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Elliptical accretion discs with
constant eccentricity. I. Case rl = pln
Dimitar Dimitrov

Space Research Institute, Bulgarian Academy of Sciences

I. Introduction

as a result of the tidal influence of the s
the outer parts of the discs are more

viscosity) these discs are unstable with
Conse-quently, from theoretical grounds,
considerations accretion discs with constant eccentricity e.

II. Accretion disc model

rhe trajecrories of ,h.Lfl"lit'ffffii::?t:.::fi:ffi1llL$T,5Hli,11llr,"n':'33r1'.Ti
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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
brbits. We restrict our treatment of ihe 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 thr:
eilipses lie on the abscissa. Consequently, in polar coordinates (r, rp) the position
of any particle is given by
(1) r= plll+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 selestiatr 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 nol, generally speaking, independent variables of the accretion
disc model. For example, Lyubarskij et al. [7], solving the problem of stationany
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 tz:const is available - a result which is also confirmed analitically by Lyubarskij
et al. l7l. The most attractive property of the accretion discs with an arbitrary
constant eccentricity of the orbiting particles is the possibility to exist for an'y
reasonable viscosity law dependence on the azimuthal angle <p. Consequently, therr:
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 <p,.

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., defdp = €, =0 ) the disc surface density2(p,q,e,t) may be factor-

>(p,q,e,t)= f (p,e1Y Ji Vr,

c = p2 I (t+ 
" "o. 

,p)a

ized [71
(2)
where

(3)

is thr: determinant of the metric tensor and

(4) yo =(cruf f)tt2 $+ecosq)2
is the contravariant g-component of the Keplerian velocity' G and M arc the
Newton's gravitational constant and the mass of the compact object in the disc
centre, respectively. Our purpose in this paper is to obtain in the stationary case

6f lat =dDldt = Q) an explicit expression for the unknown function/ (p, e) using
a'ri ippropriate vidcosity law. In their investigation Lyubarskij et al. [7] introduce
an arrxiliary function Y (e, q) through the relation

(5) srPoPe =-]{cuilU2y(",q),
where P:p is the contravariantp-component of the radius vector 7 (for er:0) an'J

(6) opq = -{$" 0 *, .or e)f r +L, cos,p*Ir'(1*+ "or' 
\ | q I

"\P ) 
"L 3 Y'3-\"---q)+t' cosql'

(for e,:0) is the contravariant p9-component of the shear tensor cik (i, k:p, 9'5.
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Taking into account equalities (5) and (6), it is easy to compute
../ ^ \ L ,"l(7) Ykp =0,<p)=l(t*".or.pf'(l+ e2 +iecos,p+4e2cos2rp*"r"or,p).

e disc evolution is determined onlv bv
here q is the intergrated over the disc

noted that according to Syer and Clarke's
ent q is a separate function of streamline
ge of the eccentricity e with the orbital
erfect differential. From this follows that

unreal description of the accretion.

III. Power law viscositv

We = Bt,'viscositylaw, where the multiplier onstant values.
Integrating over p the equa barskij 

"t it. tilhave obtained for the case sh"aiulscositi
coefficient 1 and the mass accretion rate M :

(8)

where D (P, n, e) is an integration const
and.g. In their investigatioh Lyubarskij
results to these parts of the disc which-
for p large enough in order to be satis

r r-l

ll't v (,,,p)a,pl
11 1l- r" | ,

JLb (Jsvql )
where the mass acc4etion rate M is related to the surface density I. In this paper
we,shall consider M as a constant par Lmeter of the model, nuuirrg il -i;A;'h;;

time / and lhe foc,al parameter p.
t the disc, \,f gv o 

)" = (Ctt 
1 ,1"t'

to evaluate only the intergrated
condly, we have exact analytical

(1 0)

(11)

2n

! (t + 
"cos 

<p) -t d,Q = n Q * "r)( - "z)-stz,0'
2n

J cos g (l + e cos <p)-3 drp = -3ne (t - "r).t, ,
0



2T | ^\r ^\ .(r2) I .or' ,p(t+"cos <p)-t dg=nl+z"')1'e2)-s12.
0

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

2n / ^\ ,r^

! v (", rp) d<p -- 2n \t - rt ) . vz. correspondingly:

.ttt ( 
^ r , .-l'l/n(r3) r(e,,,p=)=(gL\'' I +1, -o9'",all ,I p J | 3nF | ,lcup Il

. ' L I ' ))

n*,r,p,e)=+I, ffil(14)

(1 5)

These expressions illustrate the well known result that for constant eccentricity ellip-
tical discs the viscosity coefficient q and the surface density I are functions ,cn

streamlines only [5-7]. In the outer parts of the disc (for p >> D2 (8,",")f CtWtW'21

q and )become independent also on p and approach constant values:
/ 

- 

r rl/4(16) f (F,",p,4=^1cu1o[u'J;,'lznB)'
\/

(1

(1

on 17) transform
/ ' tllnlM"\'in ssi I:--: I and
l,:"F,l

n

IV Boundary conditions

In order to evaluate the integration constant D (P, n, e) 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 /. Determination of
such boundary conditions may be strongly complicated if general relativistic r:f-
fects must be taken into account. But in the later case, as mentioned by Syer and
Clarke 15,l2l, differential precession leads to a ciratlarization of the inner parts
of the disc. For this reason we would expect that our supposition of consta.nt
eccentricity orbits with e + 0 throughout the disc is not strictly fulfilled. Neverthe-
less, we shall simply limit us to the Newtonian mechanics description of the inrLer
disc. But even in that case, the presence of the secondary star may cause a differern-
tial precession because of deviations from a Keplerian potential [5, 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 diasticaliy affect a, -

Following the suggestion of Shakura and Sunyaev [15], we may suppose that
the viscous stress is nearly equal to zero on the lasi stable orbit wit-h p: p^,n,i.e.,
Tl@^,n, e) = 0. This condition enables us to evaluate the integration consta"ti id', ", 

u)

(1e) D (B,n,e)= tw,!c-tw p,6^

drift is transformed into a fast radial falling without energy release due to viscous
n is expected for elliptical orbits if r*n = Po;n < 3R",where
e type orbits to another type occures at tffiri""nir.. A"-

,tl; iJl;:tttons 
for viscositv and disc surface densitv can be

(20) nb,4=Ef'-f--)-''')=1r-." G)f,-[-)-"'-l5Tc L (p^, 1 .l |[rm") I

(2t) > (p, 
") = (#)''' f (p, 

") =(ffi|', 
[, 
-(*\'','f'','

I r Ytlzlltn
=x,o*G)lt-l-4 i I

L (P*"i 
I

Obviously, the vanishing of the visc
implies also vanishing of the disc surfa

en the assumption e:const throuehout
for all disc radii. Consequently, ii may
value of the focal parameter'p, above

situation sussests tha_r it may be -"r. fJ'o.,"';"T;,tJT"l1'jl,n;3l,ii,l?,t';J,it
considered model to be given at some uaiie p:p"," which oiir"r, from the focal

ical boundary of the disc. We are able to modifv
ero density In.'in ("): \(p^in,")* 0. The result is a
e expressions:



(22) rt (p, 
") =n*u* (,) 

{t 
- ft - (>*" (, )/r",* (")f l[r-4 it' ]

r 
"U2(23) >(p,")=l#l r G*)

\/ ( -/ r-l/zlv'r
= r,"u* trl ] I - [' - (t,," (e)/r**(e)I ][ -Z- I I

t \Pmin) )

Therefore, the problem of determining of the integrafim constant D($, n, e) in
the angular momentum balance is transformed into the problem of finding of an
appropriate value of the accretion disc surface density E ianround a given stream-
line. This may be more useful situation when the results (n$ - (15) are applied to
concrete constant eccentricitv disc models.

V niscussion and conclusions

Our ccnsideration of elliptical ac.crailiion discs is limited to
the case of nested cofocal constant eccentricity streamlines..'We have also adopted
the approximation of a power law viscosity dependenc€ spipt', where parameters
I and n are assumed to have constant values throughouttlhre,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 q. According to conclusions of
Syer and Clarke [5, 6], E and 1 are functions of.streamlines only. Even more, .for

the outer disc regions lp> D'$,",")f cuu2) these rymntities approach con-
stant values. Formulae (20) - (23) can easily be rewritten funthe usual polar coordi-
nates(r,<p)if thefocalparameterpisreplacedbymeansof (1): p:r(I*e cosrp).
Having in mind that the expected values of n lie approximalt€ly between 0 and 3,, a
weak dependence on g appears in the expressions for {r" p) and n(r, g). It shorrld
be noted that giving of the disc boundary conditions at its iimer part may possibly
strike with difficulties (like the Lightman - Eardley instalb,iJiliity [16]), in addition to
the other approaches which limit the application of (20) - ((23) to the real accre-
tion discs. For example, the disc may not have a mirror sjllmmetry with respect to
the direction of pericentre-apocentre, which in our treatrmemt is assumed to be the
same for all ellipces, As pointed out by Syer and Clarke ffi when the eccentricity
exceeds a critical value, the flow is relatively thickened forr a section of the flow
downstream of apocentre and, as a consequence, a pr<rgnade precession of the
streamline will follow. They have also mentioned that it is mrot clear at present time
whether this mechanism of circularization works for all parits of the accretion disc.

Nowadays it is not doubtfull that elliptical accretiom id,iscs may exist at le,ast
around some of the known compact objects, preferably in close binary stellar s'ys-
tems. The analytical expressions derived in this paper would be usefull for compru-
tation of the theoretical disc brightness distributions and profiles of disc spectral
lines. The later seem highly asymmetric depending on the disc eccentricity e 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 e alortg ttre disc radius, stationarity, avetaging of the disc
parameters over its height, etc.
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Ennurz.IHrl aKpeulroHHll ArrcKoBe c rlocroflHen
eKcrleHrprrrlzrer. l. cttyuair n: FI"

fluuumtp fluuumpoe

(Pesrorvre)

floly.r e nu c a ro rrHlr a:aarvn vqnkr krcp a3v 3 a rr oB bpxH o c rH ara
rlJlrrHocr E u roe@uql{eHTa Ha c.qBI,IroBI,Lf, BlrcKo3nrer n 3a enrrrrrr.rrrHr,r aKpeq14oHHtr
AI{cKoBe c rlocro.flHeH eKcIIeHTprrqI{TeT e Ha Ko$oKaJIHr4Te T9K9BLI Irrr1vu Ha
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qacrr,rqr,rre. flpe4noloxeHa e anp[opHo creleuHara 3aBnckrMocr n = BXa c
nocro.qHHr,r napaMerpr,r F , n,Brs srHlr ure qacrv Ha $vrc](ia X r,r 11 ce crf erraxr
KbM- rlocrotHHl{ 3HaqeHllts, 3aBl,Icequ or cKopocrra Ha. aKpellrl.s Ha BerrlecrBo
M,B, n u e.

Hai-nrrpeuruara o6racr Ha Ar,rcra ce xapaKTepHgr4pa c 6aruo HaMarsBarrlu
X " n.B nocne4Hnt cttyua{ e BbBeAeH eAr,rH AonbJrHr,rreJreH napauerrp (raro
eAHO rpaHr,rrrHo ycnoBue) -x*t",rofiro 3aAaBa [oBspxHocrHara [JrsrHocr npu
Mr{HI,rMaJrHO 3HaqeH[e na Qoxannufl [apaMerSp Irin. Pagfr.eAaHu.f,T MoAeJI Ha
ar.fperlr{oHeH Ar,rcK e Banr{AeH IIpu AorrycKaHero Ha crarllIoHapHa aKperlu.s
M : const.
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Tal
T,QeKTT4BHOCT Ha eHepf ooTAeJrflHeT0
n iscHa AB ,irHa czcr'ervra d;t$t"*u""
oT rrapaMeTpl4Te Ha CI,ICTeMaTa

Mapua ,[uuumpoea

Hucmumym 3a Koctrtuqecrcu uscnedeauun, EAH

BrseAeHue

38 4nofrna

3A eH-eprr{.f,
ooeKTU.

Lr3BbprrrBa eHeproorAeJrsHero, o6aue, caTBbpAe KoMnnr.rq[pauu. lrpu orrrrcaHHe Ha ra3oBoro reqeHr{e B T.f,CHa gnofrHa
cneABa Aa ce orql{Tar rpaBI,ITaIIpIoHHoro r{ MarHr{THoto nrs4eficrBr{e or ?rpu"uHa KOMTI.H.HTI{Te Ha cl{creMara' KaKTo I,I npoqecfiTe B caMoro TeqeHLIe -MEXAH}I3MIITE HA BIICKO3HO TPI{EHE U CNCPTOO6MEH BCJI.EACTBUE I{3N5IIBAHE I,IrlorJrbrqaHe Ha rlqeHr.re. llpocrpancr JreABa Aa6r4e pasuexAano BbB Bcnrlrrlre Mv r

Bcuqro roBa npaBu roqnoio Tr4qecKlrHeBb3MOXHO AOpI4 C TIOMOITITa Ha qucJIeH 
HarrbJIHo

-f,cHr'r roqHr'rre Qoprrrylu, onrrcBaxrrr BLrcKO3Hr{Te B3arrMoA eircrsufl. r{ 11poqecHTeHa I{3nbqBaHe.

H aoJrroAaTe [HI.I AAHHLL HaTp yrr aHr.r
npu6nuxenlr MoAenr{ c pa3nvrtHa
Apyru $usu.rrrn npoqecr4.

HO BJITI'HIIETO HA TEMNA HA IIOCT:bIIBAHE
6exr. Peguqa MoAenr{ [paB.,rr orrr{T 3a

eHJrr{BOCTT{ B peHTreHoBaTa cBeTT{MOCT
rpeuux [1-4].
B.f,T Orrr{Tr{ 3a MOAeJrr.rpaHe Ha TeqeHr{,

Hr4e Ha cepils. r{3cneABaHvfl, HanpaBf;Flqr cIIen Aa ce rr3fl'cHu BJTI',IqHI{ero Ha BCeKrr eAI{H OT BsTpeIxHI,ITe r{ BbHrrrHI'Te rrapaMerpl4
raw u pecrreKTr{BHO _ Bbpxy peHTrerroBaTa

ocpeAcTBeHO OKOJTO noB:bpxHocTTa Ha
neABaHO e Bru.sHueTo Ha napaMeTpr,rTe

HA ABOI{HATA CIICTEMA _ MACH HA KOMIIOHCI{TPITC VT PA3CTO'I]f,LIE MCXAY T,,D(.
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Tarosa r{3cJreABaHe lz,Ma cMvrcrlr B ABa acrleKra. Or eAHa crpaHa, n cnyuafi na

HeHaAexAHaugenru$uKaur{.s Ha peHTreHosu.s o6exT Karo qacr or 4nofina cv:creMa,
aKo or napaMeTpr.{Te Ha reqeHr4ero MoxeM Aa nonyqr,rM yKa3aHue 3a IIapaMeTpr,rre
Ha crrcreMara. Or Apyra crpana - To AorrbJrBa rro3HaHr{ero 3a caMoro reqeHr{e
npI,I oTAenflHe BIr,r.[HI,reTo Ha pa3nr.,rqHuTe rrapaMeTpr,r eAr{H oT Apyr.

flp ecurra lr'us. tr p e3ynraru
Zscre4nauero ce 6asupa Ha rrr{cJreHo MoAeJrrapaHe.

9ucreuusr MoAen e nocrpoeH na 6asata na MeroAa Ha KpylHure qacrlrrlu
[10]. I4svucJreHr{rra ce H3BbpruBar B HeuHeprlpraJrHa ur,urr,rnApr,rqHa KoopAuHarHia
cucreMa, s quftro rIeHTbp e pe3[onoxeH KoMlaKTnu.sr o6exr.

B usxo4nure ypaBHenr,rflTa ca orqereHr,r rpaBvrarluoHHrare cvrrkr or ABere
KoMIIoHeHTH Ha 4nofiHara cucreMa, KaKTo u qeurpo6exHr.rre cutu.HatsraHero e

cyMa or ra3oBoro r{ Jrtqr{croro Har.sraHe. Vpannenueto Ha erreprervqHng.6atanc
e 3allucaHo sa cr'yuait Ha orrrr{rrecKrr rrJrsTeH crofi. MeroAbr e rro-rrbJrHo orrucaH B

rp eAurrrHara ly6mraq ut l9l.
Harpanenu ca ABe cepuu [pecMsraHus.
B nrpnara, rrpu flocro.sHHo pa3cro.sHr,re MexAy KoMrroHeHTr,rre Ha 4nofinara

clrcreMa r4 KoMlaKren o6exr - HeyrpoHHa 3Be3Aa c Maca L5 M, Bapupa Macara Ha
BTopara KoMrroHeHra. Pasme4anu ca ceAeM crryilu's,-1,5;2;2,5;3;3,5;4u4,5 nrrz IV{.

Bpeuenara eBoJrrorlr{s, KaKTo Lr B rrpe.qxoAHr{Te pa6otu, ce [pocneAsr.a AO
MoMeHTa Ha ycraHo!flBaHe Ha crauuoHapHo cbcro.flHlle Ha ra3oBoro re.IeHne. 3a
rpnrepufi ce lpr{eMa noryiraBaHero Ha KoHcraHTHa crofinocr Ha peHTreHoBorrf
JrbrreHrae or [oBbpxHocTTa Ha HeyrpoHHara 3Be3Aa. Kpnrepn.rr e ocHoBareJreH,
rri xaro roBa cborBercrBa Ha rocro-flHeH TeMrr Ha [aAaHe Ha ra3 Bbpxy
noBbpxHocrra na o6erra.

Ha $ur. I e npe4craBeHa 3aBrrcrrMocrra Ha ra3v nocrorHHa crofiHocr o'r
MacaTa Ha BTopara KoMnoHeHTa,

L

1,5 4,0 M, [Mo]

Or.rr. 1. 3asucHl,{ocr Ha peHTneHoBara cBerlrMocr o racna 4nofiua clrcreMa npr4 Aocrl{raHe Ha craquottapeH pexxt!4
oT MacaTa Ha BToPaTa KoMnoHeHTa

Ha $ur. 2 e npe4craBeHa 3aBucuMocrra Ha MaKcr{MaJrHara [oBr,pxHrrHHia
IIJISTHOCT, KO.STO Ce yCTOHOBgBa B TeqeHUeTO, OTHOBO B pa3nUqHI,ITe CeAeM CnyqAfl..

4,0 M, [Mo]
(Dur. 2. 3anracxrtrocr Ha MaKc[MaJIHara noBrpxHuHHa nJr]THocr Ha ra3oBoro reqeHI{e E TtcHa ABofiua cucrerta nplt

.qocTutaHe Ha cTarllroHapeH pexHM oT MacaTa Ha BTopaTa KoMnoHeHTa

L".
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- Karro ce BI4xAa o-r rpa$uxure, peHTreuoBara cBerr{Mocr c MaKcr,rMaJrHa rrptl
M, or IIop'[A:bKa sa 3,5 M., Aoraro uarcuualHara rrJrBrHocr e pacrslru Sy"*i!'"tHA MaCATa Ha BTOpaTa 3Be3Aa.

IIpu nropara cepvs. npecM.sraHu_rr, rlocro.sHHa ocraBa Maca.ta Mr:3,5 M".
Pasrne4anu ca rr.ecr.cJry:r^as.3a pa3cro.f,Hr{oro MexAy KoMloHeHTrrre cborBerHo
10r0, 5.10r0, l0u, 5.10'r, 10rz ra 5.ldr2 cm.

Ha Qur' 3 u 4 ca [peAcraBeHrl 3aB]Icr{Mocrr{Te orHoBo Ha peHTreHoBara
CBETI,IMOCT LI MAKCI{MAJIHATA TIOBbPXHI{HHA NJIBTHOCT OT TOBA PA3CTO.HI'IC.

(Dur.3
Itr'" l0r2 Rrr, [cmJ

3anucuvocr na peHTteHoBara cBerfiMocr B rxcua gnoiua cxor€Ma rlpt{ Aocrr4raHe Ha craql{oHaDeH DexHM
ui paf,c forHfleTo MexAy KoMnoHeHTfiTe Ea CI.{CTeMaTa

\-*-.-.- - - -
10ro 10r2-Rr., [cmJ

@ur' 4'3aaucuMocr Ha MakcllMa:rHara noBbpxHrIHHa IIJrbrHoor Ha ra3oEoro reqeHue B TrcHa r.DoriHa c14creMa npu
AOCTI,ITAHE HA CTAIIUOHAPEH PEXIIM OT P43CTO'HIIETO ME)KAY KOMNOHEHTI,ITE HA CUCTEMATA

Karro ce BnxAa or Qurypure, I{ ABere BeruquHlr HaMaJr.rrBar c vBeJrr{qaBaHe
pa3crosHr,reTo MexAy KoMnOHeHTr4Te Ha ASOfiHara cr{cTeMa.

flpu ncuvxu npecM.sraHv.a reM[:br Ha rrocrbrrBaHe Ha ra3 rrpes B6TperrrHara
roq-ra^H-a-JlarpaHx B o6nacrra oKoJIo KoMrraKTHrr.s o6eKT e e1vrn rr cbrr{ u e paBeH
na 10-e M^/ro4.

- Crpyrrypara Ha reqeHuero Br;B Bcr{qKrrre ilo-rope pa3rJreAaHr,r cnyuaue MHoro
6rusra Ao ra3r.r, ilpeAcraBeHa n [3, 9]. E4uucrneuo MaKcr{MaJrHara [JrrrHocr e r]o-rontMa Ilpll no-ror-f,Ma Maca Ha BTopara 38e3Aa, KaKTo pr npn ro-MaJIKo
pa3crosHr,re MexAy KoM[oHer{Tvre Ha cr{creMara ($ur. 2 u 4).

[ucxycnu

e g errun H o c rra H a ."ffX;8,;##i ";ffi ffiffif #".:: ; "ff #,?f :Xffi ;cl{creMa 3aBkrcn He caMo or reMrra Ha rrocrbrrBaHe Ha aus 
" o6na"ttul*3"o

KOMrraKTHr4-A O6exr, Ho Lr or napaMerpl,rre Ha caMara crrcreMa. nQerrunH;;r;-;
rlo-roJItMa rlpn [o-ManKo pa3crosHr,re MexAy KoMnoHeHTrare Ha cucievata. Ocneu
TOBa e MaKcuMaJIHa rlpu onpeAeJreHo cborHorrreHr4e MexAy MacrITe Ha ABere 38e3AI,r.flpu urcregBa*vtflTa Ha Apyrlr aBropr.r ue e o6pitlru"o-"""ru'ze Ha re3r{;Ht;1t !:H3'"Hffi,"e"ffi"#il?;ri,i?1Tf#xffiQrarcupa fina-ra cr{creMa [1, 3, 5-7]. '

r,.
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Koraro peHTreHoBr.r.sr o6exr e HaAexAHo n4euru$uqprpaH c KoHKperHa qnofiua
cr{creMa r,r lapaMerpane ,ftca yrorlHeHr{ rro Apyril Kpr,rrepr{tr, Bce nar vv.a cv,lrc'bn
p.a6rrar r4MaHVrrpeABr,rA crroMerrarure 3aBlrcr{Mocru n clyuafi, qe rro ua6lroAaeuara
peHTreHoBa cBerr{Mocr ce cbAr{ 3a reM[a lr.asary6a Ha Maca or crpaHa Ha BTopa'ra
3Be3Aa. Oco6eno B cnyqar,rre Ha Hecrarlr{oHapu[ pexr,rMrr Ha arperlus.

flpu nerouno onpe.qeneHlr rrapaMerpra na gnofiHara cvcreMa r{nrr HeHaAexA]rra
ngeuruQrnra\vs. Ha peHTreHoB o6err c raKaBa, o6parno, no peHTreHoBara
CBeTLTMOCT MOraT Aa Ce OlpeAen.f,T BeposTHr,r lapaMeTpr,r, Kor{To Aa cJryxaT 3a

Ao[IbnrreHrre Ha Apyrr4Te MeToApr.

3arnroqenr,re

Hanpaneno 6e uscre4naHe Ha 3aBr{cr{Mocrra ua eQerrun-
Hocrra Ha eHeproorAersHero lrpu arpeurrs.Hara3 n 4nofina cr{creMa, cblbpxaua
HeyrpolrHa 3Be3Aa I{ rI{raHT, 3arrGJrHr{JI o6lacrra cra na Pout, or [apaMerpl,ITe Ha
cI{cTeMaTa - Maca Ha rllraHTa r,r pa3cTo.f,Hr{e MexAy 3Be3Ar{Te.

Ee ycranoBeHo, rre eQerrunnocrra HapacrBa c HaMaJr.sBaHe pa3cro.f,Hr{ero
MexAy KoMtroHeHTure Ha cucreMara. OcseH ToBa cbrrlecrByBa otrpeAeneHa Maca
Ha rr{faHTa, IrpI{ Ko.flTo Tf, e MaKCI{MaJIHa,

Bcr,rqrco roBa rrorBbpxAaBa pas6upanero, qe rrpll MoAenr,rpaHe [oBeAeHr4e:ro
Ha ra3oBoTo TerleHl4e I4 pecleKTr{BHO [OnyqaBAHarA peHTreHOBa CBeTTTMOCT rrpH
Aocrr{raHero My Ao floB:bpxHocrra Ha KoMrIaKTHrr.a o6err, cJreABa Aa ce r{Mar
rrpeABr{A BclrqKpr napaMeTpr,r r{ TexHuTe eBeHTyanHr{ rrpoMeHu, 3a Aa Moxe Aa ce
TBbpALr, qe MoAersT e AocToBepeH.
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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 a function of ttre systim s
parameters is studied. The system is assumed to contain a neutron star and a red
giant, that has filled its Rosh-e lobe. The calculations are made with constant accre-
tion rate thro-ugh 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
Daramoters.
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EH ep ro - crpyKryp eH vrnBapvrarT

B KOCMI,IqECKATA INA3MA

,\eau foqee

Llucmumym sa Kocrduqecrcu uscttedeauun, EAH

3a xouueKcHr,r cr{creMr{ He e B:b3MoxHa AbnrocporrHa
rlporHo3a. Ilpuvuna e peAyKrlr.roHr4crkrqHvrflT r4 BeposrHocreH [oAXoA B upr{JraraHe
Ha 3aKOHI4Te 3a eJreMeHTapHLt CkIJII,' A OIIIICBaHe Ha OTBOpeHI[ CIdCT9MI{ Aaneqe ,OT

paBHoBecne lt ycpeAH.f,BaHe. Curonoro olrl{caHr{e Ha KoMrIneKcHIa cl{creMpr,
rrpr{Te)KaBarq}r crpyKTypHocr H Tr{rrr{qHocrr{ e HerroAxoA.srqo rropaALr Qarra, .re ne

e KopeKrHo Aa ce nprreMa 6atanc Ha Leitcrsarqure cruu [1].
Oxonogevtrara KocMr.rqecKa rrJra3Ma (OKn) e orBopeHa cr,rcreMa [opaArr

ctqecrByBaulux o6vreH cbc Cmnqero r.r MexAyrrnaHerHoro npocrpaHcrBo.
Crqecrnyna 83ar{MHa o6yclorenocr Ha rrpoqecr,rre MexAy KoMrroHqHTrrre Ha ro3r{
o6ves - MarHI,ITHoro rroJre r,r rrororlure 3apeAeHu qacrurlfi. OcnosHr,rre KoHTaKTTTH

3oHI,I MexAy rr.x ra OKII--ca AHeBHara MarHr{Torray3a v nJra3MeHr{[r cnofi s
o[arr]Kara, r.e., o6oco6 eHla ca aKTLTBHT{ fpaHr{qHr,r o6racru (nrn $enonreHoJlorl{qeH
clructl). Ocnoseu "KaHar" 3a eHeprl{eH o6ven ca MaIHI{TH}ITe cr4JIoBr4 Jtrrnu;Lt.

flpouenn Ha roloJrorvrr.ra r,rM onpeAer.sr oco6eHocrr{Te Ha rrpoqecprre 14

pe3ynrarHr.rre crpyKrypll. Ilpoqecure s OKII ca lo4o6nz na o6laroo6parynaHr: -

Qnyrryaquure Bb3HrlKBar nopaAr{ KpHTrirtrHr,r crofinocrra, HarpyrrBaHe, rpaAHeHTLr.
"Marpou:max4auero" ua cnoHTaHHo nrsuuknarqure Qlyrryaqpru BoAr,r llo
o6pa:ynaHe Ha crpyKrypr{ c npoMeHsrqu ce rpaHr.rquu.

ArrHsHure o6tacru na Cnrurlero ca c peKypeHTHr,r [poMeHr4 Ha MarHr{THo'ro
rroJre, roJreMr,r cKopocru Ha crr,HireBr,r.fl B.[Tbp (CB) n flon.rrpHlrTe o6tacru u
CTOxacTI{qHI{ IIpoMeHLI 14yp.aplr.I4 BIJIHI{ B eKBaTopI,IaIrHaTa o6lacr. Br,S OCuosa Ha

pa3nuqHara uu reoe$erruBHocr - rro pa3nonoxeHr{e, cbrrlHocr rr rrpoAbnxr4TerHo,3T
- ce lpaBsr orrlrrr{ sa ruacuQuKauu.fl Ha aKTrrBHtrre o6lacrn, T.e. rrpvrrucBar r{M ce

csofrcrna Ha crpyKrypHr{ Hr{Ba c pa3rpeAeJrvrerrHlr Synrquu [2]. lloao6eH rroAXo.D: e

Bb3MoxeH u 3a cJrbHrreBrs.Bs'tbp - varqa6ure Ha cborBerHHTe crpyKTypu ca o6paruo
[p o[op uuo l;.aJrlelr Ha KoHueHT p ar\rrflT z, TeMrr ep aryp ara H cKop o crra [ 3 ],
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CB u OKII ca ABe IIJIa3MeHLI o6pasynauufl, B Kor.rro r{Ma JroKaJrHra $ryrryaquu,
crpyKTypl{ c BbrperlrHa itepapxut, [oAAbpxaHr{ or MarHr{rHoro rroJre. O6rprqanero
Ha MarHr{roc$epara or CB peaJrHo e B3alrMoAeficrsue Ha ABa $nyu4a c pa3nr{qeH
6pofi crererv Ha cno6o4a. Pesynrarlr e c:bqecrByBaHero Ha rocro-sHHa
caMoopfaHr43ar\us, Ha rroBTopfleMU 14 neo6parurvrr.r rpoqecu, o6pasynaneTo Ha
Br.rxpH r{ BbJrHr.r - 3arBopeHr{ r{ orBopeHr{ IloBTap.srqll ce crpyKTypu. 3a r.r:cne4nane
HA TIJTJJILTHI4fl, 3A TE3LT flBJIEHVg, AETEPMI{HI,ICTI4qCH XAOC ilIE C IIONC3HO AA CE

npecM.srar $parraluure pa3MepHOCTr.r Ha ABara n:azvro4eficrBarqt4 o6erra rz Ha
rpaHI{qHI'ITe lru o6lacru. Orxpuru ca ctrrlecrBeHrr.flT Bbrrpoc 3a peryJrqparrlr{Te
MexaHI{3MI4 B TO3I{ trplCIdIlATI4BeH npOUeC u onpeAenflHero Ha MaKCI{MaJTHLITe
xapaKTepHr,r BpeMeHa, Maruuroc$epara e MHoxecrBo or yAapHrr B:,'JTHLT 14

ryp6olenrur{ npoqecu, T.e. pa3pr,rBpr vr xaorr4qHa eueprzfiHa KacKaAa, B Korro,
BbrrpeKr{ HeeAHOpOAHOCTT{Te uaecra6ulHocrrrre, Br,3MoxHrrre crpy6Typr{ ca cr,c
cpaBHrrreJrHo roJreMr{ rraaula6u u npoMeHnHBr{ rpaHr{rlu [4]. crrqecrnyna u
nsauuo4eficrBhe MexAy BETpeIITHI{ trJra3MeHv nororlu - Harrpr,rMep rrpr4 MarHr{THa
6ypr s olarrrKara MexAy "sononoro" aHTucr:bHqeBo ABr{xcHvre a ycKopeHut
rrporrrBonoJroxeH rroroK. Ha6rlrogana ce r{ JroKaJrHo o6pa:ynaHe Ha rroAcrpyKrypr,r
crc cla6a I{HTeH3I{BHocr I{ rlocro.f,HHpr 3a cnc'IeMara HrlBa - paALIaIIuoHeH ro.f,c
[5]. B SonreKTIrBHara rlon.lpHa ftonocSepa ce na6mo4aBa croxacruuuo o6pa:ynaHe
Ha [Jra3MeHu "iraexypr,r" [5]. CrrqecrByBa s:aur\aoAeficrBr{e MexAy aBpopalrHara
o6nacr r{ frJra3MeHrrr cnofi, T.e. MexAy ABe crpyKTypr{, Kolrro peryn-f,pHo yqacrBar
n o6paeynaHero Ha rpaHr,rqHu o6mcru16,7).

flo arpopalHure MarHurHI{ cr{JroBr{ rrrlHnkr c:brrlecrByBar rryncrrparqu rrorour,r
3apeAeHI,I qACTIdT\V, qHero eJreKTpOMarHr4THO rI3JIbqBaHe e "t<arlcyltt4paHo" B

cnequ$uvnrr lrecrorHrr Al,rarra3oHr{. Enoruoquara Ha crpyKTypr.rre e [puApyxeHa
or I{HTeH3I{BHo eneKTpoMarHr{THo r{3JrbqBaHe. flylcaqurra e nocneAoBareJrHocr
or frr{K, cBr,p3aH c ocso6oxAaBaHero Ha eHeprur [opaAH neve o6pasyBaHa
cTpyKTypa, cIIaA' cBbp3aH c penaKcaquOHHI/L npOqecH u 3a'IprIlrue - rroArOToBKa 3a
o6pa:ynaHe Ha HoBa crpyKTypa. Irlscnegnauero Ha cborHorrreHr.r.rrra MexAy rpr{Te
qacTvt, KaKTo t4 cpaBH.f,BaHeTo HM c pa3MepLITe Ha tBJIeHLIflTa, BI>pI(y KoI{To ce
HACJIAIBAT [8], 6U AOIIbJIHI{JIO IIPCACTABIITC Hil 3A C6OTBETHAT A fiEPAPXNN.

Kaxro 6eure cnoluleHaro, orBopeHocrra Ha cuareMara ce ocblrlecrB.rrBa rlpe3
MaIHIITHO tIpLICT,eAHHsBaHe B qeIHaTa MaIIII4TOIIay3A v B OIIaIIIKaTa. lOrarO Sa
nbpBara o6lacr ocHoBHOTO eneprufino lpeBpburaH€ e eneKTpoMarHr{THOTO
u3JrbqBarre, T.e. c MaJrKa crpyKTypr.rpaHocr, BTopara e ocHoBHa rpaHLrqHa o6lacr
c noAqepraH e$err Ha aKyMyJrr,rpaHe Ha enepr[.n [g]. crqecrByBar H.sKorKo
I'IHTepecHI'I oco6enocrui 3ailpqrcrel.lrH.sBaHe B eHeproaKTr{BHara 3oHa B orrarrrKara
HyxHara za cy6-6yptrpr4repHa eHeprus e oKoJro Aecer rrpoqeHra or ocno60geuara
[10]. crn:rrcrBarrloro JroKaJrHo crpyKrypHo o6pasynaue (naparenua KoMrroHeHTa
Ha ereKrpuqnoro lole) Ha Apyru ocHoBHr{ crpyKrypHH nzna (nolapna fionoc$epa)
e cLrJrHo B rroAforBr{reJrHara Lr Br,3craHoBr{TenHara @aea Ha cy6-6ypara [11].
crs4ananero Ha HeyrpanHa rnH,s. e pe3ynrar or rropeA'ua or uuxnu [r2],
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3aBbpIIrBaIIIt4 cbOTBeTHo c O6pa3yBaHe Ha eneKTpLrrIHo [oJre, eJIeKTpHrreH TOK,

MaTHIITHO IIOJIe, TOCJIeAHOTO OT KOI4TO rrpr{KJrroqBa CbC Cb3AaBaHeTO Ha ABr4XeIq
ce trna3MoI{A, orpaHLIiIeH or 3arBopeHa cl,rnoBa rrn:aurs,. Brnperu cbrlecrByBa[Ilrs
eHeprLIeH I{3JII4IIr6K, cne4 o6pasyBaHero Ha IrJIa3MoI,rAa rropeAr,IqaTa oT rlrrKnu cllu]ta
(lunca Ha rropaxAarq [oreHuuafl,).Zgnecruo e, qe 3a flpprcbeAr.,rHsBaHero
orlpeAeJIaIqu ca Beprl{KalrlJara r,r a3rrMyraJrHara KoMrroHeHTa Ha MexAynnaHerHo:fo
MarHIirHo rIoJIe. 3a cerepua IIocoKa Ha BeprI,IKarHara My KoMrroHeHTa roe

n a6lro4an ar xaorr{rrH o p a3rr oJr ox eH r,r rrp r{ cb eA vrHflB aHvrs., o 6p a:ya an e Ha y rap:ntr
B\JrHvr, rr{raHrcKr{ rrJra3MeHH Slyrryaqnu. Tosu ttpoqec cbrrlecrByBa v B

orAanelleHrrre o6lacru Ha MarHr{TocSepara [13], r.e., HaMaJreHa uHTeH3LrBHorlr
Ha crpyKrypoo6pa3yBaHe B roJrqM o6eu. Cenepnara KoMrroHeHraBrrvfle r,r B6pxy
loBeAeHrrero Ha crpyKrypHrzTe rpaHr.rrlr4 - HarrpuMep c HapacrBaHe ua vo4yla fr
ABHXeHHeTo Ha pa3pr,rna na XapaHr B ceBepHoro rronyKbn6o nacrrnBa rro-paHo
orKoJlKoro B IoxHoro. Ctrqecrryna uoAo6rae MexAy BrrLrfl]F,krero Ha ce3oHHr{'re
e$erru (nrrpeureH $arrop) r{ MexAyrrnaHerHoro MarHr{rHo uole (nsnmeu Sarrop).
VcranoseHo e pa3JlkrqHoro BnrLrg:a:ae Ha a3I,IMyraIr*ara KoMrroHeHTa lra
MexAynnaHeruoro MarHI{Tuo noJre Bbpxy o6pasyranero Ha KoHBeKTuBHr,r KJrerxr{

- $oprrau u xapaKrepHu npernlena [14].
Ocnonen KaHaJI 3a eHepruen o6uen ca Ha.qnbxHr{Te roKoBe. 3a r.ExHa:ra

cr,tqHocr MoAenHTe Bapr,rpar or ArrcKperuu (rorone) 4o nolenu (nunu). Axo
IIpI{eMeM BaIUAHOCTTa Ha BbJIHOBtLf, MOAeJI, TO [JIa3MOI{ATiT I{ HaAJI:[,XHtLflT TOK

MOraT .qa ce pa3rnexAaT KaTo ABaTa KJro.Ha - BbJTHOB r4 KoprrycKynflpeH - rra
6u$ypxauraonna o6nacr Ha [poqec B MarHr{rocQepHara olarrrKa. flopa2lra
pa3nwtlar Sarropu cbrrlecrByBa r.rr{reH3r.rBHo crpyKrypoo6pasynane B caMnre
HaAJrbxHrr roKoBe, Koero [oHsKora Bo.qr,r Ao flpoM_f,Ha Ha rpaHr,rqu u o6paaynaue
Ha HoBr{ crpyKrypu - rera-aBpopa [15]. flpoveuure Ha cborHotrreHprero MexAy
orBopeHure LI 3arBopeHlrre cr{JroBrz rruHvl B aBpopanHara o6nacr H B [oJrspHara
IIranKa ce Abn)Kar Ha c6rlecrByBaHero Ha ABe rpaHlrqHr,r o6lacru ufutu
6uQypraquonna o6lacr Ha rrpouec B MarHr{Toc$epuara ofiarrrKa.

llpunaep :a no4o6uu nrsqeficrnu.f,, Ho or 3eNaqra KbM BLrcoKr{Te cJroeBe }ra
aruocfrepara, e crpyrrypoo6pa3yBaHero rropaAr,r B6rpernHv Sarropu -

BT,3HI{KBaHeTo Ha eJIeKTpHr{eCKo flone npI4 rpbMoTeBuqua 4eftuocr, c:br[bTcTBaLIIO']'O

eneKTpoMarHHTHo Iil3rbqBaHe H JIOKaJIHOTO yCIInBaHe Ha non.f,pHt4Te cvrgHug, B

Hr4oKrrre cJroeBe ua fionoc$epara. I4sctegnanero Ha pa3rrpeAeneHrrero Ha
eneKTpl{qecKoro none B oKeaHa ea crorofrHuycIroBr4s. (:arnopena cucreva) u nFrr4

ryp6olenruocr (ornopena cr4creva), clornerno laycoBo r.r apKcr{HycoBrf,,
Hnrocrpr.rpa uo4o6rzero Ha npo6leuure [16].

Ha4.anav ce, qe c6raroro cKlrrlupaHe Ha Bb3MoxHr4 Bpr,3Krr or rJreAHa roqr:a
Ha [peAJroxeHr4{ eHepro-cTpyKTypeH r{HBapr{aHT ule cTr{Mynupa Ar{cKycr{q 3a
HyxAara or cb3AaBaHe Ha HoBr{ o6o6qanaqr.r MeroAr{ 3a n3cJre,uBaHe.
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An energy- structural invariant
in space plazma

DejanGotchev

(Summary)

rormationinthe-"-*#il11lJT:,1lTj'ffi'jT:;",Tffi?:;llff '#"llTT;
ambiguities are critically discussed.
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Introduction

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 threr:-
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 ttLe
problem of stability of the cannonical systems in a general form, Criteria for ttre
stability or instability of a general linear resonance circuit are formed.

I An investigation supported by the "Scientific Research" Bulgarian National Fund under Contract
No TH- 549/95.



21

Stability of the cannonical systems

Let us assume that we have the following cannonical system:

Q)*, 
)

estigation is played by the rotation angle

we shall denote the rotation angle of a given vectoru Q)=(ol u, ,p.14. ouui-ously, lq ) ' z\ /

,,.)\ drp,(t)_d^-^.-q qp-pq 1 ^,(p'p\\z) -;arctg-1 ={---I^-=-- ^ ^ Detl' rdt dt " p p'+q' p'+q'--"[c q ),-o"t zlii.e. rp.(r)-e"(0)= 
!-Ct

By using this formula, as well as the relation DetalJb =(a,b), we obtain the
following equation for the rotation angle of the cannonical syirem (1)

,.=iT#o,
chara"cteristic number h^^.(t) and h^,n(t) of matrix H(t) as

h^*Q)=9lY*,@i
ilT., 2 \ 4 'Y

h^^(t)<q4< a** (r)
\x,x)

TT

In*,{t) dt sq*< [n^^{D at.
0

go, F6, yp, zrfe arbitrary numbers, satisfying

1 while h^:rn, h_oare roots of the equation:

We desienate the
follows:

Since

it follows that

If inequalities
(3)

Det [^H(/) -hHo]=9.
TT

"n. ! n^^(t) at < ! n^*(t)dt < (n + r)n

2, !..., equation (1) will be stable and

criterion we shall consider equation

se ofthe cannonical system (1). Let us set

C>0 as a constant, for which:



where

are satisfied, the equation under considpration is stable and p (t)e O, (see [1])'
Let us formulate a second stability criterion. Let ineQuality VI(t) C, Q>0 be

valid for any t and C. If inequalities kn< m_3M *< (k+ I)n are satisfied, equation (tr )
belongs to the k-th stability arca (see [1])'

And if inequalities M_> kn, m*<ki are satisfied, equation (1) belongs to the
k-th instability area.

If inequality (H(t) C, C) < 0 is valid for any l and a, the following substitutions

should be carried out in the previous inequalities: M* should be replacedby M *
andm*by m*.

22

nr( fu+l\n
i., <3-:, n is an integer.

Provided that inequalities

tT 'rr(4) .il nz Q)a, <il pLDa, <(n+t)n,

Here: a r /1
M*=E]Y+'-= 

2

various reasons, equation (1) proves to be inconvenient
for In such cases it is desirable to iransform (1) into another
equ ame atea of sta ility or instability.Let us illu-strate this

troduced,as a suPPlement to (1):

s( )= JF(r) -Folal
0

pt0={

pao= {

n, =lj"*eftf r a,)oo,i',
-0 \ 0 )
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(6)

The variables are substituted as follows:

x, = e-6(t)rr, x2 = "-uQ)rr.
The result is a system of equations:

+ =-90 zt -yr(t) rr,

+ = url'*) r, +go zz.

This is a system of a cannonical type with a matrix

H,Q)=(":o 
"ll.,J a,(r)= uQ)"-2a1,1, y,(r)= yoe2ao.

( lro yr\t))

. Systems (1) and (6) are situated in
it can be shown that the rotation ansl
for these two systems of equations aie

constant matrices Ct so as to satisfy the

in a sufficiently simple way as
t'+^\(7) '. = 
[p: i;]

od =maxcr(r) Td =-*y1(r)
tt

oo = rnin cr(r) yo = min yr(r)
tt

The constant matrix cl is referred to the n-th stability zone,i.e. c= eo. if
--z _z / _t\2 *2
+< Det ct <\n+ t)-- IE- 

(seel'1.l).
T" . TZ 

\--- r-rl'

On this basis the stability criterion can be formulated in the followingmanner.
If the inequalities

(8) +< af vd -BA < 
(n+1)-2 n2

I- T"
are. satisfied and crfr+yj >0, gj+yo >0, equation (1) will be stable andnQ).on,n>0. u 'v ' -u tu'"'

Provided that inequalities (g) are satisfied, but crfr +yd <Oand *o- +y0 <0,
equation (1) will also be stable and H(r)e O_,_1(n> Ol.

In the case of ad yd -F3 < 0 and cro Vo _Fi <0,H(t)will belong to the zero
area of instabilitv.
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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 to corne

up with an answer, we should approximate the matrix gf sy_s_t9p {(r). with tivo
piece-wise constant matrices H (fl and H*(t), so that H (t) < H(t) 

= 

H*(t)' ,A.s th.e
ipproximation accuracy increases, one of the following two conclusions is ulti-
niately arrived at: (a) Matrices H (t) and H*(t) fall in one area of stability- or inst.a-

bility,-which will aiso encompass matrix H(t);(b) These matrices never fall in the
rum-. a."u' one of them is situated in the stable area, while the other one is located
in the adjacent unstable zone. Then obviously matrix I{l) 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, I] into smaller sub-intervals like this: 0:lo<lr<tr<"'<tn:T t-t-t:"ci' We set

A(t):K for t -,<t<t.. Then r(tr)= 
"K''' 

..."K2r2 
"Kp1 

and in particular

(9) ,Q)= sKnx" "' uKzTz 
"Kt'xt' 

'

It is convenient to calculate the matrix exponent d according to the formula:

eK =chpl+lshpK,
p

+p are characteristic figures ofK. In the particular case of p=0, one can deter-

mine eK =I+K.
The characteristic equation re-garding .r (7) is of the form

'n'" -2a?,"*1= 0,

where 2a:Sp r (7). Provided that lal<l,itfollows that A Q). O, (all solutions zLre

'bounded), and when lal>|, A(t)eH 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.

/r \
Let us take xo = 

I ; | 
,t an initial vector. Then for t:t, the solution will take

\,i
/r\

the form x1=sKt|t[ ] [ ff f , is unstable (i,e. DetKl <0), the rotation angle for a' tol\/
period of time t, will fall within the range -IE1ar<ru. If rK, is stable (i.e.

Det K,>0), the matrix column can be used to determine the rotation angle only
within'an'allowance of the tetm mTc (m is an integer). For the purpose of estab-

lishing the rotation angle accur ately, it is necessary to set temporarily T:t, and to
elongs. Let us assume that m is the nu.m-
tation angle over a period of time t. Then

ermined accuratelv.
xt eK(t J6 i once a[ain the rotation anl]le

;rrTa" 
angle is summed up: q = ,Pt+ 

J,?;,tibn uld
here the

equation 
"KT 

= + B , B = gK'r' .gKn-trn-r .. '. tKt" €ins

we select the one for which 1( is real). Let us assume that a* and a_ are the natural
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xqat (p>0). We
(this refers to the

Tc, and the vectors
n. The problem of

ing which quadrant vector ,,, =(tl ,r.," t0l
e of the inequalities given above) '
operations one can always determine the
erval-constant matrices H (t) and. H*(t)

Stability criteria of a generalized,
llnear resonance circuit

tle rvpe shown r "isl':,^1!1"-,"t"*n ,ff'l'i:l[3 if;:'i"?ldirnce with,an arbitraly continuour-taw,- tive:
c(t), G{t),

The free. process is 
9"^r:lib"i by tno;liotito*i1g system of differential equarions

.c^o-ncerning 
the charge q of the cafacitoi and, tlie-ilig"iti" ri"^ @ of the induc-tance:

1R
rCL

d*t

dt
dx2

dt

Gr
=--Xr --Xo,CL(10)

where xt = L, xz - o @^n

Qoo - ooo'' =;t Qoo'Qoo'r - constants'

The linear system (10) is a-particular case of the system 
** = f (r,t)

[1]), where r : celon (x,,xr), f (r,t)= AQ)*,
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Two criteria (sufficient conditions) for oscillating circuit stability will be re-
counted.

C r i t e r i o n 1 . The oscillating circuitwillbe stable according to Lyapunov's
definition, if a positive constant r canbe selected, for which, given />0, the follow-
ing inequalities will be satisfied:

/\- - l>0,rCl

-1 l>0.
,C)

In order to prove this we select a definitely positive Lyapunov function [2] in
the form
(r2)

Its derivative in compliance with system (11) is

v(x)= )G,i=|Gl ..1\

*?+*? *?+*?
-.--3 x1x2 . '

Therefore, V(x) is situatedietween two funltions conditioned by the differ-
ent signs of the expression

l-G 1(' 1)'l ,ln,(, l)l ,
-t-+-lLc 2lL ,c))' lL [t ,r))-

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 c,f
oscillatlng circuit stability according to Lyapunov's definition.

Given a satisfaction of the strict inequalities (11), i'e'

(1 3)

Lyapunov's conditions for asymptotic stability are met.
Co n s e qu e n c e: The oscillating circuitwithpositiveparameters, where G(t)

and R(l) are arbitrary time functions, while C and L are constants, is asymptoti-
cally stable according to Lyapunov's definition. Indeed, in this case parameter r

can be selected so that ,= rl+. Then the bracketed expression in (13) will be

nullified. The same 
"onr.qrr.rl"t 

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 th-e active elements of the circuit atvarying speed.



Criterion 2.Theosci illbestable,
following system of inequalitie

l*- dc rn
(r4) | o'-"'

lc- dLrn
I d, -"'
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if, for an arbitrary t,the

wherekandlareanarbitrarycoupleofintegerstakenfromtheset: 0,r1,*),...,t*.
. ^ I"-order to prove this we set r:l (A*:tand Onn:l) in (1) and choose adefinitely positive Lyapunov,s function in'itl'e fo.m uu

(15) V =Lk-1Cte2+LkCt-I q2.
Then, provided that inequality (1a) is satisfied, its total derivative

)r/ l-

{=-z Lk-2 Ctl *-t<-t dL _!
dtlZdt2

_zLk rr-zlc_t-r dc _k c dL1,t ;;-;;;1,''
;:t:il' ?t ;".?: x#15 Ji;, iliT i'jr
, Lyapunov's criteria oF asypmfotic

circuit will be stable, if, for r > 0, the fol-

R+1 4!ro, c*!49.0.
2 dt 2 dt --'

..^_ I1:r:]nequalit I) at k:l:O. In this case Lyapunov,s func_rlon (l)) acqurres o 1ing, since it represents thi instantaneous
energy stored in the

R(t), G(t) > 0 for I > 0, and let us assume

ating circu s
system of
e current i

ll
lXr -- Xt,
)'rC

R+o" l*".d,)'
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.uiunn
Wnefe Xl = -, X2 = -,r =-:==)Ugg,lgg,r afe'COnstants.

UOO ,00 ,OO

Lyapunov's function is set in the forrn
rC^r

V =sien C' u 
x2 +siffI L !-*?.

^ -'zLr

[1,forC>0
signC=l0,forC=0

ll,forC<0
Hence function (17) is positively defined. Its derivative by virtue of (16) is

dv (^ rdC\t
---srg1tL 

rlu*, a, l.rf -srgnL

The bracketel expressidn in the last

0,1,2.If the extremevalues are conside
located between the following two funct

(rs) -sign c ,(".I*)t-sign tI( *.1*l* 2x1x2.

[ 2d,)' R[ 2dt)
Since'eviden W -(*? * -;)<*2x1x2 

=6? 
* -?)it can be seen that the twofunc-

tions (18) are located between the functions
t. ' '^\ r [ -r(^ rdr).-l ,(re) -l .i* c,l c *++ ltr l"f -l sign L-l R+ - T ltl,3L [ 2dt)l'L- r[ 2dt., I

Lyapunov's theorems (from Ly.apunov's second method) and expressic,n
(19) allows of obtaining criteria of the stability or instability of the oscillating
circuit in this case.

S t a b i I i t y c r i t e r i o n . The oscillating circuit will be stable, if the follow-
ing system of non-strict inequalities is satisfied in the interval [/0,-) and given a

signcr (o*!49)_1>0,
| 2dl )

sienLl (*.L!!)-1>0.
rl 2dt )

(r7)

where, for example,

positive r

(20)

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 t ) oo and a positive r:

(2r)

signcr (".+#)+r<0,

sie' 11 ( **!!L).+l <0.- rl 2dt)
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Conclusion

and higher orde
beginning with t
publications by
structive mathematical publications, the p atively thefree processes in a parametric osciliatins
rheri i, an ersenti"r'Jiii.iJ".; #;;;;rf;e tf,l,i?lllfi

d-physical system. As a rule the ensi-
of three parts. The first one allows'of

ing its
equa-

d. The
s. The
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Kaqecrser analrrr3 na cno6o4Hl4Te rlpoqeclt B

o6o6ulen JrlrHeeH TperrT.ru Kpbr c rrepuoAlltlHu
IIapaMeTpr4
rlacr 2. Cra6ungocr Ha KaHoHutIHr,ITe cvcreMl{
u na o6o6rleHa r'ulr'ei:ata pe3oHaHcHa Bepl4ra

Hurconail [. Eupnrc, Bnaduuup H. fauzoe

(Pesrorrae)

B qacr fl:rpBa ria craruflTa fl] 6nxa AucKyrlrpaHlr Bb3Mox-
uure upeo6pasyBalanfl, Ha ypaBHeHvflTa, orrvrcBarrlr,r rperrr.flIrl Kpbr c [epLIoAuvHI,I
u florrrrlr [epuoAr,rqH]r BbB BpeMero IIapaMerpu. Exxa aHaIfir3vpa]F.r,r qerecro6pas-
uure o6lacrfi Ha rrplrJroxeHr{e Ha eAHa vlrkr Apyra $opva Ha cvcrev'ala
g-uftepenqnanHr,r ypaBHenus. u 6e npuroxena rracr,rt|r4Kat\vs. Ha rperlrslqr,r're
KpbroBe no nafi-naxHlrs [pu3Hax - ycrofiirlrBocrra ra neycrofrvuBocrra Ha
Jknynon.

OcnosHoro BHrrMaHLre ryr e QorycupaHo B6pxy npo6reva:a ycrofivunocrra
Ha KaHOHT{rrHara cr4rcreMa 4u$epeuqvaJr]F'Lr ypaBHeHr,I.f, s o6III nu,4. (DopIraupa[v Qa

Kpr,rrepr,ru:a ycrofivuBocrra u cra6unnocrra Ha o6o6rqena r'uneilrlr,a pe3oHaHcr{a
clrcreMa c [epr{oAlrrrH}r BbB BpeMero fiapaMerpr,r. .{orasna ce BaxHocrra 3a
rrpaKTrrKara ua o6qus KarrecrBeH a:aqnrur3, ua "pa3yltrus" laratrc Mex.4y o6qo:ro
a6crpaxrno MareMarr{qHo Lr3cJreABaHe r,r KoHKperHr{.fl LrHx(eHepeH aHaJrI{3 Ha
pe3oHaHcHr{Te cr{creM[ c flepuoAl,IqHvLrrtr [oqru rreprnoAurlHr{ flapaMerpn. Cauo
TaKsB IOAXOA rrO3BOJr.flBa, OT eAHa CTpaHa, Aa Ce flonyqu IIpeAcraBa 3a
MHoxecrBoro 3aKoHoMeplrocrtl ll cnoficrsara Ha u3cJIeABaHara cl,IcreMa, a or
Apyra crpaHa - Aa ce us6epe nafi-uoAxor,s.t\prflT MareMaruqelu arrapar 3a
rrpoBexAaHe sa na6ets3aHns. a*arfir3 c neo6xo4rauara 4rr6oquna. B pa6orara e

HarrpaBeH orrlrr Aa ce cbqerae B63MoxHo safi-o6qoro SopvynupaHe Ha SI,Isuro-
TexHuqecKara 3a4aLra 3a anlarrur3 Ha cJroxHr.rTe rrpoqecu R [epHoALIqHa ur?r roqTI,I
nepHoAurrHa TpellT.f,rrla cucTeMa c Bb3MoxHaTa 3aAbnoorreHocT Ha MaTeMaT.lr-
qecKoro r{3cJreABaHe. Paspa6orelr'uxi agaturr{ireH rro.qxoA e rrptrnoxeH KoHKperHo
ruv o6o6ulena nranefina rperrr.trrqa c[creMa c [epHoAI,IqHLI flapaMerpv, Karo r]a

noryqeHlr c:bBceM s.clr,tr v [paKTuirecKu yno1nu Kpr,ITepr{u sa ycrofi.ruBocrra I{
neycrofiuurocrra Ha cr{creMara.
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EAno rpunoxeHr.re
Ha cTerreHrraTr4re synrquu npz
LBCneABaHe Ha nocneAoBaTeJrHkr [poqecr4

Xpucmo XpucmoauJileoH E

Boeueu HayqHo-mexHurrecrcu uHcmumym, Cofiua

B npaxrurari:a Ha HayqHo-r,r3cneAoBarencKara,uefiHocr

Ar,rcKperHo - HeeAHopoAHr.r cBo-ftcrna[2], aIIpoKcr,rMaquq Ha BbHrrrHara cKopocrHa
XAPAKTEPI,ICTI4KA HA ABI{TATEJI [3] U APYTH,TIPOqCCN C rroCJICAOBATCJIHLI I{HTEPBANI,I
Ha npoMeHIWrBATA.

clyvaure ce xapaKTepr,r3r,rpar c HqKoJrKo oco6enu 3oHlr Ha pagB1rrve Ha
IIpoqeca' Bc.sKa or KoI{To ulraa-csofi co6crnen xapaKTep, o6rq nn4 Ha crerreHq arara
wru HaK'bcaHo-cBbp3aHa $ynrqux, orrr{cBarqa ce or rroBeqe oT ABe XapaKTepHr4
ypaBHeHI'Ls, ilpu cBbp3BaHeTo Ha Kolrro e HeBb3MoXHo I{3noJI3yBaHeTo HacrereHqarara $ynrq;1,j. 14] B TpaAHrIuoHHr{.s i sanuc rlpv loBeire or ABe
npoMeHnr,rBr,r:

(1)
NN

1( = Io,fI Q(a, - a,), npuj # i,
i=t i=l

KtAero @ (cr, - c[r) e creleuuara Qynrqua.
, BrsHnxBa Bbrrpocbr Moxe JrH rro H.flKaK:bB Haqr{H Aa ce HaMepr,r e4na o6rqa
$yHrqra.a, Korro Aa cbBMecrn s ce6e ctr Har ABe Ao orrpeAeneH o'por.?"r""rrr-,
Qynxquu, Karo Bc.sKa or r.sx e B cr{Jra caMo B ToqHo orrpeAeJreH Ar{ala3oH or
crofrnocru Ha rarelaa npoMeHnuBa, a B cbrrloro BpeMe pa3nr.rqHr4Te rilaila3g;11r
cneABaT HenocpeAcTBeHO eALrH cjrreA Apyr r{ npeAcTaBJr{BaT eArra HenpeKbcHaTa
q-snocrHa o6nacr B HlrKaKrsB o6o6qeu iorsrrl auana:on?

orronop:nr Ha ro3LI BBnpoc e rroJroxvreJreH r{ Moxe Aa pa3perrrr4 Lr3BecrHprre
or MareMar[Rara creneHqarH Qynrqur, KoI{To B H-flKopr nlrrepaTypHr{ r,r3ToqHr4rlr,r
I,I CbBPEMCHHII MATEMATUTIHU NPOTPAMHIT NPOAYKTI,I CA I,I3BCCTHI,I rArO IIYNTqUN



Ha ){eBvcair.a (Heaviside), raro ce r{3Bbprrru e4uo rrao4uQrrr\apare Lr pa3Brrve 3a
KOHKp eTHr,rTe rryxAlr.

Irlgnecruu ca HqKorKo pa3HoBLrAHo crrr Ha crerreHrrarl{re Qynrquu, Ho ryK rqe
6rAe sacerHar BapvarTrr, nzivupanl lpr.rJroxeHr{e B MareMarr.rqHr{Te coSryepnu
TIAKETH, A rIMCHHO:

@ (x):0, Koraro x e [o-MaJrKo or HyJra, r. e. orpr,rqareJrHo qr{cJro,

@ (x): I, Koraro x e paBHo rrJrur [o-roJrsMo or HyJra, T. e. rroJroxrlTeJrHo rrr,rc.[o.

Hera pasueAaMe eAr,rH rrpr4Mep Ha flpoqec, rofiro ce onrlcBa c irerr4pr,r
ypaBHeHr{f, B qeTupu [ocJreAoBaTeJrHH [oAAr,ra[a3oHa, oIIpeAeJreHrr oT rTer
Ip aHlrrrHr.r crofr go crr,r:

{(x):func,(x), 3a noAAr{ara3oHa or xt Ao x2;

f(x):funcr(x), 3a rIoAALIara3oHa or x2 ro x3;

{(x):funcr(x), 3a noAALIana3oHa or xl Eo x4;

{(x):funco(x), 3a noAArrarra3oHa or x4 Ao xs,

Kl;Aero4(x) ca ronrperunre SyHxquu func,(x) sa cborBerur4s.ilo14nana3oH, BcrrKa

r,rMarrla csofi co6crBeH xapaKTep, a [poMeH rruBara x e eAHa.

fno6anuara (utu crcrannara) Syurqur B To3H ctryuait ue r{Ma BLrAa

(2) F(x):I1r,(x) "f,(x)+ H 
"r(x) 

"fr(x) + H rr(x) fr(x) + H ro(x) fo(x),

KbAero I/r,(x) e [por{3-BeAeHr{e or Qyurqunre :aaXesucair4, 4eQunupaHo raKa, qe

Koraro rIpoMeHJrrrBarax3aetl'r.a crofiHocr or AaAeH [oAAI,IarIa3oH, To HMa crofinocr
1 (e4nunqa), a 3a oeranaJrure rroAAr,rara3onu - 0 (nyla),

B pasrupnar BHA Te3u rrpon3BeAeHr.rx ce 4eQunlapar raKal

(3)

(4)

(5)

(6)

IIr,(x): O(x-x,) Q(xr-x) @(xr-x) Q(xo-x) @(xr-x);

Hrr(x): @(x-x,) A@-x) O(xr-x) Q(x,-x) O(xr-x);
H.r(x): o(x-x,) @(x-xr) @(x-xr) @(xr-x) o(xr-x);
11r0ft): @(x-x,) O(x-xr) <D(x-xr) o(x-x) @(x,-x).

flpu IraHoroALIarIa3oHHo pa3npeAene:ave Ha pa6ot:nata o1tacr rro-JrecHo Moxe
Aa ce o6scHlr anroprrrbMbr, aKo [peAcraBr{M Qyurqunre uaXesucairA Karo eAHa
ycnoBHa MaTpuIIa, Ha KoflTo rro rJraBHHr ArraroHaJr oT JItBo Ha AscHo Ha BCeKr{
cJreABarrl peA ce r,r3BbprrrBa rto eAHo o6prulane na 4eitcrnuero H3BaxAaHe, Koero
3a ropHI,It [plrMep 6u usrrex4aJro raKa:

Or rosu KpartK rlplrMep AocrarbqHo .f,cHo ce B[xAa KaK Moxe I\a ce
opraHu3upa pa6orarar{ 3a gHarrr,rreJrno rro-ronru 6pofi noggudla:oH[ c pa3nuqeH
xapaKTep Ha rroBeAeHr.re na Synnuurrre.

IIlo ce Kacae Ao Bbrrpoca 3a cbBrraAaHero Ha croftnocrure Ha ABe cbceA.Hu
@yuxqnra B rpaHprrrHara roqKa, ToBa Beqe e Apyr Bbnpoc vr 3aBtrcpr or caMoro
aHaJIIrrrIqHo [peAcraB.sue ua Syurqulrre r{ HarrrrH[Te, [ptr Ko[rro re ca r,r3BeAe]Hra
IIJIU arrpOKCIdMr4pAIrv r.r T. H.
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A cera HeKa eAHoBpeMeHHo y_cJroxHtrM r{ onpocrtrM 3a1aqara.
vcnoxnssauero qe 6r4e n p.eyntut Ha BbBexAaHero Ha ABe HoBr{ QyHxqur,eAHara Banr'rAHa 3a Bcr4rrKrr crofinocru rroA AOnHara rpaHr,rqa, a trpyrara - ga

BcI{qKrr crofiuocru HaA ropHara rpaur,rqa:

"{(x):funco(x), :a crofinocru Ha x, ro-ManKrr or xr;
fr(x):funcr(x), :a crofiHocrvr Ha x, no-roJreMr{ orx5.

onpocrxnaHero rrle 6r4e sa cMerKa Ha HaMarrflBa*e Ha 6pox ua reitcrnusrayMHoxeHile. llpu nulrvarerreH aHarrr{3 Ha ypaBHeHux (3), (4), (j) r.r (6) crana x",ro,ve o6nrpsnas'ero Ha rrpoMeHnuBara c KoHKpereH rroAAr,rana3oH 3aBr{CU CaMO OTfpaHI'IuI'ITe Ha KoHKperlJns' noLALrarIa3oH, rlpI,I Koero ocraHaJrr{Te rrolAr,rala3oHrrIrMar AoroJrKoBa 3HaqeHr.re, .4oKOJTKOTO npor,r3BeAeHrrero na oynxqu^r" i-iXerzcafi4 npr'r rsx 4a 6lr{,e paBHo 
"u 

nynu, a roBa AaBa Bb3MoxHocr 3a eAHocepuo3Ho HaMaJr-sBaHe ua 6pot na leficrnuflTa yMHoxeuze. Aro orpa3r,rM roBaBbpxy ycnoBHara Marpr,rua (7), ro r-s cera 6u usrnexAarra-raKa:
Xt-x
x-X., Xr-X

X-X, Xr-X

X-X, Xo_X

x_x4 xs_x

Xs-X

sa crofiHocrvr Ha x, ro-MaJIKI{ or x1 ;

sa crofrnoc'rv Ha x or x.t Lo x2;
sa crofiHoc-tprHax orx2 Aox3;
sa crofiHocru Ha x or x3 Ao x4;
sa crofiHocrvlaax orx4 Aox5;
ga crofrHocrvl Ha x, tlo-roJIeMr{ or xs.

B pe:yrrar Ha re3rr o''pocr.flBaHug.nto6a,'"ara $yHrqrE-r [2] n pasrrpHar r,r3pa3
3a trocoqeHr4[ npkrMep qe npu406lre cBo.s oKoHqareJreH Br{A, KaKTO CJre.trBa:

F(x): A@,-x)fo@) + @(x-x,) e(xr-x)f,(i + @(x-x,) e(xr_x)fr(x)
+ @(x-x,) A@;x)fr(x; + O(x-xo) e(xr-x).fo(x) + @(xr_x){(x).

o6o6qananero Ha pe3yJrrarr.rre or roBa rrpr.{MepHo r.r3cJreABaHe BoAr.r Ao4e$nuupauero Ha cJreAur.rre ypaBleHufl 3a MHoroAlrarra3oHeH xapaxTep Hayp Ba:

Bb 
eHIruBaTa ce I{3MeH.f, B Ue.nu, LIHTepBan oT

yp SuunpauuNrpaHr,trrHr,r crofinocrz, ,r1i" *o.io

F(x) = @(x, - x)foG)+ f [O(x - x,)e(x,*, - x)f,e)]+<D(x _ x*)f ,(x) ;

6) 9acreH c',yuait, Koraro npoMeHJrr{Bara ce u3MeH.s caMo B orrpeAeneHLIHTepBan or H.rrKoJrKO noAA[a[a30na, leszur.rpaHv c N rpanuunz crofiuocru,rrplr Koero ypaBHeHrr;rra ca N_l sa 6ooit:
g.

F (x) = ) [O(x - x, )<D(x,*, - x) f ,G)1.
i=l

cre[ He e pa3pa6oreHo eAHo rrpr4nox(eHr{e Ha

n2aft 3a cnyqan na o6o6ryanarqa Synr\vs, HayqJJ, t4HTepBanu Ha AaAeHa o6tia nporraeHJrr{BaNPI,I MATEMATI{IIECKOTO I,IHTEPTIPCTI,IPAHE HA IIOCJICAOBATCITTT.T irPOqECU.
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A case of an application of step functions
in the study of consecutive processes

imeon De 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 irrthe mathenatical interpretation of consecutive pro-
cesses which run, in particular, in aerospace studies: remote monitoring, imitation
of highspeed impacts and developmeni of waves of interferenc-es in a system of
bodie-s, ipproximation of speed characteds,tics of an engile and oth_er processes,

in which ihe character of tlie process in different consecutive intervals of the vari-
able has a different mathematical interpretation.

',1
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Mo4enup.aHe r4 orIeHK a Ha
OegouacHo crra ua $yHrrlLroHup aHe
HA CI|ICTeMT{ 3a y[paBJreHlre

Aumouuo Audouoe, 3oa Xv6eHo6a*

Bucute soeHHo mpaHcnopmHo yqultuu4e, Cofiua
,* Ilucmumym ga Koc"rt4uqecKu usc./tedeauua, EAH

flpo6leurr 3a HaAexHocrra, ycrofiqr{Bocrra ra 6esonac-
HOCTTa Ha Cr{creMlrre 3a ylpaBneHve B peaJrHo BpeMe Ha noAB}rxnpr o6errz n
aBnalrysra' KocMoHaBTvrKara, percoBr'r.s rpaHc[opr I,I Ap. ps3Ko ]HapaaHa c
rloB[IrraHaHero Ha rtxHara cJIoxHocr. 3a pelrananero Ha nocraBeHr{.f, npo6leir.l e
ueo6xo4utrao B AorIbJrHeHlIe Ha o6rqousnecrHr{Te MeroAr,r sa o6esne.{'aBaHe Ha
HaAex(Hocr Aa ce I,I3rIoJI3Ba fipu paspa6orrara rrM T.Hap. 6esonacu'a rexHoJrorlr.f,,
3a Aa ce LI3KJrrOq[ Bb3MOXHOCTTa 3a rro.f,Ba Ha r{3xoAa Ha cucreMa-ra Ha orrac]Hkr
cro6rqennr vrpr cr4rHaru. flo raKbB :r'a.c.vt*, B AolbnHeHrre Ha roH.flTu.f,Ta
HaAexHocr I{ eKcrIJIoarau[oHHa roroBHocr e BbBeAeHo loHflTr,Iero 6esoracHocr
Karo BepoffTHocr 3a rlo.f,Bara B KoHKperHr.rq lpoqec Ha yrrpaBneHr{e Ha orras (unu
4e0err), rofiro Moxe Aa uva rarocrpo0amrr.rnocneacisu.s. Ho n upegnapr,rreJrHo
3aAaAeHa cl{creMa e neo6xo4zMo Aa ce ycraHoBr,r Mr{Hr,rMaJtro ueo6xoAnMoro
HprBo Ha 6esouacHocr, T,e. MaKCI{MaJIHO AOrIyCTI,IMara BeporrHocr 3a orKa3.
Haupr,rnrep B aBvalfLrsr a geitctsar cnerHl{Te vavrcKBaHrrsi

- Bepo.srHocrra 3a raracrposaJreH orKa3 B Cr{CTeMr{Te rpn6na Aa 6rAe no-
MaJrKa or l0-7 Ha eAuH qac JrerarenHo BpeMe;

-_BeposrHocrra 3a Kpr,rruqeH orKa3 B Cr{CTeMrlTe rpx6na ga 6s4e rro_MaJrKaor 10-5 Ha eAr,rH qac JrerareJrHo BpeMe.

- Mexgy BJraKa r{ caMoJrera uMa c:bulecrBeHo pa3nr,rrrue B cxeMlrre 3a
o6egneqasane na 6esonacHocrra. B cauonerure H.f,Ma ycipoficrna sa 6e:o11airrocr:
noAo6no Ea xene3olbrHprre cr{creMr{. Herosara 6esor'acHocT ce ollpeAen.q or
orKa3oycrofrqr.rsocrra Ha BceKu or eJreMeHTUTe U MOXe na 6rre Aocrt4rHara caMo
3A CMCTKA HA BI.ICOKOTO HI{BO HA HAAEXHOCT, KOETO CE O6CSIEqABA OT
KOHCTpyKTITBHHTe XapaKTepuc rvrKLr vtrv qpe3 p e3epBr{paHe. cr,qenp enaenno
6egouacnocrra Ha BJIaKoBere ce o6egue.raBa Fre qpe3 Hanl,rqr{ero Ha orKa3o-ycrofrvranocr Ha rexHr{Te cl{creMrl, a qpe3 npeKparrBaHe Ha ABrrmeHr{ero r{M B

I Paspa6orrara e Qr'ruaucupana or H@ "Haytuukltctegnayux" npu MOHI cbDracHo.qor. Ne 536/95.
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cnyqAfi Ha KaKBI4TO kt Ia e OTKa3I{, B qaCTHOCT C IIoMoIIITa Ha 3AIertcTBaHe Ha

oclrrypureJrHrrre cr{creMr4 - cucreMr4Te 3a curHalrv3ar\ufl 11 6loruponra.
CleAonarelHo B aBr{aqusra h B pencoBr4s rpaHcnopr ce II3rIoJI3Bar pa3nv'lHLr
CrpaTefI4LI 3a peulaBaHe ua npo6neMa 3a 6e:onacuocrra: qpe3 orxaaoycroli-
uunocr(fault-tolerance) 14 qpe3 6esoracHo cJreA orKa3r4 rIoBeAeHI4e Ha cvcreMa^I'a
(fail-safe). IIpe: resr ABe crparell{I4 Molar Aa ce penar cneAHI4Ire lpo6lerratl:

a) B cucrerrar{, Ha Koprro e neo6xogr,rMa BHcoKa crerleH Ha 6e3orKa3Hocr :ia

ona3BaHe Ha XIIBoTa r{ oKonHaTa cpe!a,3a ynpaBneHlre Ha TIOJIeTI{ B:bB Bb3AyrlHI4.g
r{ B KocMuilecKvts. TpaHc[opT, za pa6ota Ha KSMyHIIKaqI,IoHHI{ cIIIsIHIIIILI u g'p.,

KOTaTO rlpeK:bcBaHeTo 3a peMoHT Ir BT,3TaHOB.f,BaHe e HeAonycTvrMo vlllr oIIacHo.
6) B cucreMn Ha KoHTo e Heo6xoAI,IMa BI{coKa roroBHocr, Karo MoLIIHTI

r43qr4crr4TerHr{ Marnr{Hr{ r4nr{ Mpexr{ oT KoMrrroTpra (Hanp. B 6aHKoBara cllcreva)
c xuns,Arl TepMr{Hanlr) crlcreMl'l c ocuryplrreJlHa oTfoBopHocr B pencoBu-s
rpaHcrropr v p'p., Koraro Hepa6orocnoco6Hocr e AonycruMa, Ho npeAV3BI{KEra

roJreMr4 :ary6u Ha xuBora Lrnri 3ApaBero Ha qoBeKa, Ha roJreMI{ HeMarepI{aJIHta,

AyxoBHr.r rr IlpplpoAHrI IIeHHOCTI{.
flpoyunanu.flTa [oKa3Bar, qe r{Ma r,r3o6r.rrr,re or ny6luraql{I{ IIo re3lr npoblevn.

Brnperu roBa ca HeperueHr{ trrv qaervtarHo perreHu HayqHo-TeoperldqHl4 I4

np aKTI,IqecKr{ BT,rrp o cu c f or.f,Ma 3HaqrrMo cr:- 
1. O6lryHoBeHo ce ybpcvr pelxeHl{e Ha rlpo6neMa 3a roroBHocrra, 6es [,a ce

flocraB-s aKueHT Ha 6e3orKa3Hocrra Ha cvcrella c orKa3r4, KoIiITo ce MacKllpetr
qpe3 I,r3rr4rx:bK;

2. Ha rouqenTyanHo paBHLIUe H-flMa eAI4HHo pa36upaHe 3a 6e3onacHocTTa lla
cr4cTeMr{ 3a yIIpaBneHI{e.

KounenqploHaJlHaTa Teopl{.f, Ha HaAexAHocTTa He ce I{HTepecyBa OT

noBeAeHr{ero Ha cI{creMara, B Ko.gro ca HacrG[IrJIl4 orKa3u. BcneAcrBrte
HacTbrrBaHeTo HM cplcTeMaTa Moxe .qa npeAI{3BI,IKa IoJIeMr{ sary6u (nanp. ntn
B:b3AyurHr{.f, rpaucuopr). B noseqero cnyqau B npaKTItKaTa o6aqe ecTecTBoTo IIa
KOHTpOnT4paHOTO CbCTOflIi^l4el.iJfir yflpaBJrf,BaHl{-f, npoqec e TaKoBa, qe IIOBeAeHI4eTO

Ha cr{cTeMara He Moxe Aa ce pa3AeJIIiI eAHo3HaqHo Ha orlacHo znra 6eeonacuo. B

TaKI{Ba cny'lapr 3a rlocruraHe Ha Br{coKa 6esoracHoct rpt6na ra ce rbpav BI{coKa
OTKa3OyCTOfr.rr.rBOCT, OUIe 11OBeile, qe aKO BCI{IIKIa OTKa3I{ Ca OlraCHU, T'O

6egoracHocrra ce cBexAa Ao 6esorKa3Hocr.
Cupevenur{Te rIoAXoAr4 3a anJaJl]ld3 I{ cI,IHTe3 Ha cI4creMI{ 3a ynpaBneHrre (le

ocHoBaBaT Ha anapaTa Ha [pocTpaHcTBoro Ha clbcTosHr4sra. flpr4 To3I{ TIoAXOA

noH.sTr4eTo 6esonacHocT Ha cI{cTeMaTa 3a ynpaBneHlre Moxe Aa ce orrpeAenII IIo

cneAHI,Ig Haiu,IH: Hera V e MHOx(ecTBOTO LI3xOAHr Ck:r:nAJrul HA CtIcTeMara, Yu -
MHoxecrBoro 6e3onacHr4 H3xoAHrI curnaIrur Ha cllcreMara, yol - MHo)KecrBouo

orracHu rr3xoAHI{ cHTHaJII,I Ha CI,ICTeMaTa, ToraBa % u %" : y, tl ycnoBl{ero 3a

6esoracHocr e {0 %" : 0.
Cucrevara Sa ynpanneUue ce HapI,IqaLII\eanHO 6esonacHa caMo B TO3LI cnyllafr,

KOraTo 3a npol{3BoneH oT(a3 f, f e F, KbAeTO F e ruluOxecTBoTo [oBpeAI{ IIa
cr{cTeMaTa, Heir:aLrsT Il3XoAeH BeKTop y,qoBJIeTBopsBa ycnoBl4ero Vr€ Vu.I4geatua'ra
6e:onacna cHcreMa Bvnarv ocr4rypqBa 6egonacnu LI3xoAHLI cvrH{Irrr, Aoplr Koraro
ce HaMr{pa B HeI,I3rIpaBHO CBCTO.SHI{e.

IrlgrmoqureJrHo BaxHo Mrcro e o6uu.s npo6neM, cBbp3aH c I'I3rpaxAaHero
ua eSerrunHrr, HaAexAr^pr vt c 6esoracHo rrprl orKa3l4 rIoBeAeHI4 e cI{creMI{, 3ael\{a
up o 6l evllr 3 a o n ep arr{B na z4 euru$ vKarryrfl. Ha p;auaMuqrrl{Te IrM xap aKT ep I4 crt4l(Ll

[1, 2]. fIosHaBaHeTo Ha reKylllara HHO.opMa\ns.3a AI{HaMuqHoro cbcTotHl{e lla
Synxquorruparqara cllcreMa no3Bor.sBa or eAHa crpaHa r,a ce opraHr{3l'Ipa
orrTr{MaJrHo ynpaBneHr{e c al,anTar\nr oTHocHo I,I3MeHSUII,ITe Ce BbITIIIHI,I yCnOBUs,



37
a oT Apyra, IIo3BOJLflBa Aa Ce B3eMaT rrpaBrirnHr{ pr cBoeBpeMeHHr{ pelreHr4r rrppr
B:b3HI{KBaHe rla Hapy[reHuIs.Bl.B QyHxquonupaHero Ha cr{cTeMara. Tara nanpur',aep
n [2] e lpenloxeHa crpyKrypa Ha aAanrr{BHa cr{creMa 3a aBroMarrrqHo yrlpaBneHr,re
c zgenruQuKall}rt Ha AIaHaMI{tIHnre xapaKTepHcrt4Kz, r,r3rroJr3Bax]a xbv6unupau
npI{HrII{[ Ha yIIpaBnealre: a4arrruBHo ynpaBJreHr.re np]r orHocprreJrno 6asgo
I43MeHeHI{e Ha IIapaMeTpI,ITe BCne.4CTBr{e Ha napaMeTpr.rqHr{ cMyrqeHr{_s t4 r43MeHeHUe
Ha crpyKTypara Ha ynpaBn.f,Baqara qacr Ha cr{creMara npr4 croroo6pa:uo
u3MeHeHrre Ha napaMerprrre, BcJreAcrBrre Ha orKa3r{ c orneA ocr4ryp.sBaHe Ha
6esonacHo noBe.qeHLIe Ha cl{creMara. Tyr rrolfl'tr4flTaHaAexrHocr lr 6eionacrrocr
ce I'IHTep[perI,Ipar Karo rpera r,r qerBbpra crerreH cJreA noH-f,Tunra yctoi.tqr,rBocr
I{ KarlecTBo Ha yIIpaBIeHLIeTO, KOI{TO r.r3rpaxAaT rrpeAcTaBI{T e HV 3a prgnaKBaHkrflTa
K:bM cr{creMara 3a ynpaBneHr.re. IIou HaAex.qHocr Ha ynpaBJreHrrero ce pa:6zpa
CBOIICTBOTO HA ANfOPI,IT'bMA HA YTIPABJIEHI,IC U CbOTBETCTBAIqATA CTPYKTYPA HA
ynpaBn.rrBarqara qacr Ha cr{creMara ra crxpaHflBa rrppreMnr{Bo KaqecrBo Ha
cvcreMara rlpu orKa3 Ha oTAeJIHI{ rroAcr{creMr.r. Cr4tpxaHr{ero Ha raK:bB rrptrHur4rr
3a nocrposBaHe Ha cr{creMr{ e rbpceHe a peanv3vpaHe Ha raKaBa xousurypaqu.a
Ha anropr,rrsMa Ha ynpaBJreHr,re r,r Ha ynpaBn.rrBarqara qacr, Ko.sro AaMvHkrMkr3vpa
rary6ure B KaqecrBoro Ha yrrpaBneHr,re, o6ycloneru{ or orKa3r,tre. C oana4 

"u6esonacHocrra Ha frynrqraonzpaHe Ha cnareMara, rrpr,r HapacrBaHe Ha :a.y6ure
HaA AaAeHO HHBO, OCHOBHaTa 3AnaLra, Ko.sro rpt6na Aa peuu cr{creMara or
pa3rnexAaHufl Krac e B npr,rBex4are Ha o6exra Ha ynpaBJreHr{ero B onpeAeJreHa
o6lacr r{Jrr4 ToqKa B npocrpaHcrBo Ha cr.croflHuflTa.-C'apyruAyMr4 B roiu cryvafi
cvcreMara 3a ynpaBJreHze r{3n:brHsna synrqnu v]ts,a ocu2ypumenHa cncreNaa. Brs
Bpb3Ka c ToBa npu npoeKTlapaHe Ha crrcTeMa 3a aBTOMarnqHo ylpaBneHrre [pr4
To3r4 [oAxo4 e neo6xo4r,rMo Aa ce u3ttbrHlT cneAHr{Te erall{:

1. ,{a ce onpeAeJ.sr [poMeHnl{Brrre Ha crcroflHuero Ha aBToMarLr3vpaHr4so6exr;
2' [a ce nocrpoI,I MareMarl{qeH MoAeJr Ha yrrpaBn-[eMoro 4nuxetrne ua o6erra

B rrpocTpaHcTBO Ha C'bCTOflHvflTA.
3' la ce Qopruynrapar u3I{cKBaHrrflTa ro orHorrreHrde ua 6egonacHocrra BbB

BIdA HA KOHKperHr{ OfpaHuqeHr4s, BT>pXy CrOfinOCrr,rre Ha rrpoMeHnHBure Ha
c:bcro.sHuero, Aa ce anpoKcHMr{par BT,B BI/.AA HA tluldeitttv, HepaBeHcrBa u Aa ce
TIOCTPOI{ LI3IIIbKHAJI MHOIOb|:bNHI{K HA OIPAHIdqEHId',.TA B TIPOCTPAHCTBO HA
c:bcTo{HH.rITa.

4. la ce orrpeAenl{ frynrquonaJlgr Ha KaqecrBoro Ha cr{creMara rr HeroBaratIYBcr Ha orpaHlltreHuflTai
5 anaqlare ylpaBneHu.s, lpe[.srcrBarqr{ pa3Br.rrr4ero

Ha Oy

-6. A" ce onpeAenr{ rrporr3BoArrreJrHocrra Ha yTtpaBns,Barrlara EIrIM
H€OOXOATTMa ,3a peanv3arrLrfl. Ha yilpaBJrflBarqr{T'e nt:geficrnz_s B:bpxy aBToMa_
Tpr3rrpaHvfl. o6err.

, KasaHo c Apyru AyMr{, oqe npu [poeKTrrpaHe Ha cr{creMara, or rJreAHa roqKa
ua 6esonacuocrra BI3HI{KBa galaqara3a yA:bpxaHe Ha BeKTopa Ha rrpoMeHJrI{Br{Te
Ha cbcro.sHr{ero B 3ananeHa o6lacr x_.- or npocrpaHcrBo Ha crcrosuusra x.
npl{ BT,3HI'KBaHe Ha orKa3rl. a 

'n

[nec, BT,B Bpb3Ka c BHe.qpsBaHero Ha KoMrrrorr,pHa rexHI{Ka B cHCTeMLITe 3a
aBToMarl{qHo ynpaBJreHI{e, MeroAr{Te Ha r,Hap, 6e:onacna rexHoJlorq_tr I11npoKo
ce I{3rIoJI3BaT B pa3nl{qHu orpaclr,r Ha rrpoMr{rrrJreHocTTa ilptr ynpaBnerrr{e Ha
orroBopHlr rexHororl{ilHu rrpoqecu. Pazpa6orerpr tt [3rII{TaHI{ ca pa3rlrqHr{
6e:ouacnz Mr,IKpolpoqecopHlr cvtcreMvr sa ylpannenpre. 3a Lr3rrbJrHeHr{ero Ha
3Ara!,eHId QyHKrIHr.r npI,I ocurypflBaHe Ha HaAexAHOcr r.r 6esonacHocr crpyKTypara
HA CIICTEMATA CE CBCTOH OT ABC HI.IBA, EAHOTO OT KOIITO HE E CB:bP3AHO C
6egonacnocrra, aApyroro e 6egonacHo. EesonacHoro Hr{Bo ce ngrp3.1Kraor^6rorose



38

c rro-Bl{coKa HaAexAHocT tr rro- BLIcoKr{ xaparTeplrcTr,rKr{ Ha 6esonacHocTTa. B To'3LI

acrreKT Moxe Aa ce pa3rJreAa ct4creuara 3a yrrpaBJreHue . B o6qlr x ctyuaft cl{creMarTa
3a yrrpaBneHne ce cbcTolr oT ABe ocHoBHI4 qacTI,I -- OOeKT Ha yrIpaBJIeHlIeTO' H
ylpaBn.sBalla iracr - perynarop. Crrrynnocrra or Kpl,Irepurr 14 \paBvIra,, B

cborBercrBue c KoI{To Syurqnonupa peryJlaropa, [pecJlegnaftru uenrrre Ha
ynpaBneHuero, rrpeAcraBrs,Ba anropl,ITbMa Ha yrrpaBJreHrrero. flpu rona
rtpeAcraB.f,He Ha cncreMara, 6e3orlacHocrra fi ua $ynrquoHrlpaHe Moxe Aa ce
rIocTI{fHe IIo IIBT.f, Ha BbBexAaHe Ha pa3IIlIqHI,I Bl{AOBe I'I3JII{rXbK: alapaTeH,
unQopvraqnoHeH, [porpaMeH, BpeMeBI{ u 4p. Moxe Aa ce BbBeAe rloH-f,Tl{ero
eneMeHTapHa clrcreMa [1,2], r,e cncreMa 6ea Iasrlaum. Karo ce B3eMe [peABIIA,
qe cTpyKTypaTalna rrpolr3BonHa clITeMa e cbcTaBeHa oT TexHllqecru ycrpoficrnra n
cborBercrBue c :r'eirnala QynrquouaJlHa cxeMa I,I MHoxecrBo Bp63KI,I MexAy rf,x,
oc[rypsBallu $ynrquoulrpaHero fi s c:borsercrBue c onpeAeJIeH aJlroplrrbM, ro
eneMeHTapHara cucreMa Moxe Aa ce o[peAenl,I Karo cl{creMa, Kogrcr e

pa6orocnoco6na caMo npra orcbcrBr4e Ha orKa3r,r s HefiHure rexHr{qecKr{
ycrpoftcrna r,r Bpb3KH MexAy r.sx. Torana cnoco6ure 3a o6egneqanaHe Ha
6e:onacnocr rrpu rfyurquour,rpaHe ce cBexAar Ao:

- pe3epBr,rpaHe, T.e. AooaBqHe Ha TexHI{qecKI.I ycTpoI.IcTBa I,I Bp'F,3KI{ K:6M

eneMeHTapHaTa cvcTeMa, TaKa qe HepIHrI.f,T aJIropI{TbM Ha ynpaBneHne [tt e

HEI,I3MEHEH;

- aJrropuTMlrqno o6egneqaBaHe, T.e. Bb3Moxno upeo6pa3yBaHe Ha crpyKTyperra
Ha eJreMeHTapHara cr.rcreMa .rpes 4o6anflI{e Ha ycrpoficrna lr Bpb3KIa rlo raxbB
Haqr{H, qe Aa ce usMeHLr aJrropr{TbMbT Ha ylpaBJIeH}Ie.

3a pegnqa crrcreMr{, BKJrroqr{TeJrHo rr B TpaHcrlopra, BvleoKara crerleH,Ha
anapaTeH I{3JIIIIIrbK e HexeJIaTeJrHa, a B H.f,KolI cryr{au (aBI,IauI{.s, QnoTa,l e

HeAorrycruMa. 3arosa paspa6ornaHero Ha Mero.qu 3a aJIropI,ITMurIHo ocurypsBa.He
ua 6egorrasHocr , [o3Bor.sBaul:a ra ce HaMaJru anaparnirflT LI3JIrIrrrbK, e oco6eHo
aKTyanHo.

,{a pasrne4aMe cr{creMa, clcraBeHa or o6o6u1en o6err, BKnIoqBaIII o6er:ra
Ha yfipaBneHue, I{3[T,JrHr{TeJIHr,ITe opraHu il rarqvr\Lr,3arBopeHa .rpes o6paTna
Bpb3Ka trpe3 peryJlarop, Qoprraupaq aJlropurbMa Ha ynpaBneHl,Iero. IIle cill,Irat\de,
qe o6o6qenr{sr o6eKT [pr,I HoMHHaneH pexI,IM ce rlpeAcraB{ c ypaBHeHrsra Ha

cScTo.sHueTo:
x':A(t)x*B(t)u,

y:C(t)x,
KtAero r€R e BeKTopBT Ha ctcro.flHvrlralr'a cl,IcreMara; ue R - BeKTopBT Ha
BbHrrrHr.rre srsAeficrsn4 A(t), B(t), C(t) ca cborBerHo rlpexoAHara Ma'Ipril\a Ha
cbcroflH[ero, Marprruara Ha yflpaBJreHrlero I,I Marplllrara na na6lrogeuuero. [a
NPCATIONOXI{M, IIE B CI{CTEMATA MOIAT AA HACTbI.ST IIOCTCNEHHI{ IIAPAMETPITIHI,I
cMyqeHr{s v v,alpugaA(/), nnesannu orKa3r{ B r{3rrbJrHrrreJrHure opraHr,I (uarpuqa
B(t)) u BHe3arrHlr orKa3u B Aarqr,rqprre nln nilga Ha flosBara Ha AonbJrHI{TeJreH
Jrbx(Jrr,IB cI{fHaJI B cborBercrBalrlara KoMrIoHeHera Ha BeKTopa Ha na6moAeHlle'ro.
Hera xpurepvfrT 3a KauecrBo e 3aAaAeH nrn nn4a [1]:

v[e(t), u(t)] : er(t) 9e(t1 + ) f (z)dz,

K:rAero e(t):y(t)-y0(t) e curua:lbr Ha rpeuxara, Q - clrMerpr,rqHa, rroJloxrrrerHo
orrpeAeneHa Marpr,rqa, f (t) - Qyuxqur, oIrIcBalqa I{3xoAHH.s 3aKoH Ha
y[paBJreHrrero, peaJru3rrpaHa or perynaropa, z(t) - nocrbnBarlu.f,T B perynaropa
crrrHaJr. Heo6xoArzvro e Aa ce orrpeAenu crpyKTypara Ha peryJraropa, MLIHIzIMI43rrpirul
fopHr{r QynrquonaJr Bbpxy MHoxecrBoro orKa3l{ Ha cl{creMara, T.e. ocurypffBarq
acuMlrorrr.*ra ycrofiquBocr Ha pe[reHr,rero. Crpyrrypara Ha crrcreMa'ra,
[o3Bon.sBanla ra ce perrru [ocraBeHara 3ar,a't^a e noKa3aHa na $ur.1.



I1I3NGJIHI{TEJIH14
MEXAHI43MI{

o6eKT Ha
yrrpaBneHr,reTo

6rox ga
o6parua Bpb3Ka

Qur.l. O6o6ueHa crpyKrypa Ha orrasoycroiiqnBa cr.rcreMa

Blorrr na o6parHara Bpb3Ka Qopnrupa ynpaBnsBailItr cvr:r,arr4 z(t) n v(t),
IlbpBlr.sr or Koprro KoMrreHcprpa [apaMerpr{irHr,rre cMyrrleHr4.fl Bbpxy o6erra, a
BTOpIT-f,T OCI,Iryp.sBa I,I3KIIOqBaHe Ha oTKa3anv 4aT:qvr\kr r{ r{3[BJrHr{TeJIHr,r OpraHrj
r{ BKJrroqBaHe Ha pe3epBHH. flpra rora Morar ga 6r4ar perreHr4 clequuri rpra
3aIaqu:

l. B san[cuMocr or cr{rHaJra Ha rperrrKara e(t) ce ycraHoB.sBa Qarrrr sa
HaJII{rII{e I{JII{ orcbcrBlle Ha orra3 Ha cucreMara, Karo nefinoro HoMr{HaJrHo
c.bcro.sHHe ce Bb3[pOI{3Bex(Aa Hanpr,rMep qpe3 MeroAa na na6ttoAarens. Ha
JLoen6eprep [1].

2. C novoulra Ha anroplilrlM 3a pa3no3HaBaHe ce onpeA enfl,Bz4A:t,T na orrasa [3].3. Clel AlltarHocrllpaHe Ha cvrcreMara [3,4] ce oCrrqecrnxBa KoMreHcarlr{.f,
Ha orKa3HTe, r.e . cHHTe3ilpar ce ynpaBn.f,Barlr,rre cvrlJanv z(t) uv(t), ocuryp_flBarqu
ycrofiuunocr Ha cLlcreMara B rlpocrpaHcrBo Ha c.r,crofl:anflTa.

Czruanrr, locrbnBarq Ha BxoAa Ha perynaropa, ce Qoprr,rupa BbB BtrAa:
z(t) : Kr e(t),

rrgeroffr e BeKroprjr Ha rrapaMerpure. Ha 6azaraHa npeKr,r.fl Mero.q na Jlxnyuon,
:a rofiro B KaqecrBoro Ha $ynrqnr na Jlrnyuon ce ui6upa [ocotreHr.r_f, no-rope
QynrqzoHan ira ra.recrBoro, Moxe Aa ce olpeAenr,r o6racrra rra AolycrtrMr,rre
croftnocrr,r uaK,3anuceua or orKa3a, v Aa ce us6epe crofinocr or ra:n o6racr.

B np_ocrpancrBo Ha c'bcroflHLrfl'Ia Ha cr{creMara orKa36r Mox(e Aa ce cB6pxe
cTib sary6ara Ha ycrofiql,IBocr Ha cr{creMara. Torasa c ornea KoJrr4qecrBeHara
orIeHKa na 6esonacHocrra, noAo6no Ha onpeAenrr{ero Ha noH.rrrr.,rero nu$opuaqux
B TeXHI{qeCKI{Te CI{CTeMrr KaTO BeposTHocr, c Kotro 3aeMa I{3BecrHo cbcTo.flrrl{e
na $usuvecKa clrcreMa, 6e3onacuocrra Ha cr4cleMara Moxe Aa ce orIeHI{ ilpe3
BeposTHocTTa 3a TOBa, lle C6CTOqHT{eTO Ha cr{cTeMara IrIe npI.IHaAnexLr KbM
MHOXCCTBOTO AONYCTIIMI{ C6CTOg,HLIg, V CAHOBPCMEHHO UIC CC I{3TbIH.'IBAT
ycroBr{.fl Ta, rap aHTr,rp arqv r exHvtfl. ycrofi .run xapaKTep, T. e. :

P6.,(t): P (Xexo,n , Real P, o 0; i:1,'..,n)
KT'AerO Xoon e MHOXeCTBOTO OT AOrlyCTI4MI4 CbCTO-rIHI4fl Ha CI{CTeMara, a
Real p, <0 ca ycrroBr4s,, o',peAen.sqz ybrofivunocrra Ha crcroflHr4flTa.

Karro e rr3BecrHo, nr,treftHIare upeo6pasynaHr{.f, cborBercrBar Ha BapvarJkrLr
Ha cTpyKTypaTaHa cvcTeMaTa' onpeAeneHa qpe3 MaTpI,IqeH MoAen B npocTpaHcTBo
Ha cbcro.flHusra. klunapuaHTzTe Ha Marpktrlara Ha cbcroqHr.rero olpeAen_f,T
ycroBr.r.f,Ta :a QusuvecKa peanr,r3yeMocr. crrxynnocrra Ha r{HBapr,raHTr{Te B
onpeAeneH MoMeHT XapaKTepr,r3npa HlrrrnHo cbcro.sHr{ero Ha cucreuata. 14
cboTBeTHo, Ha Bc.f,Ka TpaeKTopI'Is B IIpocTpaHcTBo Ha cbcTo-flHllsTa oTroBapq
cbBKynHocr or crofrsocrv Ha HHBapLIaHTI{Te Ha Marpurlara Ha cbcro-rrHr4.rrra.
flpe4loxenara orIeHKa sa 6egonacHocrra Moxe Aa ce cBbpxe c neo6xogzuzre
crofiHocru Ha r,rHBapuaHrr.rre I, (i:r,...n). Ho rrfi Karo BcsKa Qyuxqur na
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vHBApVrAHTr4Te CbrrIO e r,rHBapr,raHT, To [po6neM5T 3a oIIeHKa Ha 6e3olacHocTTa
Moxe Aa 6r{e $opvrynvpaH Karo ycnoBr{e 3a roBa, rle o[peAenena $yuxqux ua
BeJrr{qrdHr{re 1,, T.e. S:f (Ip 12, ..., In) lpr'1na Aa rlppleMa c onpeAeJreHa rollHocr
crofinocru or 3aAaAeHa o6rac'r, a ga4aLrara 3a Kort4ilecrBeHo ollpeAen-f,He Ha

6esonacHocrra ce cBexAa Ao o[peAenrHe Ha Bepo.srHocrra 3a u3rIbJIHeHI,Ie Ha

roBa ycnoBue [1].
B sarmoqeHl{e Moxe Aa ce floAqeprae, qe eAHo3HarIHoro otrvcaHue Ha

csofrcrsara Ha rrpou3BoJrHa cvc'Iell'la e eKBI{BaJIeHTHo Ha HaMLIpaHero Ha
cboTBeTHrrTe aHBapuraETr4 Ha cboTBeTHLI.fl Marpl{qeH MOAen B rlpocTpaHcTBo Ha

c'bcr ofl.HLrs.Ta Ha cr,rcreMara . VIusapuaHTLITe Bfir'arv orp a3tBar p eanHo
cbrrrecrByBaulure cnoftcrBa ,r orHorrreHl{.s, o6rqu 3a q.f,Jloro pa:uoo6pasrle or
TexHr{trecKpr cr{creMr{ or AaAeH rI,In. Brs Bpb3Ka c roBa uiuroqurenHo aKTyaJIH(l e

IIO - HaTaTbIIIHOTO p a3BLITII e Ha Te Op eTI,IqHpITe I4I IIp I{IOXHI{T9 V3C ile EBaHIlg. HA

3aqa,4ara 3a anropprrMuqHo ocuryp.sBaHe Ha orKa3oycrofiuunocrraHa cLIcreMI4:Te
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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 furrc-
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 automatic 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 functionins is made.
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Introduction

Practically
tions are provoked by the often
real process of data registration
origin are practically from differ
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 patteins in space of instrumental measure-
ments; Choice of wrong identification of educating patterns connected with
wrong definition of discriminate functions in the area-of recognition and clas-
sification of the investigated objects; principal oblated of thi scientific hard-
ware [1, 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 p atterns 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

rearures orthe image, ii;Tf:3i.t#7,:T,i'j\ :::ji:
Questions whether these differenceJ are tors or

the objects are essentially different rises.

. If [{,]: [Xr],...,[Xk], k e lI, K) are matrixes of the measured'sampling
values of the features and each matrix had dimension n x m, (n € [t Nl-,
m e p, Ml),i.e.
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(l)

"-l-i

xl

-xl

-+

xI

(2)

[x']=

X11t X12t..,tXyn

X21,X22,,,,,X2a

X71rXr2r..,rXr

X11, X112r'..rXn111

then the pet of k objects of one and the same class is defined by
measured sampling vafues of the features of the images.

The matrix is:

the vectors of the

X1i> X12>...>X1*

X21;X22>...tX2^

{r1, X12t"'sX rm

X21,Xp2,,.,,Xp4

The procedure CP is:
The measured sampling values of the feature of the images [X,], [X,],..., [X"]

are compared. Each one is compared with the other one (the objecti is c6mpared
with itself). The account of th.e operation CP of k objects based on the matrix [X,],
[XJ,..., [X"] is 0,5 N M K (/< - 1).- Analilically the procedure is described by the inequality:

(3) s^&,^n), s^&p^)- lii^n=1,(t ji^,=o\,
-) -+

(4) g^(Xi*)s g^(Xi^)- !iimn=O,(! ji^o=l),
where g_, me|, i[f, !,,_,aren -th discriminate function, based on the m-edtcating
feature and the binary iandom value: Thr binary random value is a CP procedure
result. !,,_,: I means that the l-th object belongs to the given class. !,,_-: 0 means
that the"applicance of the l-th object to the given class is rejected'i',"jell, kl.In
result of CP procedure ((3) or (4)) a numeric series {s,} is set. It's terms are the
weight sums of compared objects when m + *,n -) -'the terms of the numeric
series {s} limes to it's mean values

(5) ,,^--*Lr,^^.

,Quantitativ?ll !,,,, the indefiniteness.connected with the random valte of yrr*
can be described by iiibans of the probability by which ,u^,1 1, i.e.
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(6) PIy,1^n =tj=\ii^,,O <Eij^, <1,

(7) \ii*n =l-\ij^,,O <\ j,^n <1,

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

MODEL A. The probability (,,-n does not depend on the sequence of com-
parison, i.e' either the procedure (3)"or (4) is realised, because the result is one and
the same. In this case the, probability \ii^nd"p"nds only on i or only on 7, i.e
\ii^r=\,^n.That means, that there is noeffect 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 E,*ndo"t not depend on the feature serial num-
ber m on which the comparison is idltiseo, according to the procedures (3) or (4),
i'e. there is no need to, repeat the comparison on definite feature. In this car. ih"probability Ein^ = \in.

MODEL C. The probability 6_n choice of the con_
secutive discreet value of the featuie- e procedures (3) or
(4) ary realised for all measured discreet (iroportion (if .In this case the probability \ in = E, .

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 \i.=EjEii) wh^en ffi-2*,n-)6 (the scriptE f) indicates
the averaging operation), wheie the [, and ( following'equations:

(8)

(e)

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

r. criteria,"",","lliriitiiiflj"r 
estimation the result of cP procedure are:

The zero 
^hypotheses of these criteria are the following H^: All ob.iects are

q.qual, the differences in the weight Su ns are provoked uy".an'aom f;;1;, ;;.
€,:0,5 for Vi.

The alternative hypothesis is H^: The objects are different and this is not
provoked by random factors, i.e. (, * O,S for Vj.

A measure of displacem ent d, = ri - 4 is involved.' O,Stlmk

^ .. 
According to the Pirson's criteria [4,5], when nL ) @,t -+ - the distributi on of d.of limits to normal with zero mean uai,r" and a mean quadi"ii"-airpii".#.1

1-N(0'1). In this case the criteria for total equivalen cy analyticaliy in described as follows:
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(1 0)

degrees of freedorn, i.e.

(11)

(r2)
(1 3)

KtK
D^ =11? = * t)r,? -0,25 *2 k (k -tYl."' 

7=t ' *k -,1
In this case if Ho is true, then the val:ue D 

^ 
must not be great than the criterial

value of the tabulated function with apriori given level of significance a and k-1

D^ 1 D*, = X?_o (f - t)

If the condition (11) is not true, Hn is rejected. H" is accepted, which mealls
that the objects are different and the dilferences betwden them are not provokerd
by random factors.

The scheme for application of the criteria is the following:
1, A level of significance cr is given.
2. The criterial value of the chosen level of significance is defined u,

D^1D-, =X?_o (f -t)
3. The value of D_ according to formula (10) is calculated.
4. A check-up aciording to the condition (11) is done. It consist in the following:

if D 
^ 

< D 
^, = X?-" (k - 1) then Ho is true,

if Dm > D^, = X? " 
(k- 1)then H" is true.

II. Criteria for the special object
The zero hypotheses for this criteria is the following:
Hn: All objects are equal, the special object is as all, i.e. €i = 0.5 for Vi.
The alternative hypothesis is H": The objec! with weight suql q is different

and this is not provoked by random factors, i.e. \a > 0.5 (1 < d. < k).
In this case according to the Pirson's criteria the distribution of the weiglrt

sums limits to the normal with mean value E{s,} : 0,5 m (k-1) and a mean quir-

dratic displacement os = 0,5^lm(n-t)
The criterial value of the weight sum ,sc is defined by means of the equation:;

(14) s,=lO,Sm(t -t)+y1."(t-t)o,1
or

(1s) s,=10,5m(n-t)*X?_"(t-t)o., +0,51

if the data capacity is not enough.
The symbol [.] indicated the least integer, which does not exceed the numericrnl

value of the expression in the square brackets.
The scheme for application of the criteria is the following:
1. The level of significance a is given.
2. The criterial value of the weieht sum s for the chosen level of sisnificance cr

is calculated according to the formilas (1a) ind (15).
3. The values of the critical weight sum r. and the weight sum of the special

object are compared. This procedure has the following view:

(16) if s7 < s, Ho is accepted,

(17) if s7 > s. Hu is accepted.

IIL Criteria for equivalence oftwo special objects
The task solved by these criteria is as follows:
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Does the difference inthe weight sums of two special objects means that the
objects are from different classes. -

fference in the weight sums of the two
ctors.

ce in the weight sums of the two
, i.e. the objects are from differ-

According to the Pirson's criteria the distribution of the difference of the
weight sums Asy..lr,- ttl,Q,t. [,k]) limits to normal with zero mean value
and a mean quadratic displacement oorn =0,5.lmk,meN (0,66r,,).

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

(1 8)

or

(1e)

Lt, =[X?-o (r - t) oo,n 1

Lt, =[X?-o@ -t) o^sir +0,5]

if Asrf < As" Ho is accepted,

if As# > As" H. is accepted.

ifthe data capacity is not enough. The symbol [.] indicates the least integer, which
cloes not exceed the numerical value of the expression in the square bradkeis.

The scheme for application of the criterii is the followins:
1. The level of significance cr is given.
2.The critical value of the differince As" for the chosen level of significance cr

is calculated according to (18) or (19).

3. The values of As6 .1", - t rl,(l,f . [t,t]) and As. are compared. This pro-
ced.ure has the followine viJ; 

r | ' "

(20)

(2r)

IV Criteria for equivalence of two obj sum)
The task solved by this criteria is the eieht

sums of the two objects s, and +, Aru = | an-t.

The,zero hypotheses of these criteria are Ho: All objects are equal, the differ-
ences in the weight sums are provoked by random factors Ei =\1for vr, 7.

The alternative hypothesis is H,: The objects are different and this is not
provoked by random factors, i... €t i\, for yt,1.

The scheme for application of the briteria is the followins.
ce cx is given.
to the scheme of the criteria for common equivalence

is d procedure is cut off. If H. is accepted tfr. pi"..O"ie
con

3. The critical value of the diference_ As", according to (1g) or (19) for the
chosen level of significance o, is calculat :d.

4. A check-up accordin ria III is done. If H^ is
accepted, it is considered,th he same .furr. iifft i,
a-ccepted, it is considered th classes, which melns
that their difference is statis
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llpuroNeHrle Ha MoAoJITI 3a cpaBHeHue

ro ABofiKWnpv o6pa6orra u
r,IHT ep np er ar\vrfl. Ha \aIJIlvr, rI o JIytI oHtI or
aep oKocMr4qecKlr eKcrIeprIMeHTrI

Pyueu Hedrcoe

(Pesrorue)

B pa6orara ca flpeAnoxeHl,I TplI MoAeJIa 3a il3rIoJI3BaHe Ha

MeroAa 3a cpaBHeHue IIo ABofiKLI rlpu o6pa6orKa Ha !.aHHv or aepoKocMllrlecKu
r,r3cJreABau[r. Ifenra Ha rIpI,IJIaraHe Ha KOHKpeTHI{ BepO.srHocTHI,I MOAeiIr{ rrplr
o6pa6ornaTa e HaMaJIlBane Ha rpeIIIKaTa rrpu orrpeAerrsHe Ha o6yqaBaIIILITe
nprr3Harlu [pr{ KJrac[Quraqnx. IrlsroxeHoro B craru.f,ra AaBa ocHoBaHI'Ie 3a
[punaraHe Ha KoHKper,HLI crarl{cruqecKr{ MoAenu flpu Knacllsu,raqu.a na
loryqeHure aepoKocMI{qecKI,I AaHHu olrle B rlpoqeca Ha flbpBllqHara o6pa6orKa.
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flporp avrara "KOPI4H-3EMHO [IOKPtr4TI4E",
rpuroxeHa 3a Tepr{Topwffa ua Bmapux

Hurcotta feopeuee, Xepuauu Cnupudouoa

Ilucmumym 3a Kocrvuvecrcu uscttedeauua, EAH

,{ucrauquoHHrnre MeroAH ca eAr,rH.sp6K [puMep, KaK eAHa
6rpro pa3Br,rBarrla ce KocMlrqecKa HayKa B [ocJreAHoro Aecerr,rnerlre ce rrpeBbpHa
B TeXHOJrOrI'.S,, I.ABafiJA Bb3MOXHOCT Aa Ce r,I3BbprrrBa r.r3yrraBaHe u r{3cneABaHe Ha
3eM.sra Karo Il.sro a n geraitrrn, Koero B HeAanerrHoro MuHaJro ne 6e srgN4oxHo
12,3,41. floHacronqeM H B Burapu.a ce u3nbrH.sBar peAlrrla npoeKTu Ha ocHoBara
Ha AHcraHur{oHHure nso6paxenus or pa3ruqnul4C3, xaro LANDSAI - TM, SPOT
u \p.

3a e4uu KparbK nephoq y Hac ce peaJrkr3rrpaxa peAprrla npoeKrlr c rroMorrlra
Ha cKaHepHa unQopvaqus, Karo: rrlrJroreH rrpoeKT n,{o6py4xa, cB6p3aH c rro3eMJre-
Hara peQopMa, [poeKrbr "MAPC' r{ ycnerrrHo 3aBbprrrr,rJrr{.sr [poeKr "KOPI4H -
3EMHO nOKPI4TI4E" (CORINE LAND COVER) [1].

ocnosHlrre qeJrlr Ha KOPITIH, nporpaMara ua Kovructrsra Ha Enponeficrara
o6rqnocr, ca:

- cr6upane na uuQopMa\us 3a oKoJrHara cpeAa BbB Bpb3Ka c orAeJrHrr
acneKTI{, Ko}rro r,rMar npr,ropr{Ter 3a Bcr{qKH crpaHLr - qJreHKr{ na o6ulHocrra;

- KoopAr{HHpaHe Ha cr6upanero Ha AaHHn H opraHr.r3arlvflTaHauuQopuaqurra
MexAy cTpaHr{Te qJreHKU vrlrnIJa MexAyHapoAHo Hr,rBo;

- ocfiryp.flBaHe Ha cbrJracyBaHocr Ha uHQoprraaqzfrTa vr cbBMecr]rMocr Ha
.IIAHHVTE.

3a na'raro Ha [poeKTa "KoPtralH" Moxe Aa ce cM.f,Ta Aarara2T rcnu 1985 r.,
Koraro Kovucusra na Enpoueficxara oSrqnocr e rrpuena perxeHr,re sa pa:pa6ornane
Ha ,,eAHH eKcrrepr,rMeHTaneH [poeKT za cr6upane, KoopAtrHupaHe v ockrrypgBa]He
Ha cburacyBaHocr na uHsopvarJuflTa or .4bpxaBure qJreHKr{, 3a OKOJrHara cpeAa
r{ ecrecrBeHr,rre pecypcll ua O6rqnocrra" Il].

3a Aa ce peanr,r3r.rpa ro3r,r npoeKT, ce e-HaJroxvrlro Aa ce pelrar ABa
npeABapuTenHr.r Bbrrpoca, a r{MeHHo:

1..{a ce paspa6orn [porleAypa:a cr6upane, craHAaprrir3arlu-s r,r o6uen na
AaHHr{ 3a OKOJTHaTa CpeAa.

2. la ce cb3AaAe reorpaScra nn$oprraaquoHHa clrcreMa c rreJr ocuryp.f,BaHe
ua nnQoprvlarJvrflTa 3a oKoJrHara cpe(a.
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Cle4 raro ca r{3Bbprrrr4lrv alc'aJrtrgur v ca o6ocnosaru qenrrre vr 3a!\aqv'Te,
TexHrrqecKuTe r{ opraHu3arruoHHlrre MepolpLrflTlr.s. Ha rrpoeKTa "KOPI4[I",
cleqr{aJrr{crr{Te Ha Enponeficrara o6ulsocr ca AoKa3aJrr{ 3HaqeHr{ero Ha ro3u
npoeKT z neo6xo4uMocrra sa O6qHocrra. HanpaBeHr{Te r,r3BoAr4 r{ 3aKJrroqenr{.rr
ca 4anv Bb3MoHocr ua Kouucufl'ra, Ia npenopbrra 3arroqBaHe Ha peanv3arlr{qra
My B paMKr{Te Ha Erponeficxara o6quocr Ha ocHoBara Ha c:bBpeMeHHr4Te
rrpofpecr{BHr{ MeroArr sa cr6upaxe u ylpaBJreHve Ha r,ru$oprnlaqu flTa 3a 3eMHoro
IIOKpIITI{e, KaTO Ce I,I3IIOJI3BaT OCHOBHO CIIT'THIIKOBLI AAHHI.I OT AI.ICTaIIqI4OHHOTO
cKaHr{paHe ua 3el,r.f,ra.

Hapel cbc 3aKJIK)rIeHvflTa, HallpaBeHI,I or crreqlranl{crl{Te 3a I,IKoHoMr{uecKoro
I{ crorlaHcKoro 3HaqeHl,re Ha npoexra "KOPI4H", ce e H3Bbprrrr{no u r43cneABaHe
or Aecer He3aBI{cHMI{ enl{na Ha Aecer pa3nLIqHLr o6racru or crpaHr{Te - qJreHKr.r

ua Erponeftcnara o6u1nocr, c xapaKTepeH u cuequ$zveH lan4rua$T 3a cborBerHu.rr
pafion.

C resn r{3cJreABaHrrs ce e orfoBopr.rno Ha rpr ocHoBHr{ B:rrrpca:
1. Hafi-noaxoA.qrlr{sr uaula6 e M 1 : 100 000.
2. Pasuepure na naft-valrrara o6nacr, Koqro na6rne xaprorpaQupaHa e 25ha.
3. Easosara unQoprvraqus. Ia 6rg.ar crrbrHr{KoBuTe AaHHrd.
Ha ocnonara Ha orroBopa Ha re3r{ Tpr,r Bbrrpoca ce e r{3Bbprrruno $opvryrru-

paHe Ha HoMeHKJrarypara (uuQponoro xoglrpane), c Ko.flro rqe ce o3HaqaBar orA$Jr-
HHTe eJIeMeHTr,r or 3euuoro rroKpurlre Ha npoeKTa "KOPI4H".

Hoveuxnarypara e opraHu3upana B Tpr,r HuBa:

- IIbpBo Hr.rBo - 5 pa:4ela, o6xsaqaqu ocHoBHr{Te KaTeropHr.r (xouro ca
a6crparrnu B rlo-roJlgMa urfir B [o-MaJrKa crereH) Ha 3eMHoro noKplrrrre Ha
nnaHeTaTa;

- Bropo Hr{Bo - 15 pas4ena- sa vaua6u or 1 : 500 000 u | : | 000 000;

- Tpero HlrBo - 44 pasgela, Kopt ro rrle ce Ll3troJr3Bar 3a npoeKTa "3eruHo [oK-
pllrre" n rraarqa6 1 : 100 000 (flpuroxeuue 1).

Opranusaropr,rre Ha rrpoeKTa 4aBar Bb3MoxHocr 3a BbBexA ane u Ha qerB:bpro
HLIBO OT HaUHOHanHT{Te eKprfrr{, aKO C IOMOTIITa Ha Tpr{Te OnpeAeJreHr{ IrlrBa He e

B63MOXHO Aa Ce xapaKTeprr3r{pa onpeAeJreH eneMeHT oT 3eMHoTo froKpzTr{e,
cnequQuveH r,r rroBTapaq ce MHoroKparHo B crpaHara.

Aro raxa npeAcraBeHr,rre Ao ryx npo6neMu Morar Aa ce [prreMar Ka'ro ocHOB-
Hrlutaa KoLITo cleqrraJrlrcrure e rpx6naJro Aa orroBap.sr oqe Ha rfi,pBLrg, erarr, To
B nocneAcTBr{e ce e HaJrox(rrJlo .qa ce perraBaT orrle peAprrla AorrbJrHuTerIlvr 3a4a\kI,
A HMEHHO:

1. flol6op Ha clbrHraKoBr{ AaHHI{ 3a rl3rorBrHe Ha rrceBAo-rlserosoro uso6-
paxeHr{e s M 1 : 100 000. Tona ce orHacfl Ao cJreAHrrre peureHlr.s:

- ue6op Ha ceH3opr.r ( LANDSAT: MSS, T.M., SPOT : H. R. V ), c xofiro qe ce
IlonyqaT MynTr{cIIeKTpanHr,rTe AaHHr{,

- no46op Ha Aan:al,z' or rronyqeHara cKaHepna unSopuaqua.
CreA auaru3lrpaHero Ha pa3nr{trHure ceH3opu, MoHrrrpaHu Ha LANDSAT I,

2,3,4 u 5 u SPOT Iu2,s Il ]ceor6ensgsa, qe3anpoeKra"KOPZH" u3rorB.f,He
ua 6asonu u:o6paxeuut Moxe Aa6t Ae rrocrr{rHaro c r{3rroJr3BaHero Ha BceKr4 or
ceH3oprrre MSS, T M. u H.R..V, rrfi raro uz1pauutr vaqa6 1 : 100 000 ue urcvrcnBa
MHOIO Br{COKO TTpOCTpaHCTBeHO pelreHrde.

2. Cr6upane v opraHr,r3r,rpaHe Ha crroMarareJrHu AaHHr{, KbM Korrro ce orHac.sr
BcqKbKr,B BUA AoKyMeHrauHq, xaprorpa$cxa n $ororpaScra uHQopvraqra s,,wMaLt4a
OTHOIIIeHLIe K:bM 3eMHOTO nOKpI{TLIe, KO.STO He V\BA AI,IpeKTHo oT CIIbTHIIKOBaTa
6asa 4a;l;au. Tesu Aal;.:apr BKJrroqBar ocHoBHo: rouorpaQcrw Kaprur; TeMarvrrsLr
Kaprl,r, Kacaeqr{ 3eMrroro rroKpr.rrlre; crarr{crr.rlrecra lruQopvaqur; aepoSorocHr.rMKr{
Lr LrHTepIIp eTarluoHeH npo3paqeH Jrr{cT.



49

_-- - TouorpaQcrnre Kapru, c Kor{To pa3[onara Bc.sKa eAHa crpaHa, ca eAHr{ or
Har'r-cbqecrBeHr{Te AorrbJrHrrrenHr,r AoKyMeHru, rrft raro re ca cr6patu u
noKaJII{3I{paJIIr c roJI.sMa roqHocr nH$opvaqu.f, 3a HaceJreHr{ Mecra, pa3rpaHtr-
qI'ITenHLI JrPlHvIv, aAMI4HI'IcrparvBHu fpaHIrIIu, peleQ, feoAe3virecKv onopHr.r roirKlau Ap.

@axrr,r.recx14 craH[aprHl.re rorrorpa0cru KapTr{ ca HeorMeHHa qacr or
lpoeKTa. Te ce zsnor3Bar Ha pa3nw4Hu erarrtr or r{3rorB.rrHe Ha reMarr{,ruara 6asa
AaHHI{ 3a 3eMHOTO [OKpI4TI{e, a ITMeHHO :

- I'Isuorssar ce 3a r.r3rorB.f,He Ha npo3paqHo r4HTepnperarlr{oHHo Sorlro rapa60ra no r'rHTeprrperarlvsra H c roBa ce 3alrara feoMerpr{.f,Ta.
- Heo6xoAvrMLr Qa 3a reoMerpl{tlHl{Te KopeKrlr{rr Ha crrbrHr{KoBprre aa'rq*r vpr3rorB_fl Hero Ha rrceBAo -rIB erHoro rag o6D axenr,re.
- rlpe4cran rflBar oilopeH AoKyMeHr 3a KoHrpoJrr.rpaHe Ha reoMerp ufl-ra ,pv

I.prt I4T a nv3vtp aH eTo Ha r{HTep [p eTarlu o HuT e JII{ CTOB e.
- Te ca BaxeH r{3Tor{Hr{K Ha Aorrbn'rareJrHa uusopvraqnfl 3a 3eMHoro

rIoKpI,rTLIe.

. ^\py^"HTeprrperarl'flTa e xeJrareJrHo Aa ce u3[oJr3Bar Kapru c utaulalu nI : 25 000, 1 : 50 000, Karo 3a ocHoBHa Kapra Aa ce r{3noJr3Ba Kaprara B cbrlu.f,
uau1a6 Ha cKaHepuoro u:o6paxenr.re, rarnnenrro M 1 : 100 000.

ocseH rouorpaScrr{Te KaprI{, raro nafi-naAexAeH 4o.r"rrr"raJreH Marepr{aJr,
3a H.SKOLI CIeIII{aJIHI4 Cryqar ce IIpellopbqBa Aa ce u3rroJr3Bar ]r reMarrrqHr.r Kaprv
B pa3nr'rrlHu M'a]tr1a6u, Karo reoJroxKr{, froqBeHuu Ap.3naqeHne n]Mar v KapTLr C
AtrpeKTHo oTHorrreHv e KT'M IIpoeKTa, KaTo pacTI4TenHI{, ropcKllt, cencKocTorl aHcKrl
l,r Ap.

Hapeg c rasr4 rpa0nuHa AoKyMeHTauLrq, Moxe Aa ce H3rroJr3Ba ur cra-rvc-
Tr{qecKa zHQopuaqras, Ko.rrro cr,n'bp)Ka !\alHr43a rOAI{IIIHO pa3[peAeJIeHr{e Ha cenc-
KOCTO[aHcKaTa rrpoAyKr\r4tr, orr]1rca]c.r.re Ha ropr{Te u np.

Aepo@orocHr.rMKr{Te ca eAHLr or re3r{ Marepuanu, Kor.rro ca r{3BbHpeAHo paqu-
oHaJrH[ np' HeflcHo u4enrusuqupaHe Ha orAenHr,r errevenr". 3aeino cronorpaScxHTe KapTH, aepo@orocn"vr"re urpaflT rJraBHa poJrs B rrpoeKTa ,,3eMHo
loKpr'rrrae". Te ce raen_o-rrcBar 3a ra4eHru$uqupane (naro noruenrnaiypeg uac) na
TICEBAO-UBETOBOTO U:OOPAXCUHE HA CA HHqHO I,I3qEPTAHI,ITC CJIEMEHTI,I, KOIATO
MOXar Aa ce KJracr{Quqnpar HeKopeKTrro, IIpu onpeAer.flHero Ha roqHure fpaHr{rl}r
Ha crrbrHHKOBLrre uso6paxentrfl pr ga [poBepKa r..r onpeAeJr.f,He Ha pe3yJrrarr{Te orKapTLIpaHI,ITe eneMeHTU Ha 3eMHOTO nOKpLITLIe.

. B rpoqeca Ha r{HTperrperar\prqra ce r{3[oJr3Ba rpo3par{Ho ne4e$opvupyeMo
sonuo, Koero ce 

''ocraB.f, 
Bbpxy careJrr{THoro r.o6pu*ai"i 

" Blbpxy Koero ceoqepTaBar seMHlITe eJIeMe_HTt{ rIO BpeMe Ha I,rHTeplp erarfrlflTA.IlpOapavHra flT ITLTCTe Ba)KeH AoKyMeHT u rpn6za Aa ce cb3AaBa c roJr.f,Mo nHuuan"e. toonocrra ,ra
ecTBoTO Ha flpo3paqHrrs. rLrcT.
nnQopvaqus or Koprrzcnfl-ra Ha

KocMr{qecKr,r rr3 cneABaHrl x (VIKW) _
opMauu.f,, uAeHTHrlHa c Ta3I4, C KO.TITO

ceBAo-orIBeT.sBaHe 3a TeprrTopuflTa Ha

cleA xaro B ror.sMa qacr or crpaHr{Te na Enponeficxara o6rquocr ro3rrrrpoeKT 6eure ycneurHo peaJrr.r3r,rpax, IIo IIpeAnoxeHue Ha KoMZCr.r.sra Kr,M Eo, rofice npeAnoxpl 3a I{3IIbnHeHkreu:aa6untstare cor\r4anacrr4rrecKu crpaHz. Hec"vneno
TO3rr xoA ce sBr'r neo6xo4uu, Karo ce 

'Ma 
[peABr,rA, o. 

" o60.prr" o1q.rq.
IIPEACTOI,I BKJIIOqBAHETO HA TE3II CTPAHI,I B PAMK'TTC rrA EO. BSENA^AfiKZ 

"P'A"dIIenI{Te Ha ro3tr rIpoeKT, 3a KoopAI,IHr4paHe z ynpaBneH]ae Ha oKoJrHara cpe/ta 14
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lpupoAHoTo HacJreAcTBo, Tofi [IMa 3HaqeHHe He caMO 3a HaIII{oHaIIHaTa' Ho lI 3il

Enponeficxara o6rqnocr. flrpnonavanHo rpoeKrrr "KOPI4H" 6etue [peAJIoxeH u
3alroqHa Aa ce peaJrn3llpa B Yntaput, flonua u llexu.f,'

Cne.q npolbJIXI{reJIHI,I o6crxAanut B Kpa.s na I994-t. MexAy peAI'Iqa

Btnrapcxlr uucruryqnu or eAHa crpaHa, u [peAcraBI{TeJII{ na KoMuclI.sra rlrra EO

oT Apyra, 3a TexHltirecKlrTe Bb3MOXHOCTIT, HaJII{qHUTe AOIbJIHIITenIiII MaTepuaJI}',I

r,r He Ha IIocJIeAHo MscTo CIeqIIaJII,ICTI{ 3a UHTepIIpeTaIIut Ha nceBAo-oIIBeTeHI',ITe

cKaHepHI,r uso6paxenvts., ce cTI,IrHa AO pe[IeHI{e ilpe3 1995 r. Aa Ce 3artoqHe

rr3rrbJrHeHllero IIa rpoKra "KOPI4H - 3EMHO [OKPI4TI4E" I'I B Brnrapur' flpue
ce KoopAIIH ar1ilrsTay :rrac Aa ce [r3BbprIIBa or MllxucTepcTsoTo Ha oKoJIHaTa cpe41,
3a pcKoBoAI{TeJI Ha [poeKTa 6ene onpe4eJleg cT.ILc. A-p CT. Enaroen. Peruasa ce s

II3N6JIHEHI{ETO HA TIPOCKTA AA YIIACTBAT ABA EKHNA' EAIIjJIIIT - OT CEKIII{'TA IIO
,,lucranguonnu ueiogvr" rrpn I4KVI - EAH, a BTOpu.sT - OT "FeolraHlpoe_KT"
A4, xaro 3a pbKoBoArreJI Ha HHrepnperawrsra e orpeAeneH cr.H'c. I cr. g'r.H' Xp.
Cnupu4onon. I{.alocrnara Aefinocr rro [3[bJrHeHl{ero Ha [poeKTa ce BoAeIIre or
r-n Kpucr I4nnc or Bprorcel, pa6oreq s Kovucusra xrrra EO.

Ipeau Ia a1arfi1gr1paMe r1snocTHo r{3rr6JrHeHrreTo Ha [poeKTa "KOPITIH", ule
ot6elexuu, ire KoJreKTuslT 6eute or pa3HopoAHlt cnequaJtvlcrrl, npI{TexaBaIqI'I B

pa3JrtrqHa cTerreH csoTBeTHa HayqHa r{ TexHnqecKa IIoAroToBKa I{ [paKTI{qecKH
orrr{T, KOeTO AaAe cBOeTO OTpaXeH[e npu ilpeOAOntBaHeTO na npo6levu u

TpyAHocTLI flptl BceK]I oTAeJIeH eran. Tosa ce Abnxerue Ha Qarra'qe [pI'I To3I{

HaqlrH Ha Eu3yaJrHa rrHTepnpeTarlva ce BJlaraxa HecbMHeHo vIlI.LrBl4AyaJIHUTe

CxBaIIIaHHf, Sa uuQOpUaTIIBHOCTTa, KO.f,TO HOCI,I BCTKO IICeBAO-OqBeTsBaHe Ha

oTAenHI,Ig eJreMeHT, rlpeqylleHo rrpe3 [rprr3MaTa Ha cneql{aJIHcTLITe C reoAe3ltqecK:I,

reOIOruqeCKa, IeOrpa$CKa u MaTeMaT[qeCKa IOATOTOBKa I{ C11equang3a\Lls"

flpe.qu 3anoarBaHe Ha [paKTnqecKara Aefinocr, 3a peanrl3arlvflTa Ha rlpoeKTa,

ce rrpoBeAe Kypc or r-n Kplrc Vlnnc, rofiro crIoAeJIH MHeHlIe sa oco6eHocrure Ha

r{HTep[peTauuflTa,3HaqeHu.sTa Ha HflKOII OT ICeBAO-UBeTOBeTe u Apylu MOMeHTH'

KotrTo rpr6na Aa ce c66nloEa3,aT. Cleg eanrpIIIBaHe Ha Kypca ce [poBeAe TecT' c
rofiro rpx6naure Aa ce oqeHu Hr{Boro Ha BceKIt qJIeH or KoJIeKT[Ba, Karo or
pbKoBoAr{Te rs. ce anarfii3rrpaxa cneqn$u.rn}rre AorlycHarlr rpeIIrKrL Bc,eru npoflyc;K

vnv flpaBkrnHo peuleHne uafi-$palupaqo Hoceule 6elera na cy6erruBl'I3Mil.
Cnequb-nucrure c r.rHx(eHepHa [oAroroBKa ]r KaprorpaQcra cneql.rattusal!:as6sxa
oqepTair[ fpaHrIrILITe Ha HaCeJIeHHTe MecTa [o-TorIHo ,l c ilpaBv IrvtldvIvl,3a pa3nl{Ka

oT crreqnanucTl,ITe IIo [ptrpoAHr.ITe HayK]I, KoI{To o6aqe Bb3 ocHoBa Ha [o3HaHItsTa
cr{ 3a nanAilIa$ra 6txa [paBI,InHo ugenrnQuqvpann rz oqepTanl,I eJIeMeHTHTe oT

3eMHOTO rIOKpI,ITUe,
flpegu s-ano.rnaHe Ha nHTeplp erarluflTa 6sxa ugrorsenu n EpronceJl or cKa-

HepHure uso6paxeuus Ha LANDSAT - TM tI sa ocHoBara Ha npeAocraBeHure o."r

Botnno-roroipa$crara cryx6a (BTC) ronorpa$cKll Kapru s M 1 : 100 000,
KocMI{qeCKI{ KapTu CbIIIo B M 1 : 100 000 c nces,qo-ollBeTeHu SJISMSHTI,I.

Mex4ynpeveno 6sxa r{3nBJrHeHLr BcuqKr{ rrpeABapl{Tennu pa6oru, cbulacHo
r,rHcTpyKqHI,Ire na Koun cvflTa ua EO, c KoeTo BceKI{ r{HTepIIpeTaTop pa3lloJlararue
c na6op orrorlorpaQcru rapru s rulalqa6u 1 : 25 000, 1 : 50 000 z 1 : 100 000 n qse

eMvrcvrvr 1915 - 1978 r. u c:bBpeMeHu or 1980 r.', KoI{To oKa3axa peullTenHa noMolrl
npr4 LrHTeplpeTar\4flTa. Hapeg c Te3I{ MaTepI{aJII,I, [pII KOMtIJIkrrrypAHv I,I TpyAHo
pe1n1rMrr cny.uarr, ce [oJr3Baxa aepoSorocru{MKI{ B Maula6, upr,r6lra:urenHo oKoJ]to

1 :16 000 lr ro-ctBpeMeIIHI{ cHuMKu s I'{aqa6 oKoJIo 1 :60 000, nanpaneHl,t

crreur{aJrHo 3a usrrbJrHeHlre Ha HayqHlrre [porpaM]I naVlKVl - EAH. Tenaarr'r'IHI'I

Kaprr,r 14 crartrcrurqecKa uu$opvaqus se 6sxa LI3TIoJI3BaHI{ nopaArl I,I3BbHpeAlllo

cneqraQuvnqrs, xapaqTep, HeIIOAXSEfln\v uarqa6u v He Ha nOcneAHO M.scTo -
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HaJII'IIIHI{T€ ronorpa0cKvKaprr4 I,I aepo0orocHtrMKLr 6rrxa poctaTbqHlr Hocr{TeJrH
ua uu$oprra a\vfl, nptr r.rHTeprrp era \LrflT a.

C nonaoulra Ha c[eql{atrta ra6tuua (flpunoNeuue 2) r.rMarrre Bb3MoxHocr
BCeKpr onpeAeneH eJreMeHT OT 3eMHOTO UOKpLrrr{e, c pa3Mepr,r [o-MaJrKr4 ot 25 ha,
Aa ce [p]IcbeAr'rHuI KbM cbceAerr eJreMeHT, Ho c rro-roJr.rrMa rexecr (ro:u eleveHr
KoI{To I{Ma rlo-roJl.flMo qplcro n ra6luqara ) or cbce.qHr.rre Ha Hero. Ananorraqnr.r
ra6tut\u 6rxa lpe4craBeHu II 3a orrpeAe rrsHe Ha rrceBAo-orIBereHlrre eJreMeHTr{.

I4urep np er a\vrfl'r a rrp oAbnxlr rroB eqe or loArrHa. Il.sro crHoro 3 aBbD rrrB aHe
Ha eAHo npo3paqHo {oluo (y nac ce H3rroJr3Baure Melzuerc) n M t : too ooo c
OIIPEAEJICHI,I TPAHI4III' II HOMEHKJIATYPHI,I HOMEPA HA EJIEMEHTI{TE OT 3EMHOTO
rroKpr{Tr{e, paMKoBOTO H rd3BbHpaMKoBoro oQopulenue, rp.a6naure Aa ce u3rbnH.,rr
:a l8 4un (flpuroxenne 3).

_Tpyguocrure 3a BceKlr prHTeprrperarop, KoJrKoro u cy6erruBHr,r Aa 6txa, uMaxa
u o6q xapaKTep. lor.f,Nao 3HaqeHr{e rrMa ce3oHET, rrpe3 rofiro ca HarrpaBeHpr
cKaHepHr,rre uso6paxenun. Hatpuuep flpu IIacuIIIara vr HvrBnre, Kor{To rrpe3
pa3nr,rqHr,rre ce3oHr.r cMeH-rrr cBoero nceBAo-orlBer.flBaHe, oilpeAen.sHero Ha
HOMeHKnarypaTalla eJreMeHTlITe e HeTOqHO, a OpI'I3OBr{Te [OJIeTa r,r BoAHI{Te IJIOITII{
nplr cyxu ce3oHrr ce npHeMar Karo foJrr4 3eMtr. Xaparrepu}l cryqau B ToBa
orHorrreHr{e r{Marrre s zgroqHu Pogour.r, KbAero cneuo-ras.flBtrr uBer Ha H_sKoI,I
ropcKI'I HLIBIT Ce OuBeTsBaxa KaTo cKaJrLr, a orpoMHr{ [pocTpaHcrBa c r{sBerpenr{
CKaJII,I Ce OrIBeTf,Baxa KaTo I,r3CbXHaJrII IIacI,Iqa.

foreuu 3arpyAHeHvs, ce roryquxa v \pv un4eurzsrrrl[paHero Ha
IIII'IpoKoJrI{crHI{Te LI I{rJroJIrIcrHpITe fopl{, rrfr raro r.rrxHoro nceBAo-oIrBersBaHe
ce pa3rrlqaBallre caMo B HIoaHcr{Te ua raSxnlx.s uBer - TaKa rrrprpoKoJrr{crHr{Te

lopH ce orlBer.f,Baxa B cBerJro rasrno, a HrJroJrrrcrHr{Te ropu B TbMHO xaQ_ano.
B saslrcuvocr or roBa, Kora ca HarrpaBeHrr cKaHepHure uzofpaxeHr{r - npe3
lporerHl4S kllrv eceH.vlg. ce3oH, ceHKI{Te OT TTJIaHI4HCKLITe Bepl{ru OKa3Baxa Brr4flHLre
Bbpxy HIoaHcI{Te Ha oIIBersBaHHTe ropcrr{ MacvrBvr, Karo cBerJro ra$_anoro craBarrre
TbMHo raSxno, Koero BoAerrre .qo rperrrHa rrHTepnperar\r4flTa, r.i. Naacosu 6sxa
peIIreHI{tTa, KOTaTO OrpoMHH }{agnBvr oT rrrtrpoKorrr4cTHU foplr ce onpeAeJr.f,xa
KATO IIIJIOJIIICTHI{. TOSU CIYUAfi 6ErUC TPYAHO TIPEOAONI,IM OT BCEKTI IIJICH HA
KOJIeKTLIBa, HO IIO-fOJreMI,I 3aTpyAHeHVsldMarue B HaqaJIHtI.f, eTarr [pll I,IHXeHepHI4t
cbcraB, KoLtro ca pa6orutr,r [peAr{MHo c vepHo6elu aeposorocHr{MKr{ IIpu
r{3rorB.rrHe Ha rorrofpa$cru rapru, KsAero c.flHKara H.f,Ma raKoBa pemaBarlo
3HaqeHue.

cpannurerHo JreKo rosu npo6JreM Moxe Aa ce npeoAoJree, c rroMoulra Ha
KoMrrrorbpHa o6pa6orra Ha npe,4ocraBeHlrre Hr{ MafHr{TH:a reHTVt, rrfi raro'fM-
ceH3opI'ITe HMar 3HarIIrITeJIHoro rlp eHMyrqecrBo, qe c:bAbpxar c eAeM crr eKTp anHr{
Al{arra3oHa, Kor{To rrpaB.sr Bb3MoxHo Aa ce c.b3!,alar 35 ugo6paxenu.f, c r,r3nor3BaHe
Ha pa3rr{qHr,r cneKTpalnn rorra6w:aaw4r4. Tara or nanpaueHr.rre H.'rKoJrKO
eKclepr,rMeHTa IIpu cneKTpaJrHa xou6znarlr4_s, Ko.f,To AaBa OrIBer.sBaHe Ha
lrllpoKonl'ICHUTe U I{TJIOJTITCHTITe ropu B ABa HrOaHCa Ha 3eneHv:s,rIBflT, CeHKI{Te He
oKa3BaXa raKoBa BnlIflHI{e V VrnlArr.e Bb3MoxHocr eAHo3HaqHO Aa Ce ofipeAeJrr.r
BL4AA HA rOpCKtrTe lllacilBkr.

fro pe4raqa npuqr.rHr,r ro3r{ MeroA He ce n3rroJr3Ba, Ho u1e or6erexr4M, qe
TIoJICKaTa [poBepKa, Ko.flTO Ce IIpaBerne B Kpa.fl Ha BCeKr{ eTarr, AaBarrre Bb3MOXHOCT
Aa ce il3flcH-.SBaT CJIyqauTe, rlplI KoI{TO H.f,Marrre eAHo3HaqHOCT B OrrpeAeJIeHI{eTO
Ira HoMeHKnarypara Ha orAeJrHlrre eJreMeuru. Tarzsa 6sxa clyvafire npz
yroqH.sBaHuflTa Ha cneuo-xasflBrTTe ropcKtr noirBu n pafionure aa zsroqHr.rre
PoAonlr, Kor.rro 6txa getstuspnpanu raio roru cKarrv v cny\rav.re c orpoMHH
Tepr,rTopr,ru r.r3BeTpeJrr{ cKaJrpr, r,rHTeprrpeTlrp aHpr KaTo IIac[ula.



52

B:arrroqenl4e rle or6elexprv, ile I{3[bJIHeHLIero :r,aragv orpoMHa tto cBo-f,r'a
varqa6nocr r4 yHr.rKaJrHa rro cBoero 3HaqeHr,re 3aq\iiqa, Ko-rrro ce 3aBbpIIrH 3a KparxI{
cpoKoBe C MHOIO BI{COKLI OIIeHKII 3a IIOCTI{rHaToTo KaqecTBo I,I AOCTOBepHocT npI'I
lonyireHr,rTe KapTHr{ Mareppranv, AaBarrlr4 r,rnsoprraaqu.fl 3a seMHoTo [oKpHTI,Ie Ha

\s,naTa Tepr.rTopr,r.f, ua Er,lrapu s., HV AaBa Bs3MoxHocT Aa ce HanpaBsT cneAHI,Il'e
I{3BO.trI{ I{ 3 AKIIOqEHLI,S :

1. flo neocnopuM Haqrau ce AoKa3Ba 3HaqeHr,rero Ha KocMlrqecKvre Mero.rl,pl
nprr H3foTB.flHe Ha KapTHrrMarepualrr{ c orJrr{qHr{ KaqecTBa Ha orpoMHr,r Tepr,rTopr.ilz.

2. B ronrpernut ctyuafi e cb3Aa.qeHa Qraauvecrara ocHoBa Ha eAHa reorpaQcra
un$oprraaquoHHa crrcTeMa Ha onpeAeneHo HuBo, Ko-f,To Moxe Aa nocnyxr{ 3a
614eIr1o Ao[r,nBaHe c HoBa r,rnQopvaqn.r.

3. PeanusupaHero Ha rrporpaMara "KOPZH" ce r,r3[brHr{ c Mr{Hr4Manen 6pofi
cnequaJrucrv v 3a KparKr4 cpoKoBe, npu6ru:ureJrHo eAHa roAuHa, Sarr rofilo
Aocera ne 6eme no3Har B [paKrr,rKara y Hac.

4.lIpu nepproAr.rrrHr,r o6nosreHr,rr Ha 3eMHoro rroKplrrue (npu6rusureneH rrepncrA
or 10 - l5 ro4ranu) c HoBa KocMnqecKa rrnSopruraqus ue Moxe.qa ce rocraDll Ha Hay{Ha
ocHoBa KoopAr..rHr,rpaHoTo r.r cbDracyBaHoTo )mpaBneHlre Lr cTorraHucBaHe Ha 3eMHrdlre

IIpHpO.qHI,r AaAeHOCTH Ha repllTopl,rflTaHU B HaUHOHaneH r,r MeXAyHapO.qeH naarqa6.
5. He ua rrocneAHo M.rrcro rpr'6r,a Aa or6erexr{M, qe yqacrHr,ruure B Ta3r{

Aefrnocr urMaxa HeBepo.rlTHara Bb3MoxHocr Aa lonyqar roJI{M onrlT npl{
r{HTeprrperarJrlflT a Ha KocMr{qecrure uso6paxeHr{r.
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The CORINE - LANDCOVER programme
applied for the territory of Bulgaria

Nicola Georgiev, Khernani Spiridonov

(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 fealised with the help modern progressive methods fcrr
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 LANDSATTMin scale 1:100 000 with pseudocolouring of the differ-
ent elements of the Earth's cover. The obtained 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 ceftain level are
convincingly confirmed.
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Ernrapcra aKaAeMr4r Ha HayKr.rre. Bulgarian Academy of Sciences
AeporocvuvecKr{ rr3cJreABaH ux n Brn, ajut r 4. Aerosp ace Research in BulgariaCoSzr. 1998. Sofia

flp un oxeHrre Ha avrcTaHrlr{oHHlr
MeTOALT npn r43 cneABaHe Ha
cMeceHo Ab6oBo cbo6uecrBo

Bttaduuup Boflrtee

Llucmumym no 6omauurca, EAH

OopvrynlrpaHero r{ pe[raBaHero Ha 3ar,aqu Ha Ar,rcraH_IIHOHHOTO LI3CNEABAHC CE OCHOBABA HA I{3MEPBAHETO C NOMOIIITA HA ACPO- IIKOCMI4qecKu cpelcrBa Ha pa3rplqHr,r KoJrr{qecrBeHr{ rroKa3areJrrr Ha orpa3eHaracJIbHrIeBa pa[val{xfl uttu co6crBeHoro lI3JIbrrBaHe Ha 3eMHara noBbpxHocr.zguongsaHero Ha [oJryqeHrrre AaHHr.r rro3BoJr.f,Ba eAHo3HaqHo ra ce vr,eHTLr-
snqupar pa3rr.rqHr.r npupo4ltz o6pasynann.s Bbpxy nes. Tona,.".*Ji-.rp"*;;;;;;
Ha TaKI{Ba MeroAI'r H cpeAcrBa, Kor,rro 6uxa gatuHa H3cneAoB a-te'rureBb3MoxHocr
c nafi-ro-rr.srvra AocroBepHocr Aa
,{o roslr MoMeHT ca ny6rrarvsaH

Hacro.rular u pa6ora 
^uaKaHaJrr{ or BHAr{Mar a u EI4H (6n[sra

crreKTbp. Te 6uxa no3BoJrr{Jrr{ Aoc:roB
Bbpxy 3eMHara [oBbpxHocr, rroJryqeHr{ Ha aepo- rir KocMHqHu @orouso6p a)Ke:H:prs..?Igcle..nano e r'r3AbHKoBo cMeceHo qr6bno 

""oo.tl""t;o. 4"p"o.ro"; ;t;H3rpaAeH ocHoBHo or 6naryyl^T"p. VIvra egunurrHo yrracrr.r" ,u 6p""r, 
""ii ixlen. 3aeua 

''noq or orolo'fl30 ha , sa Bb3pacr ot 20-25 roAr4Hr.r. Buco.rnHara
I 8-22 cm, I4rvn rie4o6p e

;fftr#'trT;#;:."
ca pa3opaHu v 3acervr c nrcqepHa.ry* ,;l';fl?':H.X?Xoffi;Tffi:H'.1?:?
TpeBrrcrr4 cro6qecrna or Jrr.rBaAeH Ttru.

3a noryvaBaHe Ha KoJrrrqecrB eHu vr KaqecrBeHr,r xapaKTep vcrkr.r4 Han3cJreABaHprn paiton ca Lrcr
r,r3MepB aHr,ra n $orouerp r,rrrH
r.r3MepBaHr.rs ca cBT,p3aHr,r
xapaKreprrcrr{Kr4 (COX) na
cneKTpaJrHz.a roeQnqueHr
MCTOAI,ITIHI4TE NPEIIOPbKI4 3A IIOBI{IIIABAHE AOCTOBCPHOCTTA HA I,I3MEPBAHI,I 

'dTA 
HA
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uafi-unSopMarl{BH[re IIapaMerpI,I Ha pa3JILIqHfi pacrLIreIrHII crpyKrypl{ [3]'
CnexrporraerpplpaHu ca flepr$epHl{ KJIoHu or 6raryH u 9\\ryfl!^qacr or rpeBocro'fl

Ha nloUepHoBa JIuBaAa c IOMSIIITa Ha llpil6opa "I4COX-020", rofiro utvta 20

KaHaJra. Te o6xnauar Bkrp'vrM:as. u EIrIlt Arrala3oH Ira eneKTpoMarHI4THI{.fl cneKTbp

(1":400+820 nm).
(DoroverpuirHara o6pa6orra AaBa B63MoxHocr 3a lr3MepBaHe Ha orrrl{qHaTa

nnbrHocr (D) na tforonerarusu, Te ca floryrleHlr c rIoMoIrITa Ha MHoro3oHanHaTa

aepoKocMr,rqH MOHrr{paHa ua 6op.ua Ha caMoJI_e-T

nu'6oputop" fl _ r{ B rrrecT KaHaJra Ha B}IAI4MarauBVln
o6racr tta ere l,:400:820 nm), Karo oTAeJIHI{re KaHaItr4

ce xapaKTepu3vpaT cbc cJreAHr,rTe'MaKcI4MyMV HA CII-e-KTpaJIHa qyBcTBI',ITenHocT

(crorserHo ot i .qo VI ranan): 480 nm, 540 nm, 600 nm, 660 nm, 720 nm u
820 nm. Z:uepnanero Ha D na uetarvBvre BbB BCI{qKI,I KaHaIrPr e I{3BlbpIIreHo c

MI,IKpOASHCI4TOMeTbp "MD- 100" CnrpSaH C KOMIeHCaIIUOHHO 3aIII{cBaIII,o

ycrpbficrno "K-201',Koero AaBa Bb3MoxHocr sa rpatfuuen 3aflvc Ha lIsMepBaHI'Ire

BeJrr{qqHrr - T.H. perucTporpavrn. Zgnon3BaHo e LI MaplflpyrHo o6xoxAaHe Ha

rr3cJIe.{BaHI,Is o6eir, 3a Aa 66Ae cr6paua a[puopHa I'rnQopuaqlls 3a Hero'

@urypa 1 ulrocrpupa caMO cToftHoCTI4Te Ha rL or cIIeKTpoMeTpLIpaHeTo 3a

TS3II A6JIXI,IHI{ Ha BBJIHI{Te, KOIITO CGBIaAaT C rl Ua IIIOCTTe KaHaJIa Ha KaMepaTa'

3anracurnrOCTTa, KOITO cblqeCTByBa MeXAy D u7,"npr H3CneABaHI{Te Tpu O6erra, e

rrpeAcraBeHa na Qur. 2. llo rosu lr^aqr4r ce [onyqaBa cblocraBuMocr Ha AaHHI{Te'

lonyqeHl,I or H a3 eMHI{re u Q ororra erp}IqHI'ITe I'I3M epB aHI'Il .

o/o

32

28

2t,

20

16

t2

I
I

rE7 5t,0 5OO 660 720 820 nm

Our. 1.

/ aka4u9
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t,l0
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160 5t0 600 660 7 ntn
Our.2.

3enenure pacreHus. ce xapaKTeprr3r,rpar c ABa MaKcr{MyMa Ha orpaxeHlre -nrpBLrs, npu l,{40 nm 14 Bropl{s - EtrItI o6racr,Ha ene*tp-onourHurHarflcrreKrbp,
I{ MLTHLTMyM sa }":660 nm, Koaro ce BrrxAa u or Qur. L 3a },:660 nm o6aqe ne 6e
roryqaBa oqaKBaHr{.sr Mr{HtrMyM na D (sr,rr. 2.). Tosu $arr e o6yclonen or
3anoqBa[Iara rlpoM.flHa na iarpara Ha ropcKara pacrr{Tenrrocr, Koero e rrocJre.rlBago
or yBen[qeHl'Ie Ha orpaxareJlHara cnoco6nocr Ha pacrrrreJrHr,rre o6errv B c6;1,sra
I,I 3eJrenara o6nacr Ha crreKTbpa 4o 3,5 rrurvr, a3a gepBeHara - Ao 10 ur,ru. I[suuari
Ha IIODIbIIIaHe Ha IIOcJIeIHaTa I{3rIe3Ba.

Zsuepnanu-f,Ta [oKa3Bar, qe o[Tr{qHara [JrgrHocr Ha rt;6a e Iro-roJItMa or
orrrl,rrrHara frJrbrHocr Ha aKarrr4flTa ($zr. 2), r.e. orpaxareJrHara cnoco6Hocr Ha
KOpOHT{Te ua 4r6onure AbpBera e [o-roJr.flMa. o6scnenve 3a roBa Moxe Aa ce
HaMepI'I aKo ce cbrlocraBl{ Iraop$olorzqHoro vr aHarol.zrtrqnoro ycrpoficrno na
Jrr{crara sa rr6ail aKarrysra (4r6onure rvcra ca IIO-IIJr3TH" r a ,ro-4o6pa pua""r"
Kyrr{KyJra r,r erraAepMkrc B cpaBHeHue c aKarJuenure lzcra).

orpaxarerHara [oBbpxHocr Ha Abr BecHoro u ya ipesucroro cro6rqecrno
e c a. Tosa o6yctang pa3nuKr{re B cleKTpanuu.a roe0uquenrHa a rBara Suroqeno:a (4r6ona ropa l,t r,roqepuoua iunaaa).flo norJrbrqaHe Ha cJrbHrreB a-ra pa,,var\vrfl or Ar,pBecHoro
Hacax(AeHI'Ie, rL Ha ropara e rlo-ManKo or rL Ha nroqepHara (Qur.- r). Tasu
3aBI{cLIMocr ce 3arra3Ba v npv Mr,rKpoAeHcuroiraerpzpaHeTo (@nr.- 2), r.e. D saropara e rro-MaJrKo or D sa nrcuepHara, Karo cborBerHr4Te crofinociu na rruD
PIMAT AHAJIOTI{qEH XO.tr,

PerzcrporpaMvrre no npofrranu AaRoxa B'3Mor*Hocr Aa ce oflpeAeJrz, qe
He3aJreceHure lracrr,r (npocerure) ca zaerw or rpeBrrcrz cro6uecria. Tosa e
HarlpaBeHo rlpe3 CbrIOCTaBtHero Ha o[Tl{irHr,rre [Jr6THocrr,r na o6enrprre. or eAHa
crpaHa, orrrrrqHara rrJrbrHocr Ha alpuopHo rro3Haro rpeBr4cro cro6qecrno
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(rolxua nrcqepHoBa rrr4uara, pa3rroJroxeHa B ueHTpaJrHara rracr Ha 416ona ropa)
e MHoro 6rnsra no crofiHocr Ha orrrurrHara [JrlTHocr Ha rrpoceKkrre,vl ol Apyfa -
qyBcTBr,rTenHo ce pa3Jrr4qaBa or olrTuqHaTa rrJrBTHocT Ha ropcKI{s MacLTB. cr'n\us:I
noAXoA rrosBoJrrr Aa ce r{AeHTraSuqupar 6esrecHLI rrpocrpaHcrna, ue3a6elexIrMtI
npu Br,r3yaJrHo gelruQplrpaHe.

3a cpanueur{e e r{3MepeHa ril onrrrqrara nJrrirHocr Ha pa3opaHa:uuBa I{3BT,H

ropcKoro c:so6rqecrno, qr{qro COX, rlrnzrrFra 3a rora [oqBa, HarlpaBu Bb3MoxEo
AOCTOBepHOTO OnpeAen.sHe Ha rpaHr{rlr.rre Ha rlocJIeAHoTo.

llpu cueuaHe Ha perlrcrporpaMlr, Mr{HaBarqu rrpe3 JrroqepHoBoro cro6rqecrno,
ce nonyqr4xa g.Ba rrurKa - c flo-ror.f,ua crofisoct rta D n I, II, III u IV KaHaJI L no-
MaJrKa s V u VI ranar cnp.f,Mo olTr{irHara rrJlbrHocr Ha nroqepHara,
llpegnoroxeno 6e, qe roBa ca 3eMHr{ KoJIoBo3r4, rr,fi raro r43MeHeHuero Ira
OIITI{IIHaTa IIJISTHOCT Ha Te3I,I yqaCTbUI,I e TI{IIIIITIHO 3a IIOqBI4 C HapyllleHa CTpyKTyp,a
Ha rroB6pxrrocrHr.r.s rrJracr. Tosa 6e AoKa3aHo rr Ha TepeHa.

Hafi-raHSopMarHBeH ce oKa3a II ranan (1,:540 nm) no orHolueHlre
gu$epeuqupaHero Ha ropcKa Lr rpeBr,rcra pacrr{TenHocr, 3a orAen-sHero Ha
pa3Jr,rqHr,r A:bpBecHH BrrAoBe, r,r3rpaxAarrlrr cMeceH 4:npnocrofi, nafi-ygo6en ce oKa3ia
V ranar (),,:720 nm, Sur. 2). Paztnxara MexAy D na rt 6a v aKar\vflTa e

cpaBHr{TeJrHo MaJrKa, 3aqoro rrpe3 Jr-f,Toro CKO Ha BcrirqKrr .4a'pBecHr4 BrrAone

AOCTr,Ifa Mr{HrlMyM, B pe3ynTaT Ha KOeTO TIBeTOBI{Te KOHTpaCTn Vpa3ilUqwflTa Bb,B

Qororoua na v:o6paNeHrrero npe3 To3I,I ce3oH ca nafi-va-nrpI.
Cpanurnauero Ha AeHcrrroMerpurrHrrre AaHHlr, [onyqeHra rrpe3 pa3nI,IrIHI.I

Senoloruunu Qaau Ha H3cJreABaHr,rr o6eKT, [oKa3Ba, qe crofinocrvre Ha D E:.a

ropara rrpe3 oKToMBpv ca rro-MaJrKr{ or re3r{ 3a aBrycr. Irlsrrroqeuus.rrMa B Tperr{
KaHaJr (1":600nm), r rofiro re ca rotrrr4 paBHH. Bcr,rqro roBa e o6ycnoneno c,r
pa3nwilrrTa r o6arprnero Ha ropara B ABa cpaBHI4TeJIHo orAareqeHz no BpeM.e
MOMeHTa OT BereTaIII{OHHI{.S Ce3OH - npe3 OKTOMBpT{ I,IMa CI{JIHO HaMarSBaHe Ha
xnopo{unnoro cbAbpxaHr4e, Koero [oHI{xaBa CKO u Br,B BTopr{ KaHaJI He c,e

ilonyqaB a xap aKTepHr{.f, T 3 a 3ereH ar a p acTuT eJIHocr MaKcuMyM.
llsroxeHu.flT Ao ryK aHarv3 Ha npl{noxeHr{ero Ha pa3nrlqHr l\vcraurrLroHut4

MeroAu :a geuru$papa:ae Ha H.rrKou pacrr{TenHr4 o6erru rroKa3Ba, qe noA BlruflHll,.e
Ha 6arpara Ha onrr.rqHo aKTI{BHara rloBbpxHocr Ha ropara HacrbrlBa [poMqHa B

orpa3.flBaHero B orAenHr{Te iracrri Ha BI{AI{MaranBIAI{ o6nacr Ha crreKrbpa.llpu
TOBa CbrrIecTByBa pa3nr{Ka B orpa3f,BaulaTa cnoco6uocr Ha AbpBecHvITe u E;.a

TpeBrrcrr.rre clo6rqecrna, Koero AaBa Bb3MoxHocr crprrKTHo Aa ce pa3rpa:av.ta't
Te3r4 ABa rvilapacrvrreJrHocr. Pazru'rugra ca e.qHorroco'"rHlru npu ABara MeroAil.

Hafi-r.ru$opMarr{BeH e Bropu KaHaJr (}":540nm) ro orHoIrIeHIre pa3rput-
Hr{qaBaHero Ha A:bpBecHa or rpeBrrcra pacrr{TenHocr. 3a 4eInuQpr,rpaHe Ha
pa3nvr'"rHr4 AbpBecHr4 cro6nlecrna nafi-noAxoAsrl e rlerl{ KaHan (X:720nm).
E$errunuocrra Ha 4euruQpupaHe ce rroBr{rrraBa npr{ noAxoAflxlo rov6unrapan.e
ua SorounSopMarIHr u $euororuqHo c:bcro.slaue Ha orAeJrHrrre KoMrroHeHTr{ Ha
pacrIrreJIHocTTa.
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Application of
of a mixed oak commurutv

Wadimir Vulchev

(Summary)

Mixed oak and he

proved to be the channel with \,:720
increases when the period of study and t
etation are combined properly.
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Optimal control of unpowered flight
in vertical planeL

Todor Tagarev

Space Research Institute, Bulgarian Academy of Sciences

l. Introduction

The way the energy of gliding airqaft 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], lxed flight time [1,2] and quite arbitrary definition of boundary conditions
12,31.

In the current paper, the optimal control problem is solved via Pontryagin's
minimum principle. The flight time is not frxed. 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 ig used to account for end-state constraints. T'he

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 Programme of the Third European Control Conference, September 1995,

Rome, Italy.
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The optimal use of the

potential and kin d substan-
tially increase the ct, and the
penetration chara es 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=___gsrnT,

ft7

' L gcosy
I -- --r

v

x=v cosy,

h=v sinT

v = -c, ltH (h)v' - gsin y ,

y = rrltH(h\v - ScosT 
,

.,
x=v cosy,

h =v sinT
The functions H(h) and, M(v,h) are described in detail in [4].

Here m denotes the aircraft m The state
variables-are-speed v,vertical cex, and
altitude h.The aircraft dragD

where { r-r -thr wing area, p is the air density, and the parameters c^ and c, depend
on the Mah number M.ri the particular model the airodynamicJparam'etd;;;
defined by the equations

(3) cD = cDo(M) + cf'a" '

ct=cla2'
where a is the aircraft angle of attack. Denoting p*o as air density at sea level,
H(h): plp*oas relative density, and p:p*Slem),.qr.(l) take the form

(4)
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2. 2. Optimization problem

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

(5) t=llst(t,),t)

for differential constraints on the state vector f(t) : lv(t), y(t), x(t), h(t)l in the
form

(6) y=f(y,d,t), y(t)=yo

described by eqs. [4], constrains on the end state

(7) p Iy U), tl = 0,

and saturation-type constraints on the control function o

(8) la@l<a,.

The duration of the flight t, is not fixed.

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

(9a) t:x(tr);
b. Maximum kinetic energy at the point of impact with the Earth surface

(9b) J:-0.5v2(tr);

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

(9c) J:-v(t,)sin{r,).
The constraints on the end state f<ir the three cases are as follows:

(r0a) h(tr) : 0,

(rDb, c) h(t) :0, x (tr) - X :0,
where X is the initial horizontal distance to the required point of impact with the
Earth surface.

. 
The problem is solved via Pontryagin's minimum principle, The second con-

straint in eqs. (10b,c) is accounted for by a penalty funition in criteria (9b), (9c):

(110) J: - 0.5v'(tr) * 0.5su 1x(tr) _ X',
(11c) J: -v (1) sin y(t) + 0.5 s"lx(t,) _ 42.
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The first constraint in eqs. [.10] is account-ed for by aLagrange multiplier r4, which
leads to a unconditional minimization of

(rz) [(t): rVQ),trl+rtrh(tr).
The Hamiltonian for the optimal control problem is defined by the equations

(13) H(y,a,),,t)=L' f ,

(14) i --a H
'v- 0 y'

(15) i (r,)=- 4 n(tr )-\-r/ 
0 y(t)'

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

(16) )Jlvftr),trl ,aPr[yTr),tr]H(tr).--E=.-ffv=0.
Eqs.(14) for the costate variables have the form

i, = ).,t, H @( +{ r' *2, or)- t",( u r rrrr,* t "?" J''\dM dv tl'- ' vz )
-1,cosy- h osiny,

i -1 n g

(r7) . o,=h'gcosy-Lresiny 
+l,vsiny-hnvcosy'

' L r=0,

i o=). ,,r, ,,(di:y4Y H(h\ *r^4\- r, dH
\dM dh -dh) r4vcr'*'

, where. the dependence of the derivatives dll I dl, dM I dh, and, dHl dh on the phase state
is derived -analytically from the relations iri 1+1. rde rnA uut,r6s of the .6J;i; ;i-
ables are delined tiom eqs.(7), (16), and for the particular criteria are as follows:

),,(ty) =0,

Lr(ty) =0,
(18a) L*(ty) =I,

1

hnGr)=- --;-- r tgTG r)
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(1 8r)

L 
"(t rl=v(t ),

L r(t r)=0,
L*(tr)=-sa [x(tr)- Xl,

) /+ \_ lG)-sulx(t,)-Xlcosy(tr).
/v 1r\t y )=- ,in Tq) 

,

).r(ty) = -siny(//),
J"r(t y) = - v(t f) cosT(ry ),

1, *(t f) = - s 

"lx(t 
y) - X),

h,(t,t='(//) *Y(t r)+ s'[x(t t) - x] 
.-n'-I/ vU)' tgy(t) '

2. 3. Numerical solution

The two-point boundary value problem (7), (17), (1 8) is solved
numerically. Eqs.(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 ttre
costate variables are defined and eqs.(l7) are integrated backwards until t : t".The
consequent approximation for the control function is

(19) a**'(t)=aN (t)*t.' rl d!, ," 
d d* (t),

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

(20) j^!^= uciH(hN 1v* 1-zvN L ! or u)+ L il.d o(' (t)
The initial approximation c(D for the first criterion is derived from the condi-

tion of ma:iimum lift-to-drag ratiop on the trajectory, and for the particular model is

(2ra) a" (t)=rtcoo(M) / ci .

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

(zIb,c) ao(il=k,a*+k"( y+tn-t h )' "t ' - x'x)
and the limitatibn on the angle of altack (8). The parameters k,a"' and k, are
explicitly defined in [5]. Here in parentheses is the direct pursuit, ontrol paiam-
eter, and o(- is determined from the condition for a straight flight

(1 8c)
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(22)
ltciH(h)v'z

The choice of ft il (t) in
techniques and is a subject of
solution of the two boundarv

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
m/s, go:30", xo:0, and ,0:10000 m the increase in the flight iange is 42 percefit.

cr, deg

v, m/s,

T' deg

a- g cosT

l,,mx104 1

05

0

x,mxl0*
Frg.l. Optimal control and trajectory for the maximum range critenon

initial approximatiorl _ optimirl variables
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The relevant variables for the maximum kinetic energy criterion are pre-
sented infig.2. For vr:150 mls, yn:I}", xn=O, hn:1000 m and X:3000 m the energy
at the point of impact with the Earth sur:face:is incr'eased with 40 percent. For the
same initial condition and X-5500 m the use of traditional control methods does
not guarafltee arrival at the required point of impact, while the optimal control
does. If X=5900 m the required point of impadt eahnot be reached even with
implementation of the optimal control function. The solution in such cases coin-
cides with the optimal control for the maximum range criterion without, however;
satisfying the second terminal constraint in (10b). ' '

a, deg

u,-/.t

T' deg

h,m

1 500

1 000

500

-10

. 0 5q0 1000 1500 2000 2500
x,m

Flg2. Optimal control and trajectory for the maximum kinetic enerry at the point of impact criterio.l

initial approximatio4 _ optimalvanab.les
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hich would result a significant probability

o, deg

v, m/s

T' deg

0

I

h'm t

1 500

X,D

Flg3' controlfunctionandtrajectoryvariablesforoptimalconditionsforpenetrationatthepointofimpactwiththeEarthsurface

_______initialapproximation,_ optimalvariables
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The implementation of the optimal control would increase not only the aiLr-

craft effectiveness, but also the opportunities for compensation for model pararn-
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-
iia and constraints. The implementatio r of such control would increase the ajLr-

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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Ouruvaruo yrrpaBJleulle Ha 6e3ABI,IrareJIeH

rroJroT BrB BeprrrKaJIHa paBlrlrHa

Todop Taeapee

(Perrcnae)

Ha.iunrr Ha [r3[oJr3BaHe Ha elreprllflTa Ha nnaHl,Ipa.ilI
JIeTaTeJreH Arrapar Moxe Aa AorlpLlHece 3a rIoBItIIraBaHero Ha HeroBara
eoeKTr,rBHocr, a B HsKor{ cryqau np.f,K"o o[peAeJr.tr BeposrHocrra 3a ollen.f,BaHero
My, B Hacroflrrlara crarvs. sap,asara 3a orrr[MaJrHo yrrpaBJleHlre Ha rloJlera ce
perrraBa B cborBercrBr,re c rpr,r Kplrrepufl: MaKclIMarHa Aaneqvlla Ha [oJIeTa;
MaKCLrMaJrHa Kr{HeTr{qHa eHepru.fl B ToqKaTa Ha cbrIpI,IKocHoBeHI,Ie cbc 3eMHaTa
noBbpxHocT; onTr{ManH[ ycJroBvrs, 3a rrpoH]IKBaHe B 3eMHaTa TIOBbpXHOCT.
Saraqara 3a orrruMaJrHo yrrpaBneHue ce pe[raBa Ha ocHoBara Ha rrpuHuvra Ha
MaKCHMyMa Ha lIOHTpsrr,rH. orpaHr,rqeHrrsra Ha KpaftHoro c6crosHr,re ce orqlrrar
qpe3 BbBexAaHe Ha rraKa3areJrHa $yurqnr B Kpr,rreplr.f,. Bpeuero Ha rloJlera He e
Surclrpano. ,{syrovroBara KpaeBa 3a4aqa e peureHa irr4cneHo. Ourrauanno'ro
yflpaBneHrre Ha rrJraHr{paulnfl noJreT rapaHTr{pa eQer<runuo LI3noJI3BaHe IIa
KuHerr.rqHaTa r,r noTeHrIVarrHaT a eHepr[s Ha JIeTaTeJI Hvs. arrapar. PeanHgaqra.f, ra
My AO[bnHr,rTeJrHO rIO3BOJrqBa KOMrreHCr{paHe Ha [pOMeHI,I B [apaMeTpI,ITe Ha
MOIIena LI HeOTqeTeHI,I BbHIIIHI'I CMVIUeHLLS.
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Description of the equipment for
GREENHOUSE SVET'95 project

The GREENHOUSE 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) t1l. The block dia-
gram is shown in Fig.1. The Vegetation Module (VM) full of substrate is mounLed
on rails in the Plant Growth Unit (PGU) of SVET The Illumination Unit (IU) can
be vertically moved and fixed at different positions. A ventilator ensures lanp
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 Control Unit (CU) receives and
processes the data obtained by the sensors during all the vegetation cycle and
automatically controls 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.

SVET. T SIS.M

Fig. l. Block diagram ofthe integrated system SVET - SIS and location ofthe sensors

t--T-LM-il'lI l,,J

K1 | K2

DT+DS
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The parameters controlled by CU are as follows:
o air temperature entering PGU-TB1;
o air temperature within PGU-TB2;
o substrate temperature in cell Kl of VM-'ICI;
o substrate temperature in cell K2 of VM-TC2;
o relative air humidity within PGU-BB;
o substrate moisture in Kl-BC1l
o substrate moisture in K2-BC2;
o duration of the lighting period -PPO.
The sensors measuring TB2, BB'and PPo mounted on a unit fastened to IU

iyil! dlop out of the GREENHOUSE svET-2 equipmenr 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 systern (rssy,
and a data collection and display system (DT+DS) [3].

The gas exchange system has for an object to provide acatrate measurement
of absolute and differential CO, and HrO 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

The leaf area measurement system is a mo-dified iersion of a commercial leaf
ar€a scarner.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:
o plant air temperature (AI);
o plant light monitor (LM);
o plant leaf temperature (LT);
o soil temperbture and moisture (SMT);
o cabin pressure (CP);
o cabin Ozi
. cabin HrO (air humidity);
. cabin CO^,
The PGU ehvironmental variables are measured by an instrument cluster

with sensors located on the upper end of a rod in one corner of each leaf
chamber.

. . fh. svET system provides one substrate moisture sensor per module (BCl(2))
which measures and controls the substrate moisture level by means of the'CU ind
hydrosystem. 16 additional sensors sMT (8 per module) witt ue supplemented by
SIS to monitor the water distribution. They are designed to be iniegrated in the
existing VM on flight.
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Equipment problems during the GREENHOUSE SVET'95
experiment and results

eral failures of the tuBi?:foffiGREENHousE'95 
experiment there were ser'-

problems u.i"",,ln compatibility Ufi'fi*lAfter a brief functioning_pe ly'the forth
lamp shut down. It was conclud -because 

of
the leaf bags restricting the flow of cooling air, Later the leaf bags were removed
but the Control Unit microprocessor systim of SVET failed beciuse of an over.-
loaded power supply causedby the non-functioning lamps. It was rcach a decision
to pass to manual mode. 18 days later cU completelylailed (the supply of 121y'
letting.the.equipmentto operate in manual modi dropped off)'as u t6*tt of long
operation in abnormal mode. A way was devised to piovide ljv from the Ameril
can power supply and SVET continued its work.

Thus enough of the problems were
ing the 90-day interval from seed plan
consequence of the insufficient irradia
normal green colour that reached the 3
Unfortunately they grew in all direction
cause SVET was lined with the America
directions.

Ea Jli#:fi#fft:i:i:i,tiwa ent to 
"be 

conducted(in ff5:J'fo"rsibility to switchon as ituatiorrari w ogravityon ll
ln experi-

ment a jPace greenhouse SVET-2 of new generation was to be developed foi thr:
planned seed-to-seed experiment in 1996 as well as some experimenti on boarcl
the MIR OC in 1997.

Some optimisations of the SVET hardware for
future experiments

Illumination Unit within the SVET-21
chnical and biotechnical characteristicii
ts of the plants.

gyve 2 - photosynthesis). Till the expe
(12 pieces) were used. The spectral-reip
of lamps is shown by curve i. It is seen

eeds was due to the lack of special
th appropriate characteristics and
lamo.
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500 600

l. [nm]

Fig.2. Light wave length necessary for plant's: ./ - phototropism, and 2 - photosynthesis; Spectral response
characteristics of the lamps used in 3- SVET (LB 6-8) and4 - SVET-2 (DS lt-21)

700400

The increased supply of fluorescent lamps in the last years gave a possibility
to conduct an extensive researches on the characteristics of the supplied kindi
9{laryfs. The_ spectral-response characteristics of 12 kind of lampjin 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 arid red region
respectively has been enlarged. The energy characteristics which are of partiiular
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-

Il2L of OSRAM
lamp spectrum

ototropism of th
s.2).

In connection with building o
tions have been conducted - on a
very special requirements, and on a tra
proofing the separate illuminants. As a
(2,5 times) improved brightness charactr
distance of 15 cm from the illuminants the intensity is 27 000 lx (under 12 000 lx 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 1l/21 (g000 hours)
ensure 5 times better reliability of the equipment. Besidei the new iU tras considerl

>t.=
ct)
c
(D

.c

-c.9
_J
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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 onboard supply voltage) is 2,5 times lower (3,5,A. under 9,{ in
SVET SG) and the starting current is almost equal to the supply one, T'he newly
developed IU has lower weight (2 kg) and much better mechanical characteristic;s.
The mechanical structure has been optimised so that it is far more functional: IU
can be easily moved and fxed 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 period) to be changed when it is necessary. llo
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 arrd
higher efficiency has been developed to meet the stronger requirements of the ne,w
experiments.

New construction of the Vegetation Module has been developed to make the
equipment interchangeability easiei. 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 l-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 Se,o-
ondary Pump Power Supply - SPPS) were produced, sent to Moscow in Januany
1996 and launched on board the MIR OC ryM on Shuttle in March and all the
rest on the Progress module in April '996). New fundamental biological research
for growing a crop of wheat "from se d to seed" during the six-month flight (from
July to December 1996) of an Amr ,'ican astronaut will be carried out with this
equipment. Three new experiments rith plants that have a shorter vegetation cycle
(peas for example) have been planrred for 1997 . Perfect results have been obtaine,d
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 1996-1997 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 arr-
othe-r step towards creating a steady onboard Biological Life Support System frrr
the future long-term manned space missions (initially to Mars) has been made.
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Introduction

There are two primary reasons to grow plants in an orbiting
satellite: 1) To study basic gravitational biology; 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^ althoqgh the work is often justified with reference to a CELSSapplication. In the formerToviet union and apparentry aiso in Bulgaria, ,t,roi.,with plants in _space have been more strongry tirlrtiuut.f Uv irt. cEL"sS ;h;il."g;
than by that of fundamental biology.

Although abnormal affects hive b
mgntl in space (downward bending
spindly growth, chromosome aberrati

ailed studies often discover subtle abnor-
for seedlings that have obtained most of
e seed.

ced 22 normal pods, and 2 plants pro-
0 seeds, half of them immature. Fortv-
plants. The good news is that the liie

re were no "show stoppers',). The bad
less vigorous and, healthy than was
ant-growth devices.

space
at this
e not
are m

ctuated over a wide range. plants are
6]. Temperatures have fluituated in the

earth. The
ment from
or even to
ter to such
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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. ,A,lthough many environmental measurements have been ma,1e,
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 followrLng
goals:

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 nol.ed
above in relation to Arabidopsls, it has long been a goal of space biologists to grow
a plant through a complete life cycle in microgravity. Our current experiment rlid
not achieve this goal, butwe will strive to achieve it during 1996 (see below).

. 2. To document the environmental parameters that might impact plant grov'rth
(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 document 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 S'vet
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, Spa ce
Research Institute. There is about 0,1 m2 of plant growing area. A modified
computer controls the photoperiod and the automatic watering system. l\ir
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 irradianbe 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 its genr:tic

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
oarameters mav be referred to as strain.



BI

has involved the major part of'the U
challenge was to Oevitoi infrared CO

In addition to the infrared sensor

the 1996 experiment, we are
are returned to earth.)
odule because of the difficul_

Table I sh e for ,,project Greenhouse,,. The equipment wasdelivered to M nd July oi rqgi, ;;;;;;peiiment was carriedout on Mir-19 m August
frrst experimen hardriare
compared not only with data obtaine
data obtained during the 1996 experim
between March and December is ind
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Table I

Schedule for "Project Greenhouse"

Spektr

STS-7I

Mir 19 and Mir 20

STS-74

STS.76

Priroda Module

NASA.3

STS-79

STS-81

Docked with Mii June 1, 1995

July 7, 1995

August to November, 1995

November, 1995

March 21, 1996

April, 1996

July to December, 1996

August 1,1996

December 5, 1996

Equipment delivered

Delivered root module and seeds

Experiment "Greenhouse 2a" a

proof-of-concept experiment to tesl

the hardware, obtain Plant data

Return of root module and

plant samp.les

Launch: root module, fixation kit,

logbook kit

Launch new light block, controller,

and spare parts

Seed-to-seed experiment;

second planting (35 d)

Launch hard disc Ns2

Recover samples from seed-to-

seed experiment Plus the

second planting (3 5-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 so
of the Bulgarian root
(two sensors placed bel
dioxide and oxygen co
sufe.

cen
esti
exp

the schedule shown in Table 2. Althoug
discussion below), plants were sampled
fxed in chemicai hiative 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 parameterJas min-
eral element content, cellulose, and lignin. At the time the simples 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 procednr" r"u,
not carried out in 1995; we are working on ways to measure leaf areas of the
returned lxed 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 placJd in desiccant bags for
final drying and to prevent g.rowqh of fungi. Because mitrrre plants are dry unl*uy,it is not necessary, to use chemical fixatives. There wer" no seed.s or even steriie

see discussion bellow), but the available
as planned. (Some fungal growth was

esiccant bag; apparently the sides of the
vapor could not move from the rrlant
plants (1996 experiment), fresh plants

rned to earth. Excess material if there is

sperm nuclei. We realized, on the other
nteresting stage in the plant's life cycle,
n of the final seeds. Thus it was decided
period of gametogenesis to fertilization,
rogress.

T able 2

Sampling schedule for the seed-to-seed experiments

Prefl oral: 6-day-old seedlings

Early floral: l3-day-old, young plants

Boot stage: ca.30-day-old plants
(crew determines)

Anthesis: ca. 45-day-old plants

Seed Filling: ca. 60-day-old plants

Prefl oral: 6-day-old seedlings

Early floral: I 3-day-old, young plants

Boot stage: ca: 30-day-old plants
(crew determines)

Gametogenesis/Anthesis:

ca. 42-day-olil plants

Pollination/Fertilization:

ca. 49-day-old plants

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



84

The 1995 Experiment (Mir t9-20)

As this manuscript is being prepared, "Project Greenhouse,
1995" has just been completed, To summarize, there were several failures of tlie
Svet hardware sent to Mir in 1990, but enough of the problems were overcome tlo
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 experiment as events
were reported to us (or as we participated):

Events during Greenhouse 2

l. August 7. Cosmonauts initiate installation of the Utah equipment for "Greenhouse 2." We planned a daily
transfer of data to earth via MIPS (Mir Interface to Payload Systems), but the MIPS system was tested and failed.

2. August 8, The setup for Svet and the Gas Exchange Measurement System (GEMS) was completed.
3. August 9. Svet and GEMS were provided with power.
4. August 10. "Program 1" was run to tost the Svet hardware.
5. August 1 1 . Cosmonaut Nikolai Budarin, who was assigned to our project, initiated "Program 2" on the

Svet controller; this program adds water to the root module. The moisture sensors reported that cuvette ifsl
received too little water; cuvctte Nq2 received more but only about half of the desired amount.

6. August I 3. (Aug. 13 is assumed to be day zero.) Program 2 had been initiated again, providing sufficie,nt
water to cuvette N91 but too much to cuvette water to cuvette Ns2. Seeds were planted,

7. Augustl4(dayl).Thelightswereturnedon("Program3"),andthreeofthesixlampsinthelightunit,
specifically those over cuvette Ns 1, shut down after a brieffunctioning period. These lamps remained off, and a forth
lamp also failed although we are not sure exactly when this oocurred. Continued tests ofthe MIPS system failed.

8. Augustl5(day2).TheBalkaninewasstilltoowetincuvetteJ\!2althoughcuvetteNelhadaboutthe
right amount ofwater. The excess water in cuvette Ne2 may have inhibited germination. It was concluded that the
leafbags (properly called cuvettes, but this term has also been applied to the two compartments that make up
the root module) were restricting the flow of cooling air by the lamps and probably caused the malfunctioning of
half of the lamps. Thus the leaf bags were removed, and the GEMS was hooked up to run in looped-back mocle.
It provided analytical data of CO2 levels in the Krysral module, but photosynthesis measurernents were not
possible for this experiment (Modified bags have been designed and constructed to allow more airflow past the
lamps. They will be sent to Mir for the 1996 experiment.) It is not clear, however, that the lamp failure was
caused by restricted air flow caused by the leaf bags. Temperature data indicate that the lamps overheated twice
after the Ieaf bags were removed (ca. days 6 and 40). This apparently occurred because the fan that was suppos ed

to cool the lamps when offand had to be restarted by the cosmonauts. In any case, plants were subjected to high
temperatures (at least 45oC) twice during their growth cycle, and this may have had profound effects on t.he

course of their development.
9. Augustl6(day3).TheSverautomaticcontrollerfailedbecauseofanoverloadedpowersupplycausedby

the non-functioning lamps. Hence, the system had to be operated in manual mode (i.e., lamps and the water supp,ly
system had to be turned on and off by the cosmonauts). The lamps over cuvette i\,lbl were confirmed dead.

10. August 17 (day 4). Germinating seedlings were about 1 cm tall. The Svet controller still failed to functicn,
and lights were turned offwhen the cosmonaut retired and on again upon arising. Thus plants received about l6 h

of light and 8 h of darkness each day - a photoperiod too short to promote rapid development of flowers and seed
h eads. (Lights were left on over night five limes: ca. days 5 1 , 64,7 6, 82 and 89.) Plants were watered for about 5 s in
the morning; the root modules were very wet. The GEMS moisture sensors were used to determine the daily water
doses. Data from the computer screen were radioed orally to earth. These data indicated that all sensors were
functional and properly installed, Actually, the equipment had not been properly grounded, and this led to errone-
ous data, noted in the next entry.

ll.August 18 (day 5). Cuvette Is1 had 36 healthy plants (reduced-light side); cuvette J\b1 had 10 planrs,
and a fungal growth was noted on the wicks (determined to be harmless). (The seed strips sent to Mir had 1)6

seed; thus, each cuvette 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 now appears that the
overheating that caused the lamps to flail also upset the irradiance sensors because the controller was not
electrically grounded. When a ground was hooked up (ca. day 36), irradiance was seen to be very lo,w.
(There is a possibility that lamps function more efficiently in microgravity because of the lack of internal
convection, but such an effect was not sufficient to provide ample Iight in this experiment.) The relative
hum.idity in the core module of Mir was about 65 % and about 50 % in the Krysral module where Svet is
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Iocated Temperature increased to about 2SoC because of an oven experiment located next to Svet (23oC is
ideal for wheat). The cosmonauts reported that the camera bracket we had specially designed and. con-
structed to take stereo photographs was lost somewhere on Mir. It was subsequrntly located but too late to
take the desired pictures.

12. August 21 (day 8). The root modules were both drying out. There was a question about whether seeds
should be replanted in cuvette Ns2; the decision was delayed pending more informati,on.

13. August 22 (day 9). More seeds germinated mosily in cuvette Np2 as the over-wet substrate drjed out. The
irradiance sensors reported 450 pmol m'2 s'r in cuvette Ns1 and 650 pmol m-2 s'r in cuvette J1b2; this made us very
optimistic until the sensor malfunction was finally deduced. Because corrections must still be made to the recorded
data, exact figures for irradiance al the plant level are not available; irradiance was probably about 1 00 pmol m-2 s-r or
less' In ground tests, irradiance levels were 250 pmol m'2 s-r, 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 cuvette Nol (20/row) and 17 plants in cuvette No2 (row I : 6;
row 2 : 1 1)' The plants in cuvette Ns2 that germinated later than those in cuvette Nsi seemed to be catching up. Thisis probably because they were receiving somewhat more light, The decision was made not to replant seeds in
cuvette N!2.

15' August 26 (day l3). Plants were about 8 cm tall and appeared quite healthy. 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 r3-day old plants usually have passed thar srage.

I 6' August 3 1 (day 1 8)' Four plants were fixed and three dried at the 3 or i-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 floralprimordia.

, 17' September 3 (day 21)' The Svet controller completely failed so that it became impossible to turn on thelights or to add water to the substrate. This led to a frantic weekend in which Bingham at the space DynamicsLaboratory communicated with Ivanova in Bulgaria and with our Russian coinvestigitors. The problem was finally
diagnosed as low voltage (9 v) . A way was devised to provide 12 v from the utah power
supply by connecting the appr er clips. Afier 33 h of darkness, the lights were back on,
everything was vorking, and the video recording was telemetered to earth, but reception waspoor. Nevertheless, it was possible to see that the plants did indeed appear healthy.

18' September 6 or 7 (day 24 ot 25). Soyuz docked with Mir, and Yuri Gazenko replacing Budarin.l9 Septembet 1 I or 12 (day 29 or 30).Budarin returned the hard disc from the notebook controller, allowing
us to examine complete environmental data for de first :onth of the experiment (data that should have been sentto earth via MIPS).

20. September I 6 (day 34). Four plants were lixed and two dried
in the boot stage (third sampling).

At this age, plants would normally have been

2l September18(day36).Avideowastakenshowingtheequipmentandtheplants,whichappearedtobea
normal green color (although color balance ofthe lights makes this somewhat unceriain). The planis were growing
in all direclions, more like crab grass than whear! Of course they did not have of gravity toorient them; apparently they did not grow directly toward the lamps because Sv ror Mylar so

liT.::l:,tr"l essentially all directions (as we had ptanned with our Russian c rhe tighr theprants recerved).
22' october 5 (day 53). The stems and flag leaves (attached to the head, ifa head had formed) ofsix plants

were chemically fixed and theremaining leaves were placed in desiccant bags (fourth sampling). This was to te thegametogenesis stage ifplants had developed as they do on earth, but as noted, heads failed to form.
23 october21 (day69).Anothervideowastaken,againshowingafairlygoodgreencoloroftheplants.

, 24' october 25 (day l3). Six stems and flag leaves were fixed and excess material dried at what would have
been the pollination/fertilization stage (fifth sampling).

. 25' November 8 (day 87). The experimellt was terminated, and plants were harvested into drying bags. Noheads were visible to the cosmonauts.
26' November 12. The U.S. Shuttle Atlantis, srs-74, was launched to dock with Mir. During subsequent days,samples and equipment (root r')odule, lamp bank, controller) were transferred. to srs-74.

...-^,^11'-"::ttler 20. Samples were returned to earth at Kennedy Space center and divided among U.S. and
Kussran tnvestlsators.

28' November 27 to December 1, 1995, A science meeting was held at the NASa Ames Research Center,
rnia, to discuss the 1995
following U.S. and Rus 

Attending

student), Sytchev, Levin ' walkYria

Space Center. Personnel from Ames included Bubenheim 
t Kennedy

Savage, Schnepp, and rverskaya (interpreter). ' 
Pletcher'
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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 environmental parameters that were recorded. This has been accomplished
to a large extent. We have documented when the lights were actually functioning,
levels of moisture in the root module, air and plant (infrared) temperatures, aLnd

other factors. These data make it possible to establish a svnchronized srou.nd
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 a,nd
data. The synchronized ground control will be carried out in Moscow and a simi-
lar study will be done at NASA Ames under the direction of Bubenheim, who ivill
not have a copy of Svet to use but who has capabilities to control pressure and lgas
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, Salisb'ury
Bubenheim, and Campbell). The goal was to examine distribution of water and the
presence of microorganisms. The Balkanine in cuvette Ns2 was wet enough (about
2l to 27 Yo of dry mass) that water might have been redistributed during the
accelerational forces of landing and while standing before delivery to us; bottrcm
layers were wetter than upper layers, suggesting that this was the case. The Balkanine
in cuvette Nol appeared only slightlywet; moisture contentvaried 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 tharl 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, essentizLlly
at full saturation, whereas the Balkanine some distance away was fairly dry. This r,vas

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 analvsis will be carried out to studv the available nutrients a.nd
other soil characteristics of the Balkanine. Procedures have been discussed at leng;th,
but budgetary considerations may limit how much can be done.

Fixed and dried samples were distributed to U.S. and Russian investigaticrs
for microscopic analysis. Some of the dried material will be examined for nutrir:nt
elements, celiulose, lignin, etc. These analyses will be carried out in Russia, Ut:ah
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 anatomically 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 lhe
final harvest. Under such low light conditions on earth, plants have always fornLed
heads even though there were often no seeds in the heads. We plan to study at least
three factors thal could have led to the continued vegetative itate in Miri (t) Clur
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 (45oC or higher)
occurred twice the first time when the plants were only seedlings; such tempera-
tures could have destroyed the flowering process. (3) Witer logg6d'substrate.iack
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of oxygen around the roots can lead to ethylene production, and ethylene inhibits
flowering in many.species. As noted above, ie Bal'kanine was super-salurated much
of the time, especially where the roots were located.

Exp eriment verifi cation test

An experiment
tute of Biomedical Problems from F

the lights and control
eriment (but, because
experiment). The subs
attached. All scheduled samples and photographs were taken.

For the first time in six or seven similar but somewhat less elab"oraie t.i"lr, ti;;;were he.a-lthy all the way to harvests. It was felt that the soil-moisture prober;;a;
it possible to maintain a near ideal substr and nhoto_h well except

't"., d"uir.d ro overcom. ,",lTt#l?,t 3i
easurements were obtained. In a some-
us photosynthesis measurements should

eo.
ent verification test, and some modifica-

Greenhouse". The kits are: fixative,.nrf"{r1l ;:illJffi:dry stowage, log book, and observation (phot e ieaf_arei_
measurement may be dropped if we can obtain reliable measurements on fixed
plants.)

Some ground-based research

r i e d o ut in M o s c ow, #xilt r"'J,t' ",] ;[11,"il: :l l'^fr iTtTf' }," t * il : Jr. a ;?J;
3_s 

prgparation for interpretation of results obtained from the flight experit"";i;
[B-10]. For example, at Utah Stale University six, foam-board svit mobkups are

lntrolled rooms. Various substrates have

In d the uniformity among the
various
in Mir, :3:+lf:if,:ll,'"",'J:,:1i;'j
serious have clearly OocumenteJinepromot the rate of flower develooment.

ffi fl l,*i, )ff*. f;m i y,: ffn i frt i1
ubstrates (e.g., glass beads).
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Oruex.qaHe Ha rr[reHurla copr "Cy[ep-AxyAnce"
Ha pycKara op'LrranHa craHrllrfl, *I0{I4P"

(flpoerr "Opanxepux")

(Dpaurc Canuc6opu, fetin Euuzxa*t,
Vilnnn Kaun6en, ,[trcou Kapuau,
Cmueou Epayu, Jluuda lunecnu, flau Xon,
Bttadu*tup Cuqee, LIzop flodoncrcu,
Mapeapuma JfesuHcKu,,\eilsud Ey6euxeitu,
Eopuc Eudrtep

(Pesror"re)

B crarusra e o[LrcaH eKcrrepr.rMeHTbr "Opan)Kepr4fl. |2",
rlpoBeAeH Ha op6uTanHara cTa]f.]q/'s."Mt4p", IIo SyHAaMeHTaJrHprs.6uoloruqen IIpo€:KT
Mup-Illarrr'95. ErcneplrMeHrsr e craprvpaH Ha 10 aBrycr 1995 r. or Ig-rkre. H
rrpoAbJrxeH or 20-Trrs. eKlrrrax Ha "Mup". Tofi e onrar Aa ce orrJreAa rrrxeHr.,rqa copr
"Cynep-AxyAxe" rro BpeMe Ha eAI{H rlsJr BererarlzoHeH ur,rKbJr r,r Aa ce ercrreprrMeHTr{pa
ailapaTypaTa 3a KoHrpon[paHe rrapaMeTpHre Ha cpeAara, cb3AaAeHa B yHr{Bepcr,rTerra
B rrlar IOra, CAIII (Jtra6oparopr{.f, rro KocMlrrrecKa Au:eal.ztnna) rr MoHTlrpaHa KbM
6urapcrara KocMr{rrecKa opaHxep[r "CBer", Crarusra3acflta o6qara opraHrd3aur.ur
r,r HayqHHTe pe3yJrTaTr,r oT eKcleprrMeHTa. llpe,4craneuo e rroApo6Ho olrrcaHtre Ha
eKcneprlMeHTa "OpaHXepkrs,2", Toql{o KaKTo cb6l,ITuflTa cz6usrurtpegasaHLr]f'a 3e\a-s'ra.

.{a4eua e c:bruo nporpaMara Ha PycKo-,,A,Mepr,rKaHo-Er,rrapcxrd.rr npoeKT "OpaHxepkll".
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AeporocuzvecKr{ n3cJreABaHur r Erlrapux, 14. Aerospace Research in Bulgaria
Co$zr. 1998. Sofia

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

measu r;ff.:HlT:il:
structi
sity, ; jlJ':HXi1frT1'"
practice [1-3].

The aim of the dev scribed was the design of an executive
mechanism and linear-s th reduced dimensio--ns and high posi_
tioning accvracy,, suitabl in space aircraft, too.

A piston photoelec ased on the use of Mouarov's effect isp-roposed, copbining 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 .i,2 and3 (Fig. l). on cylinders I and,2,by a photolitho-
graphic method, concentric hatches brJmarked, iatisfying condiiioi: ^

Fig 1

(l) 0r= tl); 02= 0)+ A ro and gr = gz = *,
where ol=o is_the distance between two adjacent"hatches of cylinder
02=o)+Aco - the distance between two adjicent hatches or cytinder

t.
z;
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1l
er =gz =i: - the angle at which the hatches of the lst and 2nd cylinder are

L

drawn with respect to the x-axis.
On cylinder 3, light-diodes 4, are fixed which form opto-electronic coupl,es

with photo-diodes 5,.
Substituting conditions (1) in the equation of Mouarov's combination stripes,

we obtain:

(2)

and

(3)

Or CDZ

where W is the distance between two adjacent combination stripes.
From here. about x-axis:

p $1(J2I c10)2 - c 2{uJ1

,ir?* ool-zaro)2 coS(qr -qr)

p {D1(J)2+ c10)2- c2OJ1

0)z-ol

p co(o+ Aal)+ c1 (co+ Aro)- c 2 ro

ACI

where c,, c" are the distances at which the first hatches of the two scales on the ,r-
axis are'lo6ated; p is the successive nurnber 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).

W_

(4)

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 1 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 photo-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 "l" - from its high level. The transiti-on
from "0" to "1" and vice versa corresponds to the shifting oTMouarov's combina-
tion stripe.

With a view to reducing external noise, the light- and photo-diodes operate in
the infrared section of the spectrum optic range. Thi laboratory experimentishowed,
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 accLLracy of the linear shifting registration.
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(DoroelexrprtreH rpeo6pa3yBaren
c r43rroJr3BaHe Ha eQexra Ha MyapoB

Kaueu Bonqee, )I{uarco )I{eKoe,
fapo Mapdupoc.rrH, U6aH Xpucmoe

(Pesrorvre)

O6err Ha crarvrsra ca lpeAnoxeH]rre MeroA v peanv3ar\vfl.
na 6y.raleH Soroelerrpuuen npeo6pa3yBareJr c ra3rroJr3BaHe Ha e0erra ua Myapon,
s rofiro ce o6eguuxnar 0_yurrlnnre Ha r.r3rrbJrHzreJrHt4r MexaHrr3bM r{ ceHcopa 3a
tutteitnu npeMecrBaHus. Karo pe3ynrar ce rroBr4rxaBa roqHocrra Ha orqlrraHe Ha
nraneftnoro npeMecrBaHe npH HaMaJIeHLT ra6apuru na lpeo6pa3yBarerfl, Koero
fo rrpaBr,r rroAxoA.srq 3a eKc[noara\vs. kr B KocMrrqecKr,r JrerareJrHkr ana}arv.
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Mamu AByKaHaJrHrr $orovrerplr
rro [poeKTr4 "AKTr.rBeH" rr "A[IEKC"

Eotirto Eoilraee

Llucmumym 3a Koci4uuecrcu usc/tedeauua, EAH

B I{enrpann ara ta6oparopr,r.s 3a KocMrrqe cnu v3cre4Balaus,
I4ucruryra 3a KocMr{qecKrr r{3cJreABaHus, u I-{enrpalnata ta6oparopprs. sa
cn6HqeBo-3eMHr{ Bb3Aeitcrsus. lpu BurapcKara ana!\ev,vs, Ha HayKprre ca
pa:pa6orenu peAr,rqa cneKTpoMerprrtrn cr{creMn 3aBurvMkrs.. yJrrpaBr,roneroBlr,a
u nnQpavepBeHu.fl AHana3oH 3a r,r3MepBaHe Ha cta6u orrrlrrrHz eMrrcrrr{ B
fionocQepara [1 u .qp]. Teslr eMvcrrr{ ca cJreAcrBrae or flBrreHvrfl, nporuqaqr4 B

aBpopaJrHara o6tacr, rrpeAI,I3Br{KaHr{ or r{3cr{rrBaHero Ha rrororl}r 3apeAeHr4 rracrvur{
rlo BpeMe Ha MarHr{THu 6ypu, reHepvpaHe vr Avcvnarrkr.fl Ha eJreKTpoMarHr{Tlrr{
BBJIHI{, vro4u$uqupaHe Ha ocHoBHr{Te napaMerpr,r Ha cpeAara ra B pe3ynrar
unren:u-QuqplpaHe Ha ecrecrBeHr{Te orrrr{rrnv eMucprlr. Bcuqru re3r{ rrpoqecu Ha
upeo6pa:ynaHe Ha eHepru.tr BoA-flT 4o fiouocSepHvrr uarnuroc$epHr4 cMyrrleHxrfl
B rrrr{poK cneKTbp Ha eJreKTpoMarHr{THrirTe BbJrH}r.

B rocre4no BpeMe 3a r.r3yqaBaHe Ha cJroxHr{Te $usuuecxn [poqecr4,
lporuqalqu B fiouocSepno-uaruurocSepuara rrJra3Ma, ce [poBexAar r4

eKcrlepvMeHTIr, BKJrrorIBauIr{ aKTr{BHu BT,3AefrcrBr4-f, Bbpxy oKoJIHara rIJra3Ma rf,T

6opaa Ha KocMuqecKu a\apar4 KaKBr{To 6.rxa nponegeHrd rro rrpoeKTr.rre "AKTr,rBeH"
ra "A[IEKC" [2].

B .racrHocr Ia3MepBaHero Ha cna6vre orlTrrqHr{ ev'urcvIkr, IIpeAIT3BLIKaHI4 rf,T

ToBa Bb3Aeftcrsze, cr{HxpoHrro c r{3MepBaHvflTa B Apyrt4 o6nacrrn Ha eJreKTpo-
MAtHIlTHt4fl. CleKTT,p, Ca HeOOXOAHM eJIeMeHT 3A V3g.CIJflBaHeTO Ha Te3U rlpOUeCH.

llgsecrHr,r ca 3Haqrrre.nen 6pofi ypeA[, pa:pa6orenr{ 3a r{3cJreABaHr{-f, rro
ropeuocoilenur npo6reM, JIeTeJTI{ Ha pa3nr{qHl4 KocMHqecru 06errn, ilo pa3nr{irrro
BpeMe r{ c:borBerHo Ha pa3nr{qHo rexHuqecKo HrrBo. Tona ca ypeAr,rre EMOI ao
EMO5 [3], Cnerrr,p 15 u 256 [4],.{rra I u 2 [5], CMn 32 [6], raxro u upra6op CrC
[7] sa npoerr "AIIEKC". Bcu.lru re3r4 ypeAr,r ca crreKTpoMerpr{qHr.r anaparn, irpe3
KoI{To ce Ir3MepBar orrr4qHll eMprcvpt ocHoBHo BT,B BI{II{Mnr u 5ttusxur^ I4iH
Arlana3oH, B H.nKoJrKo cneKTpanHr{ o6nacrr4. Te ca Surcupaluu B 3aBr{cr{Mocr ()T
Bb3rlpl{erara orrrl4qHa cxeMa irpe3 MHoro na 6pofi MexaHr4qHo rrpeBKnroirBaeMr,r
ranrepQepeuunu cSeroSunrpz - MoHoxpoMaropr{, u envH QoronpzenaHrrK -
o6nxnoseHo OEY unu qpe3 r{3rroJr3BaHero Ha 4rlQparquoHHa perxerKa -
nonuxpoMarop H pa3HeceHr{ B npocrpaHcrnoro $oronpr{eMHr{rIr{, rroH_sKora eAuH
KoopAuHarHo iryBcrBr,rreJreH [prreMHr4K - CCI rrkrHvrfl..
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B o6qzs ctryuafi, B Te3r,r ypeAr.r e nocrr{rHara npeAenHa qyBCTBr.rreJrHocr,

TOqHOCT r{ ,4ocrarbqHa cleKTpanHa pa3Aenurer4a Cnoco6uoci 3a cMerKa Ha
3HaqkrreJrHr{ ra6aputu,M,acav KoHCyMarIu.f, Ha eHepr}Ir. B ype4ur euMaLTMeXaHrrKa
3a ylpaBneHue Ha 3arBop r.r snnrpz, Ko.sro e qyBcrBr,rreJrHa KbM yu6pa4uu uycKopeHHt. Ktu negocrarr,Ilrrre Mox€M Aa npwrucmlu ra neo6xoa"*6"riu-o.1
oxJraxAaHe Ha [pueMHvIr\vITe, KaKTo pI BI{coKo 3axpaHBarqo eneKTpl{qecKo
HarrpexeHr{e, B cnyqaure Koraro ce r{3 rroJr3Ba $oronpuerranr,lr oEV B usxou orypeAI'ITe He e peIIIeH Bbnpoc6r c aBroKanu6ponxa r.r KoHrpoJr 

',pa]f'e 
Ha

Harr{Te no-rope eorouerpu, rro3BoJrqBar
AHLI U |OJIeMLI KOCMUqeCKIZ JIeTaTeJIHI{
u, MACA r,r KoHCyMaTII{r Ha eHeprr4, Te He
Kr{ KocMI{qecru o6errr{, KaKBI{To ca
rzon-3 (C2-AII) no rpoeKrvre ,,AKrlrBeH"

exAaHero na SoroverpprrrHr.r H3MepBaHrr.fl or 6op4a
, ts crlcreMa clgtHrIK_cy6cnrrnur, IIo BpeMe Ha
lJla3Mara, HaJroxv paspa6ornaHero Ha lto" ,ul

- Hayv' a 3 a.q aqa : 
". "r, "of#"'ffi #;ffi0"HX1#1'# ffi ia oK orro 3 eMH aralJra3Ma u arvoc$epara.

- Hucxa eHeproKoHcyMar\us,, MaJrKlr ra6apuru rc reuro.
- crnruecrl{Mocr c Bb3MoxHocrHTe Ha paAl{orereMerp'_s ra Ha MaJr:bKKocMuqecKr{ o6exr.
- Toqna [pr'rBpb3Ka rro BpeMe Ha rronyqeuara un0opMarlus [opaAr{rapanenHara pa6ora c Apyru H3MepBarenuu cucre*u ua 6oigi 

"u 
.y6"rr"rlr-rfru

H OCHOBHI{,g CIIbTHHK.

- ,4ocruraue Ha AocrarruHa r,rHsopMarvBHocr H cleKTpaJr Ha pa3lenr4TenHa
cnoco6nocr irDe3 u3MepBaHe Ha H.flxoH iaparrepuu rrufl]flur Ha eMuculfl, B Cny,s.as _016300A n ofsstt A.

- OcnryprBaHe Ha roJrrM AuHaMr{qeH .qr{arra3oH Ha x
HeBb3MoxHocrra 3a yrrpaBneH ue aa npu6opa no BpeMe 

"" o#yrtJ"a*e 
nopa4u

- orle'ra Ha AocroBepHocrra Ha nonyqaBa'ara un$oprraaqus qpe3
neplzoAr4qHa aBTOKaJrr{6ponr<a, orIeHKa Ha paAvaur{oHHt4 urrgeficruu, urp^y
AereKropr.{Te v AP.

Pa:pa6oreH."',T Ha ocHoBara Ha ropeilocoqeHr{Te v3uaKBa'n_f, MarbK
rByKaHarreH sorover:sp @!c (@oroMer:bp AByKaHaneH cy6cnrrnuron) 6e peaiu-
3ilpaH uo 6noxosa exeMa,rrora3aHa ua $nri. onrraqHara ;;;" H_sKopr rapaMerpr4
Ha rr3non3BaHzTe olrrHqHrr eneMeHTV Ca t'oKa3anra Ha $zr. 2. Ha Szr. : " ro*uau'rrurlpr'rHrlr.rrrHara eneKTpr{qecKa cxeMa Ha aHaJrorosara qacr. B crpyxrypHara cxeMaHA ANAPATYPATA CA IPEABITACHI,I TBA KAHATTA 3A CTIEKTPANHI4 I,I3MEPBAH:[1fl U EAPI:HKaHaJr 3a KaqecrBeHa oueHKA,Ha paruarlvoHHara o6craHosKa, pa60requnapanenHo. lloryuanaHara rzn$opMarlr .rr ce Mynrr4[neKcr{pa n 5 z ,ro "a""aHaHaJroroB TeneMerpl{qeH KaHaJI TIOCTIbIIBa B't:eneMerpvtgra Ha KocMzqecKr.{jlHocvreJr. r{pe: 6nonose 7 u 8 nolyueuara_ zH$oprra u4i, 

"" crrHxpoHz3rzrpa c6op4onoro BpeMe, a c:brrlo ta*u rp"s 6nor 9 - y"puu"i., ..rr"purop Ha,roK r4I{3TOqHUK H

xalu6ponra 
IIOA' ce ocurypf,Ba clIHxpOHHa [epI{oAI{qHa

?I:lol: rlr4 BbB Sororraer:rp a ca cvnur\HeBvr Ar4onv croJr-f,Ma urorq. (Doronpuena-Hrrrlrr-Te pa60rxr-nrn Qoroanog.r, p"*", npu HyldnoHATIPEX(EHI{E B1bPXY TXX UO : O V Ii EKBVBAJIEHTHO TOBAPHO CT,NPOTZBNEIII{E
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Our. 1, Ctpyrrypna cxeva na tforoMerbpa

1 - orirnqecra cr{oreMa

2 - ananoros 6nor
3 - tru0pon 6rox

4rl - roraputnruueu npeo6pasyBareJl To(-Harrpexeuue (ranan 1)

4 2 - tor apuruuveu npeo6pasyBaren ro(-Harlpexexue (xauaa 2)

4,3 - npeo6pasynareJr roK-rraflpexenne (raual 3)

5 - uy;rruuercep sa (analoroou) Aall,uu

6 - 6yt}epen ycr'llnalen (usxog rtrr'r renelrerpnrra)
7 - cxeva ga cugxpogu3allur c 6opAonoro npervre

8 - rorlr.recxa cxeMa! ocl{f yptBalqa qI{KJIorpaM ala ua p a6or a

9 - 6ror sa cHHxPoIrHa xallt6Ponxa

10 - rxo4 sa cuuxpon[3allurr ournan DTEN

1 1 : Ir3xoA rrM TeJIeMeTpIItTa IIa C[lrHItKa
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Qraarr,p
L^" :55774
x: 57%
LX: 26L

3 - cnertpooraeJrltreJr .

.,4 - orne4aao
5 - Qtq",qu
6 - aeiqa
7 - 1}unrrp
8 - 4eTexrop
9 -AereKTop paguaqux

10 - xalx6pupaq risroqHux

crreKTpooTAennTen

Qunrtp
I.".: 6300A
x - 600/o

Al, : 30,A. 
-

our. 2. onru'rHara cxeMa 
'n 

rpa([uru, unrocrprpaqx cnexTpannara ft nponycxdrenna cnoco6xocr.
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Pa4.r"We

@lrr, 3. IlpuxqunHa cxeMa Ha auaJrofoBara vacr
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R, : 0 o. Tosu pexuM ua pa6ora ocrrypsBa HeqyBcrBr,rreJrHocr cnp.sMo oKoJrHara
TeMrreparypa, tunefi.Hocr r{ orpoMeH Ar,rHaMr,rqeH p,uanason ua pa60ra.
PealueaquflTa Ha pexr,rMa ce ocbrrlecrBflBa qpe3 npeo6pa:ynaren; ;; -HanpexeHl{e' KoI{To ca paspa6oreHl{ Karo norapLITMrirqHr,r c Uen pa3rlrup.{Barre Ha
ALIHaMI{qHI'Ifl AI'IaIIa3OH rro oTHOIIIeHI{e Ha IIOCTIrrBa[Ir{.s Or SOrOnpzeMHr{Ka TOK,
IIpoIIopqI,IoHaJreH Ha cBeTJ[rHHrr.f, rroToK.

I'IsnorssaHrre SorouppreMHr{rlil n npu6opa ca Spl03 [g] sa o{cl uBpyl2
[9] sa o[c2. llpu pa6ora i ryleo6pasyBarenr.r roK - HanpexeHr{e re ocr4ryp_sBar
AI'IHaMuqeH Ar{ala3oH D : 105 npu manefinocr B paMKure na r%o. flpowti*a,a
AereKTopI'ITe AOBeAe AO [OBI,InaBaHe Ha rrparoBara qyBcrBr{TeJrHocr HaA 2 rrwu.

rlopa4r'r I{3KrIoqI'ITeJIHo crporr{Te rr3r{cKBaH'.f, rro orHorrreHr4e Ha eHeDfo-
KoHcyMaIIlIgra 14 MarKI{.s BXoAeH ToK He 6erue srgN{oxHo u3nonssatteto Hu

:I1y1pr"" no f apv rMLFrHu np eo6p a3yB arerrv Karo Hanpr{ vep 41 27 [ 1 0], ICL g 04 g
[l l J u ce HaJIoxLI paspa6ornaHero Ha cA oeH Jrorapr{rMr{ven npeo6paty"uten to*
- HanpexeHI'Ie Ha AI,IcKperHI{ eJIeMeHTH, Karo ocHoBHo BHr{MaHr{e 6erue o6lpHaro
Ha rroHl{xaB aH e Ha KOH CyMaIIUt r A Lr HA p a3rrrrr p fl B aH e Ha AI{HaM vr1H74 s. My Auarra3 oH
KbM MaJrKrr na 2 6pot o[epaurroH Hu yckrnBa.teJrrr rrrrr
1?q I1ql, g tl2l, rcraputrrauqnu ano.r*r tpu"rr.rop"
AD818 [3] :aluyclrlrBareru LM3OSA 1t21. Z:xoa"o'ro
HanpexeHl4e Ha BceKI{ or npeo6pa3yBarenl,ITe 3aBvrcn or Aecerr{qHu-f, JroraDvrbM
Ha orHorrreHriero Ha BXoAHr,rs ror 1.n (or 4erexropa) xrv onopHu.a 1,"r.

Eou, = rg*oLvt , I,.r =10-6A.
Irn

Axo L" :1,* To %", : 0 V
llpu nc-uro HaMaJIeHI{e Ha BXoAHr,rs ror l0 rrlrr.r r43xoAHoro HalpexeHge ce

l]oKatrBa c 1! raro ce npoMeHs o6rqo n rpaHr,rqr{re Ha A?rflaMulloux 4[ana:oH or
0 ao 5 ! sa nxo4nrr roKoBe or 10-6.uo 10 r'A.

- tluOposusr 6ror e cvHTe3rlp aH Ha H.sKorKo cMos r,rHTerpanHrr cxeprra. B6lora ce ocblrlecrBf,Ba MynrlrlJl€Kcr{paHero Ha naHHr{re, nprrBbp3BaHero r{M K:bM
BXOAHaTa qecrora - cr{rHaJr DTEN or 6op4onar,a reJreMerpufl Ha cy6cnr,rHzra u
CT4HXpOHHO ylpaBJreHr,re na xanr,r6poBKa. Enorrr ocr,rfypf,Ba nepvoAuqHo
BKJIIOqBAHE B III{KbJI Or 8-NPEVCHA HA CJICAHPITE HATIPEXEHI{-f,: 3CMq, 5 ! TAITAI 1,
KaHaJI 2, xalc^at 1, ranal 2, xa:ts'a.I_ panua\vs. selul". Ha BceKrr 256 ;axusa a *inu
ce BKJIIoqBa 3a BpeMe na 2 raxuna III{Kbna onopHlrgr cBernr{HeH LI3TolIHr{K -cBeroArroA' KOHTpOJrr,rpaH qpe3 ynpaBJrreM reHeparop Ha roK. Tona 40nexAa AOlo.gBa Ha
2uetapKaHaJllprrarrart
pa6ora o tffi"";l;##3

AAAEHI,I OCHOBHI{TE XAPAKTEPHCTTIKII HA ABATABAPPIAHTAHA AilAPATYPATA. HA SrAr.5ca [ora3aHpr H.sKorKo ceaHca Ha rrpr4era an$opvraqu_a.
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1[kR]
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I
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l. 6rrn ua spenne, o

2. Cnerrpannu xanalu

3, Bpeuena pas4enHTenHa cfloco6nocr, t

4, .(unbvuueu 4uanason, D

5. flparona uyocrBrrreJrHocr

3a 557,7nm (55774)

sa 630,0nm (63004)

6, Koucyuupaua moulnocr, P

7. 3axpaunarqu naupexenu-a, U

8. la$apuru

9. Maba

I o cnonnu rexHI{Ko - eKclJroararluoHHr,r xap aKTep.rr cr}rKr,r

OIC-I "Axruneu" @AC-2"AIIEKC"

30 30

557,7 nm-630,0 nm

100 ms

105

540 R

480 R

120 mW

+10v-5v

126xl26xlb8 mm

0,56 kg

557,? nm-630,0 nm

I 00 lns

105

210 R

180 R

120 mW

+1ov-5v

126x126x168 mm

0,56 kg
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Small two-channel photometers under
the "Aktiven" and "Apex" projects

Boytcho Boytchev

(Summary)

struc
their
terist
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Eurapcxa aKaAeMr{r Ha rrayrr,rre. Bulgarian Academy of Sciences
Aeporocrr.ruvecKn rr3cJreABaHu.r n Erlrapu.n. 14. Aerospace Research in Bulgaria
Cot[ur. 1998. Sofia

ESerrunHocr Ha BLr3LrpHlr orrrr{qHr4 ypeAra
rlpu Ha6nroAeHr{e Ha oTAztrreqeHu o6errz

)Ituerco )I{ercoe

Ilucmumym 3a Koctj4uqecrcu uscnedeauua, EAH

Crarusla ce orHacfl Ao oflTr,rr{Hr.r Br,r3r,rpu sa Ha6JroAeHue
Ha orAaneqesu o6erru flpu pa3nuqHa spKocr na Sona B Ar{ana3oHa or 10-6 .qo
4,2.103 cdlm2.

flpecvr.arane Ha onrlrqnr Bv3prpu c nJraBHo [poMeHJrLrBo AHcKperHo r,r

nocro.flHHo yBeruqeHlre e rrpeAcraBeHo r [1-3], orquraHe BJrrr.f,Hlrero rra
cneropascefiBaHero BbB Brr3lrpHure olrI,IqHr,I ypeAI,I n [4-5], a 3aBLIcI{Mocrra Mexl{y
3pr{TeJrHoro rroJre r.r BpeMero 3a orKpLrBane na o6erra, n [6].

3a4a'aara Haru3creABaHero e rrpu orrrr.rraHe Ha spKocrra Ha Qona aa KoHKperrru
cnyqakr or Ar,rana3ona 10-6 ro 4,2.103 cdlm2 Aa ce flpecMerne eQerrl{BHocrra IIa
BlI3I{pHr{.S OnTr,rrreH ypeA.

3a qenrrpa Ha 3prrrenHoro rroJre, eQerrnnnocrra Ha Br{3r{pHr,rre orrrr,rqrrr{
ypeAn N^ ce o[peAeJrfl or orHorrreHr{ero Ha npeAenHara ocBereHocr rla
ragcreAsaHfi.r o6err, perl{crpl{paHa c HeBbopbxeHo oKo -.E- , nru [peAenHara
ocBereHocr, perucrpr{paHa rlpes orrTlrqHu.s susup -E^:

No:E,lEo

Or Qusnolor[qHara orrr[Ka e r{3Becruo, rre [peAenHara ocBereHocr ce flBflBa

Qynrqux Ha.spKocrra na Qona (B)

E":f (B):c.B ' ,

KbAero roe$uquenrur c rr crefleHHr.rflT rroKa3areJl n ce [poMeH.f,T B 3aBI{cLIMo(]T
or.f,pKocrra na $ona.

Cnoco6nocrra Ha oilTkrtrHvrs ypeA Aa clo3r,aBa rro-cBerJro LrJrrr [o-T6MrIo
uso6paxeuue ce xapaKTepr,r3upa or HeroBara cBerocl{Jla H, a xoe$uquenrrir IIa
cBeropa3 ce irsare B rrvfl,e B6pxy KoHTpacra na uso6p axeHlrero.

Cseroclrrara H ce olpeAeJrs rr or orHorrreHr{ero Ha ocBereHocrra or
paBrunara na uso6paxeHrrero Ha orrrr{qHvfl, ype[,, KbM .f,pKocrra Ha o6erra,
orqrlrafi rr,r AonbJrHlrreJrHara fl pKo cr L B ot cBerop a3ceft saHero :

(3) H:E lB +LB,

KbAero A B:B (8"6+Bd), .Bou e aprocr na oSerra; -8. - rprocr na Qoua.

(1)

(2)
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3a npogrnronar o6err, na6nrogaeu qpe3 orrrfiqeH Br.I3I{p, cBerocr4Jrara e

(4) Hn.o:g xo." dr,

a 3a roqKoB o6err

(5) H,.o:g To."D ,,

KBAero g:n(n)2.To*o e KoHcraHTa sa ororo;D, d, caBxoArrrl r.r H3xoArq AuaMerbp
Ha Bl,I3prpHara onrl,IqHa cl{creMa; ?o." - xoeQuqueHT Ha cBerorrponycKaHe Ha onrHql
HaTa cucTeMa.

_ .. Torasa 3a lr3cJreABaHe Ha npoAbJrroBarr{ o6eKTll, ugnorgsafiru $oprraylu (3)
u (4), ce ronyqaBa

(6) Hf Ho*o=B'lB + LB:r,"pdrl\r,
KbAero p e lo"e0uulreHr Ha cBeropa3cefinane; d 2152 - orHorrreHr{e, xapaKrepHo
caMo rlpu d S 0 , onpeAentqo HerIbJIHoTo rr3tloJr3BaHe Ha AI,IaMerbpa.Ha 3eHuqaTa
na na6nroaarelg.

3a uscreAsaHe. Ha roqKoBr{ o6errra, rgnonssafiru Soprrryru (3) u (5) ugavecrnafiru D 2:d'.r, (r - Br{Ar{Mo yBeJrrrqeHr,re Ha o[TI,IqHara cracreva)'ce
nonyqaBa }r3pa35T

(7) Ho.".lHo*o:E,".lEo*o:t,.".pr d2162.

flpu nperrauHaBaHe Ha cBeTJII{HaTa npe3 onTr,IqHa cucTeMa

",':ro.",r2 
E d 2162,

B':B ro.".d2152.

crnocrassfixu sHaqeHqrara Ha E' u B' or r,r3pa3r{re (8) u (9) c (2),3a oKoro,
BbOPbXEHO C BI,I3I,IPHA OITI{qHA CI{CTCMA, B IIEHTbPA HA 3PIITEJIHOTO MY IIOJIE CE
IIonyqaBa

(10) Eot' T o.".kod 
2l6z:7 (8, to."; k6, d 2162),

(8)

(e)

rugero ku e xoe$uqzeHT, orqlrrarq e$erra ua crafirc-Kpoy0opA, rrora3Barrl
cyMapHoro nrs4eficrnue Ha cBerJrr{HH}r.f, [oroK Bbpxy oKoro Ha na6nrcaa-re[rfl.

I4sxoxAafirrr or 3aBrrcuMocrr{re (1), (2) u (10) r.r orqurafixrrr.f,pxocrra na Qona
B 3aAaAeHr.rr rlHTepBaJr lr [poMsHaraMy,3a eQerrunrocrra Ha Bv3krp1ufl. orrruqeH
ypeA B rleHTbpa Ha 3pr{TeJrHoTO [OJre Ce lonyqaBa

(l l) I'r :
o

c r' p k6(d'16')(B +LB)

c' IF ka@,16r) (B +LB) ^',]

K6Aero c' Lr n' ca roerluqlleHT r4 crerreHeH rloKa3areJl, cborBercrB alJfv Ha
[poMeHnr{Bara rpKocr ua Qoua.

Crofinocrure Ha roeSuIIHeHTa lr crerreHHur noKa3areJr ca rrpeAcraBeHr,r B
ra6nuua 1.
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Ta6axqa 1
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EQertunuocrra Ha Bv3vrp:arrs, orrrr{qeu ypeA B 3aBrrcrrMocr or 3p}rrenHoro i/^
noJre ce ollpeAenfl aHaJrorr{qHo oT r{3pa3a

1,. :(c/c') (B +Ag;"-.' f 2 (r".".F kad 215 2)t 
"' .

B sarrroqeHr{e cJreABa ga ce or6enexr{, qe ca fioryqeHvu3pagv 3a oupeAer.flHe
Ha e(beKTI,IBHocrra Ha KoHKperH:/- Br43r4plF.u orrrr{qHr4 ypeAlr npr,r Ha6JrroAeHr,re Ha
oTAaIeqeHLI OOeKTU IIpu pasnr,rqHa qpKocT Ha (poHa, KaTo ca [p]rBeAeHr,r 4aH]lkr 3a
crofiHocrra rto KoeQnIkreHTa c r{ crerleHHr,rs noKa3areJr ,?, crroco6crnarqz :ra
rlpecMqraHe B Ar4arrasoHa Ha sprocr Ha QoHa or 10-6 Io 4,2.10i cdlm2.
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Ilocmtnuta ua 27.lL 1997 z.

Efficiency of visor optic devices in
the monitoring of remote objects

Jivko Jekov

(Summary)

The paper is devoted to the efficiency ofvisor optic devices
in the monitoring of remote objects.with different background brightness. In par-
ticular, the results from the study of the efficiency of optic visors with background
brightness from 10 f to 4,2.103 cdlmi in the monitoring of point or elongated
objects are presented.
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Eurapcxa aKaAeMr,rq Ha HayKr{re. Bulgarian Academy of Sciences
Aeporocrrrr.recKr{ r{3crreABaHur r Eurapux. 14. Aerospace Research in Bulgaria
Cotpur. 1998. Sofia

B ep u $ u Kar\Lrs. H a rrp orp aMH or o
o clrfypfl BaHe Ha KoMrrroTbp Hr4
cI,IcTeMvr 3a y[paBneHlre u crrcTeMr{
3 a nonyHaryp Ho MoAen r4p aIJe
rrpe3 MoAeJrr{ na Xoap I

Ifnaneu Xpucmoe, Ilemap fe4oe,
ffttaneu Auzeaoe

Ilucmumym 3a Koc.^4uqecrcu uscnedeauun, EAH

Crarusra e [poAbnxeHue Ha "fIoAxoA 3a rrpoeKTr,rpale v
bpHH cI{cTeMH 3a y[paBJreHl,re Ha JreTaTeJrHA AnApaTv Ha
Xoap", ny6luxynaua B KH. 1211996 r. Ha nopeplkxJara
e4uarans. n Ebrrapu.f,".

_ _ _ Bepu0uKaqu.s Ha [porpaMr,r - ToBa e npunoxeHr,re Ha Qopualuu MeroALr
(oM)_:a AoKa3BaHe Ha KopeKTHocrra Ha rrporpaMHara cucreMa rrpeArr HaqaJroro
napa6orarari(a uoxe 6uus rpoqeca ua pa6oia;. flo4 roperrHocr Ha rrporpaMa-
ra ce pas6upa sefisara aAeKBarHa peaKrlu.s Ha pa3nr{qHr{ BXoAHrr na:f|f'yt,
loryqaBaHe Ha H3xO.qHrr AaHHr{_3a onpeAeneHo BpeMe (cucrevru 3a peanHo npeue),
Jrunca ua 6esrpafiHr,r rIr{KJrn, 6esxpaftuo 3aeMaHe Ha pecypcu, roero e ocb6eno
cJroxHo 3a AoKa3BaHe I,I Aocrl,rraHe IIpu

flpe4u H.flKoJrKo.roAHHr{ rrpnJroxeH r,r B [porpaMHo-
ro oc[rypflraue (lIO) r{ B qacrHocr - s fI Mlr. ce cM.f,Tarrre
3a HeAocrarbqHo o6ocnosaHo rlo peA nptrsu:atr - lpunoxeHr{ero Ha cJroxgrrre
MaTeMaTUqH[r MeTOAI{ 3aTpyAHSBarue IIporpaMr{cTuTe, cM.f,Talrle Ce 3a HeBb3MOX(HO
Aa ce HarrpaBr,r AocrarbqHo HaAexAHa cnequsuKarlu.s u nepnQznarrufl. Ha
cHcreMara, flprrnoxeHr,rero 6eue 3arpyAHeHo (a u cera e) npu Lr3rroJr3BaHe Ha
KJracHrIecKaTa TexHoJIOtUtr HA [porpaMLIpaHeTO, JrtIrICBaxa [porpaMHr4 IIaKeTIr,
aBToMaru3upaqu npunoxeHrrero Ha oM. flopagr.r roBa [:bpBoHaqanHo HaMepHXa
rrpr.rJroxeHr,re MeroAr.t, 3aHrIMaBarrru ce caMo cbc cnequ$uqupaHe na IIO(z - norat\nr [1-5] r,r Ap.). orgelno 3a .rrpaBJrflBaqr.rre cucreMr4 er oco6eno sa
oJIOXHLITe KOCMI{qecKv il aBnarJ.LtoHHtI Cr{CTeMI,I Ce CMtTaIIre 3a HeAolycTlrMo
rlpr,rJroxeHr{ero Ha @M uopa4r.r r.sxHara yHr{KaJrHocr r4 cJroxHr4Te anropr,rrMtr.

I r'Iscre4nanzara ce Sunancrpar or H@"Hayvul,r uscneananun" upr MoHT - rcr.14-305193.
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Crulenper'aeHHo, ro AaHHr{ na NASA Langley Formal Methods Group [6],
peA KaracrpoSu c JrerareJlHr{ anaparv ca c'rauaJrv rropaAv HeHaAex.4Hocr rra
fIO, ra4narqa or HeBb3MoxHocrra 3a [poBepKara My c KJracrrqecKr.r MeroAI,r,

o F14: ronaAa B cBpeAeJr ropaAr.r rperrrKl.r B raKrr{rrecroro fIO (Softwane
Engineering Notes, Volume 9, Number 5).

o Fl8: raracrpo$upa ropaAr.r rperrrrr.r n IIO (Software Engineering Notes,
Volume 6, Number 2).

o AFTI-F16: rouro nsauuo4eficrBrre Ha rrpoqecr4re B rrporpaMgara cr{creMa,
ApefiO lr [ryM B Aarqr.rqr,rre BoArr Ao orKa3 Ha cr{creMara. flpusevflBa ce c
ynpaBneHue no eAHH KaHaJr.

o X29'. orKpvra e rpe[rKa n fIO -rpes auv.ynarJvrvr cr'ep, 162 rroJrera. Ananusr'T
froKa3Ba, rle fpelrKara 6Lr uoua Aa AoBeAe 4o uecra6uJrHocr uzarylaHa caMonera.

o HiMAT raracrpoSupa nopaAr,r rpernKa no BpeMe n lIO, HeorKpr{ra rrpr4
o6urupuure recroBe.

3aqo ca seo6xo.quvu @M rr KaKBo rrpeAcraBnssar'l.

Kounrorrprara cvc'reMa Moxe Aa He pa6otu rropaAlr noBpeAa Br,B

$u:ravecrure KoMrroHeHTvttrlrv nopaAu rperrrKu n rpoerra/pearvsa\vflTa na fIO.
3a cracreul{, KoI{To rpt6sa Aa lpr,rrexaBar cBpbxBr{coKa HaAexAHocr r.r

6esorracHocr, rp.a6na Aa ce r,rMar npeABprr, u 4Bara crryqafl.. VIv'a ycranoBenir4
TexHoJrorr{r,I 3a orKpI,IBaHe Ha noBpeAla B KoMIoHeHTI{Te, 6azupanu Ha MoAenH Ha
Mapron. lperurure B npoeKTa na fIO upe.qcraBrsBar Mrroro no-roJr.f,Ma 3anlraxa.
3a crxanenr{e, H.f,Ma HayqHo o6ocsonaua 3arqr,rra rrporr.rB Ta3Lr 3arrJraxa, Kosro r(a
e HarIbJIHo [pI,IJroxr.IMa B npaKTrlKara. VIva rpr,r ocHoBHkr crparerurr{, Kolrro oe
lp[narar B To3r{ cttyuafi:

1. Tecrone (narypno uogerupane);
2. Po6actso fIO (Design Diversity), pa6orocnoco6no npu HrKorr rpeux:pr

(N - version nporpaMr,rpaHe, 6rorone 3a Bb3cranbsgsaHe Lr Ap.);
3. trIs6srsaHe Ha rperrrKure - OM ($opvranua cnequ$uraqur,fnepu$uxat1ur,,

ABTOMATI{IIEH CUHTE3 HA NPOIPAMIj N TP.).
flpo6reurr B HarypHolo MoAeJrr{paue e seo6xoAr,rMoro BpeMe 3a AoKa3BaHe

Ha cBpcxBrrcoKara rraAexAHocr Ha cncreMara.HartpuMep,3a Aa ce Aoxaxe l0-e
Bepo.f,THocr 3a orKa3 sa 1 qac v,vrcnfl, cr{creMara rpx6na.qa ce recrBa noBeqe or
114 000 ro.rrr4Hu.

OcnosHara vr4efl.Ha po6acruoro nporpaMl,rpaHe e Aa ce r{3rroJr3Bar orAenr{u
eKr,rrru 3a rrpoeKTlrpauelpeatu3arl[q, 3a Aa ce [onyqar pa3nr4qur.r Bepcr{u or eAHa
crequ$uraqut. Cr.eg roBa ce v3rroJr3Bar HeroqHu rrparoBr{ uz6uparetu,3a ra ce
MacKLIpaT e(peKTI{Te oT rpeIIIKI4Te B IIpoeKTI4paHeTo B eAHa oT BepcHI{Te.
Ha4ex4ara e, rre HeAocrarbrlr,rre B npoeKTa rqe rrpo.f,B.f,T rperIrKI4Te cu He3aBucuMo.
3a crxareune, To3Lr MeroA e orxBbpneH [pr,r HsKorKo eKcrrep]rMeHTa c IIO c nprcra
HaAexAHocr. Ocneu roBa, To3r4 MeroA He Moxe 4a 6r4e rrpoBepeH sa fIO c Br{cora
HaAexAHocr, rcit Karo ce r,r3rrcKBa npeKaJIeHo MHoro BpeMe.

Oopvramrure Mero4rr, Karo qe nH npeAnarar eAI,rHcrBeHuq 3arrlrlTeH MeroA
or rperrrKrr B rrpoeKTa Ha nporpaMara. 3a clrcreMrrre, 3a KoHTo e neo6xoguva
cBpbxBrrcoKa HaAexAHocr, rr3urexAa:aflv,a 4pyr ra:6op, ocBeH Aa ce flpoeKTupzLT
uo nafi-crporvfl:uaLrLr:a, r43BecreH Aocera, a LrMeHHo - r43rroJr3Baue na OM [6].

OM ce LI3IroJI3Bar sa cnequSuq[paHe r.r MoAeJrrrpaHe r{a rroBeAeHr{ero rra
cHcTeMaTa I{ 3a MaTeMaTr{qecKa rrpoBepKa Ha ToBa, AaJrH rrpoeKTbT r{ peanu3a\nflTa
yAoBJrerBopxnar $ynrquoHaJIHI{Te pr 3arrlr{THr{Te r{3rrcKBarurs, Ha clrcreMara.
Cuequ$urar\LrflTa, MoAeJrupaHero r{ aeplrQuraql{.sra Morar !,a ce HanpaBrrr
c u3noJr3Balre Ha pa3JIr{qHII TexHr{Krr u c pa3nvqHa cTerreH Ha cTporoc'T.
Egna npuuepHa pa3[pocrpaHeHa rrocJreAoBareJrHocr e rroKa3aHa [o-Aony:
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Huso 1 : Oopvalua cuequSuraqLrs, Ha \flnara trJrLr Ha qacr or cvrcreMara.
HHso 2: @opuarHa cnequ@uraqkrfl:na rBe r.rnu troBeqe HrrBa Ha a6crpaxHocr

Lr pbqHo ,4oKa3BaHe Ha roBa, ue Aerafilu3lrpaHara cnequszraqr{-s cr,A6pxa [o-
a6crp axruara cnequ@n KarJvs,.

Huno 3: @opvaluu .qoKa3areJrcrBa qpe3 rrporpaMv, AoKa3Barrlu reopeMr4.
B sarrro.{eHr.re na o6ropa Moxe Aa ce uprrlzpal7l "TexHr,rKr.rre, ocHoBaHr{ Ha

Qopvanuu MeroAtl, raKI{Ba Karo e3HKa CSP (Communi-cating Sequential Processes)
AOKa3 aHO gafi - urlno yAoB JI erB O p flBAT ]f.3LTCKB aHLls,T a 3a [p eoAon.fl B a]F'e Ha
cJIOXHOCTTa n Cnequ$uqfipaHero Ha KoHKypeHTHlr, BJTOXeHT{, pa3rrpeAeneHr,r
cI{creMI4 I,I cncreMlr 3a peanHo BpeMe".

,{nec c:rulecrByBar peA roroBrr rrporpaMHr{ npoAyKTLr, fro3BoJrsBauru
cnequQuqupaHe r,r Bepu0nxaqlrr ua IIo c pa3nr4qHa creneH ua a6crparrHocr Ha
cnequQural'1:r,flra. IIle paaue4aMe HaKparKo H.flKou or r_flx.

o B-Method ua6op or MareMaruqecKr{ Mero.4pr ea cnequsuqlrpaHe,
flpoe a [porpaMHH Ko krpa
Karo uu a6crpaxrurE a ce
oruc Machine Notati Hr4fl.e3 ra$uraquu. C AMN cbcro.rrHnero ce MoAenlrpa cLr3 a, orHorrreHIax, $ynrqurr, nocJreAonarerHocru lr 4p.M ce npoBep.sna cnequ$raKarlu.f,Ta saycloituu"o"t 

" *i*.44 ce [poBep.f,Ba rrpoeKTbr r,r peanr.r3arlvflTa 3a KopeKTHOCT (na 4aHuLrre vr
anropr,rrbMa).

o EVES/Verdi - nrlrcqBa e3r,rK sa cnequsu*arluu (Verdi), reHeparop Ha
TIPABI,INA 3A AOKA3BAHE, ABTOMA'ILILIHA CIICTEMA 3A 3AKJIIOqENUC (NEVER),
I'IHTeprrperarop, KoMrrr{Jrarop. verdi e QopruralHa Horarlu_f,, 6azupaua ua
HeTI,IIII{3I,IpaHa Teopr{.9 Ha MHoXeCTBaTa, KO.STO MOXe La ae I{3IIOJI3Ba 3a
IIpeAcTaB.f,He Ha cTporz MaTeMarLIqHI,I KoHUelqzn. Verdi ce v3noJr3Ba 3a noKa3BaHe
Ha reopeMr'r or reopu.fl Ha MHOXeCTBara, 3a AoKa3BaHe Ha @ynrquoualua
KopeKrHocr Ha alaparHr,r crpyKrypH, IIpofpaMHr4 crpyKTypr,r u ap. EVES e cr{creMa
3a BeprQr{Karryfl Ha rrporpaMr.r, HailLrcar na Verdi [ORA : Canada].

o FDR (Failures-Divergence Refinement) - nporpaMeH naKer, rofiro
rIo3BOJI.f,Ba aBTOMaTU!IHa rlpoBepKa Ha MHOIO Bb3MOXHOCTH Ha CUCTeMI{ C KpaeH
na6op cbcrogHtrfl r4nrvr AtraroroBo rI3cJIeABaHe Ha npouecu, Kotrro npoBar.rrr re3lr
rlpoBepKr.r.. Ea:zpaH e Ha craHAap'ruara (untirned) MareMarr{rrua reopr4.rr Ha
nsauvo4eftcrBarrlr{Te rrocJreAoBarenHr.r IIpoqecu (CSP), Ko.trTo ce r{HTepecyBa or
peAa, Ho He r{ or roqHoro BpeMe sa cr6utusra. Paepa6oreH e cl]eqnanHo 3a
lrHAycrpr{anHrr npHnoxeuur. flpulara]H e 3a npoeKTr4paHe Ha VLSI, uacrpofira
Ha MpexoBr{ rrporoKonr,r, yrrpaBneHr{e, o6pa6orra Ha cur:narru u np.r PVS - cbcrora ce or e3r{K :a clequszKauurr, npeABapr,rrenHo 3aAaAeHr,r
Teo,pr{r{, fipo eMv,yrr4lrrrrr.r. Esurm:a cneqz$uKarJwr:
e 6asupan aHa JrorrrKa or Br,rcoro urnnb. pVC
cneqn0uraq aMerpl,I3r.rpaHr{ Teopr{r{, Kor4To cr,AT,pxar
IIpeAIIonoxeHI{.f,, ge$uuu\nu, aKcr4oMr,r r{ TeopeMr{. vvacrnraqrz B rrpoeKTa ca
NASA u Apyrrr aeporocMr4lrecKr4 KoMrraHrru.

o vDM - sL- (M Toolbox) - eaun or Hafi-pasBr{rlrre soprr,rannu MeroAr{,
IIpeAHa3Harreu_:a synrqrroHaJrHa IIpoBepKa Ha IIporpaMHu cucreuz. I_{eHrpaleH
eJreMeHT ua VDM e e3r{KBr sa cneqa$uKarJupr- VDM - SL, rofiro ce 

"snoJtisa 
.ra

Q asure na cnequQu KarJLrs. I,t p eanr.r3arl us na fIO.
px Ha cucTeMv 3a peanHoBpeMe 3a eHr{e II BanutraI]jllrs, Hacfilrequ Mtr paHvr Ha BpeMeHHO r{

Qynxu Ha
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. VDM++ (Venus) - noAAbpxa pa:pa6orKa Ha o6erruo-opI{eHrLIpalflu
KoHKypeHTHvt clr.cTel.zt:a,na6azarana rou6unaqu.f, oT IIpI,IJIorreHIIeTo Ha rpaQuv:uo
MoAenupaHe u $opuarna cnequ$una\as,. B rpa.r Ha rpoqeca ce Aocrura ,qo
f eHepr.rpaHe Ha rlpoToTu[.

O6Iqlr xapaKTepucrrrKu Ha pa3rneAanl{Te MeroArl:
(no-cropo Ha rpolleAypllre 3a paspa6ornase na fIO c rxx)
o B noseqero MeroAr,rxr,r ce [poBep.sBa cnequSnra\r4flTau peaJlu3auttflra,r'sit

Karo re ca paspa6oreHl{ 3a napanennv e3LIIIu.
o floneqero MeroAr{Kr/r npoBep.EBar 3a onpeAeneHI,I BI4IAoBe HeKopeKTHocr.
. Ilpoqecrr ua nepufruKar\prs. o6rzrnoneno e I,IHTepaKTI{BeH vr vr3krcKBa

AOCTaTGqHO AsJrrO BpeMe.
o Hestgruroxna e nepuQuKarluflTa B peanHo BpeMe Ha aBToMaruqHo cb3AaAe.Hu

crequ$uraquu.
o flose.rero flpoAyKru r,r3r{cKBar cpaBHr,rreJrHo MoIIIHI{ KoMnrorpl{ (Sun SPARC,

Silicon Graphics LI Ap.).
o BepuQurarlu.flra e eAHoxpareH rrpouec, rrporuqalq (rvroxe 6u sa H-sKorKo

r,rreparIHH) rrpeALr HarlaJloro Ha paoorara Ha cLIcreMara.
Or gpyra crpaHa, nepr,I$uraqvflTa Ha eAHa peKoH@urypupaua ce clrcrelua

rpr6na ra 6r,r,e HenpeKbcHar rlpoqec - BcsKa nona rou$urypaqplfl ce v3pa3flBat LI

B HoBa cuequ$uraqu.r (nrsuoxHo - cbcraBena 6es yqacrve na uoner),
KopeKTHocTTa Ha KosTo oT cBos cTpaHa rpn6na na 6r4e AoKa3aHa. Tosa usucrna
MeToA, [o3Bon.sBarq HeIIp eKbcHara nepuQux a\us. B 6loroso-voAyJIHHTe cI,IcTeNIII,

npr{ Hanuquero Ha AuaJroroB PrlHrLr aBToMaruqeH IlporpaMeH reHeparop,
crTya\LrflTa ce olpocTflBa oT ToBa, qe He e neo6xoAlltrto Aa ce [poBep.f,Ba rcpaitnara
pearr,r3aul,Ln Ha fIO, rrfi xaro r.s ce reHepl,Ipa aBToMarHqHo uo cnequtpuKallu-sra
(nponepxna ce caMo KopeKTHocrra Ha cnequQuraqurra).

OcnosHu napaMerplr Ha MemAa ra nepuQlrxaqur:
. olpocreH Qoprvralen rroAxoA - rrpueMa ce, qe aKo cnequQuraqvflTa orroBaps.

Ha 3aKolra na Xoap 3a cborBerHara crpyKTypa Ha rlpoqecl{Te, Ts e KopeKTHa;
. "OcuoBHara orroBopHocr" 3a KopeKTHocrra Ha nporpaMara ce npexBT,pn.tr

Bbpxy cuequQunauuqra.'Trfi xaro ce pa6oru cbc craH'AaprHt4 crpyKrypu u o6exru
(rrao4enu na Xoap) lr Sopvralnara creqnSvKalfurl ce c6craB.s aBToMarIrrIHo rlo
TexHoJlorr{rrHara, To ce IIpeAloJIara, qe lporpaMaTa ce cbcTaB-f, npaBI'InHo.

Onucanue Ha MeroAa" CnequQurapflTa Ha cr{creMara e onrrcaHvero Ha

rrpeArroJraraeMoro fr noseAeHue. Koraro cr{creMara e n3rpaAeHa or nsaurvlo4efrcr-
Barqu ilpoqeCu,safr.-ecrecTBeHo lpn na6lrcgeHue Ha nOBeAeHI,IeTO e pa3DIexAaHeTO
na nefinns flporoKon I{ rlporoKonure Ha c:bcraB.f,tql'ITe.s rlpoqeclr. CnequQura\ht;.Ta
Ha eAIIH IIpOqeC Ce CbCTOI{ OT OIIUCaHI,Ie Ha HeTOBLITe IIpOTOKOIIII Ul TexHIiTe
csoficrsa. CueqraQuqupa ce rrocneAoBarenHocrra or gefrctnu.r, Kor{To I{3BbpIr]Ba
lrpoqecGT, raro oco6eno BHI,IMaHue npH B3al,IMoAeficrsalqure rrpoqecrl ce o6prqa
na cleqv$lrKaq:aflTa Ha B3ai,IMo.qeitcrsusra rro KaHaJrlITe Ha rlpoueca.

Aro P e o6ext, orroBap.flul na cnequ$vKa\nflTa S, to ce Kasna, qe P
yAoBJIeTBop.ana S, cGKpaTeHo P sat S. Tosa o3HaqaBa, rle S oltlcBa BcI4qKI{

Bb3MOXHT{ pe3yJrrarH or na6lro4eHltero Ha rIoBeAeHl{ero Ha \uttu, c Apyru AyMI'r,
S : TRUE BceKr{ rrr,T, Koraro HefiHr,rre npoMeHnuBr,r npraeMar 3Ha.leHprs., lonyqeHl,I
B pe3yJrrar or na6roAeHl,Iero na o6erra B r. e.-

Y np.np e trace(P)+ S,

krAero np e [poMeHJrI{Ba, RoffTo o3HaqaBa npoI,I3BoJIeH rrporoKon na lpoqeca P
,{orasna ce KopeKTHocrra He Ha rlporpaMHl{ crpyKTypu (or poAa Ha xi==y,

IF THEN ELSE, FORK, JOIN pr Ap.), a Ha crpyKrypt4 or o6erru (upoqecn,
arperarr,r r,r Ap.) - HarlpuMep:



o flporononrr Ha rrpoqeca -
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[ocJIeAoBaTeJIHOCT OT 3BeHa, KOTTTO yqacTBaT B

System= 4ll PziCSP - onprcaHr{eHa cr{creMara

CSP - ouucaHr{eHa npoqecr{rq

P1= Adderll -+ Prop11-+ Staqr -+ SepPoint, -+ Prop12;

P2 = Prop21-+ Prop22 -+ SepPointr, --> Stat21;

Ilporoxoln a cucr euara :

t ra c e (Sy s t e m) = t ra c e (P.')r) t ra c 
"(p r) ;

flporoxonna P1 :

ftace(Pr)= (Adde4r,Pr op11, Stat11, Seppointrr,pr opp);
Ilpororonua P2 :

trac e(Pr) = (P r o prr, P r oprr,S ep p oint2r,Statrr);

3a roperrnocrra Ha ra*aBa crpyKry,pa e AocrarbqHo rrpororfonure (cyuaraql [poroKoJrrrre Ha cbcraB.fiIllllre .s o6erru) la orroBaprr Ha r,r3BeAeH]rre B
CSP gaxonu.

n Ap. 
a, alrep[oA]Iuna, role6aTeJlHa' cyMl{paHe

o flpororco.rrr Ha arperara - crofino crrr Ha BXoAa r,r u3xoAa Ha arDerara.
r ll3.rucJrqsaHe Ha rrporonoJruTe.
B reopzrra na Xoap ca r{3BeAeHr{ 3aKoHrr, [o3BonsBall:?- ra ce AoKaxe, qe

lpoqecbr P crorsercrBa Ha cBo.f,ra cneqnsuxaqfi.f, s. Ero HsKoH OT Tsx:
a. SToP sat (np: <>) - ToBa e uporlei, rofiro He npaBr4 Hr,rulo u vMa rrpa3eH

IIpoToKon;
6. Aro P sat S, ro (c -+ P) sat (np : <> y npo - c & S(np,)), xr,gero np, e

Tbr{ KaTo Bpb3Kr,rTe MexAy arperaTr.rTe ca Jrr4Hev:f'v/.

- Onpe4en.aHero Ha KopeKTHocrra Ha arperarrlTe craBa na6asaraHa rexHr{Te
cnequ4uraqrau. cneqr,rsuraqnure ce onpe4en.f,T Ha lasara Ha Ar.rcKperHure
npexoAHr,r xapaKrepr..rcrr{Klr Ha 3BeHoro H rHTerpaJra na [toavren u QulzvecruotrrrrcBar peaKrlr.rsra Ha arpefara nprf IIpor,r3BoJrHr,r BxoAHU nrs4eficrsui. o$;1gtaTa
QOpMyna 3a orrpeAeJrfr}Je Ha peaKrlr{.rrTa rra arperaTa e:

t
y (r) = I (r) x (o)+ 

J 
nQ -.c),(r)a.c,

KbAero !(t).e rpexoAHara Syurqu-r nuo u.o..uta, x(0) - 3HaqeHr.rero ua x(r)rpu / : 0, y(t) - r.r3xoAeH crrrHaJr, x(t) - nxo4eH cvffHar, prrrr
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g +,lF-LaiJr;+ Lbju*_j,
j=l 

"/=0

KbAero a.u b.ca Koe$uqueHru na guQepeHilHoro ypaBHelrl{e, !uu uu- AI'IcKperHln
BXOAeH r,r r,r3XOAeH CI,IIHaJI Ha arperaTa.

- 3a arperara fI - 3BeHo:

PA= (0 {npi {npi-1+lnpi-K*npr l<1),
KGAero np, ca clerll{aJrHrr rrpoMeHnr{Blr, o6ognaqaBalqlr lrpou3BoJIHu nporoKoJnI,I
Ha arperarr,rre (Harpurraep - 3a PA - np e BxoAeH cHrHaJI, a np' - u:xo4eu); nP' rtE
u3xoAHr,rsr crrrHaJr Ha rrpeAXoAHVfl arperar, K - roeQraqueur Ira yc[nBaHe Ha

3BEIIOTO.

- 3a arperara AnepzogllqHo 3BeHo or rIbpBI{ pey, (AZI) -
' , -t-I

vQ)= " 
r'vo+kl" '' u(")dr.

-0

Karo ce rpr{eMe to:&-l)T u t:kT, ce ronyilaBa

T p7 _kT-r
lk=€rtyr,-t+k lr 't "G)aG).

@J)r
.{uSepenunoro ypaBHeHr,re B cnyqas. vMa Buna

lk=-atyrt+btu*-t'
KoeQuquenrr{Te Ha ypaBHeHuero LIMar cneAHuf, BIIA:

_r f _r)
Qt=-e rt v bf ktT rlr-e r' I

Or ryr cueqnQuna1rnflTaua AZI e: (. 
,/

AZl =(0tnp; <npi-) =lnpi -(o, ! r,-r-tbr u1,-t)l<t.
Onpe4enmrero Ha KopeKTHocrra craBa qpe3 rrpeABaplrreJrHo H3rILIcJItBaHe

Ha nporoKoJrr{Te Ha Xoap sa rrpoqecu ra arperarr,r r{ r{3cJreABaHe Ha cborBercrBl{ero
Ha re3r{ flporoKonr{ Ha 3aKoHrrre na Xoap. 3a rpo[ecure rrporoKora ce orrpeAeJls
oT [ocJreAoBaTeJrHocTTa oT arperaTrr, KorirTo ro QopMI,IpaT, u oT Bpb3KLITe My c
Apyrn npoqecu. 3a arperau.rre rIpeABapHTenHo Moxe r,a ce onpeAeJII,I calvro
Ava;ragona Ha lr3MeHeHve Ha rrpoMeHnr,rBara np. B rosu cM[IcbJI MeroABT 3a
repuQunaq[.f, Mo)Ke Aa rpoAbnxu pa6orara cH B peanHo BpeMe Karo qacr or
MeroAa 3a KoHTpoJr na pa6orara Ha cr.rcreMara qpe3 [poroKonr{ na Xoap.

Mero4rr Moxe Aa ce npeAcraBrr Karo H.flKorKo [ocJreAoBareJrHr{ crbrrKr{:
1. Oupe4ensHe Ha runa (crpyrrypara) Ha rrpoqeca r{Jrr{ rroAcr{creMara;
2. kls'aucrsBaHe Ha nporoKoJrr{re qpe3 SyHrqu.ara trace (P),
Crererrr na $ynrqufi.ra trace (P) e nora3aH no-Aony.Tfl pa6oru no

TurroBlrre KoHcrpyKrlur,r na Xoap (anrepnarnBHr,r [poqecu, napanenHr4 npoqecrr,
peKypcHBHo ofipeAeneHr.r rpoueclr, rpouecu c us6op vr Ap.), nporoKoJrr,rre rra
Korrro ca rr3BeAeHu n [8].
trace (P): (R)* &

if P : (STOP")then trace (P) : {<>};
elsif P: (c -+P) thentrace (P): {<> U }=c>ntlt e trace(P)};
elsif P : (c -+P I d -+Q)then trace(P): {tlt : <> V (t" : c & t'etrace(P)V

(to:d&t'e trace(Q)));
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.Jti{! : f*iP -2 p_(l)).: 

LtLt 
: .t_v (to e B & t'e trace(P(to)))}

elsif P : (mX : A.F(x)) : U trace(F"(STOPA));
n)o

elsif P : (P ll Q)then trace(P): trace(P)l^ltrace(Q);
else t : trace(PllQ) then

trace(PllQ):{tl\(t lo R)e trace(P)& 1t ;ts e)e trace(e)& te ( s R U & e)*}
Apyru KoHcrpyKrlt4r.r ua Xoap...
else

end.
3_. flponepra Ha nporoKoJII{Te (rz:6op or MHoxecrBo craHAaprnu uporororu)

upes 4ynrqurra SAT(f;S(np)), Ko.flro n o6q Br{A e rrpuBeAeHa rro-,4ony.
B rosu cMrrcbJr MeroA'T e -''acr or MeroAa 3a KoHTpon na pa6orara na

cucreMara qpe3 nporoKoJrlr Ha Xoap, rrfi raro [poroKoJrr{Te Morar Aa ce
npoBep.flBar KaKTo rrpeABapureJrHo, TaKa r{ no BpeMe ya pa6ota.
SAr(lS('zp)):

if P : STOP then
if np : <> then return TRUE;

else return FALSE;
end;

elsif P sat S(np) & (c -+ P)then
if (np : <> Y (npn: c & S(np'))) then return TRUE;

else return FALSE:
end:

elsif P sat S(np) & (c -+ d -+ P)then
if (np ! <c,d> Y (np i <c,d> & S(np"))) then return TRUE;

else return FALSEI
elsif P sqt S(rzp) & Q sat T(np)& (c-+ Pld-+ e) then

if (np : <> Y (npo: c &S(np'))Y (np^: d & T(np'))) (*S(np') uT(np'))
ca cnequSuKarluu ua uz6panara aJrrepHarzna*)then return T{UE;

else return FALSE;
elsif Vx e B.(P(x) sat S(np,x)) & (x:B --> P(x)) then

if (np
(*npoqec c as6op or vHoxecraox)

else return FALSEI
elsif P sat S(np) & Q sat T(np)& P ll Q then

if S(np l\ cr P)& T(np 1r oc Q) then return TRUE; (x raparemru
upoqecu *)

else return FALSE;
------ Ipyru craHAaprHr,r crpyKrypr{ ------

. glse return FALSE;
eno;

flporparvrHo ocr4rypsBane Ha MeroAa ea nepzQuKarJprs.
fIO pa6orra sa 6azara Ha Macr Bu or AaHHr,r rzn RECORD, n rolrro e 3arrvaa1a

clerluQraraqvflTaHarrpoqecr{Te, arperarlrre (rul u IIapaMerpr.r) u nprenzre Me)KAy
rxx (raHannre). Peanus[paHo e na Modula-2,

Zs.rr4crr,rrenHpr eKcrrepprMeHTr{ c MeroAa sa uepz$raraqux
c ueroga 6'^xa uzs'sprueHlr peA eKc[epr4MeHrr{, Karo My 6rrxa sagananu

KOpeKTHT{ slgqr,r$uxa]qjz'rr H TaKr{Ba, cbAspxaI]Iu HeKopeKTHocrr{ - Hanpr,rMep
rrpr,r 83ar{Mo4eficrnr,re Ha H.f,KorKO npoqeca no eAuH $z:qvecrr,r KaHaJr Moxe Aa
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ce 3a!,a[,e eAuH oT KaHaJIHTe Aa I,I3DbpIrrBa HerlpeMeHHo crlHxpoHHo
B3ar,rMoAeficTBl{e, T. e. - Aa I{3qaKBa roToBHocT or KoMyHI'IKupaulu.fl c Hefo
npouec. Tona ule 6rorupa pa6orata Ha Apyrrrre rrpoqecu, nsauuo4eficrBalrll{
no cbrrlu.s Qnera.recru KaHaJI.

I4zsoAu
flpe4uucrn ara Ha MeroAa ca cJreAHlre:
/ npeure;ra ce onpocreH yHLIBepcaJIeH [oAXoA;
/ ocrtonan e Ha crpora MareMarrrrrHa reopu.fl (CSP), Koero [o3BorqBa rto-

roJr.rrMo AoBeprre KbM pe3yJlrarvITe or pa6orara uy;y' lorpusa Bc]rqKlr Br,rAoBe rreKopeKTHocr Ha rrporpaMHoro ocuryp.flBaHe -
deadlock, pa3xoAr,IMocr, 6eorpafiHo 3aeMaHe Ha pecypcu rI Ap;

/ nogsor.sBa npoBepKa KaKTo npeAr,r HarraJroro na pa6orara Ha cvcrel;,a'ra,
TaKa rr B peanHo BpeMe.

MeroArr e [peAHa3HarIeH 3a pa6ora B cpeAara ua 6roroso-MoAynHl'I
cr.rcreMu, 6asupauu Ha MoAen[ na Xoap, c [peABapI{TeJIHo onpeAeneH na6op
or cr{creMHu o6erru.
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A software verification of computer
control systerns 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 arrd
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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YKA3AHI,I' 3A ABTOPI,ITE
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B terrrarrsHara nopeAn$ "AepoKocMrrlrecKu rmcneABaHnff B Stmapnr" ce nevarar
opi,u'I,trraJEtrl Ha)^nil4 grarml ot o6uacrra Ha KocMlfrecKara I{ aD}Ia4{oHHara HayKa u rIpaKTLrKa.

Ycnosnr: Ctatuure tpr6na Aa 65Aar IlpeAcraBeHlr n 2 exgeunntpa Ha

6rinrapcrn, pycrn r{nn anrnnftcxn. Ernrapcxure aBTopI{ rpx6ra Aa rrpeAcraB.f,T I,r nPeBoA Ha

crarutra, aKo rt e Ha PycKI{ lurn axrnuftcxu egnx.

o O6eMbr Ha srarnara (nx.nogrrerxo ra6rutr[rre r rnreparypara) ne rp.r6ra ga

npeBurrraBa l5 cran4aptrur Martrr{Horrucnu crparuuar (30 peAa Ha crpaHnlla, 60 y4apa na pe.q) c (Dopr{ar

210v295. i

o BcrKa crarm rpr6Ba Aa 6rAe rrpr{ApyxeHa or pe3roMe ( Ao I ctauraprna
mparuura) xa 6tnrapcrur n na eArui 3an4AeH e3I{K.

o Marepr.ra:n4 rplrerlr 3a neq rr r.rJur ny6nrucyrarur a Apynr lnAarndt, He ce flp]reMar.

flogpex4ane:
o Ha rrrprara glpaltrtrIa Ha BcrKa c'iarut rpt6ta Aa 6tAar HarrlrcaHr{ 3aulaBuero,

rrMeHara Ha aBTopr?rre lr aAPecbT Ha Mecropa6oTaTa.
o T a 6 rr HqH n uJrro crp aqun. Ta6muryrre IlrreKcrbrIGM trJllocrpalu,MTe

rpr6na Aa ce npeAc'raBtr Ha orAeJrHH a ce rrocoqn B rroJlsro Ha

cborBerHara crpanrura. Ha np6a na rpaQuryt u 4p.) c uonur
,ua ce Hanurtrar 3arJraB[ero Ha crartrtra, lrMeH rr na Qrrypara v Aa ce
yKOK€ OpUeHTaIIrrtTa.

o JI r,rT ep a r y p a. I{rrnpaxara.Jr}rreparypa ce flpeAcrztBr Ha orIeJIeH Jrlrsr no
HoM€plu$r, norBrBaqa ce xpoHoJrorrrrHo E Tercra. I4Mef,o Ha nbpBnx aBmp ce AaBa c HHBepcus. CreAsar
3arJlaBrrero Ha crarmra,3aDraBr{ero Ha cnncaru,rero (c6opruma), ton, ro4tnra, KHIDKKa, orparuu1a, a rpu
uoxorpai[rune - rp4A, rcAatencrBo, FoAnru, crpal{Idla.
Ilpmrep:

l.K p r c r a H o B, JI., K. C e p a r[ n rrr o n. - Cn. na EAH, ]Q( 1974,Ne 2,c. 29.
2,H e c r o p o n, I. Ornma na rlrcxara fionocr[epa. C., E.AH, 1969,c.63.

' Apyrn H3HcKBaHIrrI:

o Mepurre eAldlilr+r 3a.(bJDKlrrenHo Aa 6rAar no CII.
o Anropn:re npernex,qar eAHa KoPeKTypa B onpeAeneH cpoK. ,{orrycxar ce

caMo nonPaDKn Ha rpeluKlt, HarrPaBeHI{ npH Haoopa.

Agpeo: Arroplrre uorar Aa rlpeAcf,aBtr rutlHo MarePuamme cn Idu{ Aa ru rttrtpartr
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