(MsT apTYMeNT. Pa3ueTuTe ¥ aHANMIET UM €2 BB3MOXKIH CAMO C €JEKTPOHHO-
HIJHCAUTEAHa TeXHUKA.

B3 ypasiienuero 3a MacoBua GafaHe cTapToBaTa Maca (G, € OPraHHUYECKH CBBp-
3aHa ¢ FreOMETpHUIMA, JeTaTeJini, AKOCTHH W CKCIJICaTaANHGHHN XApaKTePHCTHKY
W jia MPpaKTHKA ce APOABABA KATO HHTCCPAMCH KpHTGpHI:,I. HOPZUIH TOBA DOTHMAE -
HUTE WM PAUHOHAAHNTE DEWIEHHS €A OKOAO MuluMaauata Maca. Ha ¢ur, 1 e
Hajiena $JOKOBATA CXEMA, a CJIef TOBAa (YHKUAHTE 1la GJIOKOBETE 2a ABY Marema-
TUYHH MOAENA, KOWTO €& pPa3iuyaBaT 0O H44aJiH YCJAOBHA.

Mopnen 1
BJIOK 1| -— naswy ¢yukiipu ¥ ynpapjeHHe Ha fporpamara
BJIOK 2 — Breexfiane Ha HauadllE JANGH
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BJIOK 3 — Onpegensue ua FeOMETPUUHHTE XapaKTePHCTHKH H HeOBXOHH-
' Mata MOILHOCT lia JBHTATelNsi 10 YCMOBHA 38 MaKCHMaJIHa CKO-
: pOCT ¥ 3ajafieHa JB/KHDE Ha pasfera -

B.HOK 4 — Pemenue na ypaBHEHHETO 38 MACOB OaJfaHc

B.HOK 5-—MHOI‘OB3pIIaHT(‘lI pasuer 3za ONTHMH3ALUS HA cnequJHQHoTo
HATOBAPBaHE Ha KPUAOTO NO YCHOBHE 33 MHIWMAJIA CTAapToBa
Maca

BJIOK 6 — Pesynrat ot pasuera 3a auanus

BJIOK 7 — BaBex/iale Ha faHHH 33 KOMNONOBLUHHS 3aMHCHJ ¥ CXEMaTa

' Ha camoJsieTa

BJIOK 8 — Paauer Ha MOMeHTHU XapaKTepHCTHKU, KOMIOHOBKA TIO' YCACBHE
32 NPHEMJAHDBA HAANLIKHE CTAaTHUHA YCTOAYMBOCT, AHANA30H Ha
HEHTPORKH d

BJIOK 9 — Komnouwoswuna Tabauia

BJIOK 10 — [leuar ua pesysrarth

Moneuu--, 2 .

BJOK 1 — FﬁaBHd qbyHKuHﬁ W yndeJIEHHE Ha mporpaMara
BJIOK 2 — BopexpaHe Ha HayainnTe JAliE¥ B MOIIHOCTT4 HA H3Gpanus
. EBHraTen :
BJIGK 3 — Onpeneasue Ha, FEOMBTI}H‘-IHHTQ X4PAKTEDUCTUKH U xapax’repim-
' A TE JIETATCHIM BAHIM _
BJIOK 4 — Peurenue .na ypaBHenueTo 3a MacoB Gananc !
BJIOK .. 5 — MuoroBapuautes pasder ¢ apTyMEHT CNeunUuHOTO HATOBAp-
Ballc HA KPUAOTO P,
E.HOK 6 — Peaysraty oT pasuyera 3a ananua
SBIIQK 7 — - BeROXK A HE HA JAHHH 33 KOMOOHOBBUHMUS 3aMch1 W CXEMATa HA
ST i . caMoJieTa
5=B:HOI:{, 8.— Paguer na MOMEHTHY XaPAKTEPHCTHKH, KOMIIOHOBKA TNO YCAOBHE
A 84 IIpHCMNHBA, Ha,[[.ﬂ'b}KHd (;Tcl [HUHA yCTOH‘H‘lBOCT AHanal0H Ha
: OEeHTPOBKH .
BJIOK . 9 — Komnonosnhula Ta6auia
. BJIOK 10 — Ilewar na pesyararu
. ITepBusiT. MOZEN OTPENie/Isi PAa3MepHTe, MACATA H KOMROHOBBYHATE NAlHH Ha
CAMOJET, CBC 3aRaJLHH KaT . LHadafliy .CASAHHTES AAHIIw.
. — X8PAKTEPHCTHKH HA NpopuSia Ila KPHJIOTO;
-~ DB3MONCHOCTH HA MEXallH3AauWATAa HA KPHAOTO;
— MakcuMaJiHa XOpH30HTAJHA CKODOCT IIpH 3eMsiTa,
-— NBJKMNE Ha pazfera (3aCUJBAHETO) TIPH H3fHTaHE;
— CNeuu(pUYHO HATOBAPBAHE HA, KPUJIOTO;
— YHEBJOKCHHME 1a KpHJIOTQ,;
— Maca Ha eKWNaxa ¥ AOJe3dus ToBap;
—- Maca Ha FOPHUBOTO.
‘B pesysTar ia peieHHETO 52 I'bPBHAT MOAE Ce NOYYaBa TOUHATA I‘O.H&MHH&
Ha CTapToBaTa Maca, HeoGXONMMATa MONIHOCT Ha JiBUraress (OnpeaessnHa KaTo
N0-TOMAMA OT YCJHOBHATA 33 MAKCHMAJIHA CKOPOCT W 3afiafieHa [bJKUHA HA DA3-
681"&), naneqnﬁa'ra Hd ToHAETa, TEOMETPHUHWTE H KOMITOHOBBLUYHUTE XapaxTepue-
THKE, DOCTATBYHH 3a DAYANO Ha NPOCKTUPAHE H SIKOCTEI pasuer 1_13 O,T}le.HHIdl_e
TAapHy 4acTH Ha camosiera, CnelludHdinoTO HaTOBapBaHe Ha KPHJOTO, KATO nakh-
CHJIHO BAHACLL NapameTsp, ¢ H30PAHO 38 ApFyMeHT OPH MHOTOBAPHAHTHHS Das-
HeT 34 OHTHMHSHPE‘I][@ H3 CTAPTORATA MACa B KAYECTBOTO HA HHTErPAJCH KPHUTEPHHA.
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OtetpansipaT ce nepeastiuTe CLYCTAHHS Ha NAYAMHHUTE RAHHH H CC TIOCOYBA AHA-
TA30H 34 PAUHOHAJHW DEIUCHHA iPH OTKJAOHEHHE HA aPLyMEHTA OT ONTHMAJMHA-
Ta croinoct. MomensT e yRoGen 3a HacouBane NPH NPOGKTHPAHE HA CAMOJCT C
Orel Ha BB3MOMHOCTH 3a OLAeill¥ MOZH(PUKAIUH UYpes 3aMsiHa Ha NBUTATENH,
4 CBUIO TAKA 32 NPEABAPHTENIHO NPOLKTHPAHE HA CAMOJICT ¢ OTPEIEAEeHH OT 3a-
AanHeto cpoicrsa. [lpu onpefesiena HacTpoOliKa Ha MOJENA ¢ HAUAMHY JAANHE 32
H3BECTHH CAMOJIETH MOXE Ja ce NPOBEPH TAXHATA NPUTOAHOCT 38 MOJHMDHKAHHH
upes 3aMAHA Ha ABATaTenw.

Bropuar MOzen cBLIO OlUpeAeNs PasMEPHTE 1A CAMONETA ¥ HerOBHTE KOM-
LOHOBBUHH XapaKTEPHCTHKH, HO € UO-MAJAKO 3aJafeHH HAYafAHH JIaHHH:

~— XapaKkTepUcTHKY Ha nupodufa Ha KPHIOTO;

—— BBL3MOXKHOCTH Ha MeXAHH3AUKATA HA KPUJIOTO;

~— MOIIHOCT HAa ABHEATENA;

— CMEeUH(pHYHO HATOBAPBAHE HA KPHIOTO,

— YABJ/UKEHHE HA KPHJAOTO,

— Maca Ha eKUNaXa H FOAE3HUS TOBap;

-— Maca Ha TOpHBOTO.

Pemenrero ce M3BBPIIBA O AHAAOTHUEH HHEPAIHOHEH CNOCOS KAKTO B HP-
Bus Monest. Tosu mojes e no-ynofeu 3a peanHy ycaioBHa Ha NPOEKTHpaHe, KO-
TaTO Ca M3BECTHU XaPAKTePHCTHKHTE Ha NPEABAPHTENHO H36pan ABHLATEN.

Pesynratute or pewensnsta 00 ABaTa MOAENa ca npeicraBeHi Ha dur. 2 —
38 Jex camoner ¢ maca oxkono 1000 kg (nBymecrei ¢ ToBap H/iM YRTHDUMECTEH).

CHbBRYRIIOCTT2 OF TOUKH 1o kpuBUTe Gy=F {p,) NpeACTaRAABAT TOUHM pelie-
HUsl Ha yPaRHEHHETO 33 MacOB fasaHC, ADH KOUTO 3aRANSHNTE HAUAMHY JaHiiH ce
YAOBACTBOPABAT OT PA3NMUNY N0 Maca ¥ paamepu camonéri. ClefoBaresno, 3a-
Aayata npv anlafMg Ha JauHWTe OT PCILGHHMETO Ce cBexAa Jio H3bop Ha efHH OT
MHOXECTBOTO BB3MOXIHK BapHahtu. Ilporuuanero wa xpusure G,=f (p,) nma
Penuia ocoBeHOCTH i CHUICCTBCHY PasINKN 34 AiBaTa Motesa. [IbpBoTo u o610 32
ABaTa MOfena e CbIIeCTBYBAHETO BJAABO OT rpahykuTe Ha 30HA MO cNenH(UIHOTO
HATOBApBalle HA KPHAQTO, B KOATC YPABHEHMETO 3a MacoB OajaHc HAMA perie-
HHE IO CXOAAIL wrepannoren nponec. CrofiHocTuTe Ha P, npu KOUTO G, KIOHH
KoM 663Kp8f:1HOCT, MOrar Ja ce 1UpHeMar 34 TEOPEeTHUYHH TPAaNHIN 3a peaJ Hanpane
Ha camosieT CbC 3afiafielinTe HauaJaHW JaHuu. B rpaunumara ofgact cymara oT
OTHOCHTEANINTE MacB HA KOHCTPYKUMATA H CHJAOBaTa ypeada ce npubiauxKasat 10
1, a BasiBo oT fies npepumasar 1. $usnueckara NpHUHMHA 3a HepeaJH3yemMocT Ha
CAMOJETHATA KOHCTPYKLHA B Tas3H 30HA Ce ChCTOM B TOBA, uUe reoMeTpuara Ha
CAMOJIETa ¥ MOIIHOCTTA HAa JBMTATeNIH HEe OCHIYPSBAT YCIOBHA 3a Ch3NaBAHETO
Ha cHJN, HEOOXONHMH 32 XOPHIOHTAMEH TONeT JIOpH 6ea eKHNax U NOJe3eH ToBap.
Fpauniiata 8 peisennero ma ypabueHHeTO 32 MacoBHs GANAHC € HENOCTOSHHA,
3aBHCH OT HAYaJMITUTE YCJOBHS, NIPH KOHTO TO CE PellaBa W OT HeroBara crereH
Ha CAOWHOLT M HeonpehesieHoct. XapakTepHO e, ye T BIHATH ce HAMHpa B 00-
JIaCTTa HA MaJKHTC CTOMHOCTH Ha cnelmH(HUHHTE HAaTOBAPBAHMS HA KPHJIOTO po.
Ilpu onexorsaRaie Ha KOHCTPYKIHHTA UPE3 M3NOJ3YBaHe HA HOBH KOMIO3HTHH
MaTepuansH U TeXI0M0THH KPUBUTE C& BPeMecTBaT HaJloay M HaJsBo, a NpH Mo-
BHLIABAHE HA CKCAAOATaHHOHHOTO TIPETOBAPBaHe — Harope u Bascuo. Ha xa-
PaKTepa Ha NPOTHYAHE BJHSIAT CHAHO YCJIOBHETO 3a pasber, HOCENIHTE CBOHCTBA
Ha KPUJOTO, eeKTHBHOCTTa Ha MeXanusauusra. Peayarature Ha dur. 2 ca no-
JIVUeHH 33 KJACHYCCKH TeXHONOTWY {HHTOBAHE) M afyMuuuenu cnnasy. Crneiu-
GbHYHY HaTOBAPBANUS HA KPUJOTO pe 30 kg/m® 33 MOHOTAAN CA THIHYHH 33 CBPBX-
JICKH CAMOJIETH, H3NBAHABAILH OCHOBHO XODH30HTAJIEH IOAET H BHDANKHKH C MaAKH
npeToBapBaliHg., Texuure KOOCTRYKLMWOHIH MaTepuanl ca KOMOO3UTH, crelinan-
HH TBKaHW, # TEeXHOJOTHWTE — 3ajleliBake, iLIGB; OCHORHATA CHJIOBZ CXeMa e
topmara,
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Kpupara Go=f (p,} 3a nbpeHa MORea HMa chnabo H3paseH MHHMMyM, B
NOBEYETO CAiYYal MOULHOCTTA Ha ABATatTesis 3a TO3H KJAC camosieTh ce OPMHpa OT
YCJAOBHCTO 2a pasfer NpH HaNUTAHC.

3a BTOpHHA monen Xpupata Go=f (po, Ny =const) nsma napasen MUHEMYM
# TORGOPBT Ha Hafl-NORXOAAWIHA BAPHAHT 1O ciemihHYNC HATOBapBale HA KpH-
JIOTO € lienechbofpasiio fia ce HalipasM no 3aBucHMOcTTa Ly==f {p,}), KOst #WMa
#olpe uapasen MuHuMyM. TOf € PE3y/ATaT OF €AHOBDEMEHHOTO BAHAHNHE Nd CTap-
TOBATA MACA M CMNEHHW(UUHOTO HAaTORApRaHe Tia KPHJIOTO.

[IpaBure oT nauajoTo Ha xoopaAuHaTHATa cucrema (G, po) €A 3a NCCTONREN
CTOMHOCTH Ha NJACLITA Ha kpunoro. Ilpu Maska MomudWKauwus, KOrato He ce
H3MeHs OACIT4 dHa KPUaoTS, 4 ¢e 3aMeHd eldH ABUraten ¢ ApYr — IO-MOmeH,
CTapToBaTa Maca Ila MOAMGBHIUPAHHS CcaMOAeT Lie CLOTBETCTBYBA Ha TNpecey-
Harta Touka Ha anuuure S=const ¢ kpunure G,=f {po, Nyp=const) {dur. 2 u 4},
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Ilpu gasaraneTo Ha KPHWBHTE OT [ABaTA MOAEAA 34 ONPEARACHH HAUANHH YyC-
JIOBKA T€ HMAT o0ULE TOUKH (hur. 2} B 0624CTTA HA PAUHOUANHY DEIUEHHS, no.ny-
4eHa OT ULPBUA MOAeN.

AHanuawT Ha pesyaTaTHTe OT pelleHUsITA AaBa OCHOBAllME Jia Ce cMATaT 34
NO-NEPCNEeKTUBHH BADWANTH TE3H, NPH KOUTO CH&IiH(l)H‘HIOTO HatopapBaie iia
KPHJAOTO € NORGpaHo NaNABO OT ONTHMAAHATA CTOHHOCT — B ofnacTra, xbhreto
sapucHMocTTa Go==f {po} OpoMeHA NO-PA3KO XapaKrepa CH IpH NpuOAHXEBaHE
KbM Teopernunata rpanuna. C taka Noabpato cn‘eumpmuo HATOBADRAHE HA KDH-
AOTO CAMONETHUTE €& ¢ NO-AO6PH MAHEBPEHH CBOKCTBA U €a MO-NPHPOANH 32 CIeA-
BalEy MOAM(PUKAINYE ¢ HOBH JBuratennn. L NOCTaBSHETO HA' NO-MOMICH ABHTaTes
peineHuer0 OGHKHOBEHO 3a ROCTA LWIMPOK AHATIA30H OT MOHIHOCTH HA ABUTATENH HE
H3JH38 OT 30HATa Ha palWOHAJ/HM BADPWAHTH, KOSTC € YBEJIUYABAHETO HA MOLI-
HOCTTa CTaB& BCe IIO-TACHA M CHBOAAA € ONTHMAJHUTE peeHHs N0 CTaproBpa
Maca: Tosa Hali-goGpe nnau Ha dur. 3, KWHALTO C NOMOUITA HA PASUETH OT MHPBUS
MOJAeN e NoKaszpa npemMecTBaeTd u CTECHARAIIRTO 1Ia' 30HATA 34 pailueHanng
perenHa. MHIIHMYM'.E\T oTiiavaae ce npemMectTsa H4qAABO | M Harope, a IpH 1o-
HaTATHIUHO CKBCABaHE Ba pasfera npu u3auTaHE — HARACHO H Harope (CK’bCQ-
BAHETC Ha pasfera ¢e OCHUTYPARA OT [O-MOIIHH ABUTATENH).
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IIpoBepkute, nanpasend upes Moges | 3a yAauHM peasid KOHCTDYKLHH,
HOKa3BaT, ue u3bophT Ha CHCHMPHUHOTO IIaTOBAPRAHEe HA KPHIIOTO p, € HAallpaBeH
B 30HATA Ha pAUBOHaAHM pPelUeildna — HAJEBO 0T ONTHMAAHOTO peIITCHHE.

3HauUNTEAHOTO YBENUYaBAHE Ha MOIMHOCTTA (1A JIBUFATENA ¥ 34lla3BAHCTO HA
eAUOABUTATEAHA CHAI0OBA ypeada KaTO CXeMa H3HCKBa H HOBO,KOMIIONOBLYHO pe-
eHHe HA TAJOTO # ABUTATENIHST OTCEX, CBBP3ayo ¢ ofmo CKhCABANE HA TAAOTO
33 CaMOJIETHTE C NPCAHO PA3AOJOKeHNe Ha IBUTATEN S UM YAbAKABAHE Ha ONaui-
HaTa MY HaCT UpH DASTONONKEHNE lg- ABUTATENs 34} KPHAOTO M Kabuara (Taa-
CKae BHT/0). KOMIOHOBBRUHHTE H3IMEHEHHA Ca WO-MIRKO peanusyeMH 3a 3Be3jio-
o0pasHK ABHraTeNH, NPH KOUTO KOHCTPYKUHATA € DA3BUT4 B efiHa UAH B ABE YC-
NOPeAny YCIOBHHA nNockocTH. Mamedennara B ALJ/UKHMHATA 14 TAJNOTO CHULG Chia-
AaT KbM MadKHTe MORUBHKALHH.

Ilposenenure WHOrOGPOHHU PA3UCTH W anafu3¥ Ha Pe3yfTaTHTe JaBat oc-
HJOBAHHEC Hd CC IpHEeMEe 38 JCKOMOTOpPHY CAMONETH, Y& Ha BCEKYW KWJAORAT JBONLJ-
HUTEMIla MOHIHOCT ce naja no 2,4-—54 kg ypenuuenHe "a CcTaproBara Maca.
IMo-ronemute CTORHOCTH CC OTHACAT 3a JsBaTa vact ha xkpushte Go—f {po) —
dur. 4, Tesn Jausd AaBaT BLIMOXKHOCT NPU OUEHKA HA CMHCHAA OT MOAU(BHKAIHA
CbC 3aMAHA HA IBHTATCS [ia Ce MH3MCJA3YBa NPHOMMKCINS METOJ 3a I'DAAHENTHTE
Ha craproBaTa maca {2] waro lopara Maca

Gu(uona) - G{)(;lsx} —|' LT ANﬂm

oG
KBHACTO B KAUEGCTBOTO Ha HalTHATA NPOHIBOANIA Hpp= —-—m—"—-—ce npreMar nax-
A

inte 2,4—5,4 wny okone 4 kg va 1 KW mounoct. Cnefi kaTo ¢ H3BeCTHa UOBaTa TO-
JIEMWTHA HA CTAPTORATA Maca NpH MOAH(HKAIUS ChC 3aMAHA Ha ABUTATEN € Bb3-
MOM(HO JIa Ce ONPeieyisiT UCYTH BCHUKH NPOH3THYALIH OT TOBA H3MEHRUHA B Je-
TATCAIKTE XaPAKTEPUCTHRKH HA CAMOJCTA U fla Ce PeiliaBAT pasnoodpasiii 3aauH,
THUHYHK 38 METORA Ha TpalHeHTHTe HA Crapropara Maca [2].
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Modification of light airplanes by substituting
the turbomotor group as a problem of the ™
starting mass

Dimitar Tordanov

Sommary}

In the paper; the potentialities of the mathematical
models upon medification of light airplanes by substituting the motor by a
lighter one have been illustrated. The problems thus arising with the increase
of the starting mass and its reflection on the flying characteristics may be ana-
lysed with satisfactory accurateness as a result of which an optimal or reason-
able solution may be adopted. The models are snitabie for the preliminary design
of light airplanes, too. By them, the geometry formation and the mass and com-
pleteness solutions are streamlined and theeretically substantiated. Qualitative
characteristics relating: power changes with starting mass have been derived
that can be-used in other express and approximate methods for designers’ pro-
jects analysis. i e S aan s ; = VRS
l H
1
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Bonrapexs axagesus ua maykwre. Bulgarian Academy of Sciences
AepoKOCMUUCCKH  uaCJeNBaNMY B Buarapus. (1. Acrospace Rescarch in Bulgaria
Cocpuni. 1994, Sofia

Vurenurenten monysn 3a onpenensiHe
Ha AudepeHyHaIHds Tpar Ha YyBCT-
BUTEJHOCT TP COMAaTOCEH30pHA
CTHMYyNaLHs

Pymen Hedwroe, Cmosn Tanes, Csemosap Cumeorios,
lIramen Tpendaguaos

Huemumym 3a kocmiuecrku uscaedeanusn, BAH

EiekTpOHHHTE XAPAaKTEPUCTHKM HA KUBHTE THKAHA HA

Y0BEKd OT IVIe[HAa TOUKA HA eNEKTPOHHKATA H TEPMOESEKTPOHMKATA MOTAT Jla Ce

MOLEUPAT C OTPULATENNO AUPEPeHNPANHO ChOPOTHBJACHHE (R-) HJIM OTpuua-
TeAna Ludepeniivanna nposopumoct [I].

B GuocesiexTpoctuMynanusgTa HMOeAAHCLT Z HA MeMOpAHATA Ha XKHBATA Th-

KaH Ce pasr/iexla camo Karo KanauutHseH. C eeKTPOTePMHYLATA TEOPHS HA

Bb30yXKIaHe ce OBACHARA KaKTO KaNAUHTHBHMAT, TaKa H HUAYKTHBHHAT XapaK-

Tep Ha umnefauca {1, 2]. Coraacuo [3] uspaswr 3a UMNelalca UMa CACAHUT BUI:

1
%Fc, )

REFRebf @l Loy

(R~ -+2nf Ly (R—j

(1) L=

KBAETO K € aKTHBHOTO CBIPOTHB/CHEE Ha Buobepurara, C. H L, €2 CKBUBANCHT-
HHTE CTOHHOCTH Ha MHJAYKTHBHOCTTA ¥ Kanauutera, K~ © OTPHHATENHOTO AH-
QepeHUHANHO ChIPOTHBJACHHE.

R~ ce onpenens or Hapasa

- il A
@ Rst= Repmegets

wpaero A =kIIZ/C, I, e crofinoctra Ha ToKa, C — TePMOKATAUHTETET, £ — TO-
NJMEHEST KOGDHIMEHT, T — BpeMeKOHCTAHTaTa Ha buosepurara. :

HpH HHCKH 4UeCTOTH Ha CTUMynanmsd f KIOHH KbBM 0, chaeioBaTe/mHo A KAOH#H
KbM R~, HPH BHCOKM YECTOTH HA CTHMYJAUHA [ KJOHH KBMco, CJAELOBATENHO Z
xaonu kbm R. Ipu onpeneneny uecrorn ce Hab/olaBa H3MecTBaHe Ha hasara RO
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/2 wexny U u /. Coraacso [4] axruBuoto cuhpor#sienue Ha memOpanara Ha
HBATA KAeTKa {R,) € OT NOpSABbKA 113 KeCeTKH A0 CTOTHUM OMa, 4 AKTHBHOTC Cb-
APOTHBMEHHE HA KJETKHTC Ha KOXATA {R) € 01 NOpsifitKa HA AECeTKH A0 CTOTUIH
KUJAOOMA.

Onpcaeasize Ha Audepedivaniusg npar
H& YYBCTBUTCIAHOCT

TounociTa W O0EKTHBHOCTTA HpPH ONpeleinle Ha AHde-
PEHIMANINS HPAT HA UYBCTBHTRAHOCT (1Y) npu comMaToceH30pHA CTAMY ALY A
OCHOBHO 32BHCHT OT JIMHCHHOCTTA Ha CTHMYJIHPaHHSI CHTHAN (CC) m anneliviocrTa
Ha uameHedne H€a toBapa {R,). INox anueino uamenciue na CC ce pasdupa nu-
HEHHO H3MEHCHHUE Ha AMHJUTYNATA W uecToTata My. JIMHeHHOTO u3meHEeHHE A
CC e TexHWHECKHM OCBHINECTRHMO.

Be3unkBa BLIPOELTFKAK A2 C& OCHTYDH JAUHEHHOCT Ha HMIELAHCA, TaKa ue
npu onpejenedu 4ccrotH ¥ Husa Ha CC na ce onpejenu aZlexBATHO PEAKIHATA Ha
yuntTo Gasa ce onpegeas JITY, . u

Korato He ¢BiecTBYBat ApYrH BHAOBE CTUMYJAANHS, peaKnyaATa OF Bb3LeH-
CTBHETQ 3dBHCH raasHo o1 Ry, u Ry [lpu onpegesenu yecrory u Huba sa CC, Ry
H R, ce usmenst nesmnefino [4]. CrenoBatennio ¢ REOGXOARMO Aa CC THPCHT TAKH-
Ba uecroru u uuba na CC 33 xouro R, v R, ce usmensaT aupeiino. Axo cbe S
{{, ) ce o3Hauu crumyaupaniore ebvancikersue {CB), kvaero /, e avnautyhara
HA MMIYJACHHSA TOK, 8 f — Heroearta uecrora, Torasa JITIY ce onpenens npu nep-
BaTa ajexBatHa peakiiua (R). [IpH xoBKpeTHO HHBO HA CTHMYJAHPAILOTO BL3-
IchcTBHE {OTIpERe/isi ce UHAHMBHAYA/HO 3a BCeKM uoBek) S, (/. ,, fo} aliexBaTHa
peakiua oT¢hCTBA, 1. ¢, Ry=0. Ipu HapacTBaHe HA (MBOTO Sull pif ) ©C HOH;
BfiBA allekBaTHa peakuua B R;=+0. Tosa ¢ MUHUMANHUAT npar Ha '-IyB(,iBHTeJI-
uocr. Pasnuxata mexay S, B S, ce unapuua JIITU.

(3) AS == Si(.)—S,{.) ~dS.

JunamHKara Ha ,[LHLI Ce OnpeReaa KaTo CKOPOCT Ha H3MEHCHHES Ha CTHMYJIA-
LH@EATd BBB BDEMETO

as Uu‘u ”
4) D g

B [4] ca onucanu penuua npufopu 3a comarocensopra crumysauns. Ocno-
BeB TEXEH HEROCTATDBK € JiHTcata Ha sunenno peryaupane na CC B miipox Aua-
NA30H H 3JaNOMHAHE HA NADEMETPHTE MYy HDH Da3jHYHH ajyeKBATHH DEaKLHH
Rs#0.

JluHeapHzanusiTa Ha [IPOLECA HA COMATOCEH30DHA CTHMYJallns ChbKpallaBa
BpeMeTo 2a Touno ompepessine Ha JIITH.

JluHeapH3auHATA 1a HpOLHEca, KOATO ¢ peasusHpaia B paspaloTenus HHTE-
JUFCHTCH MOAYJ, NO3SBOJAABA Jig C& OTCTPAHAT FoAAMa HacT OT HEAGCTaTLHUTE Ha
CHHIECTBYBANIHTE HO TO3M MOMEHT 2HaNOruuHH NPHGODH M CHCTEMH 38 COMATOCEH-
30plia CTHMYAAHHA.

OnucanaTa METoENK4 AaBa PBL3MOXHOCT 3a lipHAarane Ha TO3H NORAXOA 34
onpeneasise Ha JIITH B pasauuny yoaoBHsl (KOCMHYECKH ¥ HaszeMHu) 6€3 CcLLIect-
Belo H3MelleHHe Ha CTPYKTYPaTa Ha alapaTHHSA MONYA.
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CTpyRTYpa H XaDaKTepuCTHRH

Baokosard c¢xema Ha MoNysa e noxazana Ha ¢ur. 1.

Mikponponecopiiara cicrema (B cayuas eAHOYUNOB KOMIKTLP) C& YApaBas-

Ba OT nepconaden kominornp no RS 232, Manwanutennata yacr Ha CTAMYJJATOPa

€ FeHep4aTop HA TOK, KOWTO M3JldBa TPABOLIBANN UMIYJACH C PEryMHPYEMH [1PO-

ABJKHTENHOCT W amnantyfa. C nomonira ua AT ce ynpanasBa 7o0KsT, a rad-
BANWYHOTO PA3ACASAHE Ce HaJara Or H3HCKBAHMHTA 33 OE30HACIOCT.

Ksm PC
RS 232 |m—
MIIC | —/—/—— BAIL - —— re 1 -1 (o
Cenepatop |M3xon
HA TOK e
TP 2 1y o

Sur, 1. Buoxopa ¢xeua
MINC —ungponpouecopua cucrema; HATT—uudposo-apanoros upeotpazysatea I'P1,
FP2 —cxeMu 3a ranpanuune pasgeanue

Taga npemnoxeHara MCTOAHKA 1 UHTCJANTEHTEH MOAYJ Onxa anpobupasyu B
Maxke-Jenbpwox-Lenrip B Tepwanua. [lomoxurennnre pesyaTatd, DOJYYEHU
oT anpoﬁaimma‘ HajhoXxa BDHIMOXKIHOCT pefaoxenata MeToidKda B MOLYJ la Ob-
HAT H3NUTBAHH B KJAWHHYIHY YCAOQBHSA.

PaspaGOTenaTa METONHKE B WHTEAHTCHTCH MOAY A IIPDEACTABANBAT SACMEHT OT
IPOSKTUPATIATA B HACTOAMMA LEPHON CHCTEMa 32 HeBPODUIHOMOTHUYHH H3C/EeA-
BadHs B KocMuuecku yeaoeus — HEBPOJIAB.
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Intelligent module for determination of the
differential sensitivity threshold under stimula-
tion

Roumen Nedkov, Stoyan Tanev, Svelozar Simeonov,
Plamen Trendafilov

fSummary)

Mcthodology and intelligent digital module are sugges-
ted in this paper for the determination of the differential sensitivity threshold
in Space situation under somathosensoric stimulation.

A process of linearization of the stimulating signal is described in the sug-
gested methodology this attaining higher accuracy and objecliiveness in the
determination of the differential sensitivity threshold in Space situation.

The structure and the characteristics of the intelligent module implemen-
ting the described methodology are given.

The results from methodology and module fests and applications in Ger-
many (DM Cenire} are positive.
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PaspaGoTBane Ha KyMmyJaTuBHM
3apsiiM 3a M3CTPeJIBaHe Ha
NICEBIOMETEOPUTHHY YACTHIM

Bukmop Baparos, Xpucmo Xpucmos*, Cmanuo
Iemro6™™, Kpacumup Boadocues™™

Tyacku 0Bpaasen MEXHURECKY Yrudepcument, Tyaa, Pycusa 3
" Boenno  HayuHO-uscAedosamercK L RECEKMO-KOHCPHIINOPORE HHt-
cmumym, Coghus

#= BM3" E00M, Conom

I1py paspaoTBaneTO lla KOPNYCH Ha KOCMHUECKM CHCTeMH
BL3HWKBA BBHIPOCDT 32 MOBEACHHETO Ha TAXHATA OGUIMBKA B PaBoTHY yCJAOBHS.
Enuncreenusr BL3MOXKEH HaUMH 3a NPOBEPKA Ha KUIHECTIOCOGHOCTTA HA KOP-
nycHara obuBKa B J1aBopaTOPHH YC/IOBHSA € 06CTPENBAHETD H ¢ NCEBROMETEOPHT-
ni wacrhum. Ilpeasus Bricokara cKopocT 1a ABHMKEHMWE HA METEODUTHHTE UACTH-
H B paboTHu 3a oOMIMBKATA YCAOBUSI, B AOCTBIIHH NAaBopaTopHH YCAOBUA €
YIOGHO TaKOBA ABHXKEHHE Ja Ce HMHTHPa upe3 (opMHMpaie Ha KyMyJsaTHBHA
CTPYyA OT KYMYJATHBEH 3apsi,
Kouerpykuusra v geficrBuero ua KYMYJAaTHBHHA 34ps0 MOMKe ia ce OlHIie
N0 CHeAHus HaunH. B3puBHO pelecTBO € BAABGHATHHA C OnNpeAeficHa Gopma e
npecosano B kopryc. Kopnycwr u Banpbuathuara ca ocosocuMerpuunu. [Ipu
OCOBO HHAUMHDAHE Jia BEPHBHOTO BEMIECTBO NPOAYKTHTE Ha B3PHBa NPUAOGHBAT
Ha fOBDPXHOCITA Ha BAABGHATHHATA MMIOYAC, HACOUYCH N0J, HAKAKLE BIbA KbM
ofiara Oc Ha KYMyJAaTHBUHS 3aPsj. B peaysrar na TOBa HANATAHETO, TEMIepa-
Typara, DADTHOCTTA ¥ CKOPOCTTA Ha TA30BHA NOTOK B 06/1ACTTA Ba KYMYJAAUHATE
C€ OKa3BaT 3UAUATEN O O-BUCOKH, OTKOJKOTO B Pa3upbCKBAILNS €& HOTOK. llpu
OGAMIOBAHE lia KYMYJNATHBHATA BAABOHATHHA ¢ METAA OT KyMyJATABHATA O5H-
LoBKa ce 06pa3yBa KOMIAKTHA KYMYJATHBHA CTPYS, HACOYCHA HO 0CTA Ha KYMy-
JAATHBHYS 3apAR B 1HOCOKA, ofpatila OT UHHMUMHDAHETO HAa B3PHBHOTO BEHIECTBO
[t 2} -
3a Ka MOTAT [ia H3ULANAT NPEAHAZHAUCHHETO CH R NABGOPATOPHH VCJOBHS,
[CEBNOMETROPDUTHHTE YACTHUK TPuOBA a ca KOMIIAKTHY Teda. Ho ¢ Muorounce-
HH EKCHCDHMMEHTH € JOKAa3aH(, ue KOMOAKTHOCTTA Ha I(y-My'JIaTHBHaTa CTPYH Ce
HapyilaBa BCACACTEHE Ha TPafiMEeHTa HA CKOPOCTTa MO HeiiHATa BLJKHIA, Des-
TPaJiCIITHOCTTA 1la CKOPOCTTA MPH (POPMHMPAHE 1A KyMyJaTHBHATa CTPYSA € hak-
TOP 34 34Na3BanC Ila HeHHATA KOMHAKTHOCT Hd OTHOCHTCAHO MO/IEMH DA3CTORIIHA.
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[lenenacouenoro diopMupane na Oe3TpafineliTHa KyMmyJaTusiia CTPYS U3UCKBA
pelraBaiero a ofpaTnara 3ajava Ha Kyuyhauusta [3, 4]

Ot aBTOpHTe, U3NOA3YBAAKH MeTOAM lta Craniokosuy u Upaenke, e diopmy-
Anpapna ofparnara 3afiaua 1a KyMynaleaTa opy upHere fearpaiuentao bopmi-
pane Ha KyMyJatapliata crpya. 3apauara e peiueHa oTuocio gysgunure F (X),
Olx), o(x), [ (x), onuceanip KpUBYTE HA 00PA3YRAULATE, CHOTROTIO 14 BhijliHATA
¥ Ha BBHTPELIHATA LOBBPXNIOCT Ha KOPHYCA H HA BBIOILNATA ¥ HA BRTPeillHATA TG-
BBHPXIOCT HAa KYMYJaTHRUATA OONHLUOBKA HA KyMYNaTHBUMA 3d4paj. [eomerpusi-
T4 Ha B3PURHOTO BEHICCTBO, PA3NOAOMEHO MEXAY KOpryca W KyMyJAaTHBHATA
OBMUIOBKA, CC OlineBa OT dyuxiuuure © {(x), u @ (x}.

[Mpy peiiapaHeTo Ha 3414u¥aTa CA HAJNOMCHH OTPAHHUYCHUS HA YKA3aHHTE
(’I}YIIKIIHH, Ha OBPBHTE H Ha BTOPHTC BM IIPOUSBONHY O’l‘quCHO NenpeKsulHATOCTTE
UM B yuacThka x==0, KaTo No X ce 3afana BUCOUHIATA HA KYMYJATHBHUSA 3apsj.
Ocpen tora: I (xj— (x)=0, O {x})—¢ {(x)=0 1 ¢ {x)—f (x)=0. 3apanvt o1 B3pHE-
HO BENeCTBO B nenus cu ofiew e usoTpoien [5].

KyMyAaTUBHHAT 3apak ce pasfens 10 HeroBata Bucdudia Ha 7 PaBlyu eje-
MEHTADHH YaCTH ¢ IJIOCKOCTH, NMepleHAHKyAapnu ua ofmara oc Ox.

Heka B moment Bpewme {-=0 JeTolai@ouHaTa BBAHA, PAasnpocTpaHaBallia ce
BLB B3PHBHOTO BEIECTBO, OT TOYKATA 1A HHHIMHPIHC KBM KyMmynaatusyara ob-
JMLOBKA, AOCTHIA BBPXa Ha obauucBkara u npu (>0 cé pasnpocrpansaBa xbm
IIQHH&TE OCHOBA CBC CKOPOCTTA Ha ACTOHALHA D na B3PHBIIOTO BCLIIECTBO. 3a
ONpefe/IsiHe Ha 3aBHCUMOCTHTC, ONMCBamM Aedopmanusita Ha OGAHLOBKATA M
$OpMEPAHETO Ha KYMY/IATUBHATA CTPYS TIPH HAJOKEUUTE Orpauduerts Ha hyHK-
waate F (x}, @ (x), o (x), f (), e usnonzysana paiHanidarta cxema na fedopManudg
Ha RYMYJaTHBHATA OGNHHOBKA.

Pasrnexpa ce chacmMenTapia 4acr OT KYMyAaTHBHATA OOJHLORKA C KOOPAH-
Hata X U Andkuua dx. B momest Bpeme f-=x/D rouxka A {acuar Kpait) ot pas-
racxadaTa eAemeliTapHa uact 3alioHba ABHACHHEC KBM ,0CT2 Ha CHMCTPHUST HA
KyMYJAATHBHNA 3apAA CBC CKOPOCT W{_. (J\J 3a BpemlTo, A0KaTo ACTOHANMOHBATA
BRJALIA AOCTHUIHE TOUKA B (,[[QCHHH Kpaf& H4 CneMentapHartsg LI{":l(‘.'l'}, T. €. 34 BpCMe
di=dx/D, Touka A ce npemectBa 10 NOcoKa kbM octa Ox Ha pascrosiiike dy,
KoeTo ce onpelenas no (opMyaara

M dy = W, (9 di = W, (x) —%%

¥ ce Hamupa of ocra Ox Ha DascTOsiHuUe
d
(@) R=f ) -—dg=F (&) -W, (& 5

Hexa cropoctra W, (x) ne 2aBicy 0T BpEMETO U € hyuKIHA CAMO HA KOOPAH-
itarara ¥. Torasa pascrosiuieTo R T04Ka A e H3MUHE 32 BpemMe T OTIPEAETACHO
01 3aBHCHMOCTTA

3) T= g = v @~ Vel

1.

3a ToBa Bpeme Touka B ce npemecTBa 1o nocoka Ha octa OX CbC CKo-
poct Wo(x)+dWy(x) 1 u3mMuHaBa IHT

@ Ly = T(W(0) +dW ()= [ o)~ W) S | el
8 ol X}
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KaTO Ce Hamupa OT ocTa OX Ha HAKAKBO pascrosnHue L,

(5) Ly={fx}+dfla]—L;.

ClefioRaTENHO BPBADT HA CXNONBAHE O 1A eJEMEHTAPHATA uacT OT OGAH-
(OBKaTa Ce Onpefens no §opMmy.JaaTa :
i P dx
1y T+ 10 T B wawya
®  tga)= e —— i ol O T

Caen npec6pasyBaunst MOCAEIROTO YpaBHeHHe ce 3aNKCBA BBE BULA

' q L Ax) dW, 17
M tg o(x)= ﬁfj_u Léjig}_ Pole) 4 W),

Cropocrra 1a nedopmupane Wi(x) Ha enementapwara uacT OT OOJMLOB-
KaTa ¢ AB/KMIA 4X € CEbP3aHa ChC CKOPOCTTA Ha ABHMEHHE HA KYMYJAaTHB-
HATA CTPYA B PABLAEKAIHOTO CedeHwe Wi(x) upes KMHEeMATHUHOTO CLOTHOUIEHHE

® W)= Wi gD~ 2 BT BT,

KBACTO %, e KOEDUUMEHT, OTUHTALY NPEPAaNIPEiesieHUeTo HA HMOYACa Ha ‘BSpHBa
BBPXY PaBIMUBH €AEMEHTAPHH Y2CTH Ha OOMLOBKATA, BCACACTBHE IBHIXEHHETO
Ha NPOAYKTATE HA AETOHALUATAZ nNo oOpasyBaljaTa Ha KYMyJAAaTHBHATA BAALE-
natnHa, B(x) — dymxuug Ha akTeBHATAa Maca Ha 3apaia

Torasa uspassbT 3a onpenensHe HAa BIhAZ Ha CXAONBAKC ¢ Ha ENEMEHTAp-
HATA HacT OT OOAMIOBKATA IIE UMA CJAC/HHS BUA:

d(tgu{x) )
! q o @
@ tgoly=fR . SO [%> tg %+ wx}T—}
W) tg 5+
Wikx) fg‘a%)
g

Maucksa ce B nocaennoTo ypamnenue W(x)=const. B Tawws cayuait caef
U3BBPUIBAHE HA APEOOpAdyBaHus peLIeHHETC Ha ypaBuedue (8) uMma Buna

. _df{x) i dotx) . Wilx), ofx)
(10) o) ="0 ~f)Giem ax * b W5
B ypasuenue (10} dyuxunure tgo(x), sino{x), tga—g}— b2 ngé‘f_) moTar Jha
Ovsar npescrasesu upes Wilx) u B(x)
I 2
(11) tg a(x):tg{z arctg g o FOI2 F B(;;)]—f}ztg_[z arctg e(x)) =%§&);

(12)  sina(x)= sin{g arctgﬁ% B2+ ﬁ{x)]—_l}::sin[Q arctg e(x)] = —1"’;8%35;

(13) 1P =tglarctg ) VB BGAT | = tg [aretg e(x)] = e(x);

N s s S—
(14 dodx) _d{zafcﬁgg—wl(}‘) VB2 A0l ‘} _ dizarctg (] o 1 de(x)
) dy dx h - dx T 1teHy) dxe



KBALTO

(15) o) = eV BOO 2 + B0
Ho
(16) = W B T BT | 2,

Torapa ypasuenne (10) npuema caefuus BuK;
2;( 7 —
(47 Ziy = ) = e WG + BT [ )+ gL
FlvpBata npousnoana Ha cnoxnara $yHxuus B{x) omucsa MSMCHERHWETO Ha

AKTHBHATA MaCa HA B3DHBHOTO BEIIECTBO 3a JAEMEHTApHA 4acT OT 0GAHIOBKATA
C KOOpAMHATA X M I'BAKHEE 4X

(18) ML) _ Axya(xn ZD 1 [AC(R)+ Clx) ()] 20

+[Bx) bCx) + Clx)g0] 2 1 Blxje(x) R,

Kkexeto A(x), B(x}, C(x), a(x), &(x), c(x), d(x), e{x) u g{x) ca mexAuHHM DYHK-
UMy, NPHETH C IeJ ONpocTABAHe Ha 3am¥ca Ha ypasHeHue {18), saBucemu oT
nosefiesnero Ha Qynkumante Flx), O(x), ¢(x), fx)

Cres ompenenfiHe Ha M3MEHEHHETO Ha aKTHBHATA cha OT 3apajla BIPHBHO
BelllecTBO ypaBHerve (17} ce aamucBa Taxa:

(19 N R | ﬁ(kﬁ'zm}-*

I—e¥x) dx 2e{ W x}

{A(x) a1 (AR Cleye(x)] o)

+ [BOB(x)+ Clx)g( )] 25 d@(x) 0 ¢ Bl @ df(x) }+ Wil gqx).

Torasa

@) Yo _ E(x){ A(x)a () LI 4 1A+ Clae)) S02

+ [BOB)+ C)go] 2L+ Brjete) |40 - Wit _ By g,

J8i358

@) IO FAlat) L — B (AR + Clne(] 222

+ E(o)[B(x)b(x)+ C(x)g()]) =20 4 F(x) B (x)e() -4

Wilne(s)  _2e(x}
= D 1 —e¥x) =0,

KBAETO

22) Bx) = gy P2+ BOATE |
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€ CHOXHA MeXIuHHA (QyHKUuA, HECHADBPNKAIUIA NPOMSBOAHK OT (BYNKIUHATE
F(x), B(x), o(x) u f(¥), KOeTO DO3BOAARA TH Aa Ce NPEACTARH KaTO KOedHIIUenT.

Ypasnenns (20) u (21) ce saBgBar ofuxHOBewH AudepeHIMANHH ypABREHUS
OT IbPBH DEJ, OTHOCHO eAHa HeusBecTHa 0T PyuKHuuTe F{x), O(x), o{x) u flx)
IpU 3aZafeHU APYTH TPH W HAYaAH# YCAOBUS 32 HeuspecTHarta (pykuma. Cnite-
BPEeMEHHO TE8M YDaBHEHHS Ce ABABAT H3XOAHM 32 QOPMyNMpaHETO Ha 3a/ayara
Ha Komm sa Gesrpaguentao dopmupane na KYMYRaTHBHA CTPYS.

[Tonyuenure 3aBUCHMOCTH nOSBOMARAT LEACHACOUEIO HA CE thopMupa Ges-
TPARMEHTHA KYMyMaTHBHAE CTPYH, U3NMOJ3BAHA B KAYECTBOTO HA NICEBJOMETEODHTHA
YACTHLA. 34ja4arTd Ce peillaBa B CJCLHHTE JBA OCHOBHM CAYuYas:

1, [lpu ussecren mpodua Ha KOPHyCa HA KYMysaTHBHUS eleMeHT 44 Ce No-
CTPOM NPO(PUABLT HA KyMynaTUBHATA OGMHMUOBKA, OCHIYPSBaul GE3rpajHeKTHo
(popmupane wa xymynatusHarta cTpys. :

2. Ilpu nspecten mnpodun HA KyMyAaTHBHATZ OGAMUOBKA Aa Ce fI0CTPOH
NpOGuABLT HA KOpNyca HAa KYyMyJATHBHHS eJeMeHT, OCHIYPABALL GesrpagueHTHO
(opmupane na xkymynatusHara CTpys.

B mbpeusi cayuail ce mosyuaBa caesHaTa 3aBUCHMOCT 3a nmpodUia Ha KyMy-
JAIBRTHBHATA OOMULOBKA ;

(23) Y :{ lf‘:g’(‘i) — Lokl E(x){/l(x)a(x)gfgl
HIACUE) + COEl “E +[BCxeCe) + COogte) Qe

KbIETO

(24) QUe)={1—E(x) Bl(x)b(x) + C(x)g(x)l} .

AHa7USBT Ha peayATAaTHTEe OT PelNaBaseTo Ha safayara wa Komw sa ypas-
nenue (23) noxassa, ye 0GpasyBaWlaTa Ha NOBBPXHOCTTA HA KYMYJNATHBHATA O6-
JMIIOBKA B NOBEYETO CAYYaH HMA BME Ha $PKO M3paseHa napabona

fx) = — axt+ bx -+ f(0).

Bbe Bropus caysadt ce nosyuama caefHata 3aBHCHMOCT 88 mpoduaa Ha
KOpryca Ha KyMyJaTHBHHS 3aDaf :

(25) ﬁgﬁ;—) ={W1{gdx) — 12_8(;5{} g9 T [l — E(x)B{x)e{x)] d—’;ixz
— B AC() T + [Bab-+ Cloiglo) 202 Mree

KbEETD

(26) T(x)= {EA(a(x) + Cloe(x)P

AHQII3BT Ha pesyaTaTMTE OT PEINABANETO HA 3afauata na Koww 3a ypas-
nenue (25) noxassa, ye ofpasyBalaTd HA MORBPXHOCTTA HA KOPAYCA HA KyMYy-
NaTHBIKG 3aDAJl B NOBEYETO CAYYAH WMA BUA Ha Cnalo WapaseHa napaosa

()= A3+ Bx+0(0).

[lonyuennte TeopeTHyHn pesyaTari OTHOCHO INeneHaco¥eHOTo hopMmpane
Ha O6C3rpa/IeHTHA KYMYJAaTHBHA CTPYS Ca [OPOREPEHM eKCHEPUMEHTAIIHO, KATO
KPHTEDHI 34 KOMNAKTHOCT H GE3rpaZMeHTHOCT Lia KYMYJNATHBIATA CTPYHR e Kpaii-
HHAT eeKT OT NPOHWKBAHETO ¥ B XOMOTeHHd METANHA Tperpajga Cbe cpelHa
1BBpRocT. [IpH Mamenenne Ha DasCTORHUETO MEKAY KYMYMAaTUBHMA 3apHA M 1pe-
rpajlaTa Npd WINHTBAHUATA HA OTHeNHHTEe ofpasui AbafouyHaTa HA npoboimara
OCTaHa HENPDOMEHEHA,
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Pseudometeorite partictes: genuated by shaped
charges

Victor Baranov, ‘Christo Christou,
Stancho PPkaU, Krasimir Boyadjiev

(Summary)

One method of testing the viability of lining of space
vehicles in laboratories is by use of meteorite particles jet. As the meteorite
particles have high speed in real operation of the space craft their motion can

easily be simulated in laboratory by forming a null-gradient cumulative jet.

Shaped charges forming null-gradient cumulative jet have been designed by
the employment of the method of Stanukovitch and Orlenko. Direct relation-
ship between null-gradient cumulative jet and geometry of the shaped charge
has been formulated. The null-gradiency of the cumulative jel makes possible
its use in the role of pseudometeorite particles,
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TTucma 0o pedaryusma*

Komentap Ha cratuata ,Bopxy dyu-
KIIMOHHPaHETO Ha COHUOBA araparypa
B yUIOBUATA Ha 2KTHBEH COHIOB
excriepument”

Lleopeu Cmares, Jhodmur Barkos

Hucmumym s kocsmusecku nscredeanug, BAH

ABTOPDBT Ha KOMEHTUpAHATA CTaTHs, NyGJAHKYBaHa &
~AEpOKOCMHYECKE H3CJEABAHUS B Danarapua”, xu. 9, erp. 1720, 1993, Cr.
HankLHOB CH & HOCTaBuA 3afiauyaTta Ja W3CHEABA HSKOH OT GCcOoDeHOCTHTE Ha
(QyHKIHOHUpaHe HA OlpeJesieH BUE COHAOBA AllAPATYPa — UYETHPHENEKTPOHRH
ionen ysopuren (HMY) u umnuuapryna conga Ha Jlenrmiop (UCJ), monrupana
Ha 0OpAa Ha KOCMHYECKH anapar. [1pw akTHEEH eKCIePHMEHT UPe3 KOHTPOJAHpa:
HO OT eKCHEePHMEHTATOPHTE BL3NelicTBHe ONH30 A0 KOCMHUECKUS BHAPAT CE Ch3+
Iapa 00JiaCT ¢ MapaMeTpu Ha NJa3Mara, PasfiAuyaBAU Ce& OT DABHBECHMTE H Ce
H3YuaBaT (PHIBUECKHTE SIBJGHUS OPH HIBECTHH HJAM ITOHE YACTHUHC HIBECTHH HAa-
yajiny ycaosHdA. B Tasu ofsacT ce MpOMeHsT OYyHKUWWEE HA pasnpeleseHHe Ha
3aPENENUTE ¥ HEYTPAAIITE KOMIOHEHTH HA NJasMaTa; HAGJINABAT ce TPOMEHH B
KOHUEHTDAlIUMNTE K TEMISPATYyDHTe, EHepreTHUHHS UM CHOeKTsP, BB3OVIeHHTE
CBCTOSHINSA, PEHEPUDAT €& KBaSHNOCTOAHHO e€JeKTPHUECKO HORE, e/eKTPOCTaTHY-
HH ¥ @JCKTDOMATHHTHY BBAHM ¥ Kofelauusd ¥ 1. H. Hposmenure 858 dyaruuute
Ha pasnpefenenne 00yChaBAT NPOMEHU B CHOUDAHHSA TOK OT COHROBUTE Npuboph
¥ H3YU4BAHETO HA T43M 3dBHUCHMOCT € BAXKHA 3ajlaya. 3a criKanee, agTopbT HA
KOMEeNTHPaHATd CTATHSA CBEXAE HANOTO TOBA MUIOTOOODASHE OF SIBASHHS CaMo Lo
»TIOBUINABAHE HA TIOTERLMAaNA" na O0ekta. Tpndpa Aa ce orbeiiex, e 3HayuTeAHH
NOBHLIABANMA HA NOTEHIMARE HA CHBTIMKA C2 HaGaAwAdBaRu W Oed aKTHBIHN eKe-
NEPHMEHTH, T. @: M B TO3H ACIIEKT 3arfiaBlerc Ha -TaTthsita He ¢ KODEKTHO.

B cratusnra ca nurupann Tpw paloTH — ABE-C yUACTHETO HY ABTOPH; 4 TA3H
noji somep (2] (M a ra'r a gs3'e M Ap.) A2BA HAKOW CBEEHUN 34 ‘3aBHEHMOCTTE
HA NOTEHHHAAA Ha KOCMHUECKHS] anapaT O TOKA Ha MHMERLH . OUeBHLHG ‘aBTo~
PBT HMa TPETEHUUM 32 aBTOPRCTBO Ha OpuBeseHuTe ABE ¢(opmyiH. lle noxaxem,

C1¥ Matépuanet e’ nybBannysa Ge3 pegaxtopcka iiaecal
¥
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[Ipaso Ha omeosop

“

Orrosop Ha ,Komenrap.

Cmedhart Hanxsros

Hucmumy aq govstimecky uscaeteanus, BAH

- .Komentap" no-natarnk e ObAC, B KaBUYKH .He camo,
sammo ce uuTHPa. ABTODUTE MY Ca CH W3rpajljiu cXema, KOH!O cMsITaT 3a y,r:i,oﬁ-
Ha TIPH NOCTHTANE Ha LICAMTE: Ja MOKaXKAT KOJKO ,0NacHa® € ¢TaTHATa, AEMOH-
CTpHpaiky BHQOPMUDPAHOCT H KoMIeTeHTHoeT. Tloc 1eJIHOTO CH €& TexeH npodaem.
Hpyrust nm anayntenen npofiem e, ue ,KOMEHTApPBT NPOCTO HE e OTHACA AO
CHILHOCTTE Ha NyBaMKanuaTa My. B Tasu BPH3IKA OTTORODBT MOXKE Jia H3TAEKAR
NC CAefHUS HAUWH:

He cvm mehpaan, ue IpH aKTHBHY €KCHEDHMEHTH BC Ce ,Ch3iara ofnact
¢ TapaMeTpu I1a j15a3MarTa, pazfidulid oT papHopechure”. Kakpo TBEPHAA e cTa-
He ACHO NMo-natatbk. U T. H., HT. H., T. €. OTTOBOPDHT MU 01 CHABLPKAI HpHﬁﬂﬁ-
3UTEANIO TOJKOBA TOUKH, KOJKOTO € 6pom Ha H3pCYeHHATA B ,KOMewTapa“, Aa
e cé& 3afioBOAA C IIO-MaJKO.

2. He c®m xaspan, ue ,uanore TOB2 MHOI‘OOﬁpaSHQ OT SIRJICHUA Ce CBeXia
camo .o ,[IOBMilagane Ha NOTeHUHaNAa" Ha ofeKra", KaKkTo'H e Iie ca HabRoAARa-
HU ,,3Haumemm TIOBHILABANIMA HA NOTEHIHANA HA CIBTHHKA W §e3 aKTHBHHU exc-
nepumentu”. Korarto com cmatal sa HCOGXO,H.HMO, TOBA € BUM0 OTOEMSIZRAHG, KaK-
TO ¢ Hanpumep B [l]. {

3. He cu npunicsam aBTOPCTBO O OTHOUIEHHE HA W3NON3yBanuTe jBe (hop-
Myqu. Henurdpanerc na apropa #a GopMyIn, CTaHANH KJACHUECKY, He 03HAYA-
Ba HefpeMernHo TpeTeHIHA 34 aBTOpLTBO. [lo Tosn HAYMH € TOCTBIIEHO namnpumMep
B [2]. HLpBaTa thopmyna H3HCKBA CHEUHANHO BHUMATNE, T e uspenena sa npso
asT 8 [3]. B ,komenrapa” e naupasen onut fa fuae uuthpauna, OGuwuat BUA ua
tdopMyiata e: . l

€} he—ameuynr? (1-2 ep/m vl

Oxassa ce, ue ROPH ,TIPHBE/CNIATA TpOCTa HopMyaa” He e JOCTATBYHO HPOCTA 33
BBIMOMHOCTHTE Ha agropute. B ckofiata Bwecto ciopocTra Ha ofexTta v, Te ca
TOCTABKHAV CPEilaTa CKOPOCT ia HoHunTe vj, ToRma lie e IPOCTO TEXHHUECKA Ipeii-
Ka, 3al00TO ropHara $opMyia e H3ReALHa NMPH yoaoBHe v,=>>v;. Ha doua ua
Tazp hpanupania HeKOMAETeHTHOCT NPOAHYaBa KOMKOCTPYBAT M3pasH OT poja

* MaTepnafintT ce NyGuukyea Oez pefakTOPCKa HaMeca.
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Ha: ,Heobxonnmo e na 6vle BuBEAENO H YHCAOTO HA Max, ocobeno s ciyuas 3a
HonHuA TOK.“

4. He cpM ToBpAAS, Ye HC CHUIGCTBYBAT CAYYAH, KOTaTo,lHAHHAPUYHATA
comjla HMa mosefenne na chepuuna”. B [4], waupumep, To3u QaxT e ocHoBa na
paborara. Ilak tam ca nurdpauu [5, 6, 7]. ClloMeHaBaM TOB4 4 BB BPH3KA C
TEBPAE EKCTPABATANTIION0 ,,YMO3AKMIOUEHUC" B ,,KOMCHTADA™: ,,HeuHTHpaHeTo 1a
HAKAKBA Y4CT OT CBLUECTRYBANINTC rO/inM Opoii opuruuanuy H o620pHY padorn
HY JaBatT OCHOBANWE Jia TBHPJIUM, Ye aBTOPBT MPOCTO HC MH NosuaBa,” Taxkuna
#KOHCTATAIMH" JAapaT fCHA TPENCTABA 32 MHCAOBHATA Har/aca Ha aBropHTe Ha
»KOMeHTapa“.

5. Ilak Tam Moxe fia ce upoueTe, HUe ,CepHO3CH AedeKT Ha KOMeUTHpaUara
padoTa € HEOTUHTAHCTO ITa MATHWTHOTO Hose”. Tosa e TpaHAHO3HA KOHCTATAIH,
OCOOCHO KAaTO CC uMma UpeAsul cwe caeasanlara (pasa, ¢ KOATO aBropure, 6e3
Ja HcKart, ofacyNBaT KE:D1iNe] TOPEHUATHPAHOTO HE € ,LlB(i)CKT WMEHHO a8 TA3H Hyﬁﬂ‘ﬁ-
Kalusa: ,,OTIIHTHHQTO Ha MATHUTHOTO IOJ€ NaMadAsiBa CBIHeCTBCIO pandyca §a
cuOupane u CAEAOBATCIHO TOKA." MakCHMAAHHAT TOK, 4 TOH € TaKbB HMCHHO HpH
HeOTYNTAHE HA MATHUTHOTO HONe, ¢ Onaced 3a (PYHKUHONHPAHETO HA COHMOBATA
aiapatypa M TOBa ¢ OTYETEHO B {TaTusiT4.

6. EnuiictBeHO BSIPHO B ,KOMCHTaPA", KOETO 3aCATa CTATHATA, €, Ye TBhpAe-
HHUETO MH. B 33BHCHMOCT OT NOTeHUWAMA HA ofeKTa TOKBT € OTpaHuuel Ui Ha
MHIHMAJHATA, WM HA MaKCHMaAiaTa crofiHocr” He UPOU3THIA HEMpeMeHuo OT
dopmyda (1). Ho tora ¢ taxka ne nopany usrTbkHaTata OT aBTOPUTE NPHYHHA, a
nopajin 0OCTONTENCTBOTO, Y& QOPMYAaTa BaX(H B OTDAHMYCH BUA C4MO 3a NUHEH-
HUS YUACTHK [1d BOATAMIEDHATA XapaKTePHCTHKA. BeOpexu TOBA caMaTta KOH-
CTATALMA B CTATHATA € BAPIA: NMPH CHAHG NGACKHATENEH KOPHYC €CTECTBEHO HOHHK
ne ce C'bﬁi‘!p?i'l‘ (TOI{'b’l‘ c MHHHMHJIEH), AOKATO NpPW CHANO OTPpHUIATENEeN TIOTCHUHAN
Ha KOpliyCa YAOBUTRIAT C'b61‘1pa BCHYKH ﬁOHM, KOUTO CpeHia 1o ObTda CH, HO He
fiogeqe, T. €. KOJEeKTOPHUNT TOK e OFpanHyucH Ila MagcHMamiarg CH eTolinocT.

IlpuznasaM cnhilo, ue HIMHCASHOTO NOHATHE ,IIEH3KPHBCHA OKONHA 11a3Ma”
e aaumMcrBano or 8]

Usnnata GLpKOTHS, KAKBATO TPEJCTABNAGA T. 1AD. »,Komentap®, ¢ IBINKA Ha
OUeBHANIMs (HAKT, Ue aBTOPHTE MY NPOCTO €A 3ary0wWiu ClOCOGHOCTTa Ag UeTaT.
Bepoatua ipHunna 34 TOBA €A MHOTOTO TOAMIIY, TIPE3 KOKMTO T€ €A C& 2aiHMaBaan
c ipubopocrpoeiic. Ho no rosa Bpeme Moxexa Aia HAyuaT 1ioHe fid ApABAT pa3-
JHKA Mexay GbyuxkuHoHHpate ¥ paGora Na eAHo yerpo#crno, Pesiomero ua cra-
THSITA € [IpeAlazllaveH0 M 34 HecHelHAaNlnHCTH. Tawm (IIEI aHI‘J'II'{I:'ICKH) £ Ka3aHG:
»HeTHPHEALKTPOATIUAT cheprived HOHEH YAOBHUTCI . . . UPE3 CROATA CTPYKTYpa e
JAlHTeH OF BJAHAHHESTO HA BWCOKHA OOTCHIIWAA 1A ofexTa o BpEME HA HHMKEK-
uuaTa’. Koeto nie peue, ue cOHpuTe He padoTsiT HOPMAAUC 110 BPEME 11a HHIKEK-
i, CTaThaTa ce 3anumaBa ¢ npobiema Jlajin TC Ca 3alHTEHH IOCTATDYIIO, 32 J2
MOTAT Jia (i)}'I-IKIlHO!IHPEIT (a e ga ¢ HOBPEX(,H,RT) B DEX(UM 1A MIDKCKIIHA, KOTO
OT CBCA CTpata € rapaHilHs 34 HOpMAJIHATA HM paéo"ra HpH BD3CTAHOBHBAHE Ha
DABHOBECHHTC mapaMCrpi Ha liJasmara. Ectectneno ¢ B Mos Ily@J‘THKaHHH pit]
HUTHpPpaMm COuNOBH HpHGOpH, KBM KOHUTO HMaM APpUHOC, EerectBenn ¢ Aa OTaensan
BIIAMAHWE CaMO A OHC3H CBbNPOBOMAANLH HIDKEKIIUATA JIBJACHU, KOWTO Ca ofiac-
HH 34 (i)ynKILHOHH.HHHTe H6J0KoBe Ha H3MEPUHTRJHTE. A HOpafgyu xXapawrtcpa 1a
HIMEepPBaHeTo CCTeCTReHD nafi-omace: e BHCOKHAT TIOTEHIHAN HA KOPNiyCa. Hsamam
HaMmepeuwe Ja IpepasKa3paM CTaTHiITa CH,

CJI&,D.B&I:'{KH AQruKara ua .,Komelrrapa“ C IBLAND DCHOBAHHE wWoOrd Rd KaxKd,
ae ,]J,e(’pCKTHTG, HENpaBrAHTE (i)()px\'iyﬂl‘i, KAKTO W HEeYMelUHeTo fa ce uete, npaBar
BENPOCHOTO NHCANKE Oescmucaento. Y ue B Tosu cu BHA TG AODH C OHACHo 34a fe-
KOBepHUHA HUTATET,

A HHaug ,,Komemapm“ e ¢¢ OTilacsi A0 MOATAa ﬂyﬁ.ﬂHKHHHﬂ H KAKTD CTaHAa
ACHO, B'bOﬁLU,e HEe e KOMeHTap.
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B TemaTnuHara nopegMua ,AeDOKOCMHMECKH H3cNelBaHMd B Buirape® ce
[e4aTaT CPHUTMHANHM HayYMHH CTATHE OT ofacTTd4 HR XOCMHYCCKATZ U 2BMAlMCHHATZ HAyKa ¥

MpaxTHE.

¥Yenosra: CraThrTe Tpabea fla OrgaT npefcTareH” B 2 eK3eMIUIAPa Ha Durapeku,
PYCKIM FTH aHIVIHECKH c31uK. Brarapekxre apTopn Tpabra Jla NPEACTABAT M IIPEBON HA CTATHATA.

» O0EMBT HA CTATHATA (BICTHOYHTEIHO TAOMHITITE 11 THTEPATYpaTa) He TpAGBa na
HpeBrIrasa 15 cTaHAapTHY MalDMHOIMCHY cTpasdis {30 pena Ha cTpannnga, 60 ynapa xa peg} ¢ dpopmart
210x295.

e Beska craTHa TpaSea na Obie npmripyXeHa oT pesioMe (Ao 1 cranpsprHa
CTpaHuIa) Ha DLATaPCKH M Ha €MIHH 3anajeH £30K.

« Matepnany, npueTn 3a nevaT MAM NyOAMKYBaHHM B JDYTH W3[8HHA, HE CC
NIpHEMaT.

IToppexnane:

+ Ha nnpeaTa CTPRHKUIA HA BCAKE CTTHA TPAGBa A2 ObAaT HRNHCAHH 3aTaBHeTO,
HMEHATa Ha 8BTOPHTE Y 8lpechT Ha MecTepaboTaTa.

«TabAHUY ¥ MWAOCTPany X TalnuBKTe ¥ TEKCTHT KM HEIOCTDALHUTE
TpabBa fa c& UPENCTaBAT Ha-OTAGNHM CTpaHMIE. MACTOTO MM B TeKCTa Ha C€ HOCOYH B HOJISTO HA
CBOTBETHATA cTpaHuna. Ha repba Ha uniectpaunuTe ($oTOCH, SeDTeXH, IpaduKH K Ip.) ¢ MOMHE [a C&
HaIWIIAT 3arIABHETO Ha CTATHSTA, KMEHATA Ha ABTOPHTE, HOMEDBT Ha HHIYPATA K 2 CF YKaKe OPHEHTAHATA.

¢ JluTecpaTypa Lurupanara AETEpaTypa ce MPEACTaBA Ha OTRENEH JIHCT IO
HOMEpAIHs, [I0ARABAINE CE XPOHOROTHYHO B TEKCT2. VIMETO Ha ITbpBHS aBTOD CE faBa C HHBepcHA. Crefsat
3aTTIABMETO Ha CTATHATA, 3ATJIABHETOC Ha criMcaHneTe {cOOpHHKA), TOM, MONMHA, KHILKKA, CTPAHNLA, a [IPK
MOHOTpadHuTE — rpajl, H3IaTeNcTBo, TONMHE, CTPAHHENE.
[Tpumep:

1. Kpseranos, J1, K. Cepadumon, — Crmcanue #a BAH, XX, 1974, Mt 2, ¢. 29

2. Hectopos, I'. Puauka Ha Huckata Honocdepa. C., BAH, 1966, ¢, 63.

JIpyTH H3BCKBAHHSN:

MepruTe epMHEIM 3anBARHTENHO Az ObaaT no CH,

» ABTOPHTE NPETAEANAT S/IKA KOPEKTY4 B OTIPEAeIcHHR CpoK. JonycKaT ce caMo
FONPABKY Ha FPEIKH, HAllpaBeHH npy Habopa.

Anpec. ABTO]}HTB MOTAT Ha NPEeNCTaBAT JHUHO MATEPHAAKNTE CH WIIH Fa I'H
H3NPATAT HA apec:

Codun 1608

yi. ,Mockopcka® Me 6

HHCTHTYT 2a KOCMHNECKT Hacefpanns — BAH

PepakuronHa xoneria Ha ,, AepOKOCMHENECKH H3ceIpaHuA B Buirapus”

Ilema 30 as.
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