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Excitation of ,, quantized " oscillations
under external inhomogeneous actionl

Vladimir Damgoa, Peter Georgiea*

Space Research Institute, Bu.lgarian - Academg of Sciences
't' Department of phgsici, Vni-et, g0ii--iarna

Introduction

tem and oscillation excitation mecha_
lication in revealing the generation
radio sources and the wave interac-

and magnetosphere as well as the exci-
n space.

oscillations excitation with ampltude
mplitudes is demonstrated on thd basis

coorrlinate or the excited system rb, 6r.'S:;tfl[t[i #:]t'f":il,.ft:o:?g"Ti: :tl:tooscillating system with externrl po*"
tivated by servey the known from SHF
mechanics, technics of charged particl
in plasma and other medium based on
inhomogeneous interactions etc. Il -7,mi, to be known as a possible cosmic

,1 An invesfigation supporteri by The Bulgarian Natioual Foundation,,scientific Re-search" under Contract No TH B0rlg2.



ged particles are accelerated by collisions struc'
tures-[l 1]. In every particular case and mode s been
revealed differently - self-modulation, gro How'
ever all these mechanisms are based on a c ternal
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 phaie adaption, providing the necessary energy contribution to the
oscillations- drrring the external inhomogeneous influence. References as LF
and HF are used onlv relativelv. In the common case, the phenomenon is mani-
fested in all frequency bands in oscillating systems undei the action of exter-
nal HF periodic force, nonlinear to excited systems coordinates. When the ex-
cited syitem and the power supply source interact, iorce is formed, which is
frequency or phase (in general-- argument) modulated in character. Charac-
teriitic system argument is adaptively tuning phase, providing the most ad-
vantageous interaction between the excited oscillation system and the high
frequency power supply. Thus, the method of oscillations excitation is called
svmbolicallv short "argument metho- 

The ohenomenon oicontinuous os
discrete value set of possible station
tically for two cases (iwo analytical c

ty of harmonic-force-external action is
ce is subjected to the lower equilibriu
when the external harmonic f orce acts o

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

The motion in different oscillating systems under the
action of external periodic force, nonlinear with respect to the system coordi-
nate in general may be described b. the following equation:

(1) i+Zaoi +a1x+f(x):F6(x, t,),

where x is the generalized system coordinate, 6o is coefficient describing the
system dissipative properties, /(x) is function characlerizing the excited system
nbnlinearity, F-o(x, f,) is external periodic force nonlinear to the system coor-
dinate x, t, is real time.

Taking into account the wide variety of d by Eq. (1)' Ior
the sake of analysis we select an concretized ed the pendulum
motion. The pendulum is common oscillating isomorphic- to a

variety oI physical , phenomena, particularly requency driven
quantirm-mechanical Josephson junction, charge density wave transport, cosmic
particles in certain conditions etc. [12].- 

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

(2) i+Zaox+r,rf;sinx:Fo(x, t),

where x is the angular distance to equilibrium, (D0 is the resonance frequency
of the smpll oscillations, t:@ot.

4



(3)

(4)

(5)

#: #: srn1f,e1 :o(v;.

,.."ff,"$lopl: 6jf) 
and G(v) in Eq. (a) are easilv expressed, taking jnto

" x(y):zurrrin(!), G(y): lh
vl --z-

Substituting Exprs, (3) and (a) in Eq. (Z) we obtain

ffi + B'l : - 2s o# + r(x, r)G( y) *(Fr- 1)y,

where 26d:& and F(x, i : 
Y, (Fr-t ) corresponds to the frequency

detuning, B-1.
The transition to new variables makes the system quite similar to a linear

We assume that solution of Eq; (6) is:
(7) y:Qcos Y:Rcos (Bt-rpn),
where R ln9 eu dre os-cillations amplitude and phase. ,

- I nc dependence of normalized time / on langle y can be expressed in
agr.eement with Exprs, (4), (5) and (7),as

l-,'
-V:sign.\, J sinx'dx' :2tin$,

0

Y

(6)

(B)
I

4 ,,1 R\E"l z /'

the

2n

I
0

I/o:.F(e)

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



/ p\
where K(;) is the full elliptic integial of first kind.

The shortened (averaged) differential equations [1, 2, 3, 13J for amplitude
Q and phase rqu can be written as:

(10a)

(10b)

2n,dR. I r(;): -f,,u J I sin YdY,
0

Zn
dtl,, I r
<-#',: -frF J r cos YdY,

0

where the sign ( ) denotes the procedure oI averaging by time t'

L:26dPRsin Y+ F(x, t)G(y)+(F'?- 1)R cos Y.

Taking into account that
2n 2r

.f sin'?Ya(fidY: / ilffi
dY : 4K(+) *11 [' (+) -n (+)]'

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

(lrq) | ,#,:-foe{+N(*). #t'(+)-^(+)l}

- t [' nt*. t)O( v) sin YdY,
z"g J

0

,dQu, t f Et.- ^\/'t/.,\^^-\uru/--[]3-1.(;): -ffi J F(x, r)aQ) cos YdY-ff'
n

Now, let us concretize the function Fo(x, l) as follows:

(12) Fo(x, l)-6(x)Psinvt'
where S(x) - 6-lunction, P and v are the external harmonic force amplitude
and frequ6ncy cornespondingly. We assume that. v:Nrrl^0, where N:t,2,3, "'.
Taking into account the sotltion form (7), 8-function 6(x) can be presented
in the form

s@: F l#

(1 1b)

(13) 6(Y-Yo,/),

where the values Yo,, are determined by the equhtion

(t Q. x(Yo,r):O.

Considering equations (13) and (14) the equations (11) become

6



(l5b)

Not

:o(+)

(16)

(15a)

From Eq. (9) we obtain

(r7)

i,vhere

(1Ba)

(r Bb)

For stationary mode

the conditiofl 0- 1, which

*(z* +), ,:0, r, 2, s,.

2"Kc)
d\alp---;F-'

ing that #:###:#'##:-u6fr'rand that 
"(+):1, the Eq. (15a) can be rewritten as

<ff >=l -0n{, +N (+). # [, (+)_^ (+)}.

-,^!^u *[s in vr (+) - "" "t (+)]

Introducing the designationt(])=t, and taking into
(17) we can write

t(!f):t,+i",*) ui,nr(#):(-r)0,

no stationary solution

account Exprs. (9) and

sin vd,

dD
( A ): e(Ri q"), j

dq..
( #):9(Ri q")' : r

' : oo -l'g(R, o"): -uan' .

.. 1

(e(R, <p"):0 and g(R, <p"):0) from Eq.
can be rewritten considering Expr. (17) as



Denoting h: + (the module of the elliptic function), from Eq. (l8a) we

can flnd the second condition of stationary mode in the form

(1e)

(20)

(22a)

(22b)

I trfal-(l - ea)r{(h)l- sin vl, : s.P

When ft-O the Eq. (19) is simplified

* sin vlt : Q,

and corresponds to the condition

(2r) lPl>4nlekz.
For the sake of stability estimation we can rewrite Eqs. (18) under the

condition ,t.tO as

e(R q,) - - 26dh ' #isin vlr,

9(R, e"): - %n'
where P: l.

The characteristic equation can be written as

Lz 
-?,,(e p * g,pl + e * g, - e ; g n : 0,

taking the final form

(23) x,(l,-eo)- 0,

where €p, gq, gp are the corresponding partial derivatives.
From Eq. (23) we find l"r:Q, Lz:€ni The stability condition is: I2:e*a0

i. e. eo< 0.

Using Eq. (22a) we obtain €*:-26a +# sin vl1.

Comparison with (20) reveals the stability condition in the form

(24) ea: -46a10.
As the value 6r>0 apriori, the inequality Q\ is fulfilled and the solution

for odd N describes discrete set of stable stationarv 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 harmonic force, in the forrr

(25)

where

i +zaok 1sin .16 : e(x)P sin vl,

,(,):{ i ;fi:
xl<d, d<l
)cl>d



Fig. I

determine the trajectory zone of ttre external influence.
Conditionallyi we irumber the time moments, determined by the zone of

action, as it is shown in Fig. 1.

. T!. pendulum motion in the time intervals f4n, 4na1),l4na2,4na3l, . ,,
(out of the action zone) can be described by unperturbed-eluation

(26) ff+sinx:Q.

Multiplying Eq. (26) with ff and integrating, we find

(27) +(#) -ros x: w-r,
where IZ tg an^rltegration.constant corresponding t_o the full system energy.

From Eq. (27) we obtain

dx l^.____ . .r
ff: tl2w-4sinaf .

the designation u:t and sin il-?and, considering Eq. (28),

=f,-o: 
J

Further on we use
F(.,.), so

(28)

Introducing

we can write

d2s) t-cr: ta

. where er-constant.

the incomplete normal elliptic integral of first kind

: F(<p, ft),

where the amplitude e:am(t-a, k), m:k2, k is the modul
Iunction, m is the parameter of .the elliptic function.

In the case under the consideration a2:!, bz:+<l (n
with the condition -n1x4n),

(30) ,twwo:Y-l , tn: r, slnq: lv-
Y=-

of the elliptic

correspondance

I



The solution of the equation (26) can be presented in the following form

(31) x:2 arcsin [,t sn (l-u)],
where sn ( . ) is sine of the amplitude (Jacobi's elliptic function).

Taking into hccount the dissipation, Eq. (26) becomes

(32) ff +ri"x:-26d#.

Multiplying Eq. (32) with ff and integrating, we find

df lldx\z I d. f ldx'f.-atL-t \E)- cos x l: -26a8 J \;')o'
or

(38) ry: +l -2s, f (#\'atl.dt dtl --aJ\dtJ 
J

For a ha'lf of the period, from (30)'and Eq. (33) we obtain

2Lm: LW: _,U, I W\ ". Using (31), we can,write

(34) #:rucn (l-o)
and

[ (+\'dt:Akz f cnz(t-a\dt,
J \u'l .l

where cn(.) is cosine of the amplitude (Jacobi's elliptic function).
Noting, that [ ,", (t:-u) dt : I IU'(o*(l- o.), k) - (t - pz11t-a)l and

amlt-aa2K@), kl:d.m(t-a; k)*n; E(q+r, ft)=E(q, k)+2E(k\,,where E( . , .)

is in complete elliptic integral of second kind, hence [ ,n(f'o'rJ)d.t': #
J,

x [2E(A)-(r-k')2K(k)]. .

For the half of period we have

(35a) 2Am: LV, :- 166,r IE(A)-(l -kz)K(k)|,
(35b) 4k:- f tvrl-c1_pz7 K(k)).

In the case of small ft, 0< ft< 1, we can find
.; ,'t' t+2K(hl I(36) 

) 
sfi(t-a)dt = J cos2 (l - a) d,t -+ .

Combining Eqs. (34), (35a) and (36), we obtain for the half ,of period

(37) Lln--2n60fti., Ak--n6ok.
Let us introduce the following designations: , .:

Lt4n- ttr+t'tt o, Ltt n+z: t+n+s-t b+r.
l0



The bordering
with respect of the

points are i: f-d and the
time points t4n,sva afrd t4n,,2,

I t: t4n,^u* I -.For{ }wehave
I t:t+n+2,^u* )

can determine

are symmetrical
Fig. l).

Using (30) we

(38)

Combining Eqs.

(3e)

vhere ro: r/T=
Let us assume that v)1, then

When 0(6r<1 and v>1, the

q:arcsin('#)

(38) we find

(#,u)-o[,.*"#,-)]

,pu:arctgffi-l-n.
frequency al:l and

(29) and

Lt.r:2f

-zlr<n>-o(+,r)]=z[ r<(o - +],
| | srnd \l(40) Ata62:2lo (*, E) -n\arcsir-*, n)):,tto;-zl<1\-ft1,

where F( . , .) is incomplete elliptic integral of the first kind,
The expressions (39) and (40) are valid when &>sinf .

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

In the region lxlld,noting that d<1, we can use the linear approxi-
mation of theequation(26), i, ".ff+ZArff+x:frsinvl and its solution in
the form

P

y, : Qs-6at sin [o(l-y)]+#- sin (vlaqu),
V(v'- l)sa(2v6r)z

PP
x=:Rsin(r-y) + +usinvt, T-Rror(t-y) *, 1ftcosvt. :

Now, let us consider the region out of the acting zone l-d, d], but clo-
sely _t_o that zone, i. e. lxl>d.,lxl--d.

Under these conditions we can write:
x:2arcsin [ft sn (i-a)] : 2arcsin {k sn [2l{(ft)-(l--r*)}} - zkl2K('h) - 0-a)].

It follows that the moment ta41 c&tL be found from the equatjon

(4r) 2 hl2K(h) - (t 
n oa r- a)f- d

ll



whenff--2P.

From the condition of lacking of x and ff interruption in the point
t:t4,ra1, it follows

g2a) 
Inrtn (t+o+r-y)i#rin vt4nt1-d,

(42b) 
| R.or (t+o+t-y)-|" #cosvlnn..;r= -2koo+r.

Solving th.e system (4o) we can obtain formulae for (:ftnn*, and y:yan."1.
, . Analogically, when going out of-the acting zone, i. .."for ilie b"litiit : tana2: t an+rf Ltan*r, whe{

:. Ltto+t: t4oa2- t4nay,

P
(aa\ 

| 
n sin (t nn*r1 Lt nn*r i + fg sin [v(lan1r 1 Lt nral)]-- d.,

(43)

we can write

II

(45)

the equations (42) give L,tnnar-

P

v A,tan'r141 ,

2d

(44b) 
| R.o. (t."+r+ Lt4n*r-:i +t $cos [v(lona, * Alan".r)]=u -2hnn*r.'

P ': ' :i

-R cos (fnn*, -y)+v ft cos vt+n+t

Taking into account Eq. (42b), Expr; (48) becomes

(46) Ltanar:rL
'-Anll ., .:

Let us introduce the designation i :

(47) L,knn-hn6r-kan,

Compaiis.on (.47) with (37) re.veals L,hnn=-n6ohrn
Ugns[cleling, (39),. we can write

(48) Ltnn-lK(kn)--*.

. Using Eq. (44b), under the condition (45), we tind:_

(49) ' h4n12-*{-*1.", (t+n+t--y)* RLtan+tsin (lnn,,, y)
t

t2



Substituting

(50)

Analogically

(51)

(52)

(53)

(5aa)

(54b)

P "P. TI v4*
+v v#T cos v/*o*, -"+ Ltu+rsih vla".*,, 

).
Eqs. (a2) and (46) in Eq. (49) we obtain

han rn-.kno*, - d;sin vfno*r.

we can write the fqllowing e4uations l

At+o+z=2K(n**") _#, ,

Lk+n+z=-n64k412:+2, 
,

. kto+s:k4na2-lAka42,

t4n+B:ttr*z* Lton*2.

For the region 4n.+B-*4n+4 (see Fig. 1) we have (R:Rnn+s, y:fan+a)

trf sin(d,*r--y) - i+ sinvtnnas--d,

+:.ftcos(lan1s-T) -v # cos vl4,r+s-2kno*r,

ttn++:ttn+g* Lt+o+a, -: l

(55a)

P
( s in (1a,,1 s * Lt u+ a- T) - i+ sin v(la,,p3 * 4l r+ r)-d,

,P
(55b) I R.or (t4n+a+ Lt^*r-r1-ujlcos v(lnn*sa Ltan,s)-2hanaa.

Assuming, that

comlining Eqs. (54a) and

(56)

and

vA,tar'44I,
(55a) we find

at

P'

'# cos vl+z+s

it follows
)

Lt; ^ag.;:-, tu+t : tr,q,l Ltt.+a
: *ln+x 

I

account Eqs. (52) and (50), we can write

ht n+z- k+ n- nE oka n - =:- 
sin vlnr.,1.

.,.4n

the condition (56), Eq. (sSb) can be rewritten

R cos (lnn*r- v) -

From (54b)

9'l
Taking into

Considering

l3



IP
(58) hn,+n=*J n.o. (tan+s-,t+n+r'1- u jlcos vlan,.e

\
P)

- RLt a,n+asin (/n,a3- y ) + u, A Lt nn+"sin vl4 r*, 
{.
l

Using Eqs. (5a) and (58) we can write .

(59) k+n++-k+n+s++;sin vlanps.

Comparison (59) with (52) and (53) reveals

h+n++- k+r+r- xE aka62+ +sin vfan-"a.

Combining Eqs, (46) and (48) we find

t n^*, -l2K (k4,) - *1. fi; *, n,-zK| k ) 1- t o,'

In analogue from Eqs (51) and (57) we can obtain

trn++:lzNlno^*r1-.*..*"*1.ffi*'n,*r-2K(kaos)*t+,+z'

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

(60b) ku+z-k+n- n66kan- #;ri"vtsls,

(60a)

r60c)

(62a)

(62b)

tnr*2=ta,t2K(kL"),

t u+ +11 u + z + 2l<(k +, + r),

ht: ko,

v(ta-t):)1sIV.

(60d) knn++-k+n+2-n64kan42+ J- sin vtnn*4"
"'Ln+2

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

(61) v(taoaa-tan)- 2nN,

where N:1, 2, 3,... is the ratio of frequency division.
The equation (61) can be written also in the form

v[K(ftr,) + K (kro+lr)]: nN.

Below we show that N has to be an odd number.
Designating five successive time points as ts, tb tn, ft and ta and corres-

ponding values of & as hs, k1, ks, ks, and ka (in analogue to as it has been
done in Fig. 1), we can write the following conditions lor the stationary mode

The equation (62b) follows from the condition of oscillation synchronizalion
with the external excitment.

The Eqs. (60) can be rewritten
r4



hz: ko-nAoko-&sin vfs, k+: kz-rEakr*frsinrto,

t2: to a2K(ko), t +: t2+21<(k).

If we consider the condition of symmetry between the upper '{4n-4n121
and lower {4n+2-4nE4} periods, we can fi;d that it is pos^sible'to havei:he
symmetry only if N is an odd number, i. e. N:2lll, L:0, L, 2, 9,..., and
1t the next equality is lulfilled: sinvp+2K(,€):-sinvl.

From Eqs. (41) and (42) iL follows 2vK(k):2"p+!) u"a

(63a)

(63b)

approximate formulae

can write

(67) :

sin v/o: -sin v/e,

COS Vto: -CoS vfo.

Combining Eqs. (35b), (62a) and (63) we can write

(64) 1ffi' 
[e(ro)- (-k))t<(ko)J-sin Vro:Q,

which in the case of ft-O becomes

(65) nokoS-rin 
v/o:6.

Solving 9q. (05) we can determine the initial phase lo.
Apparentlythereexistsanexcitationthreshold'

(66) lPl>4n6okz.

For the P values above the value P:4n}ak?,, a disctetization of the possible

reshold condition (66) coincides with

::1,:[" #'s n,[lii",ll" 
nonrinearitv or

lity examination it is enough to .on.ialllTr'Jt{' fr:it 
tlr" 

t"*t :ilftem 
stabi-

From Eq. (60b) we determine the variation i

/ o P \-. P6kao+z: (t - naa + iilsinvta,az)6k+n- " *-a;(cosvtno*r)Etana2.

Taking into account the relation tl6l ry:+l# - K(,€) 
I 

and also the

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

6t anq a: 6tao*r* 2&6 k+n +z : tknn*n (t - "a 
r+ ftsin 

vfnn*r)6ft.n

I5



+ (t -*up\tt2, 
t

\ o &1n cosvta'a2)Etnn+n'

Remembering that k+n+z: ktn:ft,, sin \t'n+z: -sin vl6, cos v/anr.n: - cos Vlor

fronr Eq. (64) follows that 
Ptt'l.lt:n+' 

- 
Psinvln

4kin - - nb6' so' we can write

6 ku+z:(1 - 2nEr)DAn, + u7fr(cos vts)Fta na2,

6lnn+. :! nolt- 2n6)6k4n +(t * + vpcos v4)von*r.

assume lhat 6knn*r:l,6ftan and 6t+n++:7,"6ttn+2.
we can write

(l -2n6o- I) 5ft1n + 
" #(cos v/o)bln,*2 : 0,

*nr(-2nlo)Ekan+ (r +f vpcos vto-l,)6t.,*o:0.

The characteristic equation has thc form

Lr-Iu(2-2nso + + v P cos vt) + (I-2n6r): g

and its solution is

r,,,: I - n'a-r ft vPcot"r, t{@Y_ t +%s;
The stability condition is: ll,r,,l< 1.
Apparcntly, the solution is stable when the following cqndition is satisfied I

Pv cos vlo<0.
Generally, we have proved that in the system under consideration oscilla-

tions with an arnplitude from a possible set of stable amplitudes c.an be excited.
The spectrum of the symmetrical solution amplitudes can be expressed as

2vK(ko):2"(+f,), I:0, l, 2, 3,. .. ' which gives the spectrum of amplitudes

h,o, K(ki:f**)+,1:0, 1,2, g,.., and an odd ratio of frequency division
N:21*1, l:0, L, 2, 3,.. .

Let us
Hence

Conclusion

It should be noted that the relation v:N(00 is complied
with in all cyclic accelerators; there v is the accelerating high-frequency field fre-
Quencli aro 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 oI "equilibrium" particle in cyclo-
accelerator. Particles, close to the equilibrium, in cycloaccelerators perform
slow phase qscillations. Their analogue in our system is the fluctuating appro-
ximation to stationary values of the oscillation amplitude and phase, In our
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ses of plasma pafticle interaction with
equation of (1) form is obtained with
this case 6a:or is ion-electron-neutral

is ion cyclotron frequency, e is electron

tromagnetic
inal magne-

:i,€'ifJf;
between E and Eo (longitudinal electric field) is : E: #UrY _ h4t,
where Qo:4n62ff is Langmuir plasma frequency, V A: _t+ is Alfven le-
locity, zr is plasma density. The condition for prasma nu#ttng is defined as, - M rorc'lfrRoA

"0, \ -;-, where Qo and l* are the waveguide radius and lenght,

t: #, ^o:4nP*#.
ergy- transformation efficiency in ilie
low-frequency oscillations demonstratesul low-frequency waves in the Solar

oI oscillation excitation are
of mechanisms of planetary
interactions mechanisms iir

I as the excitation of VLF
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' BoS6vlKAeHI'Ie ,,K'BaIIToBaHIlbIX" 
'ltole6aHtlI)I rIoA

BOSAerzCrBI4eM BHeIII] eil HeOAHOpOAIIOI4 CI4Jrbr

Bna)unup !,an7oe, Ilemp feoPeuee

(Pesror'r e)

AHa"rr.rruqecKl4 rlpeAcraBJIeHo rB,/Ie[lI4e Bos6y]KAeFII'Ir He-

saryxaloilurx KoJre6aHrzii c alrn.laryAofr, npnHaA,'lexauefi K Al4ct{perHoMy pflAy
Bo3rvrox{Hl,rx ycroIzqLIBbIX aMnJIIzTyA AJIfl AByX cJlyqaeB - 

Bo-nepBblx' KorAa
BHeuHee BosAerlcrBr4e, npeAcraB/TeHr-roe 6-Syur<qzefi, rp14KJIaAbIBaerc-fl K HI4x<-

Heri paBHOBecHoIl TOr{Ke TpaeKroplltz xone6a:nufr ],I, Bo-BTopbIX - 
KOrAa BHeu-

Hfls rapMoHlrqecKafl cz,rra BosAeticrnyer B 3aAaHFIofi goHe rpaeKTopr4Ll c KoFIeq-

HOIZ [DOTfl )KCI{HOCTbIO,
llfegcrannerlHbre MoAeJrblrar cr,rcreMa r.i MexaFII43M BoB6yxAeFIIil KoJIe6aHI'Ift

Moryr HailTrr [przMeFreHr4e B pa6ore rro BbrrrBJreHl4ro MexaI-II43MoB rel]epa\Lrr4 pa-

Arlor4croqHlrKoB B MarHr.rrocq)epax r,/rairer r.{ MexaIJI4BMoB BsaLIMoAetIcrBI4fl BOJIH

r rionocipepe I,I Mafl{Llroc$ep-e 
-3ettlIl, a raK)Ke Bo36yx(AeHufl HtI soIH B oKo-

,'IO3eMI{OM rlpOCTpat{CTBe,
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Discretization of the radius of the
electric-charge cyclotron motion in
the field of electromagnetic wave1.

Vladimir Damgou, peter Georgieu*

Q 
pqce 4ttnnrch I nstitute, p.,!!Cpf inry Academg of Sciences" Department of phgsics,' VUEt, iorii"-"

Introduction
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A stability general investigation is carried out.

Analysis

Let us consider electric charge q in magnetic field B
and electric field E. The equation of motion in three-dimensional Euclid's
space is,

(l) mffi:F:q(E+vxB)-2mFV,

where rz, is, the mass of the rnoving charge .q,. ,Y - arL- is the velocity, B is coe'

tficient of dissipation.
Considerihf Eq. (1)'and 'assuming ;1641'11te'':motion is in the plane z:0'

we can.qlite;

For constant magnetic field B:ezBo:corst the cyclotron frequency

(3) rl,o: - 
4Bo '

Taking into aceount Eq. (3), Eqs. (2) larc tl" tort

+: -Hur-roy r-2BVx,

+: -firn+rov*-zPVy'
A solution, corresponding to rotation plus drift is sought in the form

(5) x-Rcos Y*at, Y:,RsinY* bt, Y:atarP,
where R, q, a, D are constants in the stationary regime, o:coflst.

Let us introduce the sign ( ), 'denoting the averaging'by time l. Then
the values a., b can be found from the next equations:

-ff<n.>-arb-2Ba:0t,. .",

- #rurr*r.oa-2tb:o
Integrating'(4), wg can wiite

V* : -H ! f.At-roy-2Bx*const1.

Vr: -P f qat+ro*-zBy+constr.
"U, !1

(4)

(6)

(7)

e&



Neglecting ff ana ff m^ (5) we obrain

(B)

(e)

V-: H. :-ro,e sin v +#cos'r-ffR sin y+a,

Vn:#: oRcosy -F ff siny+#)nrosy+r.

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

(10 a)

(10 b)

From

(ll a)

(11 b)

ff "otv -#R sin y: -+ J' 
Edl-a-aobt

-2Bat+(ul-oro)e sin V_2BR cos yn constl,

ffsinv +#RcosY: -+ I Endt-b+aoat

-2Bbt-('uo-rrro),e cos V-2BR sin y_t consto.

. Considering (9) it gets clear how coro, th;';;rilii b"i,t or the Eqs. (7) ," iljt't"1,119;l;,, 
have to be determined

Considering itso (6) ,n. .Jn ,i,;it.-

ffrotn-#nsiny=-ff (e.riodicat part or Je.at)
+ (o-oo) R sin Y- 2pe cos !,

ffR.o.Y: -+ (Reriodicar part of Jeral
--(rrr--:are)R cos y_2B,e sin y.

Eqr. (10) we have

#: +[-.o.Y(Reriodical part a I n,at)

-sinY (neriodicai part of I urr)]*reR

,#- * 4[""v (Reriodicar part a ! e.at)

-cosy (neriodical part of J n,al]-(ro-coJ.
we consider a plane electromagnetic wave (i. e. E.k_ 0, where /riswave

vector), E-coS 1it - k*x - kry _ k"z i a).
Let us assume that kr:k,:O and ky:k, Then Er:8,:0 and

(12) E*=.-&Ejcos t&-kb) t-kR sin y*ol.
Assuming ftatv:i-kb yd -kEr:,80, Eq. (12) can be rewritten in the

p*:E, cos (vlf a-ftQ sin Y).| .:

f; sin \r+

form

(13)

We assume

2l



(14) v:N(D, N:1' 2, 3,. , ,

For the sake of solving Eqs. (11) and considering Eq. (13), we derive the

following expansions:

(15) cos Y lperiodical part of f cos (vl - ftR sin v 1 u) d/l\^",, r--- J I

:finite part {#{sin[(N-1)ol+s-q]f sin [(Nf l)co/*o+ql]-t

+ j Jrt @R) {sin 
t(2/+N- 1)ot+(2/- l)qtgltsl-nJ(2/+N+ 1)ol+(2/+1)a+ol

t-t \-- 2(2i*N)a

+ ; tu-t@R) { 
srl t(zi-?-N)or+(2r-_-?9--gllln [(2i-N)ro/+2rrp-ol

j:r 't

_ srnl(2i-2 il,----------4Fi+N)o- tl

(16) sin Y[periodic part ol f cos (vt - kRsinyau)dflJl

- finite e*t {#{cos [(N-l)rrrl-rp*a]-cos [(N+ 1)rol+q+o]]

. 4 .'t@R) 
{

T}
)

+ Z Jnt-r(hnl
J:r t

- 
cos [(2t*N-2)ro/+(2r-2)tp+o]-jos I(21*N)ro/f 2rqtE\\,

@ ff
where -(. ) are Bessel lunctions of first kind.

Using (11) we can write the shortened (averaged) equations;

,#r:-fr r<.ot Y{ neriodical Part

"t [ / cos (vf-ftR sin Yf o) atf]>-zOa,

,#r: + *(sinY {reriodical 
Rart

"t [ / 
c s (vl-,6R sin Y*cl)r, 

]])-(co-oo).

(l/ a)

(17 b)

22



From (1S), (16) and (17) we obtain

(lB) (cosv{periodical part of I f .o.(v/_ft,esinr'' -LJ ;: r i
I

= - , /r(hR) sin {,ruo-a)1

(19) (siny{ periodical part of | /'.o. (vt-kesinv+u) dtll)t- ,LJ I
- # JN@R)eos (Ne__o) 

:

where J"(.) is the first derivative of the Bessel function of the first kind.Taking into account'(1s) and (19) Eqi. (r7) can be rewritt€n as

(#)=f(R,,,p), :

<ff):s(R; w),'

,f(R, q) : * * t;(A,Q) sin (Np-c)-2Bre,

s(R, o):fr * # t-rftR) cos (Nrp-o)-(ro-or).

stationary solution corresponds to the conditions

;+1i 
ai])r

(20 a)

(20 b)

where

(2r a)

(21 b)

The

(22)

For the sake

(23)

(25)

<ff):0, ,(ff1=0.'

analysis we vary
^dP Af ! Ard#:;nbR+#a,p;

u#= #ue* #ur.

of stability

Using fn, f*, g* and g, to denotel :" dr a:f du ' 'ai'

Eqs- (28) for constanl 
,(stationarul "",r* "rt*'l"jtfl."'r"*rrTrilJ ,T;:

..s-tedVlstate 
oscillations, the s.!ltitiii ."l,;;ti"; .i' G *J:iit["

(24) ,Re(x1,u)<O, : :

where

since the time he ations of e and rp from theirsteady-state val b loni 6R:Ar;;i; ir;;i ";;A
Ee- Bp\'n.+ B.2e?" Br constants.uonstoeflng dit (24,) can,be re,wJitten ras, : .

23



(26 a)

(26 b)

The partial derivatives can

f n* g,p10,

f nlr-f ,gn>0'
be expressed:

(28)

/,:* + rl- #t;(eR) + (#-r )"''rna)],

(27)
ft-+ E;Nt;Wn> 

cos (A/<p-c,),

e":# + #[- # rN(kR)+ h(ftR)] cos (Nq-o),

8,p : - + + k#h- JN(hR)sin (Ntp-o).

Considering Eqs. (22) and (21), Eqs. (27) become

f n: -a1t* * u(#k-l) /,v(ftR) sin (Ne-u),

/, :* fitu;tnnl cos (Ns-u),

en: -f tr,l-.,) + + + Nk';Fh(hR) cos(N<p-o),

s,p: - + *uffinlnalsin(Nrp-*).

Combining, from (28) we can write

(29) In-t 9,p: -4p-Fohu(p) sin y,

(30) fne,-f,sa:Ft#[(t-#) &ril-ry@)]

+ i', 
[+n # r*rrlsin y f 2 (ro - oo) # r;tO cos y] + (Nr - peXro- roo;r -; 4paN2,

where the following designations are introduced:

* ftn- ,o, kR: P, NrP-o: 
"7'

First we consider the case of small amplitudes, i... lpl<1. In this cas_e

we can use the following assimptotical expressions for the Bessel functions [8]

(3r) 4v(p):(+)" E .fi+-(+)"=.#(+f +

(42) +(p) :zrnl;r(+)*'+ ' ' '

From (20), (21) and (22) we find

24



(33 a)

(33 b)

(34)

FrJiG) sin y- 29p,

rr# h@cos 1,:61-6y0.

Substituting (31) and (32) into (33) we determine

cos r/:0, or

sin y:1- l)*, rn:O ; I
are possible, e. g. with adding n to y).
is not of essential significance, for the sake of simplifying

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

When lpl<l and N>1, from (29) and (30) we find

(35) 
"fn*B,p: -4p<0,

(36) f ngr-f,ogn=Na(ro-crro)2-F 4Br1r'z=0,

i. e. the condition (26) is satisfied and in this case the system motion is
stable.

Let us now consider the resonance case, which means

(37) {D-o)o-0,
or considering Eq. (33 b) this is equivelent to

(38) lF,l # > l'-'o l,

Two possibilities follow from Eqs, (33):

a) /n(p):0 and cosyfO oi b) cosy:Q.
We show that when the amplitudes are large (p>l) the motion in the

case a) is unstable as long as in the case 6) motioh is stable.
Case a),

(39) 4,,(p):o and cosyfo.
Then .rr(p)*O. In Eq. (30) we neglect (rrr-o) and "rr(p) in correspondance

with (37) and (39). We find : fpg,p-f,pgp-.-fi#Ji@)+AqrNr. However from
(33 a) it follows

tgy.:o+,

I n 1"-' =.4t 
",1L-Pl- 

[(2B)a1(o-.,x]f,.

^ /.,v(p) 29ro --l--: ,fir , i. e, fng, - f *1n-4pzt11z (t - *h) =O
apparently in this case the motion is unstable.
Case D),

(40)

and

(41)

(42)

(the two cases
As here B

we put



(43) g-0.
From Eq. (33 a) it follows

(44) {n(o)-0'

, . The condition (44)_determine the possibre discrete spectrum of ampli-
tudes p..'l"hese amplitudes go n.ot depend on the force En^(or 4).Taking into account Eqs. (BT), (41), (43) and (44), from eq.'iaO; we find

f nl,p-f ,pe a:ry #( t - #) r*@).(45)

When

(46) p>N
from^(45) it .!qllows that the stability condition (26 b) is satisfied : f rg,r-f,rg*>0,From (29) and (42) ve obtain-

(47) f n-f gr:-40.(- D*.Folw0).

- Sele_cting tle values ior m, it is possible to satisfy also the second stabi-ity condition (26 a): f n)-gr<0, or

(48) Fn sin y-ll,(p)>0.

Conclusions

of the system 
"onriall"?,analysis 

shows the folowi'g two essential features

ry stable amplitudes is existing, which
g the eq. (44) under the conditions ex-

.(X1lprituae, determined by the condi-
the discrete states are stable.

" Tll. phenomenon of continuous oscillations excitation with amplitude
Irom discrete value set of stationary amplitudes has been demonstrated'orr the
basis of a common model - oscillatoi'under w.ave action., It is shown that
p,henomenon manifestation conditions are realized in a natutal way in an os-
cillator _system.'interacting with a continuous electromagnetic w&V€;
- Modelling system of oscillating charge under wave action has been consi-
dered, It has been shown that theiontinuous u'ave with spectrai components,
consider.ably higher than the oscillator charge natural freqirency, excifes char-
ge oscillations with quasinatural frequency and amplitude beionging to dis-
crete value set of possible stationary amplitudes, dependent only-on the ini-
tial conditions. The considered mod"el may be used for phenomehological in-
vestigation of plasma particles with
waves in the Earth ionosphere and p
adaptive non-linear parariretric wave
wind control of Jovian heterometric r
sions and Uranian auroral kilometric radiations. The mechanism is connected
with natural interaction inhomogeneity and its ty.pe can be delined as cyclo-
tron instability in the generation processes,
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en researchers that planetary radiation
4ser cy.clotron process and all celestial
c electron source are strong radioemit-
We hope'that the effect, presented in
rich the concept of generation mecha-

ntsms.
f cyclotron processes that might prove

agnetosphere radioemission. It can be
ise to radioemission not onlv in narrow
to the magnetic field in source region,
ls upon the charged particle oscillator.
lor excitation of low-freouencv conti-

itude set under the influence of wave
in that number fall waves from the
and the radioband. Possiblv. this me-

re-emission with frequency downward
ms are accompanied by radioemission
waves transformation into electromag-
'wave - wave" interactions,

bined with maser cyclotron processes,
ions) in the presence of magneiic field,
lectromagnetic background is adcled.
tics might be determined by the pro-

r re quen cy p ar amet er m ay exct e os 
"i 

l 1 at?:f; t"'#liJtll"H:ft? 
(ilffil'lf 

3'?i;l
ierent amplitudes; on the other hand - waves with different irequency para-
meters may excite.oscillations with same frequency (e. g,, in gyroresonance
frequency area and 1ocal plasma frequency, due tb ihe"re.ona]ice effects).
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Self-organization theory and self-orga-
nization prbolems of magnetohydro-
trrdynamical accretion disc theory with

reference to the process of large-scale
turbulent helicity structure formation
in accretion discs around black holes
and neutron stars

Bogdan Dimitroa

\igh Elergg Astrophgsics Section
Jpace Research Institute, Bulgarian Acadenry of Sciences

I. Introduction

20 years there has been an apparent
physics and other natural sciences such

drodynamical f lows (Bernard's cells
-f##l f';lil': ilt*it'l i,1'ili I 3#;

their nature, all of them can be descri-
uations in the framework of t,he so_cal_

senf the princip-
heory of namichl
objects neutron

uires to regard accretion discs as open,
s. The main reasons ,f or such a trjeat_
tiorr clisc i$ an,open system due to the
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following reasons: l) there is an input of accreting matter from the outside
companion compact objeci (a massive star) with an accretion rale M, which is
an important parameter in view of observable effects such as spectra, bursts
and etc. 2) the gravitational field ol ihe compact object sets up the vertical
density distribution in the accretion disc in dependence of the variations of
the gravitational potential t61. 3) ihe magnetic field of a neutron star strongly
inf luences the movement of matter, especially in the boundary layer of the ac-
cretion disc around the neutron star.

Since in accretion discs processes of substantial energy release occur due
to viscous dissipation, reconnection of magnetic field lines and radiation trans-
fer, accretion discs can also be regarded as typical dissipative systems. Also,
since the unsteady accretion ,rate M,is connected with the complex time va-
riations in the X-rav snectra of accretion discs. thev can be considered as non-
equilibrium systemi.

In the next chapter the specific process of turbulent magnetohydrodyna-
mical helicity structures.formation will be investigated in the framework of
sell-organization theory.

II. Basic principles of the self-organization ap-
proach in magnetohydrodynamical accretion tlisc
theory

The first important principle is that of hierarchy, which
mearis that the initially formed turbulent structures (in the case-vortices) can
interact between each other to form a new, hierarchical system of structures-
large-scale helicity structures. Such a process, occuring in the boundary layers
of acretion discs around neutron stars, has already been investigated in referen-
ce [71. However, the interaction and the exchange of energy between the vor-
tices-and the subseqrrent deviation from isotropic turbulence give some reasons
to assert in this paper that this process of anisotropization of turbulenceshould
be accounted by additional terms in the spectral energy transfer equation:

(r) #:-2vn,E (k. D+r &, il,
where E (tr, t) is the nonstationary energy function in fr representation (fr-wave
number), T (k, t) is the spectral transfer function in the inertial range and.u is
the turbulent viscosity. The additional ter on bet-
ween the vortices depend more especially o , which
can account for the process of "energy acc e num-
bers, characteristic f br the case of two-dimensional turbulence. Moreover, since
in accretion cliscs around neutron stars the twisting and the reconnection of
magnetic field lines limits the energy cascade towards largef space scales (i. e.
umi'l1 h1, the energy cascade in tw6 opposite directions ihoulh be taken into
consideration:
a) in the direction of small ft, accounting for the orientation of two-dimensio-
nal vortices in the direction of the magnetic iield;
b) in the direction of large ft, thus accounting for the disorientating (chaotical)
action of three-dimensional turbulence [9].

The second important principle of the self-organization approach concerns
the nonequilibriuni energy-exchange in accretion discs. The pro.cess of statio'
nary energy tr,ansfer frori"gaseous turbulence to the magnetic f ield has already
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owever, in view ol the basic prin-
zation theory it is natural to eipect
ystem "gaseous turbulence-magnetic
icity structure formation. In other

about isotropic magnetic diffusion and

cribing the.magnetic field generation ,f?"J:ffi.1iff'Y;t:f;i""li:Tti?1'; ,1',i-ger be valid.
out the establishment or breakir-rg of
c iielcl. On the base ol the invariince

field generation) under ihe
that two tvpes of solutions
to two diff"eient modes and

(2) B, (z):-8, (-z); B*(z):- B*(-z); B"(z):8"(-z)
for the dipole mode and

(3) B, (z):3, (-z); B, (z):B* (-z); B" (z): - B" (-z)
f or the quadrupole mode. However, when anisotropic diffusion sets in and un-
der tre ass-umption that the fluctuating field's scaie is less than the characte-
risctic scale of the mean lield, the fluctuating component of the expression
ti:utxbt in the above system of equations should be taken of the kind:

(4) e'i:lyy-:(r.,iB,*F,in o*.!L

t the final stage of the develop-
the f luctuating and of the mean

(4) is inapplicable.

".","1 l', i I i ffi nt ?i, |;.t ff % iT "i;:um, in accordance with what has been
rper. In reference [10] the total visco-
viscosity when k<k, and of the'lano-
, is the r,vave number when anomalous

side of the correlation equation: 
pectral function F (k) in t'he.ight-hand

) @,(tt)u,(-te)):+ #
( titue averaging) is tvoicat the tollswinslemaik isd , between thJ :two tvoen inacceptible ana ideili

(5)
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The
and

,
0

(6)

reason is that "anomalous"vortices "overlap" the isotropical turbulence
hence a correlation in the helicity due to the presence of the term

-o: (u(l) u(/*s)) ds; u-helicitY

in the diffusion term in the system of equations, describit-tg the generation of
magneticfield. That is why it is proposed in this paper that anoth.er, antisym-
metrical term should be added to the correlation function Fn(k, t):

(7) n,,6,t1:ff{ (k6,i-k,ki)1- tw t111 k1,

where the spectral f unctions E (l?, t) and K (h,, t) are connected with the iur-
bulent velocity by the lollowing forn ulae:

t"i\ 
- (k, t) dk; K @,t) dk.lc

.L

.l
0

I_T(B)

€
I

(u, rota): 
1,

0

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

a) w:hat is ihe physical meaning of the change of sign in ttt. dipole.(oscilla-
ting) mode of the magnetic lield and is this change related with the exitence of

anomalous diffusion?
b) it is known that anomalous diffusion is connected with the appearence

the occurence of dissipative processes. T
the contrary. But then from Liuvile' t
volumefor ergodic systems (i. e. for systems without dissipation) it will follow
that when /->"" the correlation function

(e)

and also

(10)

(a" (k,t) us (k,t)) 4 0

(ao (h,t\ us (p, t\ a, (-h-p,l)) : 0, [14].

The last eqr-rality in practice excludes the three-mode
is highly improbable, especially at the later-time process,of
the vortices. Moreover, in a iurbulent medium with nonline
(clue to the viscosity) a nonlinear interaction between the
the r, <p, and z directions will take pla
chronization between the different mo
modulations, similarly to many know
near wave propagation theory [15]'
near approaches suggests that the e

should be seriously revisited. In the
bilities theory, th"e stretching of conv'ective cells a.long the z direction, alsp
the growth oi'nonaxisymmetrical azimutal perturbations, discussed in ref .
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#fl;J."orbly 
woulcl be exprained with the effect of competition between the

vn' - the magnetic viscosity), the dynamo number D:@#)qzjlvfl,14_
dis.c rad-rus, @ - angular rotational velocity, / _ characterz air"cti-onj ina ,j.o the parameter 6, defined by ihe ,"r;1i:.1t"gth 

along

(11) .#_ 6: p (u'z) _ J# (o<s< t).

3 Aepoxocuuuecru r4scJre4Bauus s Etnraprs, I I 33



I sical processes under the influence of

outer rate) , 

- 
then the "micf o" spectrutn 'ref -

lects se - the accretion di'sc) to create its
"o!\/n on of the outer f actors' That is why a
concl l"hat the ould reflect a

more complex dependence of the physical rameters'
In thi^s chapter two important and yet will be consi-

derecl, which ar'e based on bbservational d to be related
to the process of large-scale helicity

The first oroblem is connected wi
crease of the oeriod
time (source 4+ogOo
exolanation for this
mitter near the ma ref ' [18]' Beside

"spin up" - "sP s

X-1) it occurs f o s

he reason for suc s

The second problem concerns the mall energy)
and of a "hard" (with greater energy) diatjon,from
neutron stars in binary systems and tes lor .Dlack
holes (CYG X-1, CIR 

"X-i 
ancl others). ack hole the

existence of a "high" state ("soft" component rvith energy E< 10 keV) is ex-
plained b], means"of the theoretical ass^umption about a higher accretion rate

(M>Mcr), while the "low state" (with a "hard'component ol radiation)- is

ionne.te,l'rith the decrease of the accretion rate belorv-a certain critical value

ivl,r, i. e. M<M"r. it is suppose temperature
specirum during tfre "1ow" stal6 is of a coronae
aiound the disfand with the increa eld' The fol-
i;*ilg observational fact is very i intensity of

radiation (approximaiely severai ti
at the end of the "high" state. This
1ow" state takes place gradually and t
"1ow" state for example appear yet clu

i "transition time", during which stru
'take place, including the formation of helicity structures'

As far.as accretTon discs around neutron itars are concerned, the "soft"
.onlpon.nt of radiaiion is relatively stable in intensity and is identified with
the iadiation from the opiically thick parts of the accretion disc, while the

ifiAd with the radiation from the neutron
oarts of the disc, most closely to the
'ihard'i component varies considerab-

lv mav account for the pfocess oi for-
licity ltructures in the bounda'ry layer

ol ihe disc.
Both in the cases of accretion discs around black holes and around neut-

ron stars one and the same problem alises: is the transition from'ihigh" to "low"
state (or vice versa) connecled with a transition from chaotical to structurized
tuibuient motion?'Unforlunaiely this problem in asl"rophysics has not yet
been resolved due to serious obstacles and inadequate basic assumptlons ln
the theory. F,Iowever, if these assumptions are properly corrected and various
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hew mathematical methods are implied, it will be possible to give a consis_tent exp.lanation to this interestin! pr,.nonrena,within the framework of self-organization theory.
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C au o o pr a H I4 3 auLI o FIH a r e o p I'I fl u c aM o o pr aHI43 a IrLI o Fl -

nrl npo6reMl4 Ha reopl4flra Ha MafHI4ToxI4ApoAH-
HaMr4qrrnTe aKpell}loHI{a AI4CKOBe nO orFIoulellHe
Ha npoueca ua QoprlupaHe Ha eApoMaua6ura r5'p-
6v.nenrHtt BI,rxpoBI,t crpyKryplz B aKpeuHoHHLI

Ar.rcKoBe oKOJIO qepHI,I AynI(H ?I HeyrpoHlII'I 3BesAI'i

Eoelau fi,unumpoe

(Pesrorr e)

Hacroau,ara pa6ora I4Ma 3a ueJI Aa Qopuynupa ocFIoBlIlI-

Te np14HrIHrru 3a npr,rJro>KeHr.re Ha HoBas caMoopraHugaUIIoHeI{ (clzHepferHr{eH)

noAXoA B reop14flTa Ha MafHI,rTOXr.{ApOAr4HaMLIr{HI4re aKpeuIIoHHlI AI]CKOBe B acrpo'

$usr,ixara. Ha ocHosara Ha Kpvrr4qeH.aHarTI43 or fJIeAHa roqKa Ha caMoopraHl4-
gaulroFlFlara reopufl B HacroflIllata pa6ora e AoKa3aHo, rle tto-Hararr,lllHoro reo-
perr4qHo izscJIeABaHe Ha npoqeca Ha eApoMalqa6Ho nltxpoBo crpyKrypoo6pa'
3yBaHe ce H)/x{Aae oT sHaq[reJIHo nro4tzQuql4paHe Ha IIoBeqeTo oT ocHoBHIIre [peA-
rolo)KeHr4rr B TeopHfTa [Ia MarH].TTOXI4ApOAL{HaMI4r{HUTe aKpeqI4oI{FII4 AIzCKOBe.

flpe4craneuv ca v Hs,KoLt sa6.nrcAarenua QaNra or acrpoQusuKara Ha qep-

Hr4Te AyrrKr.r 14 HeyTpoHHr4Te 3Be3AI4 B TTOTBT'px{AeHI4e Ha resara 3a IIpeAIIOJIafae-

MOTO CbtqecTByBaHe Ha TaKVrBa CTpyKTypI4 B aKpeuI{oHFIII AIICKOBe OI(OIO CI]O-

MeHarIITe KoMnaKTHa acrpoQusuusu o6exrv.
HaCrosqara pa6ora 6u vror,na Aa nOcJIyxV KaTO oTIIpaBI-Ia roqKa 3a OO-

IUIzpHo reoperIlqHo I43cJIeABaHe ua ryp6y,tteHrHoro MarHI4TOxI4ApoAI'II{aM14qFIo

Br.rxpoBo crpyKrypoo6pasyeaHe.
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Quasi-Gaussian point source function
and two approximations of its out-of-
focus intensity distribution

Dimitar Dimitroa
Space Research Institute, Bulgarian Acadcmy of Sciences

Introduction

l:,,1 l: pr:.1d r unc t io n Tli'n'.':'., ftT 
t" 

o',?:: i'lv Ji'
!jq,lry_'s pattern) but seerns like a blur s-pot with atne diameter of the central Airy's disk.'The most
are stellar (i. e., point sources)iurburenti - 

ymeans of ground-based large optical telescopes.'If the opti t precisely focused,the resulting point source 
- 
intensity dist differ from that inthe focal plane (.16, J) .depending i,n ttre . \,f between the plane (xo, yo)and the plane (x, y), wher'e the Tntensity is measur;1t on 

"; 
detectors (Fig. r).

Fig. 1. Scneme of the optical system
(x', y') -^ input -aperture planei(xs, yo) _ focal plane; (x, y)
- out-of-focus plane;
/- focal length ; A,f - out-of -focus clistance ; ,:rrl 12:rJ rr_
eentral screening

,7 I



We shall also denote bY prime's the quantities referred to the input aperture
plane (x,, y,) and by /"tlie focal length. For concreteness, it is considered the

i:ase wtteii itre ptan"e (x, y) is behind the plane (x6, y0) (A/>0). Further, we

shall assume thai the iirciriar input aperture oI the optical system ha.s a cen'
tral screening (shaded region in -Fig. 1), as it is usual for the large telescopes.

According to" tiie acceptei in this faper geometrical optics..approach,,the illu-
minated a=rea is a ring with inner radius rt and outer radius 12 (rrlf :rriLJ;
Fig. l). The screened part of the input (output) aperture is characterized by
the parameter e: r'ri rr: rrlro: const< 1.

new methods for restoration of distor'
ctical realization is proven to be uselul

e .applied in oPtical
e Space TelescoPe) an
ere. The later case is
ity of the results o

paper.
Let us denote bv O^(xn, y^) the intensitv distribution of a preciscly focused

image and by C(x, i) thd inteiisity distribution of the same image in. the out-of-
foc,ris plane (*, i nitiet" the light- sensitive detectors (photographic emulsion,
CCD-rnatrix,'etc.)'are placed. Supposing that the principle. of the linear super-
position is iuttitt'eA, tni: relation'6etweln these distributions is given (in the

absence of noise) by

(1) o(x, !): II 
ao(x-E, y-r1)tL(|, n)dEdn'

where the integration over the coordinates ( and 1 is
of-focus plane.-ln practice, if the source is very bright,
the area where the ratio signal to noise ls greater th

pread function of the
intensitv distribution in the out-of-focus plane
nated b'y light rays parallel to the principal
geometrical o,ptics approach, within a notma-

lizing multiple, h(x, y) is given by

I ' fi rr<rl *nTT <rr;(2) ng- ,,lF + t,): | :' ]' i'-l ],:__- 1_ ]'' t 0 in the other cases.

Hereafter throughout this PaPer
spread function of the tutbulent medi
possible a separation between the poin
the telescope for long enough e

the modulation ttansfer function
sphere f telescope" ru, is simply the p

tu and the telescope t1 in seParate:
Fourier transforms frqm the cQrre$pon

conditioned by point source, observed
y this case (as we have alreadY done
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above), we use small letters for the point source intensity distributions
so(xo, h and s(x, 1) 

(i:,.:t!9int-spriad iun.iion.i-in til;'l;;i nun;'i-';^;and in the out-of-foius plann (x, yj, respectively . 
/ '-- -"- -'

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

obse.rved point sourcetirlTir.o;'lilrti,,y,:,il"il,li',i,?i,,,,1fi1",i]i'h(b,:;
the light in the focal plane (xo, io) of the optical ;t;i;;, -
(3) &oQo:l4Tn):so exp (-rl,"tBo),
where Bs.:(2ofi)a is a constant determining the size of the circular spot.
So:So(oo) is a normalization constant
the image and its numerical evaluation

We emphasize that the later staternent
generally speaking, is not true in the

tensity is measured by the detectors.
g(x, y) may also be fitted by a quasi-

(4) g(r:11 * a nz)-g(x,y:0):Sexp [-x2n@tlBl; B:(2621,14,

for. this approximation the power is
,r, because we investigate the inten-
bviously, the point sourie out-of-focus

n(x):o,slt+x(ffi_ #)1,
whereabove 'if;,"*,'jn";','"Xi:t,i? tiir{, ?;?ff,::r:t;to the the power z which "describLs tt. .i"p"of the' In tha

(5)

(6) 96(o; no):so:1; (i:1,. .., 4)
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Table I
Comparison between quasi-Gaussian intensity distributions for different values of the power no

nor{nor<7

",h(+)>'o,rn (+) ,.r"(-ft)<no, t,, (+)

(+)^'(+) (#)"- | *' \rot
\;X7

g (x; no) 19 (x; nor) g (x; no)) g (x; noz)

1.{nrs{n.t

r" (J.-) <o r"(-*)>o

,,"t"(-#)<,onto (+)

(+)'-,(+)"' / *'- \'0, < l' t'- \'*\2o61 \2o6,/

g (x; norl > g (x; nsa)E (x; nrt\ 1 g (x; non)

and

(7) So$l2"oi no):e-l:0,368; (i: l, .. . , 4).

The later expression (7) means that all intensity distributions go(x; not)

(i:1,...,4) haveequal widths(r/%r) at the intensity level 36,80/p. ^Roughly
dpeaking, th6 area of ttre imagj may b: devided into two parts ( !:0, r:x):

(i) inner part : 0<x< V2oo ;

(ii) outer part: x>y'2o'.
A6cording io the above deseription and to Table 1 (bottom rows), the

intensity decrease in the inner parts of the point source images is slower
(with the increase of x) lor larger values of zo. In the outer parts the situa-
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Flg. 2. Comparison between point
goQ, nd for different values oi ne
I.- no:O,li 2 - no:l (Gausslan
4 - no:2,O

source intenstty dlstributions

distrlbution); 3 - no-1,!;

flg, a. Schematic comparlson between the precise focusecl dis-
trlbutlon gs(x.; ns) and its out-of-focus distdrted ("flattened,')
tmage g(i; n(x))
I - go(xi no-const);2 - e@; z(r)4const)

tion.is opposite-: the intensities go(x) decrease faster for larger no (Fig. z).
Having in mind these consideratioirb we are able to make a quaTitati;e'eitimi-

n for the out-of-focus images. If the
rong" [6], the energy flux is redistri-

' Jfi:'di, tl: iT,l-"::, tlH.l:n: J T"" iil:
lization of the central inte
the slower decrease of the
what faster decrease in the
images (Fig. 3). That is to

4t

S<S; B>F'

n (x)>ne



"flattened" distributions go(x). By a rough analogy with the results 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 uparents"
values of the power zo. This approximate qualitative cenclusion is in accordance
with the numerical estimations for the particular Gaussian case (zo:1) obtained
in a previous paper [6], as it would be expected. {iom the continuity reasons.

Turbulent point-spread function as a sum of
Gaussian curves

ln an earlier work [6], assuming that go(xJ is a Gaussian
curve (zo:1), we have derived an analytical 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 (./o:0)

(8) &(xo): ^b O,exp(-xll2ol,).
i:l

Here po, (i:7,..., m) are weight coefficients which do not depend ofl xe,
z is the total number of the summed uo Gaussian distributions with disper-
sions ofi, (i:1,. .., ffi), 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]

(e) (2n)-,g(x): i poiBotfi+ t p,,.tlfu,;-^(#\'olu"("),
i=r t=r n--r L \ zooi I I

Boi(x):o3,f .*n (-#)-",.0( H)), (i:t,,.., ftL)

B oi(x) : "a,I,?r.xp (- H)- rf."o (- ffi)
a2ho!,Bs-ry(x), (k:I,2,.,. ; i:1,. . ., m).

It would be noted that every coefficient po; depends, however, on 6s1i ps1

=Pot(qo) (i:7,..., nL), by analogy with the dependence So:So(oo) as in the
case of a single Gaussian curve [6]. This circumstance must be taken into
account if we' try to perform the transition oo,-0 for some (or all) of the
components 'in the sum (9). As can be seen from (10) and (11), Boi(x) and
Bot(x) tend'to zero when ooi-0 (i:1, . .., m.). But the corresponding coeffi-
cients pot (i:1,...., nz) must approach intinity in such a way that'thq total

light flux in the out-of-focus image to reinain a constant, elwd rcJ"'f So(*o

y)d.xod.yo. Moreover, the transitions o,6;+0 (i:1,. .., tt) ur",pty.icltiy incor:
rect because they do not correspond to the adopted in this paper geomettical
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(10)

and

(11)



(1 3)

and

(14)

optics ..,,rn)asa
large e alues.

Di three expres.
sions (x) and g"(x),
correspondingly. We shall write in an explicite form only the final results-

(12) (2n)-tg'(x): : potils;r*l+ t p,, .t & (+)'o 1,r-,sr,7*1

+ z o,,A #(r"?)* B'0,{*),

where the functions Bo,(x) and B',,(x) are given by

I lxs+rf\ lxz+r|\lB'i(x): -xlexpl- -.-il-expl-;_r-'ll; (i:1,. .,, m)t'\ 2o6il '\ 2o6it)

B*@) : - xf,fo.*p f - +#)- r|* exp(- {+)l
L' -\ zafu/ " '\ 2o&l)

+2kof;,Bro_111(x), (k:1, 2,, . ,i l:1,. . ., nD,

The second derivative of the intensitv distribution is

mm
(2n)-'g"(x): J, po,B:i,@)t 

?^ 0,, A'#P(h)'r*r',8n,(x)

*, Z p,, 5- irtr(#)'r*r-t Bo,@)t 2 0,, 2 *(tr)- 8,,(x),

where

(16) B;,@):(#-')f."0(-#)-".0(- #)]; (i-t, .., m)

and

(t7) B,i,@):(+-t)f rre*p(- xr+r?\ ' ry\]
\ o6i /,1 ' ' \ n{)-'3* t*p \- 

t 

,o3, ll
+2hof,,B'ro_r,,(x); (h:1, 2,. .. i i:I,. . ;, rrl).

Taking into_account that the coefficients po7 (l:1,, .,, m) do not depend
on.x,.lt..is possible to show that for r:0 th6 

--power 
n(0) is'equal'to unity.

Indeed, it is easy to estimate from (9), (12) and'(1b) thai

(18) (2n)-lg(0) : : r,,o&[..r(-#)-u*e( -*il],

(l 5)

(1e) (2rc)-1g'(0):0
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(2n)-rg'(0) : Z po, B'i,(O)*
i:l

m

I-1

l=l

_ Obviously, the r^tio -xg'(x)/g(x) tends to zeto when x approaches 0.
To evaluate xg"(x)lgt(x) for x:0, we must estimate the limit g'(x)lx for x-0.

(2r)
m

)-1r n,lx-'Bo,1x1

+ Z eGeY,'*-"u,,',* J #(+)"'*-'8,,',1.
Taking into account (13), (14) and also the expression (20), this leads t6

(22) 
!,^^ | s' { *) r *t : z n b p,, 

| 
.. r ( - #) - . - r( - *r) + z(rt)' a,,(0 )l : e" ( o)

and

(20)

Consequently

(23)

and

(24)

!^ '0,,(#)'',l0,

0,, 
| 

."0( - #,)- "*(- #)*,(;)' a,rorl

lim lg'(x)lxl:2n limx+0 x+0

Iim^[xy"@)lS'(x)]: I

n(x:0): r.

This equality means that if the initial (i. e., precise focused) point source
intensity distribution is a Gaussian one (zn:1) or sum of Gaussian curves,
then the curve S(x):a112r(x)-11 for x close to zero is a nearly straight
line with a slope of 45o for an arbitraly value of A,f. This result is indepen-
dent ol the values of the coefficients po, and dispersions o2o,.Q:1,..., m), lt
would be noted that the Gaussian curves in (8) have maximal values which
are not displaced from the center of the image xo:0. For everysingle Gaussian
curve term in (B) the results obtained in the previous paper [6] may be applied
separately. Then for some of the terms (with small oo;) the out-of-focus distor-
tions would be "strong", for other terms (with larger oo,) d
be "moderate" and, finally, for' the largest oo, they (even e

"slight". Having in mind tnat ttre "strong; distortions are n d
(in the case of a single Gaussian curve) by the power z(x) e
should use the expression (B) (or (9)) with some cautiousness if terms with
small oo; are included. This remark is connecfed also with the dilficulties which
may arise with regard to the convergence of the infinite series in (9), (12)
and (15) when some (or all) oI the quantities oo, (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 suitable tool in the case of ustrong"
distortions. In the case ol a superposition of Gaussian curves (8),
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the later statement can be checked by assigning concrete numerical valuesto the number of terms ftx, dispersio=ns -"8, (;:1, . , . , m) and weigfrts
here these,calculations. Qualitatively,
orresponding to small oe;, such that
are large, it would be expected that

Conclusions

We have considered an optical system-with central scree-
formed computations are made in the

spread function of the turbulent atmos-

observations ttrrough a random
point-spread function of the
telescope", We entirely neglect t
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Kn&srr&ycona Syr-rr<qran Ha LIMliy;[cHI4fl orK,IILlK
u ABe a[poKcHMauHH r{a uettnoro nsnruQoNa,nno
pacnpelefleHiie Ha ocBereHocl'Ta

nunumvp !,unumpoe

(Pesrorrre)

Pasrne4auia ca ABa cJryqafl Ha arrpoKclrMvpaHe Ha S11Hx-
Irllflra ua r.rMnyJrcHr.rrI orKJrrrK sa Ha6firoAeHrafl rrpes typ6y"rrenrna cpeAa: l) eau-
HLIqHa KBa3z raycoBa KpuBa 9o (ro) -exp (-r2{,lBs), KbAero Bo e KoHcraHra,
onpeAeJrslqa pagMepa ua uso6paxeHr4ero Ha roqKoBufl I,r3Tor{Ht4 K, a 3a creIIeH-
rrr4fl rroKa3areil no e [pr4ero, qe rrMa rrocrogHHa croftuocr; 2) cyva or raycoBl4

trt

Kpr4Bu go (ro): I poiexp 1-rf;12o02,1 c pagrr4rrHr4 rerJra pot u ,{ucnepcrau osl.

ca il3Br,pueHlt B'bB Soxaluara paBHL{Ha
e"neHu'e Ha ocser'eHocrra g (r) cr,rqo rr,roxe

Ba. KpvBa, Ao crenenuLrtrr rroKa3arell n
arlecrBeHo onxcaHI4e Ha [oBeAeHuero Ha
alrrrrI4l{r]o rlpeAcraBfl I{g 3a p asnpeAeJle-

n c"nyuarl e noNa.sar-ro n qe n (0):l
orMecrBaHe Al, Bclrur<u orleHKrz ca

eTpLIqHaTa onTLII(4.
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Superhighfrequency twopola rization
radiometric system ,R-400" on
board of the ,, Priroda "

stituting a part of the
co mplex

T odor N azarsky, Geor gi D imit roa, ihaudar Leachea,
Garo Mardirossian, Chri'sta Prodanou

Space R,esearch' Institute, Bulgar,ian Academg of Sciences
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ISCP; fundamental studies and studies havir-rg applicatio? character. The fun-
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ORBITAL,,MIR' SIATION

Tcchnological

Additional equipmont

Flight direction
t
I

Priroda

Fig. 1. Scheme of the "Mir'" orbital station together with the
joined "Pliroda" module

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

The Scientific Equipment Complex (SEC) 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, 1 and2). The "Priroda" SEC comprises equip-
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 twopolarization 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 obtained by the R-400 radiometric system provide information
about the space distribution of some geophysical parameters: land surface
layer humidity, water surface layer temperature, precipitation zone, glaciers
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KENTAVR IKAH

3ffl' ?

Fig. 2. Scheme of the ,,prirocla" 
module

lar regions etc. The collective oro-
.the other equipment and systems,
the solution of a number of .scienti-
development of a global ecologic

Moz-oBzoR

4 Aepoxocur.ruecxr.t r.rgc.rle4Bauur n Ernrapun, Il

Structure and principles of operation of R_400
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Measured signal

Calibration signal

Fip. 3. Outline oi the electrical blocl< scheme ol R-400

I

Fig. 4. Scheme of the reversive scanning implemerrtation

diothermal Iield arrive in succession. In the receiver's mixer the frequency
transformation of the received signals
plified by intermediate frequency, qu
the low frequency preaqplifier. This
where it is synchronousll, filterecl, am
the output of the low frequency block t
is proporiional to the irorizontal and vertical components of the measured 1'a-

diothermai ernission.
A reference calibration tract is provided for registration of the radiomet-

ric receiver gain coefficient f luctuatibn. The information there obtained enters
the algorithm for transformation of t
receiver inio j;he physical quantity
level of the own thermal emissionof

The blocks controlling the scanni
form the cyclogram of the radiometer'
ling the electric motor of the scanning antenna.
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n of R-400 is made possible thanks to
the firsi time simultineouslv with the
e measured radiothermal f ield inforrna_
inates of the obiects from the earth,s

Construction

tion radiomet,i" .y"tS,in'i:nH:t"i'J;.*11;,#%',itiflij:'gl;l,:J,.tr,""0.i11""'-
- antenna system;

- electronic blockt
tl0n.
the outer sulface of the "Priroda,' rno-

ists of an antenna mirror, an irra-
and a flexible 'u\zaveconductor. The

is made of aluminium sheet with thick_
"Priroda" module bv the ilange.
too. Within the f lairge, the fl'e-
ocated by which the SHF con-
n the "Priroda" module is esta-

n the antenna system and the electro_
S.

plate of the electronic block there are 6
nection with the business systems of

The outer appearance oi the elect

Fig, 5. Outline of the antenna svstem of R-400
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Fic-. 6. Outline of the electlortic block of R-400

Major technical and
tics of R-400

l. Working wavelength
2. Fluctuation sensitivity
3. Dynamics of the measured radio-

bri ghtness temperature
4. Width of the antenna orientation

diagram at level 3 sB
5. Angle of scanning
6. Angle of measurement with

to nadir
7. Scope of viewing at orbii

1-1:300 km
B, Duration of

height 1/:300 km
one image line

exploitation characteris-

4cm
<0,15 K

50 +350 K
lo
D

+35"

40"
350 km

ng3,8 s
40

27!1 v
30 VA

930 x750 x470 mm
400x300 x200 mm
46 kg

irom -30 to +50'C
irom 0 to -l-10'C

irom 10 to 130 hPa
from 600 to 1300 hPa

respect

height

at orbif

one scanning line9. Number of pixels in
10. Power supply:

- voltage

- power consumption
l1 . Dimensions:

- scanning antenna

- electronic blocks
12, Total mass
13. Temperature:

-'for the antenna system

- for the electronic block
14. Pressure:

- for the anfenna system

- for the electronic block
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Scienttfic problems solved by the data
obtained from R-400

r i : "y*., R - 4 0 0 o,. 
" 
rY.',il*,lH t fl:",:i l#,'ff ,:f,l-lHi." 

lJif 
i:' ::, iiXi "iH,;

surlace stud_y, ocean study, atmospheric studies aid dcological studies.I, Land surface studv:
. ! ' Qnow cover state control and parameters determination.
.2. Study of the soil cover characteristics.
.3. Study of the vegetation cover characteristics.
.1. |Jral of the.basins of big rivers and inner water
.b. .,tv\apping oT the earth surface in different regions ofmagneti: spectrum- foi the purposes of geology.

catchments,
the eleciro-

field

2. Ocean siudv:
2.1. Moniioring of the rarge scale ocean surface temperatureof particular aquatories.
2.2. Wotking off of methods for determination of wind velocitv anddirection and wind turbuler-rce characteristics,
2.3. Siudy of ,,the ocean processes by racriophysicar methods.2'4. Study of the ocean-atmosphere interaction ahd their iniluenceon the inner continental processes,
2.5. Study of the jce cover,

3. Atmospheric studies:
3 large scale atmospheric processes above the oceanson the gro ercontent field ahalvsisl3 6cean ancl the atmbsphere in the tropical zone.

aL_ (( r 3 of the fundamenlal 'remote 
sensing 'stuclies 

oftne "atmos system.
4. Ecological studies:-

4.1. Study of the natural complexes ir-r t e regions u,ith ecological
catastrophi es.

4'2' Study of the influence of urbanization ancl production activityon vegetation and woodcorzers,
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, C'eprxnucoKorlecTorHa ABvno/IrpLI3aIILIoHHa
paAr4oMerpr4qHa cncreMa P-400 ua 6opqa na

MoAyJra ,,flplrpo4a" B cbcraBa Ira op6vtranuaa
KoMIIJIeKc ,,Mvp"

Todop Haerpcrcu, leopeu Lunumpoe, Vae1ap Jlee'tee,
lapo Mapdupocntr, Xpucmo IIpodanoe

(Pesror,re)

C"tarvrsra e nocBereHa Ha cBpbxBr,rcoKoqecrorHara ABy-
noJrflpr.rsaur.roHHa paAr4oMerpzqHa cr4creMa P-400, paspa6oreua s Uucruryra sa
KocMprqecKr4 lzgcJreABaHr4q, BAH, floNasago e npeAHa3Har{eHr.rero Ha ra3r4 crzcre-
Ma 3a ?r3MepBaHe ua reoQusurrHz IIapaMerpLl w Mflcroro ir e Nor,InneKca HayrIHa
anaparypa Ha cnerlr4aJrLrsvpatufl, 3a Ar.rcraHur4oHHr.r r.rscJreABanr,rfl MoAyJr ,,fIPtr-
poAa", crIzKoBaH xru opSzrangara craHurzfl ,,Mup".

HarparNo us tafi-o6ts1Br4Aca o[],rcaHr4 ycrpoftcrnoro H npl,IHrlun'sli sa Aei(
crBlre Ha paAr4oMerpr4qHara cr4creMa P-400. AaAenra ca H FrflKorz KoHcrpyKrzBHr.r
rrapaMeTpI4 r,r ocHoBHI4Te TexHr4Ko-eKcIrJIoaTau[oHH].I xapaKTepr{cTr,rKr.r Ha crzcTe-
vara.Lle6poeHv ca H HayqHr{Te saAaqrr, pelxaBaHa c noMorqra r{a AaHHI4Te, Ilory-
qaBaHr{ or P-400.
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D'rrr'rfapcKa ar(aAer'r4q fia HayKure. Bulgaria'Academy or scie,ces
Aepor<ocn''ruecKr'r r4sc,'reABaur{q n Errra 1':un. fi. Aerospace Research i' Bulgaria
Corpl n. 1994. So tia

Bnnsnns Ha KocMHq.ecKHfl BaKyyM

';,::: 
::,:::ec 

K r4re anaparkr

Iluctnumym sa Koc.trruqecau uactte1eauun, EAH

, or o, o 6 n x H o B e Fr o 
".,, 

lJ;.ff Xrffi,: ty'f,?, 
; .iJ t;;?i;' dfu' f "frT;^ Hff ff i :

cKr'I 03HaqaBa npa3HO trpocrpaHcreo. ANo ce II3XOATI OT TOBa, qe MaJIKa rlacr oTscefleHara e sa[:b"[HeHa c KoIIAeH3l.ipatIa Marepvn, BaKyyMbr Mo)Ke Aa ce pas-
ure)KAa Karo AoMr.iHr4parqo cbcroflHae, a arlroc$epara oKodrro 3elrsra u n,rau'eru-Te Karo qacreH cnvqarl.

rfoeeKtr orAasHa IIo3HaBa BaKyyMa, cbBAaBaH or Hero r.i3KycrBeHo B seMHr'ycJroBufl. C ear<yynra ca cBbp3aHlz 14 nbpBI4Te ocBeTr4TeJrFIH JraMrrr4 c FrafopelreHa

1.rff" 
rpt6u u npyrr ener<rponar<yyMHr.r

eJrcKa npaKTnr<a BaKyyMtT e seo6xoAa_
Ma cpeAa 3a rlpoBexAaHe Ha peAIZrIa npeq}rsrrr4 eKcneprzMeHTl,r 14 TexlroJrorrl.v,
BKJIIoqI4Te'rIHo I'I 3a no,[yr{aBaFIe FIa cBpr,xq}icr]z Marep14aJil4.

Ct,epeueunarrr erarl Fra KocMlzqecxzre uscre /iBaHrlfl e xapaKTepeFl c aKTHB_
IIOTO Hsno,/r3yBaHe Ha KocMHqecKr4fl BaKyyM B pa3JrHqHu o6nacru - rexuo.norzu,
X.ll,?:^"T.IepHrz Aer.rHocrr.r, r.rsyrraBaHe Ha seMFrrzre pecypcr, pa6ora B orKpr.irrzrr
KocMoc u AD., KbAero yqacrByBar rxr4poK l{prbf cfierrzailvc"rn - eKJt'oulrielHo
TexHoJIO3I,I, reo"rro3Ir, oKeaHo,'Io3r.r, rpu6oltosu, orrrl4Ko-MeXaHr4r\r4 14 np., Kor4TOHa rrpaKrr.rKa HeAocrarbrrHo rosHanar cneqa$r4Kara Ha BaKyyMa. Bo4eun or
npaKT[qecKr4s zHrepec ].r or qecro Ar.rcKyrr4paFrr4 B:brrpocu e-iasu o6nacr, IIIe
pa3fJIeAaMe HflKolI oco6enocrz Ha Blrr4qHr4ero Ha KocMl,rrIecKzq BaKyyM B:bpxy
KocMl4qecKr4Te alaparl4, I43yrraBallz Kocuoca.

frarto)Krzre/'IHo e ol4e B Haqa.rroro Aa ce or6e,rexl4 foJIflMOrO pasHoo6pa37e B
I{ocMl{qecKoro rlpocrpaHcrBo, KT,AeTo nprzcbcrByBar BcI4qKI4 cr,croqHllfl Ha Ma-repl'Irrra, pasnpere/'reHa NparlHo HepaBrloMepHo [1]. Aro ce B3eMe caMo KoHrreH-Tpalll'ifra FIa ra3oBHTe r{acrl'Iqpi, To Tf ce MOHI4 n MHoto xlfipoKlz fpaHI4IILr - or2,7.10rs cm-' (rp1 3eMHara roB:bpxHocr) ao I r.r ;;-;;r;;'r"*4ynnu"erHoro
npocrpaHcrno [2] , 3aszcuN{ocrra Ha KoHrreFrrpaqr4flra, reMrreparypara, Ha,,rflra-
FIeTO Ha CpeAHaTa MOJIeKyJ'IHa MaCa v, Ha CbcTaBa I{a HeyTpaJrrIr.I fl ra3 OT paBCTOfl-
HHCTO AO 3CMHATA noBbpxHocT IIp-II cpeAHa cJIGHqeBa aKTI4BIJoCT [2, 3, BI 

^AaBa 
V3.

BecrHa npeAcraBa sa roBa (ra6n. l).
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Ta6urqa I

Pagcroqrue or
3eusra, km

Harrsrane,
Pa

KoruleurpaqnqTerr,rneparypa,
K HEYTPAJIHI,ITE

flpulrepen'cbcraB r{a
ra3a.racrnqrl, cm-3

Ha rropcroro
paBHI,IrrIe - 105

30 - 104
50 66,5

100 2,9.10-2
150 5,0.10-4
200 1,33.10-4
300 2,99.10-5
500 9,30.10-?
800 6,65.10-8

1000 -10-s2ooo _10_s
5ooo - 1o-ro

10000 d10-rl
2oooo d 10-12

78%, Nz;21\ Or; -lfl2,7.10ro Ar; Hr; He; Ne; Kr
4,0.1017 Nr; Or(Or); Ar

N'; O'; 03
N'; o'; o
N'; o'; o

2.l}7o Nzi Oi Ozi Ar; IIe; H
2.10' Of Nr; Or; He; Ar; H
1,6.l0i O; N2; He; Or; H
3,7.100 O; He; H; Nzi Oz
2,6.105 O; He; H; Nr; O
2,1,.104 He; H; O
3,0.10e H; He

-103 H; IIe
-102 H; He

300
243
270
200
800

1200
1300
1300
I 300
I 300
1300

- 10s

- 103

- 103

fo,lq\aoro paspe)KAa]te Ha cpeAara o6yc.lann H Apyra oco6eHocr Ha KocMH-
qecKr.rf BaKyyM, cBr,p3aHa c norJrbrqarl )ro (HsnoMnBalrlo) AeIlcrBLIe. flprarr,Iep sa
HeroBoTo npaKrr4qecKo H3no,/rgyBaHe e o[]rcaH B [9] , KibAeTo eKcnepl4MeI{TaJIHa
i(aMepa Ha 6opAa Ha KocMzqecr(u anapar ce Bar(yyMllpa or KocMllqecKara cpeAa,
Karo AocrI'IraHI'Ifl BaKyyM B Hes (-6,65.10-3 Pa) e AocrartqeH 3a npoBexAaHe
Ha r{flKor.r srzsuuecNu H3cJIeABaHLIa Ha KoCMI4qeCKa Op6I'ITa'

ZSnOunnanloTo AeficTBI4e Ha BaKyyMa IIpgAI43BI4I{Ba OTAeJITHe Ha ra3 oT

IIoMecTeHLITe B HefO MaTepI4aJILI u O6eNrr.r I4 O6pa3yBaI-Ie Ha ra3oBa ,,o6BvtBKa"
o](oJro KocMHqecKLIf anapaT. Ha nparruKa oT noBtpXHocTI4Te ce I'l3BbpIxBa II

cy6nr4uar\krn, rpoMenqqa rgxHoro cr,crorHl,te, BKrIor{I4TerHo 14 Ha c[eUuaJII,ISl'I-
paHLIre noKpl4rus. Cxopocrra Ha cy6JII4MaUI,tflra o6HKHOBeHo ce onpeAeJlq eKc-

IIepI4MeHTaJIHO B CHMy,'IH?AHI4 ,'Ia6OpaTOpHI,I yCJIOBl4fl, l(aTO Ce oTr{I,lTa C:bBMeCT-

uoio Aet?crBae Ha BaKyyMa Il Ila HfKoLI eJIeKTpoMarHI4THI4 JIGqeHLIs [4] .

KoCuuqecrvflr BaKyyM IIocTaBfl I,I Apyr MHOfo cr,IqecTBeH npO6IeM, CBT,p3aH

HenocpeAcrBeHo c rr3r4cKBaHr,rflra 3a xepMeTuqHocT Ha KOcMHqeCKI4re aIIapaTI4,
oco6eHo Ba)KeH npt.t rrr4.JlorzpaHI4Te no,rerr,r sa rapaHTIzpaHe ]KI,IBora Ha KocMo-

HaBTr.rre, vlrw Ha Apyfrz 6zo,roruqnu o6exru. I4sc,[eAeaHlllra noKa3Bar, r{e )KIz-

Br4re cbilIecrBa B ycJroBrttrTa Ha KocMrzqecKr.Ifl BaKyyM sarl{BaT nopaAI4 I'I3napeH^l'Ie

Ha KJrerbqHoro BeIIIecrBo [0, 1l] u 4erlcrezero Ha KocMLItIecKara pap.va\un ll2l .

TeprraosaxyyMHllTe ycJIoBLIf s KocMoca Heo6parl4Mo yBpexAaT >I<VBATA KJIeTKa

uirbro no-6rpso or paAr4arlr4oHHoro BT,3 ,ertcrBne, gaBrzceqo or Aosara Ha o6rtrr-
BaHe [3].

Aelicrsuero Ha KocMl4qecKlltt BaKyyM B9AH Ao yBe,[uqaBaHe H Ha aAxe3l4fl-
Ta, BJIoIrIaBaHe napaMerpl4Te Ha rpt4eqlr're ilpoqecl4 B oTKpI4rlIn Kocuoc. llpu
Tpr4eHeTo B1,B Bar{yyM orcibcTByBar rpaArrrlr4oHHOTO cMa3BaHe I4 KOFIBeKIII4OUHOTO

oXJIa)KAaHe. TeuneparypaTa B 3oHara Ha KoHTaKra HapacrBa, KoeTo cTI4MyJIHpa

IlJracTaqHara Ae$OpMaIIvtI Ha Marepl4aIIlITe, aAxe3l4tfia, g;aqyslIflTA, AeCTpyI(-
III4nTa LI Aecop6III4fTa oT B3aLIMoAeiTcTByBaIIII4re noB1'pxHocTLI. ToBa BoAI4 Ao

TfxHoTo I43qI4CTBaHe, AO 3aqeIIBaHe-SaAHpaHe B KOHTaKTA U B HtlKOIl cJIyqaI',I_AO

6,noxzpaue Ha ABalKeHaero B rpLIeuLIfl B:b3eJI [5, 6, 7]' TasI'I reHAeHqvfl e Ao6pe
r43pa3eHa nprr MeTaJrr{Te c Ky6AqHa perxeTKa, CKJIOHHH KtM o6pa3yBaHe Ha TBTTpAI'I

pa3rBopu r crrJraBrz [13] .' Hin-oOqo Br,3Aericreltnra BT,pxy r(ocMr4qecK].{re arraparl4 B yc,'IoBI{nra Ha

KOCMI{I{ECKI,Ig BAI(YYM CE PA3AC,'IflT HA MEXAHHqHI4, TOIIJIO- T4 E.IIEKTPO-QU3I'ITJHIZ

DO



Ta6rvr\a2

(D[gr.recxo MoAeJIr4paEe rrpu Harrrane, Pa

tr{suepnane Ha MexarflquaTa 3.qpaBrnua Ha xepMerr.r3r.rpaur.rre eJreMeETu
Ha KOCMr.rqec(I,ITe auapaTr4 rlpr{ HaMaIItBaIre Ha rlaflrraHeTo

I4gtcrro.rsane Ha Bb3Ayrnnoro gervr$npaue npn nx6paqrr
Jllqucro rorrJlo or.rlaBage

,{nenexrpr.runu e(ferrn v pa3pqnil

Zsy.raoane KorrcrpyKTr,rBnara rJ(ocr, Bl{cKo3r{Tera rl Apyrfi ctroftcrBa Ha
MaTeptraJI4Te, CBbp3arIIt c napr{r4r HaTr.IcK

llsyranane pa6orara Ha ftouullTe r{ nfla3Merrrrre rBr.rrareJru
Ctyaena cBapKa rla MaTepr.raJrrrTe

?Iey.rauane rroBlpxuocrrrr.rre cBoftcrBa Ha Mareprralrr.rre (aacop6qnr, B3a-
ralroneficrerat ,,qacrftqtr - TBbpAo ulo,,, cyxo rpraene u 4p.)

- 10s

10-1
< 10-s

-< 
10-3

< 10-4
< 10-5

-< l0-5

< l0-5-+ 10-1r

H_noB6pxHr4HHr4 (cy6ilr4Maur4fl, anxesvtr, rpr46orofuqHrz I]poqecfi n Lp.). Mnono-
o6pasHero Fra 0r.i3r.rqecKrrre ycJroBLrn v Ha rrporr4qarrlr4re npoqecu nAn'ara AnQe-
peHIII'IpaH noAXoA npl4 lr36opa Ha ycJloBl4nra r4 rrapaMerpnre npLr JraloparopHoro
MoAeJII4paI{e v ugcJrenBaHe. TaKa HanpHMep [p]r rorrJro- u e/'reKrpo-cbrz3r.rqH[Te
B3aI'IMoAeIlcrBIaq KpHTHT{eFI fiapaMelr]p e KoHrIeHTparIr4flTa Ha :uacrr4q:zr'e e o6e1aa,

N CA NOTOIII4TE IIACTI,IUII OT LI I{!bM IIO-
o e H cTeneHra Ha BaKyyMa. ul HTepBaJrrrT
eHTa"rrHoTo B:b3npol4sBelKAal{e FIa Hfl r(OlI

s"rr4r{eH r.r e rocoqeH B ra6r'r. 2 |ll .

rpaHe" u ,,crr.rMy,TrzpaHe" rpa6ea Aa ce
pa3lpaHur{anar. llpz ,ra6oparopHoro MoAe.rrvpaHe rrapaMerpnre 14 yc,'roBr,rrrra ce
o[peAe.[flr H pefy/l[par or eKcnepr4MeHTaropa ]4 Morar B r.r3BecrHa crerreH Aa ce
pa3Jrr{qaBar or peaJrHara cpeAa, AoKaro cr,rMyJrr,rpaHr4re napaMerp14 ca npeAo-
rlpeAeJreHlr t'r B6snpor.r3BexAar pea,'rlrr{re ycJroBaf . ,Ila6oparopnoro MoAeJrHpaHe
AaBa BbsMo)KHocT sa nporHoslzpaHe noBeAeHLIeTo FIa o6er(ra npr4 pa}Jrvqr{r.r ycJro-
Bnfl HA KocMlrqecKr,rf rroJrer, npu 4zoepeHrlr,rpaH roAXoA, cB.r)p3aH cr,c cneur4d)lr-
KaTa Fra 14 3C,rIeABaHI,Is npo{ec I4JII,t MaTepAa,L

He rpa6na Aa ce 3a6paBfl, qe snflsH'ero Ha KocMr.rqecrc,fl BaKyyM B.rrpxy
KocMI4r{ecKI,ITe anaparl4 e cBbp3aHo c uflJr KoMrIJIet(c or Bl,gAerlcrBur Ha pa3Jlnqnta
paKTopIZ 

- eJIeKTpOMaTHI4THI4 r'r5rreHl4fl c I4SK"rrrcrIuTeJIHO rItrpoK eHepr[eH A].ia-
rIa3oH, noroII?I_3apeAeHI,I qacTI4III4, MereopHTII, Mt4KporpaBlITarJ.Irfl,, TOII/'I14HHo
BItwflHVe u AP, B rogl,I cMl4cr'fi KocMr4qecKara cpeAa e yHLrKarrla 14 HefiHoro r(oM-
TIJIeKCH_O BT,3rlpOr4SBeXAaHe B 3eMH14 yCr'IOBLTA e Hepea,la3yeMo. He3aBlICI,rMo or
ToBa o6aqe ra6oparopHoro IvloAeJrzpaFre B'bB Bar(yyM npH olpeAe.[e]r[ ycJroBHrr

3a r.r3yqaBaHe Ha oTAeJrHrr npotlec}I u
qHo o6ocHoBaHr.r ilpofHosr4.
3Kax(a 6.naro4apuocr ua Mapx AantAo-
IIOJIeSHaTa AACKyCI4 fl rro 3acetHaTI,ITe I{a-
MI{O|O rOAHI.tLl OT TBODqeCT{lrtr cI4 }KIdBOT

H? lrr1gg I'I3C,rIeAOBare,r. trl4elra 3a l{arrzcBaHe Ha crarutrra Aonnar, Ha Hero,
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Some influences of rspacB vacuum on space
equipment

Yuliha Simeonooo,

(Summaly)

b een con s i der e d t h at l l ?."1t'S'T?r'?t *X" :i # it i"T 31i o'tXli,.?:il ft:ll.ii;
disturbance, adhesion increase, influence on live cel1s. The general principles
of laboratory modelling and simulation of vacuum as a working environnient
for the study of particular processes of space experiments in earth conditions
have been -stated.
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Researeh in Bulgaria

.l,arurar Ba r4sMepBaHe Ha crpyKrypHr4
; rrJra3MeH 14 napaMeTpr4

CmecBaru Vanrcrvoe ,

Hacmumgm sa Kociluuecou uscnelaauun, EAH

Ht4Ka,,vt*^repKocMocri3.ito'";-'1"r601,:?:Td;Xilfi oll'i;Ji".:'.u;f #i##13:
rl4pI{eJleKrpo4en c$epuqen fioses yJroBr4re,/r II] sa rzsnrepBaHe Ha KOHrIeHrparlrrfl-
ra na liouuara KoMrIoHeHTa Ha KocMr4qecKara r.nasva. AarqraNrr rrpeAcraB"rrflBa
MeraJIeH cSepzuen KoJIeKTop, oKoJJo xoftro KoHueHrprzr{Ho ca DasrroJroxreHr{ aH-
ru$oroenexrpoHHa peue'rxa, aHailusr4pax\a pe-erxa z nr,unrua MeraJrHa pe-
IIlerKa - o6etexa rIoA ,,n/IaBaIq" roreFlq[ar. Btuuruara perxerKa Lr aHalrr4gr4pa-
I{ara peuerKa I4Mar xoe$aquern Ha nponycKaHe HaA 0,5, Aoxaro aHruQoro-
eJreKTpoHHara - Ha4 0,9,

B nacroaqara crarLrfl ce rperr.rpa lpo6"reutr sa r4enoJr3yBaHe Ha o\Hcalzfl
AarqI4K 3a npoBexAaHe nocileAoBareJlHo BT'B BpeMero u Ha Apyr BI4A t4BMepBaHe
Ha crpyKrypHr4re rr/ra3MeHlr lapaMerpr4.

{t,qecrnyea AHpeKTeH Mero,4 sa onpeAeJrrrHe Ha eJreKrpoHHara reMrreparypa
IZ,5l, IlpH Kor.rro 3a,4arqr{rlu ce HsrroJr3yBar ABe orAeJrHu cor{Ar4 ua,IleHrlrrcap,
Karo HerrpeK6cHaro ce c.rreArz pasJrvKara Mex(Ay nplrJro>KeHr4Te HanpexeHr.rfl -cy[epno3I4Uufl Ha lzgelino I43MeHsrq ce 14 Ma.rrbK rro aMrr"rrriryAa c]4Hyco[AaJreH
cIzrHaJI - Aa e [ocroflHHa. llpanv BrreqarirreHr.re, qe MaKap z orpa6oreH r{aro
I4Aef, Bb[poCHlItlT MeToA 3a I4sMepBaHe Ha eJIeKTpoHHaTa TeMleparypa cne[,70-
Te roAaHrz r{e ce [puJrara B KocMr.rqecKara npaKTrrKa, Tosa Haeexr,a HaMvrc,brrra
3a sHaqvreJrHr4 rexHoJror[qHrr 3arpyAHeHr.rnnpnuspa6orKara z xa"tu6pupaHero
Ha cborBernun npu6op, Kor.rro o6escvrr c"rrrr rrpr.IJraraHero Ha MeroAa. Apyro
BG3MolKHo SarpyAFIeHI4e B cJryqafl e ueo6xo4zMocrra or nepr4oAr.rqHo npeBKrroq-
BaHe no BpeMe Ha loJler Ha ABeTe COHAT4: pa3MeHflHe Ha MecTaTa r4M Ha BKJrrOq-
Balle [opaAI'I MoHTaX{HLI H ToIIoJIorr4qHH (nsnrepnaue B pa3rt4qHn ToIIKI4 Ha [po-
crpaHcrBoro) pasnzxz B orAeJrurzre ereKTp[qecKrz Beprzrr4.

llo epeue Ha cIIoMeHarI4fl KocMrzllecxn excnepunrenr 6ene uanpaBeH orrr4T
4A CE [PHJIO}KH MCTOA6T 3A AI4PCKTHO I,I3MCPBAHE HA CJICKTPOHHATA TEMrICPATYPA,
I'lsuepnarenHllrr rpaHcQopvraiop, roriro e rexHonorr,rHo' Hari-Heyao6uu'ar i.bn-
crpyKrnBeH B6BeJr, 6erue savreneH c pesr.tcropHa Bepr4fa [4j . CrqeBpeMeHr{o IIo-
paAI'I HeHSBecrHoro rloBeAeHae Ha rroreHqrzaila Ha o6erra (xaro nocnreJr Ha r43-
MepBareJrHara anaparypa 3a rrpbB rrlbr 6eure [gnoJr3yBaH CrrbTHrzK TVI ,,Me-
Teop") BbB Bbrlpocrlan npu6op 6eure [peABr.rAeHa BbsMox{Hocr 3a crGrraJroBHAHo
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J--r.(19

n

Ol.rr. 1

KoMnelrcr4paHe Ha rroreFrrryarH:/ pasruKu Io +24 v. Kpaftnvrqr p$yrrar 6eue
FIefaTIIBeH: He[pet(ibcHaTo ce oKa3Barxe Bl("[rcqeHo cTibIraJIoTo c HaI]-BI4coI(a KoM-
neHcl4paqa crortHocr Ha Hanpex(eHr.rero. Tona npenr,pHa npu6opbr B feHeparop
Ha cMyIqaBarIIa e"ler{TpoMarHaTHZ cr.rfHa,r],r 3a ocTaHa,'r[rTe coHAoBt4 I43MepHreJrr,I
ua 6opAa Ha crr6rHZKa r.r HaJroxt4 rrgKJrroqBar-rero My 3a UeJrLrrr aKrr4BeH neplroA
Ha cibrlecrByBaHe Ha o6eKTa.

llpe4,rara ce rrerr4przeJreKTpoAHr.rflT ccpepuuen rioueu yJroBr4reJr Aa ce I43noJr-
3yBa Ir B pe>Kr.rM Ha Ar.rpeKTeH r.r3MepHTeJr Ha e,'reKrpoHrIaTa TeMIIepaTypa. Tosa
e noKa3aFro ua $zr. I , Ha KoRro c$epuuuunr Mera,/reH Ko.rrer{Top c noBrpxFrocr
S, e e4narcB rro rrJroilr c:nc cr6upaqara noBr,pxHocr S, Ha perxerKara, IzgrloJlsy-
BaHa npa liouHr.rre lr3MepBaFrr,rfl Ba aHalrr4svrpaqa. Taxa xo.neNTopbr I4 perxerKa
S, urpaar poJrflra na AnofiHa eJreKrpoHr{a coHAa. Mex4y rsx e pa3noJrox{eHa
aurzcporoeneKTpoHHara pe[erKa Sn, xoaro B pex{rrM Ha r4sMepBaHe Ha eJIer(TpoH-
Hara reMneparypa e cBcp3aHa c reHeparopa ua nuseft.to H3MeHrIqo ce Hanpe)Ke-
Hae. OsHaqetr4flTa na $nr.-I ca, Naxro cJreABa: Z - reueparop Ha ilnHeIlHo^las-
MeHflrrlo ce HanpelKeuue; B - reHeparop Ha crzHycov4ailHo HaIIpe)KeHI,rei 9 -cyMarop; 6 - cbnporr4BrrreJrr{a Bep],Ifa; 1 - 4zSepeHrII4aJIeH ycI4"IIBareJl Ha
rpoMeHJrr,rB rox; 2 - JreHroB Slrnlrp; 3 - avrrnzryAeH AereKrop; 4 - Qwnrsp
Ha HI4cKa r{ecrora; 5 - au$epeHur4aJreH ycr4JrBareJr Ha IlocroqHes tot<i 10 -reHeparop Fra rrocroflHno Hanpe)KeHr4e ga aHru$oroeneKTpoHHara pelxerKa B

pexr.rM Ha H3MepBaHe Fra fiosnara rrJra3MeHa KoMrroHeHTa.
Aeftcrsaero Ha cxeMara e cJreAHoro. CoHAoelare roKoBe, I{oI4To nporl,Ir{ar

rlpm pesacroplrre, ce o6yc,ranrrr or nplrflo)KeHoro cyMapHo HarlpexeHl4e or H3-
xoAa Ha reHeparopa Ha rpr4oHoo6pasHo HarrpelKeHr4e 7 u cunycouAaJlHl4fl reHe-
parop 8 (uecrora 6 kHz n aMn.rrr4ryAa 20 mV) rpes cyMaropa 9. flo.nyuenure
Brpxy peSr4eToprzre cafHaJrr.r ce rroAaBar K6MABe ?rAeHTnqFrr4 BepIlrH, BKJIIoqBaqI4
cborBerHo 4rz$epenqrzaJrHr,rr ycrrJrBare,'r Ha rrpoMer{.[LrB ror .1 , JIeHToB Sun"rrp 2,
aMnJII4ryAeH AereKrop 3 z $znrr,p Ha Hr4 cKa qecrora 4: I{sxoLuure cursa.nu or 4
rrocrbrrBar xrrl AudepeHlrrzaJleH vcr4JlBareJr Ha IlocrorHeH ToK 5 u racuseu ryenu-
re.n 6. flpu,rarauefo Ha cxeuara-or $ur. I ncr,u1uocr ce ocr{oBaBa na o6crolrer-
crBoro, r{e npr,t cMecBaHe ga nulreligo ]rsMeHqlqo ce Harrpe]KeHlle cbc cliHycor-
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Aa.[eH c]rrHaJr c M
He.B peA rra oyp ,[P#,oi;lili;
rIHQopMa]Ir4rr 3a

Cauunr npuu oK, rrporr.iqaq
npes Mera/II{a coHAa, rIoToIIeHa B rL'IaSMaTa LI SapeAeHa Ao noTel{q[aila it, ce
tzspa3aBa c:

t<rAeloT e n"rorq Ha coFrAarzr (cr,6upaqar.a noB.bpxHocr), n - eJreKTpogHa rrJrGT-
Hocr' u - cpeAlla cKopocl' Ha eJlet(TporfrrTe, e - 3apflA Ha eJrer(Tpona. Axo
noTeI'IUHaJItrT Ha COIIAaTa e oTpI4qaTeJIeH no OTHOUeHT.Ie Ha IIJra3MeH14fl, AO e./IeK-
TpoAa r,ocrtrfar caMo erei(TpoHH C etreprHrr, AocraraqHa sa flpcoAo,lflBaHe rra
cnr4parqara noreHr_lr4aJrHa palrrvrKa. Toxnr B cJryqafl e

1:10 exp (+\,
KbAero I/ e no'reuquadrr Ha coHAa'ra, k - KoHcraHra Ha Eo"nquas, T - eJreKTpoH-
Ha reMneparypa.

.r1pa-.nonoxI4TeJIeH noreHurzaJr Ha coHAara Bo/'IT-aMnepHara xapaKrepr4crr.r-
t<a (BAX) Beqe He e eKcloHer{Ilv.aJIHa, a saBvrcti or feoMerpgtrra Ha Aarq[Ka.flpu npranaraHe Ha pasBI4BaIqo Hanpe)KeHlre r(6M coHAara npe3 Hefl rporur{a roK,
Korzro B cnr,rpaxlara o6nacr olpeAeJrfl er{cfioHeHrl[a"rrna BAX. Korarb ABe co]rAr4
ce HaMI'Ipar I1oA PasrI'I'{HI4 I]oreHUIranu VtuVrs crrl4palllara o6nacr, or fopHr4Te
3aBLICIZMOCTTZ CileABa, r{e

e+\ :uxpl:J!s!t-l
\*'2 /t!v I kT I'

Aro olHourellue'ro rra 4rzQepenllr4aJrare r{a roKoBere ce roA/r.bpx{a rocrorrFrr{o
14 paBHo ua 2, erer<rpor-rHara reMneparypa [pr4 HsBecrr{a pa3,rr].rK i vr-v, MeXA)/
HanpexeHliara e

,: 'LI\-JL : t,6z.lot ^/ [r(],

KTrAero V1-Vr: AV nrs Bor'iroBe.
ZsIicKsaHero sa cncreMa, B r{oflro orlrortreuuero ua 4utfepeHrlr4aJrr.rre Ha ro-

#ii',";.ii"u',i.",i#."ffi 3:."^i;,l,'qil:ff l;:
apaHo or r.rsnoJrSyBaHe Ha pe3acTopfire
no crorisocr.

x{H JrecHo I,I B pex{r4M Ha HSMepBaUe Ha
I'loHHara IL'Ia3MeHa KOMIIOHeHTa rrpH r43noJrsyBalre Ha AaTqaKa B rpaAr4rlr4oHHHrr
My pex{l'IM Ha qerl'IpI4eJieKrpoAeH cQepuueu rioHen yd'roBr.ireJr, e.rrr4Mr4HHpaHe l{a
KJIOHa Or cepBocr4creMara or $zr. I , cn:npsau c aHailugr4parqara peuerKa r.r re-
JIeMerpI4paHe Ha tt3xoAHoro HanpelKeHr.re or coHAoBr4q r(o"rreKrop. llpu roBa rro-
foJIflMa r{acr or edTeI{TpoHFIIzre 6"ryoxoee Motar Aa ce 143no,q3yBar 6es LIsx4eHeHue.
Tara rprz rocoqeuoro anaparypHo 4r.rcpepenr-lnpaHe nbpBara rrpor.rsBoAlra Ha
coHAoBr.rq roK AaBa Ar.rper(THa HuQoplraqus sa itonnara KoHuer{Tpauns.

t-
I o:O. Anea,
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A zone GPSTGLONASS monitoring
network of the integrity and
navigation signals quality

Angel Christou, Orlin Tsuetkoa

Space Qesearch Institute, Bulgarian Academg of Sciences

f "9,',?',,"li'f,".*;,.t",Ht::it'f'"i,xl^},-,i;
on the integrity and accuracy charac-

ight stages. The potentialities lor con-

lity gr_onitoring of navigation sig-nals a
The results obtained from simulati

apploach.

l. SNS use in Bulgaria - state and prospects

f irst satellit", 1uun"hil"Jru3:ilb:? 
one of pioneer fields oI utilization of the

reasons are as follows:

- lack of information among poiential users;
l-io guarantees for civil useir becar.rse the..ryriemu are owned by usAand RUSSIA respectively, and are ,rncier mi1itr".y,"ontro,;

costs of users' equipment;
c stabilization processes and .a-
ulgaria are expected .to rise ds
to the geographic situation, a ls-
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portation traffic, clevelopment of the ground-based support for local (regional)
system accuracy and reliability is irnposed.

The space navigation and commu ications clivision at the Space Research
Institute is investigating into the potential SNS differential mode use in ma-
rine, land and air transport, 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:

l) air and marine users demands for accurasyand integrity are not satis-
iied for certain flight and ship navi

2) both systems .design and f irst st
military support systems and as such
gation systems is difficult. The geopo
tionalizalion on the systems and proba
cuted by international body, like IN
will be provided for their future civil
covarv:

3) another SNS disadvantage is the contradiction between their global
character, the high accuracy requirements of civil users and national security
restrictions. For example, in military conflict regions, the sysiem desactiva-
tion is impossible without disturbing the system functioning in other parts ol
the earth, Thus, the future cliscussion 

"and 
le{alization of the f ollowing 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 satellite navigation systems;

- zones requiring higher accur*acy posiiioning should be controlled and
defined by state authorities;

3. System ir-rtegrity and navigation signal
quality

3.1. Inteqrtlg

Infegrity is the capability of in - t.ime wornings emis-
sion during periods of redused navigation system positioning accuracy. Cri-
terion for integriiy is the time, neceSsary fs warn the user, while criterion for
decision-making wheiher 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 flight phases, see Table 1 [1].

The satellite navigation message contains information bits about health
status, but they may be erroneus for l5 minutes to several hours, to rectify.
There are three alternatives lor resol e the above mantion oroblem:

1) Autonomous integrity control in the navigation receiv'er, Then at least
6 satellites in good geometric configuration are tecuirbd for detection and eli-
mination of satelliie mulfunctions, and if it is used a GPSi GLONASS receiver,
configuration complexiiy is enhanced, while response time is redused.

64



Table 1

The FAA navigation system accuralcy and integriry requiremenls,

Operational
phase

Accuracy (2 drrns)

j rut.rut Vertical

Integrity
Time to
alarrn

En route / terminal
Approach landine:
Non-precision
Precision I
Precision II
Precision III

152 m 7,4 km

5 Aeponocmuuecxr4 uBcJIeABaHua n Erlrapua, ll

3.2. Qualitg rr ?'

state vector of the position coor-
urement noise; H -- measurement

Or ,the position accuraci/ depends. on the measurement errors ar,rd satellite geo-metry' The measure of ihe s-ensitivity to error inherent in navigation soluifi

76,2 n 3,7 km
30,5 m 9,1 m
t5,2 m 4,6 mom 4,7m

500m 60s/30s

100m 10s
3m 6s1,4m I s0,5m ls
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Fig. 1. A zone DSNS

T able 2

Pseudo-range eryors with qnd without clifferential correctiorts

Source of error
Bias errois
wo/DGPS
(Meters)

I{an dorr-t
errors

w/DGPS
( lo, Meters)

Space segment and SA error- Eohemeris data 4,0
Satellite clook 1,5
Selectivo availabilif 30,0

Communication link errors
Ionosphere 4,O

Troposphere 0,5
Multipath 0'0

6 is the user - reference statisl Gparation (in
r is the age of correotion (in seconds)

is cletermined by the term geometrical clilution of precision - GDOP

fi"-o3"o.o;"1K:];:1ematicanclrandom,sumrnariZedirrTab1e2,I llc rlt4J vr 9r r ul

al:e due to:

- erlors associated with space segment, as ephemeris data, sateilite clock
and selective availability S/A;

- errors associated ti,itt-t ptopugation of the signais in ionosphere' tropo"
spltere and multipath.-' -h1uf-ti-" qudtity control should be realized b1' permanent estimation and
identification of the errors introdused by various sources,

6A

0,0 2x 10 6
0,7 0,0
0,0 l,22x1o r

0,0 2x 10 |
0,5 0,5
1,0 0,0

meters);

0,0
0,7
0,0

0,0
u.)
1,0



4. Per'formance of zo-rTe- differential .SNS with
integrity monitoring

The best estimate ol position accLu.icy is the aposterior
on

ance.
11ite geometry and.error covariance in
rity monitoring will be based on geo-

Goal or ihe simulated operations -,xffi''|?i#'rii'ii'Sitliite GpS 
"o,.rt.rru-tion was investigation of thi: influence of iser, ir't.riitu.-und control itutioi-,

controled zone. The results show, that:
n variation PDOp in the airport zoneil influence insignificantly ttie obiects

mode by pseudolite will increase pos-
ith PDOP<6, and if GLONASS'and

easirrg rvill be considerablv (Fis. 3).
ldilution of precision VDOP by-using

toring is perforned (Fi8-. 5) by con-
d deltapseudorange measurements in

riate "masl<" angle) ocal
ells. Besides, in the lock

are deiermined offsets beiween local r'eference time and sys-
tem time and the corrections concerning the differencie ancl
GLONASS' Tl.ren in the decision - muliing b1ock, the most suitable satelli-

1q0

10-r

1o'2

10:+

1 0-6

1 0-5

Tinre. li 20

Fig. 2. PDOP versus time
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Tirne, h

Fig. 3. Possible comhinations for
u'ithoui pseudolite

measurdrnents with PDOP{6 with and

SeIe

The compathbility of integrii,y",monttoring operations and
mode via NAVSAT pseudolite requires alarm message differeni

- don't Lrse", as that will be in WB GIC..Navigation data should
lowing:
d8l



EPHEMERIS DATA
(if availabte)

cPs/ GLoNAss
R EC EIVER
all in view

ERROR

ANALYSIS

LOCAL ION.
AND TROP.

COR ECTIONS

Fig. 5. Performa nce ol DCPS rvith irrtegrity monitorirrg

- the four GPS/GLONASS satellite number with
rections;

their pseudorange cor-

- orbital data versiorr fbr those satellites, i. e. issue of clata ephemeris(roDE);

- control station coordinates;

- time corrections to GpS and time, respectively;
- warning, if po h r s impossible;

. The. pomputation sin GPS/GLONASS re-
cerver, lI the naviga col

- clock offset b ancl GLONASS systern fins;
- correction data for world Geodetic system (wGS 84) and Soviet Geo-centric Co em (SGS g5) local iifference.It has ed that the GpS receivers already have capability todemoclulat rate submultiple of the c/A 

"oJ"'"poch lanii:ttraf i,i,lti
enable to aclvantages in the using NAVSAT pseudolite,

5. Conclusion

The accuracv a
imposed the idea Ior zonal integritv m
simultaneor-rs with differeniial mbde
The future solution of GpS/GLONAS

ations will be set an entirely new ba-
flight phases.
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Ilerlrona,lel{ KoHTpo,r Ha r{FITerprlTera rr

KAqCCTBOTO I{A CLITI]AJII,I'IC OT KOCMIIIICCI(I.ITC

HaBr4raqr4oHHr.t cr4creMlr GPS/GLONASS

Au;'ett Xpuctttos, Optu.u't lf,eenuos

(Pesrorre)

B crararrra ca aralrLrzt4pal.rr4 ocHoBHLITe MeroAI,I 3a pa3-
perrraBaHe Ha npo6JreMI4Te, cB:bp3allr4 c I,rFITefpilTeTa Lr ToqHocTTa Fra CII'bTHLII(OBLI-
re FraBllraurrouFrr.r cr4creMrr (CHC) - GPS - NAVSTAR ra GLONASS H e r.rsno-
)KCFIA CTP)/KTYPATA FIA CXCNIA 3A 3OHA.IICH MOI-II4TOP14I'II I-IA ]4HTCIPI4TE'T'A U I(AqCCT-

BQTO Ha HaBr,rfaqr.ioFrFrr4Te cr.rfHaJlLr B KoM6uHarlu-fi c pea,'il.r3LIpaHe Ha 4acfepen-
rlHa"leH pclr(Hr\4 rra pa6ora.

l4sxoN<4ar:rrlr or rrpelopr,Kr4re na Mex4ynapoAHara opraHl,I3aunff sa rpax(-
AaHcI(a aB^aL\vrfl (ICAO) H .Ulex45r11apoA1-rara MopqKa opraHLisaUi.{a (lMO),
frocraBflrqri rBbpAe Br.rcoI{z I43HCKBaFIlrfl IIo orFroueHr4e LrI]Terpl.{Tera I,I ToqHocr.HI4-
Te xapar{TepvcruKu r{a rro3r4U,r4orrr4par-re Ha caA{oJrerr4re B 3aB:bpurBanlul'e $asu lta
flo,'reTa r.i Fra r(opa6oBoAeI-teTo npu rraB,'rr,r3aHe B IrplrcTaHuI]Ia z BbB BOAH c orpa-
Frrlr{eHa cBo6oAa Ha MaHeBpr.rpaHe, To e )/AarrFro B 3oturre, cB:bp3aFrr4 c noAo6HI4
I4sr4cKBaFrr4E ra 6'rr,a'r H3fpaAeI'rH r{oHTpo.ltI]t4 crar-rur4r.{. Tatiuea crar.rtlnII (ncen-
AocareJrr.rrr4) uelperr,cHaro Iqe KorlTpo,rlrpar 14Frrefpr4Tera r.{ KaqecrBoro I-Ia IIa-
Br{faur,roHHr.rTe cr4fFIarH ?r xle I43n:b"4t-IrrBar Lrflr<orr or $yg6qvvTe Ha cIITrTIlHlll,ITe
INMARSAT-3, r<aro:

- 
I43,'I'bqBaUe Ha FIaBZfaUI4OHeH CI.{lHa,[;

- npeAaBaHe r-ra AaHHr.r 3a r4r-rrefpr,rrera Ira GPS H GLONASS,
OcseH roBa JroKaJrHr{Te crauutru qe ocr4rypflBar Ar'r$epeHulra.rml4 KopeKtlr4ll

3a rocr14faFIe Ha ToqHocrHIITe I4SLicI(BauI4Jl Ira nOTpe6flTev{I,ITe B O6Cry}KBaHara
3OHa.
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l''b,'IfapcKa aKaAerrHrr Ira Ha)rr(r.tre. Bulgar.ian Aca dent1, of ScieLrces
Aeporoclrr.ruecro.r r.rsc,'reABarnra n 6r,nraput. l l. Aerospace Research in liulgaril
Corlrll. 1994. Sofia '

OnpeAeJ{flHe Ha HflKoH aepoAHH aMmLrHu
xapaKrepHcrr4Kr4 Ha [aparuyrHa
cHcTeMa n.o 

_ MeToAa r{a Ar4CKpeTHHTe
Bt4Xpkr

[eopeu tr4eaHoe, Eopuc Eouee

14 ucnt.ttnu/m lta Kocn.Lt.ttecKu. rtsca.eltsa.trttn, 6 AH

-t\4cKpor.{Ha feoMeTpt4rr Hax,f\4 Ha
I(ara rexluIt<a. Tsxtrara
o6rexaenv no"op*"o.ri, lnpon"uue^,rr.r r.r f;
o6tuqane c orK:bcBaIIe FIa IIoroKa.

Br,npocure FIa B3atzMoAel?crnae Ha llaparrrvrlrara cacreMa c roroKa ce cBex<-
Aar Ao I'i3c/'IeABaFIe na npo6neul4Te lla aepoe,tlaCruqrrocrra, ocnoBalla ua anapara
Ita ne,rlanetiHara aepoAI'iFIaMIzI(a. Ha aeropare r,re ca I.rsBecrHr.t peuler{14rrra I-ta yI(a-
3ar-IZlTa 3anava.

B ocHoeara Ha nocrpotrBar-rero Ha Mo/IeJra na o6ruqaue c orK.bcBar1e Ha 10-
TOKa Ca IO,'IO)KeHLI npeAnOJIOlKeIlI.teTO 3a L{Aea,rrHa I-IeCBI4BaeMa TerrHOcT LI M€TO.[67

I'la r(yno/'ra Ha naparxyra ce Qopuapa no c,rleAHrlfl. rraLrrr-r. o.rnaqa,ro ce r.rspflsBar
oT T6I(aFITa OCHOB14, OT I<OI4TO CrTeA CbII]HBaHe Ce rOn1zq2g2 [d,IaTHI,I4eTO I]a t(y_
noJta.ila napalxyla. Ha otpe4e,'reHr{ Mecra ce npr4txr{Ba KapKacHa.,rerrra H nel)H.
cpepufiHa JreHra. CneA roea Kr,ivr Ao"rrHr,r n pr6 uai<ylo,rra r<r,m nepnipepufiuara neu.
ra ce saKpeIIBar B'b)Kerara, TexHlrre cnt6o4Hv Kpar4rqa ce cr6rzpai B err41 uJrw
HflIiO,rrKO KOyUa. osnaqaeai\4e rrpe3 l" - At n>xvHara Ha euxero, b - pasmaxa
Ha [IapauyTa, a. - Ixnpr4l{aTa Ha ,[orraTKaTa,.

Eespaslrep nr.rre Kr.r.Her\{arrlrrHri rrapaN,rerp u, xapa KTepr.reHparqu Fr€yglsro-
BeFIoro AEr4)KeHHe na napau)/Ta r(aro rBl,pAo rr/ro, ca QyHr<qrzu. Ha epennero f
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@nr. I

(l ) 4t: a (r), Qr: F (t), Qit:0)x (i :9*,

Qq: az (i : o;;u , Qs:6 (r), r : +
KcAero 6 e napavlertp lra 4e$oprr,raqaa; c - 6espasMepHo BpeMe; b - xaparre-
peil ar,rHeeH pa3Mep.

[4ee'brl laparxyra rpa6na Aa ce rr3ntd'rFrflBa saKoHGr 3a cbxpaHeHrre Ha Ma-
cara lla ra3a, r. e. B cura e ypaBHeHuero sa HenpeKtcHarocr, flpe4noilarafit<u,
r{e BcI-IqKr.r 6espasuepHr4 Kr.[rerr.rqFrr.i napaMerprz ca MaJrKr.r B cpaBHeHve c eA]rHr4ua,
cMsTaMe, qe CT,IIIeCTByBa nOTeHUrraJr Ha CKOpOCTTZTe, CMyTeHr.r OT napauyTa, TaKa qe

(2) Vx: w":Jy0x' w,,:#;
[Ipn penraeaHe Ha sa1auara B HecBHBaeMa cpeAa v ilpr4 AosByKoB]r cKopocrr.r

Ha IIoroKa (0<M<1) e qe,rec:ro6pasHo Aa He ce rbpcn HenocpeAcrBeHo rroreH-
IIV aJI:bT FIa CMyTeHzTe exopocTr4, a lapauyT:bT 14 Br4xpoBaTa cJreAa Aa ce 3aMeHflT
c fasoAuHaMzquu oco6eHocrlr, Harrpr4Mep Br4xpr4. 3a onpe4enflHero Ha aepoAr4Ha-
MI4qHLITe FrarOBapBaHHfl e AOCTaTbTTHO Aa Ce saMeHr4 [apar]yTT,T C BHXpOBa IIO-
BbpxHI,IHa, pagnoJroxeHa ua 6agosara rr./rocKocr tr La ce HaMepr.r r{anpex{eHr.rero
Ha III4pKyJrargflra, Aepo4uuaurzqHnre xapaKrepr4crrrKr Ha naparryra ce o[pe-
AeJIflT He[OCpeACrBeHO OT HaMepeFrOTO pasrrpeAeJreHr.re Ha HanpexeHr.rero Ha B].rx-
poBr,rr cnofi aa 6aeoeara rr;tocKocr no reopeMara Ha Xyroncxu.

llpu uecraqvoHapHo o6ruqase ce [paBr4 AonycKaHe, qe or pr6oeere Ha rra-
palxyra cxoAbr Ha noBbpxHocrr4re Ha raHreHuvaileH pa3paB - Br{xpoBr,r I]e-
JIeHIz, ABr{>Kerqr4 ce cJreA roBa gaeAHo c rroroKa, e HenpeKtcgar, Bc;leAcrBr4e Ha
o6pasyeaHero r.I yHoca Ha cno6o4urzre Br4xpr,r B cborBercrBr4e c reopeMara 3a
IIOCTOflHCTBO B:bB BpeMeTO Ha qr,rpKyJrauHrrTa no sarBopeH KoHTyp rrporr4qa r43-
MeHeH[e Ha r.rHTeH3r4BHocrra Ha rrprrcteAl4Heur,rre BraxpH. B rosr,r cnyuaft Ha Ho-
celqara rloBbpxHocr eAHoBpeMeHHo ce FraMr4par npricbeAr,rnenrr u ceo6oAnr.r eIzx-
pH, KOTTTO SaMeHfT CyMapHaTa BHXpOBa neJreHa.
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B Henauefigara reopnfl, Koraro ce pasfJre)KAa o6ruqase npr4 KpaeH :brbJr
Ha araKa, cJleAara IzBBIH ,,o6eKTa" He JIe>r{Ia B HefoBara ll'rocKocr, cMyreuara
cl(opocr rM"y nloct<ocrra Ha,,o6eKTao'e pasJII4q[Ia or HyJIa, a HaAJIbxHIITe BhxpI.I,
cbrd'IacHo c TeopeMaTa Ha xyKoBcKI'I, cTi3AaBaT aepoAr.IHaMI4rIFIIZ I{aTOBapBaHI4rL
3aroea KaKTo HanpeqHrzre, TaKa r.r HaAJrblKHr.rre Br4xpr4 ce Hapr.rqar npr4cre4r-
HCHI,I,

MarelrarprqecKara [ocraHoBKa cbA6pxa ypaBHeHrzero ga HenpeKtcHarocr
nr'n $opvrara Ha ypaBHeHr4ero ua ,IIan,rac, rpaHr.rqHr.rre ycJroBr4fl Ha o6TeKaeMa-
Ta noBbpxHocr, ycJroBr4flTa Ha Br.rxpoBara rre"rreHa n 6esxpaftuara orAaJ'reqeHocr
or pasfJrex{[aHutr o6eNr H HeroBara cJreAa, ycJroBr.rero sa I{an"ltu.run 

- Xyxoe-
CKI,I, HaqaJrHr4Te ycJroBrza. OopnrupaHero Ha BlrxpoBara cJreAa BT,B BpeMero ce
oIIacBa or 4zQepeHr\HalrLrv ypaBHeH[r Ha ABr.rxeHr4ero Ha ceo6oAHrare Bnxpr4 B

I4AeaJIHa cpeAa. Trri xaro cpeAara e lrAeaJrHa, To 14HTeH3rrBHocrra Ha Br.rxplrre He
ce LI3MeHq, a ce MeHr{ caMo rflxHoro [oJIo>KeHue B npocrpaucrBoro. Karcro B cra.
III,IoHapHr,rfl, raKa r.r B HecraurrolrapHutr c,tyuafi Ha o6Tr4qaHe Ha rlapaulrn, 32:
AarIIzTe ca uenuHerlFrrr 14 ce cBexAar Ao onpeAeJrflHe qlrpKyJrar\hflTa Ha Br,txpl4Te,

Qoprr.rara u ro,[oxeHr4ero Ha cJreAara.
O6rqare rroAxoAr4 Ha cxeMarr{ga\r4q Ha reqeHrzsra c orK'bcBaHe Ha rrorol(a B

HAea.rrHa HecBlrBaeMa cpeAa ca r.r3"rrox{eHr.r n [2] , re ca peaJrnsr,rpaHr.r Ha MoAe,ru rra
TIHKLI 3ApaBLI lroceqn rroBrbpxHocru. Tyx reerz rroAxoAu ca paenpocrpaHeHl{ FIa

cLIJIHo 4e$oprraupyeMlr noBT,pxHocTrr, ua p:s6oeere, K:bAero ce sa6.rrcAaBa orKt,-
cBaHe Ha rroroKa, ce u3nbJrHrBa xvrrore3ara Ha t{arnurus 

- XyNoecru.
Buxponara c,'reAa ce locrpoflBa B npoqeca Ha peueHlre Ha saAaqara qpes MeroAa
r-ra AlrcKpeTHr4re BuxpH.

flpzennanle, qe naparxyTtT ce ABr4x{r4 IroA brb"rr Ha aTara 0,:90o, 6es n,'rT,sra-
He B uAea,IIHa r{ecBr,rBaeMa cpeAa. llpa 4nraxeHuero Ha naparxyra B Harrb/'nre-}Io
CT,CTOSHUe Ce peaJIH3LIpa OTKbCBaHe Ha IIOTOKa OT BcI4qKI4Te ABaI{aAeceT pbOa.
T:lxanra FIa r(ynoJra ce cr{r4Ta ga Henpor{r4rraeMa r{ HepasrefJruBa.

p=N+1 p=N
k=N+1 k:N

Qur, 2
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PasrrexAaMe r(y.[oJra Ha napauyra, B Xopr43oHr r. 2).
Catpsnaue c Hefo npaBo:brbJrHa KoopAr.rHarFra cr4creMa, Haqa-
.noro it E UeHrcpa Ha KynoJra Ha napalxyra (e pasNpo Br,px:
Hocrra Ha, Ky.noJra,pascr4r{aMe Ha qacrr4 qpffi.npaBr4, Ox \t
MI,Ir{ABarqr4 npe3 bfJroBHTe roQKZ: c,Ue4 rOSa BCfl.Ka rracr pa3AerqMe Ha JreHr[ c
paBHa IxHpI4 Ha (Uenec:so6pasFlo e KynoJltr Aa ce Aelru raKa, qe Bcr4qKu JreHrr4 Aa
ztrta:r npu6Jir4gr4TeJrHo eAHaKBa urraprzHa) . C.[e,q roea,npes cpeAr4Te Ha.JreHTr{re
npeKapBaMe ilvrzrr4, ycnopeAHr4 Ha ocra Ox; n rw o6esHaqasaMe qpes k (unu p).
Houepaquara BoATTM or Aflclro Ha JrflBo (k:,1 , p:.1). Ha ceqennero rrpeAr.r uen-
rpanHOro [pt4cBoflBaMe,HoMep y'y', a Ha UeHrpaJrHoro - fff l. CneA TOBa pas-
6zlsaNre KynoJra Ha..rreHrx qpes.rrpaBr4 v, .y:crropeAHa'r{a ocra Oz. f1,ony'laBaMe r?
JIeHTI4 c IxI4p'pIHa bln. Ar npecr4saHero Ha rrvrHLrrrr,e h(p),u v rroB,hpxHocrra:Ha Ky-
noJIa ce oKa3Ba pasrAeJreHa r{a npocTpaHCTBeHI1I qeT,r{plrcrb,rrHr,rur4,
flpu Hs6opal sa,nonoxeHueroi Ha ,Aricr{perHnre,,,Bnxplz u paaqerHr4Te, rgrrKr.r qe
HSnOnSyBaM€,.IlpnHrrKnnre,: o6ocHoBaH[ s anHefiHaTa reopr4s [1, .E. pagrnexAaMe
fieHTa, rex{all{a:' MexAy p*l w p .ceqeuun, orsocnrelHara KoopAuHara,,Ha
,,npeAHHg" pt6 n ceqeHuero p ogHa,uaBaut Eop, a Ha ,,gar1au,fl!' -- (1o. lOtuocr-
TeilHaTa rxopAa Hfl:,CelreHI]€To rqe 6lbAe: , , , . jl

(3) . , l' ,Eo:|*E 
o-E6i:,,.'' 

,,"- ",",,, ,'' ' ,'', l" 
', 

,','
' ..r tj.; ...i ' ,.O, .: ._ .:. 

i

Ctrutafixrz (ropMara rna HoceqaTa, rioErpxHl,rH,a HBBecrHa H,gagaAeHa qpea
KoopAr,rHaTurfiiHa rr.norjllTer roqrcu (Ha ;;npG[rihn,, 11,;,ga41r4tr,, pr6), ;oi1pe4el

ToqKH H nuxpodata cxeMa.i,Ha'gcercu
bnii rnpe4ellrr,p66.:[oMecrBaMe' Hanpe-
RoHTpoJrHa ro.rKa (Qhr: 3); HaAntx.

.ff"ffi"'#ffi#ff;"re roqr{rr Ha Ky-
IIOJIa Ha naparxyra 14 3a rlnpKynaqr.{fra Ha B?rxpoBHre orpflS.brrr{ B pa3qerHHfl

p (k) p-1

a'n'{'t

(Dnr. 3



6l'*t:i

cDur. 4

vr. 4). rExpiidn 'urHypone, rqe iapaKrepqi

rl'J;T ii6lluot)' 
Fta *v19rg 

'=u=':u,
(t - r < pt < n t r ; r - r 

= {2 fr *,' i, " * " ""01T,o'"#fi1':Jll'#1il"f"X" "6'-;"i]if; 
ii';

ca Ei,fl_p ni!o_r, (i7t (0<v<n, l-<p<Nl1). I-lpu usqncrqsaHe Ha aepoAr4r'ra-

Mr.rt{r{HTe HaroBapBaHr,rfi e Heo6xoAhMo la BHaeM .ct(opocrra:,Ha cpe[.urer,rid'.naj
npeqHHTe H HaAnbxHHre orpfl3'brlH Ha Kyrlona.Ha n'aparxyTa. Texgnr,e KoopArE.i
HATI,I OSHAIIABAMC CGOTBCTHO :

2r,n-t. nln_r. (Lth-r(1<lt{n; 1S,t_<N+ l),Itrft t 'ltr,t t ltrft \r-

Elit o , rilf,t o, (ilf t o (1 1p<n, 11<A<1v). ';

U{e ueno,nsBaMe rl aHaJrorrrqHa cucrql{a . or gonar{eH4fl .qa .q{4p#y1,r4[Irr,rre.
.[,onr'aHute./rHo B'bBe)r(AaMe nHAeKc s r.rJrr,r r, xapaKTepnsvpaq MoMeHTa or BpeMe,
s r(orlro ca Br3Hr.lKHalra wJru ce pasrflexAat-. TegH rtr.rpKy{ar.luu. . Ilnpry.rraqrure
Ha cyMapHnre tranpeunli n ndAnrxnn 'nuxpu lule ,osnaqnr ftruuu_'(l<p-<n,
1<ft<N+l) , l!o*, ue(l<w<n, l.<k<N), rlnpKyaarlnrzre Ha cgo6oAnure

{io



Blxpr4 B cucreMnre I u III n{e 6rAar Sir_,(1 .<k.<N+l, l<s<r) u Ai(l<&
<lV+1, 2<s_<r)_i rIHpKyr'rar{HHTe Ha cso6oAHure Ha[perrHn H HaAn.b)r{HH Bnxppr
B cHcreMnre II x IV qe 6r4ar 6"r,+1r.(1 1y<t6 t <s<i) r afl(l 3u,sn,2<;<.ri

KoopAnna.rnre Ha KoHrpoJrHHre roqKa ca

e:,t-r: tGo, f €oo-r) + f,Q o + b,-r),

(4) \ilp-r: f(n"r*n", -r); \fo-t: i-(6p+6p-t),
v:0, 11 2r,.,,ll, p:1,2,..., N+1.

I-loaoNennero Ha cpeAaTa Ha npnc'beAr.rHeHrrfl HarrpeqeH B'xbp ce onpeAenfr, TaKai

Iiii-, : *(Eor r Eoo-,) +] e ui b o-,),

(5) \iX-, : f(nuo*nuo-,), (';f-, : *((ur* ('r-r),

l.<$.<n, l<ft<N+1.
Brs scer[ pa3_r{ereH MoMeHr 4 e ueo6xoAHMo Aa onpe.q,enHM:
a) cyMapHure 6eepasr','epH'r rIHpKynaqHH Ha nanpeunnr'e Bnxpv Ha napa[ryra

l'> un*-t(l'<v.<n, I <ft<N+ l) ;
6),6espasuepHlre qlpKynaq[u Ha HarpeqHare cno6oAHn Brrxpu B cncre-

Mara lll.(ua_ luguera p.:0), cneBJrH or prSa- B pasqerHnfi r,rnrepBan or BpeMe,r. e. 6[3/11(1<ft<N+t);-
n) 6espaauepHure rrupxyJra\vw Ha HafipeqHnre cso6oAHn Baxpn B cHcre-

uata l.-(na ilv*Hflra $-nl1), c.nee,nn or pr,6a B pa3qerHnr riHrepBan or BpeMe,r. e. 6tli1(t <ft<N+ 1).
Or peuranagero Ha oaAaqara B npeAxoAHrrre MoMeHra (s:1,2,..., r-l)

ca r.rsBecrHu cyMapHr,rre rup Ha Kynona Ha rrapa_

Tyra fir,*r_r (1<s<r-1), nuxpr.l s cncreMara I

9lrlt (t<s<r-l) u qlrpKyn 
" .".r."u"a III 6[!.r

(1<s-<r-l), Or BaxpoBara cxem (Srr.  ) crreABa, '{e KaM rGpBHrr p4luereH
MoMeHT r: I He ycrrflBar Aa ce o6pabyaar HaAJrr,)r(Hare BfixpH B cr,rcreMure
I, II, III u IV
(6) Af;)t :4tzu -Alalt :A(4)r :0, .s: 1.

I-[npry.naqar{re Ha Bcr4qKu BHxpH Ha Kyrrona Ha naparxyr a a IBB:';H Hero ce ?r3-
paSfl BaT rrpe3 r,rSBecTHnre 4r4pKy na\sLr.
. CtcrasJrrBauluTe Ha cMyreHara cropocr B KoHrponHa roqKa c KoopAHHarI{
Eioo-r, nil_r, EV*, ce rdHAyrrupar or HanpeqHn H HaAJrbxHr.r Buxpr4 Ha KynoJra
Ha naparryra rz clcreMare I, II, III n IV -,

(7) wtroo_r: wtr npp_r iw|op_r i- w,n opo_rl vltt upp_r* w[v ,pp_r .

Onpe4ennr ce no cJre,EHHq Haqr.in:

ry+l n(s) vlupp-r: * Z ^Z 
r; uou-r@l,ii-i-o@itrt-D+

h=l rt=l
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,l-r tn

rV+1

tt
,t:l

z
P=0

f i, r_ r ua @lht:f - aui;ot! 
rh).

AgalornqHo ce onpeAenfrT u ga ocraHaJlure cbcraBJrsBaulu.

EespaerraepHr{re cKopocr^ 
-y_ii,i_i 

14 oralXT_|, ro$;!i v a@l;pttrf ce H3r{r4crrn,
Bar no r{sBecrHr4re QopMynrr Lzl 3a cne HI|re apryMeHrH:

uyj!-i:@(Epn, ril,lt,. (pk, Eth-b \tth-t, (uh-b EiX-y 1\i,fl-r,(ii_),
o@ilX-l:@(Et,', llrrii, o(pfr, €rr,t-I, IrLa-l, ,g,(1an-t, Eifl-r, \Xi-_r, \ion-r),
tii;4 = @(Et n, \uh, elh, €rr+14, llp*l *,' Ei+ti;'liPl-.,;' 

,t,J,i, 1; ,,!,il=,'l,, 
, 

, ':

' . , 1{u ;etlf:u(Erntl,tl;p) o(1t;; €,r+rr,',no+ro,r o.(,igrr; Eifl-1t.nlp;-r;,8{p. ),,!.it!|':'],:'|,l.1i|'-:'.,.]!!,'.'')-1

I Or ycJrgBu8ra Ba Heflponrr[aeMgcT -cJreABa, qe ,HopMd-{Ha-ra cbc,raB{rqBa[Ia
Ha orHocHre4H4Ta CKOpOCT. Ha Kyrrona, ,€; p.aBHn; Ha. Hyna. ,f,gBd, yc/Iggnq' c€ H3:
nrJrHflBa B.bB BcHr{Kr,r KoHTpoJTHH Tor{nH c Koop.qHHary Ei,ip_y rilippp-t, ,(i,!o ,, ua
BCrrKa BpeMeBa crbnKa. 3a npocrpar{crBefl r(yno.[ c€',3anHcBa rar{a:, ] i :

(e) *tsyp cos@, E),p*a\,p.;. (d i);0" +;;r};,o, (i,'E)"0" ' '

: -sin [i cos(7, €)"r-ccjs B cos (7, r1)"r. ]

h,:7, 2,. ... , A/+ l; ,r:1, 2 ...

(12) E'+r:E' + Lru'*i qr+r:qr I Lrloli (r+t-(, + Lrar.
KrAero Ar e paavereH [HrepBal Ha 6eepaaMepHoro BpeMe.

Cyurapafixra cKopocrllTe, HHAyr{HpaHH or BcuqKil Bl4xpoBH crlcreMH H ugnrn-
lrsgafira B KoHTpoJrHHTe rorrKr4 rpaHnvHoio ycnonre sa HenponuqaeMocr, no.,ij-
r{aBaMe ypaBHeHHrr 3a__o[peAensHe Ha 6espaenaepnHre rlHpKynaqfiH Ha cyMapHrjre
BHXpI{ Ha napa[ryT^ l',r rou_, lj ceo6oAHure Ha[per{H[ Bhrxpu B Cr{CTeri4hia'
I 4tl:r H B cr'rcreMlTa IIII 6j,ti1r. Tagz cucreua or ypaBHe'ilfl ce Aon'bnBa or
ycnoBHflTa 3a nocToflHcrBo Ha UHpKynaqHsra no BaTBopeH reqeH KoHryp, o6-
xBarrlaq' pagqerHnTe.JreHrB. B pesylrar noryqaBaMe

"uat 1"n' 
'r!r: 'i I :' ': 1I:

o0) ,l l ,t vay,*n_rai|X_* sg);"_r ai![:l+E!?1, alt]!/,;l.:H{oo_r, ' ; ii:Er \=r

p:1,2,..., A/+1; v: l,ni r:!, 2,,.
-r al f ' | ) iin ,. ,t_l

(11) Z. ,;ph*-r*st?11+6[?',,: cBn-t- )' (6t?lr+6!?lt),, ,' ,, ,,
U:r s-l

ABHXBa no BeKTOpa Ha OTHOCHTeJTHaTa
KoopAuHarH
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flpn pasuer Ha HecraqnoHapHo o6THr{aHe Ha rbttxu HocexlIa noBtpxHocrv e
qerecr'o6pasuo Aa ce us6upa Ar-l/R KtAeIo R e 6posl Ha Ar..tcKperHr.rre
nuxpra [3].

Penesuero Ha cHcreMara ypaBHeFruq (10) u (11) ntn BceKr4 paer{ereH Mo-
MeHr r ce rpoBexAa HesaBr.rcHlvlo.3anoqnaMf- c t:1. Torasa H(op_r:2nf 

"(EJio_,
\i,oir_,, EYor_, tt) u no.roxeHnero Ha ceo6oAHnre BHxpH e ugBecrHo. Te .texar
B IIJIOCKOCTI," AONIIPATCJIHII I(AM KYTIONA IIO JIHHI,IUTC HA HCTOBI,JTE ,U,OJIHI4 PI6ONC,
cuMerpuqHo no orHolrleHue sa Haft-6JIHsKI{re BI{xp! Ha xptcroo$paoHr4s naparxyr
(ua nuuuwqe F:0, $:n*I, k:0,,€:N*1). flpr, toea ycloBve H3qr.rcrffBaMe
rcoe$ur-luerirure Ha neBr.rTe r{acrn Ha ypaBHeHHrra, peuraBaMe -cHcreMr.rre (10) ra

(11) u orFeAelsrrre rlnpRylraqunre {uou-,, 6[?1, r.r 6t]ll IIo resn croftuocrn
r.tsqr{c,'rflBaMe .ur4pKyaaqrrnre-Ha ocraHaJrHTe Brxp-v g c r-roMorrlTa,ua (12) rlocrpoq-
BaMe rroJrox(eHnero Ha cso6oAHnre BI,IxpH rrpu i:2 u r. g.

Peuranaftxu cucrenur-e (10) n (11), HaMr.rpaMe cyMapHrlTe rrr4pKynaurzu Ha
npHcbeAlrHeHlrTe r4 cno6o4uure HanpeqHr.r P.LlxpLt Ha napalxyTa B pa3rreTeH MoMer-rT
F=1,2, - . . . a cJreA ToBa H Ha HaAJlbxHHTe BHxpr.t Ha uapauyra. 3a onpe4e-
JrrrHe Ha aepoAr4HaMHqHI,rTe HaToBapBaHHfl IrIe H3nOJr3BaMe HenOCpeACTBeHO r4H-

rerpana Ha Kounr - Ilarpanx [2].
Eespasuepuara BHreHBttBHocr Ha pasnpeAefieHlzr Br4xpoB c.uoft ce vspasf,Ba

qpes ur.rpKyJlar{H14re Ha ALICKperHure BHxpIt

atr - T'/ n
Yzxpp-l-ritp.p-lt " pp-l

'tf{:i;\:r';-::G'

trE+ll,-l 
-r s ^ i- f tr; uo-rp tf! "+rop 

*fi 
"n-rp-r+l! u+rep-t).

IrlsueseHrzero Ha cyMapHara rltrpKyJraUnfl no KoHrypa Z ce gssea BcJreA-
crBfie Ha B'bSHriKBaHero r.r cxoAa or t{oceqaTa rroBbpxHocr Ha cso6oAHu Brlxpr4
3aTOBa

LTL"pp-r : .z (tL upo-t-fL-,]uu_.r)+5ftf' , + s|]' ,.

ToBa Her,teHeHue rtporllqa B TeqeHr4e Ha 6eepasmepeu orpflBbK or BpeMe
Ar. flpn MaJIKa crbnKa Moxe Aa ce rpueMe, qe

dll,"oo_t Lli'oo''t
-----+,^,

OX 'AT

flo r{sBec HaroBapBaHlls qpea cyMlrpaHe no Hoceqara
noB'bpxHocT H Hre n cyMapHLITe xapaKTepl4cTuKlr.

C.leA nec s oKoHr{areJIHo ce lonyr{aBar Qoptuy,nnre ea
paSqer Ha paSrlpeAeJreHr,rre H cyMapHHre aepoAI{HaMHqHIi xapaKTepl'IcIr4Kv Ha

I]aparrryra

" npp-l-

(13)

(14)

KbACTO

( 15)

(16)

I
--,Iipp-l

It
1\r
n4
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Determinafion of sorne aerodynarnical :

characteristics of :a parachute -system by the
discrete vortexes irrethod

Geer:gi laanQu, Boris Borteq

ltr.,mary) 
: '

The paper is aimed,r,at the study oi,the. nonsia_tionary
characteristics ol a cro.s.slike Darachute. The mathematical treatment of the
problem ior the si"udy ol the' i.arachute system movement has been outlined.,
The principle of schematization has been shown, the vortex structure has been
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Brnrapcr<a aKa1er\rufi Ha HayKHre. Bulgarian Aca demy of Sciences

Aeporocnruuecl(Ii r4scJrerBanu* l Er,rral':nn, 11 . Aelospace Resealch in Bulgaria
Co$ua.1994. Sofia

I-lpocrpaHcrBeHo nore Ha cr{opocrr4re,
r4HAyUr4paHn or Br,rxpoB oTpfl3bK,[poH3-
BOJTHO OpHeHrHpaH B npocrpaHcrBoro

feopeu l.laauoe

B se,nrauefisara reopnfl Ha Hoceurure noBbpxHocu e yAo6-
HO B r{aqecrBoro Ha ocHoBeH Br{xpoB eneMeHT Aa ce paSfnexAa rrpaBonHHeeH
BHxpoB orpssbx, npougBoJlHo opueHrrrpaH B flpocrpaHcrBoro. !.a pasr.ne4aue
BHxpoB orpnsbK c AcJrlrr,rHa lo z 4upryls[Hfl F1, rrpouoBonHo opneHrupaH or-
HocHo KoopAnHarHara clrcreMa Oxyz (Qnr. l),

Hera upee A osHaq[Nr HaqaJroro Ha BHxpoBHs orpss'bK, a qpes B - xpaa.
Toqrure A u B HMar cJreAHHre KoopAr.rHarn: A(x1, !t, zr) u B(xr, !2, zz),

3a y.lo6crno BbBexAaMe cJleAHHTe 6espaeuepnr.r 
-seru,rnHr.r 

:

ll^:*. L^:--:r'"o'"0

Er:#, \t:!f, (r:1f, E -#, \z:#, 6:?,
KbAero & e xaparrepeu JrHHeeH pasMep.

Ctraacno c rfur. 1. osHaqaBaMe c a pascroqHnero AM, c c - MB, c
lz - nepneHAllxyJrflpa or roqra M xtu AB, c lo ooHaqaBaMe AtnxnHara Ha
BHXpOBHf Orpfl3bK.

Cropocrra, HH4yrrrfpaHa or yKagaHr4fl tsHxpoB orpflobK n r. M(xe, !o, zo),
c'brnacHo c Sopvyaata sa Euo - Canap e

(2) W: #i(cos or1-cos oo),

I(bAero ft e pascronn;le MexAy roqKaTa, B KoflTo onpeA'erflMe cKopocrra r.r

BHXpoBIas orpqocK; oi H ol-6rAH M9)KAy npHCbeAr{HeHBfl Br.rxap H orceqKHre,
cbeArnHflB4ulH paarnel(AaHara roqra C xpanuara My.

flpoerqnure Ha cMyreHara cropocr nd oc4re Ox; Oy, Oz ca'

U(r:W cosFt,

Wy-lVcosFz,

Vl":Wcos's.

(1) r:# i e:+' n:*' E:*'Eo:#'

(3)

BO



(x, yy z)

@ur. l. I4gqucnqsaue na
orprr3'bl( AB, npousno,rno
CTBOTO

cKopocTt4,r,e oT BLrXpOBl4fl
opueHTr.rpaH B rrpocTpaH_

^ - ^Pl,"t" 
0r, 0l n B3 ca 'rr.rr'1, Kouro cKJrroqBa HopManara K6M nnocKocrraADrvr c ocHTe Ha KOOpAHHaTHaTa CrrcreMa. I-Ioaoxuteruroro HalpaBJreHHe HaHopManara ce crrJracyBa c [oJroxHreJrHoro ianpaBJreHrde ua f... Tia6ea Aa ;;HaMeptr BeJIHIIHHHTe,__"11-:11" j (2) n (3). 3taeM KoopAHHarHre Ha BbpxoBereHa rpr{brbJrnrzra. ctrlacHo c Qr.lr. 

'1 yfanuennara Ha rpHre crpaHH Ha rpH.b-rtnHHKa ca

(4)

(5)

KbAero

. - br.nnre aL w u? ca brJr' Ha npec'rraHe Ha npaBr{re AM n BM c nDaBaraAt'' a BeJrlrrlr{Hara l, e pa3croflHHe or roqxara M ,u,o npaeara AB. cneao_
BATCJIHO:

cos01 - ,

COS O,2 :

6 Aepoxocurzuecrr.r r.rsc,reABaHua r Ernraplrt, I I
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,lMT@#._BM:c,
,l;ry;iFTM:AB,

3a onpeAelaHe Ha
Ko crra ABM eauucealae

(6)

Toraea

(10)

Torana,

(1 l)

(t2)

,lW
HanpaBJrflBaulHre KocaHycI{ Ha

ypaBHeHHeTo Ha nJIocKocTTa:

Ax*By*Cz*D:Q. .'

HOpManaTa KtM IIJIOC-

cosB'= 
#tr+ar+c-i

(7) -'cospe: +:^ .-,- I 42 +82+Cz

cosBr:Llw+ryp

Heo6xoAnuo e Aa ce HaMepsr.roefi,rqraeHTure A, B n C.3aqe.n'ra cepa3'
rne)r(Aa ypaBHeHnero Ha nnggyocrra AijM, MHHaBaIIIa npe3 rorlKure A, B n M:

'| *-*, !-!r z-zr I ^(B) 
| 
*o-*t !o-! t zo-zt 

l:0.
I x2-x1 )tz- lt 22-21 |

heno.neyeafiru (6) a (B), ce ronyrlaBa

A:(yr- yr)(zr- zo)-@r- z)( Yr-!r),
(9) B: (zr-zr)(xr- x)-(x2-x'.)(zr-zo),

Q - (xn- x 1)( y, --yo) - ( y z- y )(xt- x).
BreexAah{e 6eepasuePna cKopocr

v:E*.
cr,rJracHo (2) ra nslo.rreyeafiru (l) noayuanaue

,:!ico, cr,l+cos crs), E :+ ,

2h'
,1

Ilpogxrlnr.rte Ha.6esp4euepHara cKopocr Ha KoopAI'IHarHI{re ocl4 qa

*-: j(cos u1* cos u2) cos B1,

.r:f,U{"os 01+cos un) cos Bn,

u":L(cosur+cos cl2) cos P3.

flpeunuanatte KbM 6eapa3rr.repun KoopAIrHarL H BbBeXAaMe cneAHI{Te 03-

HAqCHHg :
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(13)

at:(Et_,E)(€r-€J+(nr r1Xr1-nJ+(6r-(r)((r-(o), i
az : (Ez- E )(€r - €J + (qr - n J(n r - n o) + ((r -( J((, - (J.

Torasa sopuyrnre sa rrpoe*rlur{re 'Ha 6eepaeuepnr,rre- cKopocrrc !e rpeA-
CTABST BbB BH.[A

dnt -, 
0,5a0 lat , az\wx-;{f,i|l{ [; *;]'

(14)

flpn ^h-0 cKopocrHre Ha Br.xpoB'q orprs'K ce crpeMf,r rua 6esrparisocrllpu h-0, cae4sa:-

(15) ,il1x,y,zy:O.

Or (15) u (7) caeana, ue npu h-0
(16) a3+b3+c3:0.

CaeAosareaHo, aKo B npoqeca Ha r{srrgcJreHr4sra ce qoqBu paBeHcrBoro (16),
TO CJIeABa, lQ 7!.)116,y,r1:0,

llpn peruanas6 sa crarIHoHapHH sa/raliu e yAo6no Aa ce ronsyBa AbJrxH_
Hara.Ila. BHxpoBHfl oJpflBbK lo n neroaure HanpaBnflBauln xoc"nyc'r, cos(1, x),
cos(/, y), cos(/, z). Oi panenirBa or rura

cos (1, x) :*"i*t,

cos (1, D :n#,
coc(1, 4 :"#,

HMAMC:

Ez:Er*lo cos (1, x),

(17) nr:nr* locos(l,y),

Ez:Era locos (1, z),

K.l'Aero lo:llb BHXpoBHT orpr3br(.
t, 3a Hauupa TH sHaqeHnflm wa ftr-f),\92-Lr) saMecr crc (17). flo.lyuaaarile

(qr-nr),

B3



ao:Tocos (1, y)((r-6r) -1, cos (1, z)(r11-r1o).

bo-icos(1. z)(Er-ft)-7ocos0, "X(i-h). 
i

,o : lo cos (1, x)(qr- no) - I, cos (1, -yX€r - €o),

;:/m6-IJq
i:,1

at: (- hcos (1, x))((r-€J+(-1. cos (1, y)Xtt*no)+1-lo cos (t, z)) ((t - 6o),

dt: hcos (1, x) (Er-60 + l, cos (1, x)) + lo cos (1, y)Xnr- qo *4 cos (1, y))

1lo cos (1, z) (h-h + ro cos (1, z)).

flo.lyveHnte sHaqeHzff r4snonsBaMe nru Qopr'ayln (14) ea npoeKqr.rl4re Ha 6es-
pasMepHHTe cKopocrr4.

.IL,rreparypa
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ITocmthuta na 26. X. 1993 e.

Spatial field of the velocities induced by a

vortex piece arbitrarily oriented in space

Georgi luanoa

(Summary)

h a s b e en c on s i d e r e d,f ,' i"jJ iff 3l t # :\"ilt''T : 

" 

fi '"t iTil{" ;;l'i; :*,}'"i oo u:
ring surfaces. The formulae for the nondimensional velocities caused by a

vortex piece with length lo and circulation l'* have been derived.
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Moau{uKarlvrffa Ha JreKH caMoJrerr4
qpe3 3aMflHa Ha Br4rJroMoropHa fpyna
Karo npo6reM Ha craproBaTa Maca

!,utttumop lllopdar.toa :'

LIncmumEm ga KocltLuttecku trscJtea)aatLun, EAfI

Moav$rzqapal{ero Ha caMoJrerr.rre rzMa Ba rrer nprz MrlHH-
MAJII{I,I PA3XOAA AA CE I43MEHfT ONPCAE"IIEHI,I XAPAKTCPI,ICTI,IKI4 H AA CC PA3IUHP],icQepara Ha RpI4JIoxeHI4ero 4M. B rlrrJroro pasuoo6fasr4e Ha cbrrlecrByBarrlr4re
uoAu$taxarl[r4 e Brsnpzero [] re Aa ce xnacn$uqupar ycJroBHo B ABa rr4rra;

- "MaJIKI'I", KolITo He BK.lrcrrBar rIpoMeHIz B reoMerpliflTa, IIJIOI{Ta Ir cxe-
Mara Ha Hoceur.ire noB6pXHOCTU (uslreHeuurra o6xnaular ATrJr>KvHara 14 Ar4aMer.r,-pa Ha rf,iloTo, saMflHara ua o60pyAnaHe, BHrJroMOTOpHara rpyla, BbrperxHara
xov nouon Na);

- ,,4t'l6oNl'i", Kotaro ce lpoMeHfl reoMerp],rnra B IxI,ipoKI4 rpaHr4ull (nnou1
Ha KptiJloro s*p Ao 200/o, ntott\ Ha olaur{r4re rrJrocKocrn'son Ao 2s% rrAp.).'

flat-qecro cpeuaHara uo4lt$rzxaqv,fl npv JreKr.rre caMoJrera e 3aMf Hara Ha
eAI{a BI4rJloMoropHa rpyna c Apyfa, npr4re}KaBarqa no-MouleH 4nurare.n. He-
SaBUICI4MO rre roBa ce orHacq K6M KJraCa Ha MaJrKr.{Te lto4zsuNaqvr4, trpw gaMflHa
Ila ABHfaTer'I KOMIIJIeKCHO ce npoMellflT KaIIecTBaTa Ha CaMoJIeTa - yBeJItrqaBaT
ce MaI(CI4MailHATa CKOpOCT H cKoporroAeMHocrra, HaMaflqBa ce pas6errr rrpn
I43IIkrraHe. Ocnes ro,'roxnreJrHua e$er<r or lro4zslax a\rrflTa npr.r 3aMqHa Ha eAHa
BHTJIOMOTOpHa rpyna c Apyfa (no-nro[1ua) , ce nofBflBa AorrbJrHr.rreJrHa Maca,
KoflTo npeAI'I3BI'IKBa o6qo yBeJII4qeFILie Ha craproBara Maca (o6r.rNHoeeno [o-ro-
JIflMo or AoIIlb,/IHI4TeJIHara uaca). ONoHqare.nnara ro.neuzHa Ha HoBara craproBa
Maca Moxe Ia 6rI.€ noJlyqeHa rol{Ho or perxeHr.rero Ha ypaBHeHr4ero 3a MacoBr{fl
6anagc' B Hafr'o6u Br.rA roBa ypaBHeHve xpeAcraBJrflBa cyMa oT orriocr4Te,,rHr,rre
Macu Ha UIaBHIITe qacTr4, ropI,IBOTO, IIOJIeSHOTO HaTOBapBaHe r4 eKr4 rralKa u e paB-
Ha Ha e,4AHr.tqa.

m Rp + mr + m o n * t\L no n I tfr oa, un p I trl sy | ftr, op * ln u* j- tllnp n, r : l,
flltI(bAero ry:-E? e orHocr'rreilHara waca G, _ craproBara Maca,

Orgocprrengl,ITe MacH Ha KoHcrpyKIU4flTa (ffirrp, trtr, mor, mrror) ca cJIoxHII
Qyuxquu Ha JrerareJrHr4re rz feoMerpr.rqHr,rre xapaKrepr{ctuxu, m.r:e $ynrqrx Ha
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ENOK 7

14repaquoueH npoqec

5n0K 3
EflOK 8

ENOK b

ENOK 9

EJIOK 6

EITOK 10

(Dar. 1

Mo[IHocTTa Ha ABI4raTeJIgl, fflrop e QyHKIII4q I{a AaJIeqIzHara Ha noJIeTa 14 crreUr4-
$ruHaa pagxoA Ha fopr4Bo. Maca"ra Ha eKil tralNa ]z [oJresHarr roBap ce saAaBar
oT npeAHa3Har{eHI,IeTO Ha CaMOJIeTa.

PeureHuero Ha ypaBHeHr4ero 3a MacoBr4 r 6anauc craBa qpe3 r4Tepaur,roHeH
npouec B MareMarur{Hlz MoAerIz. PaqnonanHl4re perxeHHtr npvr QopvrupaHe o6nuxa
I{a caMo,'rera Mofar p,a 6rp,ar HaMepeHrz caMo cJreA a1alru3 Ha paeKpr.rrr4Te or
MOAefl r4Te s aKoHoMeo HocTI,I.

Bceru uareuarzqeH MoAer rzMa HarraJrH14 yclroBvrs, r4 B pesyJrrar Ha perrre.
Hl4ero,ce lo/IyqaBar gaBr4cr4Mocrnre Ha ue6pauun ga orrr],rMr4sarlrrfl Kpr4Tepzft or
sa\ABaEkrre Karo HarraflHr4 ycJroBr4fl rrapaMerpn, 3agatara no IIpr4Hrl],In e MHofo-
napaMeTplIqHa, Ho alg'alrLrsvTe n Iuuoro6pofiuure pemeHr4a lroKa3Bar, qe I4Ma Ha-
rraJrHlr AaHHLr, Kor4To ca onpeAeJrtril\v v Hafr.-crrilHo BJrr4trflr BT,pxy rpr4err4r sa
xpnrepari flapaMerbp, llpoeex4aHero ]ra MHoroBapr4aHreH pasqer c raK6B onpe-
Ae,IIflIII lapaMerbp Karo apfyMesr o6uxuoeeuo 6t,pso usflBflBa pawroHaJrtvr Lr

OIITLIMaJTHT4 perxeHr4s. 3a aHanus Ha pe3yJrrarure ce no46rapar BapLraHTu, KoI.lTo
yAoBJIeTBOpfBaT HaqaJrHI4Te yc/ToBr4fl B lrzpoK Arzarra3oH,or r4SMeHeHr4e Ha onpe-
AeJIflIrIl4t apryMeHT. Pasqerure u aHarrvrg:, r rrM ca BbgMoxHLr caMo c eJreKTpoHHo-
I,ISqI,ICJIUTCJI HA TCXHI4KA.

B ypanHeuaero sa MacoBI4s 6ana,ruc craproBara uaca Go e opraHr,rqecKr4 cBbp-
SaHa C reOMeTpI4qHI,I, JIeTaTeJIHLT, qKOCTHLI II eKCIIJIOaTaIII{OHHI,I XapaKTepHCTIZKH
14 Ha npaKrLIKa ce [poflBflBa Karo rzHrerpaJreH Kpr.rreprzfi. llopa4rr roBa orrrr.rMaJr-
Lrvrre vJrr4 paqnorJaJrHr4Te perxeFrr.rfl ca oKoJro Mt4Hr4MaJrr{ara Maca, Ha $ur. I e
AaAeHa 6,roNosara cxeMa, a cJreA rona $ynrqLrr4Te Ha 6noxosere'sa ABa MareMa-
TI4I{H[ MOAeJIa, KOI4TO Ce pa3,'It4r{aBaT IIO HAqa[IHV yC,IIOBIZfl,

Mo,uen I
E,IIOK I - InasHr.r $ynNqnrz n ynpaBJreHue Ha npofpaMara
E,IIOK 2 - Btse)K.u,aHe Ha HaqailHLr naHHLI
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E/IOK 3 - OnpeaeJrrHe Ha reoMerpnqHure r4crr4r<r4 ra ueo6xo4r.t-
MaTa MOIIIHOCT Ha ABLITaTeJIfl nO 3a MaKCZMaJIHa CKO-
pocT tr 3 >KilHa Ha

EJIOK 4 - PeureHue r,rero sa M aHc
E/IOK 5 - MHorosap sa onrr.rMr,rsaur.rr' Ha cneqz$uuuoro' .:1i fiaroeapB no ycJroBr4e sa M'r4HrzMa,nua ciaprona

Maca
E/IOK 6 - Pesvnrarr.r or oasrrera sa aHarrrrl
BJIOK 7 - Bts-eNAaHe Ha:Aarinu 3a KoMrroHoBbrrHr4fl saMr.rctJr z cxeMara. 

TIA CAMOJIETA

E/IOK B - Pasqer Ha MoMeHrHr.r xapaKrepLrcrLrKvt, KoMnoHoBKa no ycJroBr.re
3a npfieMJII4Ba HaAJrbxHa crarr4rrHa ycrofiuunocr; Anana3oFr Ha
IICHTPOBK14

E/IOK 9- KomrioHoBr,qHa ra6nuqa
EIIOK 10 - fleqar Ha pffiyrrrarv

. ) 
", 

.; .i ii I .,,,

E4QK 1 ;- l.[aB,Ha Qy.rlxlrua ]r ynpaBrreHae.H,a.rporpaMara
E/IOK 2, --:,BFsexAaHe Ha Flar{aJrn.Hre ralHu n MourHocrra Ha us6pannn

E/IQK q - OnpeAeJrrHe Ha feoMerplrrrHrzre.xapaKrepr4crur<4 rr 4apaKrepHrz-
TC "IICTATEJIHI{,U,AHHIZp4q{ ! - Peueuue Ha ypaBHeHvero 3a MacoB 6anauc

,EJIOK,,:5, - Muoronapuaur.eH pasr{er c apfyMer{r cuequ$uunoro uaronap-
. : Barre Ha Kpr4JroTo po

D/IOK 6 Fesyn,xarr4 or pa3qer,a sa uHarrvs
rnnr7,D/IVA ./ . ,JJbBpX,(aHe FIa Aa,LlHId 3a KOMIIOHOB6qFILIfl saMIzcT>JI I{ CXeMaTa Ha

)t' ; : ^,',::'.'i :C4MqJI9T4
:,EJIOK. B 

--,Fa3ser 
.Ha MoMeIJrHrd xapaKrepvcrrrKrr, KoMrror{oBKa rro yc,JroBr,re

.. , :, 84 np.LreMdrrxEa, HaAJrbxHa graTlzrlHa ycrorluuBqcr; Aua[asoH Ha
u

E,rtoK 9,- K
; D.noK 10 - n
, flrpnn.4T. MoA , Macara r{ KoMrroHoBbr{Hr4Te AaHHu Ha

CAMOJICT: C6C SAAAAEHI4 KATO .HAqATIHI{,CJICAHHTE AAHH}I: II. 
- xaPaKrepr4crHKH Ha npo$rz.na Ha Kpr.rJroro; :

, :. - B,b.3rr4pXHOCTH Ha -MeXaHI43AI|V[TA Ha KpI,IJIOTO;, - MaKC[MaJrHa XOpASOUTaJTHa CKOpOCr.nplz seMrr.Ta;
-- Ab,rxLIHa Ha pas6era (sagu.ncaHero) .npu r.r3JrrzraHe;

- cnequ$arlHo HaroBapBaHe Ha Kpr4JroTo;
yAlJ)KeHlre Ha KpliJroro;

- Maca Ha eKLIna>Ka I4 noJre3Hrrfl TOBap; , , :

- Maca Ha roprrBoro, : .B pgsy.r.lrar Ha perxeHr4ero 3a rrbpBzfl MoAeJr ce loflyqaBa roqHara foJreMr4na
Ha craproBar? Maca, ueo6xo4ulrara MorqFrecr r-ra ABufare.rrx (onpeleJrrrHa,.Karo
lo-IrOJIflMa or ycJIOBLIflra 3a MaI(cLiMaJtHa CKOpOCT v 3aAaIeHa Ii1DJI>K]{Ha Ha pas-
6era) , Aafieql.IHara Ha,noJlera, feoMerpHrluvre I4 KoMloHoBT,qHIITe xapaKTepI,rc-
TI..rKI4, AOCTaT6qHr4 3a Harrailo Ha npoeKTapa4e r4 .flKocTeH pa3qeT I{a o.TAeJrHr4Te
fJIaBHIT rlacrr,r Ha caMoJlera. Cne,qr,r$rzuuoTo HaroBapBaHe Ha KplrJroro, Karo Hair-
cIzJIHo BJraflerq [apaMerap, e us6pauo sa aBfyMeHr npr4 MHofopaprdaHrH],rfl pa3-
qeT sa oIITLIMr,r3HpaHe Fra crapToBaTa Maca B KaqecTBoro Ha [HTerpa.nen xpurepufi.
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orcrpaHrnar ce HepeaJ'IHI,ITe cbqeraHHfl Ha Har{ad'rr{r4Te AaHHI{ 14 ce IIocoqBa rva-
rlasoH 

-3a 
paqggHaJlHv peuelrHtr rpvt orKJroHeHHe Ha apryMeHra or orrrHMa,rrHa-

ra croilnocr. MoAe"rr,r e yAo6eH 3a HacoqBaHe npa rrpoeKTr4paHe Ha caMo,'rer c
orJreA Ha BB3MOXHOC"IU Sa 6'.S1etr1u lro4a$ur<arJur4 r{pe3 3aMsHa Ha ABr,rfareJrr4,
a csqo raKa 3a npeABapI4reJIHO flpoeKrr4paHe Ha caMo,rrer c onpeAeJreHri oT 3a-
,4aHr.rero ceorlcrea, llpz onpe4eJreHa uacrporixa Ha MoAeJra c saqa.nHu AaHHr.r 3a
I43BeCrHtr caMoJrerr.r Moxe Aa ce npoBep[ rsxHara rrpuroAHocr sa uo,u,z$uxaqun
qpe3 saMflHa Ha AB[faTeJrr.r.

Bropuar MoAeJI cr,xlo onpeAeJrfl pasMepr4re Ha caMoJrera r.r HeroBrare KoM-
IIOHOBT,qHI,I XapaKTepIrCTVKLI, Ho C nO-Ma,rIKO 3aAaAeHu HaqAilHV AaHHLI:

- xapaKreprzcrt4Ku Ha npoeu,ua Ha KprzJroro;

- BT,SMOXHOCrZ Fra MeXaHr4SaIIr4flTa HA KpHJTOTO;

- MOUIHOCT Ha ABr,rfaTe"[rr;

- cneqn$nqHo HaroBapBaHe Ha Kpr4Jroro;

- yAt'JI)KeHLIe Ha KpI4JIOTO;

- Maca Ha eKarra)Ka r{ Io"rresHl4fl TOBap;

- Maca Ha fo0I,IBoTo,
Peueuzero ce ueet,pruea no aHaJrofur{eH HHepaqltoHe,H cnoco6 r(aKTo B nr,p-

BlIfl MOAe,rr. TosH uo4e,r e no-y4o6eu 3a peaJrHr4 ycJroBufl Ha npoeKrrrpaHe, Ko-
raro ca Iz3BecrHI4 xapaKTepr{craKrzre Ha npeABapr4reJrHo uz6pan ABr4fared'r.

Pesy,urarzre or perxeHkrtrra ro LBa'a MoAeJra ca npeAcraBeurz ua hnr.2 -3a "IIeK caMoJler c Maca oKoJro 1000 kg (4aynaecreu c roBap vilt4 qervpurr,IecreH).
Cr,nxynuocrra or roqKr.r no Kpr4Brzre Gi:f @r) rpe4cian.rrrBar ror{Hrz peue-

HLrtr Ha ypaBHeHlzero ga MacoB 6anauc, nplr Korzro 3aAaAeHr4re Har{aflHr.r AaHHr4 ce
yAoBJIerBOpflBar oT pasrrzr{Hr,r Iro Maca u pa3Mepu carr,ronbru. cneAogarenHo, 3a-
raqara npH aHaJrr.r3 Ha AaHHrzre or perxeHlrero ce cBe>KAd Ao ras6op Ha eAr.rH or
MHoxecrBoro BboMo>l<Hu sapuauru. lI
peArzua oco6esocra x cbulecrBeHLr pa3Jl
ABaTa MOAer'ra e cbIIIecTByBaHeTO B,/rflBO
HaTOBapBaHe Ha Kpr4,'roTo, B KOflTO ypa
Hr.re ro cxoAflIrl aTepaqzoHeu npoqec, c
xr,lr 6esxpaliuocr, Morar Aa ce lprreMar
Ha caMo.rleT CbC 3aAaAeHr4Te HaqaJrHI,t .u
orHocr4reJrHr4Te Macu Ha KoHcrpyKUHrrA
I , a n"raeo or .Hefl npeBr.rlraBai i . ousu
caMoJreTHara r{oHcTp)KUr.rfl B ra3r4 3oHa
caMoJlera H MorlHocrra Ha ABl{rarerTf
Ha cvilLr, ueo6xo4tzlrar sa xopI,tgoHTaJIeH
fpaHzqara B peueHr4ero Ha ypaBHeHr.r
3aBUCII OT HaqaJIHrrTe yc,'IoBl,tq, IpI'r KO
Ha c"rolKFrocr rz HeonpeAeJreHocr. Xapax
Jlacrra Ha MaJIKl,rre croriuocru Ha cIIeu
IIpu olexorflBaHe Ha KoHcrpyKur4flra
MaTepr.raJrr.r rz TexFroJrorlrH Kpr.iBr4Te ce n

BLTIUaBaHe Ha eKCILrOaTaIIrzoHHoTo npeTo
paKTepa Ha npoT?rqaHe BJrI,rfsT crz,rrHo y
Ha KpzJIoTo, e$exrunuocrra Ha MexaHLr
ryrreHr4 sa KJracr4rrecKrr rexHoJrorzlr (unrosaHe) r.r aJrvMHHI4eBrr crrJraBrz. Cneqrz-
$uvun HaroBapBaHufl, Ha Kpulroro po 30 kglmz ea NroHonnaH ca rrz[[qHr.r sa cBpbx-
JIeKI.I CaMOJIeTI4, I43n6JIHf BailIU OCHOBHO XOpI,I3OHTaJIeH IIO/'reT V Brrpa>KVr C MaJIKI,I
nperoBapBaHuq. TexHzre KoHcrpyKrlaoHHa Marep]'1,an4 ca KoMrro3rrrr4, cnequaJI.
HIZ TbKaHIZ, a TeXHO.[OfUrrTe - 3aJIeIIBaHe, IXeB; OCHOBHaTa CVIIOBa CXeMa e

Qoplrara.
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Kpuoara G":l (p5) ea r.bpBkrn MoAe./r ut,ra cna6o HBpa3eH uuHuuyu, B
noBeqero cflyqall MolrlHocrra Ha ABr.rrare,'rrr 3a roglr KJrac caMo,rreril ce Qoptrupa or
yc,ToBuero sa pas6er npr{ H3Jrr.rraHe.

3a nropua MoAeJr Kpr.rBara Go:f (po, Noo :const) narraa lrepa3en Mr4trr{MyM
u no46opm ua uaft-no4xoAqrqufl Bapuatr no cneqz$uquo FraroBapBaHe Ha KpH-
Jloro e qe"necr,o6pasHo Aa ce HanpaBr4 rro saBr4crrMocna Lo:f (po), Kofro. r4Ma

ao6pe I4BpaseH Mr.rHZMyM, Tort e pesyJrrar or eAuoBpeMeHr{oro BJrr,rflHae Ha crap-
TOBara Maca v cneuHQr.rr{Horo HaroBapBaHe Ha Kpr.rJroTo.

llpanzre or FraqaJroro Ha KoopAr4HarHara cr.rcreMa (Go, po\ ca sa rrocror{Hr{n
crofiHocru Ha nJlolqra Ha Kpl4Jroro. llpn MaJrKa rr,ro4rzcpuxaut4s, xoraro He ce
I,IsMeHfl n,rolqTa Ha Kpr,rJroTo, a ce SaMeHf eAr,rH ABtrfaTeJr c Apyf - Io-MorrIeH,
craproBara Maca Ha uo4rzSuqupauun caMoJrer rrle cborBercrByBa Ha npeceq-
Hara roqKa Ha,rruHur{re S:const c KpnBrlre Go:t' (po, y'y'au:const) (Sur, 2 u 4),
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flpz Ha,naranero Ha KpI4BLrre or ABara MoAeJra 3a orriieA6/reHr,r HaqaJrHH yc-
.roBLIq re I4Mar o6uII,I roqKl4 ($nr.2) B o6racrra Fra paulroHaJrHrz peuer-rr4ff, rro,rrj:
IICHA OT NbPB14f MOACJI.

AHarIzstr Ha pe3yJrrarr4Te or perxeHu flra AaBa ocrroB alkre 
^a 

ce cMrrrar sa
no-1lepcneKTltB]Hrl. BAprraHTr4 Te3r4, rrpz Ko]rTo cileuH$uqHoTo HaToBapBaHe Ha
KpI4JIoro e noA6paFro HaJfrtBo or onrrzMaJrrlara crorl'Hocr:- B o6inacrra, KtAero
saBl4cl,IMocrra G":f ,(p") lpoMeHfl no-pflsKo xapaKreparcla,flpfi npw6ilw>KaBane
Kr,M reoperr4qHara rpaHu Ua, C rawa no46pauo cnequ$uutro rraroBapBafre,Ha,Kpr4-
JIoTo caMoJIeT.fiTe ca c no-Ao5p,r4 MaHeBpeHa cBorlcTBar 14 ca noilp[foAr{r4 3a cJreA-
BaIIIH,MoALI$uKar\uu c HOBH ABr.rraTefirr. .C nocraesHeTo tHa'noJMoIrIeH IBH,raTeJr
pelxeHlzeTo o6uqHoneuo 3a AocTa ur.rpoK Ar,rarra3oH oT MoIIHocTvrtHa LButareJrr,r He
vsJIv3a oT soHaTa Ha paurroHalrflv BapvaETr4, .KoqTo c JrBerHr{aBa+IeTo Ha Morrl-
HOCTTa CTaBa BCe rO-TqCHa r4 CibBrIaAa C OIITI4MaJIHr4Telp;eIIJeHI,Ifl rro.CTapTOBa
Macar Toea uaft'4o6pe ilvrq,w Ha $rar. 3; KGAero c rroMorqra Ha pa3qerr4 or nipBrzfl
MOAeJI Ce [OKaABa npeMeCTBaHeTO 14 CiIeCH.UBaHeTO: Il8:sOHaTa 3a pa:qI,IOHailHLI
pelueHzfl, Munuuyurr orHarraJro ce [peMecrBa HarrrBo t vr Hafope, a rrpl,t no,
HararbuHo cKBcsBaHe ua pas6era flpw nznvrraHe - HaAflcHo rr ,Harope: (cxber'
BflHero ua pas6era ce bcurypnBa or no-MorqHr{ 4nrarare.nu) .
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llponeprnre, FrarrpaBeHr.r qpee MoAeJr I ea yAauuLr pearrlr.u KoHcrpyKulr[,
IIOKasBar, .re ug60p:nr ua cnequ$ur{Horo HaroBapBar{e Ha Kpr4Jroro po e HarIpaBeH
B 3OHaTa Ha pauI4OIiaJIHA peueHvrfl - HaJISBO OT . OTTTITMaJIHOTO peIXeHI4e,

3saqzrennoTo yBerurraBaHe ,Ha Mo[lHocr"ra Ha ,[Br,-rfareJrfl 14 sarasBaHero'Ha
eAHoABr4fareJrHa cr4JroBa ypel6a Karo cxeMa Lr3ucKBa r.r HoBo,KoMnoHoBbqHo pe-
IrIeHHe: Ha rgJroTo I4 ABZtareJIHI,Ifl OTCeK, CBbpsaHO C O6UO CKT,CfBaHe Ha TtlroTo
sa caMoJrerr4re c rrpeAHo pa3noJrolKeHr.re Ha ABrrraTerrt{ vrllr4 yAbJrxaBaHe Ha olarrr-
HaTa My qacT IIpr4 pasrro"rlo]KeHae Ha'AB14rareJrfl 3aA Kpt4Jloro 14 Ka6ilHara (rna-
craqo nur,ro) . KoMnoHosr,qHrzre r,r3MeHeHrzfl ca rro-JreKo peaJrIzByeMI4 3a 3Bes'Ao-
o6pasnu ABr4fare,rru, npv Kor.rro KoHcrpyKullflTa e pasBI4Ta B eAHa vIIr4 B ABe yc'
rropeAHr.i ycJroBHrz rr,'rocKocrr,r. Zglreuegzsra B AT,JrxI4Hara Ha rrJloro c'bIIIo cra'
Aar KbM MaJrKr4re vro4vSuraqau.

flpoee4eHIare uuoro6pofiHu pas.Ierv v arailvsl4 Ha pesy/Irarl4re AaBar oc-
HOBaHI4e Aa Ce IIpueMe 3a JTeKOMOTOpHLT CaMOJrert4, r]e I{a BCeKIZ KIIJIOBaT AOIGJI-
HLITeJTHa MorlHocr ce rraAa no 2,4-5,4 kg yBe,rI{qeHLIe Ha craproBara Maca.
flo-ronenrure croilsocru ce orHacqr Ba JrflBara qacr Ha Kpr4BHTe G":f (p") -
Sur.4. Tesu 4auuz AaBar Br,sMo)KHocr npr4 orreHr(a Ha cMlzc'lJra or uo4tzQul(awrtr
cGc gaMflHa Ha ABr4rareJr Aa ce il3rroJrsyea npu6.nu)KeHl,rn MeroA sa fpaAIIeHrI4Te
FIa craproBara Maca [2] warc HoBara Maca

Gsl,rona) : Gslusx) 1 zou ANoo,

Kb,(eTO B KaqecrBoTo I{a qacrHaTa npol'I3BOAHa Xro: -- r?Cn-ce 
npI4eMaT AaH-

U JYAB

uute.2,4-5,4 unw oKoJro 4 Ng ua I kW morqnocr. CneA I{aro e l4sBecrHa HoBara ro'
JIeMZHa Ha crapToBara Maca npu nao4u(ruKar\r4tr cr'c 3aMlHa FIa,II,BvfareJl e BT'3-

MOX{HO Aa Ce OnpeAe,'IflT IrOqTr4 BCHqK14 npOLrSTIZqaqI4 OT TOBa I43MeHeI{Ufl B JIe-

TareJrHr4re xapanTepric^tklKv\ Ha caMo,rrera 14 Aa ce perxaBar pasnoo6pasllll 3aAar{ll,
THTII4qHI'I 3A MCTOAA HA IPAAI4EHTI'ITC HA CTAPTOBATA MACA I2].

9.1
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o B c K,r ir. Becoilob lrpoer(l.rpoBzrHlre caryoJreroB.
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H. A. O o M lt Ir. flpoexrnponanlle caruo;reroB. Mamr'rnrocrioenae, n:, i7li'.
-, ' Ilocmznuta na 22. X. 1993 e.

i--

Modification of light airplanes by substitllti,ng
the turbornotor group as a pfoblem of the.i ,

starting rnass

Dimilar lordanou

(Summary)

models upon modir,.#",1n3, i'XtrT;
lighter orie have been illustrated. th

s are suitable for the prel,iminary design
metry formation and themass and corn.
theoretically substanti ated. Qualitative

characteristics relating power changes with starting mass have been derived
that can be;used in other express and approxirn,ate methods for designersl pro.
jects analysis.

):
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Banrapcrd aKaAeMufi fia Hayi(Hre. Bulgarian Acaderhy of SciencCS

Aepoxocnu.recKH lrscJreABauua n Er,,rlapun. il; Aerospace Resear.ch in Bulgaria
Corpua. 1994. Sofia

(r ) Z-

l4nrenureHreH MoAyJr 3a onpeAeJrrHe
Ha an$epeHrlHa/rFrHf npaf Ha qyBcr-
Br,rTeJrFrocT npn coMaToceH3opHa
cTrrMyJrarIHfl

P_gueu Hedrcoe, Cmonu Taaee, Ceemosap Cunreouoe,
Ifnaneu Tpeuda$unoe

Hncntumgnt sa Kocituqecteu usc/teOeavun, EAH

_\,

q oB e K a o r r rr eA H a, 
" " 

#; f ' 
o"::if 

; : J i:i f T 
o,tff#xJ'"? 

"f#ffi' #f i H tt
MoAeJrr.rpar c orprruareJruo 4rzQepeHrlrzaJrx-o c:nnpoitzn"neH4q- (R-) wltu orpr,Iqa-
reJIHa 4uQepeHqrza"rrHa rrpoBoAramocr Il].B 6proe,nexrpocrr.rMy/ra{rrflra r.rMleAaHcbr z ua vev6paHara Ha x{rzBara r1,,
KaH,ce pagr/Iex{Aa caMo Karo KarraqnrrzBes. C enerrporepMr4rlHara reopr4fl Ha
sls6yxAaHe ce o6scHsBa KaKTo Kanaqrzrr4BHnflT, TaKa u ulryNruelunr xapal-
rep Ha uMrreAaHca [1, 2], CtrnacHo [3] Lrcpae'br sa r4MrreAaHca rrwa cneAHus eu.q:

(R- *znt r,) (R-i=Jr-)
21. | -e

R-+R*iQnt t'dz;)

KbIe r.ie ua 6lrosepnrar:a, C"
HI4re a u Kalagrera, R- e
Qepe

R- ce onpeAe/Ifl or vspa3a :

(2) R--R rlAr-l-[l t

I{bAero A:hr"Juzlc, 1u e crorlnocrra Ha roxa, c - repMoKanaquremr, k - ro-
TIJI]4 H HH 

'ITflprz n ozxnosu
KbM R-, II 6aren;6'o Z
KJTOHI,I KT,M $asara 4o

w Lu ca eKBT.IBaJIeHT-
OTP IIIIATCJIHOTO AI,,I -
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n/2 uex<4y U u L C:rrnacno [4] ar<rznuoro cr,nporr.rBJreHue ua naeu6paHara Ha
x<r4Bara KJIerKa (R") e or lopflAbKa Ha AecerKr{ Ao crornrlr4 oMa, a aKTr,rBHoro cb-
rporr4BJreHr.re Ha KJrerKr4Te Ha r{o)Kara (R,,) e or nopflA'rrKa Ha AecerKr4 Ao crorrru}r
I{I,IJIOOMA,

Onpe4e.unHe r{a Ar.r$epeHrrr4aJrHr4.fl rrpar
Ha qyBc'r'Br.rTeJrHocr

Toqsocrra u o6exrusHocrra rrplr ottpeAeJrflHe ua az$e-
peFIIr[a,'rI{Hfl rlpaf Ha r]yBcrBr.rreJrHocr (,4nU1 npIa coMaroceFrsopHacrrrMyJrarl].{fl
ocI{oBHo gaBaQ.flT or 44ueriuocrra Ha crrzMy.rr4pari\vrn cr4rHaJr (^C^C) a "ruHefiuocrra
Ha LI3MeHeHr.re'Ha roBapa (R,,). I1o4 nrzne-fino rlsMeHenrze ua CC ce pas6upa tu-
sefigo LI3MeHeHrre Ha aMnJrrzryAara u.qecrorara vy. ,rlurrerlHoro fi3MeHeHrreHa
CC e rexs[qecKil ocbqecrBrzMo.

B:lsHlartsa pbupoc-Frixax Aa cq ocntypn ,nunerh{ocl Ha rrMrreAaHca, rar(a qe

npr onpeAeJreHr,r qecror14 kt HHBa na CC Aa ce onpeAeJrrr aAer{BarHo peaKrlr4lra Ha
rrr.rqro 6aea ce onpeAeJrr Anq, : ;

Koraro He ctlqecrByBar Apyfu BLIAoBe crr4My,/Iaullfl, peaKulrnra or ersAeI:I-
crBLlero gaBucv fjIaB.Ho or R,. u Rr. IlpI onpeAeJrer{}r qecTorr,r Lr Hr4Ba ua CC, .Q,.

Ia R* ce rzsMeHflr ne,rraseftHo [4]. C,rreTioearenio e neo6xoAuMo Aa ce rbpcflr raKZ-
Ba qecrorri rr HLIBa na CC 3a Kor4To Rn ra R* ce zgMeHflT .nuueiino. Axo ctc S
(1,", l) ce o3Harrr crlrMyJrr{paqoro nrs4eficrorze (CB), KibAero /* e aun.nnryl.zra
Ha r4MryJrcHr4fl ToK, a f - HefoBara rrecrora, ToraBa 'Il,llt{ ce ortpeAeJlr rlp]4 rlbp-
Bara aAeKBarHa peaK(ufl (R), npa KoHKperno Hr.rBo Ha crr.rMyd'rupauoro Br's-
Aeftcrsr.ie (onpe4ena ce Lr,HAtrBtrrye{rno sa BceK[ uoeex) So (/*0, fo) aAexeaT Ha
peaKqar orcbcrBa, r. e. R":0. IIp, HapacrBaHe Ha Hr4Boro So(1.r.lJ c€ IIor.:
BqBa aAeKBarHa peaKuza r R"#0. Toea e Nrr.{HrrMaJrH}rflr npar Ha uyncreure4;
socr. Pas"rvrr<ara Me)KAy So u Sn ce HAprzrla Ailq.
(3) AS:S"(.)-So(.)rdS.

!,IaHauuxara Ha n|IH ce olpeAeJrfl Karo cKopocl Ha l{sMeHeuue sh crrIMyJIa-
\uATa BTJB BpeMeTO

B [4] ca onucaHr4 peAr{ua npn6opra Ba coMaroceHsopna crr.rMyJlauzs. Ocuo-
BeH TexeH HeAocrarr,K e Jrr.r[cara ga .nraHefiHo pefyJr].rpaHe na cc B rxI,IpoK AHa-
IIa3OH LI SarIOMHflHe Ha rrapaMerpHTe My npu paSrI4r{HH aAeKBaTHII peaKIILII4

R.+0,
JluneapusaqvrflTa Ha npoqeca Ha coMaroceHsopHa crr4MyJraur4 r cbKpaIIIaBa

BpeMero sa roqHo orpeAerqHe Ha Afltl,
lLuueapusa\Lrtrra Ha lpoqeca, Kosro e peaJrr4sr.rpa:aa B pas;pa6oreHus Ianre-

JIL{feHTeH MOAyJI, IIO3BOdIIflBa Aa Ce OTCTpaHflT fOJIfMa rIaCT OT HeAOCTaTTTIII'ITe Ha

cbrqecrByBarqr.rre Ao ro3rz MoMeHT aHaJroraqun npu6opurrcllcreMll sa coMaroceH-
3OpHa CTr.lMy,/rarIUf .

Onncasara MeroAr4na AaBa BbgMoxHocr sa [puJrafaHe Fra rogr.I noAxoA ga

olpeAeJrsHe na AIIH B pasJrr4qH[ ycJroBr4r (Nocruuuecxl4 rr r'ra3eMHu) 6es cr,Iqecr-
BEHO II3MCHCHHE FIA CTPYKTYPATA HA ANAPATHHfl MOAYJI.

D-(4)
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Crp\'rrypa r.r XapaKrepr,rcrr,rKlr

Enoxosard cxeMa na MoAyJra e noKa3aHa Ha $r.rr, I .

Mur<ponpouecopHara cr4creMa (n cnyuan eAHoqr,inoB rorranrort,p) ce yttpaBJrq-
Ba oT nepcoHa,'IeH KoMnlorr,p no RS 232. VIsvbnHLITeJIHara qacr Ha cTr4MyJraTopa
e reHeparop Ha roK, r<oftro vr34aBa, npaBo:bfr,JrHLr r,rMnyJlcu c peryJr14pyeMr.r npo-
Ar'Jr)KHreJrHocr r4 aMnJrr.rryAa, C novdrqra Ha I{AII ce yfipaBilqBa roKr,r, a rail-
BaHr4qnoro pa3AeJIgr{e ce HaJIara or IzsLrcKBaHuflTa sa 6esonacHocr.

i-----1 xrn PC

I RS 232 l-*

tGll----
Orzr. 1, Eror<osa cxeNra

{lIC-rrruxponpoqecopHa cr.icreNla; IlAfl-uurppoBo-aHaJroroB npeo6pasynare,'r lPl,
I PZ - cxej\lu 3a faJrBaHtiqlro pa3Aerrsrre

- Taxa [peAJrox{eHara MeroAr.iKa u u+rerrLteHreH MoAyJr 6axa atpo6vrpaHvr B

Marc-Aen6pror<-L{eurup n leprraanua. llonoxure"lHr.rre pesyJrraru, [oryr{eHr.{
or anpo6aqnflra, AaAoxa Bb3Mox{Hocr npeAJrox{eHara MeroArzKa n MoAyJr La 6'r-
AAT I.I3II]4TBAHT4 B KJIZ.HIjLIHH VC.[OBI4q.

Paspa6oreuara MeroAr4Ka u rlrlrerrvreHTeH MoAyJr rrpeAcraBJrrrBar eJreMeHT or
rlpoeKTapaHara B HacroflLlkrfl nepaoA crrcreMa sa HeepoQu3l.rorofl4qH[ r43cJreA-
Barkrtr B KocMr4rrecKrz vcJroBrrfl - HEBPOIIAE.
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Intelligent module for
d i fferential sensitivity
tion

Poumen Nedhou, Stogan
Plamen Trendafiloa

(Summaly)

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

signal is described in the sug-ges acy and objectiveness in thedet hreshold in Space situation.
intelligent module implemen-

tin rven.
The results from methodof ogy'dnd module tests and applications in Ger-

many (DM Centre) are positive.

determination of the
threshold under stimula-

Tanea, Saelozar Simeonoa,
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7 Aeponocmnuecxr.{ H3c.rreABatlla n Et,rrapul, ll

Paspa6orBaHe Ha KyMyJraraBHV
sapflAu 3a r43crpenBaHe Ha

nceBAoMereopHTHH r{acTnqu

Burcmop Bapauoe, Xpucmo Xpucmoe*, Cma+rto
IfemKoe**, Kpacunup Eonlscueed'*

\T!!*{Ilf f,'ll',f #;[#:;,:,!r:;,:*op,nuun.
Conom

llpu paspa6orBaHero Ha Kopnyc[ Fra KocMr4qecKr,r cr4creMr4
BtSFIHKBa BbnpOCT,T 3a IIOBeAeHI4eTO Ha TflXHaTa o6urzsNa n pa6oruU yg.rrgBrifl.

BepKa Ha xr4iiHecloco6socrra Ha Kop_
a e o6crpenBaHero t c ncesAo\{ereopr4T-
Ha ABr4X{eHr4e Ha MeTeopr4THUTe IIaCTIZ-

d i r. J H"i #,io"",l3Tl "fn il;;:iffi 
" 
;

crpy4 or KyMyd'rarlrBeH sapflA.
KoucrpyrqLrflTa u 4ertcrnuero Fra r(yMyJrarr4BHprtr saprrl\ Mox{e Aa ce orrr4[Ie

rro cJreAHrarr HaqrrH, Bs_p_znuo BelrrecrBo c eAnr6HarvH|'c OlpeAeJreHa $oprraa e
rrpecoBaHo B Kopnyc. I(opnycr,r u el.nr,6uarvHara ca ocosoculrerpuunu. IIpu
ocoBo rzHr,rquupaHe Ha B3pr.rBr{oro BeulecrBo rrpoAyKTr4re Ha Bspr4Ba tpulo6unar
Ha IIOB:bpxHocrra Ha e,4"nr'6uarzuara rrMnyilc, FracoqeH noA HrrKaKbB brbJr KbM
o6qara oc Ha KyMyilarr4BlLrfl gaprrA. B pesy.nrar Ha roBa HaJrflfaHero, TeMrrepa-
Typara, IIJItrHocrra u cKopocrra Ha fa3oBrzfl rroroK s o|nacrra Ha KyMyJrarlr.rflTa
CE OKASBAT SHAI{ATCJIHO TIO-BI4COKI,I, OTKOJIKOTO B PASTIPbCKBANIVIfl CE NOTOX. IIPZ
o6ruuoeaHe Ha KyMyJrarr.rBgara ygna6uaruua c ueran or KyMyJraruslara o6iu-
IIOBKa Ce O6pasyna KoMrraKTHa, r(yMyd'rarr4BHa crpyq, Hacor{eHa rro ocra I{a KyMy-
JrarllBHutr 3lpfl,^ B rrocoKa, o6parHa or Htvlr\rr,r4paHero Ha BSpT4BHOTO BerqeCTBO
lt, 21.

3a Aa Morar Aa ItsrIbJIHrr npeAHasHar{eHr.rero crz n na6oparopHr{ ycJroBgr,
rlceBAoMereopnrHlzTe qacrlrrlu rpx6na Aa ca KoMrrar{TH}r rena. Ho C usoroqzcne-
I-IH eKCIIepI4MeHTI4 e AOKa3aHO, qe KOMIaKTHOCTTa r{a KyMydrraTr4B[aTa cTpyfl'ce
HapyrxaBa Bc/reAcrBr4e Ha fpaArzeHTa Ha cKopocrra no serlHara 4r,lxnHa. Ees-
fpaAr.reHrHocrra Ha cKopocrra npu $opurzpaHe Ha KyMyJrarHBHara crpyfl e Qar<-Top ga 3arla3BaHe Ha uerisara KoMIIat<THocr Ha orHocI4Te.rIHo ro,,IeMu DagcroflHufl.
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I{e"neuaco.renoro $opu}rpaHe ua 6esrpa4zeHTi-ta KyMyrarr4BHa crpyr I43I4cKBa
peuaBaHero na o6paruara saAar{a Ha KyMyJrarp4rrra [3, 4].

Or anropzTe, r.renoJrsyBafixu uero4u ua CranroKoBilq n Opleuro, e $opuy-
ilupar:a o6paruara sa4a.ua Ha KyMyJrarrnrrra rrpu npr4ero 6esrpa4rzeuruo Qopuu-
paHe r{a r(yMyJraraBHara crpyf.3aAaqara e pemeFra orHocHo Qynr<urznre F (x) ,

@(x) , q (x),f (x), orrHcBarrr4 Kpr4Br.ire Ha o6pasynarrlnre, cr,orBerHo Ha BbIrruFIara
I'i Ha BbTpelxHara IIOBbpXHOCT Ha KOpIlyca II Ha B:bHIIIHaTA W Ha BT,TpeUHaTa IIO'
Br,pxHocr Ha KyMyJrarr4BHara o6"[[qosxa Ha KyMyJIarvBHLrfl BapflA. leouerpua-
Ta Ha Bspr.rBHoTo BerrlecTBo, paSnoJro)KeHo MeMAy Koplyca r.r KyMyJIaTI4BHaTa
o6"ruqonra, ce orrzcBa or Syurqunre (D (x), u q (x).

flpu pelranaHero Fra sa1aqara ca HaJIo>KeHI4 orpaHr4qeHl4fl Ha yKa3aHLIre

Qyuxquu, Ha rribpBrrre rz Ha BTopzre aM.rrpor.r3BoAHll oruQcno HerrpeKbcFrarocrra
HM B yqacrT,ra r)0, KaTo no x ce 3a\aBa BHcotll4Hara Ha'KyMy,'IaTrBLrufl.3apflA,
Oceen roea: F (x)--o (x)>0, o (x)-q (x)>0 u q (x)-f (x)PO. 3apn4tr or B3pLIB-
Fro BeurecrBo B rle,'ruq cu o6elr e r4sorpoleH [5] .

KynrynarueHlrflr 3apsA ce pa34eJrfl no sel'ondra eucdqlzHa Ha n paBrv eJre-
MeHrapHr.r qacrlr c rr;rocKocrr.r, neprreHAI4KyJrflpHLI sa o6qara oc Ox.

Hexa n MoMeHr BpeMe /:0 Aerouaql4oHlrara B\ilHa, pa3rlpocrpalrflBaxla ce
Bt,B BSpI,IBHOTO BeIIIeCTBO, OT TOqKaTa Ha klrlLlt\Ll,palle K6M KyMyJraTrZBI{aTa oo-
Jil4rIOBKa, Aocrr.rfa Bbpxa Ha o6"ruuoeKara v npu l)0 cd pasnpocrpaHflBa I(bM
uerinara ocHoBa cbc cKopocrra Ha AeroHalrur D ira nspuBHoro neqecrno. 3a
orlpeAeJrf He Ha 3aBrrcI4 MocTI,ITe, ollzcBau-(l4 aesoprvraqu fl'ta Ha o6JIvt\oBKaTa v
Sopruzpauero Ha r{yMyJrarvBnara crpys npH HaJIo)KeI{vre orpaHI4rIeHua ua QyHt<-
urzrzre F (x), O (x), <p (x), f (x), e r.i3norrsyBaH a partrarrHar& cxeMa Ha 4eQopuaqza
Ha KyMyr'rarr4BHara o6.[[uoexa.

Pasr,nexAa ce er'IeMeHTapHa r{acr or KyMy,/rarr4BHara o6nuqoexa c KoopAIz-
Hara x u n'blr>r'trla dr. B naonaeHr BpeMe t:xlD rorrKa A (nenuar Nparl) or pas-
fJrelKAaHaTa eJIeMeHTapHa qacT 3alroqBa ABI4)KeHI4e KT)M |OCTa Ha CIZMeTpIZfl FIa

KyMy"rrarrlBHzrfl sapflA cr,c cKopocr lVo @). 3a epeltero, AoKaro AeroFIaI\LIoHHara
B'b[r}Ja AocrHrHe ror]Ka B (aecuza wpafr, ua eJleMeHrapHar4 uacr), r. e. 3a BpeMe
dt:dxl D, rorrKa A ce npeuecrBa no [ocoKa KbM ocra Ox sa pascrofluue dg,
r(oero ce onpeAerfl no $opmy,rara

da: Vo@) dt : Wu @)

r4 ce r{aMrrpa or ocra Ox ta pa3croflHlte

R -l (x) - ctu:f (r) -Wo (x) -!#
HeNa cxopoctra Vo ({) He sasuclz or BpeMero H e dlytlrql4 fl caMo FIa KoopAI4-

Harara x, Torasa pascroflHr.iero R roqNa A Iqe us\,{vFle sa BpeMe ?, onpgae.neuo

(r )

(2)

dx,
-D

OT 3AB}ICI,IMOCTTA

(3) r:
3a toea BpeMe roqxa B ce npeuecrea ro nocoKa Ha ocra OX cr,c u<o-

pocr IZo(x)*dWo(x) r.r H3Mr{HaBa n'br

Wo@)+dWo\x)
Wo@).Lr : T (Wo(x) + d. tv o1x11: [Or' - Vrr@) E7(4)

OR



Karo ce HaMVpa or ocra OX sa HflKaKBo paacrorHae In

(5) Ln:[f(x)+d.f(x)]-1,.
c,leAosarerHo 'bf6Jrbr Ha cxJlonBaHe o Ha eJreMeHTapHara qacr or o6an-

IIoBKara ce onpeAenn no @opuy.lara :

t^ f(x)+df(x)-:"*'l ' dx1

(o) tg u(x): * -I\x)+at\x)-W1oLf@ 
-wo@ o']Lwo@+dws(x)1.

c.nea npeo6pa3y'aH,a [ocJreAHoro ypaB[reHHe ce 3anHcBa r]'bB BHAa

(7) tgc(x): #- -!!"^ry)+Y*!.
cxopocrra ua 4e6oprr,tapaHe wo@) ga eneMeurapHara qacr or o6nnrros-

I{ara c A'.brDri.Hl dX e cztpeaHa cbc cKopocrra Ha. ABHxeHr.re Ha Kyh{ynarrrB-
Ilara crpyfl B pasrne)KAaHoro ceqeHue w(x) qpes KHHeMarBqHoro cGorHoueHHe

(8) Wo@):Wr{x)teY:' 4l p(x) [2+ F(x)]-',

B ypannenue (10) SyHr<qnure tgu(x), sino(x), tg$ ,
6'r4ar npeAcraBeHn qpee Wr(x) w F@)

(1 1) tg o(x):,*{, arcts 1fo;,/f=ix;l2Tj-1ryt=}:,*t, arctge(x)l :ffi ,

(r 2) s i n o(x) : s in{z ar ctgffi,l f (r-ntTT@l- 
} 
: s i n [2 arct g e(x)] : ffi |

(13) tgs9:tg{arcts ffir,tgfiP +B@- 1-}:te [r,.tge(x)] : e(x);

(D,: r\
(r4) 4P -d 

12 
*'te2w,u)!F! !jl'v(')l-' J : W#fun :, ul- #?,

I{6Aero ft, e roesnqueHT, ortrr.rrarrl ilpepa3[peAeJreHHero Ha HMnynca Ha BspHBa
Bcpxy pag/rl,tqHn eJreMeHTapHH qacTr.r Ha o6rnqoerara, BcneAcrBr{e ABHxeHHero
Ha rlpoAyKrr4Te Ha AeroHarluqra IIo o6pasynarqara Ha r(yMyJrarr4BHaTa g4nt6-
HarHHa, F(x) - fyuxqur Ha aKrHBHara h{aca Ha sapfl.u,a.

lolaBa r,r3pa3'br 3a onpeAenflHe Ha 6r'bJra Ha cxrolBaHe o, Ha eJleMeHTap-
Hara qacr or o6.[Hr{oeKara rrle r.rMa cJIeAHHn BVn i

,(ry'll
w I\x) tB' - q 

dX ' ' r\'-' dX j

w{4tgff
f --- o-'

wsucuna ce B uocJreAHoro ypaBHeHr.re wr(x):const. B raKrs cayuaft cneA
I43B'r,prrrBaHe na npeoopa3yBaHr.rq pe[reHr.]ero Ha ypaBHer{ue (9) HMa BnAa

(10) te a(g :ffi -f@,8*.\ ff + Y# trY.
da(x\-n; Morar Aa



KbAETO

(tE) 
"(*): ,J-w,t*)vrFctit+ 9-(x)l-

Ho(16) ry:#otvrcnrnenl-,ryP,
Toraea ypaBHeHHe (10) npueua cneAHr{fl Br{A;

H'bAeTo

(22)

100

E(x) : 
"ffiwlvFGnr 

+ p(')T 
)-1

(17) & : f,(x) - 
"ffird{VnGnz;AUr}-' 

o, {") + w'(t"@)'

Ilrpeara npoHBBoAHa Ha c.rroxHara $ynxrruq B(x) onncea HsMeHeHHero Ha
aKTLrBHara Maca Ha BgplrBHoro BeqecrBo ga eJreMeHTapHa qacr or o6nflqosKara
c KoopAnHara x H Arn:xusa dx

(18) W:o@)ofi#+IA(x)d.(x)+c(x)c(glff i

+[B(x) b(x) + c(x)s(x)]ff*a61'@)H,

K'bAero A(x), B(x), C(x), a(x), b(x), c(x), d(x), e(x) Lr g(x) ca MexAr{HHn rpynr-
qnn, npuerrr c uen onpocTflBane Ha Bannca Ha ypaBneHue (18), oaBuceuI,t or
noBeAeHr.rero ua Qyurquure F(x), a@), <p(x), f(x),

Cne4 onpe4eJrflHe Ha HBMeHeHr4ero Ha aKrHBHara M4ca or gapsAa B3pHBHo
BeurecrBo ypaBHeHHe (17) ce sanr{cBa raKa: 

,(re) #T:ry-"ffi{il{vocle-rnor}-
x 

{atxl 
o@# a[A(x)d(x)+c(x)c(x)1ry

+ I B (x)b (x) + c ( x) s @)l ff + a 6), (4 U#I * tt(t t?)a( x) .

Torasa

(20) A# - eC"){ A@)afD # +tA(x)d(x)+c(x)c(x)l +? ,

+ IB(x)b(x)+ c(x)g(x)t ff + a14,@\it{ + Yry@ -ffu : o,

LUIW

(21) # - E@)A(x)a(g# - E@)[A(x)d(x)+o(x)r(x)] o'Jo:*' 
'

+ E(x)[B(x)b(x)+c(x)g(x))ry + E@) B (x)e(x) 4? 
i

, W{x)e(x) 2e(xl n-----D-- i-s-rut:u'



e cno)KHa Me)r(AHHHa , Qynrrlur, HecGAbp)Kaqa npoHSBOAHH OT syUXqranreF(x),_p(x), q(x) .yJ(4,.rbero nosBoJrnBa rr Aa ce npercraBu *aro *oe6"qr.reHr.
VpauHeuun (20) n (21) ce flBrBar o6aruoseHn 

-ar.lQepeHqr.ranHrr 
ypaBHeHlrfl

or n.spBn peA oruocHo eAHa HenoBecrHa or Qyuxqur.rre F(x), O(x), q(x) u f(x)npr4 SaAaAeHH Apyru rpn r HaqaJrHH ycJroBr{f 3a HeusBecrnara fiyHrqHq. crqe-
BpeMeHHo regn ypaBHeHUr ce qBsBar r,rsxoAHu ea $opuy.nnpaHero Ha Ba,qaqara
Ha KouH ea 6esrpa4uenrno QoprraHpaHe Ha KyMyJrarfiBHa crpys.

llo.nyueuure gaBrdcuMocrrr rrogBoJrflBar rleneHacoqeso Aa"ce Sopnnnpa 6ee-
fPaAneHrga KyMynarLIBHa cTpyfl, r{3nofl3BaHa B KarrecrBoro Ha nceBAoMereopnrHa
qacrrrua. 3aAaqara ce peruaBa B cneAHure ABa ocHoBHr.r cnyqafl:

a Ha KyMy/raTuBHHfl e./reMeHT Aa ce no_
6laqonra, ocHnypflBaq 6earpa4neurHo

ynarfiBHara o6arqonra ,q,a ce ttocrpot,r
eJIeMeHr, ocnrypnBarq 6eerpa4ueurno

Jrarr.rBHara o6JrlruosKa, 
oHara 3aBHcHMocr 3a npo0u'rra Ha KyMy'

(23) !I* :\_%_ _ vrv)e(xt + E @) 
{,t1*1o1*7 #

+lA(x)ct(x) + c(x)c(x)l# *lB(x)e(x) + c(x)s(r)J q#-\\A@1,

K'bAeTO

(24) Q(x) : { 1 - E(x) B[(x) b (x) 1- c(x) g(x)]]-l
AHaafisrr Ha pegynrarnre or perxaBaHero Ha sar,aqara sa Koruu 3a ypaB-

HeI{Be (23) noraena, ue o6paeyuaulara Ha noB'bpxHocrra Ha KyMynar}rBHari-o6-
nxlloBKa B IIoBeqeTo cnyr{aH r.rMa BHA Ha qpKo r{3pa3eHa uapa6oaa

f(x): - axq* bx+f(0).
Bl" nropun c.nyvafi ce nonyqaBa cneAHara saBr,rcr.tMocr ,ea npo@ula Ha

Kopnyca Ha KyMyaaTr.rBHr,rfl 3apflA :

(2s) #:(*y, -+ed + [1 - E(x)B(x)e(fl]#?

- n@){a@v@%- | lB(x)b(x)+ c(x)g(x)l #}1.r'y,
K'bAeTo

(26) f(x) : {E (x)[A( x) a(x) + C(x)c(r)]]-'
Ag.aflHsrr Ha peoynrarr,rre or pe[raeaHero Ha sa/.aqara ua Kourn 3a ypaB-

HeHHe (25) nor<asna, ue o6pasynauqdra Ha rroBcpxHocrra Ha Kopnyca Ha KyMy-
Jrarr.rBur.rrr BapsA B noBelrero cJryqan vt.i'a BVA ua c.ta6o r.rspageHa napa6ola

o(x): Axz+Bx+@(0),

Ha 6 
pesynrarn ornocHo rlereHacoqenoro f,opunpanea cTpyq ca flpoBepeHH eKcflep14MeHTaJrHo, Karo

Kpllr esrpa,rl,HeHTuocr Ha KyMynarv BHara crpys e xpafi-
Hlrtr z e xoMoreHHa MeTarHa npefpaAa ccc cpeAHa
rBbpAocr. flpr ueuereHr.re Ha paacrorrHnero MexAy KyMynarHBHHnsapflA rd rpe-
rpaAaTa npl{ H3[IlrBaHI4flTa Ha orAeJrHrtre o6pasqn Atr6o,rfiuara Ha npo6ofinara
ocTaHa HerrpoMeHeHa.
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Er,,rrapcxa ai{aAeMr.rfi Ha HayKr4re. Buigarian Aca.demy oi ScienceS

Aepoxoiirruuecxr4 r.{3clieABauux s Er,nrapun. ll . Aerospace Research , in Bulgatia
Codus.1994. Soiia

llacua do pedarct4unma*

Konreurap Ha crarnflra ;B,rpxy ftyr-
Kqr4oHHpaHero H:a coFirAoBa, anaparypa
B ycJroBr4flTa Ha aKraBeH COHAqB

eKcnepnMeHT {',

feopeu Cmauee, Jlnlnutt Eanrcoe

Ilncmumgn Ba rcoc.uuqecKu uscnelaanun, EAH

" 
A e p o N o cru u qec K rr 

". 
.f.";"ff; l' u f ?x":#l;P : "'ff : ni' ff t i' r',YftiSy9"93'i %':qarNrHoe cr4 e [ocraBurr saAar'?i.ta Aa r4gc[reABa HflKorL or clco6eHocrrlTe Ha

#fJ"lJ"T; ffffffil
llpu axruae po;rrpaJ

FIO OT eKCnepHMeHTarOpZTe gt,3Aeficrsue SnHgo Ao KocMr4qecKLLfl anapar ce'cG3.
Aarja o6,nacr c napaMerpI,t Ha r]Jra3Mara, piaglturlaBalq,r{ ce or paerinecurlre r{ ce
I{gyqaB.ar Qlaezuecrzre fBJreHr4fl rrp14 rrgBecrH14 Hrrv rroHe: qacT-IrqHo rzgBeerHr{ Ha-
r{aJrrilr ycJroBr,rfl. B rasu o6nacr ce npoMeHq.r SynrqnvTe Ha pasnpeAereHne Ha
sap€4eHn're u ubyrpa.nHlrre KoMnoHeHr[ Ha rr.rrasMara;'tra6;rlo4aeat ce rpoMeur.r B
KoHqeHTpauuhre u reMrreparypl4re, e.Hepfer[rrHr4,fl i.rM cIIeKr5p, aro6y4ennre
cbcrotlHI4fl; reHepvpar'ce x-eaganocrorl'IHo e[eKTpl{qecKo ilofid, efleKTpoctarr.rqr
Hu H eJIeKTpoMarHLITHrn BbJIHr4 yl.xone1auufl Lr r. ri.'trlpOMer,r'Hreiann SynNrlulzre
Ha pa3rlpeAe;rent4e o6yc"nannr npbrraenu v cn6upanu.ri rox or,coHAoBtre npu6opli
vr LrsyqaBaHeTo Ha TasLr saBvcLrNrocr e Ba)KHa gal.a.c'a. 3a criXane.Yrl'e, .aB1uput 

"UKoMeHTr4paHard crarun cBeNla rtfl/roro roBa MHoroo6pasue'oT:fBJteEI{s caMo Ao
,,noBLr[raBaHe na ndreHrluah,a" na 66exra. Tpa6Ba Aa]C€' or6ejr€xil,:rre gi{aq,,r,rrerHu
ncisuxraEaHur Lra riorenqua.rra dh cnrruura ea sa6'rrrlclAtsaHfr. U 6e3 aRT[siill exc-
[epLlMeHTIz, T,]Or;,r4 B To3a acleKT gaffiaBiieTo Ha',CfaTII'flTa:He'e KopeKTHO; i,
' B 'crainsra Ca qurupaHz rpu,pa6oru'- 4ee,,C luacrflelo n4 aBropa; A Talrr
no4 116*-[) [2] (M a n'a'r a A,3le' .n ap;)aaearHfrKdr4'iceefieHlr*ga'sanfiUllrMocrra
IIa rIoreHUIraJIa Ha KocMlrqecKr.rfl afiapar or roKa ua uuxdftqfi,fi..'OueeR4Ho,aBTO"
p6r HMa npereHrlr4r,r sa aBropcrBo Ha nprzBeAeHr.rre ABe QapMyflJr. II{e noxax<eu,

" i r!r' Mardp li'anti'ce' iy6nrariyna 6ea pe.qzrxibpcka' iiarrecalj ' il ' ": :: ': ' :' l: ;
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Arf Sorif

El.ltrapcr<a aKaAeN.r!rfl Ha Hayr(Hre. Bulgarian Academy ol Sciences

A.epoxocrrruuecKu Ir3cJleABauzf n Er,,traplla. 11. Aerospace Research in
Codrnn. 1994. Sofia I

llpaoo Ha omeosop

Orroeop Ha ,, Koruenr4p. . . "

Cme$au, Vanrcwr,oo i

14ncmumllm Bd Kocttu.tecKu ttsc,te)eailua, EAH

sanioro ce ur.rrr.rpa. o";fo",T,'""ii,o:,iliTiT^;#';-ll#l:,i"13"J^1l.i;""& iXTS:
Ha rrpu [ocrr{raHe Ha ueJrr4Te: Aa ', e grarr4flTa, AeMoFr-
crpupafrxz zu$opurapaHocr H r(oM cri e rexeH npo6,reu.
Apyrzqr I{M sHarlr4Te,neH npo6leM e, q cro He ce orHacrr ao
cblqHocrra na ny6nurarlvrra ruu. B ra3u Bp63Ka orroBoptT Mox(e Aa rzgrJle)l<Aa
TO CilCNHI,Iq HAqI4H:

l. He ct,M TBT,pAsJr, qe rlpu aKrvBHrr eKcrrepuMeHrr.r.He ce,,cra4ana o6lacr
c rrapaMerpr.r Ha r]Jra3Mara, pagJrr.rqHr4 or paBHoBecFrHTe". Kat<eo rnrpAir rqe cra-
He flcHo rIo-HaraTBK,Vr, H., 14 T. H,, T. e. orfoBopr,T vw6u c:bATrpx{aJl npu6nu-
gI,ITeJIHo ToJrKoBa roqKrr; KoJrKoro e 6polr Ha lit3perleHkrtfia B,,NoMeurdpa", As
ue ce 3aAoBoJrfl c rro-MaJrKo.

2. He c6M Ka3BaJr, qe,,UflJroro roBa unoroo6pasr.re or flBJreHr4fl ce cBexAa
caMo Ao ,,IIoBr4[IaBaHe Ha lroreHuLraila" na o6eKra", I(aKTo-I] qe He ca Ha6nrcAasa-
Hlt ,,3HaqttreflHz noel4irlaBaHVfl Ha [oreFrul4alra Ha cn'brHI,II(a u 6es at<runHI,I eKc-
nepnueutu". Koraro crrM cMflTaJr sa Heo6xoALIMo, ToBa e 6ulo or6erqgsaHo, KaK-
roeHanpruepe[]. , I

3. He cv npfinrrcBaM aBropcrBo rro
MyJIH. HeuurupiHero Ha aBropa ua $op
Ba HenpeMeHHO npereHwlfl 3A aBTOpCTBO
n [2]. flrpaara $bpr,,ry.n a trcucKBa creqpr
ntr e [3] , B,,KoMeHrapa" e HarrpaBeu orrlrr Aa 6r,ae uvrftpana.iO6qrast eu4 ua
Qopmy.nara e:

I*: a rli e tto n rz (l -2 e <p/m' ,21.

Oxassa ce, qe Aopr.r ,,[przBeAeHara npocra tpoprrny,ta" He e, AocraTbqFro lpocra 3a
Bb3Mox(Hocrrzre Ha aBTopr4Te. B cxo6ara BMecro cr( )pocrra ga o6erra ioo re ca
rIocraBI4JIrz cpeAHara cKopocr na liosrzre oi. Toea He e npocro rexHr,rqecKa rpeu-
I(a, 3arrloro fopuara Qopvryna e r.r3BeAeHa rrplr ycJr teue uo))ui. Ha SoHa na
rasn $panrzparqa HeKoMrreTeHTHocr npoJrr.rqaBa Ko,rrKocrpyBarrr3palu orpoAa

t Marepua,nr,r ce ny6ruxyna 6es peAaKropcKa HaMeca.

(1)
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Ha: ,,Heo6xoAHMo e Aa 6:bAe BbBeAeHo r.r qrzcJroro Ha Max, oco6eFro B cnyqas 3a
tloHHuq toK."

4. He cbM TBT,pAflJr, qe He ctulecrByBar cJlyr{atI, Kofaro,,qrzJl14HApI4qHara
col{Aa I4Ma noBeAeHr.re Ha cQepuuHa". B [4] , Harrpr4Mep, rosu Qaxr e ocrroBa r-ra
pa6orara, llaN raM ca ulirapaHa [5, 6, 7]. CnorraenaBaM roBa.14 B:bB BpG3Ka c
TB'bpAe eKcrpaBafaHTHoTo ,,yMo3aI(JIroqeHIze" B ,,KoMeHTapa": ,,HeqHTI,tpaHero Ha
FIaKaKBa qacr or cblqecrByBalqure roJrrM 6poir opuruHarrHLr u o6sopHtz pa6oru
Hr4 AaBar ocHoBaHr4e Aa rBT,pAI4M, rle aBTop:hr rlpocro He fI4 IIo3FIaBa," TaKHea
,,I(oHcrarauvfir" TaBar flcHa npeAcraBa 3a MHcJIoBHara Haf,'Iaca Ha aBToplzre Ha
,,r{oMeHtapa".

5. llar raM Mo)Ke Aa ce npoqere, qe,,ceprzo3eH 4e$exr Ha KoMeHTrzpaHara
pa6ora e Heorr{IzraFlero Ha MafHr,ITIloro [o,'re". Toea e rpal{A]4o3Ha l(oHcraraul4fl,
oco6euo Karo ce r.rMa rrpeABr.rA orqe cJreABaxlara Qpasa, c Korrro anropure,6es
Aa HcKar, o6scnqear 3alqo ropeUr.rrrrpaHoro ne e 4e$exr r4MeHHo r-ra raslr ny6nn-
Kal\ufl: ,,Or,{I,IraHero Ha Mafl]lirHoTo rro,'Ie HarvraJlflBa crrlqecrBeHo paAHyca Ha
ct6upaHe lI cJleAoBarerHo ToKa." Maxczlraa,tnllgr roK, a rofi eraK6B IIMeHHo rlp14
HeorqrzraHe Ha MafHr.rrHoro rroJre, e olaceH sa SyHxqnoHr.rpaHero Ha coHAoBara
anapaTypa z ToBa e oTrIeTeHo B CTaTI4fTa.

6. EAuucrseHo BflpHo B ,,KoMeHTapa", Koero sacffa crart4nra, e, r{e rBbpAe-
Hl4ero MI,I: ,,B saBlzcl4Mocr or IIoreFIuaaJra Ha o6eNra roKtbr e ofpaHI,Iqeu lt,rr.I Ha
MI4HI,IMaJIHara, r4lrkr Ha MaKclaMa,/rHara crorlgocr" He rrpoI,t3TI,Iqa HenpeMeHHo or
Sopruy,ra (1). Ho roBa e raKa He nopaAn r43rbKHarara or aBropr4re nplrqriHa, a
rlopaAa o6crosre.ncrBoro, ue $opnay.rara Bax<a B orpaHr.rqen BrzA caMo sa tuvefi.-
Hufl yqacrr,K Ha Bo,rrraMrrepFrara xapaKTepucrnra. BtnpeKv roBa caMara KoH-
craralluq B crarvfl"ta e BflpHa: np14 cr4,'ruo lroJlo)Kr,rre,reH Kopnyc ecrecreeno tloIru
He ce cr6upar (ronrr e Mr4HrzMaJreu), 4oraro [pr4 cr4JrHo orpr4uareJrer] [.oreHqr4a,/r
Ha Kopnyca yrToBareJrsr ct6npa nczur<u fiouu, Kor4ro cpeqa rro rrbrfl cr.i, Fro He
floBelle, T. e. I{oJIeI(TopIlzflT ToI( e ofpaFIr4qeI{ Ha MaKcr4Ma,'rHara cu croirnocr.

llplzsHanau crllrlo, LIe I43Mac,TeHoTo troHflTl4e ,,Frer.igKpI4BeHa oI(oJIFIa firagMa"
e 3ar.rMcrBano or [Bl .

I{arara 6rproiun, r(aKBaro [peAcraBJrrrBa r. Hap. ,,I(oueHrap", ce 4r,n>xr.r Ha
oqeBzAHIzfl Qaxr, ue aBropr4re My npocro ca sary6znn cloco6socrra Aa qerar.
BeporrHa rIpHqIzHa 3a roBa ca MHoforo roAr,rHI4, npe3 Kol,rro re ca ce saHr4MaBaJII,I
c npz6opocrpoeHe. Ho no 1'oBa BpeMe Mo)Kexa 4a Hayuar noHe Aa npaBflr pa3-
JII4Ka MexAy SysxuzottupaHe u pa6ora Ha eAHo ycrporicrno. PesrcNrero Ha cra-
Trtrra e rlpeAHasHaqeHo 14 sa Hecrrer\r4arvtcrw. Tari,r (ua aur,lzficNu) e Ka3aHo:
,,t{erupze,rel{rpoAHr.rflr c$ep.uuen fionen yr'roBr4re,'r . . . qpes cBoqra crpyKrypa e
gaIqI,ITeH or BJrI,IflHr,reTo Ha BacoKlzfl rroreHrlrrail Ha o6eNra [o BpeMe Ha r.rHxeK-
qr.Iflra". Koero tr1e peqe, qe cor-rAr.ire ue pa6ortr nopMaJrHo rro BpeMe Ha HHxer{-
quq. Craruflra ce saHrzMaBa c npo6,leua qarvre ca BaulureHrz AocrarbqHo, 3a Aa
Morar 4a $ynxqzoHr4par (a ue 4a ce rroBpexAar) n pexralr Ha r.rH)KeKrlr.rr, Koero
or cBofl crpaHa e rapaHrlaq Ba lropMa,'rHara HM pa6ora [pr.i B],gcraHoBflBaHe Ha
paBHoBecFltrre napaMerpu Ila r,'ra3Mara. EcrecreeHo e B Mofl ny6nuxa\ua Ia
III4rI4 paM coHAoBr4 tpu6opv., Kr,M Kor4ro HMaM ripr4Hoc. Ecrecrseno e Aa orAeJrfli\4
BHI,IMaHI,Ie CaMO FIa OHe3r4 CbnpOBO)KAaIq[ ZFI]KeKrIr4ATa flBJreHl4fl, KOr,iTO Ca OnaC-
HI,I 3a SyuxquonaJlHI4re 6,[oxoee Fra r4sMepHreJrrrre. A nopa4rz xapaKTepa Ha
H3MepBaHero ecrecrBeHo uafi-oraceH e BHcoKr4flT rrorerrqua.rr Ha Kopnyca. Hsuau
FraMepeHl.re Aa |Ipepa3Ka3BaM craTr4flTa cv.

C.reAeafixu JrorLrKara Ha ,,KoMeHTapa" c rrr,JrHo ocFIoBaHl,re Mora Aa KalKa,
ue 4ecpexrare, FlenpaBrrJrnvre $oprray./rH, KaKTo 14 HeyMeHaero Aa ce rrere, IIpaBflT
BbnpocHoro IIIzcaFrHe 6escx4ncneHo. tr4 qe B Tosr4 ct4 Br4I\ To Aopr e onacHo sa Jre-
KOBeO H I'Ifl tII,IT aTe,'L

A unaqe ,,KoMeHTaprrT" He ce orHacn Ao Moara ry6nwxaryvtfl 14 KaKTo craHa
flcHo, nro6qe He e KoMeHTap.
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YKA3AHI4' 3AABTOPI4TE

B reuaruqnata [opeMIIa ,,AepoxoctrlrvecKrr r{3cJreABaHI{t n Etnrapu" ce
rreqarar oprnnrblnlr Ha) IHI{ crarl{Il or o6lacrrd Ha KocMr{qecKara r{ aBlraqrroHuara HayKa r{

rrpaKTr.rKa.

Vcnonrs: Crarr.rme rpa6na ga 6bAar npeAcraBeril s 2 exgelrrtrrpana 6tnrapcrcr,
pycKr{ unu alar:nuircxu esux. EurapcKrrre aBTopr{ Tpr6na Aa npeAcraBrr r{ npeBoA xa crarrrrra.

o O6elmr na craru.rra (rxnro.rurenno ra6nraqure r.r nr{Teparypara) ne rpr6na ga
rrpeBrrrrraBa 15 crangaprrr,r Marrrnuorrr{cnrr cqpaur{rg{ (30 peqa Ha crpai{uqa, 60 ynapa na peg) c Qoplrar
2L0x295.

o Bc.sra crarur rpr6na ga 6rge npl/tApyxeHa or p*roMe (go L crangaprua
crpamqa) na 6bnrapcKr{ r{ Ea eAllrr 3auaAerr e3r{K.

o Marepuaau, [prrer]r 3a rreqar Hn[ ny6rr.rKyBaxn B Apyrrr u3raxr,rr, rre ce
rrprreMaT.

floApe-Aase:
. Ha nrpsara crpaH[rla Ha Bcsxa crarur rpx6na ga 6rgar nanncaur,r 3anraBr,rero,

rrMeuara Ha aBTopr4Te r,r aApecbr Ha uecropa6orara
. T a 6 r n q u u r{ Jr ro c r p a rI !r lr. Ta6nuqure r reKcrbr KrM r.rJrrocrpaqur.rre

rpa6na 4a ce rtpelcraBtr Ha.orAeJrHLr crpau[rlll. Mqctoro rrM B TeKcra Aa ce nocoqu B rroJrero Ha
cborBernara crpaHr.rqa. Ha rup6a Ea lrnrccrpaquure (Qoroclr, qeprexr{, rpaQrxu Ia [p.) c MoJrr{B Aa ce
Hanurrrar 3ulrJlaBtrero Ha crarl4rra, [MeHara ua aBTopr{Te, HoMeprr na Qlu'ypata tr Aa ce yK{uKe opfleHTarrytrra,

o JI u r e p a r y p a. I-luruparara lureparypa ce upelcraBf, Ha orAeJret Jrr{cr rro
rroMepaq[r, norBrBarqa ce xpoHororfiquo B Texcra. I4uero na flbpnr.rs aBTop ce AaBa c lruBepcur. Cnegnar
3arJraBl{ero Ha crarwtra,3arnaBlrero lra culrcannerc (c6oprruxa), ToM, rogr,rHa, KHr,r;xr(a, crpaHlrqa, a rrpr,r

uouorparluure - rpa[, rr3,qarencrBo, roAnua, crpaHnqa.
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1. Kprcranon, JI., K. Ceparlurrron. - Cuucanrae na 6AH, XX, L974, I& 2, c. 29.
2. Hecropon, f. Ousrra Ha HucKara fionocQepa. C., EAH, L969,c.63.

,{pyrr usrcnarr.r:
Mepnure elrrHr{qu 3aAbJrxr.rrenuo ga 6rgar no CI4.
. Asropure nperrex,qar elrra KopeKTypa B oflpeAenenru cpox. [orrycKar ce caMo

norrpaBKlr Ha rpeilIKr.r, HanpaBeHr,r npu nabopa.

r{3[paTrT Ha aApec:
Agpec. ABropr4Te Morar Aa npeAcraBrr Jrr,rquo Marepr{aJrr{Te cr{ trilv Aa
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