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Elliptical accretion discs with
constant eccentricity. 1. Case n=0%"

Dimitar Dimitrov

Space Research Institute, Bulgarian Academy of Sciences

1. Introduction

In the majority of papers which deal with the accretion discs,
it is a priori assumed that the disc particles are moving around the primary star on
circular orbits [1, 2]. Nevertheless, there have been performed theoretical investiga-
tions, indicating that the circular motion is not the only possibility for description

“of the disc dynamics. Numerical simulations of Whitehurst and King [3, 4] have
shown development of stable eccentric accretion discs in the close binary systems
as a result of the tidal influence of the secondary star. As indicate their researches,
the outer parts of the discs are more elongated than the inner regions. This is
naturally explained by the greater value of the tidal force at large disc radii. Ana-
lytical searches of Syer and Clarke [5, 6] and Lyubarskij et al. [7] are concentrated
over the discs for which eccentricity e does not depend on the disc radius . In
particular, Lyubarskij et al. [7] prove that the case e=const may be realized under
quite general dependence of the viscosity law on the azimuthal angle . It should
also be noted that in the later paper stability analysis of the circular nonstationary
accretion discs leads to the conclusion that for some viscosity laws (e.g., for o-
viscosity) these discs are unstable with respect to the growth of the eccentricity.
Consequently, from theoretical grounds, it is not unreasonable to include into our
considerations accretion discs with constant eccentricity e, :

Observational data from some binary systems also support the possibility that
the noncircular accretion discs are realy existing objects in the nature. In particu-
lar, tidally distorted eccentric discs with time-dependent sizes are an useful tool
for explanation of the superhump period of the light-curves of SU UMa, VW Hyi,
TU Men and some other binary stars [8, 9]. Although a nonviscous accretion also

-may produce discs with nonaxisymmetric surface density distribution X [10, 117,
throughout this paper we shall limit us to viscosity governed accretion discs.

II. Accretion disc model

Let us consider a geometrically thin Kepierian accretion disc.
The trajectories of the fluid elements (i.e., streamlines) are assumed to be cofocal
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ellipses which are described by two quantities: the eccentricity e and the focal
parameter p. The origin of the coordinate system coincides with the centre of the
primary start around which the disc particles slowly spiral in by nearly Keplerian
orbits. We restrict our treatment of the problem to the simple case in which the
apse lines of all orbits are in line with each other, i.e., the semimajor axis of the
ellipses lie on the abscissa. Consequently, in polar coordinates {r, ¢) the position
of any particle is given by

) r=p/{1+ecos p).

The evolution of the accretion disc may be determined from the energy and
angular momentum exchange between adjacent fluid contours caused by the vis-
cosity. It should be emphasized that unlike the elliptical orbits in selestial mechan-
ics, self-intersecting adjacent Keplerian orbits in gaseous discs are excluded from
considerations. Another important feature is that the focal parameter p and the
eccentricity e are not, generally speaking, independent variables of the accretion
disc model. For example, Lyubarskij et al. [7], solving the problem of stationary
viscous accretion in eccentric discs, have obtained a second order differential equa-
tion for e=e {p). Solving it numerically, they conclude that three classes of solu-
tions exist (see Figs. 2, 4 and 5 from [7]). In particular, it is evident that the solu-
tion e=const is available — a result which is also confirmed analitically by Lyubarskij
et al. [7). The most attractive property of the accretion discs with an arbitrary
constant eccentricity of the orbiting particles is the possibility to exist for any
reasonable viscosity law dependence on the azimuthal angle ¢. Consequently, there
is not need to specify viscosity in details when we are dealing with constant eccen-
tricity discs.

Following the notations of Lyubarskij et al. [7], we shall use as nonorthogonal
curvilinear Eulerian coordinates the focal parameter p and the azimuthal angle ¢.
Since the evolution of the nearly Keplerian accretion discs with time is slow in
comparison with the Keplerian time-scale, it is easy to show that in the case of

constant e (i.e., ae/ap = ¢, = 0) the disc surface density Z (p, ¢, ¢, 1) may be factor-
ized [7)

@) Z(p.g.et)=fpet) e V7,
where

3) g=p*[li+ecosg)

is the determinant of the metric tensor and

(4) ve Z(GM/p3)U2 f1+ecos(p)2

is the contravariant @-component of the Keplerian velocity. G and M are the
Newton’s gravitational constant and the mass of the compact object in the disc
centre, respectively. OQur purpose in this paper is to obtain in the stationary case
(8)"/3: =9%/ot = 0) an explicit expression for the unknown function f (p, €} using
an appropriate viscosity law. In their investigation Lyubarskij et al. [7] introduce
an auxiliary function Y (¢, ¢} through the relation

(%) gric™ = -%(Gﬁafp)”2 Y{e.0) :
where r=p is the contravariant p-component of the radius vector 7 {for ep=0) and
)
M 1 1
6) o™ = J(HO {1+¢ cosqx)[l +ze coscp+—e2(1+4 cosztp)+—e3 cos @ |,
2t p° 3 3 3

(for ¢ =0} is the contravariant pg-component of the shear tensor 6* (i, k=p, ¢).



Taking into account equalities (5) and (6), it is easy to compute
(7N Y(ep = 0,(9): % (1 +ecos @) (3+ e? +7ecos @ +4ezco$2{p+ e’cos (p).

In the model under consideration, the disc evolution is determined only by
the viscous stresses w'=no™(i, k=p, (), where 1 is the intergrated over the disc
thickness viscosity coefficient. It should be noted that according to Syer and Clarke’s
results [6, 12], if the disc viscosity coefficient n is a separate function of streamline
and azimuthal angle @, the rate of change of the eccentricity e with the orbital
phase ae/B(pE ¢, canbe expressed as a perfect differential. From this follows that
orbit averaged value < e, > equals to zero and the later authors conclude that, to
first order of the perturbation theory, the viscous elliptical discs exactly preserve
their eccentricity during the accretion process. In other words, the elliptical discs,
once formed in any way in a Keplerian potential, are long living structures and the
stationary approximation can not be ad hoc excluded from considerations as an
unreal description of the accretion,

III. Power law viscosity

We shall consider the model case of an m =BX" viscosity
law, where the muitiplier B and the power # (0.5=n<3.0) have constant values.
Integrating over p the equation of angular momentum balance, Lyubasskij et al. [7]
have obtained for the case e, =0 the following relation between the shear viscosity

coefficient 1 and the mass accretion rate M :

® Tn(o.6)7 () dg2 [~ D G.me) G5,

where D (B, n, ¢) is an integration constant depending on B, » and e, but not on p
and . In their investigation Lyubarskij et al. [7] have neglected D, limiting their
results to these parts of the disc which are far away from its inner boundary, i.e.,
for p large enough in order to be satisfied M >> D/JGMp. We, however, shall
preserve the constant D. Substituting the adopted power law 1 = BX" into (8) and
taking into account (2), we obtain an expression for the unknown function f (p, e),
similar to eq. (39) in [7]. It includes an angle averaging of the auxiliary function
Y(e, @)

o1 _i y __D(BJL‘?) zﬂy(e»@)d(P A
&) S (P;C’)— 3p [M m :l _(J; (JEV‘F)I

where the mass accretion rate M s related to the surface density Z. In this paper
we shall consider M as a constant parameter of the model, having in mind that
for a stationary accretion M does not depend on time 7 and the focal parameter p.
First of all, we note that in the case e=const throughout the disc, (,/EV@)’E (GM[p)™*?
does not include dependence on ¢ and we have to evaluate only the intergrated
over ¢ value of the auxiliary function ¥ (e, ¢). Secondly, we have exact analytical
expressions about the following integrals [13, 14];
2n

(18) E{(1+"3‘305{P)_3d(p=?I(2+62_)(1_32)'5»"2’

’

2x
{11} I COS(p(H—e cos @)_3 do = -3ne (]_62)—5;2;
0



n
(12) | cos? ¢ (1+ecosp) > dop= n(1+2ez)(1—e2)‘5’{2.
o

Finally, according to the above relations, we simply have for e =0
2n

[ Y(e.p)do=2n (I 28 ) ~a) Correspondingly:

0

/2 2 iin
f(B,n,p,e):(Gf } \/:[M_D(B,n,e):! ’

3nf

JGMp

[E=cia DB.n,e)
£ M- )
(14) n{B.np.e) 7 t My ]

YL a* MﬂD(B.n,e) i
3nf3 \GMp ‘

These expressions iltustrate the well known result that for constant eccentricity ellip-
tical discs the viscosity coefficient iy and the surface density X are functions on

streamlines only [5-7]. In the outer parts of the disc (for p>> Dz(ﬁ,n,e)/GMM 2y
1 and T become independent also on p and approach constant values:

f Ifn
(16) f B pel=JGM/p (MJI—eZ/SnB)
(17) N B.7 p,€) = Ninax () = M 1= €? /3,
(18) 2B pe)=Z g Bore)= [M V1-é? /3‘m§3}1’[".

For stationary circular accretion discs (e=0, p=r), (16) and (17} transform

- 1/
, M
into the expressions given by Lyubarskij et al. [7]: f; B p)= (oL (-—0] and

: ) | 3w
g =M /3m. : ;

(13)

(L5) Z(B,n,p,e):

’

IV. Boundary conditions

In order to evaluate the integration constant D (B, », ) it is
appropriate to utilize any physically reasonable conditions at the inner boundary
of the accretion disc. Our investigation deals with the stationary case and, conse-
quently, these conditions would also be independent on time 1. Determination of
such boundary conditions may be strongly complicated if general relativistic ef-
fects must be taken into account. But in the later case, as mentioned by Syer and
Clarke {5, 12], differential precession leads to a circularization of the inner parts
of the disc. For this reason we would expect that our supposition of constant
eccentricity orbits with ¢ # 0 throughout the disc is not strictly fulfilled. Neverthe-
less, we shall simply limit us to the Newtonian mechanics description of the inner
disc. But even in that case, the presence of the secondary star may cause a differen-
tial precession because of deviations from a Keplerian potential [S, 11]. We also
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neglect this possibility and assume that giving not very precisely the inner bound-
ary conditions, the global disc structure would not be drastically affected.
Following the suggestion of Shakura and Sunyaev [15], we may suppose that
the viscous stress is nearly equal 10 zero on the last stable orbit with RES YRR e )
np, ... €)= 0. This condition enables us to evaluate the integration constant D (B, n, ¢)

(19) DB ne)=MJGMp,;

through the minimal value of the focal parameter p_. . It should be noted that in
the particular case of circular orbits pmin=3Rg for a nonrotating black hole or a
neutron star with a radius R <3R , where R is the Schwarzschild gravitational
radius. During the transition fromgp>pmiu to §J<pmm the character of the gas par-
ticles motion abruptly changes. The nearly Keplerian orbiting with a slow radial
drift is transformed into a fast radia} falling without enetgy release due to viscous

forces. Similar situation is expected for elliptical orbits if Tiniy = ]&ﬁ“— < 3R, ,where
+e
the transition from one type orbits to another type occures at the pericentre. Ac-

cording to (17) — (19), the expressions for viscosity and disc surface density can be
rewritten in the following form:

T -2 12
@ (g ize 1-[ P] e ) 1—( PJ ,

Pinin Protn

12 P In _ya Y
1) _z(p.e):[c—;—J flpe)<| e 1_(;{)

12 ifn
:Emax(‘—') I_( - J F
Pmin

Obviously, the vanishing of the viscosity 1 (P ©=0 at the inner disc edge
implies also vanishing of the disc surface density X(p_., e)=0 at the same place
because of the a priori accepted viscosity law N=PZ". Sometimes it is more appro-
priate to decide that ¥ does not approach zero value at p=p,,.. For example, if
R >3R or the compact object (primary star) is a white dwarf, a Boundary layer is
expected to exist between the accretion disc and the stellar surface. Correspond-
ingly, the disc surface density ¥ will not drop to zero at the inner boundary, More-
over, as we have mentioned earlier, at the innermost region of the disc a circular-
ization of the particle orbits may occur. Then the assumption e=const throughout
the disc is not a reasonable approximation for ali disc radii. Consequently, it may
be preferable to choose Poin 10 be such a value of the focal parameter p, above
which our description of the accretion disc structure {with ,=0} is valid. This
situation suggests that it may be more appropriate boundary conditions of the
considered model to be given at some value p=p,, which differs from the focal
parameter at the inner geometrical boundary of the disc. We are able to modify
(20) = (21) for the case of nonzero density T . le)= Z( P in €)% 0. The result is a
slightly more general form of these expressions:



~1/2
@) n(me)=Tm @)1= (mm()/zm(en“]][p J ,
\ |m1n

23) (LM] p.e)

1 fﬂ.

Pmin

)
r@h-l-E (e)zsz(e))“}[ 7 ]

Therefore, the problem of determining of the integration constant D{B, n, ¢} in
the angular momentum balance is transformed into the problem of finding of an
appropriate value of the accretion disc surface density ¥ arcund a given stream-
line. This may be more useful situation when the resuits {13} — (15) are applied to
concrete constant eccentricity disc models.

V. Discussion and conclusions

Qur consideration of elliptical acemetion discs 1s limited to
the case of nested cofocal constant eccentricity streamlines. We have also adopted
the approximation of a power law viscosity dependence 3=BZ", where parameters
B and » are assumed to have constant values throughout the disc. We have derived
in an explicit form analytical expressions for the surface demsity X and the integrated
over the disc thickness shear viscosity coefficient 11. According to conclusions of
Syer and Clarke [5, 6], £ and 1 are functions of streamlénes only. Even more, for
the outer disc regions (p > Dz(ﬁ,n,e)/GMMZ) these gquamtities approach con-
stant values. Formulae (20) — (23) can easily be rewritten in the usual polar coordi-
nates (r, ¢) if the focal parameter p is replaced by means of (1): p=r(l+e cos@).
Having in mind that the expected values of n lie approximately between § and 3, a
weak dependence on @ appears in the expressions for X{r, ) and n{r, ). It shounld
be noted that giving of the disc boundary conditions at its inner part may possibly
strike with difficulties (like the Lightman — Eardley installity [16]), in addition to
the other approaches which limit the application of (203 —{23) to the rea! accre-
tion discs. For example, the disc may not have a mirror symmetry with respect to
the direction of pericentre—apocentre, which in our treatment is assumed to be the
same for all ellipces. As pointed out by Syer and Clarke [5], when the eccentricity
exceeds a critical value, the flow is relatively thickened for a section of the flow
downstream of apocentre and, as a conseguence, a prograde precession of the
streamline will follow. They have also mentioned that it is mot clear at present time
whether this mechanism of circularization works for all parts of the accretion dise.

Nowadays it is not doubtfull that elliptical accretion discs may exist at least
around some of the known compact objects, preferably im close binary stellar sys-
tems. The analytical expressions derived in this paper would be usefull for compu-
tation of the theoretical disc brightness distributions and profiles of disc spectral
lines, The later seem highly asymmetric depending on the disc eccentricity ¢ and
the disc inclination to the observer’s line of sight [5, 9]. Changes of the accretion
disc characteristics during the orbital motion will, in principle, give additional
possibilities for verification of the approaches made in the considered model, e.g.,
constant eccentricity ¢ along the disc radius, stationarity, averaging of the disc
parameters over its height, etc.
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EnunTiuny akpeuuoHH OUCKOBE ¢ IMOCTOSHEH
excuenTpunuTet. I Cityuait ="

Humumasp Qumumpos

(Pezrome)

[lonyuenn ca TOUIHN aRAINTHYHY H3PA3H 32 IOBBPXHOCTHATA
IUTETHOCT 2 X KOSQUNUEHTA HA C/IBUTOBHA BICKO3RTET 1) 38 eNUITHYHH aXPeNNOHHK
BHCKOBC C IIOCTOAHEGH CKCHEHTPHUMTET € Ha KOPOKAJHHUTE TOKOBHM JIMHHE Ha
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yacTHUHTE. IIpeanonoxena e anpuopHO cTenexHaTa 3aBHCHMOCT 1=[FX" ¢
IECCTOSHHY MAPAMETPH 3 U 1. BbB BRHINHATE YaCTH Ha JHCKA X M 1} C& CTPOMAT
KbM NOCTOAHHY 3HaY€HHA, 3@BHCCIUHM OT CKOPOCTTA HA AKPElMA Ha BElISCTEO
M B nue. _

Haii-srrpemnaTa obnact Ha AUCKA C€ XapaKTepH3upa ¢ GABHO HAMAISBALIK
Z u M. B nocnennus cnywaii ¢ BBBENSH efMH AOUBIHUTENSH IapaMeTsp (KaTo
COHO TPRHUYHO YCHOBHE) —X ., KOWTO 3a7aBa MOBBPXHOCTHATA INIETHOCT HpH
MHEWAMAJTHO 3HaYeHue Ha GOKanHuA napameTsp p_ . Pasmiemanust mopmen ma

QKpEIHOHEH NHCK € BAJHMAEH IPH AONYCKAHETO Ha CTALHOHADHA akpeuus
M = const,
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Brurapexa axamemus Ha maygure. Bulgarian Academy of Scicnces
ACDOKOCMHUYECKH HICHC/IBAHUS B Grnrapusa. 14. Aerospace Rescarch in Buigaria
Codun, 1998, Sofia

Egextunoct na eneproornensnero
B TACHA ABOWHA CUCTEMA KATO QYHKIINS
OT IapaMETPUTE HA CHCTEMATA

Mapus Jumumposa

Hucmumym sa xocmuueciu u3caedeanun, EAH

BrBenenue

AKpenuaTa Ha ra3s BbpXy KOMIAKTeH 0BeKT B THCHA HBOHHa
3BC3/IHA CHCTEMa, ChABPKAIA KOMIAKTEH 00EKT, € OCHOBEH M3TOYHNAK Ha EHEPTHs
34 PCHITCHOBATA CBETUMOCT HA TOJISM KP'BT' PA3/IMYHK 110 THIT ACTPODUIHUHY 0Bk TH,

DUIMYIHUTE YCIOBHS, IPH KOUTO Ce M3BBDUIBA CHEPIrOOTAENANETO, obayue, ca

IBBpAS KoMIHuUKpany. ITpu onscanue nva rasoBoTo TeweHue B TACHA ABOHHA
CHeABA LA ¢€ OTYHTAT IPABUTALHOHHOTO B MarHETHOTO BL3JEHCTRUE OT CTpaHa
H4 KOMIIOHEHTHTE Ha CHCTEMATAa, KAKTO U NPOLECHTE B CAMOTO TeueHHe —
MEXaHUIMUTC Ha BUCKOSHO TPUEHE U €HeproOBMEH BCIEHCTBHE HATbuBIHE U
JODIBIIAKE Ha asueHue. [IpocTpancTBOTO 0KOIO KOMIAKTHHS 06EKT ciemsa na
Obae pasmeX[aHo BB BCHYKUTE MY TPH IIPOCTPAHCTBEHH H3MEpEHMUS.
. Bemuxo ToBa mpaBm TOYEOTO Ommcanme HAa Teuenmero HpaKTH4ECKH
HEBRIMOXHO JOPH C IOMOLITE Ha YuciIesn Moaenu. OIe 10BeYe, Ye He ca HAIbIHO
ACHH TOWHUTE QOPMYJIH, ONMHCBAUIY BUCKO3HHMTE BIANMOLEHCTBHS M IpoIIeCHTE
B@ H3JIDYBAHE,

Ha npaktuka 3a o6sacHenute Ha pasniuHuTe DaBII0RaTe) R KaHHY, HATpYlany
1IPE3 MOCIEAHUTE IECETUIICTHS, Ce NPHOArBA 10 NPUBIIKEHN MONETH] C pasnuyHa
CTCIICH HA IOCTOBEPHOCT, OTYUTAIIH €IHI WM APYrd GuInymy IpOLECH,

CpaBHHTENHO HAN-IIBIIHO € U3CIEBAKO BAXAHEETS HA TEMIIA 1@ IOCThIBAHE
Ha Ta3 B 00MacTTa OKOJNO KOMIAKTHHA 06ekT. Pemuma MOJIe]IH TIPABAT ONHT 3a
OMACAHHCTO HA PA3JMYHH MO THI NPOMEMIMBOCTH B DEHTTEHOBATA CBETHMOCT
KaTo pesyiTaT OT MPOMSHA B TeMIIa HA akpenas [1-4].

Ensa B mocnennure rogumm ce OPAaBAT ONHTH 32 MOAENMpAHE HA TCUEHHA
IIpH PA3JIUYHH BBIPELTIHH YCI0BUs [5—8].

Hacrosimara myGmmkanus e IIPONBLIDKEHUE HA CEPHS U3CICHBALINS, HAIIPABEHH C
1N 112 ce U3ACHH BAUAHUETO HA BCEKH €{MH OT BLIDELINUTE X BbILIHHTE napameTpu
Ha TEICHUETO OO T/ETHO BBPXY CTPYKTYPATA MY M DECHEKTHBHO — BRPXY DEHTTEHOBATA
CBETUMOCT, KOSTO Ce OTHENS B 0OIACTTa, HEMOCPEACTBEHO GKONO [IOBBPXHOCTTA Ha
KommakTHHs 00ekT [3, 9]. Ml 110-KOHKPETHO, H3CIENBANO & BIUSHIETO H& MapaMeTpHTe
Ha BOHHATA CHCTEMa — MacH Ha KOMIIOHEHTHTE U DE3CTOAHHE MEXIY THX.
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TakoBa H3CNeIBAHE UMa CMHCEA B IBa acnekra. OT eAHa ¢TpaH4d, B Cﬂy‘iaﬁ Ha
HCHAALX Ha H,H.CHTHQ)HK&IIHE! Ha pEHTTEHOBHA OGCKT K&aTO Y4CT OT NIROHHa CHCTEMA,
4K OT [IapaMeTPHTE Ha TEeYCHHETO MOXEM LA ITONYIHM YKa3aHHE 334 TapaMEeTpPuTE
Ha cHcTemata. O npyra CcTpaHa — TO ACIIBABA IO3HAHHLTC 38 CAMOTO TEYCHUE
NPH OTACNIAHC BIMAHMETO Ha PASITHYHHTE [IaPpaMEeTPH €AHH OT ODYT.

TIpecMmATaHUS U pe3ynTATH

HacnenpaneTo ce 6aznpa Ha YHCIEHO MOJEIMpPAHE,

UnciieHuAT MOEE € IocTpoeH Ha HaszaTa Ha MeToma Ha KpYIHUTE YaCTHIHA
[10]. M3uncnenuaTa ce H3BBPIUBAT B HEHHEPLUKANHE [HIHHEPHYHA KOOPAUHATHA
CHCTEMA, B YHHTO LIEeHTEHED £ PE3NOJIOKEH KOMIIAKTHHAT OBHEKT,

B H3XOOHHTE YpABHEHAATE C& OTYETEHH TPABHTAUHOHHUTE CHIH OT LBETE
KOMITOHEHTH Ha JIBOHHATA CHCTeMaE, KAaKTO H NeHTpobexHuTe cuinu. Hanaranero e
CyMa OT ra3cBOTO H IBLYUCTOTO HajlAraHe. YpasHCHHEETC Ha eHepreTHYHUA fanaHc
€ 3aMKCaHo 3a cilyyail Ha ONTHYEeCKH INETeH citoll. MeTOAET € No-IBAHO ONIMCAH B
ApegulIHaTa nybnukanus [9].

Hanpasenu ca gee cepul IpecMATaHHA.

B nbpBata, npy MOCTOSHHO Pa3CTOAHME MEXIY KOMIOHEHTHTE Ha ABOHHATA
CHCTEMA B KOMIakTeH O0exkT — HeyTpOHHA 3Besfa ¢ maca 1.5 M, Bapupa Macara Ha
BTOpATa KOMIIOHeHTa. Paszrenanu ca cemem ciayyas — 1,5, 2;2,5; 3; 3,5, 4 v 4,5 nvr M.

BpenicBaTa €BOMIONHS, KakTC M B IpeAXCOHHTE paboTH, ce mpocneadasa Ko
MOMEHTYE Ha YCTAHOBABAHS HA CTAIlHOHADHO ChCTOAHUE HA FA30BOTO TEUCHHE. 3a
KPHTEpHH Ce NMpuema [IONYYaBAHETO H& KOHCTEHTHA CTOMHOCT Ha PEHTTEHOBOTO
IbUEHHME OT MOBLPXHOCTTA HA HEYTpPOHHaTa 3pe3fa. KpUTEpUAT € OCHOBATENEH,
TBEH KATO TOB4 CHOTBETCTBA Ha UOCTOAHEH TEMII Ha IIagaHe Ha rai BBPRXY
TOBRBPXHCCTTA Ha 06eKTa.

Ha ¢ur. ! e npencrasesa 3aBHCHMOCTTA HA Ta3d IFOCTOAHHA CTOHHOCT OT
MACaTa Ha BTORATA KOMITOHEHTA,

] im0

+ : S
15 40 M, [M,]

dur. 1. Jasucnmoct vy PEHTPEHQBATA CBETHMOCT 8 TACHR ABOHE CHETEMA TIPY ROCTUFAKE HA CTalMOHApeH PLxnM
OT MAC2TA Ha BETOPATA KOMITOHEHTA

Ha ¢ur. 2 e npencrasesa 3aBUCHMOCTTA HA MAKCHMa/IHATa TCBLPXHUHHA
IIII'BTHOCT, KOATO CE YCTOHOBABA B TEUYCHHETO, OTHOBO B PASTHYHHETE CEHEM CIyuad.

b -
I
may

—-_ - T

L5 4,0 M, M

bur. 2, JaBucHMOCT HE MaKCHManHATA TOBBPXEHHHE WHBTHOCT Ha Faz0BOTO TEHEHRE B TRCHA hBoiing cHoTEMA HpH
BOCTHTAHE Ha CTRUHNOHaPEH paXiyM OT MACETE Ha BTOPATE KOMIOHEETA
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KaxTo ce swxza oT rpadukuTe, peHTTeHOBATA CBETEMOCT ¢ MAKCHMATHA HpH
M, or nopsabra Ha 3,5 M, BOKaTOC MAKCUMAITHATA TIJISTHOCT € PACTAINE GYHEKIHS
Ha MACaTa 113 BTOPaTa 3BE3/14.

Ilpu BTOpaTa CepHs MPECMATAENA, NOCTOANIA OCTABA MACATA M.,=3,5 M,.
Pasrnenanu ca [iect coyyas 3a PasCcTOANHMETO MEXAY KOMIOHEHTHTE CHOTBETHO
10, 5.10'° 10", 5.10", 102 1 5.10" e,

Ha ¢ur. 3 n 4 ca npencraBeEr 3aBECEMOCTHTE OTHOBO HA PeHTTeHOBATA
CBETHMOCT ¥ MaKCHMA/IHATA HOBBPXHUHEA ILTHOCT OT TOBA Pa3CTOAHKEE,

L

X

|
[}
]
]
1
¢
1
A\
*

A\
.,

SRS
- ---.__—-1--?4
10 1t
16} : i R, [cm]
thur. 3, JapucumocT Hi PEHTTEHOBATA CRETHMOCUT B TECHA nam‘h{a CHLTEMA MPH JOCTHFAHE Ha Cr3IHORapes PeRHM
OF PRICTOANHETO MEKAY KOMAOHEHTHTE Ha CHOTEMAETR
i

s

y-—--—----=

e s -
Mt e e e ey

16w 107 R, [em]

351

ur. 4, JagucumocT Ha MAKCHMANHATA BOFLPXHUHNL ANBTHOCT 24 TA3050TO TEYEHUE B TACHA ABOHRA CHOTEMS HpH
HOCTHTAHE 112 CTAIHOHADeH PCHEHM OT PA3CTOAHNETO MEKAY KOMIOHEHTHTE HY CHOTEMATA

Kakro ce srxaa ot Gurypure, M fBETE BENHYKHE HAMANKBAT © yBeNHUaBaHe
Pa3CcTOAHMETO MEKNY KOMIIQHEHTHTE Ha JIBOHHATA CHCTEMA,

IIpy BCHYKM 1IpeCMITAHMS TEMIIST HA IOCTLUBAME HA a3 npe3 BErpeiHarTa
T0ouka Ha Jlarpatx B 0BIACTTa OKONO KOMIOAKTHHY OGEKT € eMHH U CbIE 1 & paBeH
Ha 10° M /ron.

CTpyKTypaTa Ha TEYeHHETO BbB BCHMKHTE NIO-rope pasinesaHy CiaydaHd € MHOTO
OIH3Ka ;IO Ta3M, npeficTaBeNa B |3, 9]. ERMHCTBeIIC MaXCHMATHATA ILTHOCT € JT0-
TOIliMa TIpU NO-rosMa MAcd Ha BTOPATa 3B€3/Ia, KaKTO M NPH Ie-MAaJKO
Pa3CTOAHNE MEKAY KOMIIOHEHTHTE Ha cucTeMata (bur. 2 u 4),

Huckycun

KaxTo ce BuxAa OT NpefCTaReHNTE TO-TOPe 3ABUCHMOCTH
CEKTHBHOCTTA HA €HEPrOOTACIAHETO NP AKDELHS HA Ta3 B IBONHHA 3pe3nHa
CHCTEMa 3ABHCH HE CAMO OT TeMIId HA NOCTBHIIBAHE HA ra3 B OBNACTTA GKOJIO
KOMIIAKTHHS ODEKT, 110 ¥ OT IapAMETPHTE Ha CAMATA CHCTEMA. Edexrusuocra
HO-TONAMA DY MI0-MAJIKC PABCTOAHUE MEKAY KOMIIOHEHTHTE Ha CHCTEMAaTa. Ocrel
TOBa € MakCHEManHa IpH ONPELENCHO ChOTHOLIEHNE MEX/Y MACHTE Ha IBETE 3BEIIM.
Ilpy m3cnenBatiugTa Ha APYTE aBTODY He & OOPEIIAHO BHAMAHHE HAZ TE3M
S4BUCHMOCTH, BEPOSTHO Hal-Beye nopaay o6BCTOSTENCTBOTO, Ye PAINIENKIANHATE
UM ¢2 0OBBP3aHM C KOHKPETHH HaBII00aeME O6EKTH 1 ¢a IPaBEHH CHOTBETHO IPH
buxcHpaHn MApaMETPH Ha JBOMHATA CUCTEME (1, 3, 5-7.
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Korato pentresosuar ofexT ¢ HafexAHO UASHTROHIIMPaH ¢ KOHKPETHA NBOARA
CHCTEMa ¥ LAPAMETPHTE 1 c2 YTOUHEHH IO APYTH KPUTEPHH, BCE MaK MMA CMHCHI
Ia OBOaT MMAHK DPeABH I CIIOMEHATHTE 3aBECEMOCTH B Ciy4aii, ue o Habnrogaemara
PEHTTEHORA CBETHMOCT Ce ChEH 38 TeMIla Ha 3aryda Ha Maca 0T CTDAHA Ha BTOpATa
3pe3na. OCo0eHO B CIIyYanTe Ha HECTAMCOHAPHU DEXHMHY Ha aKpeIlus.

Ilpx HeTOUHOC ONpeneNeiy NapaMeTpd Ha JB0HKATA CHCTEMA HITH HEHAAESK A
HEeHTUQUKANHS Ha peHTreHoB obekT ¢ Taxasa, ofpaTHO, MO PEHTrEHOBATA
CBETHMOCT MOTaT [1a C€ OIpPEHeNiT BEPOATHH NApaMETPH, KOUTO 12 CHYXKAT 32
JOINBMHEHHES Ha ARYTHTS METOMH.

3axmoueHne

Hampasero ¢ M3cne/iBaHe Ha 3aBUCHMOCTTA HA e(EKTHB-
HOCTT& HA EHEProOTACALHETO IPH AKPEIIMs Ha Ta3 B MBORHEA CHCTEMA, ChIBDXALIEA
HEYTPOHHA 3B€3/la ¥ TMTaHT, 3allbJIHII 061acTTa i Ha Pou, OT mapaMmerpare Ha
CHCTEMATA — Maca Ha THTEHTA ¥ PasCTOAHNe MEXIY 3Be3LUTe.

Be ycranoBeno, 4e €(eKTUBHOCTTA HApACTBA ¢ HaMalABaue PAICTOAHHETO
MEXly KOMIOHEHTHTE Ha cucTemara. OCBEH TOBA CHINECTBYBA ONpeAcieHa Macd
H& THTAHTA, IPH KOATO TH & MakCuMaJIHa,

Beuuko ToBa 1OTBBPXKAABA Pa3GUPAHETO, Y€ IPH MOJEIUPAHE NOBENCHIETO
Ha 1'a30BOTO TEYEHHE M PECIIEKTHBHO IICIY4aBallaTa PEHTTEHOBA CBETHMOCT HPH
AOCTHIAHETO MYy AC IOBBPXIOCTTA HA KOMIAKTHHS OOEKT, CIEHBa [a €8 MMAT
TIpEeABU/T BCHYKY IIAPaMETPH U TEXHHUTE CBEHTYRJHH TPOMEHH, 32 2 MOXE 1A ce
TBBPOH, Y€ MOAENBT € JOCTOBEPEH.
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The efficiency of the energy production
in a close binary system as a function
of the system’s parameters

Maria Dimitrova

{Summary)

In terms of a two-dimensional numerical model in a close
binary star system, the efficiency of energy production as 2 function of the system’s
parameters is studied. The system is assumed to contain a neutron star and a red
giant, that has filled its Roshe lobe. The calculations are made with constant accre-
tion rate through the first Lagrangean point and constant mass of the neutron
star, varying, first, the mass of the second star, and then, the distance between the
two stars. It is shown that efficiency of energy production depends on both these
parameters.
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Brirapcka skapemus na saykure. Bulgarian Academy of Sciences
AepoxocMuyeckd wacnensauus 8 bunrapua. 14, Acrospace Research in Bulgaria
Codua. 1998. Sofia

Erepro-cTpykTypeH UHBAPUAHT
B KOCMUYEcKaTa Ijaasma

Hean oues
Hucmiymym 3a KoCmuuecky H3CAe08aHUA, BAH

3a KOMIJIEKCHH CHCTEMH HE € BB3IMOXHA HBATOCPOTHE
nporrosza. [Ipuunsa e peAyKIMOEKCTHYHHAT ¥ BEPOATHOCTEH HOJIXO/ B IpHjlarane
Ha 32KOHHTE 338 €JIEMCHTAPHU CHJIM 34 OIIHCBANE Ha OTEOPSHM CHCTEMY RAJIEHUE OT
paBHOBeCHe K ycpeAHsasaie. CHIIOBOTC OUHMCAHME 11a KOMINEKCHU CHCTEMHU,
APHTEKABALUIH CTPYKTYPHOCT B TUNMHYHOCTH € HeMOAXOAAIIG MOPanu GaKTa, Ye He
€ KOPeKTHO Aa ce upHema HanaHc Ha fAelicTammure cuim [1].

Oxonosemaata kocmuuecka mrazma {OKII} e oTBopena cHctema mopajau
coltecTByBamus obmer ¢be CHBHOETO B MEXAYIIAHETHOTO NMPOCTPAHCTEO.
ChbI1ecTBYBa B3aHMHA 00YCAOBEHOCT Ha [IPOLIECHTE MEX/Y KOMIOHEHTHUTE Ha TO3H
O6MEH - MAIHUTHOTOC NOJIE ¥ NOTOUUTE 3apeieHH YacTHK. OCHOBHHTE KOHTAKTIH
30HHM Mexuy Ttax 1 OKII ca nqHeBHATZ MATHHTOIAy3a M ILIA3MEHUAT CJQH B
onalkaTy, T.e., 060cobenn ca axTHBHA rpaan4Hu 06nacTi {(BBB PEHOMEHONOTHYEH
cmucsn). OcHosen “KaHai” 2a ¢Heprued OOMEH €3 MAHUTHATE CHIIOBH JIMHHAH.
Ilpomenn Ha TONQIOTHSTAE KM CHPEAENAT OCOOCHOCTHTE HA HUPOUECHTE K
pesynrtaTrETe CTpykTypu. [Ipouecute B OKII ca noaobuu #a obnaxoobpasysase -
GhIYKTyaUHATe BL3HAKBAT IOPa( KPHTHYHA CTOMHOCTH, HATPYIIBAKE, TPAIMEHTH.
“MakpousmaxfaHeTO” Ha CHOOHTALNO BL3HUKBAIHTE QIIYKTYANUH BOAHR N0
obpasyBaze Ha CTPYKTYPH C IPOMEHALIM C& IPAHHIIHH.

AxTHBHUTE 057acTH Ha CIBHIETO €A € PEKYPEHTHH IIpOMels Hg MATHHTHOTO
1IONE, TONEMH CKOPOCTH Ha chnhH4ueBud BATBP (CB) B nosgpuure obnacru u
CTOXZCTHYHH NMPOMEHU W YAAPHU BBIHU B exBaTopuanuata obnacr. Be3 ocuosa na
pa3MHYHATA UM Fe0eGeKTHBHOCT - O PA300CKEHUE, CLIECCT H IPOKDIKHTENHOCT
- ce MpaBAT CNHUTH 32 Klacubukanus Ha aKTHBHUTE OOJ4CTH, T.¢. IPHIHUCBAT UM C&
CBOHCTBA Ha CTPYKTYPHH HHBA ¢ pasnpenemutenan byuruuu [2]. Tlogoben nogxon e
BbL3MOXKEH U 3& CIIBHYERHA BATED - MaabuTe Ha CLOTBETHHTE CTRYKTYPH ¢& 00parno
IPONOPUHOHAIHY HA KOHIICHTPAINATE, TEMIIEpATYPATa H CKOPOCTT] [3].
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CB u OKII ca n8e nnasmeny o6pasyBanns, B KOUTO HMa TOKANHU QIYKTyaIHH,
CTPYKTYPH C BEIPEILNHA HEPAapXKA, HOAABPKANN OT MarHNTHOTO 110518, O6THIAHETO
Ha MarenTochepaTa ot CB peanuo e p3aumMosieAiCTBEE Ha KBa (IYHAa C PARJIAYCH
OpoH cTemenn na csoGoma. PeayiTarst € CHUECTBYBAHETO HA TOCTOAIHA
CAMOOPIraHu3aiKg Ha IOBTOpAeMH B HeoOpaTHMu nponecH, o6palypanero Ha
BHXPH W BH/HY - 33TBOPCHH W OTBOPCHH HOBTAPSIIM C¢ CTPYKTYPH. 38 H3CleABaHe
Ha THUMYHHA 32 Te3W ABJIEHUA JIeTePMHUHHCTHYEH XaoC Ie € IIONe3HO Jjia ce
MPecMATAT (GPaKTaNHATE PA3MEPHOCTH HA ABATA BIZUMOLEHCTBAINM o6eKTa U Ha
rpaRuunuTe UM obnacTy, OTKPUTH Ca CHHIECTBEHMIT BBIPOC 32 PEIYIMPAILUTE
MEXAHH3MU B TO3M JIUCHHATHEEH NPOHEC M ONpPEAeISHETO HAa MAKCHMAalgHTe
XapaxTepHy BpemeHa. MarauTochepaTa ¢ MHOKECTEO OT YAApHH BBILK K
TypOOJICHTHE NPOLECH, T.¢. PA3PUBH M XAaOTHYHA elEPTHilHA KACKAL4, B KOSTO,
BBIPEKY HECAHOPOANOCTHTE ¥ HECTAOHIHOCTHTE, BL3MOKHATE CTPYKTYPH €& Che
CPaBHHTENHO rogeMH mMawabu u npoMeunnsy rpaxuny [4). CoulecTsypa u
B3aMMOACHCTBEE MEX/TY BETPELIHH ITA3MEHH TIOTOIN — HAMPHME]D IPH MATHATHA
Oyps B oualIKaTa MEXAY “(DOHOBOTO” AHTHCIILHUEBO ABUKECHUE U YCKOPEHHS
NPOTHBONONCKEE ToTOK. HabmiogaBa ce 1 JIOKaIHO 00pasyBase Ha HOACTPYKTYpH
¢be coraba METCH3MBHOCT U MOCTOMIIHHA 32 CHCTEMATA HHBA — DALUALMOIEH [IOSC
[5]. B xomBexTHBHATA MONApHA fonoChepa ce HabNIOAEBA CTOXACTHYTO obpasypane
Ha IasMeru “mexypu” [5]. ChraectsyBa BRaWMOLEHCTBHE MEXIY ABPOPANHATY
0bIacT u MIasMenus CIoH, T.¢. MeXY 1Be CTPYKTYDH, KOHTOC PETYJI#PHO YYACTRAT
B 06pa3sysaneTo Ha rpaHuYHH ofnacti [6, 7].

ITo aBpopanHuTe MATHUTHY CUJIOBH IMHER CHINCCTBYBAT IYNCHPALEH HOTOIM
3APEJICHY T4aCTHIH, YHETO CNSKTPOMArHATHO H3AhuBaHe ¢ “KallCcynupaHo” s
CIeNU(UIHHE 9eCTOTHY AMaasoHyu. BBONionusTa Ha crpykTypuTe € OPHAPYXEHE
OT HHTEH3KMBHO €JIeKTPOMATHHTHO H3NIBYBaHe, [IYECANASTA € [OC/AeoBaTENHOCT
OT MK, CBLP3aH ¢ OCBODGOXAABAHETO HA eHEprus mopaiu peue obpasysasa
CTPYKTYp4, ClIafi, CBbP3AH ¢ PEaKCANMOHHM IPOIECH ¥ 3aTHIUHE — TNOATOTOBKA 34
obpasynane Ha HOBa CTPYKTYpa. M3caenBanero Ha CHOTHONISHMATE MEXKERY TpUTe
HaCTH, KBKTO M CPABHABAHETO HM C Pa3MEPHTE Ha SBJIEHHATA, BLPXY KOUTO Ce
naciarsar [8), 6u NOILARMIO MPEACTABATE HY 34 CHOTBETHATA HEPADXUA.

Kaxro Geme cnoMeHaTo, 0TBOPEHOCTTA HA CHOTEMATA Ce OCBIIECTBIBA upes
MErHHTHO IDHCHEARUABANE B HENHATA MATHETONAY32 ¥ B OMamkata. JOxaTo 3a
NbpBaTa 06NAcT OCHOBHOTO EHEPrHITHO NMpPEBPBHILAIE € eXCKTPOMATHUTHOTO
H3JBYBAHE, T.€. L MANKA CTPYKTYDHPAHOCT, BTOpaTa € OCHOBHA FpAHEYHA obuacr
C mOQYepTaH e(eKT Ha akyMynupaHe Ha eHeprus [9]. CBHIECTBYBAT HAKOIKO
UHTEPECHH OCODEHOCTH: 34 NPUChEAMEABAHE B €HEPTOAKTHBHATA 30HA B ONAIMIKATA
HYXHaTa 32 ¢y0-Oyps TpurepHa eHeprus e OKONO eCET IPOLEHTa OT 0CBOBOAEHAT
[10]. CHuBTeTBAINOTO NOKATHO CTPYKTYPHO ofpasyrase (11apaiieNna KOMEOHeNTa
Ha eJICKTPHYHOTO [10Ie} Ha [APYr# OCHOBHM CTPYKTYPHH HUBA {IONAPHA Horocdepa)
€ CHJIHO B NOMTOTBUTENHATZ ¥ BB3CTAHOBHTENHATZ (asa Ha cyb-Gypara [11].
Ch30aBageTO HA HEYTpAJIHA IHHAL € pe3yraT OT nopesuua T umray [12],
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3aBBPUIBAIIK CHOTBETHO ¢ 0OpasyBaHe Ha ENEKTPHUYHO IIOJiE, €JEKTPHYEH TOK,
MarguTHO f10JIe, HOCHEAHOTO OT KOMTO IIPHKIIIOYBA CHE Ch3AABAHETO HA JBHKEIL
€& Ma3MOuf, OIPaHHYEH OT 34TBOPEHA CHIIOBA NHHHS. Buipexu chinecTByBauius
EHEPrHEH HBJIMIIDK, CIer 00pa3yBaHeTo Ha IIA3MOK A TIOPENMIETa OT UHKJIM CIIUpa
{nunca wa mopaxaaw noreruman?). MasecTHo e, 4e 3a MPUCHEAHHABAHETO
ONIpeAeNallK C& BepTHKAIHATA U A3HMYTa/IHATa KOMIIOHEHTA Ha MEXIYIIIaHETHOTO
M&rHUTHC 1noJe. 3a ceBepHA HNOCOKA HAa BEPTHKANHATA MY KOMIIOHEHTA Ce
HafMoAaBaT XaoTHYHO PA3NOIOXEHH IPUCHEAUHEABARNS, 00pasyBaHe Ha YAAPHU
BBbJIHH, TUTAHTCKA HiasMeHM ¢nyxtyaunu. To3zu Upouec ChIUeCcTBYBE U B
oTHanede uTe ofracTu Ha Marsurtochepata [13], T.e., HaMaNena HHTEH3HBHOCT
HAa CTPYXTypoobpasysane B ronam obem. CeBepHaTa KOMUOHEHTE BIMAE B BBPXY
IOBEACHUETO HA CTPYKTYPHHTE IPAHMUN — HRIPHMEDP C HapacTBaHe Ha MOnayNna d
MBIDKCHHETO Ha paspuBa Ha XapaHT B CEBEPHOTO NONYKBIGO HACTHIBA NO-PaHO
OTKOJKOTC B 10%HOTO. ChliecTByB2 NOACOHE MEXIY BAMSHUETO HA CC3OHHMTE
edexTn (BETpeIes HaKTOp) M MEXAYINIAHETHOTO MarHUTHO [IOJIE {BEHINEH BaKkTop).
YcTanoBeHO € Pa3sAMYHOTO BAMAHHE HA &3HMYTaJIHATA KOMIIOHEHTA Ha
MEXAYIUIAHETHOTO MATHHTHO TIOJNE BBPXY 00pa3yBaHeTO Ha KONBEKTHEHH KIETKH
~ dropmu M xapakTepnu spemena [14].

Ocuoper kaHan 3a eHepried 06MeH Ca HAZNBXHUTE TOKOBE. 3a TAXHATA
CBIANQCT MORENUTE BAPHUPAT OT JMCKPETHH {TOKOBE) AC IONEBU (BbIHHM). Ako
HPYEMEM BANTHAHOCTTA HA BBLIHOBHSA MOARN, TC MI&3MOMALT H HaUTBKHHUAT TOK
MOTAaT [a C€ PasmIeKIaT KAaTo JBATA KICHNa — BLIHOB M KOPIYCKYINfApPeH — Ha
Oudypranuonna obnact Ha nponec B MarsuTocdepHaTa onamka. Ilopaiu
pasnuyay (GakTOpH CHLIIECTBYBZ WHTEH3UBHO CTPYKTypooBpasypane B caMure
HAMNBXIN TOKOBE, KQETO ITOHAKOra BOOH A0 IpOMAHE Ha TPaHHUIH H 0613&3)’321}16
114 HOB¥ CTPYKTYpH — TeTa-aspopa [15]. IIpomenurre Ha CLOTHOIEHUETO MEXAIY
OTBOPCHUTE H 3ATBOPEHUTE CHIOBH THHHH B appopanuarg obrmacT K B 1HondpHaTa
anka C¢ ABIXKAT Ha CLUIECTBYBAHETO HA [BE I'PAHUYHM OONACTH u/unu
SnyprannosHa obracT Ha NPoIeC B MarHATOChepHATA ONaniKa.

Ilpumep 3a nonobnu BH3ACHCTRUA, HO OT 3EMATE KbM BUCOKUTE CJIOEBE Ha
atmocheparta, € cTpykTypooGpasyBaneTo NOPAAHM BRTPEMHU (GakTopH -
BB3HHKBAHETO HE EJIEKTPHYECKO NOJIe IPH IPBMOTEBHYHE JIEHHOCT, ChbOLTCTBAILIGTO
eNeKTPOMATHHTHO M3TBEBAHE W JIOKANHOTO YCMIIBAHE Ha IIOJEDHMTE CHAHUA B
HUCKHTE CNoeBe nHa HoHochepaTa. Miacneneanero Ha pasnupeneNneHHeTo Ha
SJICXTPHIECKOTC LI0QJIE B OKeaHa 34 CTIOKOHIIH YCIOBHA (3aTROPEHA CHCTEME) U HpH
TypbOoneHTIHOCT (0TBOPEHA CHCTEMa), CHOTBETHO [8yCOBO ¥ apKCHHYCOBO,
wirocTpupa nogobuero Ha npobnemute [16].

Hanssam ce, e cOMTOTO CKMIUPaHE HA BBH3MOXKHY BPL3KM OT IIeAHA TOUKA
HA [IPEAMOXKEHUR CHEPIO-CTPYKTYPEH MHBAPHAHT LI CTUMYIHPA MHCKYCUA 3a
HYX(@Ta OT Cb3[aBaHe Ha HOBHM 00OBIIABALIH METOAM 38 H3CIIEIBAHE.
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An energy-structural invariant
in space plazma

Dejan Gotchev
{Summary)

An unusual view on the processes of energy-structural trans-
formation in the magnetosphere is presented. The general interrelation and its
ambiguities are critically discussed.,
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Qualitative analysis of the free
processes in a generalized linear
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Intreduction

Qualitative analysis assumes considerable importance in the
investigation of complex oscillating systems, since it allows of identifying the most
general features of the system behaviour. The paper reveals a general method for
analyzing linear systems with periodic and almost periodic parameters.

The Part 1 of the present paper [}] has quoted a basic system of two linear
differential equations of the generalized parametric oscillating circuit, The reason-
able areas of applying different form of equations have been discussed. A three-
dimensional cylindrical space has been put in correspondence to the set of equations
describing every possible oscillating systems with periodic parameters. Such an ap-
proach has allowed to make a methodologically consistent classification of the oscil-
lating circuits with periodical parameters in accordance with the most important
indication, namely the stability and unstability according to Lyapunov's propoundings.

In the present Part 2 of the paper, the attention is mostly focused on the
problem of stability of the cannonical systems in a general form. Criteria for the
stability or instability of a general linear resonance circuit are formed.

' An investigation supported by the “Scientific Rescarch® Bulgarian National Fund under Coniract
No TH- 549/85.
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Stability of the cannonical systems

Let us assume that we have the following cannonical system:

(1) @ =JH (t)x,

where H ()= [g i) &

An important role in the stability investigation is played by the rotation angle
of vector x (1)=X(7) C, C is a constant vector.

We shall denote the rotation angle of a gi\la'en vector z{t)= (pJ as @ (7). Obvi-
ously, q

4 " ‘
@) d9.6) =£au‘<:tgg =P _ = et g
P +q

a a& P pP+g’ g g
I .
- Det z/2
e, 9.0)-0,0)= [2LELE,
| (z)
By using this formula, as well as the relation Deta|.I'b = (a,b), we obtain the
following equation for the rotation angle of the cannonical system (1)

A (Hx, x)

S i—_(x,x) dt.

We designate the characteristic number A, (0 and & (f) of matrix H(z) as

fellows:
+ —
im0} =2 Yi]/({x 4"’)2 +B%
min

Since s e (gx;;)

<h_.(2)

THIN
it follows that T 7
Jham@dtso < [h @) d.
( 0, % i
Let us assume that H = [g{}fo] and o, B, v,, are arbitrary numbers, satisfying
0Yo

the conditions that o >0, v,>0, 0.y, 8 o =1while s .k are roots of the equation:
Det [H(r)-hH,]=0.
If inequalities iy T ;
(3) A7 < [ hin(2) de < [ hena (£)dt < (n+ 1)
0 0

are satisfied for a definite n=0, +1, +2, *..., equation (1) will be stable and
H(H)E O, (see [1]). i
! As an illustration of this stability criterion we shall consider equation
d—-% +p(t)y=0, which is a particular case of the cannonical system {1). Let us set
dt '

C>0 as a constant, for which:
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nw (n+1)m

=3 <C< , nis an integer.

Provided that inequalities

& T
@ . " < %‘lpg (r)de < %ip;;(r)dz <(p+1)m,

p(2) for p(t)> C*

+ {, ={
where PC( ) 2 for pli) < c?

p(t) for p(r)< c?
c?, for p(t)> 2

pa()={

are satisfied, the equation under consideration is stable and p ()€ O, (see [1]).

Let us formulate a second stability criterion. Let inequality [H(f) C, C}20 be
valid for any 7 and C. If inequalities k< m <M < (k+1)x are satisfied, equation (1)
belongs to the k—th stability area (see [1]).

And if inequalities M_>km, m < k7 are satisfied, equation (1) belongs to the
k—th instability area.

If inequality (H(¢) C, C) < 0 is valid for any ¢ and C, the following substitutions
should be carried out in the previous inequalities: M, should be replaced by M _,

and m, by m_.

Here: AR
| Mi=Ai;Ci +J(A: 4C¢) +B2,
—c. )P
mi=Ai;Ci _J(A: . :) +B2,

t

Ay =Tcxp [i_[g dt ]adr. B, = %Ejexp {ijgdt]ﬁdt;
0 0

0 &

T I ) (@—7)° | n2
C+ =\le o dt dr, i) s e es ) e
+ £XP{ {g ]v 4 1/ T b

Sometimes, owing to various reasons, equation (1) proves to be inconvenient
for analyzing its stability, In such cases it is desirable to transform (1) into another
equation located in the same area of stability or instability. Let us illustrate this
option.

The following denotations are introduced as a supplement to (1)
t

® o= LB, 8(6)= [80)-Blet
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The variables are substituted as follows:

X = e_a(r)zl, Xy = e_s(’)zz‘

The result is a system of equations:

dZ]

| = i )
) % Bo 2 Yi()zz

dz

__drz =04 (f)zﬁ'ﬁn 23-

This is a system of a cannonical type with a matrix

m=( ) o) @O=S, 100

Systems (1) and (6) are situated in the same areas of stability or instability, for
it can be shown that the rotation angles of arbitrary vector solutions x(7) and z(z)
for these two systems of equations are identical. System (6) however is frequently
more convenient for investigation, since two elements in matrix H (#) have proved
to be equal and unchanging (constant) in time.

It is always possible to identify two constant matrices C* so as to satisfy the
inequalities: C~ < H,(r)<C*.

These two matrices are determined in a sufficiently simple way as

c* = o Bo |
) : (ﬁo s

o = max oe{r) Yo = max Y (¢}
! !

04 = min Oﬁ(l ) Yo =minY (e ):
¢ t

The constant matrix C* is referred to the n-th stability zone, i.e. C* €O, if

). 22
1
”Tf <DctCt<b#—(see{l])‘

On this basis the stability criterion can be formulated in the following

manner.
If the inequalities
el 2_2
AR + + o2 (na I) Fid
8 S0 Yo —Ba L =
( } TZ 0 Yo BO TZ

are satisfied and o +y5 >0, of +¥,; >0, equation (1} will be stable and
Hit)e 0,, n>0 _ :
Provided that inequalities (8) are satisfied, but o} +7Yg <0and of +y; <0,
equation (1) will also be stable and H{t}e 0, (n>0).
In the case of oy 5 —B3 <0 and oy Yp —B5 <0, H(#) will belong to the zero
area of instability.
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Finally we shall dwell on the following practical issue. Let us assume that
there is a particular cannonical system of the type of {1). How should we answer
the question which area of stability or instability it belongs to? In order 1o corne
up with an answer, we should approximate the matrix of sysiem H(¢) with two
piece-wise constant matrices H(f) and H*(¢), so that H{f} £ H{{) £ H*(?). As the
approximation accuracy increases, one of the following two conclusions is ulti-
mately arrived at: (a) Matrices H(¢) and H '(f) fall in one area of stability or insta-
bility, which will also encompass matrix H(s); (b) These matrices never fall in the
same area: one of them is situated in the stable area, while the other one is located
in the adjacent unstable zone. Then obviously matrix H{s} lies on the boundary
between these two areas.

The outlined method requires an ability to determine which area of stability
or instability the piece—wise constant matrices belongs to. We divide up the inter-
val [0, 7] into smaller sub—intervals like this: 0=¢, <t <t,<..<t =T, -1 =7, We set

A=K for t <t<t. Then x{y;)= ™" ¢*" ¢K1M and in particular

(9) x{(T)= ™% X K

It is convenient to calculate the matrix exponent ¥ according to the formula:
1
X =chul+-shpk,
£l

+ are characteristic figures of X. In the particular case of =0, one can deter-
mine e* =T +K.
The characteristic equation regarding x (T} is of the form
22 —2ah+1=0,

where 2a=Sp x (7). Provided that |a|<1, it follows that 4 (z)e (), {all solutions are
‘bounded), and when |a|>1, A (¢)e H is valid (there are unbounded solutions as
well). With a view to identifying the number of the stable or unstable range, the
rotation angle of the solution should be computed.

1
Let us take x; = (OJ as an initial vector. Then for ¢=, the solution will take

1
the form x, = kit i If K, is unstable (i.e. Det K; <0), the rotation angle for a

period of time 7, will fall within the range —n<t <m If K, is stable (i.c.
Det K ,>0), the matrix column can be used to determine the rotation angle only
within an allowance of the term m® (m is an integer). For the purpose of estab-
lishing the rotation angle accurately, it is necessary to set temporarily T=%, and to
determine the stable range to which K| belongs. Let us assume that = is the num-
ber of this stable range, while ¢, is the rotation angle over a period of time 1. Then
mn<@ <(m+1) n and the angle can be determined accurately.

For t=t, the solution will be x, = eKﬁTQeK'T'xO; once again the rotation angle
@, is determined and the total resultant rotation angle is summed up: ®@ =@+ @,.
The complete rotation angle is: @ =@+ @, +...4+ ¢, . If |a|<] and m t<@<(m+1) 7,
A(t)e 0,, (see'[1]). And if |a|>1, the solution will be unstable: 4 (/)=H, . We should
determine m. As it was shown above, there is only one matrix K, satisfying the
equation X’ =B B= et gKniBur | KT oKiT (out of the two possible signs

we select the one for which K is real). Let us assume that @, and @_are the natural
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vectors of matrix K: Ka, =tpa, (u>0). We have already shown that all vectors
lying in quadrants I and II (this refers to the natural vectors) turn at an angle ¢
over time 7 mn<@<(m+ 1)z, and the vectors situated in quadrants 11 and IV turn
at an angle ¢: (m-1)n<@<mn. The problem of determining the rotation angle boils

] 1 :
down to plotting vectors a, and a, clarifying which guadrant vector X = ol lies

in, and determining the angle by using one of the inequalities given above.

Thus, by employing simple algebraic operations one can always determine the
stable or unstable area to which the interval—constant matrices H{t) and H*(%)
belong,

Stability eriteria of a generalized
linear resonance circuit

We shall consider a generalized linear oscillating circuit of
the type shown in Fig. 1, assuming that for />0 its parameters change in accor-
dance with an arbitrary continuous law, yet they remain positive:

| C@, G, L(), R(1)>0

Dur, 1.

The free process is described by the following system of differential equations
concerning the charge ¢ of the capacitor and the magnetic flux @ of the induc-

tance: dxl G 2
AT e e
(10) dt C L
dxy . R
O b et
d  rC L
L L0) J
where x, = —q—, b A 1L doo» Pop, ¥ - constants.
o 00 o0 :

The linear system (10) is a‘particular case of the system —;ix = f{x,1} (see
t

_G@
[1]), whete x = colon (x,, x,), f(x,6)= A(r)x, A= C['(t) Rlir(i) _

rC(e) L)
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Two criterta (sufficient conditions) for oscillating circuit stability will be re-
counted.

Criterion 1. Theoscillating circuit will be stable according to Lyapunov’s
definition, if a positive constant r can be selected, for which, given £0, the follow-
ing inequalities will be satisfied:

(11)
i-l_ Hiend Luc > 0.
2L rC
In order to prove this we select a definitely positive Lyapunov function [2} in
the form 1 1
(12) Vix)= E(x,x)-—— E(xlz +x§)

Its derivative in compliance with system (11} i3

; f : R 1
V(x)=x%y + X535 = —%xlz ——x% = i——]xixz.

& L rC
The last term can be estimated by employing the inequality
2, .2 Do
+ +
— XI x2 S xle S x} 2 x2 .

Therefore, V(x) is situated between two functions conditioned by the differ-
ent signs of the expression

e r_ A2 Rufr 12
I B\LER A L L rC

We arrive at the conclusion that if inequalities {11} are satisfied, the derivative
of Lyapunov’s function is non-positive, which, in this case, is the condition of
oscillating circuit stability according to Lyapunov’s definition.

Given a satisfaction of the strict inequalities (11), L.e.

(13)
Eil(L_L}O_

Lyapunov's conditions for asymptotic stability are met.

Consequence: The oscillating circuit with positive parameters, where G(¢)
and R(?) are arbitrary time functions, while C and L are constants, is asymptoti-
cally stable according to Lyapunov’s definition. Indeed, in this case parameter »

can be selected so that r= £ Then the bracketed expression in {13) will be

nullified. The same consequence can be arrived at by using the energy conservation
law as a starting point. Then we have to take into account that in the case of
constant reactances there is no energy input in the circuit. The energy is continu-
ously dissipated in the active elements of the circuit at varying speed.
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Criterion 2. The oscillating circuit will be stable, if, for an arbitrary ¢, the
following system of inequalities is satisfied:

k—=1dL | LdC

R———————~ "~ >g,

(14) 2 dt 2°C dr
g_l=1dC _kcdL,,

2 dtr 2L d:

where k and [ are an arbitrary couple of integers taken from the set: 0,£1, 12, too,
In order to prove this we set r=1 (gpo=1tand @ =1) in (1} and choose a
definitely positive Lyapunov’s function in the form

(15) EV AR LI LTl VTS
Then, provided that inequality {14) is satisfied, its tota] derivative

ﬁ/_:ﬁgff‘?cf R___k_lié_i L dc d2
di e dr 2 € iy
9 Lt ol G_Eic__ﬁ_c_ﬂ qz,
2 dr 2L dt

will be non-positive, i.e. once again Lyapunov’s condition concerning the stability
of the specific oscillating circuit under consideration is met. Analogously, pro-
vided that the strict inequalities (14) are satisfied, Lyapunov’s criteria of asypmtotic
stability of the oscillating circuit are met.

Consequence: The oscillating circuit will be stable, if, for 1 » 0, the fol-
lowing system of inequalities is satisfied:

Re=2Ls0 g119C5,
2 dt 2 dt

These inequalities are yielded by (11) at k=/=0. In this case Lyapunov’s func-
tion {15} acquires a clear physical meaning, since it represents the instantaneous
energy stored in the circuit reactances,

Let us now consider the case when R(?), G{1) > O for ¢ > 0, and let us assume
that the continuously changing reactances of the generalized oscillating circuit
(Fig. 1) can take both positive and negative values. In reality a similar situation
occurs in the case of Josephson superconducting junctions, whose equivalent in-
ductance takes negative values during a part of the changing period. In a more
general treatment, this is a system, where the effect of a single—frequency non—
degenerate parametric regeneration is manifested [3].

The free process in the generalized oscillating circuit (Fig. 1), excluding sources
i, and U, can be described by the following system of differential equations con-
cerning the voltage U at the capacitor and the current i flowing through the induc-

R dx, 1(. dcC |
T et el e Dy
dt (& dt rC

(16)

dt L L dt
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U { Uny ;
where xj=——, Xy =—,r= ‘—90; Ugo. iy, ¥ are constants.
00 00 ‘00
Lyapunov’s function is set in the form
. C . L
(17 V =sign € == x? +-sign L — 2,
' 249! 2r
where, for example,

1, forC >0
sign C =40, forC =0
' 1,forC<0

Hence function {17) is positively defined. Its derivative by virtue of (16) is

av . 1 dC : 1 1 dL ] :
Ezhmgn(?r G+EE xf—:ngnL: R+§; x5 —(sign C —sign L) x;x,.

The bracketed expression in the last term can take the following values: -2, -1,
0, 1, 2. If the extreme values are considered, it becomes obvious that — is always
located between the following two functions: _ dt
: IdC 7 6 Ml 14L
18 —sign Cr| G+—— —sign L—| R+——— [£2x x,.
S gnr[ 2d:]x‘ gnR[ Zdt] bz
Sincé evidently — (xf + x5 )S 12x %, < (xlz + xzz) it can be seen that the two func-
tions (18) are located between the functions oA
: 1dC 2 : 1 1d4L 5
19 —|signCr|G+——— [Tllxy —|sign L— | R+— |1 |x5.
{19 [gnr[ 2a’r]]‘[g.r( 2dr]]2
Lyapunov’s theorems (from Lyapunov’s second method} and expression
(19) allows of obtaining criteria of the stability or instability of the oscillating
circuit in this case.
Stability criterion. Theoscillating circuit will be stable, if the follow-

ing system of non-strict inequalities is satisfied in the interval [#,c) and given a
positive »

1d4C ;
ignCr|G+—— [-120,
Slgl'l r[ 2 dr]
1 14L
sistnL—~|R+——1-120.
= r( 2dt)

The oscillating circuit will be asymptotically stable, if the system-of strict in-
equalities {20) is satisfied under the same conditions.
Instability criterion. The oscillating circuit will be unstable, if the

following system of strict inequalities is satisfied at f — o and a positive r:

~ sign Cr[G+%i—f]+14 g,

(21)
sign LAt RAS A | hag
r 2 dt

(20}
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It follows from system (16) that if the signs of all oscillating circuit param-
cters are changed to their opposites, the result will be a system of the same type.
This implies that if all the parameters of the oscillating circuit change in time
according to arbitrary laws, yet in such a way that their signs change to their
Opposits simultaneously, from the viewpoint of stability the oscillating circuit will
be equivalent to another oscillating circuit, whose parameters change in time in
compliance with laws equal to the modules of the respective laws governing the
changes of the initial oscillating circuit.

Conclusion

Systems described by differential equations of the second
and higher order with periodic coefficients have been tackled by a lot of works:
beginning with the classical ones of Lyapunov and ending up with the numerous
publications by modern researchers, In spite of the considerable number of in-
structive mathematical publications, the problem of analyzing qualitatively the
free processes in a parametric oscillating circuit cannot be regarded as solved.
There is an essential difference between the analysis of the abstract mathematical
equation and the particular engineering—and~physical system, As z ruie the engi-
neering-and—physical problem is made up of three parts. The first one allows of
using the physical properties of the system as a starting point for obtaining its
schematic and analytical description as well as the respective mathematical equa-
tion, The second part consists in solving and exploring the equation obtained. The
third part provides a physical-and-engineering interpretation of the results, The
mathematical problem is a component of the engineering-and-physical one and
constitutes the latter’s second part. The powerful mathematical means used in its
solution often allow of obtaining thoroughgoing results. Thus, in a certain sense,
the engineering-and-physical approach is broader than the mathematical one, but
the latter is more profound. When solving the engineering-and-physical problem,
it is important to adapt and use adequately a relevant mathematical technique.
The paper has seeked to combine the general formulation of the engineering—and—
physical problem concerning the processes in a generalized periodical oscillating
circuit with the profundity of the mathematical exploration.
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KavecTBer aHaan3 Ha CBOOOAHUTE NMpPOLECH B
0600IIEH NUHEeH TPENuTAN] KPBr C MEPUOAUIHH
napamMeTpu

Yact 2. CTabuiHOCT Ha XaHOHUYHHTE CHUCTEMHU
¥ Ha o0oO0IieHa JruHeHHA pe30oHAaHCHA Bepura

Hukonaid JI. Bupwok, Baadumup H. Hameos

(Pezaome)

B #act mepsa ra cratusta [1] 6axa GUCKYTHPAHH BH3MOXK-
HHTE ApeoCpazyBaHus HA YPABHCHHUATA, ONHCBAIIY TPENTHIN XPbI € NEPHOLAIHY
H [IOYTH NEePpHCANYEY BBB BPEMETO NIapaMeTpH. baxa ananniupanu nenecsodpas-
uure ofAgacTy HE HPHOXKEHHe Ha egHa uiu upyra ¢opma Ha cuUcTeMara
nHEQEpeHIMANHE YPpaBHEHH B B¢ IpUNoxeHa KNacudbukanus Ha TpenTAIATE
KpbroBe IO HaW-BaXHUA NMPH3HAK — YCTOMUYHBOCTTA M HEYCTOWYHMBOCTTA Ha
JlgnyHos.
OcHOBHOTO BHUMaHHE TYK & (FOKYCHPAHO BhpXy IpohHiaeMa 3a yCTORIMROCTTA
Ha KaHOUMYHaTa cucTeMa nud)epeHIEANHY ypaBHerus B obui sun. Gopmupanu ca
KpUTEPHE 32 YCTORYHBOCTTA M cTabunnocrTa Ha obobluerna NHHERHA perOHaHCHE
CHCTEMA C LIEPUOJAYHH BBLB BpEMETO IapameTpH. JloxaiBa ce BAXHOCTTA 1&
[IpaKTHKAaTa Ha OGLIHA Ka4eCTBEH aHaANK3, Ha “pasyMHus” Oanasc Mexay obmorTo
40CTPaKTHO MAaTEeMATHYIHO H3CIe[ABaHe H KOHKPETHHS WHXGHCREH allalus Ha
Pe30HAHCHHTE CHCTEMHU ¢ HEPpHOAMYHH HIIH IOYTH NMepHOARYHA TapaMeTpl. CaMo
TaXbB NOAXOXD IIO3BOISABa, OT €IH& CTpaHa, [a Ce ICJIYyYH IPencTaBa 3a
MHOXECTBOTO 32KOHOMEPHOCTH M CBOHCTBATa Ha H3cNeBaHaTa CHCTEMa, a OT
Apyra cTpaHa — na ce H3fepe HaW-DONXOASMIHAT MATeMaTHYEH 4mapaTt 3a
npoBeXAaHe Ha Habensazanus aHanu3 ¢ HeoOxouumara Nendcuuna. B pabotata ¢
HANPABEH OIKT f1a C& CHYETaE BH3AMOXHO Haf-o01oTo opMynupaHe Ha QHU3UKO-
TEXHHYECKATA 33844 34 aHA/IU3 Ha CJIOKHHTE HPONECH B NePHOANYHA WK NOYTH
HepUCAUYHA TPENTALla CUHCTEMa C BH3MOXHATA 3agbIOCICHOCT Ha MAaTeMaTH-
4eCKOTO H3chenBane. PaspaboTeHUsT aHATUTHYEH NOAXOX € IPUIIOXEH KOBKPETHO
KoM 0DofInena NuHelHa TPENTALIE CHCTEMa ¢ NepHOTUYHY NapaMeTpH, KaTo ca
IMOIYYeHH CHBCEM SCHH U NPAKTHYECKH YHODHW KPHTEPHH 332 YCTOMYHBOCTTA H
HeyCTOHYHBOCTTA HA CHCTEMATa.
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Enno npuioxenue
Ha CTENEHYATHTE (DYHKIHK IpH
M3CNIEIBAHE Ha IOCIIEA0BATENHM IPOIECH

|Cruseon Henkos|, Xpucmo Xpucmos

Boenen nayuno-mexnuvecku uncmumym, Codun

B npakTukaTa Ha HayuHO-H3CIEL0BATEICKATE ASHHOCT
MOHSKOrd Ce Hajiara 1a ce paboTy ¢ pasmuuyHu (YHKIUH (HAKBCAHO CHEAMHEHU) B
HOCIeI0BATETHH HHTEPBAIIH Ha [afleHa npoMenuBa. ChINecTByBaT MHOTOBPOIHE
NPUMEPH 32 TOBA: TaOOPATOPHO U3C/IE/IBAHE HA KU3HECIOCOBHOCTTA Ha KOPITyCHATA
ODIIMBKa HA KOCMWYECKH amapaTd Tpu 06CTpemBaHeTo W ¢ ICEBAOMETEOPUTHH
vacTuy [1], bopmupare n passuTHE HA BHIIHHA OT CMYIEHHAS B CHCTEMH OT TeJla C
AUCKPETHO — HESAHOPOAHHM CBOMCTBA [2], alIpOKCHMANNSA Ha BLEITHATA CKOPOCTHA
X2paKTEPUCTHUKE HA ABUTATeN [3] U APYIH NPOHECH ¢ [IOCIENOBATENEN KHTEPBATY
Ha IPOMEHJIHBATA.

Cayuaurte ce xapakTepusupaT ¢ HAKOJKCG CCOGEHH 30HM Ha pasBHTHE HA
Iponeca, BCAKa OT KOMTO HMa CBOM COGCTBEH XapakTep, o6 BA/ Ha CTelleHYaTaTa
Wi HAKBCAHO-CBbp3aHa (PyHKUMA, ONMHCBAIIA C& OT [I0BEYe OT MBE XAPAKTEPHHU
YPAaBHCHHA, NPH CBBP3BAHETC HA KOWTO & HEBLIMOXKHO H3NOJ3YBAHETO HA
cTencuvaTata ¢ynkuas (4] B TpaAMNOMOHEHMSA M 3aIMC NPX NOBEYEe OT JBe
IPOMEHRIUBH!

N M
W K=o ][0 -a), mujzi,

i=i =1
KbASTO D (0, — 0) e cTemendaTa GyHKIUUA.

Branukpa BLIPOCET MOXe X [IC HAKAKBE HAYME 1A CE HamepH eina obua
GYHKLIHSL, KOATO Na ChBMECTH B cefie ¢u Han gBe /10 onpenened HPOH pasAnLIH
GyHRKIMY, KATC BCSKA OT TAX € B CHJI2 CAMO B TOYHO OIUpeAeNIEH JHATIA30H OT
CTOWHOCTH Ha [afiena NMPOMEHINBA, & B CHLUIOTO BPeME DAasIHUEUTE NUATIASOHH
CIEBAT HEMOCPEACTREHO eiMH el [APYT ¥ NPEACTABNABAT €AHa HENPEKbCHATA
NRAOCTHA ODJIACT B HAKaXHB 000BN(EH TONIM JHANA30 ?

OTroBop®T Ha TO3H BBIPOC € ITONGKUTENSH H MOKE 13 pa3pely B3BECTHHTE
OT MBTEMATHKATA CTENCHIATH byHKIMH, KOXTO B HAKOH JIATEPATYDHH U3TOUHHMITH
¥ CHBPEMEHHH MATCMATHYHE [IPOTPaMHM IPORYKTH C& M3BECTHM Kato (BYHKIUK
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Ha Xepucaig {Heaviside), kaTo ce H3BBPINM efHO MOZUMHUMPaHE H PAZBUTHE 34
KOHKDETHHUTE HYKIH.

M3BecTHN ca HAKONKO PAZHOBHAHOCTH HA CTeNeHYATHTE QyHKIHH, HO TYK (e
Obae 3acernaT BAPHAHTET, HAMUPAI] IPHIOKEHUE B MATEMATHYHATE COMDTYEpHH
MAKETH, @ UHMCHHD:

@ (x)=0, koraTo x ¢ No-MaNKko GT HYN4A, T. &. OTPHLIATEIHC YUCIO,
® (x)=1, kOraTo X € PaBHO U/ [[C-TONAMO OT HY/I4, T, €. IOIOKUTENHO HHCIO.
Hexa pasnrename eIuH OpHMEp HA OPONEC, XOWTQ C& ONHMCBA C 4ETHUDH

YPABHEHHUA B YCTHPH NOCHEfOBATENHH NOAAMANR30HA, OHPEeHENeHH OT let
TPABUYHE CTOHHOCTH:

Je)=tune (x), 38 IOAMALA30HE OT X, IO X,;
Sxy=func (x}, 3@ HOANMANA30HA OT X, JIO X,;
Sx)=func (x}, 3a MOHAMANascHa OT X, 0 X,;
fix)=func (x), 3a HOXAMANA30HA OT X, KO X,

KBAETO f{X) ca koHKpeTHuTe byskuuy func, (x) 3a CHOTBETHUA MOASUATIAZON, BCSKA
HMalla CBOH CODCTBEH XapakTep, a MPOMEHIIUBATA X € e/IHa.
ImoGanyara (MR cBCTABHATA) PyHKIMA B TO3M chHywail e uMa BHJA

() FQO=H (X} f(x)+ H,(x) f,(x)+ Hy(x) [0+ Hx) f(x),
KBRETO H(x) e npousBegerne oT QyHknuuTe Ha XeBucaitn, feduHRpano Taka, 4¢
KOT&TO IPOMEHJIHBATA X 388Ma CTORHOCT OT JAKEH IQNIHAHA30H, TO HMA CTOHHOCT

1 {enuHUNE), a 32 ocTaHanuTe moagauanazouu — 0 (Hyna).
B pasrsprat BUA TE3W NpOU3BENEHHS C& AeDUHMPAT Taka:

(3) H (x)= ©x-x,) Plx,x) Plx,-x) Plx,-x} Plx-x);
(4 H(x)= Ox-x,) Plx-x,) Dlx -x) O(x,-x}) Plx,-x);
(5) H ()= Ox-x,) Plx-x,) Plx-x,) Plx,-x) Plx-x);
%) H(x)= Plx-x,) Olx-x,) Plx-x,) Olx-x ) Dlx-x).

IIpu MHOTOARATIA30HHO paslpefcAcHue Ha paboTHaTa 0ONaCT NO-IECHO MOXE
Ia ce 00ACHH aNrOpUTEMET, aK0 IpecTasuM QYHKIMHTE Ha XeBHCARL KaTo eqHa
YCJIOBHA MAaTpHIa, Ha KOATO [0 [AABHHA JMArCHAJ OT JAABO H& IACHO HAa BCEXH
CllefIBalll pell C& H3BBPINBA IO K0 OOPEIaHE Ha ASHCTBMETO H3BAXHAAHE, KOETO
3a rOpHHA OpHMep OM M3NICXKAAM0 TaKa:

XX, Xy X XK XX XX
XX, XXy XX XiX XX
@) XX, XX, XX, XX XX
XX, XX, XX, XX, XX
OT TO3M KPaThX IpUMEp AOCTATHLYHO SCHO C€ BHXOA KAK MOXE Ja e

OpraExaupa paboTaTa H 33 3HAYHTENHO IO-TONAM POl MOALHANIA30HH ¢ PALIHYEH
XapakTep Ha NOBefeHHe Ha (PYHKIHHUTE.

IHo ce kacae A0 BBIpOCA 3a CHBIAJAHETC Ha CTONHOCTUTE HA ABE CLCEHNHH
QYHEKUMKE B IPaHUYHATA TOYKZ, TOBA BEYe € APYI BBOPOC H 3aBUCH OT CAMOTC
aHAJIATHYHO TIPEACTABAHE HAa QYyHKIHUTE U HAYUHUTE, IPH KOUTO TE Ca H3BCACHU
MITH aIPOKCUMHPAHM M T. H. ;
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A cera Hexa eQHOBPEMEHHO YCIOKHHM B OIPOCTHM 3a1ayaTa.
YenoxaspaneTo we Gbae B peaynTaT Ha BEREKAANCTO Ha ABE HOBH (PYHKIINH,
CAHATA BANMIHA 3a BCHYKY CTOMHOCTH HOX KONHATA I'DAHMIE, 3 Jpyrarta — 3a
BCUYKH CTOHUOCTH HAaJ FOPHATA I'paHMIIA:
Joboy=func (x}, 3a cTOMHOCTH HA X, HO-MANKH OT X
JSil)=fune(x), 32 croitrocTn na x, MO-roseMi oT X;.

Onpocrsmanero me 6548 33 cMeTRA Ha HaMaIABAHe Ha 6pos Ha gedcTrugTa
ymuoxkenre, [Ipn BuuMarenen ananus na yparnerus (3}, (4}, (5) 1 (6) crana acHo,
4e 00BBP3IBANETO HA NPOMEHIHBATE C KOHKDETEH MOANHANA30Il 3aBHCH CaAMO OT
'DAHUIHTE Ha KOHKDETHHA LOAAHANA30K, IPK KOSTO OCTAHAMNTE 110 KAIIAI0NH
MMaT JOTQIKOBA 3Ha4enue, NOKOAKOTO NPOUIBEREHHETO HA hynkunuTe Ha
Xesucali] upu TAx na 6nne DaBHO HA HYyNa, & TOBA NaBa BH3MOXKHOCT 3a €8O
COPHO3HO HaManaBane Ha Opos Ha HeHCTBEATA yMHOXenRUe, AKO OTPa3¥M TOBa
BBPXy yCroBuaTa MaTpuua (7}, To TR cera 61 H3mIeXAaNa TaKa:

XX 32 CTOUHOCTH HA X, IO-MAJKN OT X
X-X, X,-x 34 CTORHOCTH HA X OT X, BO X,
XX, XX 3a cTCHHOCTH Ha X OT X, O X,;
e O 3a CTOAHOCTH HA X OT X, RO X
XX, XX 34 CTOHHOCTH Ha X OT X, BO X

xs-x 33 CTOHHOCTH Ha X, IQ-TOJIEMH OT X

B pesyntar #a Team onpocrasanus rofannaTa $yrxuus [2] B pasrspHar npas
38 NOCOUCHHA IPUMeD Ine NPUACSHE CBOS OKOHYATENEH BILA, KAKTO crespa;

Fx)= Q(x,x) o) + Px-x) Dx,-x) f{(x) + Dlx-x,) D(x,-x) f,(x)
+ Px-x,) Dlx,-x) Jix) + Ofx-x,) DPlx,-x) f{x) + Dlx-x} £(x).

Obobmasanero mBa pesynTarute 0T TOBA IPHMEPHO H3CAeRBAHE BORH KO
ACGUHUPAHETO HA CHEAHUTE YPABHEHHAS 38 MHOrOManasonen Xapaxrep Ha
YPaBHEHHUS CIPAMO €JIHA MPOMEHITHRA:

a) O6ur ciyuai, KOraTo MPOMEHIMBATA C& H3MEHS B ICITHA HHTEPBAN OT
BB3MOXHH CTOHHOCTH, B KOHTO ca nedurnpann N rpaHUYHY CTOHHOCTH, NIPH KOBTO
ypaBHeHuaATa ca N+1 ua 6poii:

Fx)=D(x, ~x) f,(x) + Z[cb(x = X)P(%,y ~ 2) O]+ Pl —x,) £, (%) :

6) Hacten cny4aif, xorato IPOMEHIUBATA CE U3MEHA CaMO B QHpefeNeH
HATEPBAN OT HAKONKO NONAMANA30HE, ICOUNHPAHK ¢ N TPAHKYH# CTORHOCTH,
PH XOCTO ypasHenusta ca N-1 na Gpoii:

N
F(x)= Y[ ®0x = x)(x,,, — ) ()],
=1
B pesynrar ma toma m3cienpane e pPaspaboTeHs enNo UpHNoKenEue Ha
cTenenyarata Qynknus Ha XeBucaiin za cry4au Ha obobmasama QyHKuug na
PasnMYHU (DYHKIHY B IOCASL0BATETHI HHTEPBANN Ha Aajiena obua npomMerinaa
IIpH MaTEMaTU4eCKOTO HHTEPAPETUPAIE HA NOCIENOBATENHY [IpOIECH,
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A case of an application of step functions
in the study of consecutive processes

[Simeon Denkov| Christo Christov

(Summary)

The article deals with a case of an application of the step
functions, to be more precise - with the function of Heaviside, in the study of
consecutive processes, and equations for its particular application have been worked
out. The function is used in the mathematical interpretation of consecutive pro-
cesses which run, in particular, in aerospace studies: remote monitoring, imitation
of highspeed impacts and development of waves of interferences in a system of
bodies, approximation of speed characteristics of an engine and other processes,
in which the character of the process in different consecutive intervals of the vari-
able has a different mathematical interpretation.
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L

Moaenupahe u OlleHKa Ha
Oe30macHOCTTa Ha PYHKIMOHUPAHE
Ha CHUCTEMH 32 YIIPABJICHHE

Anmonuo Andoros, 3oa Xybenosa*

Bucwie soenuo mpancnopimiio yuuawwe, Cogiun

* Hucmumiym 3a wocmuuecky uscaedeanusn, BAIT

IIpobnem®T 32 HaZeXHOCTTA, YCTORYHBOCTTE n Hezomac-
HOCTTZ HA CHCTEMHTE 38 YIPABICHHE B PealiHO BpeMe HE NMOZBHKHY 00exkTH B
aBHALMATA, KOCMCHABTHKATA, PE/COBUE TPAHCIOPT M Ap. PA3KO HAPACHE ¢
NOBHIIAHEHETO HA TAXHATA C/IOXHOCT, 32 peIIARANETO Hd NOCTABEHHS MpobieM e
HeoOXOAMMO B HAONBJIHCHHE HZ OBUIOH3BECTHHETE METOAM 32 obesneuanale Ha
HaNeKHOCT Jia Ce H3ION3Ba Npu pa3paboTKaTa UM T.Hap. He30MaCHA TEXHONOTHS,
3a 1 c¢ ASK/IOYH BB3MOKHOCTTA 3& IICABE HA HM3X0jia Ha CHCTEMATa Ha QIACHH
¢HO0IneHus HnK cUrHainu. I1o TaxeB HAauuH, B ZOUBIAHEHHE HA MOHATHATA
HaACKHOCT M CKCIIOATALHOHHA TOTOBHOCT € BHBEACHO IOEATHETO Be30MacHOCT
KaTo BEPOATHOCT 32 MOABATA B KOHKPETHUS NIPOHEC HA YIPABIEHHE Ha OTKA3 (MK
nedext), koiTo MOXe ga uMa kaTocTpodanuu nocneacTeng. Ho B NpEeABAPHTEIIHO
3a/lafieHa CHCTeMa € HeOBXONMMO [a Ce¢ YCTAHOBM MHHHMAJIHO HEOBXCHIMMOTO
HUBO Wa §e30HaCHOCT, T.¢. MAKCHMANHO AONYCTHMATa BEPOSTHOCT 33 OTKA3.
Hanpumep B aBHanuaTa A¢HCTBAT ClIEMHITE H3UCKBAHMN:

— BEPOATHOCTTA 34 KaTacTpodanen OTKa3 B CUCTeMuTe Tpabsa aa Gbue mo-
Manka oT 107 Ha eRUH 4Yac JeTaTeAHO BpeMe;

— BEPOATHOCTTA 34 KPUTHYEH OTKa3 B CHCTEMUTE TpsbGRra Ha 6bie To-Maska
oT 10* Ha eAHH 4Yac JleTaTeIHO BpeMe.

Mexny Biaka H camomeTa HMa CHIUIECTBEHO DAad/IMdMe B CXEMUTE 3a
obearneuanane Ha 6e30MaCHOCTTa. B camoneTuTe Hima YCTpOHcTRa 3a Ge30MacHoCT,
NOZOOHO Ha KeNE30NBTHUTE cucTemHu. Herosara HesomacHoct ce olpefess OT
OTKa30yCTOHYHBOCTTA HA BCEKH OT €NEMEHTHTE U MOKe A2 GLIe HOCTHIHATA CAMO
32 CMETKd Ha BUCCKOTO HMBO Ha HAEKHOCT, KOeTo ce obeisnmeyasa o1
KOHCTPYRTMBHHMTE XAPAKTEPUCTHKH MM 4pe3 pesepBHpaHe. ChIIeBpeMEHHO
besonacHocTTa Ha BIaKOBETE Ce 06e3NeuaBa He Upe3 HANMINETO HA OTKA3O-
YCTOHYHBOCT Ha TEXHHTE CHCTEMHE, 4 UPe3 NIPEKPATABAHE Ha IBIOKEHHETO MM B

' PaspaboTkata & dunancupara ot HO “Hayuny Uacienpauus” mpu MOHT, cvraacio xor. Ne 536/95.
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ciyuail Ila KakBUTO ¥ A& € OTKA3H, B MACTHOCT ¢ NMOMON{TA Ha 3aleHCTBaue HE
OCUTYPUTEHHUTE CHCTEMH — CHCTEMHTE 33 CATHalnM3anus u ONOKUpoOBXA.
Crie)loBaTeNBC B ABHANMHTA H B PEIICOBHS TPAHCICDT CE H3NOJ3BAT PA3AHYEH
CTpaTeruy 3a peinapaHe Ha Npodiema 3a DE30MACHOCTTA: YPE3 OTKA30YCTOMH-
yusocr{fauli-tolerance) u upes BesonacHO cnex OTKA3M NOBEHeHWe HA CUCTEMaTta
(fail-safe). Ypes Teau e CTpaTerdy MOTAT A4 C& DCIIAT clefnuTe npobiemu:

a) B cucremy, Ha xoUTO e HeobXOHMMA BUCOKa cTeHEH HA DE30TKa3HOCT 34
OIIA3BaHE HA KHROTA ¥ OKOJIHATA CPEAa, 38 YIIPABIIEHHE HA II0JIETH BB BB3AYIIHAA
4 B KOCMHYECKHA TPAHCHIOpT, 3¢ paboTa Ha KOMYHUKALUOHHM CUBIHUIH ¥ HD.,
KGraTto HPEKT’CBaHETO 3a pEMOHT H BLATAHOBABAHE £ HEAOIIYCTHMO HIIH ONACHD.

6) B cucremu nHg KOHIO & HCGGXOI{HM& BHCOKa TOTOBHOCYT, XaT0O MOUIHH
WIMUCIMTEIHH MAIMEH W MPEXH OT KOMIOTPH {Hanp. B 6aHKORaTa CHCTEMA)
C XHNa/AH TEepPMHHAENH, CHCTEMH C OCHUYYPDUTENHA OTFOBOPDHOCT B peJ’ICOBHH
TPAHCHUOPT U Jp., KOraTo HepaboToCciocoOHOCT € JI0YCTHMA, HO NPeNHIBHKES
rofieMu 3arybu Ha KWBOT2 WK 3/ipaBETO Ha YOBEKA, Ha TOJIEMH HEMaTepHANHA,
AYXOBHH H NPUPOLHH JIEHHQCTH.

[IpoyuBanuaTa 110KA3BAT, Ye HMa H300WITHE OT NyONRKA1MM 10 TE3U 1ipobnenu.
B'LHPSKI/I TOBE €8 HEPEUIEHH MM YaCTHYEO PEIIEHH HaY4HQO-TEOPETHHEHHN H
[IPAKTHYECKH BLIIDOCH © TangmMa 3HaYHMOCTT

1. OBHKHOBEHO C& THPCH pelenKe na npobieMa 3a rOTORHOCTTA, Bes na e
HOCTABH &KLCHT ia De30TKA3HOCTTAa HE CHCTEMAE ¢ QTKAZK, KOUTO C¢ MacKupar
4pE3 WIIHIULK;

2. Ha xonienTtyanHo papaMille HAMA e/iMHHO pasbupasne 3a 6C30IACHOCTTA Ha
CHUCTEMH 3 YIIPABIEHHE,

KouBeHnnodannaTa TECPHs HA HAKEXAUOCTT4 NE C& HHTCpECYBAa OT
NOBELEHWETO Ha CHCTEMATa, B KOATO €3 HACTLOMIM OTKasH. Bcienctsue
HACTBIOB&HETO HM CHCTEMATA MOXKE Ha HpCﬂHBBHKa T'OJNEMH 33.1")"61{ (H&Hp. BLB
BB3AYIHUA TPAHCOIOPT). B OBeueTo criyyak B IpakTHX4ATA 00aye €CTECTBOTO Ha
KOHTPONUPAHOTO ChCTONHNE UM YIIPABISBAHHMA IPOIEC € TRKOBA, Y€ IOBEISHUETO
H& CHCTEMATA HE MOKE Jia Ce PasielH ¢/IHO3HAYHO Ha OflacHO unu 6esonacuo. B
TAKMBA CyYay 3a IOCTHIAHE Ha BHCOKa 6e30MaciocT TpabBa fa ce ThPCU BUCOKE
OTKa30yCTONIMBOCT, Olle ICBEHE, Y6 aKo BCHYKE OTKasu €a Onaclu, To
Be3011acHOCTTa ce cBexia 10 De30TKA3HOCT.

C'LBpeMEHHHTE TIOXO/H 32 AHANM3 W CUHTE3 Ha CUCTEMM 38 YIPaBjIeHUE ce
OCHOBABAT HA allapaTa HA NIPOCTPEHCTBOTO HA CLCTOoSHHATA. lTpw T03u LOHXOA
HOHATHETO Be30IacHOCT Ha CHCTEMATA 32 YIPaBIIeHHe MOKE Jia CE ONPENeNH II0
cneguns naux: Hexa ¥V € MEOXECTBOTO H3XOAHM CHIHAaJH HAa cucreMara, ¥V, —
MHOMECTBOTO 6630HaCIiH HIXOIHY CHTHAIM Ba CHCTEMATE, yD" — MIEECTBOTO
ONACHE W3XOJHK CHTHAJM Ha cucremara, lorasa ¥ U Y = ¥, u ycioBuero 3a
Besomackoct e Y N Y, =0.

Cucremata 34 yilpanJieHue ce HapH4a uxeanso 6e30MacHa camMo B TO3M CIy4ad,
KOTATO 32 Upou3BOneH oTkas f, f€ F, xpaere F e MHOXKECTBOTC NOBPEAU Ha
cucTemMaTa, HeHHMAT U3XOAEH BEKTOD YHEOBIETBOPABa YCJIOBUETO Y fi= V. HUpeannara
fezonacHa cHCTEMA BUEATH oCHrypasa 6e30TacHl H3XOAHH CHIHAJIH, JIOPH KOTATO
¢¢ HAMUPA B HEU3INPABHO ChCTOSHME.

M3KmouuTeRE0 BaXHO MICTO B 001ua npobieM, CBBPI4H C H3rPAXKEAHETC
1 ebeKTHBHY, HaJeXKAHU U C €30NaCHC NIPH OTKA3MW MOBEAEHUE CUCTEMH, 3aeMa
IIpOﬁJ’ICM'I:T 34 OHepATHBHA H,HGIITHCI)HK&IIHH Ha JHHAMHYHHTE UM XAPDAKTEPHCTHIH
[1, 2]. Tlosnasanero Ha YeKyllaTa HHGOPMAUUA 3a JUBAMUYHOTO CHCTOAHHE Ha
GYHKUMOHUpPAIATE CUCTEMA [O3BOJISBA OT ¢JiHA& CTPAHA fa Ce OpTaHH3upa
ONTHMANHO YIPABIEHNAE C ANaNTaAlKA OTHOCHO H3MEHAIIMTE C& BHHIIHH YCIOBHA,
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& OT Apyra, HO3BONABA 1d C€ BIEMAT LIPABHJIHM H CBOCBPEMENHE DCHICHHAS LPH
BLIEHKBAHC HAa HAPYIICHNA BB GYHKIHOHUPAHETO Ha CHCTEMATa, Taxa nanprmep
B [2] e trpenIoKeHa CTPYKTYpA Ha 2J[ANTHRHA CHCTEMA 38 aBTOMATHYHO ylpasiienne
C HNCHTH(UKAUMA Ha NAHAMHYHATE XAPAKTEPUCTHKH, U3NOI3BAIIA KOMOUHEDAIT
UPpHHUMI Ha YNPaBIeHWE! @JanTHBHO YIPABNCHHE NPU OTHOCUTENHEO GABHO
M3MEHCHME Ha IaDAMETPHUTE BCIE/ICTBHE Ha [I2PAMETPUYHR CMYILIETIHA 1 U3MEHEHHe
Ha CTPYKTYpaTa HA YNPABNABAILATA 44CT Ha CUCTEMATa OPH CKOKOOHPA3no
MSMCHEHHE Ha [IapaMeTPHTe, BCJICACTEME HA OTKA3HM ¢ OMNER OCHTYPsBaHe Ha
Ge3onacHo noBeAcH e Ha cHcTeMara, TYK IOHATHATE HAKEKAHOCT B BE3CIIaCHOCT
CE MHTEPNPETHRAT KATO TPETA ¥ YETBBPTA CTEHEH CJIe) NOHATHATA YCTOHYHBOCT
M Ka4CCTBO Ha YIIDABNEHHETO, KOMTO H3rPAXKUAT IPE/ICTABUTE K 34 H3UCKBATNATA
KnM cMCTeMaTa 32 ylupasnenue. [loy nagexanocT na ynpasieH#eTo ce pasbupa
CBOHCTBOYO Ha aNrOPHTBMA Ha YIIPABICHHE U CHLOTBETCTBAINATA CTPYKTYpPa Ha
YIpaBldBallaTta HacT Ha CHCTEMaTd Jia CBXPaHABA UPUEMIMBO KaYeCTBO Ha
CHCTCMATA NIDHK OTKA3 Ha OTAENHY NOACKHCTeMH, ChIBDKAHAETO 1A TAKLE IPUITHUII
34 NOCTPOSIBAHE HA CHCTEMM € ThHPCEHE H PEANHIMP4He HA TaKaBa KOuMUrypamus
Ha aNTOPUTHME HA YIIPABIICHHE U HA yIPABIABAIIATA YACT, KOSTO 12 MAIUMEIUDE
3arybuTe B K3a4eCTBOTC Ha ympaslieaue, o6ycnosenn oT orkasure. C ornes Ha
Oe30nacHoCTTa Ha QYHKIMOHKpAHE HA CHUCTEMaTa, IPW HAPECTBAHE Ha 3arybnre
Hall JaAeHO HMBO, OCHOBHATA 3a[a4a, KOSTO TpabBa 112 PEIIN CHCTEMaTa OT
pasmiexanus Kiiac e B NpUBeXiane Ha O0EKTa HA YIPABISHHETO B OHOpE/icHena
OBNACT MK TOUKA B IPOCTPAHCTRO Ha ChCTOSHUATA, C APYIA IYME B TO3K cnydai
CHCTEMATa 38 YIPABIIEHUE KANILIHARA QYHKIHH W HA OCU2YDUMEAHT CHCTEMA. BEB
BpB3KA € TOBA IIDU LIPOEKTHPAHE HA CUCTEMA 32 aBTOMATHYHO YHDABIEHME IIpu
TO3M NOUXOH € HeOBXOAUMO KA ce M3UBIHAT CHEAUATE ST

1. la ce onpenenar IpoMEIIHBHTE Ha ChCTOAHUETO HA ABTOMATHIMPAHNS OBEKT;

2. [la ce noCTpOM MaTEMaTHYEH MOJIEN HA YIPABIIAEMOTO IBHKEHHE Ha 06eKTa
B IPOCTPAHCTBO HA CLCTOSIUATA.

3. da ce Qopmynupar H3NCKBaNUATA O OTHOLICHHE HA HE30MACHOCTTA BbB
BHA HA KOHKPETHH OrPaHWYEHHS BhDXY CTOHHOCTHTE Ha MPOMEHIUBHUTE Ha
CBCTOAHHETO, Aa Ce AIPOKCHMHPAT BhB BMAR HA JIMHEKHH HepaBReHCTBA H fig Ce
IOCTPOM H3UBKHAN MHOTOBILAHUK HA OTFPAHHMEHHSATa B LPOCTPAHCTBO Ha
CHCTOSHUATA.

4. Jla ce onpenenyu QYHKUMOHAIST Ha KA4ECTBOTO HA CHCTEMATA ¥ HETOBATA
YYBCTBUTEIHOCT 10 OTHOLIEHUE HA OTPAHUHYEHUATA;

5. [la ce cunTe3HpAaT OrpaHUYARALINTE YIPABICHAR, TPEHATC FBATIEH PAIBUTHETO
Ha (PYHKLHOHAJIHN HAPYIIEHUI.

6. Ha ce onpefieliv OPOH3BOAUTENHOCTTA Ha yupapnsasamata EMM
HeoOXO/IMMA 33 pealN3alus Ha YOpPaRNABALIATE BL3LCHCTRUSA BHEPXY aBTOM&-
TH3HpaHus ODEeKT.

Kasano ¢ Apyru RyMH, olue 1py NpoeKTUPAlle HA CHCTEMAaTa, OT TJIeNHA TOUKA
ta 6e30NaCHOCTT PEIEHKBA 38/Ja94Ta 32 YABPXAIE HA BEKTOPA Ha IPOMEITHBUTE
Ha ChCTONHHETO B 3ajafieHa obnact X = OT TPOCTPABCTBO HA ChCTOAHMATA X,
TPH BB3HUKBALE BA OTKAZM.

Heec, BhB BpB3Ka ¢ BIEAPABIHETO 11 KOMUIOTHPHA TCXHAKA B CHCTEMUTE 32
aBTOMATUYHO YNIPABIEHUE, METORUTE HA T.Hap, GE30IIaCHA TEXHONOTUs MUPOKOC
C¢ M3MOM3BAT B Da3NHYHH OTPACHE Ha NPOMHUUIEHOCTTA NpHW YOPABIEHHE HA
OTTOBOPHH TEXHONOIMHEM npolecH. Paspaborenn m manutamw ca pasnuuny
Besonacau MUKPOIPOLECODHH CHCTEMH 33 YIpPABIEHKE, 38 H3MbINCHHETO Ha
safafenu QYHKHMY IPH OCUTYPSBAIE HA HAAEK/IHOCT it Be30nacHocT CTPYKTYpPATy
Ha CHCTEMAT4 CC CHCTCH OT [IBE HMBE, €AHOTO OT KOMTO HE € CBLP3AHO C
GesonacHocTTa, a APYroTo e GesonacHo. BesonacHoTo HURO ce H3Tpaxia o1 HJ0KeBe
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C 1I0-BHCOKa HAJAEXTHOCT | II0- BUCOKH XapakTepucTyky Ha HesonacHocTra. B To3u
aCTIEKT MOXKE J1a CE PA3ITieia CHCTEMATE 32 ypasyienne . B oBins cny4qait cucremara
334 YIPaBJIeHWE C€ CHCTOH OT ABE OCHOBHM 4HacTH — ODEKT Ha YIPaBNeRHETO K
ynpasisBaiia 4acT - perynarop. CbBKYNHOCTTa OT XPHTEDHH M [IpaBuiid, B
CBLOTBETCTBHE ¢ KOMTO (QYHKIHOHMPA Peryiaropa, NpecleABaiky LENUTE Ha
YOP&BI¢HHETO, UPEACTABAABA ANTOPUTHEME Ha ynpamiaeunueto. Ilpu ToBa
NpEeACTABAHE HA CUCTEMATa, Ge30lacHocTTa W Ha QYHKIMOHHpaHEe MOXe Ia ce
IIOCTHTHE IIQ II'BTHA EHd BBBEXAZHES Ha Pa3NHYHH BHAOCBC HM3NHIIBK. allaPaTCH,
HHGOpMAIMOREH, NPOrpamMed, BpeMeBd H Ap. Moxe fa ce BbpBene [OHSITHETO
exementapua cucrema [1,2], 7.6 cacTema He3 manumsk. Kato ce s3eme apesul,
e CTPYKTYpATa Ha IPOU3BONIHE CHTeMa € ChCTABEHA OT TeXHNYECKH YyCTPOHCTRA B
CBOTBETCTBHE C HeHHATA (byHKU.HOHaJIHa CXéMa H MHECHCCTBO BIYb3KH MEXNY THX,
QCHTYpHABAIM (DYHKIHOHUPAHETO | B CHLOTBETCTBUE C ONpENC/esE anTOPHTEM, TO
eNeMEHTAPHATE CHCTEM2 MOXE Ja ce ONpeAetH KaTo CHCTeMa, KOATO €
paborociocobia caMo MPH OTCHCTBHUE HA OTKAa3H B HEHHHTE TEXHHMYUECKH
yCTpOHCTBA B BP'H3KH MeXAy Tax. ToraBa cnocobute 3a obesnexdapaHe Ha
De30MacHOCT IpH HYHKIHOHNPAKE C& CBEXAAT A0!

— pe3epBHpaHe, T.e, JOOABAHE Ha TCXHMYECKH YCTPOHCTBA M BPB3KH KbM
elleMCHTAPHATA CHCTEMA, Taka 4¢ HEHHUAT ANCCPUTBM Ha YIDPABICHHE 74 €
HEH3MCHCH]

— ANrOpHTMHAYHEO 00e3eYaBaHe, T.€. BE3MOXHO IpeobpasyBane Ha CTPYKTYpaTa
Ha ejleMEHTApHATa CHCTeMa upes AobHaBsfHe HA yCTpOHcTBa H BPB3KH IO TakbB
HgYHH, Y€ fa C¢ H3MEHH aNropHTEMBT Ha YIIPABICHHE.

3a pelMla CHCTEMM, BKJTIOYHTENHC ¥ B TPaHCMOPTA, BUCOKAT4 CTENEH Ha
anapaTeH M3JMINBK € HEeXEMaTesHa, a B HAKOM ciayyaum {asmanus, diorta} e
HeAOHYCTHMA, 3aTORA paspaboTRANETO Ha METOJH 38 ANTOPUTMAIHC OCHTYRARAHE
lia 0Ee3CTKA3HOCT , [IO3BONABAINNY Ja €€ HaMaJ/IH allapaTHHAT H3JIHIITEK, € ocobeno
axTyallHo.

Ha pastregame cucTeMa, ChCTaBeHa OT obobuieH obext, BkIrOYBall 0bekTa
HA YIpaBJieHWe, W3IBIHHTENHUTE OPragd M AaTUHIIM, 3aTBOPeHA 4pes obparTHa
BPB3KA [IPE3 perynatop, GopMupaly anropursma Ha ynpasiienkero. e cuuranme,
ye 0600HIeHRAT O0EKT NpU HOMUHANEH PEXHUM Ce [IPElNCcTassd ¢ YPaBHEHHITA Ha
CBCTOAHHETO!

x'=A() x + Bl u
y=Ct)x,

KBHETO Y€ R ¢ BEKTOPHT Ha CLCTOAHHATA Ha CHCTeMATa; #€ R — BEXTODHT Ha
BLHHOIHHTE BbL3aneltcTBuA, A{1), B{#), C(} ca chOoTBETHO UpeXxohHaTa MaTpHIla Ha
ChCTOAHNUETC, MATPHLATE HA YOPABICHHETO H METDHIIATA Ha Ha6J'IIOB,EHHeTO. )_Ia.
NPeANONOKNM, Ye B CHCTEMATa MOTaT Ja HACTBIAT MOCTENeHHH TapaMeTPHYHN
CMYleHHA B MAaTpHIA A{), BHE3aITHH OTKA3H B H3NBJIHUTEAEUTE Opralu {MaTpuia
B(f)) » suesannu OTKa3¥ B JATYMHUTE BLB BHOa Ha MOABATA HA HOOBIHHUTENEH
JIBXNUB CHI'HAJL B CROTBETCTBAIIIATZ KOMIIOHEHETA Ha BEKTOPRA HA H3.6J'[IO,H.CHHCTO.
Hexa xpHTepHaT 32 KauecTBO € 3amafeH BB BHAA [1]:

VIe®, u()) = €'(t) Qe(®) +[ f (2)dz,

kBleTo e(D)=p()-y{) e cHrHantLT Ha rpeukata,  — CHMETPHYHA, TOINQKUTEIHD
onpexenena marpuua, f {z) - dyHrnus, onMcsaila U3XOJHHA 3aKOH Ha
YHPABIEHHETO, PEANU3NPAHa OT Perylaropa, z{f) — DIOCTLIBAUTHAT B peryaaropa
cursas. Heobxonume e fia ce onpefieny CTpyKTYpaTa Ha perylaropa, MEHUMHI3HPAL
roprus GYHKIHOHEN BBPXY MHOKECTBOTO OTKA3H Ha CHCTOMATA, T.8. OCHPYPABAIL
ACUMIOTOTUYHE YCTCHURBOCT HE PEIHISHHETO. CprKTypaTa H& CHCTemMara,
IO3BOJISABAINA & C& PeIUN DOCTABeHATa 33/1aua ¢ NoKazaHa Ha ¢ur.l,
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w0 O pamnnurennn obext Ha x(?) o)
MeXaHHIMH "| ynpasnenucTo AETENY >
z(0) i
[ @)
perymaTop |« v(1) onox 3z L
ofipaTha BpB3Ka

dur.1. ObobiteHa CTPYKTYpa Ha OTKAZOYCTOHYHBA CHCTeMa

Baoksr Ha oBpaTHaTa BpB3aka HoOpmMEpaA YIpaBNABALlM CUrHATH 7{f) 1 (D),
TBEPBHUAT OT KOMTO KOMIIEHCHUDPA NapaMmMeTpHUNHTE CMYyLICHHS BBPXy oDeKTa, a
BTODHAT OCHTYDsBA H3KJICUBAHE HA OTKA3alM JATYHIM ¥ H3NLIHMTENHH Opragu
¥ BKJIIOUBAHE Ha pesepBHU. [Ipu Topa mMoraT fa §bAAT pelleHH ClefHHTE Tpw
3afagu:

1. B 3aBHCMMOCT OT CHMTHANa Ha IPEIIKATa (f) ¢& YCTAHOBABA (AKTHT 34
HAaNWYME HJIH OTCHCTBHE HA OTKA3 Ha CHCTCMATA, KATC HEHHOTO HOMWMHAIHO
ChCTOAHHE CE BBINPOH3BEKAR HallDHMEp YupPe3 METONa Ha BaGmiomaTels Ha
Jhicenbeprep [1].

2. C 1oMOLmITA 13 aJIrOPHTEM 38 PAasNo3naBaHe Ce ONpe/ieNs BUAT 1A OTKA3E {31

3. Cnen AMarHOCTHPaHE Ha CHCTeMaTa [3,4] €6 OCHLIECTBIBA KOMIEHCANASR
Ha OTK43UTE, T.€ . CHHTE3HPAT C¢ YIPABIABAIINTE CUTHAIH Z{f} ¥ ¥(?), OCHIYpSABaIIH
YECTORMHMBOCT Ha CUCTEMATA B BPOCTPEHCTBC Ha ChHCTOSHUATA.

CHrHaI®T, IOCTBHNBALL HA BXOA4 Ha PEryNaropa, ce POpPMHPA BbB BHAA!

Z{t) = K7 ep),
xbIeTo K' ¢ BeKTOPST Ha napamerpure. Ha 6a3aTa HA Ipexus MeTON HA Janyuos,
34 XOUTO B Ka4eCTBOTC Ha PyHKuws na Jlanynes ce mabupa HOCOYEHHS Io-rope
ynxnuonai na XaYeCTBOTO, MOXE Az ce ONpefenu obracTra Ha HOIYCTHMHUTE
crofinoctH ua K, 3aBucela oT 0TKaza, ¥ Ha ce usbepe CTOHHOCT OT Tasy oblact.

B HPOCTPEHCTBO HA CHCTOAHUATA HA CHCTEMATE OTKRIET MOKE A2 CE CBBPXKE
CEC 3ary0aTa Ha YCTOHYMBOCT HA CHCTeMaTa. TOrasa C QI KOIMYECTBCHATA
OtieHKa Ha HE30NACHOCTTA, NOKOBHO Ha ONPeAeNsIHeTO HA NOHATHETO nubOpPMAIHs
B TEXHWYECKUTE CHCTEMM KATO BEPOATHOCT, ¢ KOATO 3aeMd U3BECTHO CLCTOSHUE
Ha H3KHYECKa CHCTeMa, De30MACHOCTTA HA CHCTEMATd MOXeE Ja Ce OLEHH ypes
BEPDOATHOCTTA 34 TOBA, Y€ CHCTOAHHETO HA CHCTEMATE Ie NPHHALIEXKH KbM
MIIOXECTBOTO AONYCTHMHM CBHCTOSHUA W CHAHOBPEMEHHO INE Cce HUIMBIHABAT
YCHOBHATE, TAPAHTHPAIIN TEXHUA YCTONYHB XapakTep, T.e.:

P (D =pXEX Real p.<0;:=1,..n)

aon *

KLAETO X =~ € MHOXECTBOTO OT AONYCTHMHU CLCTOAHMSA N& CHCTEMaTa, a
Real p, <0 ca ycrosusi, onpegeminns yCTORYHBOCTTE HA CHCTOAHHUATA,

Kaxto e ussectno, nuHefiHuTe npeobpasysanus ChOTBETCTBAT Ha BAPHALHH
Ha CTPYKTyPaTa HA CHCTEMATA, OnpeneleHa Ypes3 MaTPRYEH MOAEI B IPOCTPAHCTBO
Ha ChCTOAHKATA. VHBapmaHTHTe na MAaTPULATa HA CHCTOSHHETO OUPEHEIAT
ycnoBusTa 3@ GE3ndecKka peannsyemoct. CHBKYIHOCTTA HA HHBAPUAHTHTE B
ONpeneserd MOMEHT X3PAKTePH3dpa HAOBIHG CHCTOSHHETO HA cHcTeMmarta. M
ChOTBETHO, H4 BCAKA TPACKTOPHS B NPOCTPAHCTBO HA ChCTOSHEATA OTFOBAPS
CLBXYIIHOCT OT CTOHHOCTH Ha HHBAPHAHTHTE HAa MATPMIATa HA ChCTOAHHATE,
Hpeanoxenara onenxa 3a GE30IaCHOCTTA MOXE [ld C& CBBPKE ¢ HEOOXOAMMUTE
CTOHHOCTH Ha uHBapuanTute I, (i=1,..n). Ho T} karo BesAka (GyHKUMS Ha
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MHBAPHAHTHTE CHIO € HHBAPHAHT, TC NpobnemMbT 32 CleHKa Ha De30macHOCTTa
MOKe 2 Objie PopMyIUpaH KaTO yCIOBHE 32 TOBA, Ue ompeleneHa QyHKUMsA Ha
penwiunute I, T.e. S=f{I, I, .., I} Tpsabpa jia upreMa ¢ onpesenesa TOYHOCT
CTOHHOCTH OT 3ajlanena ofiact, a 3a/{avara 3a KONMMYECTBEHO OUpedclgHe Ha
Ge30aCHOCTTA €€ CBEXKEA A0 OUpeneinsHe Ha BEPOATHOCTTa 3a WINBJIHEHHE Ha
TOB2 ycrmoBue [1].

B zaknicueHHe MOXe Ja € [OMMEpPTae, Y€ €JHO3HAYHOTO OIMCAHHE HA
CBOMCTBATE HE& TIPOM3BOJNHA CHUCTEMA € EKBHBAJICHTHO Ha HaMHPANETO HA
CHOTBETHHTE HHBAPHAHTH HA CHOTBETHHA MaTPHUEE MOJE B IPOCTPALCTBO HA
CECTOAHHATA Ha CHCTEeMATE. I/IHBapHaHTHTC BHHArK OTPa3dBat pPeanHo
CBIHECTBYBALIUTE CBOMCTBA ¥ OTHOMEHHS, ofmu 3a UAEOTO pazHoobpasme oOT
TEXHUYECKH CHCTEMM OT Jajfen THI. BbB Bpp3ka ¢ TOB2 HAKIIOYHTENHO GKTYaNHD €
[NC-H&TATHITHOTO PA3BHTHE HA TEOPCTHUHHUTE M IPHUJIONHUTE USCIEUBAHHA Ha
3a71ayvaTa 33 aJTOPHTMHAYHO CCHTYPABAHE Ha OTKa30}’CTOf/‘I‘iHBOCTTa Ha CHCTEMRTE
3a ABTOMATHYHO YADaBJICHUE.
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Modelling and evaluation of the safety
of the functioning of an electronincs system
for a moving objects control

Antonio Andonov, Zoja Hubenova

(Summary)

In this paper the methds for providing the safety of the func-
tioning of systems for a moving objects control in real time, in the aviation and
the rail transport, are studied. The similarity and diferences among these sastems
are analysed. A general method for modelling and evaluation of the safety is elabo-
rated based on the contemporary automatic control theory (the methods of the
states space). The condision and requirements concerning the autematic control
systems are definited by making possible its functioning as a safety system. A pro-
posal of a criterion for quantitative evaluation of the degree of safety in the sys-
tems functioning is made.



41

Bearapcks akafiemus Ha Haykwte. Bulgarian Academy of Sciences
AeDOKOCMHYCCKH H3CHeAsanHa B Baarapan. 14. Aerospace Research in Bulgaria
Codmn. 1998, Sofia

Application of models for comparison
In aerospace experiments data
processing and interpretation

Roumen Nedkov

Space Research Institute, Bulgarian Academy of Sciences

Intreduction

Practically most result mistakes in aerospace investiga-
tions are provoked by the oftenly occurring moments of indefiniteness in the
real process of data registration and processing. The resons such indefiniteness
origin are practically from different nature and have a complex character. Prin-
cipally they are: discrepancy between the theoretical models for description of
space area and the real conditions, the space experiments take place, Re-cover-
ing of the investigated classes of patterns in space of instrumental measure-
ments; Choice of wrong identification of educating patterns connected with
wrong definition of discrifminate functions in the area of recognition and clas-
sification of the investigated objects; principal oblated of the scientific hard-
ware [I, 2).

The present papers are dedicated to the application of models for com-
parison in pairs, which result in decrease the level of indefiniteness in the edu-
cating patterns identifying.

The main aim of application of such models is to decrease the mistakes in
space experiments data processing and interpretation.

Models of experiments for comparison in pairs

In result of data processing different values of estimate of the
features of the images of the k& objects 4, 4,...., 4, of one and the same class occur,
Questions whether these differences are provoked by random factors or
the objects are essentially different rises.
If [X], [X,)...., [X,], k € [/, K] are matrixes of the measured sampling
values of the features and each matrix had dimension n x m, (n e [I, N],
me [, M), e
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X210 %2205 X2

(1) {X,']= ...................

X3 Xp2seensdpy

_xnl * n2’ m.u_,

then the set of k objects of one and the same class is defined by the vectors of the
measured sampling values of the features of the images.
The matrix is:

|_ =1 r =
XT 112 %1202 %
- a0 X200 Xom
T
X2
. S I [
( ) ul} rletrde rm
Xr ....................
B (I
X1 | LEnXearoXpm |

The procedure CP is:

The measured sarnphng values of the feature of the images [X ], [X,]...., [X|]
are compared. Each one is compared with the other one (the objects is compared
with itself). The account of the operation CP of k objects based on the matrix X1,
[0 ,[ijls()SNMK(K—l)

Analitically the proccdurc is descrlbed by the inequality:

(3) Em (Xmm ) > &m (X jmn ) = yijmn 1, (yjmm 3 0}’

(4) Em (Ximn) > Em (ijn) = ycjmr: =0, (yjfmn- = 1) 4

where g , me (1, M], Y ymnate m-th discriminate function, based on the m-educating
feature and the binary randoni value: The binary random value is a CP procedure
result. y, = 1 means that the i-th object belongs to the gwen class. Vi = 0 means
that theyapphcancc of the i-th object to the gwen class is rejected 1, je [1, &]. In
result of CP procedure {(3) or (4)) a numeric series {s} is set. It’s terms are the
weight sums of compared objecis when m — oo,n = ‘the terms of the numeric
series {s;} limes to it’s mean values

{5) l??.i =i Eymm
rt—l
Quantitatively Vi ., Lhe indefiniteness connected with the random value of g
can be described by means of the probability by which Vipmn = 1, 10 -

[
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(6) B {ytjnm = 1} = E.ujmrz . 0< ‘twjnm < 1’

(?) gﬂmn AL &ljmn 0L gﬂmn <1l

Based on the considerations exposed above the following models of experi-
ments for CP can be formulating [3].

MODEL A. The probability & im: d0€s not depend on the sequence of com-
parisom, i.e. either the procedure (3) or (4) is realised, because the result is one and
the same. In this case the probability &mn depends only on { or only on j, ie
&i}.ﬁm =&,.,. That means, that there is no effect in repeat the comparison, i.e. if
one of the procedures (3) or (4) is realised it’s not necessary to realise the other
one,

MODEL B. The probability &, d0€8 1ot depend on the feature serial num-
ber m on which the comparison is realised, according to the procedures (3) or (4),
i.e. there is no need to, repeat the comparison on definite feature. In this case the
probability &, =&,,.

MODEL C. The probability £ does not depend on the choice of the con-
secutive discreet value of the feature comparison n because the procedures (3) or

{4) are realised for all measured discreet values of the features {proportion (3}).
In this case the probability &, = §,.

This work is dedicated to the application of MODEL C.

According to this model the definition of the models applicance to the given
class or their rejection can be realised by estimation of the mean probability ?;,., or
by mean probability &; = E{ﬁﬁ} when m — oo, n —> o0 (the seript £ {} indicates
the averaging operation), where the &; and &, following equations:

& S

(8) & = m ,
©) E=E£f |

Criteria for estimation the results of the statistic
data processing, applying MODEL C

The criteria for estimation the result of CP procedure are:

L. Criteria for total equivalency

The zero hypotheses of these criteria are the following H: All objects are
equal, the differences in the weight sums are provoked by random factors, i.e,
£, =0,5 for Vi

The alternative hypothesis is H_: The objects are different and this is not
provoked by randem factors, i.e. € #0,5 for Vi
T8 s involved.
0,5/ mk

According to the Pirson’s criteria [4,5], when m — o, & — oo the distribution of 4
of limits to normal with zere mean value and a mean quadratic displacement
1-M0,1). In this case the criteria for total equivalency analytically in described as follows:

A measure of displacement A
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(10) Zdz k{Zs‘ ~025 m”k (k-1F1.

In this case if H, is true, then the valueD must not be great than the criterial
vatue of the tabulated function with apriori given level of significance ¢t and k-1
degrees of freedom, ie.

(1D D,sD, =y}, (&k-1).

(i

I the condition (11} is not true, H, is rejected. H_is accepted, which means
that the objects are different and the dlfferences betwéen them are not provoked
by random factors.

The scheme for application of the criteria is the following:

1. A level of significance o is given.

2. The criterizl value of the chosen level of significance is defined «,

DDy, =adsalios 1)

3. The value of D according to formula (10) is calculated.
4. A check-up dCCOI’dmg o the condltion {11} is done. It consist in the following:

(12) if D, €D, =%, (k—1)then H_ is true,
(13) if D, 2 D, = %5 (k—1)then H_is true.

I1. Criteria for the special object

The zero hypotheses for this criteria is the following: _

H,: All objects are equal, the special object is as all, i.e. & =0.5 for Vi.

The alternative hypothesis is H: The object with weight sum s, is different
and this is not provoked by random factors, t.e. £, >0.5(1<d <k}.

In this case according to the Pirson’s criteria the distribution of the weight
sums limits to the normal with mean vaiue F{s} = 0,5 m (k-1) and a mean qua-

dratic displacement 0, =0,5./m (k -1).
The criterial value of the weight sum s_is defined by means of the equations

(14) s, =105m{k-1)+%2 (k1) o,]
or
(15) s, =[05m (k- 1)+37 ,(k~1) 5, +0,5]

if the data capacity is not enough.

The symbo! [.] indicated the least integer, which does not exceed the numerical
value of the expression in the square brackets.

The scheme for application of the criteria is the following:

1. The level of significance o is given.

2. The criterial value of the weight sum s_for the chosen level of significance o
is calculated according to the formulas (14) and (15).

3. The values of the critical weight sum s and the weight sum of the special
object are compared. This procedure has the following view:

{16) if 54 <s.H,is accepted,
a7n if 54 >s,H_is accepted.

I11. Criteria for equivalence of two special objects
The lask sclved by these criteria is as follows:
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Does the difference in the weight sums of two special objects means that the
objects are from different classes.

The zero hypotheses is H: The difference in the weight sums of the two
special objects is provoked by random factors.

The alternative hypothesis is H : The difference in the weight sums of the two
special objects is not provoked by random factors, i.e. the objects are from differ-
ent classes,

According (o the Pirson’s criteria the distribution of the difference of the

weight sums Asy < Isf ~ 8y | {.fe [l,k]) limits to normal with zero mean value
and a mean quadratic displacement Shs, =05 mk,meN (0, T, ).

The critical value As, of the difference is defined by the equations

(18) As, =[xi o (k—1)oy,, ]
ar
(19) As, =[xt =1 Gpyy +0.5]

if the data capacity is not enough. The symbol [.] indicates the least integer, which
does not exceed the numerical value of the expression in the square brackets.

The scheme for application of the criteria is the following:

1. The level of significance « is given.

2. The critical value of the difference As, for the chosen level of significance ¢
1s calculated according to (18} or (19).

3. The values of Asy < [SE —s_f|, {1.fe [l,k]) and As, are compared. This pro-
cedure has the following view:

(20) if &y <As.H, is accepted,
21 if Asy 2 As H _is accepted.

IV, Criteria for equivalence of two objects (criteria for the least significant sum)
The task solved by this criteria is the definition of such difference in the weight

sums of the two objects s, and 8, Asy :'.5';- _511’ which is statistically significant.

The zero hypotheses of these criteria are H,: All objects are equal, the differ-
ences in the weight sums are provoked by random factors Ea= ‘C:,j- for vi, ;.

The alternative hypothesis is H_: The objects are different and this is not
provoked by random factors, i.e. E = §; for Vi, j.

The scheme for application of the criteria is the following:

L. The level of significance o is given.

2. A check-up according to the scheme of the criteria for common equivalence
is done. If H, is accepted the procedure is cut off. If H, 1s accepted the procedure
continues. :

3. The critical value of the diference As,, according to {18) or {19} for the
chosen level of significance o, is calculated.

4. A check-up according to item 3 of the scheme of criteria I is done. If H is
accepted, it is ¢considered that the objects are from one and the same class. If H is
accepted, it 1§ considered that the objects belong to different classes, which means
that their difference is statistically sighnificant.
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[IpuinoxeHne Ha MOJEIH 32 CDaBHEHHE
1o aBofixu npu obpaboTka u
HHTEPIPETALHI Ha NAHEH, MONYYCHU OT
2EPOKOCMINECKM EXCHePUMEHTH

Pymen Heokos

{Pesmome)

B paboraTa ca IpeIIIOKEHE TPU MOAENA 33 HU3IIOJI3BAHE Ha.
METO/a 32 CpaBHEeHUEe II¢ ABOHKM npH o6paboTka Ha JaHHM OT aepOKOCMHHIECKH
uaciegpanma. llesta Ha npuilarage Ha KOHKPETHH BEPOATHOCTHH MOJENH MpH
o6paboTkaTa € HAMaABAHE HA IpPeuikaTa NPU ONpercisHe Ha oOydyaBalllHTe
IpH3HaLM NpH xiacuduxanns. M3loXeHOTO B CTATUATA NaBd OCHOBAHHE 3a
OpHIaraHe HA KOHKPETHM CTATHCTHYECKH MOJENH NpH KJacHOUKANUA HA
MONTY4EHNTe 2epOKOCMHUMECKH AaHEHM Ole B NIPOLECa Ha MhbpBHyYHAaTa 06paboTka.
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DBrirapcka axamemus Ha HaykuTe. Bulgarian Academy of Sciences
AepokocmMudecky nichnensauna 8 Boarapud. 14, Aerospace Research in Buigaria
Codmsz. 1998, Sofia

IIporpamara “KOPUH-3EMHO TTOKPUTUE”,
MPWIOKEHa 38 TEPUTOpUATA Ha bhirapus

Huxona I'eopzues, Xeprnanu Cnupudonos

Hucmumym 3q xocmunecku uzcredsgrus, FAH

HUCTARIIHORHUTE METOAX ¢a SQHH APHK IPHMED, Kak elHa
635p30 passuBaIna c& KOCMHUYECKa HAYKA B TIOCHESIHOTO ACCETHIETHE C& IPeRTLpHa
B TEXHOJIOTHA, N3BAIHIA BE3MOXKHOCT Ja Ce H3BBPILBA U3YUABAHE H H3C/Ie/BaHe Ha
3emsATa KaTO LSUIO H B ZeTailili, KOETO B HEAAIEUHOTO MUEATC HE §€ BBIMOXHO
[2, 3, 4]. Tlonacrosmenm u B Brirapus ce #3nsaugBaT peuna IPOEKTH HA OCHOBATA
Ha QUCTAHIHOHEMTE H300pa)enus oT paznndnu UC3, kato LANDSAT — TM, SPOT
U Aap.

3a enuE XpaThK IEPHOL Yy HAC C& PeANM3UPAXA PEAHIA TPOEKTH C MOMOLITA
Ha CKaHepHa MHGQOPMANUS, KATO: IMIIOTeH NPoekT B JJoOpyiika, cCBbp3an ¢ [O3eMIIeE-
HaTa pedopma, mpoekTsT “MAPC” u yenewsno 3asbpirainaT npoekt “KOPHH -
3EMHO IICKPUTHE” (CORINE LAND COVER) [1].

OcHosprre nenx #a KOPHMH, nporpamara na Komucusta Ha Epponeiickarta
obmuocT, ca:

— chbupase Ha MEGOPMAIHA 33 OKONHATA CPEAa BB BPB3KA C OTASIHK
4CHEeKTH, KOHTO KMAT NPHOPHTET 32 BCUYKH CTPAHU — YIEHKH na obIIHoCTTa;

—XOODAHMHUPAHE Ha CHOMPaReTO HA NAHHY H OPTaHM3alMaTa Ha MIIGOPMALIHATa
MEXJIY CTPAHUTE WICHKH HIIH Ha MEKAYHAPOIHO HUBO;

— OCHTYp#BaHE Ha CBLII4CYBAHOCT Ha HHGOPMALNATA M CHBMECTHMMOCT H3
JEHHUTE.

3a payano Ha npoexta “KOPWH” moxe na ce cMmATa martaTa 27 ouy 1985 1,
xoraro Komucusara na Esponefickara of1IBOCT & npuena peruenne 3a pazpaboTeane
Ha ,,8[IVH CKCIIEPHMEHTAJICH IPOEKT 33 CHONpaRe, KOOPANHUPAHE U OCHTYPABAHE
Ha CHIAACYBAHOCT Ha MHPOPMAIHATA OT IbPKABUTE YIICHKH, 32 OKOJHATA Cpena
M €CTeCTBCHHUTE pecypcH Ha ObimuocrTa” [1).

3a na ce peanm3mpa TO3M NPOEKT, Ce & HANOKUIO f4a Ce pemaTt ABa
Op¢ABAPHTEIHM BBIIPOCE, 3 HMEHHO!

1. la ce paspabotu npouefypa 3a chOupane, CTAHRAPTH3ALKA H OOMeH Ha
JaHH# 32 OKOJIH&Ta cpena,

2, a ce cp3pane reorpaicka nedopManueHna CHCTEME C HEN OCHIYPSABAIE
Ha B¥HQOpMAIHATA 328 OKONIBATA CPEAA.
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Cren xaTo ca H3PBPIIMIM AHANM3K U ca ODOCHOBANM LEIIHTE M 3aJIa4uTe,
TEXHMYECKHTE M OpPranu3allHCHHMTE MeponpHaTus Ha npoexra “KOPHWUH”,
crienranucTuTe Ha EBpoilelickaTa O6HINOCT ca MOKA3aJH 3HAYEHHETO HA TO3H
IPOEKT # HeobxopumocTTa 3a O0mBocTTa, HanpasenuTe W3BOAN B 3aKIIIOUEHNS
¢a JaJH Bb3MOHOCT HA KOMHCHATE, Ka Ipelophya 3RN0YBAHE HA DEANM3ALUATA
MY B paMKHTe Ha EBpoueiickaTa O0NIHOCT Ha OCHOBAaTAa Ha CHBPEMCHHMTE
NPOrpeCHBHY METOAH 34 CEOUpane W ynpasjenue Ha HHQOPMAITHITE 32 3EMHOTO
LIOKPUTHE, X&TO €€ M3II0JI3BAT OCHOBHO CNETHHXOBH NaHHM OF JAUCTAHIHMOHHOTO
CKanHpaHe Ha 3emaTa.

Hapen cbe 3akmiouennara, nanpapess 07 CEIHANUCTHTE 32 HKOHOMMYECKOTO
¥ CTOIAHCKOTO 3Havenue Ha npoekta “KOPHUH", ce e u3RBpIINIO U H3CMENBAlC
OT [ECET HE3ABUCHMH EKMIA Ha JeceT Da3Nyud obNacTH OT CTPAHMTE — HNIEHKH
na Eaponefickara 0BIMHOCT, € XapakTepeH U coenndiueH TaHAmadT 3a CLOTBETHUA
palcH.

C Te3M m3CcNenBaHKA Ce € OTTOBOPHUIIC Ha TPH CCHOBHH BhIIpCa:

. Hat-mopxomanuat mamad e M 1 : 100 000,

2. Paamepute Ha Hall-mankata obnacT, kogTo /13 H5j1e KapTorpadupana ¢ 25 ha.

3. BazosaTa nHGopMaIHA 12 ObOAT CIETHUKOBHTE JAHHA.

Ha ocroBaTa Ha OTroBOpa Ha TE3H TPH BRIPOCE CC € HARBPINMIC (OpMyNa-
paHe Ha HOMEHKIATYpara {(IHGPOBOTO KOAUPAHE), C KOATC LIE €& D3HAYABAT OT/ICI-
HHITE €JIEMEHTH 0T 3eMHOTO uokpurue Ha npoexra “KOPUH".

HomenknaTtypaTta € cpraiusipaHa B TpH HUBA!

— IIbPBO HUBO — 5 pazfena, oOXBaIMAIK OCHOBHUTE KaTeropHH (KOHTO ¢a
abcTpAKTHH B MO-TONAMA HIH B II0-Mallka CTEIleH) HA ReMIIOTO OOKPHTHE Ha
NNaHeTaTa;

— BTopoO HuBO — 15 pasmena — 3a mamabu or 1 : 500 000 1 1 : 1 0G0 000;

— TPETO HUBO — 44 pa3zjena, KOUTO 11€ CE U31I0)3BAT 3a npoexTa “3emHo TOXK-
putee” 5 mamasd 1 : 100 000 {Ilpunoxense 1),

OpraHu3aTopUTe Hd IPOSKTa FaBaT BE3IMOKHOCT 38 BBBEKZAHE M HA YETBLPTO
HHBO OT HRLHCHAJIHHTE €KUIH, aK0 ¢ IIOMOINTA Ha TPUTE ONpefeent HHBA He €
BLIMOKHO N4 C& XapakTePH3Hpa ONpPefefieH eNEeMEHT OT 3eMHOTO HOKDHTHE,
crennryeH ¥ NOBTAPALL C€ MHOTOKPATHO B CTPAHATA.

. AKO Taxa npescTaBeRuTe O TYK NpobnemMu MOTAT A3 Ce IPHEMAT Ka10 OCHOB-
HE ¥ HA KOHTQ CIEIHANHCTUTE € TRAGRAN0 A& OTTORAPRAT QLIE 114 NLPBUA €TAI, TO
B IIOCNEACTBUE CE € HAJOKHIIO a Ce PeIlaBaT OLIC PeAnila ZONBIHHTENHN 3aTa%H,
a4 UMEHHO:

1. ITopbop Ha CIETHUKOBH HAHIM 32 W3TOTBAHE H3 TICERIO-LBETOROTO H300-
paxenune 8 M 1 : 100 000. ToBa ce oTHaca 10 CHERINTE pelieHHs:

— n3bop Ha cenzopu { LANDSAT: MSS, TM., SPOT : H. R. V ), c kOHTO 1118 CE
IIONYYaT MYJTHCICKTpAIHUTE JAaHHH,

— noafop Ha ZAHHM OT IONY4EHATA CKaHepHA HHMOPMAIIHA.

Crejl aHaIH3MPAHETO HA PA3NMYHHTE CeH30pH, MOHTUpanu Ha LANDSAT |,
2,3,4u5 v SPOT 1u2,8[]1]ceorbenassa, 1e 3a upoexta “KOPUH" narorssue
Ha $a30BH H30OpaKeHUT MOXe 2 OBAe MOCTHITIATO ¢ H3IIOI3BAHETO HA BCEKM OT
censopute MSS, T. M. u H.R.V,, Thii kaTo n3bpauunat mamad 1 ; 100 000 e unzucksa
MHOI'O BUCOKO IIPOCTPAHCTBCHO PCHICHHE.

2. Cpbupane ¥ opraHn3upaHe Ha CIOMAaraTelEy NalllH, KEM KOHTO C& OTHACHT
BCHKBKBB BMJT KOKYMEHTaIHA, kapTorpadcka U gororpadicka HHGOPMALEL, HMAIA
OTHOIIEHHE KbM 3EMHEOTC MOKPHTHE, KOATO He WABA HHPEKTHO OT COETHHKOBATA
faza yaHud. Te3w MaHHK BKIIOYBAT OCHOBHO: TOmOrpadcki KapTH, TeMatTHUHH
KapTH, KaCacliH 36MHOTO TOKPHTHE; CTATHCTHMECKa HEDOPMalins; aepChOTOCHEMKH
H HHTEPIPETALHOHEH IPO3paicH JIUCT.
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Tonorpad)ckute KapTH, ¢ KOMTO PA3NONAra BCAKA exHa CrpaHa, €& egHd OT
HaH-CHIECTBEHNTE HOUBNHUTENHA JOKYMEHTH, Thil KaTo Te ca crOpany u
JIOKAJIMINPAJIH € TONSAMA TOMHOCT HHPOPMANKA 32 HACEHEHM MECTa, PA3rpauu-
AHTCIRY THHMH, 4AMUHHCTPATHBHY I'PAHHIY, pened), Te0Ie3UUeCKH OOPHU TOYKY
o oap.

PaxTHYECKH CTAHAAPTHATE TOHOrpahcxy KapTH ca HEOTMEHIIa YacT OT
npoexTa. Te ce USNONIBAT Ha PAINUYEK €TANN OT UITOTBAHE Ha TEMATHYIATA Baia
HaliHHK 38 36MHOTO HOKDHUTHE, 4 UMEHHO |

— Msnonssar ce 3a usrotsase ma npospavno HHTEPIIPETALMOBIIO GONNC 3a
paboTa Mo UHTEPNPETAUASTA U C TOBA CE 3alara TEOMETPHATA. '

— Heobxonumu ca 3a reomerprunmTe KOPeXEy HA CILFHEKORHTE NaHHM U
M3rOTBAHETO Ha IICEB/I0-11BETHOTO H30Bpakenue.

— IlpexrcraBnasat onopen JokyMmeHT 3a KOHTPOJIMPAHE HA FEOMETPUATA HPH
AHTHTAIIH3UPaHeTO Ha HHTEDIOPETANHOHIHUTE THCTOBEE.

— Te ca BaxeHn ¥3TOYHUK Ha [OMBIHHTENHA HHBOPMALUKS 38 3EMHOTO
[TOKPUTHE,

ITpn urTEpNpeTanMATA € KENATEIHO fa 08 H3NONIBAT KapTH ¢ mamabu B
125000, 1: 50 000, xato 3a ocxozHa K2pTa A4 ¢€ MAIOM3BA KAPTATA B CLH{U
Mamab 5a  cranepHOTO n3obpaxenue, umerno M 1 : 100 000. :

Ocsen Tonorpadickure XapTn, KaTo Hali-HA/IEX AEH TOMBARATENEH MaTepuan,
32 HAKOHM CUICUHANTHH CNIYYay Ce NPeNOpHUBa Na CE U3LOMIBAT B TEMATUUHK KapTH
B DASAKAHHM MRIHabu, KATO TeONOKKH, NOUBERU U AD. 3HAUCHHE HMAT A XaprH ¢
AHPEKTHO OTHOMICHHE KBM IIPOEKTE, KATO PACTHTENHH, FOPCKH, CEICKOCTONAHCKH
H Ap.

Haper ¢ Tasu rpaduuna nokymenrtalns, MOXe Ha Ce M3LHON3BA M CTaTHC-
TH9ECKA HEDOPMAINA, KOATO CBILPXE NAHHH 38 TORUIIHO Pa3upeNeNeHE 118 Celic-
KOCTONAHCKATA IPOAYKIHMS, OMMCAHHE HA TOPHTE ¥ JID.

AepohOTOCHUMKNTE Ca eHK OT TE3U MATEPHAITH, KOHTO Ca H3BBHPENHO Daliu-
OHAJHU NP HeACHO MACHTH(HMUMpANEC Ha OTHENHY eNeMEeHTH. 3aefHO C
TONOTPA(CKHTE KAPTH, 2ePOPOTOCHAMKHTE HIpafAT [aBHa PO B IPOEXTA “3eMHO
noxpurre”, Te ce uanmonsear 34 UREHTROHLUpaHE (KaTO HOMEHKIIATYPEH KJ1AC) Ha
TCeBA0-UBETOBOTO H300paXeHHe HA CAUHMYHO HIUEPTAHUTE SICMEHTH, KOUTO
MOXAT 4 €€ KNaCHPHUUEDPAT HEKOPEKTHO, IPH ONPELENTHETO HA TOTHNUTE rpaHRIH
HR CIIBTHUKOBHTE H30OPAXEHHS U 32 IPOBEPKA U ONpPee/fHe Ha pe3yNTATHTE OT
KApTHPAHKUTE CHEMEHTH Ha 3eMHOTO [IOKPUTHE,

B npoueca sa unTpenperanmsaTa ce uanoN3sa IpO3payuHo HeRehOpMUpPYEMO
(POJIMO, KOETO Ce MOCTABA BbPXY CATEIMTHOTO H300paXeHHe W BBPXY KOETO ce
OHUEPTABAT EMHUTE QJIEMEHTH M0 BpeME Ha METEpUpeTanusta. IIpospaunuar nucr
€ Baxen NOKYMEHT W TPAOBA fla Ce CH3LaBA C TOIAMO BHHEManME, TounocTTa ma
pesyirature B 6azaTa JaHHM LI 32BHCH OT KAYECTBOTO HA NPO3PAIHUI JTHCT.

Hapen ¢ Tasu cnomarartenua rpaguyecka urdopmanns or Komucusta ua
EO 6saxa npemocrasenn Ha Hncruryra 3a kocMmuueckn Hacnenpanmns (MK} -
BAH, MareuTHM JIEHTH ¢ KOCMHYecKa MHOOPMALNS, MASHTHYHA C Ta3H, ¢ KOTTO
0sxa M3rOTBEHH KOCMMHYECKHTE KapTH C NCEBJO-OUBETABAHE 34 TEPHTOPHUATA LA
Brirapus.

Cnen xato B rossMa 4acT OT ¢TpaHATE Ha EBporneiickata oBmHOCT 103K
UPOEKT Gelile YCMeIHO peau3npay, no upennoxenue Ha Komucusra knm EQ, 1oit
CC IPEIOXY 32 H3NLITHEHHE U Ha SHBIUNTE COUMANNCTHIECKH cTpany. HechMueno
TO3H XOR Ce ABH HEOOXOMMM, K4TO CE MMA MPE/BHA, Ye B obospumo Grmelge
HPE/ICTON BKIIOYBAHETO HE TE3H CTPAHK B paMKuTe na EQ. Baemaiixy IpCABUN
HEIATE Ha TO3H NPOCKT, 338 KOODAHHMPAEHE M YIPARIIECHUE HA OKOJIHATA cpena u
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IIPEPCAHOTO HACIAESACTBO, TOH HMa 3HAYEHHE HE CAMO 32 HALWIOHAJIHATA, HO U 32
Epponeiickata obuiroct. [Ispeonasanto npoextsr “KOPVIH” Gelte npeioker u
3aNICYHE fa ce peanusupa B Yurapus, [omma B Hexus.

Crnen npoAbIKETENHM 06CHXLaHAA B kpag Ba 1994 r. mexay peanua
Brirapcki HECTHTYIHH OT e/1Ha CTpaHa, ¥ IpeAcTaBaTeny Ha KoMucuaTa K6M EO
OT OpYra, 3a TEeXHAYECKHTE BbIMOXKHEOCTH, HATTHUHHUTE AONBIHATENHHE MAaTEPHANH
H HE Ha DOCIEeAHO MACTC CIEHATECTY 32 HHTEPIIPETAlMA HE TCEBAO-OLBETEHHTE
CKaHepEM M300paxeHHus, ¢ CTHrHa JO pemenue npes 1995 r. ma ce 3anoune
W3BIHEHKeTO Ha mpokTa “KOPUH - 3EMHO ITOKPUTHE” 1 B Bearapus. [Ipre
ce KOODIMHAIMATA ¥ HAC [a C¢ U3BbpIIBa 0T MHHECTEPCTBOTO Ha OKOIHATR CPela,
3a pHKOBOJUTEN Ha IpoekTa Belre onpeaentt CT.K.C. A-p CT. Biiaroes. PeltaBa ce B
W3MBIHCHHETC HA NPOEKTa @ y4acTBAaT [ABa CKHIA, COHHHAT — OF CeKuMATa MO
“MucTapumonsu metoau” npu MKW — BAH, a sropusar — ot “leomannpoexr”
AJl, XaTo 32 pHROBOJUTEN KA MHTEPIPETALEATA € ONPeNeeH CT.H.C.  eT. a.r.H. Xp.
Cnupuponos. Llgnocrrara DefiHOCT N0 H3MBIHEHUETO Ha NPOEKTA C¢ BONCIIE OT
r-1 Kprcr Wanc ot Bpiokcesn, paborem B Komucuata xvm EOQ.

TIpenu na aHanu3upaMe UAAOCTHC UINBIHCHEETO RA NPOCKTa “KOPHUH”, ue
oTHeNeKnAM, e KOAeKTHRET Oelle OT pa3HOPOAHH CIISNHANIMCTH, TPATEKABAIIH B
pasNEyYHa CTEIEH CHOTBETHA HaywHa M TEXHHYECKa TIOATOTOBKA M IMPAKTHHYECKH
OIUT, KOETO KALe CBOETO OTPAXeHHE IpH NPEOJONABAHETO HA mpobieMu u
TPYAEOCTH IpH BCEXH OTHeseH eram. ToBa ce Obikelne Ha $akTa,4ye Npu TO3H
HAYHH Ha BH3yaJHA HUHTEPIIPETAL#A C¢ BJAraxa HECHMHEHO HHIMBHAYATHHUTE
CXBaIlaHMA 32 WHPOPMATHBHOCTTA, KOATO HOCH BCHKO NCEBIO-OLBETABARHC HA
OTHeNHHIA eJIEMEHT, IPEUYIIEHO npes IPA3MaTa Ha CIICHHANMCTHTE ¢ Fe0Ae3uYecKa,
reoNnoruiecka, reorpadoka 1 MaTeMaTHYECKa TOATOTOBKA K CHEHHANIH3AIAS.

IMpeax 3an0YBaNe Ha IPaKTHYECKATa ASHHOCT, 32 PeaN3anusaTa Ha TPOLKTA,
ce nmposene Kype oT r-x Kpuc MHHc, KOHTO CIIOJAeNM MESENE 38 0cODEHOCTHTE Ha
MHTEPTIPETALNATE, 3SHAUCHHUATA EA HAKOH OT [ICEBHO-LIBETOBETE M NPYIH MOMCHTH,
kouTo Tpabsa na ce cubmomgapar. Cnes 3aBbpiiBaNe HA Kypca ce IPOBEAE TECT, C
KOHTO Tpx6Bame Ra ce OLEHH EMBOTO HA BCEKH 4ileH OT KOJCKTHBA, KaTo OT
PBEOBOHMTEIIS C€ aHANMAUpAxa CeluPIIHHTE JOMYCHATH IPEIIKE. BCEKH MpOTyCK
WIN NpaBHIIHG pellleHHe Hak-dpanupaino Hoceme Gesera Ha CyGeRTUBHIME.
CIenuanucTUTe ¢ MHXEHepHA IOATOTOBKA B XKapTorpadcka cnenuanusanus oaxa
o4YepTal IPAHUIKUTE HA HACEICHHTE MECTa II0-TOMHO M € IP2BH IUHHAY, 33 PasIHKa
0T CIIELUATHCTUTE IO NPHPOIHUTE HAYKH, KOHTS 06a4e Bb3 OCHOBA Ha IO3HABUATA
cu 32 mangmadbTa O6Axé UPABHIHO UACHTH(QUIMPANH ¥ OUePTANH LIEeMEHTUTE OT
3eMHEOTO TTOKPHTHE.

Tlpenu 3anouBane Ha HHTEpIpETalMaATa GiXa H3rOTBEHH B BPICKCEN OT CKa-
mepHuTe nzobpaxenns Ha LANDSAT — TM 1 Ha 0CHOBaT2 Ha NPELOCTABEHUTE OT
Boerno-Tonorpadekara cayxba (BTC) Tomorpadeks xapta 3 M 1 : 100 000,
kocMudecku kapTi ¢o 3 M 1 : 100 000 ¢ ncesao-cuBeTeHM €1EMEHTH.

MexnyBpeMeno Gixa M3NBIHEHY BCHUKM MPEABAPUTENHM pabOTH, CHIIACHO
uncrpyknuuTe Ha KomucunaTa ma EO, ¢ koeTo BCexH MHTEPIPSTATOP pasnojarale
¢ Habop oT Tenorpadcxu kapTy B maady 1:'25 000, 1: 50000 = 1 : 100 000 5 nse
eMucrn 1975 - 1978 r. u cnnpemeny oT 1980 ., KOMTO OKa3axa peminTe/IHA IOMOILL
LIpY HHTepnpeTausTa, Hapen ¢ TesH MaTepHany, TP KOMIUMUMPAHHE U TPYRHC
pelLIMMHE CIy4ay, ¢¢ Non3Baxa aepoHOTOCHUMKH B Malllab, NpUOIH3ATEIHO OKOJIO
1 : 16 000 u mo-cuLBpemMensu cHMMKH B maiad oxosno 1 : 60 000, nanpaseny
CIIeI[MANIHO 33 U3EBAHEeHUe Ha Haysuute nporpamu Ha MKW — BAH. Tematuyunu
KapTH K cTaTucTUuecka HHGopManms He §AXxa HINON3BAHY NIOpany H3BBHPEANO
cnenubHYHMSA XapakTep, HeNOAXOAALM Maliadn M e Ha HOCIEAHO MACTO —
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HaJIMYHUTE TONCIpaPCcky KapTH U aepodoToCHUMKH 64Xa JOCTAThYHEE HOCUTENH
Ha ME(PODMAINS NIPH HHTEPIPETAIHATA.

C nomomra na crennanna tabnuna (Tlpunoxenne 2) HMale BBIMOKHOCT
BCEKM OIIp£ZENIeH CNeMEHT OT 3eMHOTO IOKPHTHE, C pa3Mepu 110-MankH oT 25 ha,
N1& CE MPUCBEAKHHE KbM ChCENEH eNeMEeHT, HO C [IG-ToNaMa TexecT {T031 eeMenT
KOMTO MM& HO-TOJIAMO YHCIIO B TaDIHLATA } OT CHLCEJHHTE Ha 1ET0. AHaOrHYIN
Taluun 6sxa 1IPeACTABEHN U 32 OLIPEHE/AHE Ha IICEBAC-OIBETCHHTES eJICMEHTH.

MrTeplipeTanuara npoabIxy T0BeYe OT roauHa, L#i0CTHOTO 3aBbpiuBane
Ha eAHo Mpo3payHo gonuo (y Hac ce usnoussaure Menmuexc) B M 1 : 100 000 ¢
ONpEACIIeHN TPAHUIIH ¥ HOMEHKIATYPHE HOMEpa Hé SIeMEHTHUTC OT 3eMHOTO
[IOKPHTHE, PAMKOBOTO K H3BLHPAMKOBOTO OQOpMITeHEe, TPABBALIE 1a C& UM BIIIST
32 18 quu (Ylpunoxenue 3).

TpyRHOCTHTE 32 BCEKH HHTEPIPETATOP, KONKOTO U CYGEKTHBHY A4 65Xa, HMaxa
u obm xapaxtep. [ONAMO 3HAYeHHe HMa CE3OHEI, IPe3 KOUTO ca HalpaBeHy
CkaHepHUTe usobpaxenus. Hampumep npw nacumarta u HHBHTE, KOUTO Hpes
Pa3zIuYHENTE CC30HH CMEHAT CBOSTO IICEBAO-OLBETIBAHE, OHPENE/AHETO HA
HOMCHKNATYPATA Ha eJIEMEHTHUTE € HETOYHO, @ OPHIOBUTE [1OMET8 M BOEHUTE 1IOIIM
NpU CyX¥ CE30uM C€ NpHEeMaT KATC TONH 3emMH. XapakTepHH Clyd9ad B TOBA
OTHOWeHUWE umawe B M3Tounu Poxoun, xpHeTO CBETHO-KahaBHS BT HA HAKOM
FOPCKH HUBM C€ OIBETHBAXA KATO CKAJH, & OTPOMHE IPOCTPAHCTBA C H3BCTPENH
CKaJlM Ce GUBETABAXa XKaTO B3CEXHANK IACHINA. '

FoneMy 3aTpyAHEHMS CC HONYYHXa M LUPH HNACHTHOHUHpaHeTo Ha
IHDOKOJIUCTHHTE U UITCHAHCTHATE FOPY, ThH KATO TAXHOTO NGCEBHO-OIBETARANE
CC pasnmYaBallle CaMO B HIOZHCHTE Ha KagigBUS IIBET — TaKa LIUPOKONNCTHHTE
I'OpH C& OLBETABAX2 B CBeTIO Ka(#po, a HIIONHCTHHTE NOPH B ThMLG Kadaso.
B 3aBucHMOCT OT TOB&, KOra ca HANPABEHW CKAHEPHMTE HIOOPAKEHHI — Hpes
NPOJICTHHA HIIK €CEHUSA CE30H, CEHKUTE OT [ITAHUHCKHTE BEPUTHM OKa3BAXA BIHIHMHE
BBPXY HIC4HCHTE Ha QUBETABAHUTE TOPCKH MECHBH, KATO CBETIO KA(QIBOTO CTaRAIIe
TBMHO Ka(ABO, KOETO BOAEINE HO rpEeLIHAa HHTEPIPETALMATA, T.6. MACOBH HAXa
peuensATa, KoraT¢ OTPOMHH MAcHBHY OT IUIHMPOKOJIMCTHH COPM C€ ONpefensxa
KaTO MNICNHCTHH. Tosu ciyuail Oellle TPYAHO NIPEOAONHM OT BCEKH HieH Ha
KOIEKTBA, HO [I0-TCNIEMHY 3ATPYAHEHHS KMAIIIe B HA9aHHA €Tall HPU HIDKCHEPHUS
CBCTAB, KOUTO Ca pabOTHIM LPENHMEC ¢ YepHOSEenH aepoGOTOCHUMKE mpH
H3TOTBAHE HA TONOTPA(CKH KapTH, KBAETO CHHKATA HAMA TAKOBA PEUIABALILO
JHAYSHHE,

CpaBHuTESHO JIEKO TO3M OpoSneM MOXKe 1a ce Ipeoaoses, ¢ IIOMOIITa Ha
KOMIIOTEPHA 00paboTKa Ha NpefOCTABEHATE HH MarHUTHK IeHTH, Thi kaTo TM—
CeR30DUTE UMAT 3HAYUTEIIHOTO MPEUMYIECTBO, U¢ ChABPNKAT CCJieM CHEKTPANHE
Harna3oHa, KOUTO OPABAT Bh3MOXKHO 1A ce CB3AaAaT 35 u300paKeHUs ¢ HRII0N3Bae
Ha paspuyHy cnekTpanHu KoMmOuHanuu. Taxa OT HAnpaBseHHTE HAKOIKO
SKCNIEPUMCHTA [PM CHEKTpajHa KOMOHHANK#A, KOATO AaBa OIBETSBAHE HA
IMHPOKCIMCHHTE M HIVIONHCHUTE FOPH B ABA HIOAHCA HA 3&JISHUS BT, CEHKATE He
OKa3Baxa T4KOB2Z BJIMAHHE M MMAIle BEIMOXHOCT ¢HHO3IHAMHO A3 CE& ONPEUENH
B4 Ha TOPCKUTE MacHBH.

[To pepule IPUYMHK TO3M METOA HE Ce HINON3BA, HO LHe OTOenexuM, ue
IIQJICKATA IPOBEPKA, KOATO Ce IIpaBenie B Xpag Ha BCEKH €TAM, AABAIIE Bh3MOXHOCT
Aa ce M3ACHHBAT CJY4auTe, IPH KOHTO HAMAIIE CAHO3HAUHOCT B ONPEAEIeHUETO
Ha HOMEHKJIATYD&Ta Ha OTAEAHHTE elneMenTH. TakuBa Osaxa cuyuaiiTe npu
YTOUHSBAHKATA HA CBETIO-KA(QABUTE TOPCKH IICYBH B paiioHuTe Ha MaTouHHTE
Ponomu, xouto Gsxa memmbpupanu kaTo TONH CKAajM M CIy4YauTe c Or'PDOMHH
TEPUTOPUH M3BETPENH CKATH, HHTEPNPETHPAHH KATO NaCHIIA,
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B zaknmioucHue iie 0TEENEKUM, He HINBIHEHHETO EA TA3H OIPOMHA [0 CROATA
MalabHOCT ¥ YHUKAMHA [I0 CBOCTO 3HAUSHUE 34894, KOATO C& 3aBhPUIN 33 KPATKH
CPOKOBE ¢ MHOI'O BUCOKH OLIEHKH 32 IIOCTHIHATOTC Xa4eCTBC M JOCTOBEPHOCT IPK
HONMYYeHHUTC KAPTHH MaTepUalll, /IaBally KHMOPMAIH 34 3eMHOTO HOKPUTHE Ha
HANaTa TEPHTOPUSE Ha Bnirapus, HM AaBa BE3MOXKHOCT Oa C& HANPABAT CICHHHTE
H3BOJIM ¥ 32KITICYCHHUA:

l. Tle meocilopum HadWH ce JIOKa3Ba 3HAYEHHETC Ha KOCMHMYECKHTE METOAK
LIPH M3TOTBAHE HA KaPTHH MAaTePHANH C OTTHYHH Ka¥E€CTBA Ha OIPOMEH TCDHTOPHA.

2. B xouxpeTHuA clyual € Cb3LaleHd (U3NYECKATA GCHOBA Ha ¢HA reorpadicka
undOpMaiMOHHEE CHCTEME HA ONpPE/ICNICHO HHUBC, KOATC MOME Ja IOCHYXH 32
6b4en10 NOMBIBARE C HOBa HHDOpMATIHA.

3. Peanusupanero na nporpamata “KOPVH” ce ranwnnnu ¢ munumanes Spoit
CTEUMANIUCTH ¥ 38 KPaTKH CPOKOBE, MpuBIIMIHTENHO €fHA FoXHHA, $AaxT XoHTC
Jlocera He Oellie TO3HAT B NIPAKTHKATA ¥ Hac.

4. Tlpu nepHOAMYER OOHOBIEHMANA HA 38MHOTO IIOKPUTHE {IPUOIU3UTENEH TIEPHO
o1 10— 15 rojunm) ¢ 50B2 kOCMUUecKa UR(OpMALHS [IIe MOXE [A C8 [IOCTABK HA HAYYHA
OCHOBa KOODAHMHHAPAHOTC U CHIIACYBAHOTO YAPABJICHHE H CTOIIAHHMCBAHE Iid 3EMHHTE
NPHPOIHH N&/ICHOCTH Ha TEpATOPAHTA HH B HAI[HOHANEH H MeXTyHaponeH Mainad,

5. He 1a mocnenHo MacTe Tpsabpa na oTOenexw:M, de YHACTHHULHTE B Ta3M
JeHHOCT UMaxa HEBEPOATHATA BBIMOXHOCT Na TOAYHAT TONEM OIUT GDH
UETEPIPETALMATA HA KOCMUYECKHTE H306pakeHHs.

JueTtepaTypa

I. CORINE Land cover. Technical guide - EUR 12585 EN | Brussels 1993,

2. Kocrsuueckan cremxa W TeMATHEECKOE KapTorpatduposanue. M., Man. Mockosckoro yausepcuTtera, 19801
3. KaprorpadupoBinie 00 £0CMEHECKHM CHHMELM 1 OXpaHa oxpysaiomed cpens. M., Henpa, 1982,

4. AucTanyHosRoe aHANpoBanne. [Tpenon ¢ aurruiickora. M., Henpa, 1983,

Hoomannaa wa 25 I 1997 2.

The CORINE - LANDCOVER programme
applied for the territory of Bulgaria

Nicola Georgiev, Khernani Spiridonoy
(Summary)

In the paper, the objectives and tasks of the CORINE - °
LANDCOVER project are described, a programme of the Committee of the Euro-
pean Community. It is realised with the help modern progressive methods for
collection, coordination, agreement, organisation and control of the landcover
information betwwen the countries-members of EC, using mainly data from the
remote sensing of the Earth.

Bulgaria accomplishes the project by the help of space scanner images from
the satellite LANDSAT-TMin scale 1:100 000 with pseudocolouring of the differ-
ent elements of the Barth’s cover. The oblained results are analysed and conclu-
sions are made as to the subjective and objective interpretation-related problems,
The significance of space methods in the high-quality mapping of large territories
within short periods of time and the organisation of GIS at a certain level are
convincingly confirmed.
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3.3.3. Obnacrs ¢ paaka
PACTETCHHOCT
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obnacTe
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5.1.

5.2

BETpellIHY BOIK

Mopcku ol

5.1.1. Peuns xopHTA
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Bearapcka axamemus Ha naykuTe, Bulgarian Academy of Sciences
AEpOROCMUYCCKN WICTEIBARNA B Buarapus. 14, Aerospace Research in Bulgaria
Codna. 1998, Sofia

lpunoxeHue Ha AUCTAHIMOHEH
METOIH IPU U3CIIEBAHE HA
CMECEHO 1Bb00BO CHLOBHIECTBO

Bradumup Bwaues

Hucmumym no 6omanuxa, FAH

PopMynHpaHETO M PElIABANETO HA 3aMA4M 1A JHCTAH-
HHORHOTO M3CHeABAHE C& OCHOBABA HA M3MEPBAHETO ¢ IOMOINTA HA aepo- u
KOCMHYECKH CPEACTBA HA PA3NHUYHH KOJIHMYECTBEHM NOKARATENH Lz OTpa3eHaTa
CIBHYCBA PDASMALHSA HNE CODCTBEHOTO HINBYBAHE HA 3eMHATA IIOBBPXHOCT.
M3n0138aHeTC HE NONYYCHHTE MANHM NO3BONSBA GAIO3HAYHO fia C€ MAEHTH-
bunupar pasnuynu nprpogau 00pasyBanus Bepxy Hes. ToBa H3MCKBA IPUAAIAHETO
Ha Takusa METOMHU H CPEACTBA, KOUTO B¥Xa ANH 1A HICTEIOBATENNTE Bb3MOKEGCT
¢ Haf-roAsMa FOCTOREPHOCT Aa ACIH(PUPAT aePO- M KOCMUYECKH H306PaKeHAs,
Ho TO31 MOMEHT ca nySankysanu peauna paboTu OT HAITK | YyXau aBTOpH [1, 2].
Hacrogmara pafora uma 3a nen na ce YCTaHOBAT Hali-UH(GOpPMAaTHBHHTE
Kanaln o1 suanmata u BUY (6nuska madpadeppena) obnacr ma €JIEKTPOMATHUTHHA
CrekTsP. Te Guxa MO3BONNAN OCTOBEPHO UICHTU(DUIMPaHe HA PACTATEIHYN 0beKTH
BbpXy 3eMHATA IOBBPXHOCT, NONIYYeHH HA aep0- M KOCMUYHH poTorzobpaxkenus.
HMaciensanc e usnbpHKOBO CMeceHo Nb60BO crobmecTse. JbpBOCTOAT My €
M3rPAACH OCHOBIO OT Onaryy u nep. Mma enwnuuno yyacrtde Ha OpscT, nuna u
KJIeH. 3aema miom o1 oxonotl30 ha , na BB3pact o7 20-25 rogunu. Bucouunata
HO IbPBETATa € 6—8 m, AMaMeTHPET Ha IPB/IHA 06UKOTKA — [ 822 cm, Mma Heobpe
PasBUT TIONIEC OT KJIEH, MYKUHS W Miand nb6uera. TDEBHCTHAT erax e MHOTO
cnabo pasBHUT M CHC CPABHUTETHO MHOTO Gemen cperas — BE0OUBE 8—10 BH/1a.
Bbpxy Tepuropusita, 3aeta ot nn6oBaTa ropa, HMa HapaBeHH NIPOCEKH, KOUTO
€2 pasopanu u 3acety ¢ mouepua.Tyk-TaM uMa OTAeNHE TEPHTOPHY, 32€TH QT
TPEBHCTH CHODINECTBA OT IUBAJIEH THIL.
3a TONy4aBaHE HA KONMYECTBEHM H KAYECTRERH XAPAKTEPUCTHKH Ha
U3CJIEABAHUS PaROH Ca M3NON3BAHU IIABHO TPH METOJA: BH3YAJIEH, HA3EMHH
H3MepBanus u horoMeTpudna 06paboTka Ha aepodorousobpaxenns. Hazemuure
M3MEPBAHUA Ca CBBP3AHK C OMpeNelsHE HA CHEeKTPaHHuTE oTpaxaTeJHn
Xapakrepuctukn (COX) na HAKOM PACTHUTENHH BHIOBe qpe3s M3IMepBaHe Ha
CHEXTPATHES KOCGUUMEHT HA OTpaXKeHHE r,- Ilpu ToBa ca B3eTH npensun
MCTONUIHUTE NPENOPBKE 32 HOBUIIABAHE JOCTOBEPHOCTTA Ha H3MEPBANHAATA Ha
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lali-rHGOPMATHBENTE [IapaMEeTPH HA DABIHYHM DACTHTENHU CTPYKTYDH [31.
ClekTpoMeTPHpaHH o2 NepubepHr XIOHH OT BAaryH 1 akailyd ¥ 4acT OT TPEBOCTOA
Ha MICLepHOBa NMBafa ¢ momolura Ha npubopa “MICOX-0207, xoiTo uMa 20
kauaa. Te o6xpamatr punuMug 1 BUY granda3oH Ha €NEKTPOMArHUTHESA CIICKTHP
{A=400+820 nm).

PoroMeTprurara ofpaBoTka faBa BHIMOKHOCT 33 H3IMEPBAKE HA ONTHIHATA
wrsTECT (D) Ha botoneraTusH, Te ca NONy4eHH ¢ MOMOIITA Ha MHOTO30HaIaTa
aepoxocMuuna Gorokamepa “MK®-6M”, morTHpana ra Sopha Ha CaMoJeT
naBoparopus AH-30.®oTokamepaTa paboTH B WIECT KaHala Ha BHAMMATA | BUY
06J1acT 1A eqeKTPOMATHATHIS cekThp (A=400:820 nm), kaTO OTACTHHTE KAHAIH
CE XapaXTEPHU3UPAT CBC CAEOHATE MAKCHMYMHU Ha CIEKTDAJHA YyBCTBHTCIHOCT
(cwotBerHo OT [ mo VI kaman): 480 nm, 540 um, 600 nm, 660 nm, 720 nm =
820 nm. UsmepBadeTo HA [ Ha HeraTHBHTE BHB BCHUKH KaHaJK € H3BBPIICHC C©
MHKPOZEHCHTOMETED “MD-100” c¢Bhp3an ¢ KOMIEHCANHOHHO 3aMMCBAINO
yeTpoiictso “K-201", xoeTo Iapa BE3MOXHOCT 32 rpadudes 3alIHC HA 13MEPBAHNTE
BENWYHEM — T.H. PETHCTPOrpamu. VI3LO/N3BaHO € M MapIIpyTHO OGXOXEaHe Ha
M3CIeABAHRA 06EKT, 3a na 6bjie cnbpana anpHopHa HH(OPMAINA 32 HErO.

durypa | mIOCTpHPa CaMO CTOHHOCTHTE HAa 7, OT CHEKTPOMETPHPAHETO 3a
Teau Ab/KHHY Ha BLIHUTE, KOMTO CHBNALAT ¢ A Ha IIGCTTE XaHaja Ha KaMepata.
3aBMCHMOCTTA, KOATO CHILGCTBYBa MEex Ay D ¥ A IpH H3C/IEABAHATE TPH 00€KTa, ¢
npescTapena Ha ¢ur. 2. [To TO3X HAYMH Ce NOJyYaBa CHIOCTABUMOCT HA NAHHUTE,
MOJNYyYeHH OT Ha3eMHUTE H GOTOMETPHYHKTE H3IMCPBAHUA.

Ve T‘r.l

327 AlO LepH A

u/

287 /akczqug

Lo

24- gbd

20
16

12+

A

L80 SLO 600 660 720 820 nm

Qur. 1.
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1.004 AlOUepHQ
_/ - * —

gbb

A
L8O 540 600 660 720 820  nm

$ur. 2.

3eJIeHUTe PACTCHUA Ce XaPAKTEPUAUPAT C JB@ MAKCHMYM4 Ha OTpaXKeHHe —
ObpBUsA Ipu A=540 nm u sTopus — BUY ofact ma CJICKTPOMATHHTHHS CIIEKTHP,
¥ MHHUMYM 38 A=660 nm, xoeTo ce suxAa 1 ot dur. 1. 3a A=660 nm obaue He ce
TOJryuara O4AKBAHMAT MUHHMYM Ha D (dur. 2.). Tosu daxr e oSyciosen ot
38II0YBAIATA IPOMSAHE Ha HarpaTa Ha FOPCKATA PaCTATENHOCT, KOETO € HOCIEABAHG
OT yBCIIM4EHYE HA OTPAKATENNATA CIOCODHOCT HA PACTHTENHUTE OOSKTH B CHHATA
H 3enexara o61acT Ba cnekTspa 1o 3,5 mbTH, a 3a yepserara — 00 10 nwru. Mpunara
Ha [IOITbINAHE HA HOCNEAHATE HIYEe3Ba.

Wsmepsanuara MOKA3IBAT, Y€ ONTHYHATA ILIETHOCT Ha K64 € HO-roNaMa OF
ONTHIHATE NIBTHOCT Ha akanmara (Gur. 2}, T.e. oTpaxarenHata cuocobuOCT Ha
KODOHHTE Ha ApOOBUTe BPBETA e no-ronama. OOsCHeHMe 34 TOBA MOXe da ce
HAMEpH 2KO €€ CBIOCTaBH MOPPONOTHIHOTO U AHATOMHYHOTO YCTPOUCTBO Iia
JHCTATa Ha 1502 ¥ aKaluaTa (FE6OBUTE INCTA ca MO-TLTHTHH 4 ¢ Ho-106pe PA3BUTH
KYTHKYJIa ¥ eMIHACPMIC B CDABHEHHE C aKaUHEBUTE JIHCTA).

OTpaxatesHaTa NOBBPXHOCT Ha SLPBECHOTO M 1A TPEBACTOTO CHOBIIECTBO
€ C pasiuiia CTPYKTypa. ToBa 00ycnass pasiMKuTe B CHEKTPANHES KOSGULMENT
Ha oTpaxenne (CKO) na apara durouenosa (1s608a ropa JIFOUEPHOBE JIHBAAA ).
IMopanu mo-rossiMOTO MOIMBHIAHE HE CIHHYEBATA pajyainus OT JNHPBECHOTO
HaCaxICHHUE, r, HA TropaTa € MO-MaJKO OT ¥, Ha JronepHata (drr. 1). Tasu
SABUCHMOCT C¢ 3ama3npa H NPH MUKPOAEHCHTOMeTpuparero (dur, 2), t.e. D na
ropaTta € Io-Manko or ) Ha JIIoUepHATR, KaTC CHOTBRETHHTE CTORHOCTH HA rub
HMAT aHaJNOTHYeH Xof.

PerucTporpamure mo npodHIu Oaf0Xa BBIMOXHOCT 14 Ce OIIpEAeRH, 4e
HE3QNCCEHUTE HaCTH {IPOCEKHTE} Ca 3aeTH OT TPEBHCTH CLOGmecTBa. ToBa e
HanpaBeHO “PE3 CRIOCTABANETO HA ONTUYHUTE ITBTHOCTY Ha obextuTte, OT efina
CTpara, ONTHTHATA NABTHOCT HA ANPHOPHO IIO3HATO TPEBECTO CHOGMECTRO
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{ronsMa JIIOUEPHOBa JIMBaNa, PA3IIONOKeNHa B IEHTPAJIHATA YACT HA JiHD0OBa ropa)
£ MHOTO O/IM3Ka 110 CTOHHOCT Ha ONTHYHATA IUIBIECCT Ha IPoCekuTe, H OT APYra —
YYBCTBUTENHO C€ PaslIH4aBa OT ONTHYHATA IUIGTHOCT HA ropckus macus. CopIusT
LO/IXOK TO3BOMNH Na ce ujieHTUudHIHPAT GC3NSCHE IIPOCTPAHCTBa, HezabenexumMu
IIp¥ BH3YVANHO AeimndpHpae.

3a cpaBHende e U3MEPEHa ¥ ONTHYHATA NNETHOCT HA pa3opaHa HUBA U3RBH
FOPCKOTO CholliecTso, ynaTo COX, THMHYHA 3a ONa I0YBA, HAIIPABH BE3MOKHGC
JIOCTOBEPHOTO ONpefelisHe HA IPEAHHIIUTE HA NOCISRHOTO.

ITpu cHemaHe Ha PErrCTPOrpaMi, MEHaBAILM TTPe3 JIIONEPHOBOTO ChOBLIECTBO,
ce IONYy4YHXa fisa 1THKA - ¢ no-roaama croiinoct ga D 8 [, 1L, 11T u IV kasan w no-
maiika B ¥V B VI kaHan ¢npsdAMo CNTH4YHATAa BIBTHOCT Ha NIOHEpHATA.
IIpeanonoxenc Be, 4e TOBA Ca 3eMHM KOJIOBO3H, THH KaTO M3IMEHEHHETO Ha
ONTHYHATA ITETHOCT Ha T€3H YYACTHIIH € THIIRYHO 34 [IOY¥BHY ¢ HAPYILEHa CTPYKTYpa
Ha HOowbspxuoctTHus muact. Tosa Be noxasauo ¥ Ha TePEHa.

Hai-undopmatusen ce oxasa 11 kanan (A=540 nm) nmo OTHOIIEHHUE
OudepeHnupaneTo HA FOPCKA M TPEBHCTA PACTHTENHOCT. 3a OT/ICNSHETC Ra
PasTHYHY IbPBECHN BHUOBE, M3rPaXAallld CMeceH JIbPBOCTOH, Hal-yobeH ce okasa
V xanman (A=720 nm, ¢ur. 2). Pasnukata mexny D na nuba ¥ akauuaTa e
CpaBHUTENHC MaNka, 3aroTo npes netoto CKO Ha BCHYKM OLPBECHU BHHIOBE
KOCTHIa MHHHMMYM, B DE3YJITAT 1A KOETO 1[BETOBHTE KOHTPACTH H DA3NUYHITA BEB
tdhoToToHa HA H306PAKEHULTO IPE3 TO3W CE3CH ¢a Hal-MalKH.

CpaBuspanero Ha NeHCHTOMETDHYHHTE AaHHW, NORYHEHU IIpe3 pamIndHu
tenonordun® azm Ha HicHeHBaHus 0DEKT, NOKazBa, Ue¢ CTolHocTHTE Ha D Ha
TopaTa Ipe3 OKTOMBPHE C& [IG-MAJKK OT Te3H 38 4BTycT. VI3KIroueHns uMa B TpeTy
xagan (A=600nm), B xoWTO Te ca mouTH paBHu. BcHuko TOBa & OOYCNOBEHO OT
pa3NUYHATA B OGArPSAHETO H4 TOPATA B AB& CPABHHUTENHC OTAANleYelN II0 BpeMe
MOMEHTA 0T BErCTAIIHOHHHMSA CE30H — NPE3 OKTOMBPH ¥Ma CHITHO HAMAJIABAHE 1A
XIopoPHIHOTO ChIABPKaHME, koero nonwxasa CKO u BLB BTOpH kaHals He ce
NONYY2RE XaPAKTCPHUAT 33 3€JICHATA PACTHTEIHOCT MaKCHMYM.

M3nOoxeHusT 0 TYK QHANH3 Ha OPUIOKEHHETO Ha DAIKNYHA NUCTAHIRCHEH
MeTORM 32 fenmudpHUpaHe HE HAKOW PAcTHTEIHR 00CKTH TOKa3ea, Ye ICH BIHAHKE
1a Barpara na OUTHYHO AKTHBHATA MOREPXHOCT HA TOPATA HaCTHIIBA [IPOMAHA B
OTPA3MBAHETO B OTAENINTE YacTH Ha supumata u BAY ofuiact ua ciecktepa. Hpu
TOBA CBHIIECTBYBA PA3JIHKA B OTpasdsamiara CnocoDHOCT Ha NLPBECHUTE M HA
TPEBHCTHTE CHOBINECTRA, KOETO AABA BLIMOKHOCT CTPHKTIO A €& Pa3I'PaHU4aT
TE3U ABA THUTA PACTUTENHOCT. PAasnuuuara ca eNHONOCOYHH U IIPH JIBATA METOHA.

Hai-undopmatisen ¢ sropy xauaa {A=3540nm) ¢ oTHOIIeHHe pA3Tp#-
HUYZBZHETO Ha ALPBECHA OT TPEBHCTA PACTUTENHOCT. 3a ACUIHppUpaHEe Ha
pasNHYHE ABbPBECHA ¢bobuiectea Had-NoAxoAAul ¢ neTu kanan (A=720nm}.
EdexTrpHOCTTa Ha AgmiMdpHpane ce NMOBUEIABA NPH NOMXOALNL0 KOoMbUHUpane
1a doToundopmanud ¥ GEHONOTHYHO ChCTOAHAE HA OTACIHUTE KOMITOHEHUTH Ra
PACTUTENHOCTTE.
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Application of remote sensing for investigation
of a mixed oak community

Viadimir Vulchey

(Summary)

Mixed cak and herb ecosystems have been studied aiming at
the establishment of the most informative channels for identification of different
plant objects. The results achieved show that there are differences in the reflecting
ability of the tree and herb ecosystems. The differences provide the possibility for
reliable distinguishing between the two types of vegetation in the channel with
A=540 nm. For the differentiation of different tree ecosystems the most suitable
proved to be the channel with A=720 nm. The efficiency of the differentiation
increases when the period of study and the phenological state of the studied veg-
etation are combined properly.
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Optimal control of unpowered flight
in vertical plane’

Todor Tagarey

Space Research Institute, Bulgarian Academy of Sciences

1. Introduction

The way the energy of gliding aircraft is used may contribute
to an increase in their effectiveness, and in some cases, i.e. a flight of an aircraft
with engine failure, directly relates to the probability of its survival. Many of the
traditional methods for control of unpowered flight are empirically derived, which
makes them suitable in a limited range of initial conditions. The total energy of an
aircraft would be effectively used only through implementation of optimal control
strategies or their close approximations.

Methods for trajectory optimization are under constant development. A re-
cent example is the attempt for direct trajectory optimization via representation
of the dynamical system in differential inclusion format [1]. Nevertheless, most
successful solutions of the problem are reached through numerical implementa-
tion of the Pontryagin’s minimum principle. Unfortunately, many of the solutions
are based on strong assumptions of trajectory segments in the vertical flight path
[2,3], fixed flight time [1,2] and quite arbitrary definition of boundary conditions
[2,3].

In the current paper, the optimal control problem is solved via Pontryagin’s
minimum principle. The flight time is not fixed. The boundary conditions have
physical meaning. The problem of optimal control of unpowered flight is solved
according to three criteria:

* Maximum flight range;

* Maximum kinetic energy at the point of impact with the Earth surface;

* Optimal conditions for surface penetration in the point of impact.

A penalty function approach Is used to account for end-state constraints, The
two-point boundary value problem is solved numerically. The same procedure is
used for the three criteria. The differences are in the formulae for the end values of
the costate variables.

! "This paper was included in the Programime of the Third Evropean Control Conference, September 1995,
Rome, Italy.
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The optimal control of the unpowered flight guarantees effective use of the
potential and kinetic energy of the aircraft. Its implementation would substan-
tially increase the flight range, the aircraft energy at the point of impact, and the
penetration characteristics. Furthermore, it would provide opportunities to com-
pensate for model parameter changes and perturbations.

2. Problem formulation
2.1. Equations of motion

The equations of motion relative to an Earth-fixed coordi-
nate system were described using a rigid-body dynamical model in absence of wind.

' . D .
v=——-—gsiny,
m
}’,_i_gcosy
(1) 9 .y T
X =V CO8Y,
i.z:vsiny

LS
Here m denotes the aircraft mass, and g — the gravitational acceleration. The state
variables are speed v, vertical flight path angle % horizontal flight distance x, and
altitude 4. The aircraft drag D and lift L are described by the equations

&
chapv S,

) 2.
L=¢ L S
= 22,

where S is the wing area, p is the air density, and the parameters ¢, and ¢, depend
on the Mah number M. In the particular model the aerodynamics parameters are
defined by the equations

¢y =cp (M)+c%a?,
3) D D, L
e =@t o
where « is the aircraft angle of attack. Denoting Py, 88 alr density at sea level,
Hih)= pip,, as relative density, and i =p,,5/(2m), eqs. (1) take the form

r -
v=—c, uH (h)v* —gsiny,
i COS8
& Y=o uH (ryy - £
3 y
X =vcosy,
L P.z =y siny

The functions Hfh) and M(v,k) are described in detail in f4].
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2.2. Optimization problem

‘The optimal control problem is stated in Mayer form and
requires minimization of the criterion

(5) J =8 D) ¢]

for differential constraints on the state vector y(s) = [¥(8), YO, x(8), A(£}] in the
form

(6) . y:f(ysa&t)’ y(ro):yﬁ
described by egs. [4], constrains on the end state
Q) Ply{t). &1 =0,

and saturation-type constraints on the control function ¢

® et <o ..
The duration of the flight t, is not fixed.

The solution for three different criteria is examined:
a. Maximum flight range

9a) J=x @)
b. Maximum kinetic energy at the point of impact with the Earth surface
(9b) J=-05v2()

c. Optimal conditions for surface penetration in the point of impact [5]

{9¢) J=- v(tf) sin e

The constraints on the end state for the three cases are as follows:
(10a} k(zf) = {),
(105, ¢) h(tf) =0 x (tf) -X =0,

where X is the initial horizontal distance to the reguired point of impact with the
Earth surface,

The problem is solved via Pontryagin’s minimum principle. The second con-
straint in egs. (10b,¢) is accounted for by a penalty function in criteria (98}, (9¢):

(118) J=-05v%@)+05s, [x(t,) - XP,

(11l¢) J=-v{)siny@)+ 055, [x(1,) - X1
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The first constraint in eqs. [10] is accounted for by a Lagrange multiplier vy, which
leads to a unconditional minimization of

(12) M) =T 41+ vh @)

The Hamiltonian for the optimal control problem is defined by the equations

13) H{y.o,A,0)=A" f,
. JH
(14) LAy
ol o
. dII{t)
(15) PP Y
L T

The Lagrange multiplier and the flight time are determined from eqs. (7) and the
condition [6]

aJDGnJﬂ+8PWﬂngJ
dt, dt,

Egs (14) for the costate variables have the form

(16) H(, )+

5 dcy, dM gCosy
/1v=/lwuH(k)[ﬁ_c;v2+2CDV)—2,Y(”H(}3)CL'+ )

a
Y1

—A cosy—2A siny,
iy =/1vgc03'y—/1?§siny +A vsiny—A ,vcosy,
a7 %

A, =0,
depe dM dH dH

AR= A v2(WEH(f’1) +CDE}?)—3. M VCLE’

where the dependence of the derivatives dM/dy, dM, {dh, and dH/dh on the phase state
is derived analytically from the relations in [4]. The end values of the costate vari-
ables are defined from eqgs.(7), (16), and for the particular criteria are as follows:

)"v(rf) =0,

ly(rf)=0,

(184} Altp) =1,
1

wltp) ==
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A, G )=v(,),

A (t,)=0,
(185) At )= [x(z,) = X],
_ ;(rf)—sb [x(2,)— X]cosy(t,)
AR~ sin (1) ’

Z,v(tf ) =—siny(t,),
Ay (tp)==v(ty)cosy(t,),
(18¢) A(tp)=—sc[x(t;)-X],

(ff) '}’(ff)‘f'sc[x(ff)*x]_
v{ f) tg')’(ff)

2.3. Numerical solufion

;Lh(f)—'

The two-point boundary value problem {7}, {17), (18} is solved
numerically. Egs {4) are integrated using the 4th order Runge — Kutta method until
the first condition in (10) is fulfilled. Then, using eqs.{18) the end values of the
costate variables are defined and eqs.(17) are integrated backwards until = 7, The
consequent approximation for the control function is

(19) a"’“(r)=a”(z)+k“’(r)d7Hr,

limited by the maximum allowed angle of attack o in eq.(8). For the gradient of
the Hamiltonian an analytical form exists

dH
20 = T Ny Np s NaN N N
20 PP pefHR W [-2v7 A ] a™ (H+A )]

The initial approximation o(f} for the first criterion is derived from the condi-
tion of maximum lift-to-drag ration on the trajectory, and for the particular model is

(21a) a’(t)=AJepa (M) /et

For the other two criferia the initial approximation was computed according
to the formula

(21b,¢) Cxo(f)=k1{x*+k2[’y+tg—1 i ]
A=

and the limitation on the angle of attack (8). The parameters k & and k, are
explicitly deﬁned in {8]. Here in parentheses is the direct pursuit. control param-
eter, and &" is determined from the condition for a straight flight
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2o gcosy
22) O
The choice of k& ¥ (£} in (19) allows for incorporation of different optimization

techniques and is a subject of a separate study. Effective numerical algorithms for the
solution of the two boundary value problem in flight dynamics are studied in [7, 8],

3. Results and discussion
Figure 1 shows the initial approximation, the optimal control function, and the

state variables on the optimal trajectory for the maximum range criterion. For v,=450
my/s, g,=30°, x,=0, and £#,=10000 m the increase in the flight range is 42 percent.

15 T T T T T T

500 T 1 T T T T

400 il
300", n 4
¥, myfs, K — = = I

200

100

100 T T T T T T

¥, deg ) e

| i | L
50 ioo 150 200 250 300 450

x, mxX 1"

Fig.l, Optimal control and trajectory fml' the maxitnum range criterion
initial approximation, optitnal variables
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The relevant variables for the maximum kinetic energy criterion are pre-
sented in fig. 2. For v=150 m/s, 3,=10°, x,=0, £,=1000 m and X=3000 m the energy
at the point of impact with the Farth surface is increased with 40 percent. For the
same initial condition and X=5500 m the use of traditional control methods does
not guarantee arrival at the required point of impact, while the optimal control
does. If X=5900 m the required point of impact ¢annot be reached even: with
implementation of the optimal ¢ontrel function. The solution in such cases coin-
cides with the optimal control for the maximum range criterion without, however;
satisfying the second terminal constraintin (10b). -

o, deg %I .
=14 =
1 5 ------- | 1 1
¥, mfs
v deg
ts
400 T T T T T =1
1000
hom
500 5
o L | | 1 1 Sl
a 500 1000 41600 2000 2500 3000

X, m
Fig2. Optimal coutrol and trajectory for the maximum kinetic energy at the point of impact cntcnoy
initial approximation, optimalvariables
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Figure 3 shows the initial approximation, the optimal control function, and
the optimal trajectory variables minimizing criterion (11¢). For initial conditions
v,=150 m/s, 7,=10°, x,=0, £, =1000 m and X=3000 m the implementation of the
optimal control would incréase the depth of penetration with 117 percent. Fur-
thermore, if the direct pursuit guidance is applied, the aireraft would meet the
Earth surface at an angle of 20 degrees, which would result a significant probability
for a ricochet,

o, deg
_20 1 1 1 x 1
0 8 10 18 20 25
1,8
¥, mfs
a0 i | L L !
v, deg

X, |

Fig3. Control function and trajectory varizbles for optimal conditions for penetration at the point of impact with the Earth surface
initial approximation, optimal variables
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The implementation of the optimal control would increase not only the air-
crafi effectiveness, but also the opportunities for compensation for model param-
eter changes and other perturbations.

In conclusion, the optimal control problem of unpowered flight in vertical
plane was solved via Pontryagin’s minimum principle for a class of terminal crite-
ria and constraints. The implementation of such control would increase the air-
craft effectiveness, and in some cases, i.e., a flight of an aircraft after its engines
have failed, may guarantee safe landing and survival of crew and passengers.
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OnruManHo yiupasjesue Ha 0e3nBUraTelIeH
IOJIET BEB BEPTHKAJIHA paBHUHA

Todop Taeapes
(Peswme}

Ha4uabsr Ha H3N0N3BAHE HAa CHEPrHATA HE IJIAHUPALI
JeTaTEeNeH aNAPAT MOXE I3 HONpHIece 3a IOBMIIABAHETO HA HETOBaTA
e(BeKTHBHOCT, &@ B HAKOM CJIYYau TIPAKS ORpefelNs BEPCATHOCTTA 34 Ole/ABaHeT
My. B HacrosmaTa cTaTHA 3ajavaTa 3a COTHMA4JNHO ynpaslieHHE Ha [IOJeTa ¢¢
pelliaBa B CLOTBETCTBHE ¢ TPHM KPUTEPHA: MAKCHMalHa JajcYdMHA Ha MOJETa;
MAKCHMAJIHZ KHHETH4EHA EHEPIrHA B TOYKATa Ha CHIPHKOCHOBCHHE ChC 3CMHaTa
IOBBEPXHOCT; ONTHMANHH YCIOBHA 38 NPOHMKBAHE B 38MHATA NOBBLPXHOCT.
3anauaTa 3a ONTHMANHO YIpaBAeHHE Ce peillaBa HAa OCHOBAaTa HAa NPHHIHIA HA
makcumyMa Ha ITourparuy, OrpaHudeHHsITa HA XPAHHOTO CHCTOAHUE €€ OTYHTAT
ype3 BBBEXIAHE HA HaKazaTenHa QyHKIHA B KpUTepud. BpemeTo na nonera He e
dukcMpano. JABYTOYKOBATA KDacsa 3ajada € pelleHa HHCAeHO. OnTUMAalHOTO
yilpaBJIeHHE¢ Ha NJaHUpallusd MQJleT rapaHTupa ¢QeKTHBHO HINON3IBAHE Ha
KHHETHYHATZ ¥ NMOTCHIHMANHATE SHEPI'HMA Ha JICTATCIHHA anapar. Pea.lmsaunﬂ'ra
My MOMBIHUTENHO TO3BONSBA KOMIICHCHpDaHE Ha NPCMEHH B HapaMeTpHTE Ha
MOMEJa 1 HEOTHETeHH BHHIIHH CMYIIEHHS.
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Introduction

Higher plants are a basic link in a future Biological Life
Support System intended to provide space crews with food and clear the air in
spacecrafts as well. SVET Space Greenhouse (8G) which is the first and the only
one for the present automatic equipment for higher plant growth was designed
under a Russian-Bulgarian project within the INTERCOSMOS programme and
launched onboard the CRYSTAL module, docked to the MIR. Orbital Complex
(OC) even in June 1990. The technical and technological methods and means used
in the process of development gave an opportunity to carry out the first two—
month experiments with plants of radishes and Chinese cabbage,

The experiments with SVET SG were resumed in 1995 and an American Gas
Exchange Measurement System (GEMS) was supplemented to the existing Bulgar-
ian plant life support systems. A three—month experiment with wheat, named
“GREENHOUSE SVET” was started on August 10, 1995 by the 19th Russian crew
(Nikolai Budarin), and continued by the 20th ESA international crew up to No-
vember 9. Plant samples of different development stages and units of SVET SG
were sent back to Earth by Shuttle STS—74.

A set of SVET-2 equipment (a greenhouse of new generation) was developed
and launched on board the MIR OC to conduct experiments in 1996-1997, Suc-
cessful earth three-month experiments with wheat were carried out with SVET-2
SG by a three~member crew within a sealed cabin in IBMPE, Moscow (from 25 Oct.
1995 to 22 Jan. 1996).
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Description of the equipment for
GREENHOUSE SVET 95 project

The GREENHQUSE SVET equipment used in the 1995 ex-
periment included the Bulgarian—Russian developed SVET SG and the new supple-
mented Russian—-American SVET Instrumentation System (SIS) [1]. The block dia-
gram is shown in Fig.1. The Vegetation Module (VM) full of substrate is mounted
on rails in the Plant Growth Unit (PGU) of SVET. The Illumiration Unit (IU} can
be vertically moved and fixed at different positions. A ventilator ensures lamp
cooling and air circulation within PGU. A hydro—air system (HAS) is located on
the bottom of PGU. Two of the PGU walls can be removed for easy operation, and
one of them is transparent. The sensors for measurement and control of the envi-
ronmental parameters in PGU are mounted. The Contrel Unit (CU) receives and
processes the data obtained by the senscrs during all the vegetation cycle and
automatically conirols the executive mechanisms. Special microprocessor programs
ensure automation of all processes and give signals if failure has occurred. Visual
control and manual guidance are also possible.
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Fig. 1. Block dizgram of the integrated system SVET - SIS and location of the sensors
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The parameters controlled by CU are as follows:
air temperature entering PGU-TBI;

air temperature within PGU-TB2;

substrate temperature in cell K1 of VM-TCI;
substrate temperature in cell K2 of VM-TC2;
relative air humidity within PGU-BB;
substrate moisture in K1-BC1;

substrate moisture in K2-BC2;

e duration of the lighting period -FPQ.

The sensors measuring TB2, BB and PPO mounted on a unit fastened to [U
will drop cut of the GREENHOUSE SVET-2 equipment for the 1996 experiment.
Only TB2 will stay (on the top of IU) to control switching off of the light in case of
exceeding the admissible temperature in PGU. CU measures the parameters of the
vegetation process every 4 hours and records a telemetric frame which is transmit-
ted to Earth by the Telemetric System (TMS).

SIS encloses two separate transparent bags, called leaf chambers which cover
the plants growing in each vegetation module (VM) of SVET SG. It allows local
gas exchange and leaf environment measurement [2].

SIS consists of four primary modules: a gas exchange monitoring system
{GEMS), an environmental monitoring system (EMS), a power supply system (PSS),
and a data collection and display system (DT+DS) [3].

The gas exchange system has for an object to provide accurate measurement
of absolute and differential CO, and H,O levels in the air entering and exiting the
PGU as well as absolute and differential pressures in the measured gases, It is
necessary to evaluate some prime indicators of plant health as photosynthesis,
respiration, and transpiration.

The environmental measurement system provides the capability to measure
the air and soil conditions in which plants are growing. i

The leaf area measurement system is a modified version of a commercial leaf
area scanner. In flight, leaves will be attached to the leaf board and scanned using
a hand-held scanner.

SIS supplements SVET SG with additional sensors which will give the possi-
bility to take more information about the air and soil conditions for growing up of
the plants. :

The additional variables to be measured are:

e plant air temperature (AT);
plant light monitor (LM};
plant leaf temperature (LT,
soil temperature and moisture (SMT);
cabin pressure (CP};
cabin B
cabin H,O (air humidity};

s cabin CO,.

The PGU environmental variables are measured by an instrument cluster
with sensors located on the upper end of a rod in one corner of each leaf
chamber.

The SVET system provides one substrate moisture sensor per module (BCI{2))
which measures and controls the substrate moisture level by means of the CU and
hydrosystem. 16 additional sensors SMT (8 per module) will be supplemented by
SIS to monitor the water distribution. They are designed to be integrated in the
existing VM on flight,
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Equipment problems during the GREENHOUSE SVET"95
experiment and results

During the GREENHOQUSE’95 experiment there were sev-
eral fajlures of the SVET hardware sent to MIR in 1990 [4]. They were caused by
problems arisen in compatibility between the Bulgarian and American equipment.

After a brief functioning period, three of the six and subsequently the forth
tamp shut down. It was concluded that an overheating had occurred because of
the leaf bags restricting the flow of cooling air, Later the leaf bags were removed
but the Control Unit microprocessor system of SVET failed because of an over-
loaded power supply caused by the non—functioning lamps. It was reach a decision
to pass to manual mode. 18 days later CU completely failed (the supply of 12V
letting the equipment to operate in manual mode dropped off) as a result of long
operation in abnormal mode. A way was devised to provide 12V from the Ameri-
can power supply and SVET continued its work,

Thus enough of the problems were overcome to keep the plants growing dur-
ing the 90-day interval from seed planting to harvest. Plants about 8 cm tall (in
consequence of the insufficient irradiance), but appearing quite healthy with a
normal green colour that reached the 3—leaf stage were grown in this experiment.
Unfortunately they grew in all directions but not directly towards the lamps, be-
cause SVET was lined with the American mirror Mylar so light had came from all
directions.

After the experiment accomplished CU, IU and VM were returned back to
Earth by Shuttle STS-74 and sent to Bulgaria to have their defect analysis made, IU
was restored and sent to Russia for a synchronous earth experiment to be conducted
(in conditions repeating the onboard ones). For that purpose a possibility to swilch
on and off different number of lamps was brought in it to imitate the situation
arisen on board. The goal of this experiment was to estimate the impact of microgravity
on plant growth by re—creating on Earth all the rest conditions.

As a result of the experience gained in the GREENHOUSE SVET’95 EXperi-
ment a space greenhouse SVET-2 of new generation was to be developed for the
planned seed—to—seed experiment in 1996 as well as some experiments on board
the MIR OC in 1997,

Some optimisations of the SVET hardware for
future experiments

A new, optimised Illumination Unit within the SVET-2
equipment with considerably improved technical and biotechnical characleristics
has been designed to meet the requirements of the plants.

The plants need light with determined quantity and quality. A photo—physi-
ological inquiry shows that the plants consume energy mostly in two spectral bands—
blue and red. The activity of some physiological processes depending on the effect
of light of different wave length is shown in Fig. 2 (cutve I — phototropism and
curve 2 — photosynthesis). Till the experiment in 1990 fluorescent lamps LB 8-6
(12 pieces) were used. The spectral-response characteristic of TU using these kinds
of lamps is shown by curve 3. It is seen that almost the whole luminous energy is
concentrated in minimum sensibility zone of the plants. That considerable dis-
crepancy between the light source and plant needs was due to the lack of special
lamps (during the period of development) with appropriate characteristics and
save enough for the crew in case of breaking a lamp.
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Fig. 2. Light wave length necessary for plant’s; / — phototropism, and 2 — photosynthesis; Speciral response
characteristics of the lamps used in 3— SVET (LB 6-8) and 4 - SVET-2 (DS 1i-21)

The increased supply of fluorescent lamps in the last years gave a possibility
to conduct an extensive researches on the characteristics of the supplied kinds
of lamps. The spectral-response characteristics of 12 kind of lamps in the band
400~600 nm have been taken with the help of the Faculty of Physics at Sofia
University. For some of them the measuring range in the blue and red region
respectively has been enlarged. The energy characteristics which are of particular
importance when put to use the onboard power supplies have been analysed. The
geometrical dimensions of IU narrow the range of the used lamps too. The fluo-
rescent lamp DS 11721 of OSRAM (6 pieces) as a most suitable for our aim was
chosen. At that the lamp spectrum is suitable for intensive photosynthesis as well
as for providing phototropism of the plants, so important in conditions of a space
flight (curve 4 of Fig. 2).

In connection with building of lamp’s bodies two more important investiga-
tions have been conducted — on a white reflecting paint, made to order, suiting
very special requirements, and on a transparency coefficient of the plexiglass for
proofing the separate illuminants. As a result of the investigations considerably
{2,5 times) improved brightness characteristics of 1U have been received — at a
distance of 15 cm from the illuminants the intensity is 27 000 Ix {under 12 000 Ix in
SVET SG in 1990). In the circumstance we can expect considerable increase of the
plant productivity (quantity of biomass) in the future experiments.

The larger warranted duration of work of the lamps DS 11/21 {8000 hours)
ensure 5 times better reliability of the equipment. Besides the new IU has consider-
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ably better electrical characteristics which is of great importance because it is the
biggest energy consumer within SVET SG. For example the supply current of the
unit (under £27V onbeard supply voltage) is 2,5 times tower (3,5A under 9A in
SVET 8G) and the starting current is almost equal to the supply one. The newly
developed IU has lower weight (2 kg) and much better mechanical characteristics.
The mechanical structure has been optimised so that it is far more functional: IU
can be easily moved and fixed within the Plant Growth Unit and the lamp’s bodies
are easy to change.

Some improvements have been made in the rest of the units.

Software improvements in CU make the substrate moisture measurement more
precise and provide a possibility for individual, consecutive and independent mea-
surement of each VM sensor, Another software improvements enable the PPO
parameter {duration of the lighting pericd) to be changed when it is necessary. To
resolve the problems with the equipment temperature incompatibility a possibility
of controlling the threshold of overheating (the temperature TB2 at which the
lamps are automatically switched off in case of overheating) has been provided
too. A new CU Second Power Supply with larger warranted duration of work and
higher efficiency has been developed Lo meet the stronger requirements of the new
experiments,

New construction of the Vegetation Module has been developed to make the
equipment interchangeability easier. Besides substrate with new granule size com-
position has been used to improve the water distribution in weightlessness. It rep-
resents a fraction mixture of 1-2 mm granules.

Secondary Pump Power Supply with higher efficiency and higher starting cur-
rent has been upgraded to replace the SPPS unit standing on MIR within PGU.

Conclusion

The new developed upgraded units (IU, CU, VM and Sec-
ondary Pump Power Supply — SPPS) were produced, sent to Moscow in January
1996 and launched on board the MIR OC (VM on Shuttie in March and ail the
rest on the Progress module in April 1996). New fundamental biclogical research
for growing a crop of wheat “from se /4 to seed” during the six-month flight (from
July to December 1996) of an Amv fican astronaut will be carried out with this
equipment. Three new experiments vith plants that have a shorter vegetation cycle
{peas for example) have been planned for 1997, Perfect results have been obtained
in preliminary earth experiments with vegetable plants {(onions, peas, lettuces and
dill} carried out on the space greenhouse of new generation SVET-2 in the Space
Research Institute, Sofia,

All the 19961997 experiments will be conduced on the program MIR-NASA
and financed by NASA. To provide the equipment for these experiments bilateral
agreements between Bulgaria, Russia and USA have been concluded. Thereby an-
other step towards creating a steady onboard Biological Life Support System for
the future long-term manned space missions (initially to Mars) has been made.
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Anapatypa 3a mpoekta “OPAHDKEPUS CBET”
npe3 1995 1. u asxon onmumIBayy 32 Gnaeny -
CKCHEPUMENTH Ha Oopria Ha opbuTanta cramms MUP

Tauna Hearnoea, Hiamen K ocrmos,
Ceemaana Canynoea, Ieiin bunexam,
Cmuseosu Bpayn

(Pesrome)

B cratusta e onucana anapatypuara gact xa eKclepumMenTa,
nposesen ot 10 asryer no 9 Hoemspu 1995 r. wa bopna na opburansus KoMIIeke
(OK) MHP no npoexr “OPAHIKEPUS CBET™. Pastnenanu ca maxou npobaemu,
BBINUKHAIH B XO/la HA EKCHEPUMEHTA, KAKTO M HAYYHHTE PEe3YATATH OT Hero —
Daza Ha MpenCTONITHTE CKCIIEPDUMEHTH C MIUEHHIA “OT ceme 1o ceMe” u ¢ Ipyru
pacrenus Ha 6oppa wa OK MHUP no mporpama MUP-HACA npe3 1996-1997.
Omnwucanu ca ONTHMHU3ALMHUTE, BRBENCHU B Xapjyepa Ha opamxepus CBET—2 —
OPaHXEpUs OT HOBA reHepalns, paspaboTeHa 3a MPOBEKJAHETO HA HOBUTE
eKCIIEPEMEHTH. '
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Introduction

There are two primary reasons to grow plants in an orbiting
satellite: 1) To study basic gravitational biclogy; that is, to study possible plant re-
sponses to the near absence of accelerational forces (usually called microgravity -
although accelerational forces are closer to microgravity). 2) To achieve maximum
yields of edible plant products for future use in a bioregenerative life support
system (a Controlled Ecological Life Support System - CELSS)}. In America and
Western Europe, most space research with plants has been motivated by basic
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gravitational biology although the work is often Justified with reference to a CELSS
application. In the former Soviet Union and apparently also in Bulgaria, studies
with plants in space have been more strongly motivated by the CELSS challenge
than by that of fundamental biology.

Although abnormal affects have been noted in short-duration plant experi-
ments in space (downward bending of leaf petioles and blades called epinasty,
spindly growth, chromosome aberrations, etc.), many plants have appeared to grow
quite normally during short duration experiments on the U.S. Shuttle and on So-
viet or Russian space craft although detailed studies often discover subtie abnor-
malities. This seems to be especially true for seedlings that have obtained most of
their nutrients (energy, minerals) from the seed.

On the other hand long-duration plant experiments in space, carried out only
by Soviet, Russian, and Bulgarian investigators, have never produced completely
normal plants that have grown through a complete life cycle. Arabidopsis did grow
through a life cycle (i.e., “from seed-to-seed”), but growth was quite retarded and
generally poor [1]. The plants were grown in a Phyton Three device in Salyte Seven
in 1982 for 69 days from sowing to return to earth. Plants were under continuous
light. Upon return to earth, 5 plants produced 22 normal pods, and 2 plants pro-
duced 11 sterile pods. There were about 200 seeds, half of them immature. Forty-
two percent geminated to produce normal plants. The good news is that the life
cycle was indeed completed (we might say there were no “show stoppers™). The bad
news is that plant growth was considerably less vigorous and, healthy than was
achieved with ground controls in the same plant-growth devices.

Several studies were carried out with wheat in various devices in Mir [2,3].
Again, plants were far less vigorous than comparable plants on earth. Chlorophylls
were reduced producing chlorosis, carotenoid levels also declined, and there were
various mineral imbalances: phosphorus increased, calcium decreased, and other
minerals changed. Total lipids decreased, and fatty-acid ratios changed. Super-
Dwarf wheat was grown in Svetoblock-M in Mir for 167 days during 1991 [2].
Growth ceased at about day 40 but began again after 90-100 days, producing new
shoots. Three heads, each surrounded by a leaf (i.e., in the “boot”), developed from
100-132 days but matured on earth under somewhat higher light. Twenty eight
seeds were produced, and 8 out of 12 given to us germinated normally in Utah.

In 1990, radish and cabbage were grown in the Bulgarian-Russian growth cham-
ber Svet [4,5]. Plants were grown for 54 days. Again, although plants grew during
the 54-day period, many abnormalities were observed. For example the radishes
produced 2.6 g of dry mass in space and 21.6 g of dry mass on earth; Chinese
cabbage produced 2.65 g in space and 35.80 g on earth,

Is the poor growth obsetved in the long-term space experiment a direct plant
response to microgravity? We cannot conclude that this is the case because space
plants were usually exposed to stresses that were not always duplicated in the
ground controls. For example CO, levels in Mir are much higher than those in
most of the control studies, and 1?hey fluctuated over a wide range. Plants are
known to be highly sensitive to CO, levels [6). Temperatures have fluctuated in the
Svet experiment reaching 37°C at one point, for example (Tania Ivanova, personal
communication). The substrate conditions are especially critical because they can-
not be duplicated on earth, The drainage caused by gravity creates a totally differ-
ent substrate environment from that in space [7]. Lack of drainage in space could
lead to water logging or even to regions of dry substrate if capillary forces are not
sufficient to bring water to such regions.
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Goals of our experiment

Two approaches must be taken to solve the problem of envi-
ronmental stresses in space experiments: First, the environmental conditions and
the stresses’ and strains that they produce must be carefully documented. Irradi-
ance levels are typically low and may or may not be the same as those used in
ground controls. Although many environmental measurements have been made,
the desirable level of documentation has never been achieved. Second, available
technology should be applied to reduce the levels of stress as much as possible.

With these ideas in mind, our current experiment on Mir has the following

oals:
g 1. To grow Super-Dwarf wheat through a complete life cycle in the Russian—
Bulgarian plant growth chamber Svet in the Krystal module of Mir. As noted
above in relation to Arabidopsis, it has long been a goal of space biologists to grow
a plant through a complete life cycle in microgravity. Our current experiment did
not achieve this goal, but we will sirive to achieve it during 1596 {see below).

. 2. To document the environmental parameters that might impact plant growth
(in addition to microgravity): CO, concentrations {potentially allowing measure-
ment of photosynthesis and respiration), water vapor {allowing measurement of
transpiration), irradiance levels, leaf {infrared) and air temperatures, oxygen, total
cabin pressures, and substrate moisture conditions {16 moisture probes in the root
module).

3. To collect various samples and photographs for analysis on the ground.
This goal should allow us to decument the strains experienced in response to
whatever stresses are measured.

4, To improve conditions for plant growth as much as possible. Paramount in
this goal is to utilize the 16 moisture probes to maintain ideal moisture levels in
the root module. We have also added Mylar {mirror) reflectors to the walls of Svet
to increase irradiance levels. In general, however, future effort will be required to
further improve conditions for plant growth, specifically the high levels of CO, and
the relatively low irradiance.

Hardware for “Project Greenhouse”

Svet was designed jointly by scientists at the Institute of
Biomedical Problems in Moscow and the Bulgarian Academy of Sciences, Space
Research Institute. There is about 0.1 m? of plant growing area. A meodified
computer controls the photoperiod and the automatic watering sysiem. Air
circulates to cool the lamps and to hold temperatures close to those in the
cabin. An improved version of Svet was developed and delivered in 1995, In
addition to many technological improvements, it allows a wider range of pho-
toperiods and has about twice as much irradiante as the original version of
Svet.
Under the direction of Cail Bingham in the Space Dynamics Laboratory at
Utah Slate University, an environmental data system has been developed. This

" Stress can be defined as any environmental parameter that limits plant growth below ils gencetic
potential {or less rigorously, below the yield and quality levels observed under “normal” conditions
on earth}. By analogy to physical science, the actual reduction in yields or other measured plant
parameters may be referred to as sirain.
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has involved the major part of the U.S. budget and human effort. The biggest
challenge was to develop infrared CO, analyzers that could measure CO, levels
up to 2 % with an accuracy of +£0.035 %. To measure photosynthesis, plants
are enclosed in a transparent plastic bag (actually two cuvettes, each one above
half of the root module, which is also divided into two compartments). CO,
and humidity levels of air entering and exiting each cuvette are measured. This
requires four infrared analyzers. Because removal of humidity was not feasible
in this project, the CO, measurement had to be carried out with an open §ys-
tem rather than closed cuvettes in which the humidity would increase to high
levels, producing condensate on many surfaces. Such an open system to mea-
sure photosynthesis requires a much higher level of accuracy than would be the
case in a closed system in which the plants could be allowed to draw down the
CO, as it was being measured. The necessary levels of accuracy were achieved.

In addition to the infrared sensors for CO , and water vapor, the environ-
mental data system includes sensors for leaf infrared) and air temperatures,
irradiance, pressure, oxygen, and substrate moisture (16 probes based on ther-
mal conductivity). Leaf area must be estimated to provide photosynthesis, res-
piration, and transpiration readings, and this was to be achieved by leaf scan-
ners when plants were sampled and by estimates based on photographs. All of
this instrumentation was flight qualified and is presently installed on Svet in
Mir and on ground control versions of Svet. (The leaf scanners were not used
by the cosmonauts in the 1995 experiment; for the 1996 experiment, we are
considering measurements of samples after they are returned to earth.)

Much attention has been given to the root module because of the difficul-
ties mentioned above in achieving ideal moisture, nutrient, and oxygen levels in
the substrate for plant growth in microgravity. In the current experiment, changes
were made in the root module compared with its status in the 1990 experiment.
Hydraulic conductivity was improved by using substrate particles of smaller
average diameter and by more dense packing to assure firm particle-to-particle
contact The substrate is a zeolite called Balkanine. It was precharged by Bul-
garian scientists with the nutrient elements required for ideal plant growth,
and indeed such plant growth has been achieved with Balkanine in many earth-
based experiments. To improve our understanding of water and oxygen avail-
ability to roots, a mathematical model of water movement based on concepts
of soil physics and thermodynamics (free energy) was developed by a graduate
student, Scott Jones, working with a soil physicist, Dani Or, at Utah State
University.,

Tabie 1 shows the schedule for “Project Greenhouse”, The equipment was
delivered to Mir during June and July of 1995, and an experiment was carried
out on Mir-19 and Mir-20 from August to November 1995. The goal of this
first experiment was to test the hardware and to obtain plant data that will be
compared not only with data obtained in ground experiments but also with
data obtained during the 1996 experiment. That experiment will be carried out
between March and December as indicated in Table 1. It also involves an
attempt to grow plants through a complete life cycle with environmental
measurement and sampling. In addition, a second crop of plants will be hat-
vested when they are approximately 35 d old and returned to earth at liquid
nitrogen temperature in the GN, freezer. These plants will be analyzed for
various chemical parameters including a suite of plant hormones that are known
to be extremely sensitive to environmental stresses.
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Table 1

Schedule for "Project Greenhouse”

Mission Date Objective
Spekir Dacked with Mir June 1, 1995 Equipment delivered
815711 Tuly 7, 1995 Delivered root module and seeds
Mir 19 and Mir 20 Angust to November, 1995 Experiment “Greenhouse 24" a

proof-of-concept experiment 1o test
the hardware, obtain plant data

STS-74 Movember, 1995 Return of root module and
plant samples

ST8-76 March 21, 1996 Launch: root module, fixation kit,
logbook kit

Priroda Module April, 1996 Launch new light block, controller,
and spare parts

NASA-3 July 1o December, 1996 Seed-to-seed experiment;
second planting (35 d)

&T5-79 August 1, 1996 Launch hard disc M2

STS-81 December 5, 1996 Recover sainples from seed-to-

seed experiment plus the

second planting (35-day-old
plants frozen in GN,, freezer

for subsequent chemical analysis)

The experiment involved four kinds of procedures carried out in space:

1. Recording of environmental data, This was discussed above. As noted, the
parameters included soil moisture status ( 16 probes plus two sensors that are part
of the Bulgarian root module), leaf (infrared) and air temperatures, irradiance
(two sensors placed bellow the lights and near the top of the leaf cuvettes), carbon
dioxide and oxygen concentrations, water vapor concentration, and cabin pres-
sure.

2. Photography. A camera bracket was designed to be attached to Svet in such
a way that nine photographs could be taken at each photography session. Three
photographs were to be taken at each of three positions: looking directly into the
unit at a low level, a higher level, and the same higher level but with the camera
tipped toward the substrate by a few degrees. At each position, a photograph was
to be taken from a center position, from the left of center, and from the right of
center. These were to provide stereo views of the growing plants that might help in
estimating leaf areas. Unfortunately, the camera bracket was misplaced before the
experiment began, It was located only after the experiment was complete.

3. Plant samples. Samples were to be (and will be in 1996) taken according to
the schedule shown in Table 2. Although the stages did not occur as hoped (see
discussion below), plants were sampled five times. Each time, some plants were
fixed in chemical fixative for subsequent anatomical analysis on earth, and some
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plants (first two stages) or excess materials were placed into desiccant bags where
they were dried; dried plant material can be analyzed for such parameters as min-
eral element content, cellulose, and lignin. At the time the samples were taken,
plants were to be placed on a leaf scanner that measures leaf area. This would
allow us to document growth rate and would also provide areas necessary in the
expression of photosynthetic and respiratory data. As noted this procedure was
not carried out in 1995; we are working on ways to measure leaf areas of the
returned fixed samples.

4. Final harvest. In the seed-to-seed experiments, the goal was to harvest ma-
ture plants with viable seeds. These plants were to be placed in desiccant bags for
final drying and to prevent growth of fungi. Because mature plants are dry anyway,
it is not necessary, to use chemical fixatives. There were no seeds or even sterile
heads produced in the 1995 experiment (see discussion bellow), but the available
plants were placed in the desiccant bags as planned. {Some fungal growth was
detected on one of the young plants in a desiccant bag; apparently the sides of the
bag had been pressed together so that water vapor could not move from the plant
to the desiccant.) In the case, of 35-day old plants (1996 experiment), fresh plants
will be placed in the GNz, freezer and returned to earth. Excess material if there is
any, will be placed in desiccant bags.

As shown in Table 2, plants in the seed-to-seed experiment are to be sampled
at five stages. In a workshop with American and Russian participants in Septem-
ber, 1995, it was agreed that our original schedule should be changed slightly. Of
great interest to plant anatomists and cytologists are the events that occur during
gametogenesis (formation of pollen and the embryo sac) as well as the growth of
the pollen tube and fertilization, which is the combining of the sperm nuclei from
the pollen tube with the egg and the endosperm nuclei, We realized, on the other
hand, that seed filling is a relatively less interesting stage in the plant’s life cycle,
albeit an important stage in the production of the final seeds. Thus it was decided
to take the last three samples during the period of gametogenesis to fertilization,
hoping to catch some of these events in progress.

Table 2

Sampling schedule for the seed-to-seed experiments

Original sampling schedule Madified sampling schedule
(As of September 12, 1995 in Moscow)

Prefloral: 6-day-old seedlings Prefloral: 6-day-old seedlings

Early florak: 13-day-old, young plants Early floral: 13-day-old, young plants
Boot stage: ca. 30-day-old plants Boot stage: ca: 30-day-old plants
{crew determines) {crew dctermines)

Anthesis: ca. d5-day-old plants GametogenesisfAnthesis:

ca. 42-day-old plants

Seed Filling: ca, 60-day-old plants Pollination/Fertiiization:
ca. 49-day-old plants
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The 1995 Experiment {Mir 19-20)

As this manuscript is being prepared, “Project Greenhocuse,
1995” has just been completed. To summarize, there were several failures of the
Svet hardware sent to Mir in 1930, but enough of the problems were overcome to
keep the plants growing during the 90-day interval from seed planting to harvest.
No heads were formed, however, so sampling times were arbitrary and not based
on visible, developmental stages. The following outlines the expenment as events
were reported to us {or as we participated):

Events during Greenhouse 2

l. August 7. Cosmonauts initiale installation of the Utsh squipment for “Greenhouse 2." We plannaced a daily
transfer of data to carth via MIPS (Mir Interface to Payload Sysiems), but the MIPS system was tested and failed.

2. August 8. The setup for Svet and the Gas Fxchange Measurement System (GEMS) was completed.

3. August 9. Svet and GEMS were provided with power.

4. August 10. “Program 1" was ron to test the Svet hardware.

5 August 11. Cosmonaut Nikolai Budarin, who was assigned to our project, initiated “Program 2” on the
Svet cantrolier; this program adds water to the root module. The moisture sensors reported thai cuvetie Ml
received too little water; cuvcite Ne2 received more hut only about half of the desired amount.

6. August 13, (Aug. 13 is assumed o be day zero.) Program 2 had been initiated again, providing sufficient
water to cuvette Nel but too much to cuvetie water to cuvetle Ne2. Seedy were planted.

7. August 14 (day 1}. The lights were turned an (“Program 3"}, and three of the six lamps in the light unit,
< specifically those over cuvette Nel, shut down after a brief functioning period. These lamps remained off, and a forth
lamp also failed although we are not sure exactly when this cccurred, Continued tests of the MTPS system [lailed.

8 August 15 (day 2). The Balkanine was still too wet in cuovatte Ne2 although cuvette MNel had about the
right amount of water. The excess water in cuvette Ne2 may have inhibited germination. It was concluded that the
leaf bags {properly called cuvettes, but this term has also been applied to the two compartments that make up
the root module) were resiricling the flow of cooling air by the lamps and probably causcd the malfunctioning of
half of the lamps. Thus the leaf bags were removed, and the GEMS was hooked up to run in looped-back mode.
It provided analytical data of CO, levels in the Krysral module, but photosynthesis measurements were not
possible for this experiment (Modified bags have becn designed and constructed to allow more airflow past the
lamps. They will be sent to Mir for the 1996 experiment.) [t is not clear, however, that the lamp failure was
caused by restricted air flow caused by the leal bags. Temperature data indicate that the lamps overhieated twice
after the leaf baps were removed (ea. days 6 and 40). This apparently occurred because the fan that was supposed
to cool the lamps when off and had to be restarted by the cosmonauts. In any case, plants were subjected to high
temperatures {at least 45°C) 1wice during their growth cycle, and this may have had profound effects on the
course of their development.

9. August 16 {(day 3). The Sver automatic controller failed because of an overloaded power supply caused by
the non-functioning larps. Hence, the systern had to be operated in mapual mode (i.e., lamps and the water supply
system had to be turned on and off by the cosmonauts). The lamps over cuvette Ml were confirmed dead.

10, August 17 (day 4}, Germinating seedlings were about 1 cm tall. The Svet controller still failed to fuoncticn,
and lights were turied off when the cosmonaut retired and on again upon arising, Thus plants received about 16 h
aof light and 8 b of darkness each day — a photoperiod teo short to promote rapid development of flowers and sead
heads. {Lights were left on over night five limes: ca. days 51, 64, 76, 82 and £9.) Plants werc watered for about 5 sin
the morning; the root modules were very wet, The GEMS moisture sensors were used o determine the daily water
doses. 13ata from the computer screen were radioed orally to earth. These data indicated that all sensors were
functional and properly instailed, Actoally, the equipment had not becn properly erounded, and th;s led to errone-
ous data, noted in the next entry.

11, August 18 {day 5} Cuvette Nel had 36 healthy plants (reduced-light side); cuvette Nel had 10 plants,
and a fungal growth was noted on the wicks {(determined to be harmless). (The seed skrips sent to Mir had 26
seed; thus, cach cuvetic had 52 seeds For a total of 104 seeds in Svet.) The light sensors suggested that light
levels, in spite of the lamp failures, were higher than in the ground studies. It wow appears that the
overheating thal caused Lhe lamps to fail also upsel the irradiance sensors because the controller was not
clectrically grounded. When a ground was hooked up {ca. day 36), irradiance was seen 10 be very low.
{There is & possibility that lamps function more efficiently in microgravity becavse of the lack of internal
convection, but such an effect was not sufficient to provide ample light in this experiment.) The relative
humidity in the core module of Mir was about 65 % and about 50 % in the Krysra)l module where Svet is
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located. Temperature increased io abowt 28°C because of an oven experiment Jocated next to Svet (23°C is
ideal for wheat). The cosmonauts reported that the camera bracket we had specialiy designed and con-
structed (o take stereo photographs was lost somewhere on Mir, It was subsequently located bul too late to
take the desired pictures.

12, August 21 (day 8}. The root modules were hoth drying aut. Thers was a question about whether seeds
should be replanted in cuvette No2: the decision was delayed pending more information,

13, August 22 (day 9}. More seeds germinated mostly in cuvette Ne2 as the over-wet substrate dried ont, The
irradiance sensors reported 450 pol m? 5! in cuvetie Nel and 650 umol m? 57 in cuvette M2; this made us very
optimistic until the sensor malfunction was finally deduced. Becausc corrections must still be made to the recorded
data, exact figures for irradiance al the plant level are not available; irradiance was probably about 100 uenel m?s! or
less. In ground tests, irradiance levels were 250 pmol m? s, which was sufficient but not as high as might be desired,
Photographs were taken but unfortunately without the camera bracket,

14. August 24 (day 11}. There were 40 plants in cuvetie Nol {20/row} and 17 plants in cuvette M2 {row 1 = 6;
row 2 = 11), The plants in cuvette Ne2 that germinated later than those in cuvette Nl seemed to be catching up. This
is probably because they were recciving somewhat more light. The decision was made not to replant sceds in
cuvette Ne2,

15. August 26 (day 13). Piants were about § cm tall and appeared quite heaithy. They had reached the 3-leaf
stage. Six plants were placed in chemical fixative and three were placed into desiccant bags (first sampling). This
stage was to have been the prefloral stage, but 13-day old plants usually have passed that stage.

16. August 31 {day 18). Four plants were fixed and three dried at the 3 or 4-leaf stage (second sampling}. This
was to be the early floral stage, but only examination of samples will tell us if the plants had initiated florai
primordia,

17. September 3 {day 21), The Svet controlier completely failed so that it became impossible to turn on the
lights or to add water to the substrate. This led to a frantic weekend in which Bingham at the Space Dynumics
Laboratory communicated with Ivanova in Bulgaria and with our Russian coinvestigators. The problem was finally
diagnosed as low voltage (S V) from the power supple. A way was devised to provide 12 V from the Utah power
supply by conneecting the appropriate plugs with paper clips. After 33 b of darkaess, the lights were back on,
everything was waorking, and the plants were growing. A video recording was telemetered to carth, but reception was
poor. Nevertheless, it was possible to see that the plants did indeed appear healthy.

18. September 6 or 7 (day 24 or 25), Soyuz docked with Mir, and Yuri Gazenka replacing Budarin.

19, September 11 or 12 {day 29 or 30). Budarin returned the hard disc from the notebook controlier, allowing
us to cxamine complete environmental data for de first month of the experiment {data that should have beey sent
to earth via MIPS).

20. September 16 (day 34). Four plants were fixed and two dried. At this age, plants would normaily have been
i the boot stage (third sampling).

21. September 18 (day 36). A video was taken showing the equipment and the plants, which appeared to be a
normal green color (although color balance of the lights makes this somewhat uncertain). The piants were growing
in all directions, more like crab grass than wheat! OF conyse they did not have the directional force of gravity to
orient them; apparently they did not grow dircctiy toward the lamps becanse Svet was lined with mirror Mylar so
light came from essentially all directions (as we had planned with our Russian colleagues to increase the light the
plants received).

22. October 5 (day 53). The stems and flag leaves {attached to the head, if a head had formed) of six plants
were chemically fixed and the remaining leaves were placed in desiceant bags (fourth sampling), This was to be the
gametopenesis stage if plants had developed as they do on earth, but as noted, heads failed to form.,

23. Getober 21 {day 69). Another video was taken, again showing a fairly good green colar of the plants.

24, October 25 (day 73}, Six siems and flag leaves were fixed and excess material dried at what would have
becn the pollination/ffertilization stage (fifth sampling).

25, November 8 (day §7). The experiment was terminated, and plams were harvested into drying bags. No
heads were visible to the cosmanauts.

26. November 12. The U.S. Shuttic Atlantis, ST5-74, was launched to dock with Mir. Durtng subsequent days,
samples and equipment (root moduie, lamp bank, controlier) were transferred to STS-74,

27 November 20. Samples were returned to earth at Kenncdy Space Center and divided among U.8. and
Russian investigators.

28 November 27 to December 1, 1995, A science meeling was held at the NASA Ames Rescarch Center,
Moffett Field, California, to discuss the 1995 experiment and to plan ground and space studies for 1996, Attending
the meeting were the following 1.5, and Russian investigators; Salisbury, Bingham, Carman, Campbell, Walkyria
Gonealves (graduate student), Sytchev, Levinskikh, and Podolsliy (Chernova and lvanova were present ai Kennedy
Space Center. Personnel from Ames included Bubenheim, Yendler, Greenawalt, Jahns, Lagel, Patterson, Pletcher,
Savage, Schnepp, and Tverskaya (interpreter).
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Synchronized ground control and post-flight
experiment procedures

After the hard discs from the controlling notebook com-
puter were returned to earth, it became possible to work up detailed sets of data
on the environmenta! parameters that were recorded. This has been accomplished
to a large extent. We have documented when the lighls were actually functicning,
levels of moisture in the root moedule, air and plant (infrared) temperatures, and
other factors. These data make it possible to establish a synchronized ground
control in which temperatures, CO, levels, light, etc. are duplicated. Such a con-
trol was discussed in some detail among U.S. and Russian investigators at the
meeting at the NASA Ames Research Center following return of the samples and
data. The synchronized ground contrel will be carried out in Moscow and a simi-
lar study will be done at NASA Ames under the direction of Bubenheim, who will
not have a copy of Svet fo use but who has capabilities to control pressure and gas
composition somewhat more accurately than will be possible in Moscow.

When the root module was returned to earth, it was examined by several team
members (Yendler, Bingham, Podolsky, Levinskikh, Ivanova, Chernova, Salisbury
Bubenheim, and Campbell). The goal was to examine distribution of water and the
presence of microorganisms,. The Balkanine in cuvette N2 was wet enough {about
21 to 27 % of dry mass} that water might have been redistributed during the
accelerational forces of landing and while standing before delivery to us; bottom
layers were wetter than upper layers, supgesting that this was the case. The Balkanine
in cuvette Nel appeared only slightly wet; moisture content varied from about 17 to
19 % of the dry mass. {Note the rather narrow range of wetness from “slightly wet”
to “very wet” appearance; this range roughly represents most of the water that is
available to plants.} Analysis of the data from the soil-moisture probes (recorded on
the hard discs) indicated that there was a sharp range in moisture content, with the
Balkanine close to the wicks where the seeds were planted being very wet, essentially
at [ull saturation, whereas the Balkanine some distance away was fairly dry. This was
not apparent in the module returned to earth, but there was much time {(about two
weeks) for water to be redistributed after the final watering.

Some chemical analysis will be carried out to study the available nutrients and
other soil characteristics of the Balkanine. Procedures have been discussed at length,
but budgetary considerations may limit how much can be done.

Fixed and dried samples were distributed to U.S. and Russian investigators
for microscopic analysis. Some of the dried material will be examined for nutrient
elements, cellulose, lignin, etc. These analyses will be carried out in Russia, Utah
and NASA Ames Research Center. The frozen material, to be returned in late
1996, will be analyzed for plant hormones (abscisic acid, indoleacetic acid, several
cytokinins), free amino acids, and other chemicals. Although at the time of this
writing the samples have not been examined anatomiczally or biochemically as
planned, a striking initial observation was that there were no visible heads al-
though the plants remained alive in the low light conditions for 90 days until the
final harvest. Under such low light conditions on earth, plants have always formed
heads even though there were often no seeds in the heads. We plan to study at least
three factors that could have led to the continued vegetative state in Mir: (1) Our
ground studies under low light have always had continuous light, and it is known
that long photoperiods strongly promote flowering in wheat, including Super-dwarf.
{2} Brief treatment with high temperature. Such temperatures (45°C or higher)
occurred twice the first time when the plants were only seedlings; such tempera-
tures could have destroyed the flowering process. (3) Water logged substrate. Lack



87

of oxygen around the roots can lead to ethylene production, and ethylene inhibits
flowering in many species. As noted above, de Balkanine was super-saturated much
of the time, especially where the roots were located.

Experiment verification test

An experiment verification test was carried out at the Insti-
tute of Biomedical Problems from February 21 to May 24, 1995. The Bulgarian
Swet was used with the lights and controls comparable to those expected to be
used in the 1990 experiment (but, because of equipment failures, not comparable
to those in the 1995 experiment). The substrate was Balkanine, and the full Utah
instrumentation was attached. All scheduted samples and photographs were taken.
For the first time in six or seven similar but somewhat less elaborate trials, plants
were healthy all the way to harvests. It was felt that the soil-moisture probes made
it possible to maintain a near ideal substrate moisture level. Samples and photo-
graphs are not being analyzed. The Utah instrumentation functioned well except
that there was too much CO,, enrichment noise to allow accurate measurement of
photosynthesis and respiration. Ways were devised to overcome some of these
limitations, and rough photosynthesis measurements were obtained. In z some-
what more stable environment, continuous photosynthesis measurements should
be possible as had been previously planned.

Seven kits were tested in the experiment verification test, and some modifica-
tions were suggested. These kits were and will be used on Mir to carry out “Project
Greenhouse”. The kits are: fixative, harvest, leaf—area—measurement, glove bag,
dry stowage, log book, and observation {photography). (As noted, the leaf—area—
measurement may be dropped if we can cobtain reliable measurements on fixed
plants.)

Some ground-based research

Many studies that cannot be described here have been car-
ried out in Moscow, Utah State University, and NASA Ames Research Center
as preparation for interpretation of results obtained from the flight experiments
[8—10]. For example, at Utah Stale University six, foam-board Svel mockups are
located in each of two temperature-controlled rooms. Various subsirates have
been used in these studies including zeolite, perlite/peatmos (ca 80/20 %), and in
the near future hydroponics. Each mockup has two plastic bags (cuvettes) as in the
flight and ground control Svets. Photoperiod is controlled individually in each
mockup, and CO, levels are measured as gas enters each cuvette. Levels, including
levels as high as those in Mir, can be set manually.

In studies with this facility we have documented the uniformity among the
various mockups and we have demonstrated that, at the light levels expected in Svet
in Mir, plant growth is much better at 22 °C than at 27 °C. The substrate is clearly a
serious problem even on earth at 1 g,- In addition, we have clearly documented the
promotive effect of long photoperiods on the rate of flower development.

In other studies we have grown Super-dwarf wheat under a range of low irra-
diance levels. We have studied ways to measure leaf areas. We have developed
fixatives that remain stable for many months. We have learned to break a post-
harvest dormancy of Super-dwarf wheat seeds by treating moist seeds with cold.
We have validated the GNz, freezer for storage. At NASA Ames, we have carried
out preliminary studies with high CO_, (Bubenheim), and Yendler has studied mois-
ture distribution in Balkanine and other substrates (e.g., glass beads).
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Otmexnade Ha MueHuna copT “Cynep-IxKymxe”
Ha pyckaTta opOuransHa cranums “MHUAP”

(Ilpoekt “Opamxepus”)

Gpanx Carucbopu, Ietin Bunzxan,

Viiaam Kamnben, Howon Kapmawn,

Cmussn bpayu, Jlunoa Iurecnu, ITam Xon,
Baadumup Cwiues, Hzop IHodoacku,
Mapeapuma Jeeuncku, Hetisud BybdeHnxetim,
Bopuc Enonep

{PesrmomMme}

B crarusta e onucan ekcuepumeHTsT “Opaipkepus 27,
NpOBEfeH Ha opGuTangaTta craguusg “Mup”, mo dyHramenTamuus OHOIOrHYeH IPOEKT
Mup-Hlaten’95. Brxcnepumentsr ¢ craprupas Ha 10 asryer 1995 r. o 19-THa H
npoaBkes oT 20-THa exunax Ha “Mup”. Toit e onut a2 ce OTIIENg MILEHUNA COPT
“Cynep-Kymxe” [I0 BpEMe Ha IMH LT BETETAIHOHEH LIHKE U A2 € CKCIIePRMEHTHPE
alaparTypaTta 3a KCHTpONMpaHe NapaMeTpHTE Ha opeliaTa, Ch3Aa/eHd B YHUBEPCHTETA
B mwat H01a, CAIll (JlaBopaTopus MO KOCMMYECKE AMHAMEKR) ¥ MOHTHpAHA KLM
OBATAPCKATA KOCMUHECKa opamkepud “Caet”, CraTuATa 3acara obuiata Opranu3anis
W HAay4yHUTE PE3yNTATH OT eKcrnepHmenrta. [IpencTtaseiio € nonpobuo onmcaHHe Ha
excriepumenTa “Oparmxepus 2", TOMHO XKax1o csOHTHATA ¢a OrnK npe/iaBani Ha 3emsra,
Janena e cwiilo nporpamata Ha Pycko-Amepukado-boiarapekus npoekt “Opamxepua”
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Photoelectric transducer based
on the use of Mouarov’s effect

Kamen Valchev, Jivko Jekov,
Garo Mardirossian, Ivan Hristov

Space Research Institute, Bulgarian Academy of Sciences

Nearly all automated and robotized systems necessitate the
measurement of linear shiftings through executive mechanisms with small con-
structional dimensions with enhanced positioning accuracy. To satisfy this neces-
sity, a number of such mechanisms have been designed and are operatingd in
practice [1-3]. -

The aim of the development here described was the design of an executive
mechanism and linear-shiftings sensor with reduced dimensions and high posi-
tioning accuracy, suitable for exploitation in space aircraft, too.

A piston photoelectric transducer based on the use of Mouarov’s effect is
proposed, combining the functions of an executive mechanism and a linear-
shiftings sensor [4].

The piston photoelectric transducer based on the use of Mouarov's effect
consists of three cylinders 1, 2and 3 (Fig. 1). On cylinders / and 2, by a photolithe-
graphic method, concentric hatches are marked, satisfying condition:

2 3 4 5 6
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{1) W=@; ©=0+Awand ¢, =@, :5'

where =@ is the distance belween two adjacent hatches of cylinder 7;

®y,=®+Aw - the distance between two adjacent hatches of cylinder 2;
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© = ¢, =§ - the angle at which the hatches of the Ist and 2nd cylinder are

drawn with respect to the x-axis.

On cylinder 3, light-dicdes 4, are fixed which form opto-electronic couples
with photo-diodes 5, .

Substituting conditions (1) in the equation of Mouarov’s combination stripes,
we obtain:

@ W= S
\{ B 0 .
5 O+ m5 ~20; 0, cos (@ ;)
an
3 W 910, _ o(o+Aw)

W,— 0y A®

where W is the distance between two adjacent combination stripes.
From here, about x-axis:
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where ¢, ¢, are the distances at which the first hatches of the two scales on the x-
axis are Iocated p is the successive number of the combination stripe.

From expression {4}, it follows that, in this case, the combination Mouarov
stripes are parallel to the y-axis (Fig. 2).

Fig. 2

The piston photoelectric transducer based on the use of Mouarov's effect,
operated in the following way. On change of pressure in front of piston 6, cylinder
1 moves forward or backward depending on the direction of change of this pres-
sure. Here, a linear relationship between pressure and mechanical shifting is as-
sumed. On movement of cylinder [ in either direction, the light flow from light-
diodes 4, is modulated by the Mouarov combination stripes. On formation and
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amplification of the electric signals from phoic-diodes 5., two logical levels are
obtained — a logic “0” and a logic “1”.

The low electric potential of the logic “0” results from the low level of the light
flow, and the electric potential of the logic “1” — from its high level. The transition
from *“0” to “1” and vice versa corresponds to the shifting of Mouarov's combina-
fion stripe.

With a view to reducing external noise, the light- and photo-diodes operate in
the infrared section of the spectrum optic range. The laboratory experiments showed,
however, that this is not enough, so additional noise-proof coding of the light-flow
had to be made.

As a result of the unification of the sensor and the executive mechanism, the
operational parameters of the transducer are reduced, and the use of Mouarov’s
effect increases the accuracy of the linear shifting registration.
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®doroenexTpruer npeobpasysaren
C M3NOA3BaHe Ha edexTa Ha Myapos

Kamen Boaues, Kusko XKexos,
Tapo Mapoupocan, Hean Xpucmos

{Pesome)

OGexT Ha cTaTHATZ €2 IPEAIOKEHUTE METOM H Peall3aIis
Ha OyTajien GOTOCIeKTPHECH IPeofpazyBaTel ¢ HANO3BaHE Ha elekTa Ha Myapos,
B KOHTO c¢ obeaunaBaT QYHKUMATE HA HITHIHUTEIHAST MEXAHU3BM ¥ CEHCOPA 32
NHHEHHY npeMecTBarus. KaTo pe3yaTaT ce NoBRIIaBA TOYHOCTTE HA OTYMTAHE HA
JMHEHHOTO IPEMECTBane Npu HaMalenn raGapuTy Ha HpeoSpasyBaTeli, KOETo
[0 MpaByu NOAXOAAIL 38 eKCNIOATANKA H B KOCMMYECKY JeTaTeNHH aNapar.
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Bunrapcka akanemis Wa haykate, Bulgarian Academy of Sciences
AepoxocMmusecky u3cnefsanus 8 Bunrapus. 14. Aerospace Rescarch in Bulgaria
Coibms, 1998, Sofia

Masnku IByKaHAJIHHA GOTOMETPH
no npoextn “Aktupen” u “AlIIEKC”

Fotivo Kotives

Hucmumym 3a xocmuuecku usciedeanusn, BAH

B llenTpannata nabopaTopus 33 KOCMHIECKH U3C/IC(BAHHY,
WuctutyTa 3a xocMmu4ecky uscnenBaHud u llesTpanuata mafoparopud 3a
CMBbHYERO-3eMIH BE3AcHCTBUA Opu Bhiarapckara akamemMus HAa HAYKHTe Ca
pa3paboTeHy PefUlA CHEKTPOMETPHYHE CHCTEMM 38 BEHAYMUA, YIITPABHOIETOBUS
H HEQpAYEpPREHUA NHANA3Z0H 34 M3MepBaHe Ha caalyu QUTHYIIM €MHUCHH B
foroctepata [1 m ap]. Tean eMHCHE C& CICACTBHE OT ABIEHHA, HPOTHYAIIN B
appopaliaTta obacT, Ipe3BHKAHN OT K3CHIIBAHETO HA IOTOUH 3apEelil YaCTHIH
II0 BpeMe Ha MarHuTHM Dypu, reHepupade W AUCHNALMA HA ENEeKTPOMATHHTIIM
BHIHH, MOAHOHIHpAHE HA OCHOBHHTE ITapaMeTpH Ha CPE/laTd M B PE3yNTaT
WHTEHIK-QUIKpae Ha eCTECTBEHUTE ONTHYHE eMHCHE. BeHUKH Te3u npolecH Ha
EpeobpasyBase 112 ellepruda BOJAT Ao HoHOChepH ¥ Marsnrochepin CMymeRNs
B IIIMPOK CHEKTHD HE SJIEKTPOMATHUTHUTE BBHIHU.

B nocnearo Bpeme 2a H3y4YaBaHe HA CIOXHHTE (U3IMYECKH IIPOLECH,
NpOTHYAINE B founcchepHO-MATHHTOCGEPHATA IIIa3Ma, C& LUPOBEXAAT H
EKCTEPHMEHTH, BKIIOYBAIIY AKTHBHH BBL3ACHCTBHA BBPXY OKOJHATA ILJIa3Ma QT
fopra Ha KOCMHHYECKH anapaTh, KAKBETO §1Xa IPOBCACHH 110 UPOekTHTE “AKTHBER”
# “ATIEKC” [2].

B uacTHOCT H3MepBaHeTo HA cnabuTe OUTHYHH eMMCUM, NPEJU3IBHKAHH QT
TOBA BE3ACHCTBHE, CUHXPOHHO ¢ M3IMEPBaHHATA B APYIH obilacTu Ha eNekTpo-
MarHHTHUA CIIEKThD, 8 HEODXOU UM efepMenT 38 U3LCHABAHETO Ha TE3H IIPOUECH,

M3spectuy ca 2nauuTencH 6polt ypenu, paizpaborenu 3a macineysBalug 1o
roperocouennsa npodnem, JIeTeNN Ha PazAUYEY KOCMHYECKY 00EKTH, IO PazIMYHO
BPEME ¥ CLOTBETHO H4 Pa3fiM¥yHO TeXHHUHUecKO HEBO. Tosa ca ypenute EMOI no
EMOS5 [3], Coextep 15 u 256 [4], Oora 1 u 2 [5], CMII 32 [6], xaxto u npubop ®C
[71 32 npoexT “ATIEKC”. Beuuku Te3n ype/i ca CIIEKTPOMETPHYHM aIIADETH, 9pe3
KOHTO €& M3MEPBAT OITHYHH €MHCHHM OCHOBHO BLB BHEUMUA u Oiusxkns MU
MHANA30H, B HAKOJIKO cUekTpaiuy obnactu. Te ca DUKCHPAHU B 34BUCHMOCT OT
RB3NPHUETATA ONTHYHA CXEMa Upe3 MHOTC Ha Opol MexaHHYHO NPEBKIIOYBAEMHE
HuTepgependny cheroQUATPH — MOHOXPOMATODH, H efHll GOTCUPUCMEHK —
obuknoseno QEY, mnu upes w3uon3paneTo va NUGPAKIMOHHA PEUIETKAa —
[IOJIMXPOMATOD U PA3HECEHH B IPOCTPAHCTEOTO BOTONPHEMIUIH, TOHAKOA ERHH
KOODJAMHATHO 4yBCTBUTENeH npHeMHRK - CCJl nuHud.
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B ofumms cnyuail B Tesu ypemum e mocturaara PEAENHA YYBCTBUTEINOCT,
TOYHOCT ¥ AOCTATHYHA CIEKTPAJIHA PA3HENUTENHA ClIOCOBHOCT 3a CMETKA Ha
SHAUHTENHY rabapuTi, Maca i KOHCYMAlRs HA EHEprUs. B ypenuTe HMa ¥ MexaHHKa
3a yIDaBlIeHKE Ha 3aTBOD M QHITPH, XKOATO € YYBCTBHTENHZ KBM BHOpANIMH H
yckopeuus. Kby HeIoCTaThunTe MOKEM Aa IPHIMCIHM M HECOXOAUMOCTTA OT
OXJIAXJAHE HA NPHEMHEUMTE, KAKTO M BUCOKO 34XPAHBALILO ENEKTPUUECKD
HAMPEXEHUS, B CilyTauTe KOTATO Ce U3Nei3Ba hoTonpuemuux OEY. B nsxom ot
YPEIHTE HE € DEIICH BBIPOCDHT C aBTOKaNnbposKa u KOHTPDONHpPAHE Ha
XapakTepuCTHKUTE O BpeMe Ha pabora.

Te3u ocHOBHM NapaMeTPu HA CIIOMEHATH Te I0-Tope QOTOMETPH, ICIBOILBAT
Te Aa OBIAT H3NMON3BAHM CaMO 3a CPE/HE M TONEMH KOCMHYECKH JleTaTellH
anaparu. ITopanu ronemnre cu rabapuru, maca u KOHCYMallHs Ha eHeprus Te ue
MOraT jJa 0BJaT NPUIATAHM HA MAajKH KOCMUYECKH 0oBeXTH, KaKBUMTO ca
cybensraunuTe Marnon-2 (C2-AK) u Marzos-3 (C2-All) mo npoexTrTe “AKTUHBEH”
n “AITIEKC”.

HeobxonumocTTa OT NpoBexageTo Ha PoTomMerpudlr usMeEpBaHHH OT fopna
Ha TIOCOYCHHTE CYOCHETHALM, B CHCTEMA CUBTHEK—CYGCIETHHE, [0 BpeMe Ha
4KTUBHH BL3JEHCTBUA BBPXY NINA3MAaTA, HANOMKH pazpaboTBAHETO Ha HOB THI
(oromersp, oTroBapsm Ha CrexHuTe CHENUDUIHY HUIHCKBAHUS:

— Hayuna sagaua: usciensane na ciabu ONTUYHHE eMHCHE Ha OKOJIO3EMHATA
ILta3ma B atmocdepara.

— Hucxa eneprokoncymanus, Manku rabapnuty u Teno.

— CeBMECTEMOCT C BB3MOXHOCTHTE Ha PAAHOTENSMETPHATA HA MANIbK
KOCMU4YECKH obexT.

~ Touna upuBpb3Ka Mo Bpeme Ha nonyyeHara HHPOPMAINMA HOpARH
napanensara pabora ¢ APYTH M3IMEPBATENHE CHCTEMH Ha GopHa na cybersriuKa
H OCHCBHHS CUBTHHK.

— Hocturane na gocrarbuta MEHOPMATHBHOCT 1 CICKTpaNHa pasaeldTe Ha
CHOCOBHOCT Ypes H3MEPBARE HA HAKOH XaPaKTEPHM ANHKHE HA EMUCHS, B Cliydas —
OI6300A n OIS577A.

— OcurypsiBase Ba ToisM AMEaMHYeH NHANAZOH Ha H3IMEpBalie Opanu
HEBBIMOKHOCTTA 33 YIIPaRJICHNE Ha MprbOpa Mo Bpeme Ha paboTa.

— OueHxa Ha NOCTOBEPHOCTTA Ha nomydaBaHaTa MBEGOpPMALHMA 4¥pes
HEPHOAXYHA ABTOKANAOPOBKA, OLEHKE HA PAAHALMOHHYU BLANCHCTBUA BLDXY
JNETeKTOPHTE U ID.

Pa3paboTeHnar Ha OCHOBATA HA FOPETIOCOYEHUTE W3HCKBANMS MAIBK
IByxananen potomernsp OAC (Goromernp AByKaHaned cyOcusTHUKOB) 6e peanu-
3UpaH Mo OHOKOBA CXema, IOKa3aHa Ha hur |, ONTUYHATA CXeMa I HAKOH HAPAMETDH
Ha MSITON3BAHMTE OLTUYHH eJIEMENTH Ca TOKa3asy Ha ur. 2, Ha fhar. 3 e lokazana
IPHUHIUITHATS eJIEKTPUUCCKE CXemMy H1a aHAJOIr0BATA 9aCT. B CTPYKTYPHATA CXema
Ha allapartypata ca LIPeABU/ICNH /BA KAHATA 32 CIIEKTPANHY HIMEDBANUS U ek
Katial 34 KadecTBCHA OLEHKA HA PaXMallMOHHATA OBCTaHOBKA, padoremu
napanenso. lonyuasanata uibopmanas ce MYJITHINEKCHPA B 5 ¥ HO euH
aHalANOras TENEMETPUICH KAHAN HOCTDHIBA B TENCMETPUATA 1A KOCMUUECKUS
Hocuten. Ypes Gnoxose 7 u 8 ponyuenarta AH(OPMANMS C& CHIXPOHM3UpA C
BOp/OBOTO BpeMe, a CBIO Taxa upes GOk 9 — YIPABNAEM TEHEPATOP Ha TOK N
UITOAHAUK 1A CBETIIMHA — CBETOJMOM, C& OCHIYPSABa CHHXDOHHA HEPHOMHYHA
kalubpoBKa 110 Bpeme Ha pabora. :

Hsuonssanure GoronpueMuniy pona DOTOMETHPA Ca CUNHIMCRH JIMOIH ©
roxama 1noul. POTenpUeMIRIMTE PaGOTIT BhLE DOTOJHOAEH PEXUM NIPH HYJIEBO
Haupexenue Bopxy Tsax U, = 0 V u exsupanenrso TOBAPHO CHIPOTHBIIEIHE
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ur. 1, CrpyxTypHa cxene na GOTOMETHDA

1 — OITHESCKE CHOTEM2
2 — anaroros Gnok
3 — uudpos Hrox
4,1 — noraprTMHUYEH NpeebpasyBaTen TOK—HANPSHCHIE {xamnan 1)
4.2 — morapuTMBUCE DpeobpasyBaTen TOX—Hanpekerue (kaHan 2)
4.3 — npeobpazybaten Tok—nanpexeHue (xanan 3)
5 — MyATH#TEKCED 34 {2HANOTOBK) HAHHK
6 — GydiepeH yCcHnRaTEN {HIXO KBM TEAGMETPHATE)
7 — exema 32 CHEXDOHHIRNSE C GOPEOROTO BPEME
§ — noTHYeCKa CXEME, OCHTYDABEIA IKIOTPaMaTa Ha pafoTa
9 — GIOX 3a CHHYPOHHA KaInOpobKe
10 — BXOA 32 cruxpOHI3anns curuan DTEN
11 — M3X0A KBM TEIEMETPHATA HA CIIETHHER
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R = 0. Toan pexum Ha pafoTa oCUTYpsBA HEUYBCTBUTENHOCT COpPAMO OKONHATA
TeMrepatypa, NMMHEEHOCT ¥ OrPOMEH MMHAMHEYEN NHANa30H Ha paboTa.
Peanusanusata Ha pexmma ce OCHIIECTBABR 4pes npeobpasyBaTenn TOK —
HANPEXEHNE, KOUTO €A pa3paboTCHN KaTo JOrapuTMHUYHY ¢ LEN pasiIupRBaHe Ha
AUHAMWTHHUS IM4IIA3CH 110 OTEOIHEHNE Ha IOCTRIBALILS OT GOTCIPHEMHEHNKE TOK,
NPONIOPUHOHANEE Ha CBETIKIIHAA IOTOK.

Wsnonssanure horonpuemunny 3 npubopa ca SP103 [8] 32 ®ACI u BPY 12
[9] sa JIC2. [Tpu pabora ¢ npeoSpasysaTenu TOK — HAIIPEKEHUE Te OCHIYPABAT
JMHAMUYCH ANanazon D = 10° npu numeitsoct B paMkute 5a 1%. [Ipomanara na
HCTEKTOPUTE ROBEJC A0 NOBUINABAHE HA TPArGBaTa YyBCTBHTENHOCT HAA 2 LIBTH.

Tlopasn M3KNIOYUTENHO CTPOTHTE HIMCKBAEHS [0 OTHOLICHHE Na enepro-
KOHCYMANAATA H MaJIKUA BXOACH TOK He Bellie Bb3MOKUO H3NOI3BANeTo 4
CTAH/IADTHH JIOTPUTMUYIY TpeobpasysaTeny kaTo Hanpumep 4127 [10], ICLR04S
{11] u ce manoxu paspaSorsanero Ha crBoen JNOTapUTMHYEH LpeodpasyBaTen oK
— HANPEXCHUE Ha TUCKPETRA CJICMEHTH, KaTO OCHOBHO BHUManue belre 06npHato
Ha IOHWXKABAHE Ha KOHCYMAIUATA ¥ HA PASIIMPSBAHE Ha JHEAMHYHES MY JIHAHA30H
KBM MalKuTe TOkoBe. Toil e mocTpoen ma 2 6pos OHEPAUMORNN YCHIBATENN THII
3528 [10}, cnopen uatounuk LM226/2,5 {12], norapurMuYHE NBOIHKH TPAH3INCTOPH
ADSIRB[13] n monsiHATETHA onmepanuoHHM ycunsaTenn LM308A [1 2]. M3xonunoto
HBIIPEKEHUC Ha BCCKH OT IIPeoOpas3yBaTeIUTe 3aBUCH OT AECETUYUHUA OTAPKTHEM
Ha OTHOIICHAETO HA BXOLHUS TOK I (OT JeTEKTOpA) KLM OICPHHA Yie >

Eou=lg2SC1V] | I, =10%A.
J(in
AKO I'Ii‘l ™ Irn:!' TO Uoul > 0 ‘v'

[Ipu Besixo Hamasenwe Ha BXOAHUA TOK 10 I'BTH W3XOLHOTO HaIIpEKeHHe Ce
[OKa4Ba ¢ 1V, KaTo ce HpOMEHS 0610 B IPAHKINTE HA AUHAMUYIIHS AHATA30H OT
0 no 5 V, 3a Bxoaguu Tokose oT 1050 101A.

Hudporusr Gnox e cunresupan ma maxomxo CMOS HITErpanuy cxemu, B
110Ka ce OCBIIECTBABA MYITHIIEKCHPAHETO HA HAaHHHETE, IPUBBLPIBAHETO UM KLM
BXORHAaTa decToTa — curdan DTEN ot fopnosara Tenemerpus ga cyGCnsramxa u
CAHXDOITHO ynpasienne Ha Kanubposka. BnoxsT ocurypssa nepuonuuno
BRIIOYBAHE B UHMKBJ OT 8 BpEMENa Ha ClEAHATE HallpexXesus: 3emd, 5 V, kauan 1,
KaHan 2, kauan 1, xagan 2, xauan paguanys, 3eMa. Ha scexn 256 Taxkupa 1ukbia
Ce BKJIIOUBA 32 BpPECME Ha 2 TAKHBA HHKLJA OMCPHHAT CBETIMHER MITOUHHK —
CBCTONMON, KOHTPONAPAH YPe3 YNPaBiieM reHepaTop Ha Tox. ToBa AoBexma 4o
[I0ABa Ha NPEJBAPDHTEIHO U3BECTHH HATIPEXEeHHWs Ha H3XOMUTE Ha Kanan | | Kayuan
2 ¥ e TapaHIuA, 9e anapaTyparta e paboTocnocobua. Msbpanara muxiaorpama ua
paboTa oCUTypsIBA IECHO PA3NO3HABAHE HA HOpManHaTa ¥ pabora. Lluknorpamara
MOXE J1a Ce M3MEHS B U3BECTHH I'DAHANM CPABHHTENHO JIECHO C NPEBKIIOYBAHUS
Ha mnaTkara Ha uuposus 610k, Ludposust 6nok u IpUMepHaTa MUKJIorpaMa Ha
paboraTa My ca nokasanu Ha dur. 4.

HBa BapuanTa Ha MK AByKAHAICH doromersp DIC paboruxa u npenanoxa
HH(pOPMAIMS 10 BpEMe Ha TIPOBEK AHUTE EKCIIEPUMEHTH TIO NPoekTH “Axrusen”
u “AIIEKC” ot 6opaa na cybensraumm Maruon-2 (C2-AK) n Maruon-3 (C2-AIl),
paspaborenn B l'eodusnunns uucruryr Ha Yexocnopamkara aKageMHusA Ha HAYKHUTE
B [Ipara. U mo para excnepumenta nporpamarta BKIIOUBALIE CHHXpOHHA pabora
Ha CHCTeMa CI'BTHHK—CYOCHBTHHK, KAKTO M AKTHBHH €KCIICDUMEHTH. ITo-nomy ca
AZJCHU OCHOBHUTE XaDAKTCPUCTHKY Ha /IBAT4 BAPMAHTA Ha anapaTypara, Ha dur.5
Ca 1IOK438HW HAKONKC Ceanca Ha Npuera MHBOPMALHKS.
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OcHoBEHU TEXHUKCO-CKCIIOE TERIHOHHH XAPaKTePHCTHKH

QOC—1 “AxTuBeR” GAC-2 “AIIBKC™

1.'bruR B3 3peHRe, O 3° 3°
2. CnexTpalinH KaHaRH 557,7 am—638,0 nm 557,71 om-630,0 nm
3. Bpemena pasnenurenna enocolroCT, T 180 ms 100 ms
4. [isgamuyeH nHanasoH, D 19 198
5. Ilparcea l;)racmwrémzoc'r

3a 557,7nm (5577A) 540R 216 R

32 630,0nm {(6300A) 480 R 180 R
6. Koncymupana monfaoct, P 120 mW 126 mW
7. 3axpasBamy Hanpexe:us, U +i0 Y -5V +10V-5Y
8 laGapurn ' 126x126x168 mm 126x12'6.x168 mm
3. Maca 0,56 kg ‘0,56 kg
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Small two-channel photometers under
the “Aktiven” and “Apex” projects

Boytcho Boytchev

(Summary)

The paper is devoted to the small two-channel photometers
intended for the study of weak optical emissions of the around-the-earth plasma
and atmosphere from board of space objects such as the subsatellites “Magion-2”
(82-AK) and “Magion-3” (S2-AP) under the “Aktiven” and “Apex” projects.

The specific technical and exploitation requirements to the photometers re-
sulting from the peculiarities of the small space objects are formulated, their
structular and optic scheme is briefly described, the most important elements of
their electric circuit are considered, their major technical and exploitation charac-
teristics are provided, and an illustration of the received information is shown.
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Buarapcka axapemus Ha sHaykuTe. Bulgarian Academy of Sciences
ACDOKOCMHKUICCKH HacncaBanug 8 Brnrapus. 14, Aerospace Research in Bulgaria
Codma. 1998. Sofia

EdextuBHOCT Ha BU3MPHY OITHYHY YPeTd
IIpH HaOIICOCHAE Ha OTAAIeUeHI OOCKTH

Husko MHexos

Hucmumym 3a kocmudecky uscaedsanun, BAH

CraTHsATa Ce OTHACA N0 ONTHYHH BH3UPH 3a HaONIOHCHHE
Ha OTHaneueHH 0DEKTH NpHM pasnuyHa #PKOCT Ha ¢oEa B guamaszoHa oT 10° jo
4,210 ¢dfm?,

IIpecmaTaHe HE ONTHYHM BH3HPH C MJIaBHO MPOMEHNINBO AUCKPETHO H
NOCTOAHHO YBENMYUEHHE € IpeLcTaBeHO B [1-3], OTYHTaHE BIHAHHETO Hi
CBETOpPA3CeHBAHETO BbB BUSHDHUTE OUTHHHH YPEIH B [4-5], 2 3aBHCUMOCTTa MEXTY
3PUTENHOTO [I0JIe M BPEMETO 3a OTKpHBaHe Ha obekTa, B [6].

3ajagaTa HAU3CASABAHETO € IPH OTYHTAHE Ha IPKOCTTE Ha (OHA 38 KOHKPETHH
ciyyad ot nuanasona 10° go 4,2.10° cd/m® na ce mpecMeTHe edeKTUBHOCTTA Ha
BU3HPHHSA ONTHYEH YpEX.

3a HeHTHPE HA 3PHTEIHOTS mOJe, eeKTHBHOCTTA HAa BUIHPHUTE CITHHHE
ypeau N ce onpefeNs OT OTHOWEHHETO HA NPEACJIHATE OCBETEHOCT Ha
H3ClIeBaHUA OBEKT, PETNCTPUpAHA ¢ HEBBOPBXEHO 0ko — E , XBM NpefeNHara
OCBETEHOCT, PETMCTPHPAHA YPe3 ONTHYHHA BUHD — K

n N=E,[E,.

Ot GU3NOIOrHYHATA ONTHKA € H3RECTHO, Ue IpeeTHaTa OCBETEHOCT Ce ABARA
tbyHKIHA HAa ApKOCTTa Ha doHa (B)

(2) E=fB)=cB",

KBIETO KOe(DHIIHEHTET ¢ H CTEIEHHHAT IOKA3aTeNl X Ce MPOMEHAT B 3aBUCUMOLT
OT APKOCTTa Ha ¢PoHa,

CrnocoOHOCTTa HA ONTUYHUA ypesd fAa CH3JaBa II0-CBETIO MM NG-TBMHQ
n3obpaxenne ce xapaXTepH3Hpa OT Heropata ¢serocwig H, a koedMIHeHTET Ha
CBETOPA3CEHBAIE BIHAL BLPXY KOHTPACTE Ha H30DPDAXKEHHETO,

Ceetocunata H ce onpenens H OT OTHOUIEHHETO 2 OCBETEHOCTTA OT
paBHHH&Ta Ha HSOGPaKCHHCTO HA OIITHYHHA ype,u;, KbM HI}KOCTT& HA O6CKT&,
OTYUTAHKA NONLIHHTENHATE APKOCT A B OT ¢BETOpA3CeHBAHETO;

(3) H=FE'|B +AB,

kpReto AB=P (B +B,), B e apkocT Ha obexra; B, - ApkocT Ha ¢oHa.
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3a npoasarosar obexT, HabmoKaeM Upes ONTHYEH BH3UD, CBETOCHIIATA €
= 2
(4) Hzm g Tn_c d t
a 3a TOYKOB 0DexT

(5) H—r.e=g Ta.c D 2’
KBOETO g=n(n)2.rm ¢ KOHCTaHTa 32 0XK0TO; I, d, ca BXOAAIN M U3XOAAII AHAMETED
Ha BU3HPHATA ONTHYEZ CUCTeMA; T - XOeMIHEHT HA CBETONPONYCKAaHE Ha ONTHY-
HaTa CHCTEMAE.

Torara 3a uscnensane #a IPOABATroBaTH 06EKTH, K3NON3Bakn hoOPMYIIH (3)
® {4), ce nonyuasa :

©® H/H, =BB + AB=1 _Bd¥5",

KBACTO [ e koedMIMeHT Ha creTopasceiiBane; d /82 - oTHOlIeHMUE, XapakTepHO
camo Ipn & £, ONpeAETAIO HETBIHOTO U3TIOA3BAHE Ha AMaMeTLp4a Ha 3eHHNATa
Ha HabnmoaaTens,

3a H3CNeABaHe HA TOUKOBH OOCKTH, M3ION3BAHKH dopmynu {(3) 1 (5} u
3aMecTBalkxyM D =4 °r, {r — BUAUMO YBENHYEHHE HA ONTHYHATA cHCcTEMA) ce
HCAYYaBa HAPaAsET

Q) Hoo I =E,  JE =7, Brd s

le-! IIPEMHHABAHE HA CBETIIHHETA IIPL€3 ONITHYHA CACTEMA
(8) E'=7_rEd s,
) B=8 T d?se.

Cermocrassiike 3mavernara va E u B' oT uapasute (8) u (9) ¢ (2), 3a oxoTo,
BBOPLIKEHO ¢ BUSHPHA ONTHYHA CHCTEMA, B IICHTHPA HA 3PHTENHOTO MY [IOJE ce
noRy4yana

(10) E vt k.dS=f(B, 1, k,,d?}s3,

KBJETO k; ¢ koeQuumeHT, oTuutawl edexra Ha Crainc—Kpoybopa, nokassaig
CYMapHOTC BB3ASUCTBHE Ha CBETIIMHHHUA [IOTOK BBPXY OKOTO Ha HAOMIOAaTENA,

Wsxoxnaiixu o1 sasucumectare (1), (2) 7 (10) # oTuuTalikn apxocTTa Ha thoHa
B 33712 1N UHTEPBAN ¥ IPOMAHATA MY, 38 e)eXTHBHOCTTA Ha BUIMPHEMS OIITHYEH
YPEX B CHTHPA HA 3PHTEIHOTO NOJIE CE TIOy4aBa

cr* Bk (d*56H) (B +AB)
¢ [Bks(dY8% (B +AB) "]

(IH N =

o

KBIETO ¢ M # ca xoehHIIHenT I cTeneHeH H0Xa3aTes, CLOTBETCTRAINHM HA
IPOMEHIMBATE IPKOCT Ha (bOHA.

CTORHOCTHTE Ha KOBQUIHMEHTA i CTElIeHHMA TOKA3aTeN €4 IPELCTABEHH B
Tafmna 1.
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Tabmruna 1
SpkoceT Ha dosa B (cdfm?} n c
B <310 0 1,10
BE=1310" . 824 1,2187
B=310" 067 3,72.,147
B=736 0,84 2,2.107
B=310° 0,84 2,2.187

EdexrupnocTTa Ha BUIHPHHUSA ONTHYEH YPEA B 3ABUCHMOCT OT 3PUTENHOTO N,
NoJIE ¢ ONMpenesa aHaJIOTHYHO OT H3pa3a

NB=(c/c’) (B +A B)“'_“' T2z Bk d¥6§H™.

B zakmoueHne crexBa ga ce OTOCNEXH, Ye 0a IIONYIeHH H3PA3H 33 OlpenensHe
Ha ebeKTHRHOCTTA HA KOHKPETHM BUSHPHU CNTHYHM Ypead npu Hadmogenue Ha
OTHaJleueHn o0ekTH IpH pa3vdsa IpkocT Ha $OoHa, XaTo ca NPUBENCHHA JAHHM 3a
CTCHHOCTTA IO KOeQHUUMEHTA ¢ ¥ CTEeNEHEHUA IIOKazarTel H, cnocoboTBAInK 3a
IpecMATaHE B IHANIA30HA Ha ApxrocT Ha GonHa ot 10° 5o 4,2.10° cdfm?.
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Hoemonuna na 27. 11, 1997 2.

Efficiency of visor optic devices in
the monitoring of remote objects

Jivko Jekov

(Summary)

' The paper is devoted to the efficiency of visor optic devices
in the moniforing of remote objects with different background brighiness. In par-
ticular, the results from the study of the efficiency of optic visors with background
brightness from 10°¢ to 4,2.10° ¢d/m?® in the monitoring of point or elongated
objects are presented.
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Bepuodukaius Ha mporpaMHoOTO
OCUTYpsIBaHE HAa KOMIIOTHPHHU
CHCTEMH 33 YIIPABJICHHUE H CHCTEMHM
34 IIOJIyHaTYPHO MOJIeJIMpaHe

ype3 MoleNnn Ha Xoap !

Ilnamen Xpucmos, ITemsp Ieyos,
Ilnamen Aneenos

Hucmumym za kocmuuecxy uscaedsawusn, BAH

Cratusara e npoasibkenue #a "Iloaxon 3a NpOeXTHpaHe U
U3CJIeIBAHE HA KOMIIIOTBPHU CHCTEMH 33 YIIPABJIEHHE Ha JICTATENHU ANapaTH Ha
basara ma moxenu Ha Xoap“, nybnuxysana B kH. 12/1996 r. Ha mopeauuata
"A€pOoKOCMUYECKH H3CISABAHNA B Bpirapus®.

Bepndukanus Ha nporpaMy — TOBAZ € NPHIOKEHNE Ha DOPMANHH METOIH
(®M) 3a KoKa3BaHe HA KOPEKTHOCTTA HA MPOTPAMHATA CHCTEMA HPELM HAYAIOTO
Ha paboraTa f(a Moxe 61 1 B mponeca Ha paboTa). IToA KOPeKTHOCT Ha Mporpama-
Ta ce pa3bupa HeifHATa afeKBATHA PEAKIMsA HA PA3TUYHH BXOKHH NaHHK,
IOJIyHaBane Ha U3XOMHH NaHHU 32 ONPEACIICHO BpeMe (CHCTEMH 3a DEAHO BPeMe),
nunca He Geskpaliny MEKITH, He3Kpaliino 3zeMaHe Ha PecypeH, KOeTo & 0coBeHo
CHOXHO 32 [ICKa3BaHe U JOCTUTZHE NIPH NAPAIeHM CUCTeMY,

ITpens EAKOJKO TOAMHYE NPRIOKEHUETO Ha HOPMATHI METONY B IPOrPAMHO-
T0 ocurypssane {IIO) u B yactHocT — B [10 Ha ynpapisBalu CHCTEMH, C& CMATALIE
32 HEZOCTATHYHO ODOCHOBAHO HO Pej NPHUYHHE — NPUIMKEHHETO HA CHOKHUTE
MaTeMaTHIHd METONH 3ATPYAHABAIIE TPOTPAMUCTHTE, CMSITATIIE CE 33 HEBB3MOXHO
Aa ce Hampasu NOCTATHYHO HafeXiHa cHeuu(ukanus ¥ Bepubukalus Ha
CHCTEMATE, NPHIOXEHNETO Oclle 3aTpYAHEeHO (4 ¥ cera €) mpu H3IICI3BaHe HAa
KIACHAEeCKaTa TEXHOJNOTHS Ha NPOrpaMUpaHeTs, JIHICBAXa OPOrpaMEM MAKETH,
4BTOMATH3MPALLY IPrAoKeHHeTo Ha OM. [Topanu ToOBa IEPBOHAYANHO HAMEPHXA
IPpUSGKEHUE METOAM, 3aHHMEBAIIK Ce ¢aMO Cbe cueunbunupane xa [10
(Z - rotauus [1-5] u gp.). OTAenso 3a yupasigBalluTe CHCTEMU Y 0COBEHO 3a
CIIOXHITE KOCMHYCCKH M ABHALMOHHM CHCTEMM C€ CMATAILE 32 HEROIYCTHMO
IpunoxerueTo Ba M nopanu TAXxHATa YHHK&NHOCT M CHOXHHTE MTOPHTME.

' Macnemsannsra ce dunancupar or HO " Haydusu asencupanna” apr MOHT - nor. U-305/93.
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CrmespeMenno, ne gasxd Ha NASA Langley Formal Methods Group [6],
ped xatacTpodu ¢ JeTATENHH anapard Ca CTadall NOpaly HeHaJeKAHOCT Ha
I1O, waBaia 0T HEBBAMOKHOCTTE 38 IPOBEPKATE MY € KIIACHYECKHE METOIH.

« Fl4: monapa B cepenesi nopafd rpemixu B Taktrueckore I1O (Sofiware
Engineering Notes, Volume 9, Number 5).

s F18: xatactpodupa mopanu rpewxu B [1O {Software Engineering Notes,
Volume 6, Number 2).

¢ AFTI-F16: ponro s3auMomefCcTBHE Ha LIPOIECHTE B IPOTrPAMIATA CHCTEMA,
Ape#d M IIyM B NATYHIHTE BOXST JO OTKA? HA CHCTemaTa. [Ipu3emsaBa ¢e ¢
YIpaBJcHHE IO eOHE KaHal.

e X29: oTkputa e rpeuika 8 [10O upes cumynaunu cnen 162 nonera. AHamnansT
[IOKa3Ba, ve rpemkata Gu Morna fa goeefe fo HecrabunnoeT u aaryba Ha camoneTa.

e HiMAT xaractpodupa nopaqe rpeika no epeme B [10, HeoTkpuTa mpu
ODLIMPHHUTE TECTORE.

3amo ca Heobxonumu @M u KaxBO NpeAcTaABIABAT?

KomnrioTeprara cucreMa Moxe A4 He palOTH IOpany ZOBpegda BEB
DusuNecKUTe KOMUOHEHTH MIIH IOPALH FPRINKM B IpoeKTa/peanusannara Ha I10.
3a cucTeMn, XKONTC TpAGBa Ha IPHTEXaBaT CBPBXBHCOKZ HaJEXKOHOCT H
GesomacHocT, TpAGBA & ©€ MMAaT IpeMBHA U IBaTa ciayuad. FMa yeranosenu
TEXHOJIOTHH 32 OTKpHBAHE HA IIOBPEH B KOMIIOHEHTHUTE, DA3HPpaHH Ha MOJENH Ha
Mapxos. I'pemknre B tpoekra Ha [10 npeacrasnaBaT MEOFC IIO-TONAME 3a1171ax4.
3a cpxkanmenue, HAMa HaydHo oGoCHOBANA 3alll¥Ta MPOTHE Taly 3anjaxa, KoATo ia
€ HaIIbJIHO NPHICKHMA B NPAKTHKaTa. VM3 TPH OCHOBHH CTDPATeTHH, KOHTG CE
NPUAATAT B TO3H ClIyHak:

. TecTore (HATYPHO MOAEIHPAHE);

2. PoBactuo ITO (Design Diversity), pafoTocnocobHO IPH HIKOH TDelIKH
(N - version nporpaMupaHe, OJI0KOBE 3a BL3CTAHOBABAKE H APR.);

3. Usbsreane Ha rpewmkure — PM (hopmanna cnenudukanus/BepuinKamus,
8BTOMATHYEH CHHTE3 HA NPOTPaMH H Op.).

IIpoBneMsr B HATYPHOTO MOJENHPaHe ¢ HeeDXCAUMOTO BpeMe 3a J0Ka3BaHe
Ha CBPBXBHCOKATA HAZEXIHOCT Ha cucTemaTa, Hampumep, 3a ga ce aokaxe [
BEPOATHOCT 3a OTKa? 3a | 4ac MUCHS, CHCTeMaTa TpaOBa fa C¢ TeCTRa OBedYe OT
114 000 roguin.

OcHopHaTa HOed Ba pobacTHOTO NPOTpaMUpPaNe € Ja C€ H3NOA3BAT OTASHBH
eKMITH 32 NPOEKTHDRENE/PEaNM3aIdL, 38 /Ia C& NOIydaT Pa3NIMdiM BEPCUM OT €JIHa
cuenuukangs, Cnem TOBa C& M3IION3BAT HETOYHM 11Parosy u3bHpaTeny, 3 Oa ce
MacKHpar e@exTHTE OF IPELIKMTE B HPOSKTHPAHETO B €IHA 0T BEPCHHTE.
Hanexyara e, 4¢ HEOCTATHUMTE B IPOCKTA WIE IPOABAT TPEITKUTE CU HEIABUCHMO,
3a chxanenue, TO3W METO & OTXBBRJICHE IIPH HAKOIKO excnepumenTa ¢ [10 ¢ Hucka
HagexarocT, OcBen TOBA, TOIH MeTOA He Moxe Na 6sae nposepeH 3a [1O ¢ Bucoka
HageXKOHOCT, ThH KaTo ¢e H3UCKBa IpeKalelo MHOTO BpeMe.

GopMalHETE METCOH, XKAaTO He JIM MIPelIaraT SRUHCTBeHNA 3AIHTEH METOX
OT TPENIKM R NPOEKTAa Ha NMporpaMara. 3a CHCTEMHTE, 33 KOUTO € Heobxonuma
CBPBXBUCOKA HANEKAEOCT, H3INEXA HAME APYT #300p, OCBEH Nla CC HPOSKTHPAT
10 Hall-CTPOUMs HAYHH, M3BECTEeH HOCEra, 4 MMEHHO — U3lIoN3BaHe Ha OM [6].

OM ce m3u0J3BAT 33 CHEHUPHUKPAHE H MOACIMpPANE Ha NMOREACHHEIO Lid
CHCTeMala ¥ 38 MaTeMaTHUECKa IPOBEPKA Ha TOBA, JAJIH OPOEKTHT H Pealu3anusra
YAOBIETROPABAT (YHKIUOHAIHNTE ¥ 3aI{MTHUTE H3UCKBAHHS HA CHCTEMATa.
Crnenndurranugra, MOACTIPAHETC ¥ BEPUQPHKANUATA MOFAT fia C€ HaAUpaBaAT
¢ W3NOJ3BAHE HA PA3JHYHH TEXHHKH ¥ € Pa3jIM4¥HA CTENeH Ha CTPOrocr.
Enga npHMepHa paspocTpaHeHa TOCNEeLOBATENHOCT € IoKa3aHa 110-HORY:
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Huso 1: Dopmanna crenuburanus Ha OITaTa HIK Ha HaCT OT CUCTEMATE.

Huso 2: Qopmanua cruenudukauns 1a e Wi [0BeYE HEBA HA aBCTPAKHOCT
M PBHUIO JAOKa3BaHE HA TOBA, Y€ AETAMNU3HPaHaTa CUEHHOHKALNSI ChADPXKA II0-
abcrpaxTHaTta cuenuduKanung.

Hugo 3: Gopmannn eKkasatencTsa 4pes IpOrPaMu, TOKA3BAIIA TCOPEMIL.

B 3axymouenne ma of3opa moxe na ce nutupa [7] "TexHUKHTE, GCHOBAHH Ha
opmann METORH, TakuBa KaTo e3uka CSP (Communicating Sequential Processes)
AOKA33HO HaW-IBbIHC YIOBNETBOPSABAT HIUCKBAHUATA 32 IPEOJIONABAHE Ha
CIIOXRHOCTTZ B CHENUDUIMPAEETO Ha KOHKYPEHTEH, BIOQXKEHH, pasnpeislieny
CHCTCMH M CUCTEMH 34 PERJIHO Bpeme”,

Huec ChuiecTBYBAT PEA TOTOBH HPOTPAMHH HPOAYKTH, TO3BOIABAIIH
cuenmpuurpane n sepnduxanns na [10 ¢ pasnuuna crenes na aBCTPaKTHOCT Ha
cnenu@uranugrta. llle pasmename HaKpaTKC HIKOW OT THX.

* B-Method zafop 0T MaTeMaTH4YECKM METOAM 32 ClHeludULEDAHE,
NIPOEKTUPAHE U PEANM3AlNA Ha IporpaMHu KoMnoHenTH, CucreMaTa ce MoJielupa
KaTo HAOOp OT B3AMMO3aBUCHMH A5CTPAKTHE MAIIMHM. AGCTpPAaKTHATA MALTHHAE Ce
omxcpa upes AMN (Abstract Machine Notation), kKoHTO e 6a3upan Ha CHCTOSHUA
€3uK 3a opmannu cnenudukanur. C AMN ¢neTOsHRETO cée MOnelupa ¢
H3MOJN3BAHE HA MHOXECTBA, OTHOIUCHHSA, PyHKIHM, NOCNEXOBATEIHOCTH B AP,
MeTo[ET onpesens Kak Ja ¢e IpoBepsBa CHeLUBHKANMATA 32 YCTORUMBOCT | KAk
@ ¢¢ DpOBEpPABA NPOEKTHT M PCANM3ANMATA 328 KOPEKTHOCT (Ha JAHHHTE u
ANrOpHTHEMA).

* EVES/Verdi — Brirouna esux za cuenudukanuu (Verdi), remepatop na
IpaBiia 32 HOKadBaHe, aBTOMATHYHa CHCTema 3a 3axiogenue {NEVER),
HETEPNDPCTATOp, KoMuunarop. Verdi e ¢opmanna HoTauus, 6asupaHa Ha
HETHIHU3HPAHA TEOPUS Ha MHOXECTBATa, KOATO MOXKe [a C& M3NOJIBE 33
NPEeACTaBAHE HA CTPOrH MABTEMATHYHHM KOHISNNNH, Verdi ¢e H3IMoN3Ba 33 JOKa3BaHe
Ha TEOPEMHM OT TEOPMA HA MIOXECTBATa, 38 JOKa3BaHE Ha (PYHKHHOHAIHA
KOPEKTHOCT Ha AllAPATHE CTPYKTYPH, HporpaMun cTpykTypn u ap. EVES e cucrema
3a BepU¢nkauus Ha nporpamM, zanucand Ha Verdi [ORA — Canada).

¢ FDR (Failures-Divergence Refinement) — nporpamen naxer, KoliTo
NO3B0JIABA ABTOMATHYHA TIPOBEPKE HA MIIOTO BH3MOXHOCTH HA CHCTEMY C KpaeH
HaBOp CHCTOAHMA UNH THAJIOTOBO H3CNENBAHE Ha MPOLECH, KOUTO IPOBANIAT TE3H
nposepku. basupan e na crammaprnata {(untimed) maremaTuuna TeOpHA Ha
B3aUMOACHCTBAILMTE OCHeNoBaTenun npouecy (CSP), xosTo ce nuTepecysa ot
pena, 1o He B OT TOMHOTO BpeMe Ha cLOuWTHATA. Paspaboren e cuenuanno 3a
MHLYCTpHAaNnuK npunoxenus. [Tpunaras e 3a npoexrupase na VLSI, nacTpoiika
Ha MPEXOBHU IIPOTOKONHY, YIIPaBiienHe, 00paboTra Ha CHIHANH # JIp.

¢ PVS — ¢neTou ce o1 e3uk 3a cmenuduxanny, NpeBapUTENHO 3aNaHEHN
TEOPHH, IPOrpaMa 3a JI0Ka3BaHe Ha TEOPEeMH, YTHNUTH. E3ukwr 33 chenmduxainy
¢ Gasupan Ha KJacWvecka THNHUIUPAHA JIOUHKA OT BUCOKO nupo. PVC
Cuenu(pUKaInUTE Ca OPrAHU3UPAHN B [IAPZMETPHIUPARU TEOPUH, KOWTO ChilhPXKAT
OPEARONOKEHUS, AeQUINLEY, aKCHOMH U TEOPEMHU. YHaCTHUNH B NMpOEKTa ca
NASA u ApYIa 2epOKOCMHYECKH KOMITAHNUH,

* VDM — SL (M Toolbox) — enuy or Hafi-pasbutuTe HOPMAHE METOMIH,
Ipe/iHa3nayYen 32 QYHKUNOHANHA HPOBEPKA Ha IPOTpaMHH cucTeMy. LlerTpanen
enement Ha VDM e eauxsr 3a cuenuduranuu — VDM ~ SL, xoiiTo ce #3I10138a 1a
dasuTe Ha CHenubUKalKA B peannsanns xa [10.

¢ CABERNET — momuspxa hopManHO M3rpak/aHe Ha cHCTEME 2a peanio
speme. Ilpemocrass cpena sa cuenuduuupane, U3MLIHERAE ¥ BaTHAANUS HA
creUM(pUKaNUUTe HA CHOTEMY 3a PeajHO BpeMe, Ba3upaHy Ha BPEMEHHO U
(GYEKIIOHANHO paslIHpenne 5a MpexuTe Ha [TeTpu.
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¢ VDM++ {Venus) — moaabpxa pa3paborka Ha 00CKTHO-OPHECHTHDAHK
KOHKYPEHTHH CHCTEMH, Ha fazaTa HA KOMOMHAMS OT MPUIOKSHHETO HA rpahuyne
Mofenupane ¥ GopmanHa cneuuduxanus. B xpas ma mponeca ce LOCTHTE 0
reHepupane Ha UPOTOTHIL.

OO0IIH XapaKTEePUCTHKH HA pa3rieJaHHTe METOLH:

(mo-ckopo Ha UpOUeAYPHTE 3a paspaboTsare Ha 1O ¢ Tax)

» B noBeueTo METORMKH CE TPOBEPABA CICIMEHMKANHATA K PEANHIALMATE, THH
KATO Te ¢4 pa3paboTeHy 3a TapaleiaHh e3HIH,

» [ToBeYETO METOAUKY IPOBEPARAT 34 OUPEHEIeHH BUAOBE HEKOPEKTHOCT.,

* [Iponecsr Ha BepudHKkauus oOMKHOBEHO € METEDAKTHBCH ¥ H3KCKBA
[OCTAaTHYHO ABATC BPEME. :

¢ HepranmoxHa e BepHbHKalUITa B PeasHO SpeMe Ha aBTOMATHYHO Ch3JaeHH
CHEUMPHKAIHH,

¢ [ToBeueTo NPOAYKTH H3UCKBAT CPABHUTEIHO MOLTHHE KoMIoTpH {Sun SPARC,
Silicon Graphics # ap.).

« Bepuduxaiuara e efHOKPATEH NpOLeC, NPOTHYAI (Moxe 6M HA HAKONKO
HUTEpalKH) Ipef} Ha4anoTy HA paboTaTa HA CHCTEMATA.

Ot fipyra cTpaHa, BepUDHEKaHHATE Ha eIHA PEKOHQUIYpHpania ¢ CHCTEMa
Tpabsa Aa ObAe HemIPekbCHAT NIPOLeC ~ BCAKA HOBA KOHQUrypamua ce ¥3passpa ¥
B HOBa cHenupukanus (Bb3MOXKHO — ChCTaBeHa 0e3 ydacTHe Ha YO0BEK),
KOPeKTHOCTTA HA KOATO OT CBOA CTpaHa TpabBa e 6Bhe fokazana. Topa HIUCKBE
METOJI, IO3BOIABAII HENMPEKbCHATA BepHDUKaLus. B 610KOBO-MOAYIHUTE CHCTEMH,
OpH HalW4Uero Ha KUaJioroB H/HAM aBTOMAaTHYeH MPOrpaMeH reHepaTop,
CHTYAHNHATA CE ONMPOCTABA OT TOBA, Ue He ¢ HeoOXOAMMO J1a C¢ POBePsABa KpaiiHaTa
peanusanus Ha [10, THH KaTO TA ¢ reEepHpa aBTOMATHYHEO 110 CneluprKanuara
(IIpoBEpABA €& CaMO KOPEKTHOCTTA HA CICHU(HKATIUATE).

OcHoBHH IapaMeTpH Ha MeTOAA 32 BepHpHKanug:

» onpocTer GopMaJIcH TOMXOX — IPHEMA €L, 46 aKO CIENHDHKAIHATA 0TTOBapS
Ha 3aK0HA4 Ha X03D 38 ChOTBETHATA CTPYKTYP2 HA IIPOLECHTE, TH € KOPEKTHA;

+ "OclOBHATA OTIOBOPHOCT® 38 KOPEKTHOCTTA lia IPOTrPAMATA C& IPEXBLPIIA
BBPXY criennGUKauMsSTa, Thit KaTO e paboTH ChC CTARAAPTHH CTPYKTYPH B OBEKTH
{mopmenn Ha Xoap) u hopManHaTa cnelH(pHKALNA C& CHCTABA aBTOMATHIHO O
TEXHOIIOTHYHATA, TO C& UPEANoNara, Ye NIporpaMara ce ChCTaBsa NPABUIHO.

Onucanne Ha merona. Cueuu$HKailHATA Ha CHCTEMATa € CNMCAHMETO HA
npencnaraemMoTo A nosegeHue. Korato cucTeMaTa ¢ H3rpaZieEa OT B3aUMO/ICHCT-
BAlM NPOLHECH, HAH-€CTECTBERO TPH HabIIOAEHRE HA TOBEHEHHETO € PARIIIEXAAHETO
Ha HEHHIA IPOTOKOM H IPOTOKOINTE HA CLCTABAILATE g Npoueck. Crenudukaniata
Ha €U [pOoileC C& CHCTOH OT ONMCAHHE HA HETOBUTE NMPOTOKONH H TEXHBTE
cpofictsa. Cuenndunupa ce IOCHeACBATENHOCTTa OT AEHCTBUSA, KOUTC U3BHPIDBA
IPOIECHT, KATO OCOBEHO BHEMAHKE IPH B3aHMOREHCTRAIIKTE LIPOLECH CE O0pHILE
Ha cnenr(buKalIUATa HA B3aUMOASHCTBUATA [I0 KAHANHTE Ha IIPOleca.

Axo P e obexT, oTroBapsul Ha cnenudnxanusTa S, To ce kassa, ue P
yHoBneTBOpsBa S, ¢hkpaTeso P sat S. Topa o3nauasa, ue S OLUCEA BCHYKH
BB3MOXHH PEIYNTATH OT HAGIICHEHUETO HA TOBEACHRETO Ha B MK, C ApYTH AyMH,
S = TRUE gpceku onr, KOTaTO HERHATE IPOMEHIIMBH IPHEMAT 3HAUCHNS, TONYIEHH
B pesyntar oT HabmoueHuero Ha obekra B 1. . —

Ynpnpe trace(P)= S,
knjaeTc np e mpOMEHIKEBa, KOATO O3HAYAB3 IPOU3BCNEH NIPOTOKOI Ha ITpoleca B

Jloxa3ssa ce KOPEKTHOCTTA HE Ha IIpOrpPaMHH CTPYKTYP¥ (OT poua Ha x:=y,
IF THEN ELSE, FORK, JOIN un gp.), a Ha CTPYKTYpH 01 00eKTH (IpOLEcH,
arperaTH W Ap.) — HAIPEMEP:



169

System= F || B,; CSP - onucanuena cucremara.

CSP - onucanpe Ha IPOHECHUTE

R = Adden, — Prop,; — Stat;; — SepPoint; = Prop;;
F, = Prop,y; — Propy, — SepPoint,| — Staty,;
ITpoToKoNIHE CHCTCMATA

trace (System) = trace(B, Urrace( P )

[IpoToxonHa A

trace(P; )= (Addeql,Prop”,Statl 1»SepPaointyy, Prop;, );
IIpoTokonHa P,

trace(P2 )= (PropZI ,Prop,,,SepPoing,,,Stat,; );

3a XOPEKTHOCTTZ Ha TakaBa CTPYKTYPA € NOCTATHYHO IPOTOKOJIHTE {CyMaTa
OT NPOTOKOJIMTE Ha CHCTABAIIUTE # ODEKTH) JAa OTroBapAT HA H3BENEHUTE B
CSP sakony,

Ocnosen npodaem. Vzsexane Ha NpOTOKONUTE — 1p, np’, np”’ v T.4. (u3Bexmar
ce Ha 6asaTa Ha a30ykume Ha OpoIecuTe U arperatute). AsGyka Ha npouec: {Prop,
Statl, Stat2, Matrix, SeparatePoint, Mul, Adder, Vector...}. A3byka na arperar:
{input, Transfer Function, output}. Transfer Function e MHOXecTBO oOT
peiaBaTe iy (PYHKIMA: NPONOPHAOHAJIHE, ANEPHOANIHA, KONebaTenHa, cyMHpaue
" Op.

* IIpoTOKOAH Ha Tpoleca — NOCIENOBATEIHOCT OT 3BeHa, KOHTO YYACTBAT B
npoueca,

* ITpoToxony Ha arperaTa — CTOMHOCTH HA BXOLA U H3X0Ha Ha arperara.

¢ M3uncnsuBane Ha OPOTOKOMHTE.

B TeopmaTa Ha Xoap ca H3BENECHM 3AKOHH, [IO3BONABAINH & CE JOoKaxe, ye
npoxecsT P choTBeTcTBA Ha CBOATA cneuudukanus S. ETo HAKOH OT THK:

a. STOP sat (np = <>) — T0Ba ¢ npollec, KOUTO He IPABE HELIO U UMa npa3seH
IIPOTOKOA;

6. Axo PsatS, ro(¢c > P)sat(mp = <>V np, = ¢ & 8(np")), xenero np' e
[pOM3BOJIEH IPOTOKON Ha (¢ — P). Bcuuxu 3akonu ca mpusemeny B [8].

3axonnTe Ha Xoap ONpemeNsT KOPEKTHOCTTA HA CTPYKTYPH OT MpOIecH
(¢ -=> P; ¢->P | b->T; c->P || b->T n Iop.). KopekTHocTTa HA camuTe NPOILECH -
F T n 1p., ce onpenens 0T KOPeKTHOCTTA HA ArPEraTHTE, OT KOUTO Ca ChCTaBEHH,
TBH KATO BPBIKUTE MeX/y arperaTUTe ca JMHEHH,

OnpenensneTo Ha KOPEKTEOCTTA Ha arperaTHTe CTaBa Ha BA3ATa HA TEXHUTE
cnenuduxaunn. CrnenquGHKATUUTE ce ONpemeNaT Ha 6a3aTda Ha IMCKPETHHTE
IPEXOAIM XAPAKTEPUCTHKH Ha 3BEHOTO M MHTETpana Ha Jroamen M dHamyecky
OIMCBAT pEaKUMATA HA arperaTa IPH IPOU3BONIHK BXOIHH Bh3geiicTeia, Ob1maTa
(opMyna 3a ONMPENENsHEe Ha PEaKUHATE Ha ATPEraTa e:

Y€)= ) <0+ [hle=)x@a,

KBAETO A(f) ¢ npexoxnata $yHEKnuMA Ha arperata, x(0) — 3mavdeHHero Ha x(1) .
mpa ¢ = 0, (2} — u3xomeH curral, x(f) — BXOAEH CHTHAN, WK



110

n "
=G Tkt 2B U
i=1 j=0

KLAETO @, 7 b ca koeGUUHEHTH Ha Au(epeHIHOTO YPABHOHYE, y, ¥ U, — IHCKPETHA
BXOIEeH ¥ H3XCJEH CHIHal Ha arperara.
— 3a arperata [1 — 3BeHO;
’ ! ,.
PA={(0<np; <npi_; =|np, — K *np; 1< 1},
KBAETO NP, Ca CIICHMAIHN NPOMEHIIBH, 0O03HAYABAIIN IPOU3BOINH npmoxonu
Ha arperaTute {Hanprmep — 32 PA — np € BXOREH curuan, a ap’ — usxojen); ny’, e
W3XOQHHUAT CHTHAIl Ha NpPEAXOAuEs arperat, K — Koe{bmmeHT Ha YCHIIBaHE Ha
3BEHOTO.

— 33 arperaTa AIepHOARERO 3BeHO oT II'I:pBH pen (AZl1) —

y(t)= “_ymj T u(@)ds.

Kato ce npueme £,=(k-1)T u t=kT, ce nonyana

= Vil kT _kT—T

vi=e Ty, +k Je " ufr)d(z).
{k-1)T
JrdepenyHOTO ypaBHEeHHE B Cly4as UMa BHAA
YT m@ Y thyugy
KoeunueHTuTe HA YpaBHEHHETO UMAT CIEAHUA BHE!
T T

a,=-e Ny b=k, T)1-e h

Ot tyk cnenuduxanugaTa Ha AZL e

AZ1=(0<np, <npl )= Inpl —{—a) yroy +b ug IS

OHpC,IICJUIHCTO Hz KOpSKTHOCTTa CTapa 4YpC3 NIPCABAPUTEIIEQ UIYHCISIBAHE
Ha MPOTOKONUTE Ha X0ap 3a NPOLECH U aTPEraTH U H3cliefBaHe Ha CROTBETCTBHETO
Ha TERH HPpOTOKOJIM Ha 32KOHEHWTE Ha Xoap. 3a HPOUECHTE NPOTOKOJIA CC OIIPENCIIN
OT IOCINEeAOBATENHOCTTA OT ATPEraTH, KOHTC Io GOpMUPAT, H OT BPEHIKUTE MY C
IpYTH NpolecH. 3a arperaTHTe NPEABAPUTENHO MOXKE 04 Ce ONpPEAeNH Camo
JHala30oHa Ha H3MEHEHME HA TIPOMEHNHBATa np. B TO3M CMUCEBI METOLBT 34
BepHGHKAIMS MOKE X2 HPOABIDEM paboTaTa CH B PEaNHO BpPeME KATO YacT OT
METOMA 34 KOHTPON Ha paboTaTa Ha CHCTEMATa HUpe3 IIPOTOKONH Ha Xoap.

MeTonsT MoXe 4 Ce IPEACTAEH KATO HAKCNKS NOCIeAOBaTENHA CTHIKH:

1. OnpenensHe 5a THOA (CTPYKTYPATE) Ha IPOLECE WM TICACHCTEMATA;

2. M3uncnsapane na IpoTOKOIHTe upes Gyuxuuara trace (P):

Cxener®sT Ha QyHkuusara trace (P} e nokazayd no-jmony. Ts paboTtu no
THIIOBATE KOHCTPYEUUE Ha Xoap (aNTEPHATHBEM LIPOLECH, TAPANESIHE IIPOUECH,
PEeKYPOHUBHO ONPEHeNeHH IPOLESCH, nponecH ¢ u3bop ¥ Ap.), IPOTOKOJIUTE Ha
KOUTO ¢& H3BeAcHH B [8].
trace (P}= (R)}* &

if P = (STOP,) then trace (P) = {<>};

elsif P = (¢ — P} then trace (P} = {<> U }<c> A t|t € trace(P}};

elsift P = (¢ » P [d — Q)then trace(P)= {t|t = <> V (i, = ¢ & U'c trace(P)V
(t, = d & t'e trace{Q}}};
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elsifP=(xB 5 PX)={tt=<>V{t, cB&te trace(P(t,)}}}
elsif P = (mX : A.F(x)) = U trace(F(STOP ));
n20

elsif P = (P || Q)then trace(P)= trace(P)(trace(Q);
else t = trace(P||Q) then
trace(P||Q)={t]'(t | R)€ trace(P}& (t |'\C: Q)& trace(Q)& te {& R U o Q)*}
serearrerseers EPYTH KOHCTPYKITME HE XOBP-11vivrvrervsnsssnins
else
end.

3.1Iposepxka Ha npoToxoIHTE {M360P OT MHOXECTBO CTAHAAPTHH HPOTOKOIH)
upes dyaxunsta SAT(BS(np)), xosro B 0611 BAA € HPUBE/IEHA NO-NCHY.

B To3n CMHCBI METONBT € ¥aCT OT METoma 3a XOHTpON Ha paborara Ha
CHCTEMaTa Ype3 MPOTOKCNH Ha Xoap, ThH KATO OPOTOKCIHTE MCraT Nia ce
IPOBEPABAT KAKTO NPEABAPHTENAHOC, T4Ka M IO BpeMe Ha paboTa.

SAT(BES(np)) =
if P = STQOP then
if np = <> then return TRUE;
else return FALSE;
end;
elsif P sat S{np) & (¢ — P)then
if (np = <>V (np, = ¢ & S{np"))) then return TRUE;
else return FALSE;
end,;
elsif P sat S(np)} & (¢ - d — P)then
if (np € <ed> V (mp i <c,d> & S(np™))) then return TRUE;
else return FALSE;
elsif P sat S(np) & Q sat T{np)& {c — P|d > Q) then
if (np = <>V (np, = c & 8(np")) V (np, = d & T(np"))) (*S(np’) & T(np"))
ca crnenuduxanuy Ha W3dpauata anTepratusa®)then return TRUE;
else return FALSE;
elsif Vx e B.P(x) sat S(np,x)) & (x:B — P(x)) then
if (np = <> V (np, €B & S(np’, np,))) then returnTRUE;
(*npouec ¢ H300p OT MHOXKECTBO™)
else return FALSE;
elsif P sat S(np) & Q sat T(np)& P || Q then
if S{np [ 0 P)& T{np |\ ¢ Q) then return TRUE; (* napasiensn
npouecu *)
else return FALSE:
—————— LPYTH CTAHOAPTHHE CTPYKTYPH ----—-
else return FALSE;
end;

Hporpamno ocurypspaze Ha METOA2 3a BepadUKanys

IIO paboTs Ha Ba3aTa HA MACHEBH OT HAHHY THII RECQORD, B x0HTO € 32111 caHa
ClueuPUKANKATA HA IPOLECUTE, arperaTHTe (THIT i NapameTpH) U BPB3KUTE MEXKJTY
TAX (xagannre}. Peannsupano e sa Modula-2.

M3uuciuTensy eKCNepuMERTY C METOfA 3a BepuhUKads

C meTo/a 64xa UIBBPIMICHE PeX CKCIEPUMEHTH, KaTC My GAXa 3a1aBaHH
KOPEXTHH CHEUMPUKAIMT U TAKHBA, ChABDKALIE HEKOPEKTHOCTH — HANPHUMED
IPH B3aUMOLEHCTBHE Ha HAKOJIKO IpOIleca 10 eAuH BH3HIECKH KAHa)H MOXE A4
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ce 3allafic €IHH OT KAHANHTE A& M3BBPILIBA HEIPEMEHHO CHHXPOHHEO
B3aMMOAEHCTBUE, T. €. — O& M34aKB2 FOTOBHOCT OT KOMYHMKHpalUlHd C Hero
nponec. Tosa e 6noxupa pa6oTaTa Ha APYruTe IPOLECH, BIAUMONEHCTRAIH
IO CHINUA GH3IUUYEeCKH KaHAIL.

H3sonn

[IpenuscTBATA HE METOMA €A CIEAHUTE!

v [pelyiard ¢e ONpOCTeH YHEBEPCAISH IONXON;

v' OCHOBAH & Ha ¢Tpora Matemaruyuna teopus (CSP), xoetc nessoiisgsa [1o0-
rOJIAMO IOBEPHE KbM PE3YITATHTE OT paboraTa My;

v [IOKpHBA BCUYKH BHAOBE HEKOPEKTHOCT Ha IPOrPaMHOTO OCHIYDABAHE —
deadlock, pasxoaumocT, Sezkpaiino 3aeMane Ha pecypcu U Ap;

v/ MO3BOJISBE NPOBEPKa KaKTC Npedu HaZaJoTO Ha paboTaTa Ha cuCTeMaTs,
T&K4 ¥ B PEaliHO Bpeme.

MeTonBT € NpefHasHauen 3a pabora B cpenara Ha ONOXOBO-MOBYIHH
crcTeMy, Da3supaHH Ha Mofenu HAa Xo0ap, ¢ IPCABAPUTENHC ONpeleleH Habop
OT CHUCTEMHH OOSKTH.
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A software verification of computer
control systems and real time simulation
systems using Hoare’s models

Plamen Christov, Peter Getzov, Plamen Angelov

{Summary)

Some possibilities of a formal methods application are con-
sidered and especially the Hoare’s models application to the moving objects com-
puter control systems and real time simulation systems software development.
Some common questions of formal methods application are briefly described.
A Hoare’s models based method is presented. It is characterised by simplicity and
automatic real time working. Ways and means of system objects Hoare’s protocols
are given and the procedures implementing the method too.
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