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BiusHue na Berpemante IpOoLecH
Ha €HEProoOMEH BBPXY
II00ATHOTO MOBENEHHE HA
AKPEHUOHHOTO TEYEHHES

Mapus Jlumumposaq

Hucmumym 3a xocmuveciu uzcnedeariia, BAK

BrBenenue

Penuna pesatrenosu matownumn 6axa OTBXOECTREHHE €
TECHH OBOHHHM CHCTEMH, CBABPKAILM KOMIIAKTEH OGEKT, HODMANHA 3Re3fa U
a30B0 TeueHne MexAy Tax. CTaHa TBBPAE aKTyanHo ia OBJAT TORPOBHC
HSACHCHU IPOHECHTE, OTTOBOPHE 32 POPMUPAHETO Ha DEHTTEHOBOTO HANbLYBaHE,
2 CBINO TAaKA — NPHYHHHTE 32 HEIOBATA HPOMELIHBOCT.

Hetaiinnoro onmcanne pa busuumTe HPONECH B Ia30BOTO TEYEHHUE B THCHS
ABONHE CHCTEMA € HEBBIMOKHO 563 H3NO0M3BAHETO HA YHCICHK CuMyfanui. Jopu
[10 TO3H HAYHH ONMHMCAHUETO AUKOTA He OTYHTA BIMAHEETO HA a8 CONOTHO BCHYKH
HPOLCCH, KOMTO NPOTHYAT B ra30BaTa cpea.

Enno or ocHoBHUTE UpuGHmNKenHT 6 Pa3MEpPHOCTTA Ha PasriexKAaHaTa
o6nact. Iepeouauanamre CAHOMEDHM pasmiexuanus [1, 2] nocrenenno 6saxa
M3MECTEHH OT OBYMepHH [3—9], a cien ToBa u rpuMepny [10—14] monens,
Ennnonymmo e muenuero, se rasoporo Tevemie UPHTEXABA CHOXHa CTPYKTYpa
[3. 8, 9, 15], kosaTo He e Bes snavenye 38 (POPMHPAHETO U [IOBEAEHULTO HA
PCHTTCHOBATA CBETUMOCT, BhIpeku Tosa ofaue, J0paAd TBBPAE FOIIMATA
TPYAOCMKOCT Ha CHOKHUTE TPUMEDHM MOJEIH, 3a pednua sajavm ce npuema,
q€ ABYMCDHOTO IPUONUKEHNE € AOCTATHHHO aobpoe {7, 8, 15, 17].

Ho-unTepecen o1 usmuna menua Touka e BLIPOCEHT 334 HAYKHA HE CIIACRHHE
Ha NPOLCCHTE, OTTOBOPHY 3a NIPepasipeseleHueTo OCBOGOKIEBAHETO Ha
CHEPTHA M MOMEHT Ha NBHXEHHE MEXJIY [a30BOTO TEYeHHEe ¥ OKQIHOTO
IIpOCTPAHCTRO, KAKTC M BETPE B CAMOTO TEUSHHe MEXIY OTACIHATE My YACTH.
OcuoBHY BENUYMHY, X2PAKTEPHUIUPAIIN TE3M [POHECH, Ca BUCKO3ZHUTETHT W



KOEUUHERTHTE Ha HENPO3PaYHOCT, TOIIOEPOBOAHOCT, H3bUYBAE ¥ IO BIAHE
Ha nnueHHero. OT Apyra CTpaHa, OT 3HAUSHHE € CTENMEHTa Ha OTYMTaHE HA
BIIUAHUETO MM BBLDXY IIOBCIICHUETO Ha ra3a, KOETO CE B3PassiBa OCHOBHO BLEB
BHIA Ha 3a]IMCBAHE Ha YDABHEHHMATA Hit CHCTOSMIHKE U edepreTHuen Danamnc.

HOKATO OBEYETO aBTOPH NOKA3BAT, Ye BHCKO3ZUTETET BIIAsE OCHOBHG CBC
CHJATA CH, HO HE U UPE3 dHAIMTHYHES BUL Ha 3anuc {16, 18], To oruntanerto Ha
BIAUMONCHCTBACTO Ha ra3a ¢ IBYCHHETO € [OCTa HO-CnokHO, [IpaxTuueckyu
BCUYKH PA3MICKAAHNS DOJ3BAT, B 38BHCHMOCT OT aKHEHTa HA CHMYNAUHATE HIIY
HpHﬁJ’[H)KEHHC 1a ONIUTHHCCKH MHOMY NNBIEH CJIOFI, YCPHQTEIHO HHH CHBO
HPHOJIKEUHE, MK ONTUYECKH MHOTO THHEK CHOH. ITo To3n Hauun ce u3Garea
PEIiaBaHETO Ha YPABHEHNETO Ha UPEHOC Ha NBLYEHHETO.

OcBen TOBa, MHOTO aBTOPH HE BKISOYBAT ra30BOTO HAJIATAHE B YPABHEHHETO
Ha cberoanne [11—13],

OT Tpera cTpaHa, ypaBHEHHETO Ha SHEPreTHYHUA BANTAHC YECTO Ce 3aTHcBa
B senbien BYA. Ilpu nsxor momens [11—13], ToBa ypasHeHUe BEIIOUYBE CAMO
enun unen. Hpu Apyru ce OTHHTZ Olle BIMSHMETO Ha BUCKO3HOTO B3aHMO-
nercrene {14]. TpeTn HAMPABO NPHEMAT, Hé KOMUMECTBOTC NIOIBIHATA eHeprus
C¢ paBuABa Ha KOJMHYECTBOTO OT/IENEHA BbLB BCEKM €JHH MOMEHT ¥ 38 BCEKH
exemMentT ot Ttedenueto [1, 15, 17].

Baxio ¢ na ce oBocEOBE HOKOJKO M B KOM CIY4AH BCHKO EMHO OT Te3H
MPUGINEHNs € BRNHIHO K 1a ce pasbepe BIMSHUETO Ha THIIOBETE HENPO3PAUHOCT
BBDXY eHeproobmeHa B TeYeHHeTo,

IlocTanopka na 3amavuara

B noceramuute cu pasruexpgauua [15, 17] cme ce
OI'pagKMIHIH 10 upubimxenueTo Ha Xalakapa (1) 3a pasioBecKe Ha KOIIHYECTRATA
NOTBIHATA H OTHENCHA EHEPTrHs 38 BCEKM SJiEMENT OT I'a30BOTO TeHeHHE,
B nacrosmara pabota cme HaupaBUNM OMUT 38 1IG-IBIHO ONMCAHME HA
QUIUUHUTE TPOHECH HA €HEPrOOGMEeH, XKaTo YPABHEHHETO HA eHEPreTHYHMA
6ananc CMe 3aNUCANM BHB BHAA

0 % =~pdivV + 2oy f +div(h gradT)- divw,

B Taka PAa3IIHCAHOTO YPDABHERHE, CHTPDOIHATA € CHTPCIIMA Ha HASAJEH ra3s,
3anincada BB BUAA

o) ' e =pTs,

(3) §=8,,=C,Inpp".

Tyx 1e ce oTYNTA CHTPONMATA Ha MTHYEHUETO, Thil KATO HErOBOTC BAHAHHE
BBPXY eHeproobmena € 0T4eTeHO B [IICHATA CTPAHA HA YDABHEHHETO.

Hpueto e npubauxenue Ha THYMCTA TONNONPOBOAHOCT [19). [To To3% Hauun
nocleinnTe fBa 4iena B (1} moraT fa ce 0DeANHAT 4 ypaBHEHHETO AOGHBA 110-

HPOCTHS BUJ

de i :
(4) d—=—pd1vV +g(clk)2+d1v[(l+x)gradﬂ,
i
KATO ¥ € KOHUIMEH ST Ba IHYHCTA TOILIONPOBOLHOCT, & A — TOIICHPOBCLHOCTTA

Ha raiag.



TakoBa npuONMKEHAE © BANMAHO 3a ONTHYECKH ILTIGTEH CJ0H, KOraTo
ABIXHHATZ HA ¢BOGOAHMS npober na QOTOHUTE & MHOI'0 MallKa B CpaBHEHUE C
pasMepuTe Ha pasmnexiaHara obiact. B To3u chayvall ce sanucsa 8nE Buaa

(5) x =1/

KBHETO [ € yCpe/HeHaTa AbIKHMHA Ha cBoBOMINS upober. IIpueto e gue
UpUGIHKEHME HA CHBE MATEPHA, IIPH KOETO

(6) x(v.p.T) = 4{p. T )= const{v)

Octasa fa ce pasmaue KOeQUIHEHTET Ha nomibwaue. B naii-obmea cnyyait
TOH BKIIOYBA TOMICHHOB edexT, cBOBONHO-CBOBOIHY HPEXOJH H Ap.

1o To3u nauuy ypabrenue (4) e 1ocTaTHYHO OIIPERENERO, 38 A C& U3IION3B]
IIPE MORENHPaHe NOBEHEHHETO Ha TCUEHHETO,

OcTananure ypasreHua ca 3aNMCaHH KAKTO B npenxopuute pabory [15, 17].

UpecMmaranus n pesynratu

B nacrosmara paboTa upes ABYMepes uUMCien MOIEN,
paspaboTen Ha 6a3aTa Ha METORA HA KPYIHHTE YACTHIM [L5, 17), & uscnenpano
TOBENCHHETO HA AKPEIHOHHC TCHEHHE B TACHA NBOHHA cuCTEMA, CHUBDKAILA
HEYTPOHHA 3Be3jia ¢ maca M = 1,5 M_ ¥ 4epBen ruraur ¢ maca M, =35 M,
3aiBaHMIEG ofnacrra cu Ha Pou,

Uen na paborata e na ce NpOBEPH LOKONIKO HpaBOMERHO € OHIo ga ce
Pasmiex/Ia OrpaHiieHeTO 32 DABEHCTRO HA OI'BIHATATA K OTASNEHATA CHEPIHSA
3a BCekM 00eM Ha rasa. OT Apyra CTpana € H3CHeABAO NOKOIKO AHAIMTHIHHST
3aMUC Ha KOe(HIHEHTa HA HENPO3PAYHOCT RINLE BEPXY mobannoro nosegenne
H4 TeYecHHeTo. Ha TpeTo MACTO e mpocneneso pasBHTHETO HA CTPYKTYDaTa Ha
TE€IEHRNETO 1C MOMEHTA HR HOCTHIaHe Ha CTaUMOHapHOC CheTosHWe, Mma
CGCHOBAHMC Jla C€ CMATE, € BCAKO TAKOBA CTANKMOHAPHO CHLCTOLHUE € HecTabRIIHO
M HE CC 3anbpXa 3aALNITro. Ilpu eBenTyanHo M3anm3aHe OT TOBA CLOTORHMUE,
CBBP3aHO C pA3pYUIABAHE HA CTPYKTYpATa Ha TCHECHMETO, CIEXBa TS OTHOBO Jd
€ H3TPalH JI0 DOCTHUIraHe HA HOBO CTANMOHADHO CHCTOSHME.

[IpecmaTanuaTa ce UIBLPIIBAT A0 AOCTUraiie Ha .MOCTOSHHA CTORHOCT Ha
PCHTTEHOBATA CBETHMOCT, IPOAYUMpaHa B OOJaCTT4 OKOJIO MOBBPXHOCTTE HA
komnaxThus obexT. Pasrnemanu ca Tpu ciaydas 3a KOS(PHUHEHTA Ha
HENpO3pa¥rocT. B napsud cayvalt ce otunTa xoMBuEanuaTa o TOMICHLOB eexr
¥ 0T ¢BOOOAHO-CBOGOAHY IPEXOIH. BR BTOpUSA 1 B TPETHA €4 OTYSTEHH CHOTBETHO
camo TomncoHOBHA edekT U camo CROGOAHO-CBOBOTHYUTE npexogu. Ha dur. | u
2 ¢ FOKa3aHO PasUpeAeNeHUeTs CHOTBETHO Ha IDIBETHOCTTd B TeMOepatypaTa B
CKBATOpHANTHATA ONOCKOCT Ha Tedenuero. Ha dur. 3 e upencrasena nebenunara
MYy B Z HalpABICHHUC, KATO MAKCUMAJIEATA i CTOMHOCT OTTOBAPA Ha efHa jlecera
OT DA3CTOAHUETO IO UEHTPaIHKSL 06exT. TpuTe rpadExu ce OTHACHT 34
xoMONHUpaHa HenpospauHocT. B ocragannTe IBA CLy4as XKapTUHHTE Ca [OUYTH
BISHTHYHN, EAUHCTBEHO MaKCcHMANaTa TEMICPATYPA € Mo-HHCKA ¢ 2 U 2,5 %
CBOTBETHO 32 Cny4as Ha ToMICHHOR edexT M OT CBOGOMHO-CBOBOIHN IPEXORN.
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Qur. 2, Pasnpenencuue fia TEMNEPATYPaTa B CKE2TOPHAANATE PABHHHA HA AKPENHOHHOTO TEHCHIC



TPH MOMEHTA OT EBOMHOUMATA M ’» & HMEHHO B Toukute A, B u C oT tur. 4.
Durypa 1 OTrosaps Ha rouxa D. Ot ¢urypure scro ce BHXJI2, Y& OO JOCTHTAHETO
Ha CTANHOHADHO CHCTOSHUE TedeHHeTo MPeMHUHABA Npe3 pasnuunu thasu, kaTo
MOXe SCHO la ce nabniojnasa oopMaHeTo Ha BTOpus cropajien ()poHT M

TEe4eHHEeTO.

@Gur. 4. Esonouus sa PCHTFCHOBATA CBETHMOCT fI0 AOCTHTARE HA TTAUMOBAPHO CLOTOARHE
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@ur. 7. Pasnpenenesue Ha DOBBPXHUHHEAT IIBTHOCT 5 SKBATODHANNGTA DABHMEZ HA AKPEUHOBHOTO TeueHMe
npU NOCHEABANHA MHEMMYM HA CBETHMOCTTR

Huckycun

AKO ce cpaBaAT noxasannTe Ha Gur. 1, 2 u 3 pasnpenesienys
Ha OCHOBHHTE HZPaMETPH HA rasa ¢ Te3u OT NPEAXOJHHTE HE H3CIeHBAHUA, Ce
BHXJA, 4¢ OO XapakTepa CH CTPYKTYPATa Ha TEUEHHCTC IIPHM NO-NBJIHOTO
OTYMTAHE Ha eHeproobmera He ce npomeHs. [lonysesuTe CTOHHOCTH 3a
CTEIUOHapHATA PEHITEHOBA CBETHMOCT, MAKCHMAJHATA IUIETHOCT B €KBa-
TopuanHara obnact u gebeiinHaTa Ha TEYCHUETO CE OTAMYABAT ¢ HAKOAKQ
npoueHTa. MakCHManHETE CKODOCTH C& IO-HHUCKH TYK ¢ okojao 10 %.
Pasnpenenennerc uM He e NoxkasaHo, TH XATO TO € HATBIHO HAEHTHYHO C TOBA
ot [13, 17]. TemnepaTypata € NO-BMCOKA € HIKOJIKO IPOLEHTA ¥ C HO-BJIABHO
pasnpenencHue. Yaapuute GpOHTOBE C& HO-IIABHH, HO M NO-ICHO M3DA3CHHM.

OT x23aHOTO ROTYK MOXeE Jia Ce 3aKIIOUK, H3BOAMTE, HAUPABEHH LPH II0-
ONpOCTEHUS MOJEN, NOHE IO C€ OTHACS /A0 CTANHOHAPDHHTE CHLCTOAHHS HA
T€IEHUETO, MOTaT Ja C& NIPHEMAT 3a JAOCTOBEPHHU.

C ronaMa 0034 YBEPEHOCT CBHUIOTO MOXE 2 ¢€ KaXe H 3a [IOBCASHHETO Ha
TEYCHHETC NPH HECTALMCOHAPHK PEXHMH Ha aKpeuus. Beuuxu pesyntupanmu
UPOMEHIMBOCTH B PEHTICHOBATa CBETUMOCT B Te3H CiyvaH [20] ¢cMme ¢BBp3BaNK
CbC CTAGHIIHOCTTa HA CIMPATHUTE yRapHE DPOHTOBE H Pa3NPOCTPAHEHHETO HA
BBIEK MO TAXHATA AB/DKMHA. HiMa @QusudeckH DpHuYMHZ NpEeMaxBaHETO HA
H3KYCTBEHO HAOXKEHUTE NPEHH OUpPaHWUEHHS B eHeproobmeHna Ja posesae fo
KaueCTBEHO HOBO NOBEAeHNE. BCe Nak mpu cpaBHEHHS HE MOZEINPAHKTE BAPHATIHH
¢ peansu 0OSKTH € HO-1PABOMEPHO fid CE UBIION3BA TO3M II0-PLANHCTHYEH MOIE.



OT gpyra ¢TpaHa, IO ¢ OTHACA A0 NPECMATAHHA, IPaBEeHH Y PA3NHHUCHS
pasnHCBaHE Ha KoeQULHEHTa Ha HeIPO3PaiHOCT, MOXKE A C& KaXe, 4e NOCNCAHOTO
He € 0T CHUIECTBEHO 3HAYEHHE 3a IIOBEIEHHETO Ha CHCTOMATa,

OT TOBa, KAKTO K OT WACHEABAHUATA Ha APYTH aBTCepH [16, 18] pu pasanyiny
AHAMMTHYHY 3a[IMCE Ha BUCKOIWTETa, MOXE Ja Ce 32KJIF0HM, 4é HCIIO3HABAHLTO
H4 TOUHHUTE DU3UYHM POLUECH B TCYCHHETO He € CHUIECTBEHA NpeHkKa 3a
KaYeCTBeHH OLCHKK M H3BOJH Ha NIOOaNHES MY XapaxTep U IIOBEAECHHE.
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The influence of the inner processes of energy
transphere on the global accretion flow behaviour

Maria Dimitrova

{Summary}

It is presented a two dimension numerical simulation of
the accretion flow behaviour in a close binary sistem. It is discused the influ-
ence of the analitical writing of the energy transphere equation and opacity on
the global accretion flow behaviour.
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Elliptical accretion discs
with constant eccentricity.
I1. Standard o-disc model

Dimitar Dimitrov
Space Research Institute, Bulgarian Academy of Sciences

1. Introduction

In 1970’s Shakura and Sunyaev [1] have developed
a stationary accretion disc model widely known as a “standard o-disc”. They
have introduced a parameter o which simultaneously describes the efficiency of
two of the most important angular momentum transport mechanisms. Namely,
the turbulent viscosity and the magnetic field viscosity. The parameter & gives
the proportionality relation between the shear stress w,, and ov?, where p is the
gas density and v_is the sound speed. Vaiues of o under an astrophysical interest
lie in the range 10°< 0 < 1. It should be noted that during the type I and type 11
X-ray burst events the intensive flow of low angular momentum X-ray photons
from the neutron star surface is able to increase strongly mass accretion rate M,
although the radiation pressure is acting to push out the infalling matter [2—4].
Such an obviously nonstationary mechanism of angular momentum release from
the inner disc matter is not included in the standard o-disc model, where the
radiative and molecular viscosities are neglected [1]. The importance of radia-
tive viscosity is also mentioned by Arav and Begelman [5], but these cases
include considerations of very hot innermost disc regions and jets arising from
supercritical accretion regime. Pringle [6] has recently discussed the present
status of the angular momentum transport problem in accretion discs. It should
be expected that changing of the physical conditions naturally leads to different
values of o For example, the radially moving thermal instability front can de-
limit the accretion disc into relatively “cool” region with o=c and “hot” part
with o = o [7, &]. We shall not consider in this paper such a possible type of
instability and shall neglect the radial dependence of o at all. We shall also
neglect the vertical disc structure (the z-coordinate dependence}, using disc-
height averaged quantities (temperature 7, densiry p, etc.).



The standard o-model is described by Shakura and Sunyaev [1] for
steady-state circular discs, Recently Syer and Clarke have derived solutions for
stationary discs with constant eccentricities in the form of the two-dimensional
analogues of the @-model ([9], Appendix B). This generalization of the stan-
dard o-disc model was related with the observational and theoretical evidences
that the tidal interaction in some close binary stellar systems may cause elonga-
tion of the accretion discs (mostly of their outer parts) [10—12].

IT1. Accretion disc model

Lyubarskij et al. {13} have investigated analitically
and numerically viscous accretion discs consisting of series of nested elliptical
streamlines. For every stremline with a major semiaxes a, eccentricity ¢ and
focal parameter p=a(1-¢?), the viscosity coefficient 1, temperature T, pressure P
and volume density p were averaged over the disc thickness H. Lyubarskij
et al. [13] confirmed Syer and Clarke’s [9.14] conclusion about the lon-
gevity of eccentric discs in a Keplerian gravitational potential also in the case of
variable eccentricity e=e(p). It should be noted that these inferences are not
influenced by the initial conditions which describe the accretion disc bearing.
Throughout this paper we shall investigate the problem of the accretion disc
radial structure only in the particular case of constant eccentricity e (i.e.,
de/dp=e,=0).

Following Lyubarskij et al. [13], instead of the usual polar coordinates
(75 @), we shall use the nonorthogonal curvilinear Eulerian coordinates (p, ).
The transformation between them can easily be performed by means of the
relation

{1} P = r (1+e cosop),

where ¢ is measured with respect to the direction of pericentre, which is as-
sumed to be the same for all particle streamlines. According to above expres-
sion, if any quantity (e.g., disc surface density %) is a constant around the stream-
line, but depends on the focal parameter p, a transition to the radial coordinate
7 {i.e,, the distance from the centre of the compact object) recovers the angular
dependence on the azimuthal angle ¢. The considered model uses the approxi-
mation of “pressure-free” fluid in the sense that the pressure does not play di-
rect role in the dynamics of the flow, except that it controls the local viscosity.
This allows a quasi-Keplerian motion of the gas particles, which spiral inward
with a low radial drift velocity v 2. The later is connected to the local accretion
rate M ([13], eq. {30}), assumed to be a constant with respect to p and time 1, as
we deal ab initio with the stationary accretion problem. Qur consideration in-
cludes the assumption that both H and T are in local equilibrium {case C from
the model of Syer and Clarke [9, 14]), which means that these quantities
change fast enough along the streamlines in order to attain a correspondence
with the other local physical conditions. On the other hand, neglecting the ra-
dial heat transfer, we shall assume that the heat losses are slow. This enables us
to accept an adiabatic motion of the gas during its nearly Keplerian orbiting
along the streamlines:

12



2) P o o)=Kp 9 pip o),

where K is the specific gas entropy. The power y is the adiabatic index and as-
sumes values 5/3, 7/5 and 4/3 for an ideal gas consisting of one, two or more than
two kinds of particles, correspondingly. By analogy with the standard o-disc m odel
[1], the eccentric accretion disc can also be divided into three different zones [13]:

() innermost zone A with a radiation dominated plasma (y = 4/3) and
opacity k determined by Thomson scattering

3) k =k, = o fm,
where G, is the Thomson cross-section and m, is the proton mass. The equation
of state is given by

(4) p=3%
3e

where ¢ is the light speed and G is the Stefan-Boltzmann constant;

(i) middle zone B with an ideal gas dominated plasma with equation of
state R
i P=—pT,
() s
where R is the universal gas constant and It is the mean molecular weight. If the
plasma is fully ionized, then K = 1/2 (pure hydrogen composition), 1 = 4/3 (pure
helium composition), and W = 2 if only heavier elements present. For cosmic
abundance | = 0.6. For the adiabatic index we assume value Y= 5/3. The opacity
law for this zone is Thomson scattering;

(1ii) outermost zone C with an ideal gas dominated plasma {equation of
state (5)) and free-free absorption

(6) k=ke=(pT™™=6273x102pT%

where { is a numerical constant, which value depends on the mean Gaunt factor
(& =1) and the chemical composition [15]. The adiabatic index is accepted to
be equal to y = §/3. .

Everywhere in this paper we shall use lower indices A, B and C to label
quantities which are referred to one of the above mentioned zones, respectively.
We shall also describe briefly the following four equations, giving an:additional
information which is enough to specify the structure of the constant eccentric-
ity elliptical a-disc model. More details about these relations may be found in
([91, Appendix B) and in [13]. Note that the form of these expressions is inde-
pendent of what of the three disc zones is under investigation, except the values
of the integration constants D, (e), D,(e) and D (e) which must be evaluated
from the corresponding boundary conditions,

The equation for angular momentum balance may be written as

7 | Frto.0e Vieapyap= 21 2.

where D{e) =D, (e), Dy(e} or De{e); G is the gravitational constant, M is the
mass of the compact object in the disc centre and
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= [(3 +e?)+ (Te + € )cos @+ 4’ cos® (p],

; 1
(8) Y(e,0}= m)s

(for e, = 0) is an auxiliary function [13, 16]. Taking intc account that the verti-
cally averaged volume density is p=Y/H and the Keplerian angular frequency is
O, =\FGM/F3 = JGM/p* (1+ecos @)’’’ we can express the condition of hydro-
static equilibrium in the z-direction of the disc as

©) P(zs()):ﬂ_zz{)):lmiﬂ_
pH z 8

In the third place, the heat removal by radiation from the accretion disc is
described by the thermal balance equation. According to S hakura and
Sunyaev {{1], eq. (2.7)), if O is the energy flux radiated from unit disc surface
per unit time, then it is related to the energy density of radiation € by

40
(10) 3Q)s-e =7,
4 ¢ '
Therefore, the radiation losses from the two boundaries (upper and lower) of
the disc contour per unit time are

in

32¢,. T
i1 ST dodp.
(15 £3ka«/§¢p

In accordance with our adiabatic approach, we shall neglect the work done over
the contour by the outer forces and shall retain only the term describing the
heat generation inside the contour by the viscous forces ([13], eq.(16)). Conse-
quently, supposing the validity of the diffusion approximation, the thermal bal-
ance equation becomes '

il e ; » 2326, 7" ]

12 i : i d = B d

(12) . 2{116,;:0_«/5(9 £3ka\/§ @,

where o is the shear tensor, related to the viscous stress tensor w* by means
of the viscosity coefficient n (w* =na“:ik = p,9) and g = p{l+ecosg)”
([13], eq. (A.5)) is the Jacobian of the transformation from Cartesian coordi-
nates (x, y) to curvilinear coordinates (p, ). Finally, from the continuity equa-
tion for pure Keplerian motion Ly ubarskij etal [13] have derived the usc-
ful result that the surface density Z factorizes into some unspecified function
Ap, ) and a known dependence on @:

_ f(p,e)
i Z(p9e)= P

where V° :\/GM/ps(l+ecos @) is the contravariant ¢-component of the
Keplerian velocity ([13], eq. (A.11)). As mentioned in [16], in the case of con-
stant eccentricity disc +/gV*® =4/GM [ p, i.e., in curyilinear coordinates (p, @) £
depends explicitely only on p and e but not on @ [9, 13, 14]. It should be also
noted that the energy balance equation is not required to be written in order to
close our set of equations because it is already identically fulfilled [13]. Our
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purpose in this paper is to obtain in an explicit form analytical expressions for
Ap, ¢) and the other accretion disc characteristics (averaged over the disc thick-
ness): temperature T, density p, viscosity 1, etc. Generally speaking, for a given
mass accretion rate M and mass of the compact object M, they are expected to
be functions of p, ¢ and e.

ITI. Solutions to the accretion disc structure equations

The standard a-disc model [1} deals with vertically aver-
aged astrophysical quantities and this approximation is also retained in the con-
sidered here viscous elliptical discs [9, 13, 14]. The difference between these two
cases is that in the later all quantities are allowed to depend not only on r, but
also on @. As concerns to the a-parameter, we assume the simplest possibility
a=constant throughout the disc. Taking into account {9), the ratio
Y/ H =p(z=10) and (2), we obtain

wiime!
(14 Kpt! =§u)§(H2.

On the other hand, from (13) foltows

(15) ot =z = /e v

Combining (14) and (15), and having in mind that JEV"’ =/GM/p, we can
express the disc thickness H, volume density p and pressure P by means of the
unknown yet functions K {(specifying the gas entropy} and f {specifying the disc-
surface density Z):

1f{+i
(16) H(p,9.e.K,f)= lM fe &7 171 p0*SV2(1 4 ecos 0)72 ] J
v fz(] )3 (y+1)
F+ecos@
PR o ’K’ =i e e 3
{17) p{r.9.e.X, 1) H{ 8K p° ]
wly+)
*(1+ecoso)
I8 P{p,0,e,K, = Ko L—(———i .
(18) (p,9.¢,K, f) 87

With the above results it is easy to find the viscosity cocfﬁclent integrated
over the disc thickness ([13], eq. (48)):

(19) ﬂ(P’(Pae,K,f)=0tEvsH
_ [Yaattey & [z s6v-0) e (yooya ] V)
=48 — K 1+ecos .
8 GM[ Zr @) }

where the first equality follows from (9} and P=v'py? (with v, the adiabatic
speed of sound), analogously to the derivation of eq. (52) in {13]. In the case of
elliptical dises with a constant eccentricity (i.c., ¢, =0), the convolution of the
shear tensor 6, ¢* may be computed from eq. (A 16) given by Lyubarskij
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et al. [13]. Note that an additional multiplier {1+¢ cos®) may be extracted from
the expression in the curly brackets:

(20) o’ =06,6" =(GM/2p° )1 +ecos @) |9 ~2¢* +e* +{33e —2¢° + &° Jeos ¢
4
+48¢% cos? ¢+ 32¢” cos® p+8e* cos? g
= (6M/2p°)[(1- €*)* +8(1 + ecos ¢)’], (for ¢ =0).

According to (19} and (20}, the Ieft hand side of thermal balance equation
{12) becomes

@D 3 {nﬁzx/gckp

bt 2y B S
(1-&&!(:(}5(;))43”14 ( +ecos{p)m4

Jg‘ S gl 1 2x d
_LK‘;sz 2 (1—92) Im%—f&gﬁ-ﬁ—ecos(ﬂ]ﬂd{p

were the upper expression holds for y=4/3 and the lower refers to y=5/3, respec-
tively. Let us now compute the right hand side of (12} for each of the three
zones A, B and C. According to (4), valid for 2 radiation-dominated plasma
(zone A : y=4/3; k=k ).
2x 32 Txl Re 2n P
(2) [ —edp == |5 Vado
5

b SkpH

_ 591 EVOM CV K7 V7 poa .[ do ‘
o [l+ecoscp)2”

For zone B (ideal gas, y=5/3; k=k,), instead of equation (4}, now we must use
equation (5}, which signifies that T*={uP/Rp)* and, correspondingly:

320,T* 3205u* T P4
23 B =—B" [ - /¢d
23) { 3kpH ko VEI0= 3kpR* { Z‘E ¢
3“0;111 VG 32
3k R*

Finally, for the outermost zone C (ideal gas, y=5/3; k= kjf) we shall take into
account (5) and {6) to obtain

3205T* 320 i
24 B B d
(24) { T g o5 Vede
152 fran In
4 x[z_ﬁnll GM KS 2 pi _[(l+ecos (p)s,(qu)_

3CR15_!2 .
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In the derivation of (22) - (24) we have again used the representations (13},
(16} - (18) for Z, H, p and P, respectively. oy

The integrals over the angular variable ¢ can be evaluated by means of the
hypergeometric function F (g, b, ¢; z) {17, 18]

2w
(25) il G o, coppfive o o dlg gy
o (1+ ecos o ¥ 2 2 2

The above expression is a converged series, because the eccentricity ¢ of
the ellipse is allways less than unity (i.e., e?<1). For integer x=0, *1, £2,...., the
integrals in the left hand side of (25) can be expressed through Legendre polyno-
mials [18]. In view of the results (21) - (24), thermal balance equation {12) en-
ables us to elliminate the unknown function K(p, o, ¢

(26) KY" = ale}r=%7p=37 | (for zone A),
2
17 | 7 E L i I: 2
Al V324 /oM 7147
B (=22 F (23,97 o2 )sap[L 15 ;.2
28 28 28 28
27 K* = Ble)fVp'”, (for zone B),

!

3

I ]
- )
B(e) = iia i R o 2 (IS ISR e [ L 30 o]
13 3 8

L 3’8
24 J6M oy 1t
(28) k¥4 =Cle)r V" p? | (for zone C),

1
5
1k ]—S,I;rz2 +8F —1,3,1;432
& 8

i
7 232
- /1 :

V15 ag RS2 t-<7) (3 8
i 15 53 . i
24\J'GMUBIJ_2 F[_Z’-—Z,l,e J
where A(e), B(e) and C(e) are known functions of the constant {over the
whole accretion disc) eccentricity e. With the above results, we can now return

to the expression (19) for the viscosity coefficient N (v, @, &, f} in which we set
appropriate values for y (y=4/3 in zone A; y=5/3 in zones B and C) -

Cle}=|

29
214 %%;%f‘l p{1+ecos -:p)_im_‘:, (zone A),

3 Sgeril
29) n(p,0.e f}=¢2% [j%?}” 8 (1+ecos o) %, (zone B),

3 18 25
24 —@C—(e)f 7 pM (1+ecos (p)'s'm,(zone C),

V3om
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The auxiliary function Y (e, ©) is already computed for constant eccentric-
ity discs (8). Consequently, we are now in a position to evaluate the left hand
2n

side J'n ¥d¢ of the angular momentum balance (7). The later becomes an equa-

tion énly for one unknown function f {p, €) which can easily be solved, using
again hypergeometric functions (25). We stress that the integration constants
D (e}, D (e} and D (e} (for each zone A, B and C) in (7) may be, generally speak-
ing, different for tgese three distinct regions. This situation arises from the pos-
sibility to choose specific boundary conditions {determining D{g)) for every zoxne.
How to select these conditions, in order to have a self-consistent global struc-
ture of the accretion disc, is beyond the scope of this paper. We assume a priori
that our investigation concerns only with such gas particles which streamlines
fall well inside the considered zone and do not approach very close its
boundaries. Solving the equation of angular momentum balance (7), we have:

P | Ae)
-DaleYJomp M

(30) Jalpie) = 4le) == 23 (zone A),

' 25

n 14 -

Aey= e DAL bl e D a2 e
V3GM( -2V 28" 28 287 28

3
= 11 . 1
(31) DO R () e K T (zone B),
fE(p G) B(E) [ m g2l B(e)p
3

3 : 5 3 1

- |55 e Bie) 2 Ak 1 3 2 RS RIE
= 4—.__ — 25 ) U o v, —_ T e A

B(e)_l2 = {l-e”) 4[41«"(8, 8,1,8 J F{ FL S,l,c J] ;

T .
{32 e} = _1- M- De(e) B2y {zone C},
Jeip.e) RIS JoMp p 0

Z 5 ki

3 7 =

= _JS_K(XC(E) L - Twedia ) i 18
= |nali i RSN _ g%y 8 LIRS e e e

C{e}_{2 o (1—e?) [4F[8, S,I,e] F[ g lie H ;

where the approximate equalities are referenced to the conditions
p>> DI/GMM? i=A, B, C.

TV. Discussion and conclusions

The last three relations (30) - (32) close the solution of the
problem, because the coefficients A(e), A(e),...,C(e) are known functions of
the eccentricity e. For computational reasons, it is preferable hypergeometric
functions F (a, b, ¢; z) to have arguments which are less or at least of order of
unity (i.e., in our case we want |aIZl |#|51) This condition insures their high
accuracy compuiation even with mini-calculators [18]. It is useful to apply the
linear transformation [18, 20]
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c—a—f

(33) Fla,be;z)=(1-z Fle—a,c—b,¢z).

For example, computing A(e) (26), we may set (l-e)*”’

15 29 857
A | e SN S iy 1, e
x}f( Fi JLe Jmstead of {1- e) P[ZS 28 , etc.

Of course, the integration constants D, (e), D (), and D (e}, still remain
undetermined (if their values cannot be neglected in the limit of large p). They
may be utilized as additional degrees of freedom to glue more flexibly the three
zones of the considered a-disc model. In particular, it is possible to impose the
condition of continuity of the surface density 2(p, q},g) and its derivative

—Z(p, o, e) during the transition from one zone to another neighbouring one.

We shall write in an explicite form the final analytical expressions for the
entropy parameter K and disc surface density X (in which it is evident that the
angular dependence on @ is absent, i.e., K and X are streamline functions only):

8/3
A?"G(e)ﬁ'm(e)[M-———DA(e)‘| p'm, (zone A),

JGMp

o= ) g3 () 5 __Dgle)
(34) K(p.e) ()5 ()[M G

2/15

p”s, {zone B),

Tb
vl_.l

i (e)ézle (e)[M _Dc (e

1/i5
pm, {zone C},
GMp

:

'lji(e) p¥2
JGM M- D, {e)/JGMp

s
m [M- D'B e /,fGMp} J2) 3’{5, {zone B),

m [M -Dc(e )/\}GM;) ]7,’10 p'3'{4, (zone C)._

The other structure parameters of the accretion disc may be found by sub-
stituting (30) - (32) and {34) into {16} - (19).

{zone A},

(35) Z{p,e)=
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EnunTaysY akpenuoRET JUCKOBE C IOCTOSHEH
excuenTpunuret. 1. CTaHgapTeH Moes Ha O JTUCK

Humumop Jumumpos

(Peswome)

Ionyderr ca aHANUTHYHU M3Pas’M 32 QUIRAECKUTE
yCROBUA (HansaraHe, TeMIEPATYpa, INIBTHOCT H T.H.}, XapaKTepH3uPaLIH
BEPTHKANHO YCDEAHEHATA CTPYKTYPA H3 AKPEINUOHHU NMCKOBE ¢ NOCTOSHEH
EXCUCHTPUNATET. PelueHaTa CHCTEMA OT YPaBHEHHS BKIIOYBA YpaBHEHUETO HA
HEHPEKBCHATOCTTA, SaNaHca Ha BIVIOBUSE MOMEKT; XHAPOCTATHYHOTO paBHOBECHE
¥ TOILIMHHEA 6ananc. Tean pellenns ca nonydenu 3a BCAKA elHa OT TPHTE 30HK
{BETpemiHa, Cpe/IHa U BLELIHA) HA CTAHAAPTHHUS MOAE]T HA (4-IUCK, 06061IeH oT
Cuep u Knapx u or JIiobapeku u ap. Hawero uicaensane TpeTHpa camo
CTAlMOHApHA AKPEUMS ¥ HE yCTAHOBABAZ IPAHMYHATE YCIOBUSE, OIpeeNtllR
KOHCTaHTATE Ha MHTerpupade. Iloxa3aHo ¢, ye aKO HOCJHEHHHTE ca mpe-
HeBpEXHMH, TO IOBBPXHOCTHATA IUTETHOCT M KOeHIHCHTST Ha SHTPONUS B
YPaBHCHHETO Ha afuabaTaTa Ce pasjlaraT Ha IPOK3BEIeHUe OT U3BECTHH thyHKIHH,
33RUCEINH HOOTAENHO OT YOKaRHUA MAPAMETHD p M EXCIEHTPANUTETa e.
OtbenA3ano e CXONCTBOTO B IIOBEACHHETO M0 NbIKUHATA Ha paguyca Mexmy
PEIIEHHATA 32 ENMITHYHH K KPBIOBH AHCKOBE, 5]
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HB-MGPGHHC BACKTPOCTATUHUECKOI'O
OJIs IPHU MOMOIIH CHEPUUCCKUX
HOHHBIX JIOBYIIEK' '
Cmedgpan Yankwinos*, Huxonai bauxog*,
Mapuana I'yueea*, I'eopeu Crmanes*,
Tenaduii Nanesuu* *, Bavecaas Iybckuti**

*Hucmumym Kocmuseckux uccaedosanuil, bAH
* & IHCHILATY M KOCMUHECKUX Hecaedosanuit, PAH

1. BeencHue

B xocMuHEeCKHX HCCASAOBAHES MIMPOKO NPUMEHASTHCH -
METO]I HEMOCPEACTBEHHOrO H3MEPEHMH BIIGKTPUIECKOFQ [OIE, KOTOPBIH COCTOUT
B OIIpEeNe NN IOTeHUMAJILHON PasHAIE MeXAY ABYMS IPOBOIAIIEMU cthepamu,
HaXONAMIMMUCS B KOCMHUECKOH Iaime.
Hone cpA3LIBaETCH ¢ H3MEPEHHON IOTEHINaNbHOR pasHUIEH CIIeLYIONINM
obpazom [1]:

_ Ed+(V, = Vy) + (WF, ~WE,)

(1 AU

rnet 1+(R; Ry} +(Ry [ R)

V,, — TMOTeHUZANbEbIE DA3HUIL! MEX/AY NOBOPXHOCTAMA cdep ¥ okpyxarolUiei
TIA3MBL, .

Wik e paboTa BHIXOJA 3MEKTPOEA AL COOTBETCTBYIOEN NIOBEPXHOCTH,

R, — conpoTHBIeHHE cdepa — MasMma,

1.2 =
R — cOnpOTHBIEHHE H3MEPHTENIBHOIO yCTPOHCTBA,

d — paccToSHUE MEXIY IPOBOAAIIKMHE [IOBEPXHOCTAMEA.
W3 (1) ciegyeT 9TO NpH:
Ri5 /R=0(R — o), W, = WE,V; =V,

' TIyBnuxanHs SRIAETCS Pe3yNETaTOM HCCIEN0BAHKAM, CBA3AHBIMY ¢ IOTOBOPOM THS515/585¢
HOHA.
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2) E=—o1,

L1 BRIIONIIEHHS BEIIICYIOMSAHYTRIX YCHOBHE IPAHUMAIOTCA CIEHANBHEIC
MephI: BBICOKAH CTEIeHDL BASHTHUYIOCTH cdep, IPHMBHEHRE CHEeHHATHHBIX
HOKDPBITHE H T.A.

2. IlpennocTaBxy 415 IPOBEASHUS H3MEPEHUM

CocrasHas uyacthk paspaboreBaemex 3 UKH-BAH
3O0HHOBLBIX JHATHOCTHYCCKUX KOMIJNEKCOB RBIASTCH H3IMEPHUTENE HOHHEBIX
HapaMeTpoR: ABe CHepHIECKHe JOBYIUKHE, PABOTAICIIIME B PEXUME UCCIIEORAHUA
BEOAHOPOAHOCTEH 1NOTHQCTH HMOHHOH KOMIICHEHTOR KOCMUYECKOH TLIA3MBL. 310
OCYLICCTRIACTCA IPY MJIABAIOIMM MOTEHIHATIOM BHEIIHUX CETCK JIOBYIIEK.

Tpapunuoxno npumersemie ¢ 19571, vonnee JoRymKH [2] cocToATCH U3
METANIUYECKOIO KOJIEKTOpA ¢ pACIGIOXKEHHOR BOKpYr Hero antudoro-
3JIEKTPOHHOM CeTKU {K HEH IPUIaraeTcsl OTHOCHTENLHO BEICOKOE [0 OTHOIISHHIO
K KOJIIEXTOPY OTPHUIATENbHOE HAUPSKEHHE) M U3 BHemHeHR 060soukH
(uepdopuposanHas MeTaJnuyeckas cdepa). B peXMME HCCIEHOBanug
HEONHOPO/HOCTEH BHEIIHAA CETKA ,MJIaBAET" U M3MEpALTCA 3HAUEHHSN
NPOTEKAKISIO YepPesb KOMISKTOPA TOK, O0YCIOBIEHHON TOJOKUTEILIBIMY
HOHAMY, ROCTHTLIUMH 10 KOJUIEKTOpA. ,, [Inasatommui™ 1o rernan Haxo AsLerocs
B OJasme METRJIHYECKOTO TE/ia ABJNETCA PABHOBECHBIM HOTEHLHANOM, HO
XOTOPOIo 3apsmxaeTcs Te)o. OOBMHO 3TOT NOTERIHANT ClETKA OTPHIATENIbILIT
IO OTHOIIEHHIO K EBa3HHEYTpalibHOW iuiasMe. BosmemMy 110 pasMepam Teny
CQOTBETCTRYLCT Bonee BHC(}KHH {10 CpaBHEIIMI) C MAMIbIM TEJIOM, OTDHIIA TeNbHBIA
MOTCHITHAN.

ITpumeHcnuEe IBYX MOHHBIX JOBYLIEK ANA OUPENETeHHA 3EKTPHYECKOTs
IOJS [PeINOIAracT HEBBIIONHEHRUS YCIOBHM JUIS YMEHBUISHHA BTODBIMHBIX
JMEKTPUYECKHX TOKOB, TEKYIUHMX H3 HOBEPXHOCTEH JIOBYIIEK H3-32 BAMAHUA
COIHEMHOTC M3JIYYCHUA.

C Ipyroii cToponkl CYUIECTBYET SBHAA CBA3S: NPH OJHHAKOBBIX OCTAIBHBIX
YCJIOBHAX OJIHHAKOBLIC KOJJIEKTOPHBIE TOKH COOTBETCTBYIOT OAMHAKOBBIM
[IOTeHIHaIaM ofono4er obewx JoByIIEK.

Brickasanuoe CleIcTBHe NPOUCTEKACT K3 HOPMYJIBI AUIA KOJLIEKTOPHOTC TOKA
AOBYIIEK: .

3) I, =aneVymr® (1— 29“’2),
mVy

rae:
I, — KONIEKTOPHKIA TOK,

0 — KoeQUIHECHT LPOIPAYHOCTH OBONOKH IOBYILEK,
7 — WIOTHOGCTE HONOXUATENBHBIX OJHO3APAAHEIX HOHOB,
V¥, — CKOpOCTH JIBH)XEHHS JTOBYIUKH,

#t — Macca OIFHOYHOTC HOHA,

¢ — 3apbAl 3NEKTPOHaE,

© — TOTEHIHAN ODCNOYKY NOBYILIKH.
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3. Onucannue IpOBEACHBIX 3KCIEPUMEHTOB

Bo Bpemsa npoBeacHus 3xcnepuMenta ,JHTepKOCMOC
Bonrapust - 1300* (1981 —1983r.) u3Mepanucs TPex KOMIIOHEHT 3JIEKTPOCTA-
THYECKOTO MONA IPH TOMOILIH 4-X CTEKIOYINepoaHsx cdiep. [IToTHOCTE HOHHOME
KOMIOHEHTH H3MEPANAch IPH NOMOIIH TPH- ¥ HETBIPE3MEKTPOHHBIX
cthepuieckux JNopyuiex. Buemuiie oGosouku oberx NMoByLieK ObINH H30OJH-
POB2HHUMH 10 OTHOIIEHHIO K KOPIYCY 00BeKTa W MX NOTEHLHANL] H3MEpAIIHCh.
K agTudhoTO3MeKTPOHHBIX CETKEX HOLABANOCh Haupsaxedwe ,-45VY, a k
konnextopam ,,-25V*. K ananusupyrouiei ceTke 4-x 30eXTPONHOM NOBYIIKE
IPIIIAraiocs MATo06pa3H0e HAnpSKeue ¢ aMIIuTY o + 10V + -2V (c nepronom
28) u +5V + -1V (ydepes nepuon). JvanazoH H3MepPASMOTO HOTESHIMAIA
{-5V + +15V) mepenaloTeca no ABYM TEIEMETPHYECKUM KaHalaM B JHANA3CHE
0 + 6V. Bo BpeMs 3KCIGPUMEHT2 IIO KAaHATYy NMOTEHIMANd BHEIIHCH 000J0OUKY
3-3neKTPOHOR OBYILIKH Tlepefiasaics HelipeprlBHO curEal (V {cooTreTCTBY OMIMIL
MHHYC V), a 1o xaHazne 4-3JIeKTPOAHOH HOBYIIKH — cHrHan okono 2V (+1V oo
OTHOUICHHMIO K Kopnycy obbexra). Ho HalmeMy MHEHMIC IPHYHHA I TaKOro
NOBSAEHHUA SBJAACTCS NPOHUKZHHE AHTH(OTOBNEXTPOHHOTO HALPMKEHNA K
BHCIIHBIM ODCJOYKaM AaT4HkaM. IIpH 3ToM, IasA 4-3JeKTPOAHOH JOBYIMIKM
aHTHQOTOIIEKTPOHHOS HANPXEHUE €KPAHHPOBAJIOCH MEXIWHHOH aHna-
JIM3HPYICILEH CeTKOM.

AHani3 QAHOBPEMEHHAIX 3aI1MCeH 3HAMEeHNS 3-X KOMIIOHEHT 3JIeKTpacTaTHIeC-
KOTO MOJIA ¥ TOK JIOBYIUEK YKa3bIBAET HA HE3aBHCUMOCTEL ODEHX HaMepeHHsx —
IOJe He BAUAeT Ha M3MEPeHUSX TOKA. boilee TOro, KOMIIOHEHT 3IeKTPOCTATHIECKO -
ro NOJNE ¢ HaIpaBREHHOCTHLIO 30HJ-—CHYTHHK (B OCHOBHOM OOYC/IOBIIMBAIOLINH
BIIMAHHE TIONE Ha KOJUIGKTOPHEIE TOK JIOBYLIKE), HMeeT 6a3y B Heckonbkux 10 °M.
3TOT BHIBOA SBIAETCS OCHOBHBIM H JacT OCHOBAHME HPOBOAUTL (B Oymyrommx
3KCTIEPUMEHTOB) OAHOBPEMEHHEIE H3AMEPeHMA NOJIA ¥ INIOTHOCTH, IPHMEHASA OJHK
U Te e U3MEepUTENLHEIe NPpUGopsl — B CiIyvYae JIOBYIIKIH.

4. Onucare METOAUKHA B YCTPOUCTRE ANA
U3MEPEHHE 3NIEKTPOCTATHYECKOTO 1OJIsl TIpH
IOMOIIM CHEPHIECKIX HOHHBIX JIOBYLLIEK

Gopmyny {1} MoxHO 3anucaTh B BHIE:

(4) AVzEd'*'(z(Pﬂ‘z(f’sz)

1+ (R /R)+ (R, [R) |

roe E(pﬂ_2 — TOTEHOHMAN ODONCYKH COOTBETCTBYIOUEH NOBYINKH, COCTOAIMNA
M3 CYMMBI: NIABAIOIIETO DOTeHIHala obeux cbonouex, IOTEHIHANB B
PE3YILTATE BO3NSHCTBHA CONHEYHOTO M3NYJYEHHWH, [OTEHIHMANE! B DPe3yasrare
IIPOHUKHOBEHHA BHYTPEHHBIX MOl (AaHTHIOTOITEKTPOHHBIX CETOK) H T.iI.

W3 {4) Buino, YTO NPH H3MEPECHAY KOISKTODHEIX TOKOB O0GHX TOBYIIEK H

[IpH yCHOBHH
Ia=Iy—> Y oy= E‘sz,(Rl.z {R= 0)»

AV =Ed.

TO
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T™C

Dur.i _ TMC

Ha ¢ur. 1

®,, — HOTEHUXAN COOTBETCTBYIOLICH BHEUTHON IOBEPXHOCTH JIOBYHICK,
R, , — COTPOTHB/IEHUE NOBEPXHOCTL—ILIA3MA,

R — conpoTHBIEENE M3MEPUTENH TIONA /,

2,2 — A3BMEPHUTENH KOJJIEKTOPHHIX TOKOB,

3 — KOILIeETOp,

E, — UCTOMHHKN HENpPSKEHHSA Ha BXOHAX H3MEepHTeNneH TOKOB,

E, -, — WCTOUHUK asTHHOTOSNIEKTPOHHOrO HANPAKEHHS,

TMC — tenemerpuueckas cHETeMa,

d -~ PacCTOAHUE MEXAY AOBYLIKAMH.

Ha gur. | BuaHo, 4TO OQHOBPEMEHHO MIMEPAIOTCS: MOTEHIHANbLHAL pPa3sHOCTE

AV mexny ofonoukaMu 06euX JTOBYIIEK, XOJUIEKTODHBIE ToKE. Korna / wi-=1ir

KOMIIOHEHT 3/eKTPGCTATHEECKOTO O  F — Av

5. Utoru

Coepnueckne MOHHBIC TOBYWIKE MOXHO YCHEIIHO
IPUMEHATE AN H3IMEPEHNA KOMIOHEHTA ACKTPOCTATHHECKOTC MOJIA,
ACHCTBYIONETO IO HANPABJICHUIO UPAMOIL, COSAMHANIIEH! LMEeHTPOB OoBomx
AoByHIeK. s #3MEPEHNs IEKTPUIECKOTO 1O ¢ TOUHOCTHIO U3MEPHTENbHOMN
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ANNAPATYPHL HYKHO OJHOBPEMEHHO H3MEPATL U CPEBRHIBATH KOJIEKTOPHLIX TOKOB
obenx nosyulek: IIpu 3ToM u3MepEHKE JIEKTPOCTATHIECKOrO ICJIT IPOUSBOAHTCA
YCIEIIHO B YCHOBHAX NAPA3UTHOrC CUrHana (HOTeHIaN 000J0UKY) OOJIBIIE YeM
CHIHZMa HOMA.
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Measurement of the electric field by
sperical ion trappers

Stefan Chapkunov, Nikolai Bankov,
Mariana Gusheva, Georgi Stanev,
Genadiy Gdalevich, Viachishlav Gubskiy

{(Summary)

- The paper refers to a method and device for measurement
of the electrostatic field in the ionosphere. Based on the performed experiments
(satellite “Intercosmos Bulgaria-1300”) for measurement of the electric field and
the ion component of space plasma, the conclusion is made that, by the use of
two spherical ion trappers, both the electric field and the ion concentration can
be measured simultaneously and independently on one another. The measure-
ment of the electric field is representative provided the collector currents of the
two trappers are equal.
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Satellite absorption ozonometer

Ivan Hristoy, Jivko Jekov, Garo Mardirossian,
Doroteia Ivarnova

Space Research Institute, Bulgarian Academy of Sciences

The study of atmospheric ozone and the determination of
the total ozone content {TOC), and the restoration of its vertical distribution in
particular, is a topical problem whose solution calls for a continuous increase in
the effectiveness of satellite ozonometric experiments [1, 2]. At present, the
most suitable methods for the purpose seem to be the optic {spectrometric)
ones which are based on the absorption principle, i.e. ozone ability to absorb
emission in some parts of the UV region of the optic spectrum,

‘Recently, ozonometers, based on some disperse element — a prism or a
diffraction grid (HIRS, LIMS, TOMS, TOVS, grid ozone spectro-photometer,
BUFS-1, BUFS-2, SUFS-M etc. [3—7]), have been widely used. Notwithstand-
ing their exploitational advantages or shortcomings, a common shortcoming
shared by all of them is the insufficient quickness of their operation.

The present paper is dedicated to the satellite absorption czonometer SAG-2,
designed and implemented in the Space Research Institute of the Bulgarian
Academy of Sciences, and intended for exploitation on board of the METEQR
satellite under the Meteor-Ozone Space Project [8].

Foliowing the requirements of the Technical Mission {9], four block-scheme
versions of the ozonometer [10] were worked out. As a result of the comparative
analysis, version 2 was chosen. In Fig.1, the global block-scheme of the satellite
absorption ozonometer is shown, which consists of the following major blocks:
I—light-protective blind, 2—input scanning system, 3—optic deviator, 4—reflec-
tive element, S5—object-glass, 6—interference filter, 7—photoreceiver, §—signal-
processing device, 9—object-glass, /0—dispersion system, //—photoreceiver, 12—
sighal-processing device, /3—microprocessor system, /4—electromechanical sys-
tem, I5—low-voltage power supply, /6—light-protective device, /7—high-volt-
age power supply, /8—thermostatic system. :
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Fig. 1

On Fig.2, the functional scheme of the SAQ-2 czonometer is shown. The
light-protective blind located in front of the flat scanning glass 2 with reference
source 3, servicing the photometric and the spectrometric channels, represent the
mput scanning system. In front of the concave glass 5, the reflective prism 4 is
immovably mounted which directs part of the optic signal to the photometric
channel. By the flat glass 6, the input slit 7, and the concave glass 4, concave glass
5 is optically connected with diffraction grid 9, and furtheron, through the camera
object-glass /] and the output slit /2 — with the photocatode of photoreceiver
13. The input scanning system is activated by the step electric motor 28 and the
gear-drive 29, whose feedback is effected by an angle-to-code photoelectric trans-
ducer. The reflective prism 4 is optically connected with the photo-receiver I8
through the flat glass /4, object-glass /5, interference filter 16 and the optic lens
17. Photoelectric multipliers I3 and I6 are electrically connected through the
amplifier and the analogue-to-digital converters 2/ and 22 with microprocessor
system 20, to which thermostatic system /9 is connected, as well.

The step electric motor 32 is mechanically connected through the coupled
gear-drive 3/, the forked shaft 33 and the arm 34 to diffraction grid porter /0. The
angle-to-code photoelectric transducer 35 is also connected to forked shaft 33.

The low-voltage power supply 23 is connected, on one hand, to micropro-
cessor system 20, and on the other hand, through the light-protective device 24,
to the high-voltage power supply 25.

The glass of monitoring system 27 is shifted to 180° with respect to the
direction of the incoming rays of the input scanning system at a positioning
angle, '

The ozonometer operates in the following way:

The flat scanning glass 2, activated by the step electric motor 28 and the
gear-drive 29, performs scanning within the angular range $=+45°, which is regu-
lated by the feedback, provided by the angle-to-code photoelectric transducer
26. From concave glass 6, through input slit 7, the optic signal falls onto con-
cave glass & and the parallel bunch of beams, generated in it, is then passed to
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diffraction grid 9, mounted on carrier /0. Through camera object-glass [/, the
dispersed signalis directed to output slit /2. The monochrome signal from slit
12 is registered by the photocatode of photoelectric multiplier /3. The analogue
electric signal from the latter is amplified and converted into a digital one by the
analogue-to-digital converter 2/ and then fed for processing to microprocessor
system 20.

The smooth scanning of diffraction grid 9 is effected by the coupled gear-
drive 31, the one-way-rotation step motor 32, the forked shaft 33 and the arm 34.
The diffraction grid positioning feedback is supplied by the angle-to-code phe-
toelectric fransducer 33.

The optic signal from reflective prism 4, deviated by the flat glass /4, falls
onto the object glass 5 of the interference filter /6. By lens 17, the monochrome
signal is focused on the photocatode of the photoelectron multiplier /8. The
analogue electric signal from the latter is amplified and converted into a digital
one by the analogue-to-digital converter 22, and then fed to microprocessor
system 20. In the case of powerful local illumination, the light-protective device
24 powers off the high-voltage power supply of the photoelectron multiplier.

The internal calibration of the photometric and the spectrometric channels
is performed with closed light-protective blind 2, whereas the signal from the
reference calibration source is recorded as the equipment’s minimal threshold
sensitivity. The external calibration is performed when turning the input scan-
ning system to an angle y=180° (y=0°), i.e. towards the glass of the monitoring
system in the direction of the sun disk. i

The adopted scheme provides for the studied spectral range to be scanned
continuously or discretely, not changing the activation regime of the diffraction
grid but selectively permitting the letting in of the electric signals as a function
of the diffraction grid’s current position, accounted for by the angle-to-code
photeelectric converter.

In Fig.3, the outlook of the above described SAQO-2 satellite absorption
ozonometer is shown.

Fig. 3
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The Jaboratory tests confirmed the results from the theoretical analyses.
The designed czonometer has the following advantages:

1. Its functional scheme is characterized by hlgh lightpower, compact in-
put scanning system, and unified blocks.

2. It can work as a pseudopolichromator thhout changing the operational
regime of the dispersion system electric motor.

3. The mechanism of the dispersion diffraction grid lacks dead stroke which
provides for great precision of the measured wavelength.

4. On determination of the total ozone content and restoration of its verti-
cal distribution, data for the aerosol reduction spectrum is also obtained.

The shorcomings of the device are as follows:

1. Relatively great size and mass.

2. A lot of reflective planes.

3. Long period of by-spectrum scanning.

Except on board of aerospace aircraft, the described ozonometer SAQ-2
can be also used in ground measurements, where its major shortcoming — rela-
tively greal size and mass — becomes negligible.

Major techmicoexploitation features of SAO-2

1. Precision of the determination of:
— total ozone content = 10%
— vertical distribution of ozone in the height
range starting from the ozone layer with
maximum concentration up o 45 km with

height resolution H=10 km > 15%
2, Width of the viewing band 2000 ke
3. Spectrai range 160—400 nm
4. Number of spectral subranges with discrete scanning 12
5. Spectral resolution 1+ 0.2 mm
&, Viewing field (,5x1,5°
7. Specirum measurement interval 0,165
8. Consumed electric power % 50 VA
9. Mass 42 kg
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CatenuTen abcopOUUOHEH O30HOMETEP

Hean Xpucmos, Kusko 2Keios,
Tapo Mapoupocau, [Jopomen Heanosa

{PeaomMe)

CrarusTta ¢ ocBeTeHA Ha paspaboTerus B UHeruryTa 3a
KOCMHEHECKH H3CIEJBAHEA P BBIrapcxa akafgeMus HE HAYKHTE CATEIMTEH
abcopbunonen osopoMeThp CAQO-2, npennasHayueH 3a H3MEpBaHe Ha oBIIOTO
CRABPKAHAE H BEPTHKANHOTO pasupeldciicHye Ha aTMochepHUs 030H OT Gopla
Ha catenuT oT cepuara METEQE
IToxasarn ca OMoKOBaTa ¥ (YHKIHOHAIHATA CXeMa, JEHCTEHETO, HAUYHHET
Ha BETPEIIHE X BLHIIHA KaIXOPOBKa ¥ HAKOH OCHOBHH TEXHHKOEKCILIOAT2RUOHHH
X2paKTepHUCTHKH HAa O30HOGMETLPA.
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IloBuiiaBane Ha
MHGOPMAIMOHHUTE BB3MOXKHOCTH
Ha COHIOB CKCIEPUMEHT ChC
chepuyueH HOHEH YIOBUTEINL

Mapusn Hempyrnosa, Fornuo ITeeg*

Huycmumyn 3a kocmunecru uzcaedsanun, FEAH

* JIg60pamopuR no cAsHueso-3emiu 8a30eticmens, BAH

Honbrsanero Ha KOCMODHIHYECKHS aHaIR3 H Ch3AaBaHETO
Ha KOMILJIEKCEeH MOJIefl Ha OKOM03EMHOTO IIPOCTPAHCTRO HME I'0IAMO HPAKTHHECKS
ODPHAOKEHHE 34 -MHOTO OCHACTH HR HaykaTa. COHIZOBHTE METOIH 3a W3C/ENBaHE
Ha HoHoc(epHaTa IIa3Ma NPONBLIKABAT Ja Ceé H3IIOJ3BAT, KATO CHIIEICTBAINH,
TIPM ONIPEJIeNSTHETO HA HAPAMETPUTE it CTPYKTYPHHTE 0COOCHOCTH HA OKOIO3EMHATA
mia3ma, VisyyapaHeTo Ba CIIOKHKTE SBJICHHA B NOKANCH U ioballeH aclekT M3uCKBa
Ch3papaneTo Ha npudopu ¢ nomumieHa QyHKHUCHANHA ¥ HAGOPMAIHOHHA
BB3MOKHOCT.

VioHHHUTE CYPYKTYDHH NMapaMeTPH Ce M3yYaBaT HPH SKCIEPHMEHTH CBC
cthepuden jfoued ynosuTel. TpHeNeKTPOOHUAT chepuden HOHEH YIOBHTEN
{CHY) 5 pexim, KOTATO la 2HANM3HPAINATa PEIIETKE & IPHIOKEH HIMEHSILH e
HIOTEHUHAN, [IO3BOJABA CENCKUNA HA PErMCTPHUPAHUTE YAaCTHIM IO MONAPHOCT
Ha 3apsla ¥ 10 eHEeprud. B congarta ce ch3aasa enekTpHYLCKO HONE, C MoAaBaHe
Ha KOJICKTOp2 Ha MOCTOSHHO HANPEXEHHe, KOeTO OCHIYP#ABa ILJIHO cLbupane
Ha 3apefeHnTe 42CcTHIM. JloTen1arsT Ha COENATA OTHOCHO BHHINHATA cpea U/
€ paBer Ha CYMaTa Ha M3MEHAIIOTO C& HanpexeHue U, u noTennuana na xopmyca
Ha csTHEKE U [1]. KonexTopruaT Tok Ha CUY c¢e Onpefens OT H3MEHOHHETO
Ha TO3M IIOTCHLHAN U MMAa CSAHIA TeopeTUUeH uapas [1-—3]:

Lo {1 g2 p2 HED N
(1) I =opilgne =2 lerf (P+ Q) —erf (P -0)]

+%{(P+Q)€XP-(P—Q)z—(P*Q)exp—(P+Q)'2} ,
T
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KBIETO
(2} I,=N;eSuV,,
V, — CKOPOCT Ha CI'BTHEKA, 0. — koedHHMEHT Ba npospaunocT Ha CUY, § —

[ICBBLXHOCT Ha KQICKTOPA g COHAATA, € — 3apiaj Ha £NeKTPOHSE.
1

el 12
(3) E=lree
KT,
K — xoucTanta ma Bonnman, U — noTeHnmas Ha coHpaTa COPAMO Cpelata.
1
M. 2
(4) Q==
2KT;

H HHTEIPAN HA TPelIKaTa:
o iR g
(5) erf{x)=—={ ¢ dx.
’Tl" 0
[Tpu cIETHEKOBH U3MEDBAHNA 1I0JIYUABAHETO HA KOHLICHTPANMATA HA HOHUTE
€ UOMOILTE Ha HEUTHPDAHHTE H3Pa3y € H€y}106H0 H HETOYHO, T KATO 3aBHCH OT
IOTCHIIMAIA HA CIIBTHHEKA. HO’I‘SHHH&H'HI‘ Ha CHOEBIH¥KA C& ONPELLNd TPYAHO H €
TONnAME TI'DEIIKA. 32 u3bArsage Ha T43H 3aBHCHMOCT C& H3IOM3BA I'LpBRaTa

IIpOM3BOJIHA HA TOKZ CHPAMO HAIPESKEHMETO, IPH JONYCKaHe, Ye MOTEHIWANET
Ha CHBTHHKA 1€ C& M3MEHs 110 BpeMe Ha u3MepBaHeTo [l]:

dhidy, e
(6) —— = _|erflP+Q}—erf(P-
A m;.[ f{P+0)-erf(P-0Q)]
3a HOHHATa KOHBEHTPAUHS ¢ NOJIyMaBa H3pas3br:
dl
7 N, =K =,
(7 W 1

K, € KOHCTadTa, KOATO 3aBHCH OT NApaMeTPUTE HA JaTYMKa H CKOPOCTTa Ha

CH'ETHHEA. |
Ot {7) ciiensa, ye npH OlpeNEcieHa MACa Ha HOHMATE ¥ CKOPOCT HA COBETHHKA,

HOHIATa KOHIEHTpAUMA ce ABiABa PYHKUMSA CAaMO Ha MbPBATA IPOW3BOLHA Ha

TOK2 [IQ OTHOINICHHE Ha HAOpPEeXeHHETO ;f? =_cth, KBAETO B € BrBILT MeXIy

UPABONHHEAHNA y4ACTHK Ha XapaXTEpPHCTHRATA H OCTa HA TOKA.

Iipu BHTEpIPETANNA BBPXY eKCHEPHMEHTANIHATS BOJIT-AMIIEPHA XADAKTEPHC-
THK& MOTAT /I3 ¢¢ CIIPEIENST HAKCNKC IPaBONHHENHH YIACTEHEA, KOETO [IOKA3Ba,
9¢ ¢4 PEeruCTPUpPAHM eJAHOBPEMEHHC HOHE ¢ pasanuHa maca. ChUIeCTBYBAT
TPYOHOCTH NPH ONPENeNIfHETO HA Pas/IM4¥INTe IPaBOIMHEHHN YYaCTBIH BBLPXY
EKCIEPHMCHTAINUTE KPHBH, DOPaJy CPaBHHTENHO HUCKATAZ Pa3leNHTC/IHA
cuocobaoct Ha CUY U IHCKpeTH3anuATa HA XapaKTCPUCTHKATE IPU HPEAABANETO
HM OT CI'BTHMKZ, KOETO YBEJIHYIaBa BEPOATHOCTTA OT rpetiika. Henocpencraenoro
JIOJy¥aBaHE Ha BONT-2MIICPHATA XAPaKTePHCTHKA ¥ HelHATA I'bPBa HPOH3BOAHA
Ha 60p/1a Ha CI'BTHUKA B PealHO BPEME, KaTO HelpeKbCHATH (PYHKIMH, IOBALIABA
BB3MOXKHOCTATE M TOUYHOCTTZ Ha EKClLIEPHMEHTA, ¥ HAMaNABa I'PEIKHTE HpU
H3MEPBANE-Ha HOHHATE KOMIOHEHTA Ha iuasmara ¢uc CUY,

CxemaTa Ha COHJ/IOB EKCIIEPUMEHT ChC cpepHYeH HOHEH YIIOBUTEN BKITIOYRA:
npeobpasybpaTen TOX-HalpEKeHue C OCHOBEH YCHIIBATEN, CBBP3aH ¢ KOIEKTOPA
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Ha COHAATA, BKIICUBAIL £MEMENTH, UPe3 KOHTO & U3MEHH YCHIBAIIETO K OIIOK 34
2BTOMAaTHYHO PETyJMPane HA yCHABRHETO; H3ITOUHMK H& CHHPAIIO 3a
€JIEKTPOHUTE HalpexeHe, KOHTO € CBbP3aH ¢ aHTH(OTOSICKTPOHHATA PEUIETRA;
TEHEePATOP Ha JIMHEHHON3MEHRAIIC Ce HAIPEHEHNE, KOHTO e CBBP3aH ¢ BLHIIHATA
AHATTH3HPalla PeHIeTka; TeIeMeTPUYHA CucTeMa.

B pacToAmaTa CTATHA ¢€ IpeAiara pasBUTHE Ha eJIHO PEMIEHKE Ha OCHOBHIUS
ycunparen [4], kofiro ce BirouBa B npeobpalyBaTeld TOK-HATIPEXKEHHE C
MHOTOAMANIZ30HEH YCHIBATEIN, KOHTO & OCHOBHUAT OJIOK B COHJOB EXCIEPHMERT
CbC Chepuder HoHeH ynosrren, IpeliaranoTo pellicHHE JaBa BH3MOXKHOCT 33
SIHOBPEMEHHO IIONIYYaBaHe HA BONT-aMIEpPHATA XZPAKTEPUCTHKE W HelkHaTa
IbpBa UPOUSBOANA, KaT0 HENPEKLCHATH DYHKIUY HAa BPEMETO.

Ha ¢ur.1 ¢ moxaszana cxeMaTa Ha OCHOBHHA yeunpaTten. CxeMaTa IpelCTaBIIpa
BXOLHO CTHIANO ¢ OUEPalMOHEH YCHIJIBATEN C BUCOKO BXONHO CHIIDOTHBJIEHME,
BKIICYEH NG HEHHBEPTHpALla CXeMa M HHBEPTHPAHt WHTEIPATOpR, OOXBAHATH C
Bepura 3a ofparea Bpb3ka. C MINOM3BAHETO Ha MHBEPTUPAIN MHTErPATOD Ce
noctura nofobpssane Ha ApeHOBUTE XapaXTEPHCTHKY Ha YCHIIBATENH, B
CpaBHCHHE ChC CXEMATa Ha BXOJACH YCHIBATEN NO WHBEPTHPAILR CXeMa.

R

@ur. | Cxema Ha OCHOBHHEA YCHIIBATER

Ocuosen npobem, ¢ X0HTO ce xapakTepusnpar nrdepeHIUpaIInTe CXEML,
€a BHCOKOTO HUBO Ha IIYMAa M HecTaCUITHUAT pexum HE paboTa. 3a usbarsade Ha
Te3d HEOOCTATBLUM B {3] € IpeanekKell METOR 3& HaMaldABaHe Ha LIYMa Ypes
HHAMPEKTHOTO H3YMCIABAHE Ha HpOHM3BOAHATa. B crnydas upou3BOLAAaTA Ha
CHUTHaja ce MIOJIy4aBa OT CHIHaIa U HeroBHs uyrerpan. Cilell aHANH3 4 cXemMaTa
Ce MONYYaBa CNEAHUAT U3pPa3 34 IPEXOAHATA XapaKTEPHCTHKE!

(8) ey = LC'SE’, s

1+ R, Cs

Ta3u upexonHa XapakTepHCTHKA WMa CHINKAT BHJ, KAKTO Ta3W Ha LpPOCTa
AXPEPEHIUPAIA CXEMa CBC CHHPOTHBIIEHHUE 32 OTPaHUYABAHE Ha YCHABAHETO
Ry, paBHO Ha CBIPOTHBIICHHETO B o0paTHATA BPB3ka, M3passr B 3HAMEHATEIS
Orpasu4aBa aIPOKCUMRUHUATA Ha AMQEpeHLHaNHa XapaKTepHCTHKa, HO NIPH

i
YyCIOBHE f << —— cieisa:

KR! i
&) CO(S)=~R1C.5'Q“., 6’0(3)=—R1. —4,
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YCiioBrETO YAOBIETBOPARA AMCKYTAPAHOTO NPHIIOKEHKE. TEOpEeTUUHNHTE
M3BOJIM Ca M3IIOJI3BAHH [IpY ChCTABAHETO Ha cxemaTa Ha ¢ur. 1. CxemaTa ima Tpu
M3X0J&, KaTo Ha U,,,; C€ IOJIy9aBa HANPEeXCHHE, NPOIOPUHOHATHG HA BXOIHMS
ToK, Ha U, — HalpeXeHue, IPONOPLXOHATHO Ha MHTETPANE Ha BXOGHHS TOK, 4
ua U, — HaNpemeHue, IpOHOPIHOHAIHO Ha IPOH3BOMHATE HE BXOOHHA TOX.

IlpenapaTenHuTe XapakTepUCTHKKY HA CXeMaTa 0AXa H3CNEABAHU HpH
pasiyyHM TECTOBY HANPEMEHMH, [IPKH KoeTe ce nabmonapa mobpa mMHEHHOCT.
PasumpsasadeTo Ha 00xBaTa Ha pabOTa HA OCHOBHUS YCHJIBATEN CE CCbIIECTRARS
4pe3 ChIIPOTHUBJIEHUS BLB BepUraTa Ha obpaTHaTa BPb3Ka.

[lpennaranoro pemeitHe KaBa BHIMOKHOCT 3a HENOCPEACTBEHOTO
NONyYaBaHe B PEANHO BPEME Jia BONT-AMIIEPHATE XaPAKTEPHCTHKA ¥ HefHaTa
DPOH3BONHA, KATO HENMPEKBLCHATH QYHKLNH, KOSTO JjaBa AUpekTHA HHDOpMAalus
38 HOHHATA KGHIIEHTPALMS Ha cpenaTa. ChYeTaBAHETO HA JBETE XAPAKTE PHCTUKY
B p€allHO Bpeme MNOBUINEBA TOYHCCTTA H HHPOPMAIUMOHHETE Bh3MOKHOCTH Ha
COHACBHUA EKCIIEPUMEHT CBC chepuycH HOHEH YJIOBUTEN M CHIIEBPEMEHHO
OIIPOCTRBa TEXHMKATZ Ha TpelaBaHe.
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Extention of the information capability of the
probe experiment with the spherical ion probe

Maria Petrunova, Boncho Peev

{Summary)

In the report is proposed the current-voltage converter
for the probe experiment with spherical ion probe based on noninverting ampli-
fier with high impedance input stage and inverting integrator. As a result is
achieved the voltage current characteristic and it’s derivative as a real time con-
tinnous functions combined with improved performance. Thus the experiment
capacity is extended and the measurement technique is simplified.
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Multiplex synchronization
method at spatial
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1. Problem formulation

Multi-position radio-technical space-based navigation sys-
tems are of great interest lately. However, at present not all the stages of the
flight can be provided with the help of these systems, including the landing of
the aircraft where too great an accuracy is required.

This determines the extraordinary topical of the problem of developing al-
gorithms for optimum navigation information processing, in which higher accu-
racy is achieved in comparison with the standard ones owing to the more com-
plete extracting of information which is contained in the signals received from
the emission sources. Such is the algorithm that makes use of the time delays.
separation method, which is also known as the method of additional variable [1].

The frame of reference O XYZ that is used here has origin O, . The origin is
fixed with respect to the Earth and it is attached to some point. The axis G,¥ is
oriented upward in local vertical line, the axis 0y X is oriented toward the mo-
tion direction of the mobile object, and 0y Z is perpendicular to the plane X0, .
It is oriented toward the right side of the motion direction of the mobile object.

The signals emitted from four emission sources are observed on board the
mobile object. The coordinates of the emission sources are known

X, ()=, (f)’yk {0}z, ) k=14.

The state vector A7 = (x,Vx IV, 2z, A,Va) includes: the coordinates of the
mobile object —x,7.2: A — the scale disagreement of the mobile object with

respect to the system time; V.V, WV, V4 — the respective velocities of x,¥,z and A.
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£(r) is observed at the receiver’s input on board the maobile object
M 6= slerl)+nle)

4 : :
where s{tA(t))= 2-‘"& (t-7, (1)) is an useful signal, which represents the
sum of .the gi:gnals 5 {t-T, {(A}) from each emission source;
s lt-T, )= fi (t—T, (A }Jcos [0)0 (- Ty (?u))], folt— 7y (k)) is a radio-signal en-
velope from the k-th emission source; o, = 2%f, is a circular frequency of the
high-frequency filling; 7, (?L)z Ty (X)Jr A is the arrival time of the signal from the

Sl 1 2 T2
k-th emission source; T, (X) =¢7Hx - xk)z +{y— yk) +{z -2z )2] is the real
time of the signal delay from the k-th emission source; ¢ is the light velocity; n(t')
is a white Gaussian noise with zero mean and the correlation function given by
N
M {n({)n(t + 1)}= ?5(‘6); N is a one-sided spectral density of n(t); 5(1:) is the delta

function.

The amplitudes of received signals from the different emission sources in
the zone of radio-visibility are assumed to be equal.

The state vector A can be described through Gaussian diffusion Markov
process which satisfies the system of stochastic differential equations

@ A=Fh+ml)
or
%=V,
?x =-o, ¥V, +n, (I)
j’: V}'
(3) I’I}, = —G‘,yVy +f1y (I)
g=V.
Vv, =—o,V, +n,t)

Vi = =0,V +1a (1)

where 7, (1), ?Iy(f), n,(1) and n,(t) are independent white Gaussian noises with
one-sided speciral densities N,.N,,N,,N, and with zero means

il ()= M ()= M, )= by (=0,

The matrices of the drift coefficients and the diffusion coefficients are
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The noise vector is n{(t): [O,rrx(z),O,ny(t),O,nz(th,na (z)] with correlation
matrix M{.-‘z;L (r)r; {(t = 't)} = Nlﬁ(’t).

The essence of the multiplex synchronization method (MSM) is dis-
played in {1—4].

2. Optimal filtration algorithm based upon
a multiplex synchronization '

- An additional variables vector T ={(T,,,T,, AT RS
ntroduced for the signals from the four emission sources. T Ty Tyy and Ty,
are the time delays of the high frequency filling of the received signals from the
separate emission sources respectively. 7' is a transposition symbol. Then the
state veclor A is expanded to the new state vector 2.3; = {?LT,TdT} [1].-

The filtration with grouping of observations at the step-function approxi-
mation is a very suitable algorithm. In this case the dependence of the signal
s (=T, (1)) on the comparatively slowly varying processes x(¢) y{t} z{t} and
Ay} must be considered. These processes are approximately invariable for the
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sampling interval { 7). Therefore, we can approximate the observation in the

frame of each sampling interval (t\,,t\, +1) by the equation

E()= s(t. Ay )+ ne); te (o typr)s v = 123,

where A, = ?\,(zv) is a value of the parameter in the supporting points ¢, = vt.
The sequence A, satisfies the recursion equation

(4) )"\'H = {I)?b\, + ﬂ)\v

where ¢ = exp{FT} is the state transition matrix for sampling interval (T); m
is a sequence of independent Gaussian random vectors with zero mean
M{n, }=0 and correlation matrix ¥ = M{ﬂx\, u{v }.

When the method of additional variable is used, the observation equation
is given by eguations [1—4]

) E(t)=s (t;?»dv Jrrle), re bt
(6) s{t Ay, Ty )= gif Wt -7, (&, Yeos [‘00 (‘ Ty )]

where AL, = {k{,T‘};}‘, T, =T, )ity = VT.

The equation that expresses the dynamic behaviour of the system has the form
(7) Ay =Py gy +m
where ®, = exp F,T’} is the state transition matrix for sampling interval (7'},
when the state vector is expanded with T} = (T Ty Ty3.T g ); Fy is a matrix
of the drift coefficients; m,  is a sequence of independent Gaussian random
vectors with zero mean M{"Mv } =0 and correlation matrix

- T
Y, =M {"xd 2 ,n{‘d h }: Jexp{Fd {r- 1)}NM exp{FdT (p= 1)}&'1‘
0

The r'natric':es of the drift coefficients and the diffusion coefficients for ex-
panding the state vector are given by [l]:

F 0(8)(4)
Fr, Osa)

N, 0{3x4)
quxs) O{4x4)

=

;g

>

where O(mx,,) is a zero matrix with dimension mx#;

¢} eos Y

1

0 c¢'cosP; O
¢'coso, 0 c'cosBy, O ¢ cosy,
0 ¢
0 0

-1
0 ¢ cosoy

Fr

_ |0
0 ccosay ¢t cosB, ¢ cosys
el

7 COSOly: !

£ CcoSY,

el RS TR =

¢ cosBy |

cos 0, cosf,,cosy, are direction cosines of the k-th emission source.
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The expressions of the matrices and may be represented as follows

IR0 TS R, R S T S s T T )
0 &, ¢ 0 6 &6 0 6 006 00
¢ 0 1 &, 0 0 6 0 00 0 O
O 0 =0y, <00 S8 O 0 0 0 0 {
) 0 0 0 I &, 0 0 0 0 0 0
0 0 0 G 0 Dy O 8 00 0 0
B D, =
Buet 0 390 w10l 0 -0, B @y 020 @¥g
0t 0120 §0 <8 A0 oW oY 050 osto
0 @y 0 By 0 Dy 0 Dyy 1 0 0 0
0 @p 0 @y 0 Pypg 0 @ 61 ¢ 0
0 @y, 0 @4 0 Py 0 @5 0 6 1 0
0 @5, 0 Oy 0 B 0 D5 0 0 0 1,
where
[—e%T e @ 1-e~%T 1- g %T
®), = ; @y = s, = s Py = ;
X a’y z C‘a
Dy =™ & CDM:?_uyTs g =™ ‘I’SB:‘&'—%T’
coscl cos COSYj
Dy, =— z 1(1312;(1)94 F CBI Dy Dy = CYI Ds; Doy = Dyg;
cosaL cosf3 COS Y :
Py = D@2;Prgq = Dis; Proe = 5 Psg; Prog = Prgs
cos cos cos
Pz = SL PR IPES 3 Dy Py == :3 D@5 P18 = Drs;
_ COSOly cosf, COS Y,

' Dy Py = D Pyog =Dog;

D5y = - D13:Di54 =
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9

0 0
Hg- Do S
0 0 W Wy ¢ 0 Wy W Wy
0 0 Wy 0 0 Yo Yo Y
0 0 0 USRI, iR 7 it L] 0 Wy Yo Wn
ST 0 0 0 0F - W i K0 0 Yo Yo Yn
0 0 0 0 0 0 Yy M e W W
g 0 0 0 0 0 ¥ ¥ HB %y %u
Yo Yo, Wi W4 s Wy Wy YHs B Wi Hu
Fiar Yoo Yoz Yos Fos Wes Bz Yo e Hae Fan
Hu Hp Y e Y W He Y He Hoe Hun
Fror Wop Moz Wog W5 Wae War Wi Wi Wiae o
where
N X (4 ol i 20, T 2 ) i Nx ( 2o, T -0, 7
o ‘ doy
N r o
= 40 '
¥
= : N 5
S e ( T 2T +1J; Wy = ‘—(1— A );
A ¥
N, N, {_
¥, = = (49 ol _ g—20.T +2azT—3); M 24_22(6 20,7 s T +1),
(408 o
N N =
lP66 = 4az (1 A T)g lP’?? = :‘a;‘;(‘ie #al iz 2a,7 +20LaT 3),
z A

42




COS Oy cos 0l
‘P;;,

cosB
Tz(ms} = 5 \P33,

Kyi(ms) £, s

cos cosﬂ(

l}’56’

qj4{k+8): £ Va3 lI’:»(su-za)zTYkq’ss§ lF«s{ms)‘

Foers) = Fr3 Fy(eas) = Yogs

COS Oty COS LY cosBk cos 3, ¥, + COS Yy 08V yy g
il sst 1773

\P{HB)GJ’B) e tg e ¢ ¢ c ¢

¥y =% (k’f =E‘E); (f,f = iﬁ)
When the fact, that A, is a vector of non-power parameters, is taken into

account, the expanded Kalman filter state equation and the equation of covariance
matrix of the filtered errors R, can be represented by following equation [1, 4]

fent as(r A )
S -y 2 v d{vtl)
(10) Agvrty = Mgy E’_R"*l : ‘i(f)Tdf;
T Z
) 2 ! 35(f ;“d(v+l}) ds (ala(v;l))
R =R+ dt
(11} +1 \-'-t-l N i { a%]; aif'; -
where
A dvr) =By id\, is a vector of the state prediction;

%

R, =®,R,®L +¥,, is a prediction-error covariance matrix;
£ T $ T 5 1
l‘dv _{?" Tdv} ?“ { Xy w*yv V Vzw V’V.ﬁ\f}’

- - Rl R)LT
. R ) dv
{ a’lv’?:z'Zer:i‘E»v’I:Mv}’ AR

v T
s Ror,, = Ryp, -
R?;{?‘v RTd\.r 2 e

The maximum likelihood estimate of the vector of the corrected time de-
lays of the signals from the separate emission sources is [1]

=fdv +k\t};}»

(12) T) =min’ [P + 6,7 ~T(t.%,.5,.2,.4,)
where (k: )7 = [kfv;kgv,k;v ,k;‘\,] is a vector of values of (kv)r - [klvskzx.nk?’wk o ]

at which an extremum is reached; k,, =123,... i =14: (T:)T = [le Ty ,T3\,,,T4\,]
is a corrected time delays vector of the signals from the separate emission sources.

43



So, the problem is reduced to new one supposing resolving the following
equation system

(13) : Y

h - & =i et 2 * 2 * 2 JH2 *
Ty =Ty +Ek,, T =c¢ (xv_x4) +(yv_y4) +(Z\,--Z4) +A,,

at which the maximum likelihood estimates x..y,.zy and A, are determined.

3. Algorithm a.ccuracy

Fig. 1 represents results of the research of the accuracy
characteristics when positioning a mobile object both with and without making
use of the multiplex synchronization. The research has been carried out for the
NAVSTAR satcllite navigation system for Geometric Dilution of Precision
GDOP=4 for C{A- and P-code. The computations have been carried out for
typical values of the parameters: signal noise ratio g=1-+100; sampling interval
T = 0,1 s; standard deviation of velocity 6, = lm/s; frequency band of the noise
in the motion model of the mobile object oo = 0,1Hz; parameters of the signal (1)
carrier frequency f, = o, /2n =1575,42MHz; continuance of one element of the
range-finder code: for C/A-code 1, =980ns; for P-code 1, = 98ns; initial values
of the standard deviation of the estimate parameters: G, = 300m ; o, =300m/s.

10 1
1
1 1
g o, g
.1 3 e
P 4
L1 i i ;
: 10 100 el |
1 it 100
a b 4

Fig. 1. Standard deviation when determining the coordinates of the mobile object

a — for x; b — for yi ¢ — for z; 1 — without using MSM for CfA-code; 2 — without using MSM for P-code;
3 — using MSM for CfA-code; 4 — using MSM for P-code

The displayed diagrams represent the standard deviation when determining
the coordinates 1 hour after the beginning of the work of the algorithm. When
applying the multiplex synchrognization method for this time the fluctuation
error, using the C/A-code turns out to be 40+45 times smaller compared with the
standard algorithm one, whereas using the P-code it is 25+30 times smaller.
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Table 1 represents the horizontal and vertical mean square error of a mobile
object positioning for the signal noise ratio g=100 wheu applying the multiplex
synchronization method and using C/A-code. The displayed data show the su-
periority of the multiplex synchronization method in the accuracy characteris-
tics in comparison with the standard method for filiration.

Table 1

Time, h O i o o [ 3 7 Stationary mode
Herizontal error, mm 29 14 11 10 g 9 8
Vertical error, mm 48 22 17 16 15 14 i2
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MeTox Ha 00ennHgenaTa CHUHXPOHN3AIHS
NPy NPOCTPEHCTBEHO NO3UINOHNPaHE
Ha [IOOBIDKEH O0EKT

Benyecaas Pawxos, Arzen X pucmos,
Yasoap Handes 5

(Peswome)

IMprnoxer e meTonsT Ha ofequuenata CUHXPOHH3AUHS B
S47a4aTa 32 TPHKOODAMHATHO NO3MUKOHEHPAaHEe Ha MOABIKEH 0BeKT (ITIQ) upea
H3IIOJI3BAHE Ha MHOIOHOZMUVOHHA DPaAMCHABHIALKOHHA CHCTEMA, Ilpu Toszu
MCTOA C€ CICAAT BpEME3AKBCHERAATA Ha NRIEKOMEDHYSA KO H BUCOKOFECTOTHOTO
sanpnueHue. Cnel TOBa MO Te3W JaHHU Ce HU3IBBPIIBA OUEHKA Ei Bpeme-
3aKbCHEHUETO HA NIPHETHA CUIHAL 110 METOH4 HA MAKCHMAJTHOTO npasaoenogobue.
Ha 6asata ma nonyuenure pesynratu ce maumcignar KoopauHaTuTe Ha [10.
Pexypenrrusar anropursm 3a 06paboTKa Ha NPUETHTE DA HOHABUIANHOLHMU
CHIHAM € paspaboren HA OCHOBATA HA ONTEMAJHATA puntpauws. Onpenensuero
Ha MecTononoxenuero Ha ITO ce wapnpmipa o KBA3MGaNeKOMEPEH METO/, IPK
KO#TO ¢e oTYnTa PasChIIaCyBAHCTO Ha CTRIOHHMA I'eHepaTop Ha Hopaa na IO
CHPAMO CHCTEMHOTO BpeMe.
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Synthesis of receiver with
multiplex synchronization in
satellite navigation systems

Ventseslav Rashkov,
Angel Christov®, Victor Marinov®

“Georgi Benkovski” Higher Air Force Academy, Dolna Mitropolia
* Space Research Institute, Bulgarian Academy of Sciences

User apparatuses and used algorithm for processing of re-
ceived navigation signal proves to be important for accurate positioning of the
satellite navigation systems. The receiver based upon an algorithm of Kalman
filtration with multiplex synchronization [1] provides higher accuracy characteris-
tics in comparison with one which carries out measurement of time delays only by
“envelope” (range-finder code). The increase of accuracy is achieved owing to the
more complete use of information contained in the received radio-signal.

For synthesis of such receiving set a frame of reference Oy XYZ is chosen
with origin O, which is fixed with respect 1o the Earth. This coordinate system
is described in [1]. On board a mobile object the signals emitted from four
emmission sources are observed. The coordinates of the emission sources are
known X (1) = (x, (v, ()2, (), k=14

The state vector A’ = GC,VX P Vys2Vy ,A,Vﬁ) includes: the coordinates of the
mobile object — x,y,z; A — the scale disagreement of the mobile object with
respect to the system time; ¥, W, V, Vs — the respective velocities of x,y,z and A.

For using the multiplex syichrenization method (the method of additional
variable) an additional variables vector T, = (T}, T4 T;3.T 44 ) is introduced for
the signals from the four emission sources. Ty T2 Ty and Tyy are the time
delays of high frequency filling of received signals from the separate emission
sources respectively. Then the vector state A is expanded to the new state vector
A=)y [1,2)

The observation equation is given by [1--3]

6% E()=slthg 4 () te (tutour)s
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] 4 .
(2} s, ?LwTd\!):sz[t_Tk(?"v)]cos[{oo(f_:Tdkv)]
fe=1

where kf;\, = t\,i, } Tﬁ;} T, =1, (!v ); L, =vT; f, (t—Tk (?g.)) is a radio-signal en-
velope from the k-th emission source; Wy = 27:fy 1s the circular frequency of the
high-frequency filling; 7, (k): T.(X)+ A is the arrival time of the signal from
the k-th emission source; 7, Xj is the real time of the signal delay from the
k-th emission source [1}; n(t) is a white Gaussian noise whose characteristics
are described in {1].

The amplitudes of received signals from the different emission sources in
the zone of radic-visibility are assumed to be equal. The state vector A can be
described through Gaussian diffusion Markov process which satisfies the Sys-
tem of stochastic differential equations that is shown in [1]. The matrices of the
drift coefficients and the diffusion coefficients and the noise vector are also
shown in [1].

The expanded Kalman filter state equation is given by [1—3]

A S 2 tyii aS(l,id(\,_H))
(3) Aatvir) = Mg var) Ry _f i(t)——a-rdf

s s ty
where X 4,.1) =®; Ay, is a vector of the state prediction; @, is the state transi-
tion matrix for sampling interval (T) [1]; .

~

T 3T 27 37 _Jo p 2 5 - p S
xd\f—{l’wTa‘v}’ }"’v _{xv'V.w*wayv‘Zv'Vzwé‘v‘Vév}’

a7 o 2 A 3 ]
Tdv :{?;ilw?:izv'?:iw*?é‘w}’

. Rlv Rle v

=
Rry, Rr

v

! T
d F R}‘Tdv T Rleu d
The above equation describes the algorithm of expanded Kalman filter which
gives optimum receiving of signals and filtration of the parameters. An optimum
system for processing of the received signals will be synthesized with the help of
this equation. -~
3S(I,Kd(v+1)) : as(t*?"d(wl}) )

From (2) for - —“ "/ gnd ————= it is obtained
dA a7,

—

as(t,ld(\,ﬂ)) 05 (ti fil) 05, (t,x,ﬁz) 05, (ri T‘”) 03y (!,x,ﬁm_)

oA X O\ U0 EYS oA

as(:,id{m)) os (6,1, T ) s, (14.7,) s, (3.7, ) ‘834(1,%,@4)

BT~ o O Lo oT, or, |

3 %
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where

(4) Jsy (t’xwlf?a’k{vﬂ)) S dsy (t*iwljjik(vﬂ)) a7, (xm)
oA o7, () ' dh
ofilt—T (A, ¢ dT, (A

—s e af:( ) COS[mG(t——Td,({H]})] _"((n%‘)

) 08y (z,im,i}k (v+1)) 2! 0, (t’%vﬂ'?;k(v-t-l)) de?c(\H—i)
a7, = 0T I dT,

—0ofift= R o) sin 0t~ Toon)] i‘fﬂf_>

The state equation takes the form

fvst Bs(t,x ; ) as(r,i )
2 = 2 4 (1) d (v+1) J
(6) Ayyy =Ag4i il I |:R1(V+|)_'_a’:'_+R1Td(v+l}T E(tM t;

by

Iy 41

as{t Xy as(t. Xy s
% .[ 1:&33(\‘*1) —L;;'(Q) + Ry, (1) —S(%i(—l))]&(!)df.

Iy

(7 fd(\f—r]) ;f‘d(v+l]+

From (4 = 7) it fqllows

M-

| = = 2 . 8T (iv-l-l)
(8) T _{_ Afvsl) -
_ s N oA
f\,+;a {_T x L e
i J e Bkt( L 1))cos[ma(f—7¢'ik(v+1))]E"(t)dt
f\"
Tuto))

+ RKTd v}

oT, ) ®g :[fk (t = T (A ye ))sin [C% (f— Ta {v+1))]§(f) df};
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. ) 2 T (Ava)
(9) Td vil} T Td vl) T '__{_ RTK V4 e L
1) = L o) kf{ ol S G

> f it =T Ay D cosfon (1 T o)1)

: ot
a 'T" - 3 Lyl A 4 g
+ Ry ) _";;_d‘_)_mo J‘ S (8= T oy Vsin[eog (1~ Ty o) Jew dr}‘

The algorithm of expanded Kalman fitter (3} can be represented in the fol-
lowing form

A - 4
?“v-i-l "—"A’\H-I + Z(FXKBI: +‘rli"d,, Bdk)
k=1

(10) =
i‘d(\?-{-l) =f:f(\?+l) _{_}CEI(FT‘?Z‘NB& + FTd’N Bdk)’
where
T (A, .,
() g ol
B/ I
(12) - Ty =Ry, (va) _‘a_;:r_);
T (A,
(13) I‘Td.lg =Rle{V+I)_'F%);
' afz’k +]
(14) r'f}i :Ri’,',f(vﬂ) _az%_);
| v elt-T(R ) '
2 Ik k v+l =
{15 B, =——§ F,(t) ( ey )cos{m'{}(t_Tdk(v-;-I})]d“

:V
LTS

(16.) By =, % _’.E.»(t)fk (f‘ ?l(im))sin [030(3 N T;iﬁ{vﬂ])]dt'

b
The analytical expressions of the correlation integrals B, and By of the
signals reccived from NAVSTAR system at multiplex synchronization are repre-
sented in {4, 5].
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The following recursion algorithm is obtained by passing from the vector
equations {10) to scalar ones.

4 .
x\H—l = x +(I)12 +Z(F;\“( Bk +F?\'lek ‘Bdk );

S
Vy{‘-’“) = (D““VJ’V i Z(Fl“ By +F7J&4k By );

4
Zyy T2y 1Dy Voo Z(r)hs,‘ By + g, B )§

4
i fvel) = Degs ¥y + 2 (F?\-rkB"‘ . F?J:}st Bdk)

(17)
. ° r 4 :
A=A, +DpV,, + E(FM B+ Ty, By )

4

Vatys) = Pag Vm: Z(FASk By +Ing,, Bdk);

4
Tae = Tty + Popiy + Dog¥y +Dgs ¥, + PogVy, + Z(FT,,M,( B +1Iy, By );
P -

A "~ g ~ FS ~ 4 'I . ;
Lante +1) = Taay + Pr Vv + Proa¥pv + Dro, 5V + Dy ¥y * 2(1},,,12& Bolph Bdk);

4
Tysy 4157 sy + P11V + Py + @y 6V + Dy gbay (Fr;gxs,( By, +FTd3dek)‘,
: = :

bl

Lyapwrry= Tgay P12V oy +(D124V +(D126 vt P, BVav +E { Tk WSt T, By,
d o

where I'y,  is computed from (11), I'yz, =~ — from (12} ¥ ( 18k =1,4),1"Tdijk -
from (13), I'y, , — from (14) (j=14).
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Having found the filtered estimate vectorsh Td (vu1) O €very step v+1),
the time delays of the envelopes of the signals from tile separate emission sources
are computed

T 1 Yyl 1 Zys1 Byg
Tz r5\!+1

T(xv-i-l it Byst Dy ): -
vl s Pl s Zv+1 s Avel

ﬁ

-~

;‘*3

(%ve
( vl Pvetr 2yl
(¢
(%

e N N T et”
-

Xy11 ’yvﬂ Zv-rl Aya
by using the following interrelations

7 v+1’3"v+1 zv+1 ’Av+1 c

(8)|1y

Ty

(5

Tz( vat- it BvstDuat
(2
G

J=c (
J=c'| (
[ 1 2 ¢ L 2 B2 3
LA IIRTY . v+1) ¢ _[x\H-l ‘XS) : +()’v+l = }’3) +(zv+1 _7-3) ] tAy
J=c (

vl Pyl Zyat Av+l c”

After the estimates 7,.{%, .1, Pyi1. 2410 2\.\,“[) [-uﬁ) are obtained, an opera-
tion is carried out aiming at finding how many whole penods k. v+1) Of the
carrier frequency with period T, =1/f, are necessary to minimize the expres-
sion {?:h (v+1) +k, (v+l)Tt} (xv+1 }’v+1*2v+llA\a+1 )} i.e. the estimate (v+1) is
found by the rule

* e S R A ~ ~ “
(19) kr(v+1) = ml? ?:J’r(v-i-l) s kr(v+l) Ty- Z-(xvﬂ FyvirrZyat - Bys )}
So a decision is taken that the time delay of the signal from the r-th emis-
sion source is

(20 Ty = Torat) + T

In this way the lack of uniqueness in measuring the time delay by the high
frequency filling is removed. On the other side the higher accuracy of these
measurements is used. This concept is a typical one for the systems with multi-
plex synchronization (SMS) [3—8].

A final step of the recursmn algorithm is the determmmg of the cor-
rected estimates x..;,yy.1.2y,1,4,,; Of the coordinates of the mobile object and
disagreement of its scale with respect to the system time. For this purpose the
system of nonlinear equations {sphere equations) must be solved
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Fig. 1 represents the structural scheme of this recursion algorithm (11 + 21).
The receiving set is composed of four {number of the emission sources) time
discriminators and processor for forming estimates of the parameters ?4,:. On
the base of the results of the estimate of the parameters A and the known coor-
dinates of the emission sources — Xy Pz = 1,4) the current values of the
time delays of the supporting signals are formed in the discriminators: by range-
finder code 7} (A, | and by carrier frequency — Zz(,41)- A mixture &(¢) of an
useful signal and noise is received at the input of the discriminators. From each
discriminator two digital signals B; and B, enter the processor. These signals
are associated with B, and B, through the following interrelations

240 2 ,
By =—— By By =— 0By
Sl e B N '
B,
e [
= 1 T;{lv.;) P /‘—'——————:: Ry
fmm! R
FISEIEERERE T
B, N————— T Y%
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Fig. 1. Structural scheme of the synthesized SMS
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The discriminators are analog devices. The initial analog signals B; and B, by
means of analog to digital converter are transformed in digital and enter the proces-
sor where they are processed by means of the represented recursion algorithm.

For carrying out the computing procedures in the processor the following
data are passed: components of the matrix R, .,; coordinates of the k-th emis-
sion source — XV Z\k =1,4); components of the state transition matrix D,
carrier frequency / of the signal at which the optimum processing is carried
out; spectral density N of the noise at the receiver’s input.

The synthesized receiver represents an optimal system with multiplex syn-
chronization. It is constructed on the base of nonlinear filter with four inputs.

In the receiver an estimate of the time disagreement A(r) is done, which is
used for filtration of the error obtained owing to the instability of the frequency
of the supporting generator in receiver of the satellite navigation system. This
completely corresponds to the concept of quasi-ranging method [3, 9]. With
high stability of the supporting generator the time of disagreement A(t\,) is slowly
varying value in comparison with the errors of the coordinates estimate of the
mobile object — x,,y,,z,. Therefore, it could be determined with higher accu-
racy owing to the accumulation of the observations. Thus the accuracy of the
system is expected to be close to the accuracy of the ranging system [3], i.e.
when A t\,)= 0. It is researched and it is proved, that the concept of the quasi-
ranging method is optimum one for whatever deviations A(t\,), and not only for
very small ones or very slow ones [3]. The structure of the synthesized receiver
(Fig. 1) has some differences from the known devices which using quasi-ranging
method. Usually availability of autonomous systems for tracking the arrival
moment of the signals from the different emission sources is supposed. The
estimates of the time delays of the signals (by range-finder code — fl vay) and
by carrier frequency — Lot +1)) are used by the systems for tracking i l)n the
synthesized receiving set (Fig. 1) there are no separate systems for tracking the .
time delays of the signals. An integrated closed system exists for tracking of the
parameters A by which the time delays of the signals from the corresponding
emission sources by envelope and by carrier are computed.

The synthesized navigation system with multiplex synchronization allows
normal working and unessential decreasing of the accuracy when there is loss of
signal from one emission source for determinate time. The positioning error will
be increased owing to the lack of observation of the disagreement A of the sup-
porting generator. In this case three-coordinate navigation will be carried out by
means of ranging method with receiving of signals from three emission sources.
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CuHTe? Ha IPUEMHO YCTPORCTBO €
obeqUHEeHa CUEXPOHU3AIN B
CII'BTHUKOBH HABHTALMOHHH CHCTEMHU

Benyecnas Pawkos, Anzen Xpucmos,
Buxmop Mapunos

{Pesome}

CHuTe3UpaHO € ONTUMAJHO yCTPOHCTBO 32 NpHEMaHe H
o6paboTka Ha CO'BTEHKOBH H2BHIAUMOHHU CHUTHAJIH. C Herosa OMONI ¢
onpeneNaT KOOPAUEATATe W MapaMeTPUTE Ha JABMNKEHHC HA MOABMKCH obexrt
(TI0) o KBa3MAAJIEKOMEPEH METOL. CHHTE3UPAHUAT HABUIAIMOHEH NPHEMHUK
npeAcTaBnABa CHCTeMa ¢ OOeJHHEHA CHHXPOHM3ALMI. O6paborkara Ha
pa[MOHABMIAUMOHENTE CUTHA/IK CC M3BBPUIBA 110 AJITOPHTEM Ha ONTHMAaJHA
drnTpanug. B CHHTE3MPAHOTO YCTPOHCTBO, MPHUIATALIO METONA Ha obenunena
CHEXDOHE3allAS, €€ M3M038a RHGOPMAUMATA 38 BPEME3axbhCHCHUATA HA
HaneKOMEpPHEA KOL W BHCOKOYECTOTHOTO 3AMBIHEHHE. KpaspaanexoMepHOTO
paAMOHABATAIMORHO YCTPOHCTBG OTHHTA pa3sChIiacyBamneTo Ha eT2JIOHRHA
resepaTtop Ha Gopaa na [1O cnpAMO CUCTEMHOTO BpEME.
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Introduction

The general analysis of the stationary modes of oscillating
systems with periodic parameters is of great theoretical and practical signifi-
cance. Similar obstacles crop up in connection with many problems related to
the Theory of oscillations in particular when investigating parametric amplifica-
tion and generation of oscillations, frequency modulation, detection and conver-
sion, suppression of undesired oscillations and intermodulation distortions, etc.

In the Part lof the paper [1), the possible transformations of the equations
of an oscillating circuit with periodic and almost periodic parameters have been
given and the expedience of using different equations forms has been analyzed.
A qualitative picture of the free processes in an oscillating circuit has been
presented on the basis of the mathematical theory of Hamiltonian sysiems,

The Part 2 of the paper [2] has been focused on the problems of the stability
of the cannonical systems in a general form. Criteria for the stability or instabil-
ity of a general linear rescnance circuit have been formed.,

' An investigation, supported by the “Scientific Research” Bulgarian National Fund under
Contract No TH - 54995,
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Present Part 3 of the paper provides an analysis of the free processes, in
piece-wise linear and quasi-harmonic oscillating circuits, from the point of view
of their bounded or unbounded nature. In other words, it studies issue of the
stability and instability of the oscillating circuit.

Stability of an oscillating circuit with a piece-wise
linear volt-coulomb characteristic

In linear approach the concept of stability coincides with
the concept boundedness of 2l solutions of the respective differential equation
with a zero right-hand part and bounded initial conditions. Having lost its sta-
bility, the parametric amplifier is converted into a parametric oscillator.

The equation of a series oscillating circuit containing capacitance C{(z,),
periodically changing in time, acquires the following form with respect to the

charge g

d’q R d
(1) L2, R84, g=0,

de¢  Ldt, LC(,)
where R and L are the constant resistance and the inductance of the oscillating
circuits. [ R
We use the following substitution 4 =qexp(—Ezfr) to reduce Eq. (1) to
the form:

| 1 R?
+ ———1g, =0

which contains no explicit dissipative term.

The capacitance C(1,) is regarded as a piece-wise linear time function,

C=C, for t,€(0,t,4),and C=C, for ¢, € (1,.7,),

where 7T, is the capacitance change period. Thus the capacitance changes twice
in one period: when 1, =t,,, it leaps from C, to C,, and when ¢, =7, , from.-C,
to C;. :

Equation {2) can be written in the following dimensionless form:

d*y : e

(3) — +a(ny=0,
dt*

where
¢
z:zL, te =VLYCC, ., alt)=o? = %
00 . I

at te(0,4), and a(r)=—1-2—=\/§ at te (4,,T), 4 =£”-1—, T=&.
o C2 Tuo Loo
Equation (3) has constant coefficients in the interval (0,4) and its solution
is a cosine curve. The same can be established for the interval (4.,7). At mo-
ment ¢, the amplitude, the frequency and the initial phase of the cosinusoid
change in a leap-like way, yet sc that the function turns out to be continuous
and sufficiently smooth (with continuous first-order derivative). Equation (3) is
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a particular case of Hill’s equation. It follows from the latter’s theory that it
cannot be asymptotically stable, i.e. if ¥(t) is a solution of the equation,
lim y(£) #0.
f—ron
% Therefore, the stability problem boils down to specifying one of the two
cases: a} the case of stability, when the above-mentioned boundary is a finite
number; b} the case of instability, when the module of the boundary is equal to
infinity,

The solution of Eq. (3) is determined in the following way:

W1} = yg cos{ou+ ;) for 1e(0,1),

{4)
W= yy cos(ét +9,) for te {4.7),

Yor and @, are determined by the initial conditions, Vo2 and @, are specified

by the condition of continuousness of the function Y1) and its derivative at the
moment 4, when the capacitance changes in a leap-like manner.

= L
0, = arctglo’tg(os; +@; )—Eﬁ],
sin(ot, +
Yoo = &g SOV i .
sin(—¢, +
(oc 2+ 9s)

Equation (3) can be presented in a matrix form:
din 0 11y dy
—— = ’ = . y = -
dt [ yJ [— a(t)y 0]y, . yl 2T
or in short :

d
(5) - E’?Y =A()Y.

According to Flocker’s theory, the fundamental matrix of the solution
satisfies the condition:

(6) Y+T)=Y(OY(T),

where Y(T') is a constant matrix, called monotromy matrix. This matrix allows
of obtaining Lyapounov’s constant .a = SpY(T'), where Sp is the sum of the ele-
ments of the principal diagonal of the matrix. ‘

In accordance with Lyapounov’s first method, the following three cases are
distinguished for Eq. (3): 1) |a|> 2, 2) faj<2, 3)lal=2.

In the first case the equation is unstable, in the second one it is stable, and
in the third case it is determined by the boundary between the stable and un-
stable ranges.

Using solution (5), which can serve for construction the monodromy ma-
trix, whose elements are obtained in the form:
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1 : 411
Yy = COS O COSE(T-—II)—O!,ZSIHCLII sm—&(T—{l),

1. i : VI s
¥y = —sina cos—(T =1} +ocos g sin—(T -4),
o o o

b L= 1
Yoy = —0tcos oy sin—(T — 4} ——sin o cos—(T -4 ),
o o o

1 1 1
Vo = ———sinou, sin —{T = ;) +cos o cos—{T — 1 ).
Y22 -5 | {1( 1) { a( 1)
This helps derive an expression for Lyapounov’s constant :
{1 a=SpY(T) =y, +yy =2c080 cosj-(T ~1)
. o

1§ el
—{0? +—)sinouy sin—(T —4).
o ol

This expression allows of identifying which of the above-listed three cases
the system refers to in each specific occurrence and in what way the stability
problem is to be solved. The areas of stability or instability are determined by
three parameters — @, 4 and T, ie. in the general case they can be plotted in a
three-dimensional space.

Fig.1 shows the areas of stability and instability (hatched) on the plane
4

o, for the particular case of 7 = 27 Parameter o changes within the range

n .
I < @ < 10. It can be obtained from the case for @ >1, given above, by carrying
out the following substitution of the parameters: B=—,7 =T 4.

10

Fig.} !
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Analysis of the free processes in a
linear quasi-harmonic oscillating circuit

Obiject of the analysis in this section is a linear gnasi-har-
monic oscillating circuit, whose fre¢ processes are described by a quasi-har-
monic time function, i.e. by a sine function with amplitude slowly changing in
time and first derivative of the phase by time. The major application area of
such oscillating circuits is that of harmonic signal modulators.

Let us consider the general case of a series resonance circuit, where the
inductance L, capacitance C and resistance R are time-dependent. The free pro-
cess in such a circuit is described by the equation

d*x o i
— =420 —+w{)x =0
(8) o 0 7 5 (0 z
where x = i,: _ v _ normalized capacitor charge and normalized time re-
Qoo IGO

IOO

dL
i o=—"wt R W{}=—F=
spectively, 7 ook o E ;

The general solution of Eq. (8) can be presented in the formi

{9 x = A{1,T)sin (¢, T) ,
where
iy = eodeuienl haspu
Jo0,0 o, -

! ! T =
(10) B, 7) = { fon+ (L + EEIH @, ) cos 2001, T)]dt,

r 1d
;L,T)y = [{o, + ——Inw, )sin 29z, 1)}dt -
o(t,7) {Im (ot I, )sin 204, V)

Here the constant T determines an arbitrary initial point of time.
" Equation (10) given above yields an indicator of the integrability of Eq. (8)
in quadratures — '

d
a(y+—Inw, (}=0.
{t) = o (1)

The first and second equations of (10) can be produce an indicator of the

s

asymptotic stability of the oscillating circuit — fj&@_ < fort> ¢, ' —an
arbitrary moment. dt

So far we did not impose any limitations on the laws of time-dependent
oscillating circuit parameters.

Let us suppose that the oscillating circuit satisfies the quasi-harmonic con-
dition, i.e. we assume that the first co-multiplier in the right-hand part of (3)is a
slowly changing time-dependent function. Under these conditions the approxi-
mate extremumns of the solution .atre
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; T
w(tk,'r)=(2k+1)5, k=0, +l, +2, ..,

respectively the zeroes of the solution are ¢{¢°,7) = k= .
The Iogarithmis; damping decrement is determined by using two adjacent
extremums of the solution

A7) _

V(1) = In oS

g 1d 2
= o+——Inw, Ycos® gdr.
'f ( 2 dt PISESHG
fhg
The non-negativity of the logarithmic damping decrement for any t, isan
evidence of stability, and its positiveness is an evidence of asymptotic stability
of the quasi-harmonic oscillating circuit, _ :
The last expression can yield an analytical indicator of stability of the quasi-
harmonic oscillating circuit:

14
11 o=——Inw, 20,
{11) 2 2 B %%
If we introduce the parameter instantaneous characteristic resistance of

L
the oscillating circuit p = o (11) can be used to obtain a simple criterion of
asymptotic stability — p = const . ' ;
We introduce the concept instantaneous quality factor of the oscillating
circuit g = _p_’ and as a result the formula of the logarithmic damping decre-

ment acquires the form

krl:+-;£ 5
cos” @
vir )= ——{dp+0dIn
(t) REJ:EQ+0,Ssin2¢>( 24 lnnl

Let Q =const. Then
k'.r:-t»E

2 2 Inp(z) 2

COS° ol cos®

v{t,) = J’ [SERE DG __Q__(I)___d(lnp)_

_Q+05sin2¢ ]np(:k_l'} Q+0,58in2¢

hem——
2

The ﬁfst integral is equal to (40 — 1);1" 2 Hence, the stability criterion can be
written as follows:

Inp(t, } 2
-—Q—(;M—d(lnp) Eait B o :
1np(:,‘_,)Q+0’55m2(p 40% —1
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e 2
] €Os 2
Since max Q - Qo2 20
¢ 20+sin2¢ 402 )
sion for its maximum value, we ¢obtain

4G4 ¥ sp(rig). s

407 -1 pltyy) Va0 -1°

_This inequality allows of obtaining the following simple stability expression

» after substituting the sub-integral expres-

at O =const . :
In&nﬂ < _1..5_ y
Pmin 20

For a more detailed investigation of the free processes in an oscillating
circuit with slowly changing parameters it is desirable tc obtain an approximate
solution of the last integral equation in (10). It is presented in the following way:

t i
ld
=YFTE Y=]0,dl £= |(0+——Inw,)sin2odr.
P=v+e, ¥ ;[ b {( 5 470 @0)sin2e
The inequality y>>¢ is valid for many cases of practical importance, since
the sub-integral- function of the first integral has a constant sign, while that of
the second one is quickly oscillating. After differentiating the last equation in
(10}, we obtain
de 1d
— ={o+_—~—Inw, )(sin 2ycos 2eo.cos 2ysin 2e
d{( 77 o J(sin 2y i Vi
In linear approximation (cos2e = 1,sin2e = 2¢) this equation is solved in
quadratures

H t {
£= !:ZJpcos Zydr}fusin Zyexp[— Z'I'ucos%(Jdr !
T T T :

After obtaining ¢ equations (10) can be computed in quadratures and in
this way the problem is completely solved.

Conclusion

The phenomenon “resonance” occupies peculiar position
in natural and other sciences, in technology, in civil engineering subjects, in
medicine, in the theory of musical instruments, in acronautics theory, in rocket
technics and astronautics, etc. Resonance is often manifested in the world that
surrounds us either as a highly useful phenomenon or as an extremely harmful
one. Radio communications, radio broadcasting, television and the other radio
engineering systems would be absolutely inconseivable without resonance. Reso-
nance is quite multiaspectual and multiform even in oscillating circuits with
‘constant parameters. Resonance phenomena in nonlinear oscillating systems
are virtually boundless.
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Linear systems are quite frequently identified as systems with constant pa-
rameters not only in textbooks and other teaching aids but in scientific works as
well. This approach reduced drastically the class of linear systems since it ex-
cludes linear systems with time-dependent parameters. The principle of linear
connection, formulated relatively recently, has boosted the significance of lin-
ear systems with variable parameters, since it follows from this principle that if
the whole set of linear systems can be studied, this will automatically lead to the
establishment of the necessary scientific basis for investigating the processes
occurring in nonlinear systems.

Oscillating circuits with periedic parameters can be divided into two groups.
One of them includes oscillating circuits where given arbitrary initial condi-
tions, free processes are limited. The other group, respectively, encompasses
oscillating circuits, whose initial conditions can be selected in such a way as to
ensure unlimited free processes. Each group of oscillating circuits, in its turn, is
characterized by a set of stability and instability area, It is particularly impor-
tant to develop analytical approaches for determining the area of stability or
instability to which the specific oscillating circuit belongs.

The paper contains formulations of general theorems on systems with posi-
tive elements concerning the relation between the parameters of the system and
the matrix elements of the respective differential vector equation. Infinitive sys-
tems of algebraic equations for some typical systems'with periodic parameters
are obtained; the properties of these systems of equations are explored, the
general case relation between the complication of the radio-physical systems
and the respective alteration of the systems of equations describing them is
identified. The multitude of free processes occurring in an oscillating circuit
with periodic and almost periodic parameters is visualized in a dynamic picture.
Theorems concerning the conditions that would be sufficient for the stability or
instability of an oscillating circuit with periodic parameters are formulated.

Qualitative analysis assumes considerable importance in the investigation
of complex oscillating systems, since it allows of identifying the most general
features of systems behaviour. Such a general perspective of the approach makes
it interesting from a practical point of view, since the oscillating circuit with
periodical parameters is quite rich in particular cases.
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KauecTBeH aHann3 Ha CBOOOIHUTE NIPOLIECH B
0b0011eH JIMHEEH TPEIITAIL KPBT ¢
NMepUOAKYHM IapameTpu. HacTt 3. Anaiuz Ha
CBODOIHHUTE NPOIECH B HHTEPBATHO-IMHEHHA ¢
KBa3H-XapMOHMYHA TPEITSIA BEpUra

Huxoaati Buprwox, Baadumup Jarmeos

(Peziwome}

B wact IbpBa ¥ B YaCT Bropa Ha cTaTHATA De JOKa3aHa
HeODXCHUMOCTTA OT M3CHEJBAHE HA TPENTANIMTE DEIOHAHCHH CHCTEMH C
INEPROANYHH U IOYTH IEPHONHIHH IapaMeTpH B OBl BUA ¢ OWIEN ISUICCTHC
ofxBaillaHe Ha OTPCMHOTO paszHooOpasue OT PEeXHMH, 3aKOHOMEPHOCTH H
csoiictBa. Paspaboren 6e oy MeTo) 328 aHANNR HA TEKHBA CHCTEMHU, KOUTO 65X4
TpYIMPaHH H KJACU(QHUEPaHH B TPHMEPHC LMAHHAPHINC IIPOCTPAHCIBO HA
lapaMeTpHTe DO TeXHMs# HaR-BaXell NMPH3HAK — YCTOHYUBOCTTA MM
BeyCTORMMBOCTT: Ho Jlsnyros. [IpobnemuTe Ha yeToMuBBOCTTA BAXa U3CTEABAHH
KaKTO B 1ai-00UI BHA ¢ U3I0J3BAHE HA KAHOHHYHA CHCTEMA YDABHEHUA, Taka H
IpH OIpeleNicHa XKOHKPETH3ALHS Ha TPENTALATZ PEe30HAHCHE CHCTEMA
LIEPUOJIHIHN TlapaMeTpH.

Tpera uyact Ha paborara UIpONBNKABA M3NATAHETO HA METQJINTE 32
R3TNCN3BaHe paspaborTeHUA JHANHMTHYEH [OJXCA KbM JIOCT4THYHO
KOIKPETH3UPAlM DE3CHAHCIM CHCTEMH C [NEPUOANYHM K [OYTH UEPHOOMYHMR
iapamMerpi. MscoeaBat ce cBOOOAIKTE TPENTAIIH IIPOBECH B MHTEPBANHO-
JiuHeHHa PE30HAHCHa CHCTEMA, B KOATO KOHKDETHO Kalaluielrbl NpHeMa [Be
onpefAeneHy CTOHHOCTH ¢bC 3aflafiéd NepHos BbB BpemeTo. Hpyra
KOHKDETU3Mpana 3a/a4a e n3acienBaHe HA ¢BOBOLHMTE NPOLECH B JIuueiina
KBA3HXAPMOHHYHE TPENTALUA CHCTEMd, B KOSATO IBMKEHHUETO CE CHUCBA C
KBA3HUXAPMOHHYHA (hYHKIUSA {(M3M0JI3RAHA € CUITYCHA DYHKINS ¢ $aBHOM3MEHSLIA
ce amiuinryia). M B npara cnyuasa ca GopmMynupasd obIH TeoOpeMH OTHOCHO
ChOTHOUIEHKETO Ha IIQJICHKHTENIIMTE IapaMeTPH Ha CHCTEMATa M ENeMEBTUTE
HE MATPALATA HA CHOTBETHOTO BEKTOPHE MH(epeHIUanto ypapaenne. Vizpetenu
€a yCROBMATA 3a YCTORYHMBOCT M HCYCTOMYHBOCT Ha PaslIeKIaHHTE CHCTEME,
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I. Introduction

The present state of the space methods and instrumentation
provides great potentialities for the study of the global, regional and local dynamics
of the lithospheric plates [1,2]. The geodynamic processes are one of the essential
precursors of natural phenomena — earthquakes, volcano eruptions, tsunami ete.
resulting in the devastation of vast regions and taking a lot of human victims [3,4].

The achieved milimeter accurateness in determining the position of the points
from the Barth’s surface in the horizontal and vertical direction by laser location
of Artificial Earth Satellites (AES), radiointerferometry with very long bases
{(RIFVLB), and global positioning systems (GPS) provide great potentialities for
the study of geodynamic processes, and the study of the correlation of these pro-
cesses with natural phenomena. This made it possible in the recent years o de-
velop a number of international space projects aimed at the study of the regional
shift of the lithospheric plates, Some of these projects are: “WEGENER-MEDLAS”
of the West Space Ageney (WSA) [6] and “IDEAL” {Study of the Dynamics of
Euro-Asian Lithosphere)of the East Space Associasion {ESA) [7,8]. Later, the two
committees concluded a contract for joint measurements, processing and inter-
pretation of the results obtained under these two projects.

II. The IDEAL Space project —
concept, theoretical provision, and model studies

The development of the project started in 1983 [7—13]. Later,
INTERKOSMOS and KAPG adopted it for collaboration between the Eastern
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European academies of sciences in the field of global geophysics and space study
of the dynamics of the Euro-Asian lithosphere. To this end, the following observa-
tories were appointed on the stable parts of the lithospheric plates of the Alpo-
Himalayan orogene: Zvenigorod, Kiev, Riga and Potsdam — for the European
zone, and Hart, Heluan and Fort Lami — for the African zone, as well as four
stations — Plana, Erevan, Simeiz and Pents — in the mobile belt between the two
stable plates (Fig. 1). By measurement, the vectors between the observatories from
the mobile and the stable lithospheric plates and their respective yearly modifica-
~ tions with time and space by which the shifts of the mobile plate are characterised,
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Fig. 1. The Alpo-Hymalayan orogene belt

The region, suggested for studying, comprises part of the Mediterranean
Transasian mobile belt which is very interesting in the scientific and practical
respect. According to the concept of the new global tectonics, the differential
shifts, the significant deformations related with them, and the great tectonic
and seismic activity in the Alpo-Himalayan orogene. belt result from the com-
plex structural interaction of several big lithospheric plates: the Eurasian — to
the north, the African, Arabian, and Indonesian — to the south, and Tibet and
Iran — to the east. The shift of the mobile belt thus outlined (Fig.1) is about
scmj/year while to the west, in the region of Gibraltar and the Azores, the shift is
I—1,5cm/year. The greatest shift is the shift of the Turkish lithospheric plate,
bordered to the north by the Anadol fault which progresses at the rate of 11cm/
year. The whole area is characterized by great deep-focus seismic activity cen-
tered concentrated around its northern and southern boundary [16]. The latter
fact provides grounds to forward the hypothesis for the availability of two active
modern subduction processes in South-Eastern Europe, namely:

i) Gondwan below Laurasia where deep-focus seismic and modern genetic
activity is generated in Italy, along the south-west border of the Balkan penin-
sula, and in the region of the Aegian Sea.
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ii) the East-Buropean platform below the northern boundary of the Alpo-
Himalayan orogene, generating deep-focus earthquakes.

Having in mind the great distance between the stable parts of the lithos-
pheric plates around the mobile belt (about 2000 km), the belt’s width {abont
1000 kmi in the region of the Bastern Mediterranean), the availability of signifi-
cant sea and mountain obstacles, as well as the modern means for high-preci-
sion laser location of AES, the IDEAL project was developed based on the laser
observatories, located on the mobile and stable lithospheric: plates of the Alpo-
Himalayan orogene belt {(Fig.1}).

The scientific-Tundamental and application objectives and some of the ex-
pected results from the IDEAL programme are formulated and analyzed in de-
tail in [7-15].

The first mode] studies, aimed at determining the optimal AES-earth obser-
vatories combination (for all 11 observatories available) were carried out based
on a number of restrictive prerequisites, namely: all observation being of equal
precision; the coordinates of the stations in the stable areas of the plates being
known and error-free; the mathematical model of AES movement being ad-
equate; the parameters of the Earth’s rotation being known and the observa-
tions being carried out in the TU 1 system; the only unknown parameters being
the station’s coordinates in the mobile belt and the orbital elements; the obser-
vations are performed each 4 s in case of visibility, at any time, day or night.

For the characterization of the geometric qualities of these networks and
for the internal stability of the respective numerical solutions, three crileria have
been suggested [14]:

1. The average geometric value:

(1 p=fldetN, =

of the matrix's characteristic A, numbers
@) : N, =|a; i j=12..7
of the normal equations.

2. Tod’s number

i=r

[1%

i=l

(3) ; e l}“max /kmin

for the Matrices’ &, substantiation

) . N =|bfii=t2r
3. Turing’s number :

) o = MW, Yl e

for the matrices’ N, and N;I provision, where the so-called A/-normes are
represented:

M{N,}=r.max .
£

{6
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Fig. 2. Map of the values p.10? for the mean-geometric estimate p of the eigenvaltues of the matrix ¥ of
coefficients of the normal equations
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Fig. 3. Map of the values M.107 for the Turing’s M-condition number of the matrix N of coefficients of
the normal equations
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normal equations

The obtained results are represented graphically in the form of maps {Figs 2, 3,
and 4) by isolines interpolated based on the respective calculated values of the
" variant solutions, marked by dotted lines. On the maps, the areas E(k) of the
criteria k =p,P,M for the models optimal provision are hatched, namely:

N Elp)e [z‘~60°+110°;a~(l2+14)‘103km}
(8) E(P)e (z‘~100°+120°;a> 12.103km}
9) E(M)e [f-100°+110°;a>12.103km).

The joint consideration of these results ultimately identifies the area:
(10) E{p, P, M)e [54100°+110°;a ~{12+14). 103km}

where: / and a are the orbit’s slope and big semi-axis, respectively.

68



Without going into any further details, we shall mention, that more than 70
more graphs, maps and tables [7—15] allowing to determine the amount of ob-
servations, optimal conditions and precision, needed to be provided by the laser
distancemeters for the averagequadratic error to be m <3,5cm.

Based on the results, obtained by the model studies, the conclusion was made
that, if 1,5—2 month-long observation sessions be made, in 3—4 years it will be
possible to determine platform shifts of the order of 1 cm. These were the grounds
for the preparation of Joint observations between the West Space Agency (the
WEGENER-MEDLAS project) and the East Space Association (the IDEAL
project) Unfortunately, notwithstanding the theoretical and model studies, the
available laserlocation equipment and the undertakings of the two committees,
for a number of economic and technical reasons, the initiated experiments for
studying the dynamics of the Alpo-Himalayan orogene belt were interrupted.

III. The BALKANPROB Space project —
objectives and prospects in studying the
dynamics of Bulgaria and the Balkans

It should be noted that, in the development of the
BALKANPROB project in 1991—1992, the authors [1 7—20] were not only con-
cerned about the major fundamental-scientific and application-scientific objec-
tives but they also accounted for the prospects and economic potentialities for
the project’s implementation. in relation with which the features of the support-
ive geodetic networks were analysed.

The vertical shifts of the earth’s crust in our country are studied best, their
greatest velocity (reaching up to 5,9 mmy/year) being recorded in the thick Tec-
tonic zones (the Rhodopes and the Serbian-Macedonian massif). Moderate
shift values (up to 2 mm/year) were recorded in large areas of the Moesian plat-
form in the fore-Balkan, Sredna Gora, Kraishte and Strandja [1, 17, 21].

Accounting for the considerations stated above, it was decided that the
efforts during the first stage be directed at the design and implementation of
four traverses for identification of the vertical shifts of the earth’s crust on the
territory of Bulgaria, a 150—200 m wide polygon, starting at the Danube and
reaching as far as the Greek boundary to the south. This allows for the polygon’s
extension furthermore to the south — on Greek territory, and to the north — on
Roumanian territory.

The worked out neo-Tectonic map (Fig.5) allows for increase of the avail-
able geologic information, since the materials already known were suppie-
mented with newly-revealed Space-lineaments and ring arch-block structures,
unknown so far.

In parallel with the polygons’ design, the velocity of the vertical shifts along
the traverses was calculated, including references of the 1-st and 2-nd class in
such a way that the meridianal paces of Nos 1, 2, 3, and 4 (Fig.5), crossing the
outlined thrusts be outlined. In the selected levelling paces, 2 to 4 measure-
ments are included, performed in the years 1924—1929, 1956—1960, 1975—1976,
and 1987. The number of measurements is greatest along paces Nos 1 and 2, the
essential fact about them being that traverse No 2 crosses regions with the greatest
number of thrusts and highest seismic activity.
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Fig.5. Neotectonic sketch with plotted levelling lines

Faults; 1 — proven fault, 2 — suggested fault, 3 — flexures, 4 — overthrust, 5 — space lineament, 6 —
suggested space lineament, 7 —ring, oval and arch block structures, 8 — levelling point with number,
9 — first class levelling line, 10 — levelling ling, 11 — triangular point with number, 12 — triangular line,
13 — number of levelling line

70



From the analysis of the supportive {triangular) network, identifying the
points in the lateral respects, it was established that the measurements per-
formed during the initial stages of its design cannot satisfy the precision needed
for determination of the horizontal shifts. Reliable results are possible to be
obtained only recently, by the classical universal instruments which determine
with great precision the horizontal angles and the distances between the sup-
portive points. In the proposed traverse, points {from the available state sup-
portive network are also included [21].

A number of experiments have been mdde for studying the horizontal shifts
by immediate measurements for at least two epochs. One of them is the Chirpan
region with measurements in 1921—1935 and 1950, and another one — the Strajitsa
region with more than one measurement. Naturally, these preliminary studies,
tased on information obtained by classic measurements are regarded only as an
approximdte estimation of the horizontal shifts of the earth’s crust in the re-
spective region.

In studying the geodynamic processes along the traverse, data for the seis-
micity was used, which was obtained by the network of seismologic observato™
ries [22, 23). Of particular interest for the suggested project are the Plovdiv and
the Gorno Oriahovo seisimic regions.

The major considerations underlying the suggestion of BALKANPROB are:

1. The chosen polygons cross major thrusts on the territory of Bulgaria,
namely: the South-Moesian, Bresnik-Preslav, Stara Planina Over-Balkan, and
Maritsa ones.

2. The implementation of the project needs minimum finance since all iden-
tification works are planned to be carried out by classical technical means or by
GPS measuremerts, if possible.

3. The traverses are outlined in such a way so as to use the available stable
references from the state levelling network and the precisely determined trian-
gular points from the supportive network since the measurements made in a
particular epoch can be adopted as initial “zero™ epochs.

It might be expecled that the BALKANPROB project, suggested accord-
ing to the frame contract, concluded in 1991 between the Space Research Insti-
tute at the Bulgarian Academy of Sciences and the Military Topographic Office
at the Ministry of Defense of the Republic of Bulgaria will be accomplished
successfully since, during the analyses performed with the participation of both
institutions, it was decided to perform as well GPS measurements along the
traverse with relative error of the order 10°—107 [24].

In the recent years, a number of institutions and private companies in Bul-
garia bought some of the most modern and high-precision GPS equipment of
the type of “Wild System 200" — 15 pieces, “Trimble” — 6 pieces, etc. These
technical means undoubtly revealed great potentialities for the implementation
of diverse scientific and application problems in the field of the study of
geodynamic process. This provided grounds for an international team of Buigar-
ian and German experts to carry out a GPS campaign in 1992 [25] for measure-
ments by the eslablished through the assistance of WTS supportive network of
15 points, covering uniformly the territory of Bulgaria. The aim was to develop a
modern supportive network in the country and to reveal prospects for local
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geodynamic measurements under the EUREF-BUL’S2 project [25]. This was
really a very good initiative since it provided the first actual results from GPS
measurements under a definite project.

The results from the carried out GPS campaigns were suggested and ac-
complished not only by the EUREF-BUL’92 project but also by BULREF93
and BULREF'SS. Based on the information obtained by remote sensing aero-
space methods about lineaments and ring arch-block structures, unknown s¢
far [26], a supplementation and further development of the above-mentioned
projects can be proposed, namely the BALKANPROB project where new sup-
portive points are added. We believe that it will provide for a more detailed
study of the velocities of the vertical and horizontal shifts in typical Tectonic
regions with clearly outlined thrusts, namely: the Rhodope and the Serbo-
Macedonian massives, remote from the Stara Planina segment, large regions of
the Moesian platform, the fore-Balkan, the Sredna Gora region, Kraishte and
Strandja. In centrast to the prevailing total uplift of the Balkan peninsula, some
relatively lowered regions can be outlined, comprising parts of the Moesian plat-
form, the Sredna Gora region and the Eastern Rhodopes.

If the results from this GPS network prove to be reliable, the network will
be enlarged to encompass other regions of the Balkan peninsula, accounting for
their Tectonic and geodynamic features.

In conclusion, we shall formulate the fundamental scientific problems that
we expect to be solved by the accomplishment of the BALKANPROB project:

— identification of the modern mutual shifts of the local and microlocal
blocks along the traverse and on the whole territory of Bulgaria and the Balkans,
namely: between the heterogencous geostructural elements on the Balkans —
the Dynarides and the Balkanides, the Serbo-Macedonian massif, and the
Rhodope muassif, delimited from each other by thrust faults;

— study of the neo-Tectonic structures and geodynamic processes on the
territory of the Balkans which comprise large areas from the Alpo-Himalayan
orogene and the territory of Bulgaria along the traverse crossing successively the
Tectonic zones of the Moesian platform, the fore-Balkan, the Sredna Gora re-
gion and the Rhodope massif.

— control of the internal stability of the regional and local lithospheric
blocks in Bulgaria;

— determination of the peripheral deformations on the territory of Bul-
garia, the Serbo-Macedonian and the Rhodope massives, the fore-Balkan, the
Sredna Gora region, Kraishte and Strandja;

— contribution to the study of the dynamic processes in the Alpo-Hima-
layan orogene.

The scientific-application objectives cemprise the following problems:

— evaluation of the seismic risk and forecasting of the deep-focus earth-
quakes, using seismicity’s subduction and slip-collision models by empiric ki-
nematic verification;

— determination of the relative shifts of large blocks of the earth’s crust in
big rift or thrust zones of the orogene belt, of interest to the forecast of low-
focus earthquakes, as well as to the design, construction and operation of im-
portant engineering equipment,
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BAJTKAHITPOB — x0CMHYECKH TIPOEKT 38
U3cIIeNBaHe HA IUHAMUKATA Ha
aurochepara na Briarapus u bankauute

Huxona Feopeues, Iapo Mapoupocsn,
Xepranu Crupuooros

(Peziome)

CHBPEMEHHOTO HUBO HZ KOCMUYOCKHTE METOAM H
TeXHUYECKHTE CPeACTBa JaBa ONeMHM BB3MOXHOCTH UpH H3CNEABAHETO Ha
I06ANHATE, PETMOHANHATA ¥ JOKANHATA AMHAMHUKE Ha JUTOCHEPHHTE ILIOUA.
TeonWHAMUYHETE TMPONECH ¢4 SXHH OT CHIUECTBEHHTE IPEABCCTHUIMN Ha
NpUPOIHE GEHOMEHH KaTO 3eMETPECeHHd, U3PUIBAHNS HA BYIKAHA H AD. '
Ha 6azara Ha aHANM3a HAa PE3yATATHTE H ONMTA OT PEAHLa PETHOHANHA ¥
JIOKAJIHK TeoJMHAMMYHH IPOSKTH — ¥ npeiw Bcuuxo Ha mpoekra UAEAIJL =
CTATHATA C& MOTHBMDAT LEIHTe, DyHRIaMEHTAIHNTE ¥ HAYIHO-HPUIOKHATE
337140, OUAKBAHUTE PE3YATATH, KAKTO K ISPCIeKTHBATE Ha NPEIOKEHNA IPOCKT
BAJIKAHIIPOE 3a TeputopusTa Ha Bhiarapus U bankanuTe ¢ NOMOINTA Ha
GPS-#3MepRanns,
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Boarapcka axagemus ua Haykute, Bulgarian Academy of Sciences
Aepoxrocmuuecky Hacrensarng B Brirapaa. 15, Acrospace Research in Bulgaria
Codmua. 1999. Sofia A

KOHTpONHO-U3MEpPBATEIHA
anmapaTtypa KuM
CBPBXBUCOKOUYECTOTHATA
CKaHUpalla ABYIOJSIPU3ANUOHHA
pagMOMETpPUYHA CUCTEMA

P-400, paboremia Ha

opbutanna crannus ,,Mup*

Todop Hazwpcxu, Teopeu Kamenos,
Yaedap Jlesues, Xpucmo [Ipodaros,
Huxonavi Fanxos

Hucmumym 3a wocmusecku wscaedsanus, BAH

B MuctutyTra 32 kocMuuecky m3cnensanug npu BAH ca
HoAyvYeHY DBPBUTE PE3YATATH OT usMepBaHus, NpoBelieHn ¢ paspaboreHara
CBPBEXBHCOKQUECTOTHA CKaHHpalla ABYIONADH3ALHOHEZ paJjHOMETpHYHA
cucTema P-400 [1]. Ta e npennasuavena 3a u3MepBaHe HA aMIUIMTYIHOTO H
NPOCTPaHCTBEHOTO pa3ipedeieHue Ha COBCTBEHOTO PAINOTOLTHHED H3TBYBAHS
HAa 3eMHaTa IOBBPXHOCT B MHEKDOBBLEHOBHA AXANasoH. JaHHHTe, DONYYCHH OT
cucTeMaTa, ITO3BOABAT pellaBaHEeTO Ha CHEAHHTE OCHQBHH 3amauu [2]:
OTpeAecNsHe Ha TemlepaTypaTa Ha BONHM 0acelHH, Ha BJAXHOCTTA Ha
HOBBPXHCCTHHA TCYBEH CIIOH, 30HAT2 HA BAJEXKM, BLIPACTTA HA NETHHIHUTE B
nonApHuTe 06MacTH, pasnpenengieTo Ha IIABAIINTE JIEIOBE B HONAPHATE paitouu
¥ T.11. ChBmMecTHaTa obpaborka Ha gaHamMTe OT cucTemara P-400 u oT apyrure
cucremu oT Komnnexca Hayuna anapatypa (KHA) Iipupona®, uossolussat
PEIMaBAHETO Ha Pel HAYYHONDHICKHY 3a3[44H, CBHP3IAIU C 1106aauug
EKONOTHYEH MOHWTOPHHT Ha 3eMHT2, B TOBa YHCHO K 34 CTABALIOTO BLE MO-
AKTYaJTHO W3Y4aBaHE Ha eKOMOTH4HUTe kaTacTpodu [3, 4]. CucTemara e 4acT T
TO3W yHHKakeH KomInekc, pabortems Ha opburanma cragnusa ,Mup® 3a
U3IILIIHENHE Ha HaydHAaTa nporpamMa Ha npoekt ,Jlpupona® [5]. B paspaboTkaTa
Ha TO3H Hal-roNaM H aBTOPHUTETEH MEXIYHAPOUEH IPOeKT B OONacTTZ Ha
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AUCTAHUMOHHUTE H3CNeNBaHMs HA 3emsaTa oT Kocmoca y4acTsaT yyeHH u
cnenuanucTy 0T Apmerus, byarapus, lepmanvs, Uranus, [ojima, Pyens, CALL
Yxpaiina, Opanuua u Upeiinapus. CrHelyaln3upasgaT MOLYI IIprpona”, Ha
koiTo ¢ mouTupan KHA, e uspenen s opbura Ha 24.04.1996 r. u ckauew
CbC CraHmuATa ,MHuP® B HayanoTo na Mait cpmara roqusa (dur.l). Momysrsr
BK/IIOYBR 17 DasiIHYHY CHCTeMY 32 AUCTAHIUMOHHO M3C/IE/NBaHE HA 3EMATA OT
KocMoca BpB BHAUMUA, HEGPAuepBEeHUs ¥ B MUKPOBLJIHOBHA AXaIalON ua
CNEKTPOMATHUTHIA CIEKTHP.

TB-kamepH MKAP  KeHTARLP HKAP UKAP HKAP

I'peben
MCV-E

Herok-1

MCY-CK

MO3-OB30P

HKAP
P-400

PCA

AJTHCA EBJITA

Pyr. 1

3a fa ce rapaHTHpa HaJEXKQHOCTTR M HOPMANHATA PaboTa Ha amaparyparta
B yCNIOBHUSTA Ha KOCMHMYECKOTO LUPOCTPEHCTBO OKONC 3emara, B JabopaTopHH
YCJHOBHA CC UPOBEXAAT PAs3IMUYH¥ M3INHTAHUS H TECTOBE, JIOKA3BAINK
GYHXIMOHATHOCTT2 Ha cucTemuTe. Hacr OT Tezu H3MEPBAHWS 32 CHCTEMATa
P-400 ce uspbpmpa ¢ aBTOHOMHE KOHTPOJHO-H3MEPBATEHE amapaTypa {KHA)
(6], paspaborena OT exula — CH3AATEN HA CUCTEMATA.

3a g ce mmocTpupar dyukuuure ¥ HaumHIT na paboTa Ha KOHTROIHO-
HU3MEDBATENHATE anapaTypa, &€ HeobXouHMO A4 ¢e 0BfcHM B Hall-o6mYM HHHEK
IPUHIHIIET HA HeHCTBHE Ha PaAMOMeTprYHaTa cucTeMa P-400. Tx ce cheToH OT:

— ONOK CKaHMPAINA JBYIOAAPHIANMHOHHAE AHTEHA;

— OOK eNeKTpOHUKE.

I. briox ckaHmMpaula ABYNONAPH3ANMOHHA AHTEHA

CkanupamaTa NBYHONApH3ALHOHEA AHTEHA (CA)
OCBUICCTBABA DEBEPCUBHC KOHMYHO CKAHMDAHE HA NXATPAMATa HA HACOYCHOCT
(AH) 3a cMeTKa Ha BLPTEHE HA OBIBLIBATENA HA BIbI ©® = £35° ¢ nomMonTa Ha
CiiellMasieH ckavypall ejiextpoasuraren (CH). 3a samnazsade na noCTOAHHA
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dbopma na IH 8 nenus nuanason H2-CKanupaxe c¢ u3non3sa chepuuno omenano.
[Ipesknioupanero na XOPH3OHTANHATE M BEPTHKANHATA HOAAPDHUIBIHA Ce

komyTtatop (EK}, Brokwr e MOHTHp2H H4 BBHIIHATZ HOBBLPXHOCT HA MoOmyia

~Ipupona“ m paGoru B YCTIOBHATE HA KOCMM4ECKOTO NPOCTPAHCTBO. Obuusr
BHJ Ha Ckan¥pamara JByNOIAPU3AIHOHHA AHTCHA 6 11oKa3an na Gur.2.

Dur, 2

ITo nopbpxuocrra Ha CA ca PA3HOJIOKEHHU TIeT MONYNPOBOAHHKOBY AATHHKA
38 UIMEPBAHE HA TeMIlepaTypara. Miamepenute TEeMIEPATypPH BHH3aT B
&IrOPUThMA 33 NMpeobpasyBane Ha HOCTHEBAIMHATE OT PaiHOMEThPaA HaHHY B
CHLOTBETHUTE DU3MYHYE BeIHUyHY,

II. Baok enextpounka

O6mugT BLamer 31 52 670K enekrporrka (BE) e nokazan
Ha pur.3. B gero ce HAMUDAT BCUYKH CBPDXBHCOKOYECTOTHH U @/IEKTPOHHH BhH3IHR
H& CHCTEMATa.

Pur_ 3

CLCTABAIG Ha PDAAHOTOINRHEGTO noje. Te ce penysar na Bcexu 4 8, BpeMeTo
Ha eNuH CK4X. B cMmeckTens ya IPpHEMHMKA ce H3BLPOIBA HECTOTHO-
npeobpasysase ua IIpHETHTE curHan, Ilociue Te ce YCHIIBAT IO MOXKINHHA
HeCTOTa, KBAAPAaTHYHO CE HETCKTHPAT U Ce YCHEBAT OT IpeXBapuTeneH
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HUCKOUECTOTeH younsarten. Ciiefl TOB CUTHAINTE NOCTHIBAT B HACKOUECTOTEH
$JI0K, KBAETO Ce QUATPHEDPAT CHEXPOHHO, YCUIBAT C¢ ¥ CHHXDOHHO C€ 2
peTexTHpaT. MHOOPMANKOHHUAT CHIHAN Hd W3X0a Ha TIpHEMEHKZ &
IPONOPUKOHANEH HA XOPH3OHTAIHATA X BepTHKajJHaTa CLCTABAME HA
M3MEPBAHOTO PAAKMOTOIINEHO A3JIBHBAHE.

34 oTuMTARE Ha QUYKTY2UMATA Ha KOSQUIMEHTA Ha yCHIBAHE Ha IIpAEMHIKA
e IpeABHEH eTaIOHEH KanubpOBBYCH TPAKT. Curaan ¢ NOAXOAdIIO HHBO OT
eTaOHEH reHepaTop Ha HIYM Ce MOXYIMPa C HHUCKA HeCTOTa 2F u ce 1107aBa Ha
BXO/Ma HA CMECHTeNf Ha NMPUEMHHKA, KBAETO Ct M3BBHPIIBA YeCcTOTHO
npeobpa3ypane U MO-HATATHIIHA o6paGoTka B HECKOYECTOTHUS TPAKT.
ETaOHHUAT KanubpOBbYEH CHIHAN Ha M3XO[a € HPONOPHEOHA/IeH lid HEBOTO
HA GTAJIOHHUS reHeparop Ha mryM. To3w CHrHall, 3aeRHO C prOPMalROHHKS
CHIHAT B H3XOA4, B3 B ANCOPHTbMA 38 TPe0Opasypane Ha NOCTHIIBALLATE OT
pafHOMEThDaE JIJAHHYE B CHOTBETHATE OUAMYHE BEJIMYEHU. .

B BE ce {popmupa LMKIOIpaMaTa Ha paboTa HA CUCTeMATa P-400 u
KOM2HJUTE 33 YIPABIEHUE HA CKAaHUPAIIUs ENEKTPOABUTATEN.

BE e MOHTHpPaH B XepMETH3UPAHUA MOZYJI Ha CTAHLMATA . 670

OT HauHHA HA AeHCTBUE HA CHCTEMaTa P-400 ce mnxaa, ue KHMA TpabBa 1a
ofesneun poBEpKaTa HA HeMHaTa PYHKIMOHAIHOCT K J12 Aans BB3MOHOCT 38
ekcnpecna 06paboTKa M BU3YANN32LHA HA IONYHEHATA zudopmanua. B 1o3n
cvuchit KA P-400 Tpaba aa ocurypsasal '

— 3axpaHBAlIO EJIEKTPUYECKO HANPDEXEHNE OT HITOTHIK Ha NOCTOAHEH TOK
¢ nomuHax 27 V B guanazoa ot 22 1o 34 'V,

— dopMupaHe U MOJABaHE HA yMOB CBPBXBHCOROYECTOTEH CHUTHAI €
HepaBHOMEPHO PA3IPEACNEHHE TI0 BIBJIA HA CKAHUDAHE, ; .

— KOHTpON Ha CUIHAJIMTE, NOAaBaHi HA TENSMETpHHIHATA cHCTEMa Ha
KOCMHYECKIA HOCHTEI

. BCHYKH KOMAH/I, KOMTO C¢ TOAZBAT 33 YIPABJIEHUe X CUTHAIH3ANMA Ha
cucTemara P-400; '

 BBAMOXHOCT 32 mpueMaxe, nudpopo npeolbpasysaxe u 3amHC Ha
HHGOPMAIHOHHNTE N CIyXeOHUTE KaHaI HA CHCTEMATA;

_ BL3MOXKHOCT 32 [ONYYaBaHe Ha LBETHO M30Opajkerne Ha MOHHUIOD Ha
KOMHOIOTBp Ha OCHOBHM AZHHH, IIOJIYYCHH B HUpPOB BEA OT KHPOPMAIMOHEUTE
A ClyxeDHHTE KaHAIM]

D BRIMOXKHOCT 32 KOHTPON Ha ciykeOHaTa HHPOpMALMA Ha CUCTEMATA
P-400, koaTo Moxe Ha ObIe npeaAcTaBeHda B tTabnudueH M B rpatuicH BUL.

Ha ¢ur.4 ¢ noka3’aH BEHIUHUAT BUI Ha KA ua P-400.

$ur. 4
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3aXpAHBAIIOTO HAMPENEHHE Ce OCULYPABA OT GIOK zaxpansaie (B3}, Ha
JMLEsUs JaHeN Ha G)NOKA €4 DA3NONIOKEHHM TPH OYTONa 33 NPEBKIOYBaHE Hia
naupexeuusra 24, 27 u 32 V u Tpy CBETORHON:Z 32 MHIMKANAS Ha HOCOUCHMTE
HENPeXeUuA: HbIT — 24 V, senex — 27 V, » uepnen — 32 V.

Biioxsr 3a ympasnieHue Ha ABaTa BTOPHYHKM HU3TOUHMKA HA HAIIDESKEHHE
(BYH) ua cucremara P-400 ¢ momomra Ha usa Dyrona upH HeOBXOHEMOCT
HIPEBKIIIOYBA TO3H M3TOUHHK, KaTO TOBA C€ WHAHHHPA C /B4 CBETOONGHA —
ChOTBETHO 3€JICH M YEPBEH.

BIoKsT 33 TeleMETPHYEH KOHTPOI (BTK)} nposepsiBa BoHYKH JaHHH,
TPAHCTRPAHY 110 TENEMETPUYRYA Kanan 5a cTannuara ,Mup*®, Tosa ca curananure,
IIONYHARAHH OT TEMHEPATYPHUTE [AATHHHM Ha cueTeMatd P-400, ¢herosnueTo
ua obrbusatens Ha AC cien nonasaie 0T 3eMATA Ha CUIHAT 33 BKITIOYBAHE Ha
cucTeMara 3a paboTa W KO OT ABaTA BTOPMYHM TOKOMSTOYHHKZ DabOTH B
MOMEIITA 112 TCNEMETPHYHHS KOHTPOI, KATO IHPBUAT C& WHIANLHDA ChC 3eleH
CBETONHO)L, & BTODHSIT — C YEPBEIL

Biioxsr 32 mmurnpane Ha curnana (BUC) dopMupa IWYMOB CBPBX-
BHCOKOUYECTOTCH CHI'HAN C HEPABHOMEPHO PA3ipElelieHRe Ba HUBOTO 110 bIbid
fla CKAHUPAHE, KOETO HO3BOABS Jia C€ UMMTHPA DaJIMOTONINHEH CUTTHAN.

bnoxsr 3a nadopmannosunte xanasu (BMK) e npensasmaves 3a npurenae,
dposo npeobpasysaHe u 3amuc Ha HHGOPMALHOHHATE K ciyxebunTe KaHaIu
Ha cacrtemara P-400. BUK nasa Bbp3MoxnocT ma ce CHHTE2ZHpPa HBETOBO
u300paKeHne HA eKPAHA HA KOMITIOTHD, 18 C8 HOKAXe HeoBX0INMaTa uadopmMaiyg
BB BHJ1 Ha rpaduky 1 Tabunny. 3a tasu nen 8 KUA ¢ npenpiieHa BL3MOKHOCT
38 BpB3KE ¢ KOMIIOTHP M HELOCPEACTBEH 3aluc 1 006paboTka HA MOIyYeHATa
unpopmarus (bur.5). Cama 3a cefe cu, KOHTPORHO-U3MEPBaTELIHATA ANE&PaTYPA
Ha cucremara P-400 upencrapissa cucreMa 3a chbupane Ha MHGOPMANIA B opu
MOAXOAAIL COPTYEP MOXE [a Gble H3NON3BANA ¥ 3a APYIH HENH,

Tmr, 5

Ha §ur.6 ca 1eMOHCTPHPAHH Y4CT OT BH3MOKHOCTHTE Ha KHMA ua P-400.
Ha na@-ropuus pes ca M3IMCaHU HOMEDATa Ha MOPEIHUTE CKAHOBE, KOHTO Ce
CMeHsT Ha Bceky 45. Ha BTOpRA pell e HoKa3aH BUABT TONAPHIALMS, KATO YCIOBHO
¢ IPUETO BEPTHKATHATA 14 ¢& OTHeNA3Ba ¢ |, a xopusorTanuata — ¢ 0. Ha TpeTHA
PEN € U3ITHCAHO BPEMETO, HEOOXOAKMO 33 CMAHA HA MOCOKATA HA CKAHMDAHE Ha
obnbusaTens (speme 3a pesepc). Ha 9ETRBLPTUSA PEN € IIOK432HO BpeMeTe Ha
BCeKH Ckal. Ha metus De € H3NKHCaHA TeMIEPaTYPaTa Ha ChbOTBETHHTE HATYAITH
Ha CHCTEMATE,
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B cpennara uact Ha ¢ur.6 rpaduyuHo ca mokas’aHy YHGOPMAUMOHHUAT U
Ka/iuOPOBBYHAAT CHIHAJ 32 ABETE NONAPU3AIMH, & TaKa ChII0 U TeMIeparypara
Ha OBUIaTeNA Ha CKAHUPAIlaT2 aHTEHA. B IokazaHaTa uinocTpanus ce 3abensaspa
paznruka oxkoio 5 V Ha HHQOPMAIUOHHAA CHTHAI MEXAY OBCTE TOISPUIAIMH.
HusoTo Ha KaTUOPOBBYHKS CHTHAJ € 1IpaBa JIMHUA, OTroBapsina Ha 7 V ipes
[4I0TC BpeMe Ha CKaHMpaHe, & TeMIepaTypaTa Ha OBUTATEIlA C& MEHHM C JECETH
OT Ipagyca.

B nonnara uacT Ha GHUr.6 e TOKasgHa rpaukara Ha AMHAMMYIATA TDEIIKE
Ha JBUraTeNig HA CKaHEPAIATa aHTEeH HIM BpeMeTO MEXAy ABa MOCIea08aTelIHH
cTpobupany EMITyiIca, koeTo Tpabea na ¢ 100 ms.

3a na ce kOHTpouHpa paforara Ha cxasupamusg gpuraresn, 3 KUA e
' pexBUieHA BH3MOXKHOCT 33 U3MepBaHE HA NapaMerbpa A, KOHTO HOKA3Ba
aBCOIOTHEATA TpeIIka Ha CTPOBUPAIUTE HMIYICH, T.€. PA3)HKATa MEXOY
MAKCHM&JIHOTO ¥ MHHHMAJIHOTO BpEME, H3MEPEHO B PAMKMTE HA €MUH CKaH.

MonyudeHUuTe PE3YJATATH OT IIPOBEAEHHTE CEaHCH Ha OpbuTa HOoKassar, de
cuctemaTa P-400 patorz HopManHo, §€3 OTKIOHEHUE OT TEXHHYECKHTE CH
DApAMETPH U ¢ HEOOXOAMMATa TQUHOCT Ha M3MEPBAHE, KOETO B MONfMa CTEIeH
e pe3ynTaT ¥ OT HPHETATa IPABMIHA HAEOJIOTHS 3 pa3paboTKaTa Ha aBTOHOMHATA
KOHTPOJUO-U3MePBATEIHE ATI2PaTYPa.

Cucremara P-400 u Helimara XOETPOJIHO-U3MEPBATENHA alapaTypa ca
paspaboTeny ¢b¢ cpeacTsa, ornycHaTe 0T MOHT — donn , Hayunu uacnesanus
— HaykH 3a 3emaTa".
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{Summary)

The paper contains the description of the control-measure-
ment equipment (CME), designed at the Space Research Institute — BAS for the
purpose of controlling the operaticn of the superhighfrequency twopolarization

-radiometric system R-400, constituting a part of the ,,Priroda® scientific equip-
ment complex (SEC), working on board of the ,Mir“ orbital station.
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Enva MeTO/ 33 JIOKAJIN3UPaAHe Ha 30HU
C IOBHUIEHA MOLUHOCT Ha KOMIOHEHTH
Ha MAardUTHOTO HoJie ¢ uectoTta 8,3 Hz
no naguu ot UTIMII na 6opaa sHa
LJAHTEPKOCMOC BBJITAPUA-1300“

Hukonrati bankos
Hucmumym 3a KOCMU4ecku uscacoganus, bAH

I[TopuureHne HA aMHIHTYHATa Ha KOMTOHEHTHTE Hi
BEKTOpa Ha MArHWTHOTO 110jie ¢ uecToTa f 28Hz 1o nagnu ot npudopa MIIMIL
¢a puucanu B [1], xpaero 3afensu3aHuTe CYyUaH ¢¢ MHTEPHEPETHRLT XKATO
BRIMOXHH UPEeABECTHHEM 1a 3emMeTpecenud. OCHOBHATA Te3a Ha UHATUDAUATA
pabora e: B Howocdhepara, HA BucouuHr 800—900 km nan somara na
3eMEeTPECEHBE, HAKQJIKO Yaca A0 HAYAIOTO # 11X BpeMe Ha OCHOBHHUA TPYC, MOFAT
Ia ce HaBMIOmzBaT CMYIEHHd HA MATHWTHOTO IIOJE Ha BBOPOCHUTE UECTOTH,
KATO pasMepHTe Ha 30HATA HA perucTpupaHe Ha nyicanuunte ¢ 40—100 km no
TPaeKTOPUNTE Ha CIETHUKE, ¢ MAKCHMYM Ha HHTEH3MBHOCTTA BLPXY L-oGBuBKaTa,
CbOTBETCTBANIE HA IPOEKUKATA Ha eNUHeHTbpa HA BucounHa 100 km. Ilak Tam
c4 MmocovenH uscaenpanud {2,3], B xouro nOnOGHH JNaHHM Cca HHTEPIPETHPAHKE
KATO BASHTUDUKATOPH Ha IIyHaMu, AAPEHy B3PHBOBE, IpeMHHaABaHe Ha Taudynx,
TOPHaJ0. 3HaueHUETO HA Te3d CHOWTHA 33 chAOATA HA ONpelcilend paitony u
THXHOTO HACENEHHE eCTECTBEHO IIOBHILABA MHTepeca KbM noaobeH poa
U3C/IEEBAHHKA, HE3ABHCHMO OT TOBZ KaKBa € BEPOATHOCTTA HA Bh3MOXHOCTTA 34
p3noN3paHe Ha HabmiogasauuTe edexTy KaTO CpeAcTBO 3a HoHOchepeH
MOHKTOPHHE Ha CEN3MHYHATA AKTHBHOCT. B TO3M CMECBIL HHTCPEC HPEACTABIRRAT
H OHNMTHTE & €& M3NON3BAT PA3BIMYHH aNroputmu 3a obpaboTka na
unbopmanuaTa oT rpubopa ¢ HaASXKAA 332 €BEHTYAJHO HDPEHH3UpaHEe HA
PE3YNATATHTE M NPEACCTABAHS Ha HMO-T0OPHE BB3IMOXHOCTE ¥ OCHOBRIHMA 32
HHTEPNPETHPAHETO UM, KAKBATO € 1e/ITa Ha Tasx pabota.
EcrecTneHo e 3a OHAMIEAABANE HA IPEIUIAraHHTe TYK MeTOM 32 obpaborka
Ja C¢ M3NCM3Ba ChliaTa MbPBHYHE HHPOpMaud, T.e. B HBy KOMIIOHSRTHTE Hd

W
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BEKTOpa Ha MArHATHOTO [IOA€ o AapHu oT npibopa UIIMII, opbura No 240 ot
24.08.1981r., xoaro e uznonasana B [1]. KonroTo fo Meroja 3a obpaborka [4,5],
M3BECTHO €, Y€ Ca UATICN3BAHM PEKYPCHBHE LG pOBN QHITPH HA AB2 €TAIA: IBPBO
OT CHTHANA Ca OTCTPAHEHM HUCKOUECTOTHUTE KoMmoHenTu no 4Hz, cnen xoero
TAKa [IOIYYEHHAT CHIHAI € GUITPHPAH ¢ BECOKOYECTOTEH (QMITHD, IPONYyCKalll
yecToTuTe Hag 8Hz. Thit kaTo pekypcuBHHTEe GMITpU NpOMeHST (azara Ha
CHTH&J1a, HAJNOKHIIO ¢¢ € Aa Ce IPaBHU ABoiH2 OHITPALHK, T.6. CHTHANLT Ce
GrITPUpPA OT HaYaloTe KbM Kpas ¥ cjiel TOBa 0OpaTHO, OT Kpad XbM HA49aNoTo,
¢ K0eTo ¢¢ orcrpaHsasa ¢Ga30BoTO u3mecTsaHe. Moxe na ¢e cnopu no
Lenecho0pa3HOCTTa Ha ABOHHOTO (MITPRpAHE, HO TYK TO31 QaKT € oTOens3an
CaMo ¢ e Ja [OACHHM 33mMo Ha IpafdkuTe € MOKA3aHO M3IMEHEHHETO Ha
KBAApara OT AMONATYIATA, & TO € 3alIOTO Taka MOXKE 71a CDABHHM I[IOJNYYSHHTE
pe3YITaTH ¢ TE3M o7 [1], kbAeTO TO31 KBAXPAT € HeH30eKeH Pe3yNTAT OT ABOHHATA
uaTpamus.

3anauara, KOATO Hie pelIaBamMe, ce AeUHEPa IO CIeAHUA HAYAH: OT Hpubopa
ce [TOJIYYBAT CHCHAJK OT THII BPEMEHEH Pel ChC CTHIKA BB BpemeTo 0,06 s 1
AMILIMTYAW, B KOHKDSTHUA cinyuait (opburta 240), crorseTHo max|B |<4nT,
maxiB |<2.6nT, kaTo MONEe3HHAT CHrHaJjg e ¢ uecrora §,3Hz u ammuuryaa or
nopmffbx 0,16—0,18nT. Tpabsa ma ce oTHEMM TO3X CHTHAT H Ia C€ ONPEeAeiAT
BpeMeHaTa Ha MAKCHMAJIHHTE 3HAYCHHUA HA aMILIATYIaTa. AKO IOJIYYEHHTE
JAHHY NPEACTaBAABAT HHTEPEC, IPECMATAT ¢€ KOOPAHRHATHTE, IAPaMETEPET Ha
Max—Hnapaiin — L, ¥ ce TpacHpa N0 CHIAOBATa JMHHA, 338 13 €€ OIpenendT
KOODJAMHATHTE HA €BEHTYAJIHUS H3TOUHHK (ENHOSHTBPA).

3a pemIaBaHeTO Ha TasH 3a[aya I[ie M3NON3BaMe HepeKyPCHBHM LubpoBH
GHITPH, CHHTEINPAHH N0 3IrOPUTHM, PaspaboTeH B CHOTBETCTBHE C HIEHTE OT
[6]. To3x Tun $puaATpH ca OUTHMAIHU N0 OTHOWIEHHE CTEIEH HA IOJKHOMA —
Ipellka OT aNPOKCHMAIMA Ha YeCTOTHATZ Xapakrepucruka. OCBEeH TOBA,
IponeaypaTa 3a NPecMATaHe II03B0ISBA M3NOJI3BAHETO Ha TerioBa QyHKIHS,
NOCPEACTBOM KOATO MOXE A Ce NONYIH IPSABAPHTEIHO 3aJa0eHC ChOTHOIIEHHE
MEXJly TOYHOCTTA B IONOCHTE Ha MPONycKaHe N 3afdbpxkaHe, 0e3 Aa ce HapylllaBa
nuHerHocTTa {ur.1).

BramoxHOCTTa [2 YIOpaBlIABaMe TOUHOCTTA B OTAEIHHTE NOJOCH HH
NO3B0OAABA O3 KOMOEHCHDAaME pa3fiHKaTa B aMIONHTYAHTE HAa OCHOBHHA H
OJIE3HES CHTHaJ, THA KaTC MIMPOMMHATA Ha II0JIOCATA Hi NIPOIYCKaHe, B KOATO
HcKaMe T1o-a00pe NprOIHXKEHNe, € CHIECTBEHO [10-Mallka OT Ta3H Ha IONOCaTa
Ha 3aAbpkaHe, B PE3YNTAT Ha KOETO Ce IIOJIYYaBaT HE3HAUMTEJIHH 3arybu Ha
TOYHOCT B nociaeguarta. Hampumep na ¢ur.ld ¢ noxaszana daso-yecroTHaTa
XapaxkTepHCTHKa Ha (uiITHp, 32 KOHTO Ipemkara OT anpoKCHMAlMA Ha
npenapaTenHaTta ¢yakuusg B [0,48; 0,50]-nponyckaHe ¢ 25 OBTH IO-MaIKa OT
Taau B [0,0; 0,3]-3axspxane. Ako OaxmMe DOHCKalH €IHAKBE TEDIa B JBETE
MOMOCH, TO B NONOCATa HA 3a2xbpXkauie IIIXMe Ta cunedeiaum camo (,5dB.
BrazgeficTBHeTC Ha nokazaHWTe Ha ur.l dunTpH BLpxy curzana ue O6vIe
IOXA33HO [I0-0TY, A TYK £€ AeMOHCTPRPA IPeH BCHYKC aOCOMIOTHATA JIMHEHHOCT
HA XapaKTEepHUCTHKATa, T.e. OTCLCTBUE Ha edexTa Ha [ubc, koeTo e TpyaHO
IOCTHXHMO IPH aNTOPATME 3a CHHTE3 Ha QUITPH ¢ H3I0JI3BdHE HA IPO3OPHH.

TIpenu fa TpogsIXHM, 83 0OBpHEM BHHMAHME HA €IHA BaxHa ccobeHoCT
Ha JaHHMTE 33 XOHKpeTHaTa opbura. B pesynTaT oT paborara na apyr npudop,
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BbpXy IBPBUYHUA CUIHAJM, HZ MHTeDBAIH OT =4,50 s, ce Hac/marsaT EMIOYICH C
OPOAB/DKATENHOCT €XUH-ABA OTHETa U aMIJIHTyAa okouo 0,5nT, T.e.
IpeBUIUABAINK [IONEIHUA CHI'HAJ OKOJIC TPH ObrH, B [1], kakTo mecHo e
YCTaHOBABA BU3YATHO, HEBOTO Ha TE3H CMYLICHHs ¢ Hamaneno Ha 0,25nT. Eaun
HEIIPHATEH PEIYATAT OT HANHUMETO Ha TAKMBE HMIYICH I OCTATBUM OT THX &
CBCHTYANHOTO M3MECTBAHEC H& MAKCHMYyMa Ha aMIUTMTYIAT2 IMIK IIOSBATZ HA
(hanHIMB MAKCHMYM B IIOJNIE3HUA Chruan. B paGoraTa, koaTo LUTHPaME, BEIPOCHT
32 CBINECTBYBAHETO Ha DA3JIMKY BBB BPEMEHATA Ha MaKCHMYyMHTE (KOUTO He (4
TIOCOYCHE AUPEKTHO) HE C& KOMEHTHpPA, KATO OTCLCTBHETO HA Takasa pasnuka
NG-CKOPO Ce MoApa3bupa, Thi KaTO B IBEH BEA NPOTHBHOTO HE Ce TBERAK. Ho
Pa3MHHABAHETO B [BATA MaKCHMYMa NI6CHO c& 3a0eNd3Ba NpH eZHO TO-
BHUMATC/IHO H3y4aBaHE H2a I'PaHKHTE Ha B 1B . ECTeCTBEHO ¢ 1a NIPSRIMONOKMM,
1€ KOMEHTAP 32 pa3MHHABAHE HA BRIPOCHUTE MAKOUMYMH HIMa, Thii KATO TaKOBa
HE € YCTAHOBEHO, XO€TQ IIBK € CIeACTBUE OT BIMAHUETO HA NAPA3ATHAR CHTHAJ,
HEAOCTATRYHO HOOpe MouucTeH. Qe NoBeYe, Ue AMITYIIC HA Napa3uTHUA CHIHAT
(UT=11.55.24.36), xaxto wme ce yeaum no-moiy, nonaaa MEXY MAKCHMyMHTE
U BEPOATHO I' [IPOMEHS.

DUATPH, yCTOHUHBH Ha CMYIIEHHA OT OMMCAHKA TUI, B CMUCHT Ha CTAGIINO
OIpPENSIAHE HA KOODIUHATHTE BhB BPEMETO Ha MAaKCHMYMHNTe Ha aMIUIHTYA2Ta
Ha IIOJIE3HUA CHIHAU, MOXe /12 Ce CHHTE3UPAT 110 H3IION3BaHUA ANTOPUTHM (Hamp.
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$uarspa or dur.la e TakeB), HO TA3U BHIMOKHOCT He OMaJlOBaXaBa BRIpOCca 3a
OTCTPAaHABAHE HA WIyMa OT MbPBMYHMA curHai. Tyx ce mpeanara easo pelenye
Ha TO3W NpPOGIEM, HO MPEeNM TOBA Na OTOENERHM, CleaBafiKy KENaHUeTo 33
CP4BHEHMC Ha DE3yNTATHTE, Y€ MAPAJC/IHO C NPEACTABAHETO Ha Opeanaraymre
METO 32 06paBOTKA HA H3XOJHAA CHIHAI e TOKAKEM H TIXHOTO Bh3[eHCTBIE
BBPXY CHTHA&L, OT KONTO €4 OTCTPaHEeHU YeCTOTHTE nox 4Hz. Pesynratsr ot Takasa
uiaTpanus Ha NEPBMYENA CHFHAN € NOKa3aH Ha (Ur.26, B ILPBU M TPETH maHeNn.
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11.55.23.70 11.55.23.70
(a) tasen 1 — B, nasen 2 — (B 8,3Hz ), (8) nasen 1 — B 4Hz, RaHen 2 — (B 8,3HzY,
HaHen 3 — B, RaHER 4 — (_B’,E,E”i-Iz}2 rnangn 3 — B 4Hz, nanen 4 - (}iij_!i,BHz)2
Dur.2

Bennara ce smxaa, ue JOKANNZHPAHETO HA €KCTPEMARHHTE CTOHHOCTH Ha
CHTHalla e e npobngem. 3Haelkn mo3uumara Ha umnynca {Touka ¢ HoMep i)
BLPXYy OCHOBHH# CHIHA/ OpPHIAraMe cienHara npoueaypa: uibupame
HAKOJKO TOYKM OT HAKAKBA CHMETPHYHA OKOJHOCT (¢ HbmxHEA 1) Ha
BLIPOCHUSL UMIIYNIC, B KOATO aIPOKCHMUPAME CHUTHANA C (yHKIEA OT BHaa
fxy=a+ bx; +.cx;2 +d{-1), L=, I,hn, i#i, ciex xoero 3aIYMEHOTO
SUAMCHAE CC 34MCHA C M3YHCIECHO MO fopmynata. EcTecTsero, mMoxe na ce
HAJIOXKH 13 Ce CIMMHURMPAT NOBEUE OT €HA TOUKH, HO Thit KATO TO3X mpelec ¢e
YIIPABJIABA B IHAJIOFOB PEXHM, PelieH e 32 TOBa Ce B3UMA IIPK HEOOXOaUMOCT.
[1o To3m HauuH HUBOTO Ha IIyMa B ILPBHYHHSA CHIHAJI C& HaMallsiBa 3HAMHTEIHO,
Pesynratsr ot npunararero Ha To3n AIFOPUTHM € HoKas3aH Ha (pur.3a — nbepen
M SCTBLDTH NAHEN, KaTO B JACHATA 4aCT HAa (JUTYpaTa Ce BIKIA PE3YITATET cles
OTPA3BAHETO Ha 4eCTOTHTE nom 4Hz.

Taka nonyyenunr curran s oburus Cllydaif € NpeUCTaBUTENEH U 33 1IEPHOIa
CHSH M3KTIOUBAHE Ha NpH6GOpa, TreHepuUpal UMOyICcUTe,

Cera moxem na bopMmymupame ocHOBEUTE IpeRnoXketud 3a obpaborTka Ha
AaHHKTE OT Npubopa ¢ Uen JToKanu3IUpaue Ha YH2CTBOH € MOBUILEHA
amiiutynata. Ilpennara ce nbpeo curnansT na ce QUATPHpPA ¢ BUCOKOIECTOTEH
$unTEp OT TENa Ha moxazanus ma Gur.la, 3a ga ce ycranosu namu TBPCEHHAT
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11.55.23.58 11.55.23.58
(a) mamenl — B, negen 2 — B83He, (b)) nmawenl — B 4He, nawes 2 — B 83Hz
iafen 3 — (8,8,3H?,}’_ nasen 4 — B, nauen 3 — (B 83Hz), nuHen 4 — B,
nauen 5 — By8,3l-l7., naden 6 — (B’_‘BJH?_)2 A uasen 5 — B 4Hze, nanes 6 — (‘E.i”_s,}l-lz)t
T

edext cpuiecTsypa. Tosu GuaTLP ¢ ¢ ronaMa AbxUHa (36 eJleMEHTd), Taka He
IPAKTUEECKY [OKPHBA ¢ M3IMIIBK PEANCIATaeMaTa MakCHMAlHa IbIUKAHA Ha
30H& ¢ NOBHILEHHE HA cHrHazna. JIBJDKHHATA OPEAOCHPEACid eHO 3HAMUTENHO
M3INaNKANE Ha CHTHAIA HA M3XQHA Ha QHITHPA, HO CHUETAHO C YCTOHHUHMBO
ONIpelenane Ha MaxcAMyMa, KoeTo ¢ 1enTta o1, Ha (ur.4 e noxasas pesylITarsr
npH GUATpHpade HA HE3alIyMeHHS CHIHAJN OT ¢ur.3. JlecHo ce¢ BHKIA,
cpasufpaiiku ¢ur.2 ¢ ¢ur.4, ge pasiukuTe PLB BPEMEHATA H2 MAKCHMAIIHWMTE
sHaYSHMA Ha CHIHANA ca AesHaauTenHr. [a oThenexuss, 1€ MOpPARY TNaIKOCTTa
CM, HEHHUTE OT TO3M PUATHP €2 MANKO IIPHTOARM 38 QU3Mecka MHTePIPETanKs.
~11.55.24.44 71.55.24,44
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000000 ____ /\ Sy 000000 __ /\ S
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000000 R 0.00000 ] Sl
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{2} nanen 1 — B 83Hz, maneln 2 — ByS,SHz {#) nawen | — B 8.3Hz, napen 2 — ByB,BHz.
Dpr.4
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34 moyy4asaHe Ha JIAaHHH, WINOJI3BAEMH 32 M3CHCABAHE Ha UPUYUHHUTE 32
Haburonasanyns eexT, € no-gobpe fa ce PriTpupa ¢ PUNTLY OT THHA Ha NOKAREHUS
ua Qur.16. Tosu dunTep ¢ ¢ Manka gexuHa (12 enementa), nocTaTbyao Nobpe
BBICTAHOBABA PEANROTO IIOBEIASHNE Ha CHTHAaJlA H, IPH HE3ailyMEH [IBPBHYEH
CHI'HAJ, MOXE JIa Ce H3NOI3Ba CaMOCTOXTEIHO. PesynTarsr ot duntprpate Ha
I'PBUYHMA CHTHAJ € N0Ka3aH Ha dur.3. B crinoTo BpemMe, H3IONIBAHETO Ha TO3H
GUATHD 34 HEDOYHCTEHH OT IUYM HaHHM (Brk uWr.2), BOOU OO OHpEjeNsHe Ha
(banmIEBY MaKCUMYMH, KOSTO € 1lokazaHo Ha dur.5. Bixaa ce, ocobeHo B coyuas
Ha B KOMIIOHEHTATE, Y& MAKCHMYMLT C€ & H3MECTIU! K ChBUANA C IIO3HIHATA HA
MMITYJiC8 — [IyM, 34 KOHTC CTaHa OyMa [O-Tope, LOKATO IIPH B, xoMIOHEHTATA
TO3HM MAKCHMYM C€ € W3MECTAN Ha yKasauute Beve 4,50 s npubnuautelido.

11.55.28.82 11.55.28.82

0,02630 - 0,02630

14.0.00000, f\i\f\/\]\Anf\ L. 0,00000, A \F‘;/\AJI\A =
0,07210 ! 0,07220
BEO0N0 .z SN A ek 000000 - N - A A

11.55.24.36 11.55.24.36
() opases ! — (B 83Hzy, manen2 — (8 8,3Hzy () namen ! — (B 83Hz)!, nauen 2 — (8 8.3Hz)’
@ur, S

3a KOHTDOJ HZ KaY6CTBOTO HA BL3NPOWIBEXKIAHE Ha 1IONE3HMS CHTHAN €
M3ION3BAH MCTOML'ST Ha M3MHCIHTEITHHR eKCIEPUMEHT, T.€, TEHEPHPAH € BPEMEHEH
PER C aMIJIKTYNH H YECTOTH, 11pH6ﬂH3H'I'eJ'IIIO CAHBKBH C TE3H Ha IIOHC3IHUA K
HOCENHs curaa. 3a nenTa u3noazBaMe GopmMynata

et )
Y=o cos(j}f)+czcos()“25)+c3cos(f3 )| exp _k;ﬂ)_ +0,051,
$

KBJETO ¢ =2, ¢,=¢ [3, c;=¢ (25, f,=m/40, damiu/ B, SRR st By it
yIipasiapa HUPOUYMHATE HA kaMbanaTa, B cliyuas sf—45.

PesynraTiuTe 0T PURTpHEpaHeTe Ha TO3M curHai ¢ GuiTpuTe of ¢ur.d, (@ u
b} e uoxaszay na dwur.6 — ngcrno. OueBrAEO GUNTEPELT OT (A) BLIUPOUIBEXKIA
LIOME3HNsA CUTHAT OT MOKETHIA SKCTIEPHMEHT AOCTATHUHO TOUHO (FPELIKE OKOJO
2% B MaKCHMMQIHOTO 3lia4€HHE), KAKTO C& TRLPJEIIIE.

e e e

0,08400 0,08220
0,00000 0,00000
{g) masenl —y, fnanen] 2 — nNORE3EH CHIHAR (£) nanen ! — §uinTLD ¢, Daxen 2 — bHATLD &
PHT.6
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Hakpas MOxe na cpaBHRM euKaCHOCTTA HA IPEJUIATAHHTE CPEACTBA C HAKOH
TPAAHUNOHEN TAKUBE, HAIPHMED ¢ ANrOpUTHM Ha §a3aTa Ha nnasaimo BIIM, kakro
¥ ¢ HAKOW TNO-€X30THYER METOZL, KaKLBTO € METOUBT 23 M3rTaxnaHe ¢
KBA3HIOJIMHOMH [7]. PesynraTuTe OT HpUMIATAHETO HA TE3W METOAM €A NOKA3AHH
Ha ¢ur.7 1 Qur.8, choTBETHE.

T 11.55.24.32 11.55.24.44
0,06580 0,06570 /\
|._.0,00000 . 0,00000 MM] _,xJ \\ i is
0,10800 0,10400 i

(

0,00000 . Aﬁ){ Lo o onen ]| 000000,

11.55.23.58

11.55.23.58
{a} namen | — (B 83Hz), uanen 2 — (B 8,3Hz)y’ (b} nawen | — (B 8,3Hz)", nasen 2 — (B 8,3Hzy"
e 7
11.55,24.50 11.55.24.50
0,02190 MJLKA 0,02170 Nﬁ\A
7 0,00000, , /\\MM A Atz ool 0,00000,, NM/\A fk‘ Ko afhow
0,03110 0,03130
raa o] 00000000 A p 2 L mw’“\ Aol el
11.55.23.52 11.565.23.52
(«) nauen | — (B 8.3Hz), nanen 2 — (3}8,3}1’?,)’ (#) nzpen 1 — (B 8,3Hz}, nancn 2 — (8.8,3Hz)
Pur.§

Tyx e noxasan pe3ynTaTET OT U3NON3BAHE Ha IIasamo BIT® no 17 Touki,
KATC Ha BCEXM TTaHelNl Ca IIOKa3aHM OBe CHEeKTP&IIHN KOMIIOHEHTH — ila Haj-
BUCOKZTa ¥ HA CHCEJHATA U YECTOTA, KOATO N0 aMInuTyaa € 30—40 prra uo
craba (xoeTo O6u TpabBasio A2 6BA¢ HHBOTO Ha €CTECTBeHNA (OH), TOPALM KOLTO
TTOYTH He ce 3a0enassa.

Ha ¢wur.8 e nokasan pesyiiTaTsT OT M3mIaXaHe Ha CHIHANA C KBASHIOIREOM
OT BHIA é’f-(t)z 1" (cokaHisin Cet)e™ kb =12,...n,B pexuM Ha 3auaspane Ha
vecrora §,3Hz u yuummexapase na OCTaHAIATE KOMIOHEHTH Ha curuans. Y B qsaTa
OpUMEpa Ce BIDKAE, Y€ BPEMETO Ha MaKCHMYMUTE C€ [IOIIYHABa IPAKTHYECKH ChIIOTS,

B saknoucHHe ga oT6eliexwum, He HE3ABHUCHUMO OT HAKOH, Makap M
HECBINECTBEHN, PA3NIMKH B onyYenuTe Tyk ¥ B [1] pesyarars, tasu pabora no-
CKOPO ' IOTBBPXKAEBE, OTKOJIKOTO KOMIOIPOMETHDA.

Onucasne na rpadmxnre: B ofmus cayuait (manp. $ur.3) ca nokasamr
TbPBUYHUAT CUTHAN {NaHeN 1), curnansr ciea GpuiTpupane (nanen 2) 1 KBaPaTES
Ha aMITHTYAATa Ha QUITpEpaHHA CUrHaN (TaHen 3) HAa KOMIOHEHTATa B,u
CBINOTO 32 B, CHOTBETHO B naHeNH 4, 5 u 6, 32 112 He Ce NOKA3BAT CAHK W CBHINH
NaHeny NOBTOPDHO, TE3M OT TAX, KOMTO Be4e Ca H3NQI3BAHM HIH e 5bhaarT
[IOK&33HY Ha NO-TOQXOAAINO MACTO, €2 MPONYCHATH, KATO HOA CLOTBETHATH
rpaduKa ¢ MOCOUEHO KOM OT ONHMCAHMTE TO-TOPE NAHEH C4 MOKA3aHH.
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Hocmonuse na 27.1.19982.

A method to localize the zones whit
upraised amplitude of the components of
magnetic field at a frequency of 8.3Hz,
measured by IPMP on board of
“INTERCOSMOS BULGARIA 13007

Nikolai Bankov

: {(Summary}

In this work a method for processing of the data, detected
on board of the satellite “TKB-1300” by IPME when the amplitude of 8.3Hz’s
component of the signal is rising up, recognized by some authors [1] as possible
evidence of earthquakes, is considered. Some special types of digital filters,
optimal by means of “order of polynomial / error of the approximation” ratio,
were used to separate the corresponding frequencies from the measured mag-
netic field components.
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Pexruduxanus na reomerpuunmre
Ae(QOpMaluu NPH KOCMHYECKHTE
CKaHEPHU U300paxKeHus upes
anpOKCHMHUpaly (HYHKIHUK

Hurona F'eopeues, Pymen Hedkos

Hucmumym 3a wocmunecku uscacdsanus, BAH

1. BeBegerue

: Feomerprunute nmedopmaumn IPH KOCMHYECKHTE
CKAHEPEM H308DaMEHHR €4 eMH OT Hal-CbIIeCTBeHUTE BBIPOCH K OTCTPa-
FABAHETO UM € U3BBHPONHO GKTYANICH U ClioXkeH apoxnec. Te ca (yHkimua Ha penuna
dakTopu [1—6], 2 uMenno:

— kocmuHeckuTe neratennu amaparu (KJIA), nocuTenw Ha ckauepnarta
auapartypa, ¢e ABMIKAT C FOJIEMH CKOPOCTH IO fafeHa opbuTta. Ocsei Tora JemaTa
UMa TOJIIMO OKONOOCHO BBPTEHE, NOPAAH KOETO MOXEe A2 C& HOJYYaT
3aCTHIBAHAL WM NPEKBCBAHE Ha M30OPAKEHHATE;

— 1OJAMATa BUCOMUHA Ha KOCMUYECKUTE HOCKHTEITH Hal 3eMATa U Apebimat
Mallad Ha u3obpakeHHATa ca NpUYMHEA 3a OBXBAINAHETO HA rojleMu ofmacTH o1
3emsTa;

— KpHBHHATA Ha 3eMATA € eAUH OT (GaKTOPUTE, OKA3BAINM BIISHe BLDXY
ReDOPMALUNUTE OPY CKAHEPHATE H3OODAKESHUA:;

— SHAUUTCIHATE reOMETPHHRN nehopMaItuy ce AbIKaT Ha CTaGHIH3aHsTa
Ha HOCHTEIA, TONSMUTE BIVIM Ha HAK/IOH Ha allapaTypaTa, HENEHTPUIHOCTTA Ha
CKAHMPaHOTO U30OpakeHue u Ap.

UHTepHpeTanuonraTa 06pafioTka Ha CHUMKHTE, TOJIYYEHH OT KOCMHYECKHTE
HOCHTENH, 3aBHCH OT TOYHOCTTE, PAa3EiUTETHATE BbIMOXHOCT HA H300paxe-
HIATA | IClIMTE B2 M3IIOM3BaHETO uM. B penuna cnyuait, 1pyn KOuTO ce U3HCKBa
Mallka TOHHOCT, MOXE /{2 C€ [I0JI3B4T KOPUTHPAaHE H306DaXeH s C NpUBARSHTEHN
napameTpu [2,9,10]. Ho cera, xorato pasgennTennaTs BbHIMOXHOCT Ha
CKQHCPHUTE H300DAXEHUA CTAHA UIKIOYHUTEIHO BECOKA K JOCTHIA 0,815 mim
lIp¥ NAHOXPOMATHYHUA U 3—5 mm TPH MyNTHCIEKTPAIHUS PEKUM, TOTHOCTH
OJTM3KM 10 CAMOIIETHHTE CHUMKHY, HaJIATa Ce DERTHOUKAIHNATA HA TEOMETDHIHNTE
Aedopmanuy 1a ce yBenuyn MHOTOKPATHO, f
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B nactosmus etan uscbpaxennsta ua semuaTa IOBPBXHOCT C€ PEaNU3upaT
HO NBa HauMHal ChC CKAUEPHU H300pakeHWA B OLTHICCKRS RHALA3ZOH Ha
CIRCKIDOMArHNTHHS CHEKTRD U Ype3 OPTOPOTONI00PAKEeHHs ¢ tborokamepn ot
Tuna Ha KBP-1000 ¢ oxycno pascrosgmue 1000 mm, KT-350 ¢ (hokycHo pazcrognue
350 mm u apyru kamepu [7]. IfspsuTe u300paXenns ca NeHTPaiHa IPOSKI ¢
HOABMKCH UPACKUMOHEH HEHTBP S, 4-0pToQOTON300paKeHuaATa Ca NeHTpaHa
MPOSKIHA ¢ HENOABIKER ONTHUECKM UEHTHD. Tpabsa ma ce uma upensum, we lipn
CKalepHuTe n300pakems reoMeTpudanTe Aehopmanuy ca (GysKnus ocsen na
BCHYKK (PAKTODH, KOMTC OXasBAT BIMAENE IDH oprodioToN3ObpaKenATa, HO H
CBUICCTBCHO 3aBUCAT OT NMOABMKHHR TIPOSKIMOHEH UEHTBD, BOAEIN CHUIO LO
CHCIH(HIHY ¥ SHAYUTRIHH reoMeTpHYHE Hedhopmaruy. I1o mame BIDKAAHE, TOBY
Hallara id ce M3NOI3BAT KOHKPETHUTE METOMM 32 PeKTHOUKAUMATA Ha TEsH /1Ba
BU)(a U306PaXEHNS, KONTO TPAGRA A C& PAITVISKAAT KATO:

— AUCTAHUMOHHH CKAHEPHN u3obpaxenus u

— KOCMu4eCkr opTofoTonsobpaxenus.

2. V3non3pane Ha ampOKCHMEDAIIA TIONHHOMY ApH
KOPUTHPaHE Ha F€OMETPHYHHTE HedOpMAIHN

Hle pasraename M3MON3BAHETO Ha AUPOKCHMHUPALIN
HOJNMHOMM, KOUTO W HONACTOAUEM HAMUPAT FOJNEMH MPUIQKEHUS IpH
pekTudukanusTa Ha reomeTpraauTe Ae(opmaun IPH KOCMHYECKHTE CKAHEPHH
n3obpaxenus [1,3—5,11,12].
llie npuemem, ue pasmonarame Che CKaHEPHO H300paKeHHe cLC 3amue na
APKOCT F (XY} Ha MarsuMTHA JEHTA HA HErOJIEMH OBIACTH OT 3EMHATA
UOBLPXHOCT (IHKCE/IN), HOAPEICHN B MATPUIA C PENOBE 1 CTHIGOBE. Tyx mama
na OLue BPEAMET HA PASMIEKTAHE BBICTAHOBIBAHETO HA H300pAKEHHETO, NTPH
KOETO ca HEOOXOAHMH OTYETH ¢ UOCTATHYHE YECTOTA ¥ ChOTBETHO PEaNUBHPAIIETO
Ha Bbh3CTaHoBaBAmUTe Gunrpu. Iile pasnienaMe maTemaTadeckaTa o6OCHOBKA
38 5B3CTAHOBABANETO HA FEOMETPHYHHATE Ka49€CTBA H ChOTBETHO IPHBLPIBAHETO
Ha #300paxEHEETO KbM 3€MHaTa NOBBPXHOCT. Tozu upofineM Moxe na ce
Paspelri KaTo €€ M3I0JNZBAT [(BA MOJENA: ABYMEDHH (DABHHHHHU) K
npocrpancrseny, Ilpu paBuudnns mMozmen Ha nukcena P(x,y) ot CKaHEPHOTO
M300paEeHNe ChbOTBECTBA HCHTHYHA TOYKA P(X.Y) oT npoexunosHaTa pasausa
1 00paTHOTO, IpK K0eTo X 1 ¥ ca nmpaBOBrLIHMTE KOODAHHATH B ¢bOTBETHATA
Kaprorpadexa npoeknus. Ipu NpocTpaHcTBeHNsS MO HA [HKCENa Plx,y)
CBOTBETCTBA TOYKA OT HOBPBXHOCTTA HA pethepeHTHUA eTUICon]I P(X,.Y,.Z), 3a
XOHTO Cjien TOBa CC HAMUpPA CHLOTBETHATA TOYKA B MPOEKUMOHHATA PaBHEHA,
[IpocTpancTsennTe MOJENN ca NpeAMeT HA BHANHIK U TEOPETHYHH
Hoxaszatescrsa B [1,3,4,6] u gp., xpoero ca PasTIefaHy BB3MOXKHOCTHTIE 34
ONPERENIANE 3aBUCHMOCTTA MEKLY NONOMEHHETO HA KOCMMYECKHS NOCHTET,
OPUCHTALIATA Ha anapaTypaTa, PETUCTPHEPARETO HA HUKCENUTE B KOODIUHATHTE
Ha TOUKKTE OT 3¢MHATa IOBBPXHOCT B IPOCTPRHCTBEHA. IeXapTOBa KOOPIUHBATHA
cucTema. Ile oTOemexuM, e IPH BOHYKH Te3R MOASITH 1O npenu 3-4 roguny n
Hai-Bevc PH PABHUHHUTE MOIENH He Ca ONPEACHAHH CIHNCONTHATE BUCOUHHY,
2 IDJIOKEHHCTO HA TOUKATA CE CBHP3BA ChC CHOTBETHATA TOUKA OT IOBPLXHOCTTA
Ha enuncouna [3].Tosa ce e aukTyBano or dakra, ue HPpH KOCMUYECKHATE
¥300pakenns, Te3n NeGopMannu ca MPeHebPERITMO Malkuy B cpaBHeline ¢
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aepOKOCMHHECKHTe, KakTo ce orhenassa ¥ B [10]. Ilpu aepodorochumrara ¢
BHCOUMHA HA JeTeHe H=5km B xpas Ha crumkata ¢ dopmar I8 cm X 18 cm u
BHCOMMHA Ha TepeHa A=100 m miMecTpanero ¢ 2 mm, npu A=1000 m e 2 cm.
IIpu kocMmudecxuTe HOTOCHEMKY, Hanpasenu o1 H=200 km, Te3n nedopmanun
ca 40 nBTH no-Mank, T.e. 3z npesunlenue =200 m mmame 0,05 mm, a 3a
A=1000 m — 0,5 mm.

Tio-nony e HaleM Pe3yJITaTUTe OT H3CHSABAHNATA, KOUTO C& HPOBENOXa
32 KOPUTHPAHETO H4 TFeoMEeTpHYHHUTE EKe@OopMaLUMH U OPEBLP3BAEETO HE
MHCTBHITHOHNTETE HSOGPaEGHHH K&M-KADTHATE DPOSKHINA [IDH PABHEMHHEA MOJEN
{1,5,12]. B xauecTBOTO Ha ANPOKCHMBpANIM (YHKIHYE ODUKHOBEHO C& H3IICJI3BAT
CTENEHHH PEROBE, MATEPHONANMOHHY $opMyny, cnaiH-QyHKUHMKM B HPYTH
[1,5,11,121

'I.YK i€ ¥M3nona3same RONMHOMH IIC CTCIEHHTE Ha ABETE IPDOMENTIHBH X H ¥,
a4 HMEHHO;

) 6
{1} X j=a,+a,X jFayy jree. Haygy i,

=b +b]"r +b2y} ...... +b27yj6,

xbueroj=1,2,...,n¢ Gposm Ha WACHTA(AIUPAHUTE TOUKM, X, »J, C& KOODAHHATHTE
Ha mukcena B gedopmupyemoro n3obpaxenue, X ¥ ca KOOpI{HH&’lHIe Ha
CBOTBETHATA TOYKA OT MPOEKIMOHHATA (KapTHA) paBHHHa a ub (i=1, 2,3,
27} ce nonyuaBaT c IOMOIITA HA ChOTBETHHUTE HneHTchnu;ndeH onopHﬁ TOUKH
OT kaprtara, OOUKHOBEHO OpOAT Ha MHEHTHIHHTE TOYKH € HO-IQNAM OT
HapamMeTPUTe Ha MPHETHA MOJEN ¥ ONPEAC/IAHETO Ha HEHIBECTHHUTE @, M b ce
H3BLPIIBE YPe3 M3pABHEHHE MO METOZA Ha Ha#-MaNKHTE KBa/paTH (MHMK)
OpHE KOLTO ¥MMA2 BBIMOXKHOCT 38 6p3K}’BaHe Ha TpeUIgyuTe JaiH¥ M ChOTBETHO
OIelKa Ha OIIPENEIEMUTE HapaMeTPH.

Ille orBelexuM, Y& TOYHOCTTa HA MAeHTHHUMPAHNTE OHNOPHYU TOUKH OT
KapTHaTa PABNMHA 3@BHCHM OT; Mamaba, kapTorpadckaTa OpOEKHUA,
1ehOpMHPYEMOCTTA HA KEPTHHAS JIKCT, CPEACTRATE U METOAUTE 32 OTUUTAHE Ha
KOODHMHATHTE U Bp.

3a ma ce m3bDerHAT 3ATPYAHESHUATA OT H3UUCAUTENEH XapakTep IpH
OUpENeNase Ha KOGPUIMEHTUTE @, i b, ,T.€. 1a ¢& pabOTH ¢ IO-MJIKU CTORHOCTH
U2 KQOpEMHATHHTE PAa3NUKH, ¢ TIOAXOAALIO Oa €& H3NON3BA METOALT OT
ACTPOMETPHATA, ABABALI C¢ MIOTO DOAXOAAI IIPH TAKKBA H3HKUCIEHHA # 0CObEHO
KOTraTg ce Halnara fna e H3n0I3sa 4act OT H306p3H3HHeTO. B criy4dad ¢¢ IIpHeMatT
paBHUHINTS KOOPpRUHATHU cucTeMH X,y H X.Y, KOHTC Ja CBEBHAJAAT ¢ IeHThpA
Ha TEeXeCTTa na u3GpaHHTe ONOPHM TOYKM K ce u3MEHAT B uHTepsana [-1,1].
Hexa (G G y u (G, G,) ca KOOpUMHATHTE Ha UCHTHPZ HA TeXecTra Ha

H36paHaTa KOH(le"ydeHH OT ONOPHH TOUKH, KOUTO €2 OIIPEAEIESHH O U3PA3UTE
H M

2% ng

G, =L Gy ==
(2) o) > n
Zyj ZY}-
G, =L Gy =L
H 7]
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Cnexn TpaHciazuaTa Ha KOODAMHATHHTE CHCTEMM X,Y M X,V B UEHTBpPa Ha
TeHECTTA, YHETQ HA4YAJ0 ce AaBa ¢ (2) ce IoIydYaBaT HOBHTE CTOHHOCTH Ha
KOODORUATHTE

;=y;-6'y  Y;=¥ Gy

Msbnpar ce ome Mamabupaniy MHOXKTENH, KOHTC Jia c& OGPaTHO UpOIop-
IHCHATHH HA KOODAVHATHTE HA ONIOPHUTE TOMKH, MMAIIY MAKCHMAJIHE CTORHOCTH:

, 1 e 1
) M= e Lt

max}(‘xjsyj) ! maXJ(XJnYJ)

Axo 3HAUEHMSATA X’! Y H X ,y} €2 OT eNIHaKBB MOPANBK, TGO MOXE la
npuemem, ue M’ =M yy M.

Ipunaraiixn rpaucrbOpmaumTa (3) 3a (1) ce noayqana

kS = = = 6
X j=a,+a )X jtayy i+ tany

(5)
Y j5bothiX ;45,7 jhitby ¥ ¢
KBOETO :
X =MX. %.=Mx.
g ! )
{6)

= 1 . ]
Y;=MY; y;=My,;
3a onpegeinne Ha KOS(l)HD;HEHTHTG @, ¥ b e H3IIOJI3BaH AaNPOKCHMAITMOHEHAT
Meted 1o MHMK nocpeactaoMm KOOp,D’,HHaTHTe X;,Y; He HASHTUIHIEPAHHATE
OIIOPHH TOYKY OT H30ODAMEHHETO, & KCOPIAHHATHTE X},Y}, CIIpEAgICHE OT
KapTaTa, Cé MpHeMaT 3a TBBPAM TCYKkH. Hexa O3Ha¥UM KOODJMHATHTE Ha
OIOPHHUTE TOYKH OT KAPTATA C;

Evd v v 3 T
(?) Xj=(X1’X2""’Xﬂ—I’Xﬂ) .

S e e L SRS e
Y J' == (Y I,Y 2,...,Y n-—I'Y ?!)
& KOOPAHUHATUTE OT AeopMEPAHOTO H306pakeHne C:

= —y= = = =T
X = (X1 X 00X gy X ) s

{8)
e T = . =T
y_,r_ (J’l»J’z,---,yn—bJ’n)
YpaBHEEHUAT2 Ha NONPABKHTE EMAT B
X +Vs=4.a,,
©) pn ST
YtV 5 =440,
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KBIOETC

(10} G20 -
-VEJ-:( f],V)—CZ,...-,VEZT) )
V_=(V_ ¥V 7
V}jl (V)_’]’sz’ 3 3"-2‘!)
MaTpunara 4 8 (9) uMa BUza

S - S e e
i AT Y
K 1 bl S
(11) A;= L Xy Yy Xyf XpX,, o Y5
ALY 5 O V3 i
1 Xn) Yﬂj X??_} X"fYﬂJ Ynj

3a BeXTOpUTe g U b ca B cuna ypaBHEHUATA
(A"P.ya=4"P X,
(ATP, )b =4"RY .

B ciyyas tpabsa fia ce mpueMe, e KOOPARHATETE Ha ONPE/ISIEHETE ONOPHH
TOYKH Ca C e{HAKBY TexkecTH. CIIef0BATeNHC TeKECTHATA MaTPHIR P ¢ e HHHNYHA;

(13 P=|:l_ 0},
g 1

B pesynraT of (12) ce nosyyasa 3a g, ¥ b, H3pasE:

a=(4"P Ay (4"PX).

(12)

(14)
b=(4"P, A (4TRY).
CpennnTe KBaIpPATHYHH TPEIIKH my ¥ my , ¢ KOMTO ¢& ONpeAeseHn
KOeCl)HHHﬁHTHTe a H b ce MaBsaT ¢ (i)opmynHTe

(LT = :uf'%j s
as) :

My = H5dy
KBACTO Hy ¥ [i5; Ca CPENHUTE KBaJADATHIHHE IDEHIKK 32 eRMHUNIA TEXeCT:
1

)
g n—k’
16 =V PV, !
(16) U st
g5 =(ATPay,
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KBAETO 71 € BpPOAT TOUKH, k — Opodar ma xoeduuuenTtute, 4 g, © MATDHUATA Ha
JAMaroHajiHaTe ejeMentu Ha (A" P A)!,

Axo onpenenenute 1o (12) cpejnun KBAJAPaTHU TPEIIKH C4 IO-TOJEMM OT
KOCPHLUEHTHTE @, U b, onpenenenn or (14}, e nenecro6pasHO Ha Ce OpoBeae
OIIC HOBO W3PABHEHHME 32 ONpPENENsiHE HA KOCGHIIMEHTHTE, MOKATO ce
YIOBOIETBOPAT YCIAOBHATA

il s XIG_:F,
{17) ¥z
X © MHOXUTEN, C YUATO MOMOII G€ ONPEJACHAT KOePUIHEHTHTE, KOKTO UMAT CTOI-
HOCTH, NIO-TOeMA OT CpeRHUTe KBanpaTu4nu rpewxy (12). penopbusa ce > 2.
TonsMoTO uHCHO Ha HeU3BeCTHHTE (no 28) obukHOBEHO BOAM KO JOma
00yCcnOBEHOCT Ha MaTpHNaTa. 32 OeHxa Ha H300pa Ha MAKCHMAaIUOTO YHGCIIO
KOSPUUHEHTH € HOAXOASIIO A4 ¢ M3MON3BA MHCIOTO Ha Ton [12]

(18) T.= S

KBIETO A u A min $8 MAKCHMANHOTO ¥ MHHUMATHOTO XAPAKTEPUCTHIIIO YHCIO
Ha HOpMaAHaTa MaTPHLA.

33 CHpENeNngHETO Ha ONTHMAHATE YHCIA 18 LICHOBeTE B LoMuHOMA {5) ce
U3UMCAABAT pasankute AX, u AY, sa AOCTATBHYHO KOHTPOJHE TOYKH, KOHTO Ca
PAITNOROKEHN BLDXY H300PAMEHMUETO, & UMEHHO!

XBAETO X, 1 y, Ca KOOPAUHATHTE Ha KOHTPOJIKHTE TOUKY B M3XOXHOTO CKaHEPHO
usobpaxenne, X, u Y, ca KapTHHUTEe KOOPAMHATH, 7 ¢ DPOAT Ha KOHTPOJNHNATE
TOUXM. 32 u3bop Ha oNTHManHMA 6poH WIEHOBE B HOMKHOMA ¢ DOAXOAAIIO A4

C€ HM3ICJI3BAT CPENHOXBAAPATHYHUTE OTKICHEHHH 34 AX 1 AY Ha
KOHTPOTHHTE TOYKH:

(20) AX, —L 0,

)

S
AY, =Y —k |
Nk
KbJIETO NV, € 6POAT Ha KOHTPOIIHHUTE TOYKH.

H300p®T Ha onTumannus Gpoil UiIeHOBE B MOMKHOMA MOXE 18 C& Haparn
CBINO ¢ IOMOMITa Ha CPEAHO KBAAPaTHYHATA FPEIKa Mz U My H& KOHTPOIHHTE
TOYKH B NOIBEHOMA.
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My Hy,
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(21) o B B e
X

P, P, ce ONpeneNaT 0 U3pasuTe

L _ 3, 3%, 1 9% 0
22). Py da 0@ B b b

X, _ aY,
KBAETO il 4P —._’l-c— Ca BEKTODHTE Ha YECTHHTES IPCH3BOIHK HA ITOMYIECHHTE

a
xoebuueHT &, ¥ H, B NOJHHOMA, a ) € KOpeJauuOHHaTd MaTpula.
CpeIHOKBAApaTHITE TPEIIKH My, My CBIIO MOXE Ja €€ M3HOM3BAT 34
OIpEACIIfEe Ha ONTHMASIHEA OpOH MICHOBE, HO TYK HAMZ N2 IPHBEXIaME
MaTEeMATHYECKUTE M3pa3u Ha Te3xd GOPMYIIHN, KONTO ca HaleHH B [5).

OcBeH TOpDHETE BENMYMHE CE OUPEAENAT ¥ Mmamabure Mz U M; aa
TpaucPoOpMEpPAHNTE N300paKeHHS

1 1
2 2732 275

— — e o

X oY oX oY

23) M.=||— — e
g% = %= ’ X ay i ay

3a ompenensHe Ha Ha#-pobpuTe NOJMHOMU 3a TpaHCHOpMauMUTE H
KOPEKIHKTE Ha CkaHepHyuTe uzobpaxenns B {1] ¢ nanena nporpama POLISKAN,
¢ KOATO €€ U3BBpIUIMXA EKCHEPUMETH [0 ONpeleiAHe HAa KOSQUIHEHTHTE Ha
I0JIMHOMA NpU MakcHMmalleH Opo¥ wienoBe OT 3 [0 28, XaTO ¢a M3IOI3BAHU
pasHOMEpHO pasnojoxexu 81 Touky, oupenenedd ¢ ToyHocr 0,1 nukcena, oT
KOUTO OKOJIo 53 TOYKH ca OIOpHH, a4 OCTAHA&NUTE KOETPOJHY. Hauanmoro Ha
KOODAMHATHHTE CHCTeMH X, ¥ ¥ X M y ChBI&HAT C LEHTHPA Ha TEXECTT?, &
KOOpIAMHATHTE ca Malnabupaun B uartepsana (-1, 10}, Msnonssanute ot 20 5o
50 onmopH¥ TOYKM MOKA3BAT 33aJCBOJIMTE/IHE DE3yJNTATH 3a TOUHOCTTaZ NpH
ONpEleNsIHE HAa KOPEKUUATA Ha nojivHoMa. M3YuMCIEHHTE OTKIOHEHHH IO
popmyna (19} Mexay KOHTPONHHUTE TOYKH IIOKR3BAT, %€ YBEJIMYABAHETO HA
CTENEHTA Ha HOAMHOMA [0 [1¢T2 CTeNeH, BOAN A0 HaMalABaHe Ha OTKNCHEeHAITA.
Korato nonHacMET € ¢ IIeCTa CTeNCH, ¢& HabmonapaT EAK0Hd HE3a0BOIHTEIHI
pesyntati. ONTHMANHOTO 4KCIC MI€HOBE Ha NOJIMHOME, O6e3[1eUaBall TOYHOCT
eMH muKcen, e Heobxoqumo o ¥ — 7, a mo X — 12. Tpabea na ordenexum, 4e
38 KOPUTHPAHE YYacThK 40 /4 OoT M306paxeHHeTo ¢a N0cTaTaduy 15 onopHn
TOYKH H 6—7 koedulMeHTa, KOeTO HOTBEPXLaBa M3BOLZ 32 CTENEHTa Ha
HOMHHOME.

HepaBHOMEPHOTO PAa3nONOXeHNEe HA ONOPHHTE TOYKH M TEXHUTE
CP2BHUTENHO TOJIEMH TPEIlKkH He [IO3BOJIABAT A& C& NOCTUTHAT AOCTATAYMHO
roieMH TOYHOCTH IPH K3NON3BaHE Ha ATPOKCHMHUPAIIM [TOTAHOMHA H MHOT'C 9€CTO
e CTUra A0 He3afOBOJHTEIHX Pe3yNTaTH, 0cobeHO KOraro cCTEleHTa Ha
IOMHHOMA HAJBHIIABA TI€Ta CTeleH. KOraTo YHCA0TO Ha KOQUIMEHTHTE € 10-
ronsmMo oT 20, IpeIIKaTa 3a eAHHALA TEXECT C& HaMAlIABa, A OTKIOHEHHETO Ha
KOHTPOJIHATE TOUKHTE HApacTea CKkoxoobpasno. ToBa Moxe fa ce 00ACHE C
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thakTa, Y€ YETHPH OT KOHTPOJIHUTE TOYKY OOHKHOBEHO Ce H30HpaT B Kpaumata
Ha H300paKeHHeTo.

Tlonydenure pesynTaTe JaBaT OCHOBAHME 4 ¢& 0TOeNexy, Y& OTHMAIHGTO
YHCIIO Ha YNeHOBETE B HOJMHOMA {1}, 33 KopHrHpaneTo Ha X & HeoBxonuMo A4
Obue no 20—21, 2 32 ¥ 1o 6—9 wiena. Ot mogenaure nacienBanus 8 [1] cuenpat
H3BOJAUTE:

1. 32 nonyuyaBaHe Ha ONTHMAJIEH KOPUTHpAU] MOAMHOM ¢a HeoOXOUMMM
35—45 nAeHTHYHE ONOPHHE TOYKH, PA3NOIOKEHE PABHOMEPHO B N300DaXEHHETO.

2. Haii-O6pao noBUIIABAaHE HA TOYHOCTTA ¢TaBa clieq 10—15 Touxu no 45.

3. OnruMalHoTo YHCIO UIENOBE B [TOJUHOMA ClieaBa aa ce usbupa Ha
OCHOBATA Ha MPHHMANHUTE CTOHHOCTH B OTKIOHEHUS HA M30paHUTE KOHTPOIHY
TOYKH, PA3NONOKEHH B KDAHIIATA Ha K3OOPAKEHUETO,

4. Ha¥l-oRXOAAIIH ¢a MOIHHEOMMUTE OO [eTa CTEeHEeH.

3a ONTHMANHOTO KOJHAIECTRO HASHTHIHE TOYKE U HaH-TIOAXOIAIUUTE MEeCTa
32 TAXHCOTC Pa3NOIOXEHNE BLPXY CKaHepHOTO u30bpaxenne B [13] ca monydenn
pE3YyRETAaTH, KCHTO Ca NpeAcTaBeHy Ha ¢ur. 1 = dur, 2.

Pexn Konora T
1 |203]4]s] 6] 7] 8] 9]to]l1 1ot

i 0 43| 9| 7|14 |50 g

2 i6 1813 (24 15 i

3 |19 32(26(34 20| (AN

4 3] 46 (38 |48 30

5 41 45 40 i

[ 45 0 47 '
= 37 39

8 129 _ 42 28| ol

9 22 33 (27|35 23 "
165 12 21117 (25 ii ¢ . -
11 0 36| 8| 6|10 44 0 150 ;u . 2‘9 3‘9 i -
Gur. 1. Paznopoxenne #4a Hali-ugdopMmaTUsiuTe Epoi wnenmisam 1otk
HESHTHYHE TORKH Pur. 2. Cnena Ha KOpeRaHUOHHATA MATpPHEA
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Rectification of the geometric deformations in -
space scanner images by approximation functions

Nikola Georgiev, Rumen Nedkov

(Summary)

The problems related with geometric deformations in space
scanner images are considered and analyzed,

In the paper, a precise mathematical method for rectification of scanner
images by the use of polynoms with the plane model is presented. The formulae
derived and calculations made provide for the processing to be made by the
Least Square Method (LSM), determining the values (standards) of the quanti-
ties obtained.

‘Based on the mathematical expressions derived, calculations are made for
determination of the optimal number of polynom members and the number of
control points for correction of the geometric deformations.
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Boarapcka akajemus sa Hayxure. Bulgarian Academy of Sciences
AepoxocMuYeCKH H3CHenBannA B Bhirapus. 15. Acrospace Research in Bulgaria
Codusa. 1999. Softa

Meron Ha HOpMAIHUTE
€BONIOUMOHHN KpuBH B CBY
ACPOKOCMHYECKUA MOHUTOPDHHI HA
HAaABOJAHA PACTHTEAHOCT

Muxaus Muxanes,3oan mun Yyno*

Huemumym no erexmponusa, 5AH

* Hucmumym no usuia, BuemHnamcicu Hayuonaien
HEHMTB D 30 RPUPOOHUINE HAYKY U MCXHOA2HY,
Hexuado - Toanem - Xaroii

PacTuTennuTe CHCTEME €2 H3KIIOUMTEIHO BaxXHa
KOMEOHEeHTa HA fuocdepaTa — M3TOYnMX Ha BHOMAcCa, HAW-BAXHO 3BEHO B
CD3/aB2HETO HA OPTraHHYHM BellecTBa. 3a NMOAOOpABaHE M 3HAUUTEIHO
YCBHBBPIICHCTBAHE Ha M3YY&BAHETO, M3LHOJN3BAHETO, BH3NPOH3BOACTBOTO X
OXpaHaTa H& PACTUTE/IHMTE CHCTEMH (KYITUBHpaHM MK THUBH) ¢ HeobXouwmo
N4 C& CH3AaBaT €QEKTEBHE CHCTEMH 33 KOHTPOJ Ha PacTHTENHHTE pecypcH,
TOYMBAMIA BBPXYy O0EKTHBHN OLEHKH Ha OHONOTMYECKHTE M eKOJIOrMYECKUTE
IapaMeTPpy Ha PACTUTENHUTE CHCTEMH B KOHKPETHE reorpadckl paitoHH.
ChBpeMenHaTa NPAKTAKAE 32 TaKaBa CUCTEMA BKJIOYBAZ JIOKAJHE [eO-
uHGopmannonna cucrema (TYIC) ¢ HeNnpexscHATC OBHORABAHA U JOMBIBAHA
Ganxa JaHHM ¢ U3NOJI3BaHE Ha KOHTAKTHH M AUCTAHIHOHHH cpenctea[ll.
[Ipeamer Ha Task paboTa € U3CIEABAHETO HA BL3MOKHOCTTA U alropuTLMa
32 Cp3AaBaHe Ha CHCTeMa (WK Ha 1o-Bucoko pasHuwe TUC) 33 MouwTopusr ga
HanBOJHA DACTUTCNIHOCT Ha IPUMEPA HA CEJICKOCTOIIAHCKHE W IPHUPONHO JHBH
ekocucTeMut. Ha dur.l e nokasana s Hali-00m sux GYHKIMOHANHATA CXEMa Ha
cucTema Tui 'MC 3a MORUTOPHHT & FOKANTHIUDAH OBEKT, AHATHIET HA TAKUBA
cucTemu [1] moxassa TexHUTE OCHOBHM CHCTABHM Y4CTH U CHOTBETHO eTAIlUTe U
NOCISACBATENHOCTTA HA ACPAKIAHE Ha TakaBa CHCTEMA:
— Mogses Ha cicTeMaTa ¥ MUEeHTH(GHKALHOHES XapaKTEPRCTHKA, [I0 KOATO
Aa CTaBa MOHHTOPHHIDT M 32KAI0UEHUATA, MOACN ST o€ M3rpax/a Ha HazaTa Ha
CHILECTBYBALA K HEMPEKBCHATO OGHOBABAHN ¢ HOBY H3MEPBAHKSL M TEOPETHHHH
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JATIUIN BAHKA EAHKA
OHCTaH. 5=h HAY49HH > [POIPAMH
_ CATENUTH ananus | y -
A S 1
matapnM | o > KOMITFOTBP —)FI 6
9{ pheitc |« oTpeburen
AHCTaH., ~Se | == —
HaIEMHY |
51 S s il el I Y v
HATHIIM Rakes 5 BAHKA Hspckranus
KOHTAKTHE [ HayqH. MOJEJIN
JHaHMA 2 =
[ CTATMCTUYECKH ' EAHKA |
nannn pened, reorpadus, IAHHMK

METEONOr s U Ap.

Dur.1. Haif-0bw BHA Ba QysxupOBANRAaTa CXeMa T4 cHeTema tan TUC 33 MOHBTODHHT Ha
JIOKATH3UpaH obexT

0Gobuenua 3HanuA ¥ AAHHM 38 M3CHEABAHHA IPHPOAEH OOEKT -- B YACTHOCT
€KOCHCTEMa OT HAABOJHE PaCTUTEIHOCT. MineETHdHKanMOHEATE XapaAKTEPUCTHKS
€ B Hali-nobpusa ciyyall eAno3HayHA QYHKUHA OT necHO ¥ Hobpe usmepsem
H2PAMETLD Ha eKOCHCTEMAaTa NOPH D83 IPAKC H3N0I3BaRE Ha MOAeIa H 6e3 Abira
00paboTKa Ha TEKYIIWTe CHTHANEK 38 [IONYIdaBaHE Na TEKYLIATAZ OLENKa Ha
CHCTOAHHETO U Ha KPaTKOCPOYHATE NpPOrHosa,

— CucTema OT U3MEPHTENH 33 [ONYYaBaHe HA Texylia H3MepUTelHa
KHPOPMANUS 38 MOMEHTHOTO CHCTOSHHE HZ 6KOCHCTEMATa M JOCTDbi Ao
H3MEpHTENHA HHOOPMANHA 32 BCUYKY NAPaAMETPH Hd €KOCHCTEMATA U HEHHOTS
dyuknnonupane.

— banka HAHHE 38 SKOCHCTEMATE KATO OCHOBA 3d MOACHHTE H THXHOTO
OGHOBJICHHC 1 K&TC OCHOBA Ha HPOTHO3ZNBTE.

— KomMnioTepHa cHeTeMA.

— banka uporpamu 3a 06paboTka Ha JAHHH M 3HAHHA.

Ha ocnoBHUTE BLIPOCH, CBLP3AIHM C TE3H ChCTABHH Y2CTH Ha CHCTEMATA 34
MOHHTOPHUT TYK C& THPCAT OTTOBOPU KaKTO CHICHBA |

— M3rpaxa ce MOJe)l Ha CHCTEMaTa 0T €BOJIIORMONEH THII KATO Ce Pa3/ielar
Clly4YauTe Ha €BONIOUHS BLB BPEMETO H B EPOCTPAHCTBOTO. 34 AB4 THIA
pacTHTeNHH CKOCHCTEMH (OpM30BA HUBA M MAHTpOBa ropa) oflIOTC €, e ca
PACTUTENHHN CHCTEMH HaJ BoAa. CHIECTBEHATA PA3IHKS & B TOBA, Y€ CHCTEMATA
OpPH3 UHTEH3MBHO C€ DAa3BUBA BBB BPEMETO (OT HOCLBA A0 XETBATA) LpH
OTHOGUTEJIHG HOCTOAHECTBO B IPOCTPAHCTBOTO BbB BCSKM MOMEHT OT BPEMETO,
AOXaTO CHCTEeMATA MaHI'DOBA rOP2 € PA3NONCKEH B IPOCTPAHCTRO { OT MOPCKHS
Opsr DO PacTHTENHOCT Halalede OT BOA&TA ¥ THUIXYHA CYXO3EMHAZ) npH
OTHOCHTEIIHO TIOCTOSHCTBO BbB BPEMETO Ha OTHENHUTE CHOTABHY YACTH B
lipocTpaucTeoTo. Ilo To3n rauny Ge GOPMHAPAT 34 eAHATA CHCTEME SBCHIOHHONEH
MOJieJi IC BPEMETO, & 3a ApyraTa — €BOJIOIMOHEH MOJIER B IPOCTPAHCTBOTO.
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NOAXOJING WACHTHOIKAIMOHHA XapaKkTepHCTHKA.

— BbBexia ce muentudurarmonya XapaKkTepUCTHKA, HApEeYeHa ,,kpuBa (UK
KPHBH) HA HOPMAJIHOTO Pa3BATHE" HA EKOCHCTEMAT4, KOSTO 10 CBLHIECTBO €
KpHBATA (KDHBHTE) HA W3IBUBAHE 1 pasceitBanie B CBY o6xsar, H3BEeIIeHa 32
KOHKpeTHATA eKOCHCTeMAa B YCIOBHA Ha »HOPMATHO™ passuTHe cmnopen
ChHICCTBYBAITHTE IAHHM 34 CHOTBETHATA PacTuTenHa cucTemMa,

— 3a BCAKA OT pacTHTeInHTE CHCTEMH Ce Ch3[aBa CEMEHCTBO OT
UCHTU(DHKANMOHHT KDUBH, B KOSTO OKOJIO HOpMaJTHATA Ce PAsNoJIaraT KpUBUTE
Ha HAapyIIeHn OCHOBHM apamMeTpu (Mereoporiorus, sojen PeXUM U T.H.).

— Cssnasa ce anropurem na MOHHUTODHUHT, KOHTO BKJIFOYBA METOMMKA Ha
Habmonenne cre CBY CPEICTBA BBPXY OTAENHHTE ETANN HA EBOITIOIHATE 1
IPOrDAMH 33 ONEHKA HA ,HOPMATHOCTTA™ Ha IONYUCHUTE OT H3IMEDHTERHUTE
OaHHU Pe3yITaTH,

Metoasr Ha nopmatunTe CBOIONHOHAY KDUBH € IPHJIOKEH 32 paspaboraane
Ha Meroanxa 3a CBY aucranmuonen MOHHTOPHHT HA €KOCHCTEMUTE HAJBOANO
CPH30B0 10JIe ¥ MAHTPOBA I'OPA B YCHOBUATA HA Buernam.

3a mozenmpane va CBY manpusane u pasceiisane na OpHU3080 NoNe, o
CBOJIIONMOHEH IMKBII O PA3NENIME HA 3 OCHOBEM €Talla KAKTO €€ BRIK/Ia Ha
$ur.2: otkpura Boja, OpH3 Hall BOa, Opu3 Haj ouBa. ChIIacko ¢ pasnenanero
Ha €TannTe, eNeKTpoAMHAMUYHATE Monenn 3a CBY H3IBYBAHE W DazceiiBane
CBIIO Ca LIPSIUIONKEHN CHOPEN XapaKTePHUTE 0COBeHOCTH Ha BCEKM eTam:

Boaa
Opus
fTousa

I Bb3YX |

h

Qur.2. Eranure na OPMIOBO ITOSIE | G — OTRPHTA BOAR; b — ODH3 Hal BOAA; ¢ — OpU2 Had N0YBa, U
CLOTECTHO TPHCAORNEAT Mogen Ha PIT ot Va6 H uap3]
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— B l-u4 etan opH3br € Muoro mucnk. Hergeure CBY usnnunage u
pascelBane ca IpeIOKEeHH KaTO OT OTKPHTA BOAHA MMOBEPXHOCT 1 CE€ MPECMATAT
[0 XOMOreHHuS AByclioeH monen HA 1l y Tk o[5]: PBaAyx—BOAR, YHATO IPAHKIA
ce IpennoJiara magka.

— BoB 2-us eTall OPUSET MHOTO OLP30 HAPACTBA € I'GCTH JIMCTH, B IOCIE
knacose. Opu3cBaTa NOKPHBKE MOXE Ia C€ IpHEME 334 HelIpPeKbsCHATA.
H3non3name XOMOTCHHEES TPUCIOSH MOZet Ha Yn a6 u u ap.[3]: Br3ayx-—opHa—
BOJa KaTO NpeAnojaramMe, e OpH3OBHTE pAacTeHHA €2 efHAKBU IO BUCOUHHA,
BOHOC'bII’bp)KB.IIHS H Ir¢oOMeTpPHS B ¢3 HE3aBHCHMH IO MENY CH.

— B 3-u5 eTan opH30BOTO NOJIE € pe] PeKoaTa. 3a A4 UMa N0-xy0asy 3LpHa
BOOATA & u3ToHeHa. M3noii3pame XOMOreHHHS TPHCICEH MOMel HA Ynabwu u
ap.I3]: BB3Oyx—opu3—104uBa {BIIAXHE H CYXa).

3a oupeclensHe NUENeKTPRIHATA UPOHMIIAGMOCT HA MOYRATA (B 3-HA €Ta)
usnonssame mofenara ¥Yarnr— Il mar ¢ [6], foxaTo 3a onpenensye ehexTusHaTa
JHENEKTPHYNE TPOHMIIAEMOCT Ha XOMOIEHHATa CPEAa PACTHTENHOCT {(OpHU3ona
TOKpHUBKA) H3noA3same hopmynaTa va Operen, nokazadHa B xpurarana Uy Tx o [5).
Karo e onpeaenena gUenekTpUYHATA IPOEMIASMOCT Ha OpH30BUA CIIOH, C H3BECTHM
JDYCH BXOAHH NapameTpu {Pusntdecka TeMnepaTypa Ha pacTHTENNAa Tokpuska—1
recrora N (Bpoit pactenunfm?) na pactarenna nokpuska(PII), BucounnaTa na PII—
h, buomacata—Q, H T.H.) ca OHpPENeNeH) paluoApKOCTHaTa TemnepaTypa T\ (A0}
1 KoeQHIIMeHTET Ha 0OpaTHOTO pasceiisane KO(h,0) Ha opuzosoe nongl3, 5.

B13 ocHOBa Ha NOKa32HUTE IO-TOPe MONEIH ¢ HINCA3BAHS B CTaTHCTHYECKH
JAHHY 38 OPM30BH NI0JIeTa BBB BHeTHaM, B paboTaTa ca IPeCMETHATH ,, HOPMAITHHATE
kpuru” 32 CBY uannuBaHe U paizcelBade 1a OpH3OBO IIOJNE, KOUTO €A NOXa3aHd
Ba gur. 3 u ¢ur. 4 (T (7,0),KO(~,0)), B xouTO Ce BKIIOUB2 K aBapaiHa CHTYaINA
(npe3 2‘1’151 £TaIl BOIOATA HEeXKSHATENHO JMHIICBRE, OLTABa BIAAMHE HIH cyxa
EOACTHNALIA [I0UBa CHC CLOTBETHUTE BIAXHOCTH Ha ImoysaTta m = 0,4—0,6 g/cm’
wim 0—0,1 g/fem?).

200 | |
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]
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<$ur.3. 3aBUCHMOCT Ha APKOCTHATA TEMNEPATYPA HA HARBOZHOTO OPHU3OBO NIOME OT BRCOUMKATA K (BH
Bnomacara ) CBe cemeHcTbaTa Ha KpuBHTE 3a apapuituu cutyauus T =288K, N=500 pactemua/m?,
LOyitio passutee”, Xop.nonsp,—HH (/—otkpHTa BOAA, 7—opus Hafg Bona, 3,4—0p1i3 HaL CyXa mousa
¢ BI@KHOCT Ha moysata m,=0—0,igfcm’ 5,6—opu3 naf snaxia nowsa ¢ m=04—0,6 glem’y; A=18cm
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Dur.4, 3aBucumocT Ha KOedBUHEHTa Ha 06paTHOTO pasceHBaue Ha HAABOAHOTO OPHIOBO HONE OT
CPCAHATA BHCOYMHE HA DACTCHHETO {T,=288K; N=500 pacterua/m’; Xop.nongp.—HH; Byiizo
passiine). (/—Boja; 2—opH3 Hag Bona, 3—apapwiiua ,Braxiua noysa®; 4-—asapuiirg ,cyxa HOuBa":
5—opu3 Hax pRaxHa Doysa 6—opu3 Hal oyxa nousa); A=2,25cm

Maurposara ropa [2] e xapakTepsa 3a TPOURYECKHTE CONACTH H £ OT FOAAMO
JIOKA/IHO 3HAYEHHE KATO Cpepoobpasysam daxtop — Pa3sNoNOXEHa KaTo
CKOCHCTEMA ¢ CBONIONNA B IIPOCTPAHCTBOTO TI0 MOCOKATA MOpe—cyila — To ae
CaMO yKkpenBa Opera, HO M HAUpPEABA, TBI3H KbM MOpPETO, 3aBIOBAHKH HOBH
NPOCTPAHCTRA 34 CYLIAaTA OT MODETO.

Ipecmernaru ca ,mopmanun” KpUBM 32 u3NBUBaHe H pasceiipane p CBY
AMANas0H 34 kpaibpexus ¢ MaHIPOBH TOPM CHOPET TRXHOTO IPOCTPARCTBEHO
Pa3BUTHE U Da3IPEeNCHeHHE B TOCOKaTA MOPE—Cylia, ChCTOAINA Ce TIOCHEOBATEH-
HO OT MOope—milanM GUIMIK—MIIANA TOpPa—CyXO3eMHa PECTUTENHOCT,
Oczosnure Gotannyueckn, reorpadcku u mMopdonoruuecky panHu 3z
NPECMATAHETO €2 NIAHHH 32 MAHTPOBATE EKOCHCTEMH BBB BreTna.

Tunuunara xapruea wa apaTa MaHrpyu Rhizophora mangle v Aricennia
officinalis (2], pasnpocrpaseny 5na Breraam, u TAXHOTO pasmonoxenue o cera
CYIa—MOpe ca fadeny Ha Qur.5. Mousenst Ha IpOCTPAHCTBERGTO pasupensne-

HHE Ha CKOCHCTEMATa MAHTPOBA I'Opa, KOHTC BB3MpHeMmame, & OHaTNEMen Ha
dur. 5. Hobpe ce ouepraBaT upHmHMTE Ha MODPETO, MaauTe GHIN3R, MIIamaTa
'opa, HOpMaNHaTa MaHrposa ropa. MaMeppannsara #a coBCTRBENOTO H3NBYBAHE
(pamuospkocTHaTa TeMIepaTypa) u pasceiisanero B CBY yumamasona ca
HANPABCHY € ABIKMHE HAa BBIHMTE A=18cm u 1=225¢m [3]. HDangure za
H3ILEBAHETO M DA3CEHBAHETO OT MOPCKATA IOBBPXHOCT Ca BBANPUETH CHIOPELR
HaH-pa3IPOCTPAHCHHTE B H3NON3BAHH CTOHHOCTH, ClydasT 3a GUIHIKNTE Ce
PasTIexXna N0 AMCKpeTeHl MOAENR C OTYHTAHE HA TAXHATA IreoMeTpaa U
ARCICKTPHYHA NPOHHUUAEMOCT CHOpPE] JAHHHATE B [4). 32 mnanata u
HOPMOM3PACTHAJIATA MAHTPOBA TOPA Ce IPHEMAT PasoNOKEHUETO U pasMeprTe,
XBPAKTEPHH 3a PA3BUTHETO MM BBB BueTHam, KaTo Iro-HaTATHK ce H3I0A3Ba
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XOpHBOHTANHO CCUSHHE

@ ® () ODO
¢ o 0 @G ®
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‘MaHIpOBM AbpBETA

BepTHKRaJIHO ceUueRue !

ST

Y

Mope | KpaitGpexus

Eran i: Eran 2: Mnagna Eran 3: passuta Ertan 4: crapa
OTKPUTC  [OPA C HOUYTH 1 psifika ropa © IBCTA I'Opa C
MOpe DUz R LT FONCME MAHTPH

dur.5. [Ipefcransse na MaEFpOBH TOPH B DPAIBHTHE, NPCCMETHATO IO HPOCTPRHCTBEHOTO
pasupeecHKe B TOPCKHA OAC B CPABHEHUE ¢ MODE

TpucnoiiuuaT Monel Ha Ynabu[3], ¢ npecMATaEe Ha TUENEKTpHIHATA
KOHCTRHTA CHOpel JaHHUTE 32 MAHTPOBH pacTeHUs KaTO Pa3llpeAeIeHNe THCTA—
cTB6ia, w MonensT Ha Yarr — I M a r e [6) ¥ gamuuTe 32 IoUBKTE B8 BueTHam
HpH OLEHKA Ha AUESEKTPHYHATA KOHCTAHTA Ha HOACTHRINATA HOBBPXHOCT
(smaxua nousa). Ha ¢ur.6 e moxasama rpaduxa Ha M3MEHEHKE Ha DAlHo-
SpKOCTHATA TeMIIepaTypa Ha MaHTpOBa ropa THI Rhizophora mangie [2] no
TpaceTo Mope—huIH3E—MIana (pAaxa) FOpa—cTapa ropa, & Ha dur.7 ¢ mokazago
H3MEHEHUETO Ha koe(HIMEBTa ra orpaxeHue. M B jBeTe PUIypM € HOKa3ano
HOBENEHMETO HA MApaMETDHTE IIPH aBapuiHa cuTyanusg — obesnucTaBaHe.
HamepenuTe (IpecMETHATHTE) KPHBY 32€MAT OYaKBaHUA CTPOI'O MOHQTOHEH
XOJLM B OTJIeiHH CBOH YACTH KAYECTBEHO CHBIAAAT ¢ Pe3yliTaTH Ha UDYTH aBTOPH
{KOHTO OBOMKHOBEHO N3MEPBAT BEIHIAHATE CAMO 32 CTap ropu)[2,4]. Teau xpusu
BMaT YCTOMYMB XapaKTep ¥ BUCOKA MASHTHOHKAIMOHHA CIIOCOGHOCT — T8 MOTAT
12 €& M3MOI3BaT KaTc HOopMalns kpusd 3a CBY nucTaHIHOHEH MOIINTOPHUHT Ha
MaHIPOBY eKOCHCTEMN. ANTCPUTHMBET € KAKTO CHE/IBA — € OOHKHOBeHA CB4Y
auapaTypa na 6opaa {Haup. kakTo B {2]} CAMOJNET NpenuTa HO TPACeTO MOPLE—
cyma B IapajielHE HOJNETH CIHOopern reorpadCckoTo pasmOoNOXKEHHE Ha
eKoCHeTeMaTa. TIo-HAaTaTkK OT TE3M H3MEDPEHU CTOHHOCTH CE OUPELEIIT
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Eranu ra ropure

®ur.6. UsMenenue Ha APKOCTHATA TEMIEPATYDE HA MaHrpOBH TOpM (TUR Rhizophora mangle [5])
NG TPaceTo {BIAXHOCT HA NOKPUBKaTa m,=0,6gfcm’; BIaKHOCT Ha HOYBATA m= 0dgfcm®
T, =288K; A = 18cm) : :

15 Sr=
?l% —r—
12 :
9
————&. u=10-20
6
" ABapuiinHa : TIOXap Ha ropara
g 3 r AR . L= = o %
g or '
X
B km
l—
£ -
=20
e _E’_.*.H....: :
Bran 1: mope Eran 2: dwmmsu | Eran 3: muaza ropa | Eran'4: cTapa rgﬁé
12 | : \ b
15 1 1 1 1 1 i 1 1 1 1
1 1 1 2 2 2 3 3 3 4 4 4
.Etanu na ropure

Dur.7. Viamenenue Ha KOPHIIMEHTR HA 0BPaTHOTO pascedBare Ha MAaHIPOBH TOPH {Tun RAizophora
rnangle {5]) no Tpacero Ha mogcuTe ¢ A=2,25cm
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IPOCTPAHCTBEHUTE NPODPUIL U KAPTATE Ha BENmuuuMTe. CPABHCHEETO UM C
NPEXOSHUTE U3MEPBAHUA X C ,HOPMAJIHITE” KPUBY H XKapTH [IOKa3Ba TAXHATA
HOPMAJIHOCT WM HANMYKETO Ha aBapUiny cuTyarny. [JaHHUTE U IpeaBapiTe Ha-
Ta 0bpaboTka ce usBbpwBar Ha Gopaosu TUC xaTo no-KbeHO HHDOpMAaNUATA
¢ IpeAasa unn npexsacs s HasemHaTa 'MC. CoueTaBaneTo na Tosa HaboeHue
CuC Apyr¥ nanHu (¢ur.8), seeesenu B TMC, moxe xa mane Hali-nobpa =
ITPAKTHYCCKM NOCTBIHA OUCHKA 334 CHCTOSHUETO HA TA3U CHCTEMA, :

[ O
BxHOpMannu
AAHHH
{Mpecmsarane
|HOPMAAHH KapTH
S N/

Bx.HopM.nanHu o1
EApTa Ha opl3.noge

—
| Kaprupane ‘ [ Bxon ! J Kaprupaie
Dopmupane Ha
KapTH 3a Ouomaca
Cpassienme ¢ "JF
NPECMETHATH HOPM [hnaue’rumw K (B
Npiarose A_l'leum- =

Ligig pTHpaH
Asapyitia Xapa.
E CHTYEUHA ronupane
K'J.M

Mesar

ADapHitHy kapTH ]

Ornevarsane
asapHiinu
KAPTH

@ur.8, ABFOpDHTEM 3a dopMupaHe Ha KpHBHTE Ha LHODMallkg €BONUALS, OHEeHXa Ha
SRCIIEPUMCHTANIEHTE RAEHK Ha ,HODMANHOCT® if OTIEYATBAHE HA PeAYNTATA KATO KapTa
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Tocmenuaa ug 26.VI 1997z,

The normal evolution signatures method for
remote sensing monitoring of vegetation

Mikhail Mikhalev, Zoan Min Chung

{(Summary)

A new signature method for Remote Sensing Monitoting
of the vegetation on evolution cycle is proposed. The signature is named evolu-
tion curve and is calculated as a microwave radiation or scattering coefficient of
the object under observation versus the evolution parameters. The method con-
sists of the comparison and evaluation of the difference between the measured
signature with the established normal one. The normal evolution curves are cal-
culated for rice fields and mangroves as a vegetation canopy on water with typi-
cal evolution cycle. The possibilities to use those signatures for remote sensing
monitoring in normal or emergency cases are discussed.
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PacTutennaTa MOKpUBKA
KaTo OOEKT 3a n3y4yaBaHe ¢
AMCTAHMOHHU METOOH

Baadumup Beoaues

Bvemumym no bomanura, 5AH

IMpobreMET 32 #3y4aBaHETO HA ECTECTREHUTE PACTHTEIHM
PeCypcH CuaBpKa B cefe ¢ IBa OCIOBHM 4CNEKTa — H3y4aBaHe HPOAYKTHBHOCTYE
Ha QUTONEHO3HTE H ONpPERENsie KOMMUECTEOTO Ha SMOMacarTa B TaX. BaxHocTTa
Ha TE3H 33/144Y¥ M TIXHOTO DEIIABAHE € GCTSCTBEHA, Thif KAaTO pacTUTeNHuYe
ChoBIIECTBa ¢4 OCHOBEH W OUDPEAEINNI] EIEMEHT B eKOCHCTEMUTE Ha 3eMATA.
O6ext Ha M3CNe/(Bale 2 OCHORHMTE eCTECTBEHY DACTHTENHM CLOGHIECTBA —
TOpu, NUBaAH, IACUINE, KATO HAH-TONAMO BHUMAHHWE C€ OTAENs HA TOPCKHTE
GUTONEeHO3Y, 3aI0OTO MO KOXHMYECTBO Ha OPraHMYHO BEIECTBO ¥ 1O
NPOU3IBOAMTENHOCT {FOMAHIICH EPHPACT} TE €& HA LIbPBO MACTO.

B nponeca Ha peitapaHeTo Ha TE3H BAXKHY 33 HOBEHIKOTO OOIIECTBEO 3aKa4y,
ce 00pBia 0co0eH0 BRMMAIYE Ha JBATA OCHOBHM THIA PACTHTENHOCT Ha 3emMaTa
— aspsecna (Lignosa) u tpesucta (Herbosa).

TopcxaTa pacTUTETHOCT Ce M3rpaxga OT CHOGIMECTRATA HA PAa3NMYHH
ABPBECHU BHAOBE K B Pa3uYHUTE DAHOHM Ha 3eMHOTO KbI60 Tperspmssa
IPOMEHN HOJ BB3UEHCTBUETO ifa EKOJIOTHYHWTE YCJIOBHA B H3MEREHHMATA,
HACTBIYIIH MO TAXHO BiKgHUE, 3a HaiaTa reorpadcxa NUPHHES Halft-xapakTepHa
€ TOPCKATA PACTUTETHOCT, QOPMHDPAHa OF JICTHO3CHENH ABPBECHH BHIOBE
(Aestilighosa), H o MecTaTa ¢ 1I0-TONIMA HAXMODCKA BHCOMMHA — IEpBEeCHH
¢bobInecTRA Ha HIIONUCTHY BHAoBE (Aciculilignosa). ITspBocTeneio 3HaYeH e
OT UIMPOKOJNIMCTHUTE JIETHO3ENEHH JBDBECHH CBLOOINECTBZ MMAT ByxoBUTE U
K500BHTE, 4 OT UINONACTHATE — CHOBINECTBATA HA CMBPY U Gesns Bop.

He mo-manopaxsa € ponsita Ha EPyrasi OCHOBEH THI PACTHTEIHIOCT -~
TPEBUCTATE. Tl € U3TOYHMK Ha PACTHTENHH DCITHYHUAY, BhUIEXHAPATH ¥ MAZHHHIL
KOHTO €& BaHa CbCTABKA HA XpaHaTd Ha YOBEKa H UPOAYIEUT Ha XPaHUTENHY
BELECTB2 32 KOHCYMEHTHTE OT NBPEBY HOPAABK (TPEBOUACHUTE XUBOTHM).
TpepueTuTe pacTenndTa ca OCHOBZ HA XPAHWTEIHE BEPUIH, OT KOHTO 2alOuBA
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TPAHCIOPTET Ha OPTraHrHY BEUICCTE ¥ eHEPIUA B OGLUHA XDEIOBPAT Ha RELLIECTRATA
u eHepruaTa B OHocepata ma 3emsra. [nasHa pons cpen vasu DECTHTEIHOCT
UIDaAT HPEACTaBUTCNNTE Ha ceM. XKuTnu (Gramineae) u cem. BoBoru
(Leguminosae). KeM TX IPUHAMTERAT U Hali-M3TOMBAHUTE OT YOBEKA TPEBHUCTH
DaCTeInsA, KOMTO CLUICBPEMEHHO C2 OCHOBHH IPaHBHH eJIEMEETH Hi CCTECTREHNTE
TPEBUGTH, BTODUIHO 06PA3yBAnN PACTHTENHY CHOBIIECTBA — JIRBAMMTE H IIACHIGATA.,

Ocofieno BaXHu Ca LIOMHTE, KOKTO G4 33E8TH OT KynTypaTOLeH03H
{arpapduronenosu). CpilecTBeH0TO Op# TAX €, 4¢ T€ €& CB3AAdeHH Ch3HATEIHO
# IO UPSABADHTEIHO 32 JaMeHH NapaMeTpl — IUIOMNI, I'bCTOTA, LPOESKTHEHO
HIOKDHTHE, €TRXHOCT U T.H. Te ChlIeCTBYBAT IpE3 HEPHOM CBE CTPOTO OIIPELNEHH
TDaHUIA BLB BPEMETO ¥ Ha TAX CE BJMAE NIAHOMEDHO ¢ pa3MuHK BHJIORE
0BpaboTka (XHAPOMEIMOPATHA, MEXEHUYHA ¥ XHMEYHA 0bpaboTka). INasyara nei
€ OT THX Ja 634aT IONYYEHHE MAKCHMAIEH KOJIHYeCTBA duromaca {nioa pasimruia
(opma — nagzeMua, Hop3eMHa, THCTHA, IINCAOBE, CeMeHa i IOp.), Bewuxu resm
TEXHI XapakTePUCTHYHK MPU3HANKM OBIEKUABAT H3yYaBAHETO MM, KATO
C/LHOBPEMEHHO € TOBA CTAaBAT NPEANOCTABKA 33 BH3HUKBAHE HA HOBM Lpobiemu,
KOMTO TpAOBa ga GbaaT peleny.

ChINECTBEH MOMEHT NpH MAYYARZHETO HA H3KYCTBEHATE DHTONCHOY ©
AMCTaHUAOIHM METOAN ¢ BHUMATE/IXHAT aHaJIH3 U ChIOCTABAHE HA MOIYYEHHTE
AGHHN C IOCTHIHATHS €Tall OT TAXHOTO passuTue. ToBa ce mamara oT HLp3aTa
pOMAHA Ha OUTUYHUTE MM LapamerpH, o6YCIOBEHa OT (eHONOruuHHTE
HPOMEHU Ha HONYIANUATe, KOWTo ru hopmupat {1] (dur.1).

0,4 - i

0.3 1

0,2 4

HA)

0,1 A

0,0

0,4 0,5 0,6 6,7 0,8
A{pm)

. @ur. 1. Coexrpanua orpaxarensa ABPARTEPHCTHEA Ha opu3 (1, la) # muenwna (11, Ha) spb dasa
vaknacsasane (1, I1} u spanoer (la, Ila)

109



VlzyuaBaHerTo Ha €CTECTBEHATAZ PACTHUTENHA IOKPHBKA C NHUCTAHIMOHEH
METOAM UPEACTaBIABE TPyaeH uponec. Tosa ce obfycnasa 0T MANKaTa 0O OO
TEPHTOPHA Ha CTpaHAaTa HH H OTHOCHTENHO TONAMOTO (QIOPHCTHYHO,
duToueHoTHYHO GoratcTeo U (guToreorpadceko pasgoobpasue Ha HeHEHATA
ecTecTBeHa (BIIOPA U PRCTHTEIHOCT.

QOcHOBHATE PACTHUTEIHOCT, KOSTO BEPOATHO € FOCIOACTBAMA 10 HAIITKTE 3eMHK
Npedd 0ABaTa HAa YOBEKa, e ropckara. [Iof BAMAHUE HA YOBEIIKATA HEHHOCT
IOpHTE He caMo ca OWIIN YHHUIOXEHH, HO CBIIO HA TOJEMH TEPUTOPHHE Ca
Herpajupany go xpacranany. Haii-xapaxTepHu repcky ¢HOOIIECTBA 34 HU3HHUNTE
H OPEAINAEWHUTE HE BBArapusa OpeACTaBIfBAT JUCTONaIHUTE OLOOBH CopH
{Querceta}, JIsG0BH rOpH ¢€ pa3BHBAT HAH-BEYE B XLIMHCTH PAHOHH H IO IOKHUTE
CKJICHOBE B HUCKHUTE YaCTH Ha IUIAHUHHTE, KaTC JIEKaTa MM CAHKA NIO3BOJIARA
LOODO pA3BHTHE HA TPEBHA NOKPUBKE, 38Ia3BAIIA CE IIPe3 IIeMHs BereTAllHOHEH
Ce30H. YMECTHO € A& C¢ OTDCNeXH, He OPH H3CJICABAHC ONTHYHHTE
XAPAKTEPUCTHKETE Ha Te3H ODCKTH ¢ HEODXOAHMO Ha& Ce HMAaT MpeiBux
METOANYHNTE YKA3aHHA OTHOCHO MHAMKATDUCATA Ha OTpaxXeHueTe {2], 3a1070
TOBA C2Z FOPCKH EKOCHCTEMH, MHHTO OBPBECEH €TaX HMa pa3pelena
XOPH3OHTAHA CTPYKTYPa, Toba 0BCTOATEICTBO TO3BOIABA TEXHUAT TPEBHCT ¢TAK
Ila B3MMa aXTRBHO YYACTHE BbB OpMHpAHE HA MHTETPaIHUA OUTHYeH ofpa3 Ha
u3cnenBanna o6ext. Kato nipasmio asboBuTE rOopH B UAMATA CTPAHA C& CHIIHO
HapyIICHHA K YeCTO caMO PparMenTH OT THX UK OTASIHY IbPBETa CBUIETEICTBAT
38 HAKOraLIHOTC HM pasnpocTpaHeHue [31

Bykopute ropu (Fageta sylvaticae) umaT IUMPOKC pPasNpoCcTpaHEHUE B
HBATRPCKATE MIAHUEA K HeCTO 00pa3yBaT TaM ACHO OMepTaH Topcku mosc, Kato
THIAYHO CEHYECTH TOPH TE C& XapAKTEPH3MPAT ¢ MHOro crabo passuTHe na
TPEBHECTATA PACTHTCIHOCT B TAX KATO B [IOBEYETO CAyYay TH JIHICEA,

Hrnonncraure ropy y HAC ¢4 PasnpoCTPaHeHH B NO-BUCOKHTE ILIAHHHH.
Ilpen¥MEQ IO CEBEPHU CKICHOBE C28 pA3BUBAT CMBPUYOBUTE ropu {Piceeia
excelsae). B waxow naanurm (Puna, 3anagau Pogonu) te obpasysaT LANOCTEH
nosc. OcobeHo 4ecTO B TOpPHATA YACT Ha CMBPYOBHUA IOAC B CHCTABA HE
[IPH3IEMHHTE CHHY3HH HA TC3M ['OPH OTHOCHTEIHD OGHJIHO £ npe,uc:'ra:BcHa E{epHaTa
BoposuHka (Faccinium pyriiflus 1), HO BB3MOKHOCTTA U 42 BAMIE BLPXY TAXHATA
ONTHYHA XEPAKTEPUCTHKA € HRIIOXKHA.

B Brarapus 6CpoBUTE FOopH € CpellaT NPH pa3AduHa HafMOpCKa BECOYHHAE,
KATO OOMKHOBEHC 326MAaT TEPRHH C IOXHM A3noxeHHd. Hali-paHu H HIMpOKO
pasEpocTpaneHu ca ropute ot 6an Bop (Pinus sylvestris L.). Te ca xemnodunER
H B TAX @KTHBHO C¢ Pa3BHBa TPEBHCT €TAX ¢ MHOTO pasHoo0pa3eH BH/I0B ChCTAB.

duTONEHO3HTE NOpHHaANexamu Kbm THna Herbosa (TpeBucrs
PACTHTEIHOCT) C€ CpelllaT ¥ Hac BHB BCHYKH BEPTHKANHHE HOACH Ha
p&CTHTCJ’[HOCTTa. C'I)OTBSTHO € TOBA TREBHCTATA PACTUTCIIROLT, BLEIIPEKH CBOCTO
OTHOCHTENHG IoIaMo QHINOHGMEYHO ¢AHOO0DEsHE, KMa TBBPAE pa3zHoobpaseH
CBLCT4R NpH PaA3IHUHMTE ycioBHg. Ha nepro MacTo tpsbea na ce orbenexar
CHODHIECTBATR, 3acMallll TEPCHH ChHG CBOXH HIH JEKO OBJIAKHEHH II0YBA.
KonuuecTBOTO Ha BOAATE B IOUBZTA QIPeAe/A BHAOBHS ChCTaB Ha GHTONEHO34.
To BIHsAE CHITHO ¥ BHPXY CHEKTPANHATA OTPAKATEIHA XAPAKTEPUCTHKE HA CaMaTa
[IOYBa, & OTT2ZM ¥ Ha KOMIUIEKCA ,,TOYBa—pPacTHTEAHOCT”. TIo-BUCOKNTE NAHHK
32 OTPAXKEHHETO €3 HOKA3ATe 3a IMO-HHCKZ BIZXHOCT Ha [IoYBaTa [4], KOATo oT
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CBOsA CTPaHa ONpPENEeNs BHACEMI ChCTHB U CTPYKTYPaTa Ha DACTUTCIIHATA
[IOKPDHBKZ, & OTTaM M HEHHHTE ONTHYHH XapaKTePHCTHRYU (ur.2).

.= Ila

-

0,3 =

)

0.4 0.5 8,6 0,7 0,8
Mum)

Dur, 2. Cuextpanua OTPaMATENHA XEPAXTEPHCTHKA HA OBa THIIE IIOYBH B cyxo (I, IT) # oBRaxHeno
(la, 11a} choToAsHue

Inomure, 3aemMann OT TpeBUCTHTe cHOBLIECTEA ca CHJIHG DeOyUHPAHE U
TEXHUAT BUAOB CLCTAR € MHOTO IIOBIHAH OT HEIIPEKECHATOTO YCBOSBAHE HA HOBH
06paboTBaeMu 3eMH, YBENTUYABANETO HA YOBENIKATE HAMECE ¥ NOCHenCTRHIATA,
KOUTO TA BOLM cileq cefe Ci.

A3noxenoro noTyk mo oTHOmenme OCHOBHUTE THHOBE PacTUTEAHOCT,
XaPAKTEPHU 33 TEPUTOPUATA Ha HAILIATA CTPAHA, IOKA3BA, Ue pa3HoobpasueTo Ha
PACTHTEIHATA [IOKPUBKA BHB (YU3HOHOMUYHO OTHOMIGHHE € TOIAMO, duToneno3M,
TPUHAUIENXAIIN KM eIHA U ChIa acouHannd uitr PopManud, UMAINK CXOIHH
CTPOE3X, XaOHTyC, IPOMYKTUBHOCT H 1Ip., OGUKHOBEHO 326MaT OTHOCHTEIHO MalKy
TepUTOpUM. [IA7T 32 TOBA HECHMHEHO MMA ¥ YOBEILIKATA JOEHHOCT 110 HAIINTE 3eMH.
CrBKymHoCTTa OT TE3w hakTH cB3TaBa ONPEHENIEHH TPYAHOCTH IIPH H3yYaBaHe
H& DacTUTC/IHATA IIOKPHBKE ¢ AMCTAHIMOHHK METONH. ToBa, cwuetano ¢
HATPylaHaTa MHPOPMalHa IO OTHOIISHHE ONTHINKTE XapaKTEePHCTHKM. Ha
SIpeneieny 00ekTH OT 3eMHATa NOBBPXHOCT [4-—6], HACOUBA KM Hal-yroGHUTE
MECT2 32 IpUjlaraHe Ha Te3M MCTORH Ha TEPHTOPHATA Ha HAMIATA CTpaHa:

Urnoanersu ropu:

CMepucBr ropu (Piceeta excelsae) — ceBepHuTE, MATOYHUTE W IOKHMTE
WUIOHOBE Ha W3TOYHHA Asn Ha Pnia; punosere CioTks u Batamka INIAHKHA B
3anagHu Ponong; CMbPYCBHUTE FOPH B TPHUBIBIHHUKA Hesun—Yenenape—
Cwmonss. : i

bandoposu ropn (Pineta sylvestris) — roxnuTe cxronope ma Puna; s
Poponure — 3ananzo ot KOpUTOTO Ha p. Bbua, Ha 3anan no p. Mecra.
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[MupoKeTUCTRH TOpH:

Bykoeu ropu {Fageta sylvaticae) — 1o cknonosere 5a Crapa miaguna — OT
Bejtorpa/usk Ha U3TOK A0 APOX0Ja Bpatsuk; No ckonoBeTe HA MIXTHMAHCKa o
Crmyncka Cpengia ropa.

Jubopu ropu:

ropynosu rops (Querceta dalechampii) — IO IOTOMITOMHUHUTE CKIOHOBE
Ha Puna: mo ckionoBeTe Ha puna Anabax {cesepHO OT Bemuurpan} n 0o
cepepHuTE ckuOHOBe Ha puaa IMpecna B 3ananuu Pojorm.

ueposu ropu {Querceta cerris) — 3amasedy OTACNHE NE€THA OT TAX B
Jobpynxa, cerepon3TOMHO oT nuHMATa Pasrpag—Iipopanus.

cMecenu Gnaryuoso-neposu ropu (Querceta frainetti-cerris) — B
npennnanunHckuTe yacTE Ha Crapa 1ianuHa B CepepHa bbarapys; o cepepHATE
CXJIOHOBE Ha JlepBeHTCKHTE BBL3BUiIeHHE. Jlobpe ouepTaHuTe rpaBUIM HA TE3X
OCTATBIOH OT IOpd ¥ TOJEMUTE Pa3i¥KHE B ONTHYHMTE X2PaKTEPUCTHKH Ha
PAa3NXMHATE THIOBE PACTHTENHOCT (AbPBECHA K TPEBHCTA) obrekvapaT
4YBCTBHTENHO THXHOTO Aemubpupasne {7]:

Tpepuctu crofmecTBa:

Aungodunuy ncrxpoduTHH GpopManum, KANOUGUIHE KDUOGUTHA
POPMALINH, ICKXPOGUTHH U MEIOOUTHY TPEBHY GOPMALIMM — 1O HAH-BUCOKUTE
waCTH Ha adnnickua ¥ cybannuiickus woic Ha Puna, [Tupus, Buroma, 3anaguy
Poponu u Crapa NiIa"HKHA.

TpesHH CTENHE K KCOPOTEPMHM Hopmauuu — IO HEPHOMOPCKOTO
xpaibpexue mexay Bamuux u llabna.

Kcepotepmun Tpesnn Gopmanuu — ceneposananto ot Matna; sanaguo or
Hosxz nasap; B TpubIbiunka Banxg—/JAparoMaHi—TpeH — 32Ia1H0 OT Codus.

JluTupanuTe I0-rope Pajionu OT HalllaTa HAITHOHAIHA TEPUTOPHS €2 YAoOHH
IpeAd BCAYKO HOPajd TOBa, 4€ TPEANATAT eAHK OTHOCHTEHO I1I0-TOJEMH
y9aCTHIM, 3a€TH OT CPABHUTENIHO XOMOTEHHKE CTDYKTYDH HA pacTuieniara
FOKPHBKa Ha Bblirapus, OTHACAINH C€ XKBM PasNu4un OAQMOIHYHU TUHOKE
pacTHTenHoCT. YA0OCTEOTC ¢ IOIbIBA OT OOCTOATENCTBOTO, 46 HA HAKOU MeCTa
YKa3aHUTC TEPHTOPHH €4 MOBEYE WIM NI0-MaJIKO 32CETHATH OT @HTPONOrCHHOTO
BbajeiicTe. B KOHKDETHHA CNyuail TO3B §akT HIpae HONOKMTEIEZ POJIE OT
HAYYHO-U3CASHOBATENCKA Nieana ToUKa. TOUHO TaM ¢a MECTaTa, KbJIETO MOFAT
A3 ce HaBGMIOAaBaT, pasjiMMHETE CTENeHHW Ha Aerpajalums Ha eCTCCTBEHATA
pacTHTeHa IOKPUMBKE TIOA Bb3cHicTBIE HA YOBEIIKaTa Hameca. ByuumaTeHusnT
aHAJIN3 HA TE3] CIIyYaM, KaXTO H ChIOCTABAHETO UM ChC CHCEJHKTE, HE3ACLTHATH
YuacTBIM, CHABPKA B ¢ebe Ci ONTHMAIHNS IOAXOL 32 BB3CTAHOBABAHE HA
IBPBHYHOTO CHCTOSHEE HA PACTHTENHOCTTA. :
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Bpno, 1984, 70—74.
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Hacmwnuna na 26101 19972

Vegetation cover as the subject of study
by remote sensing methods

Viadimir Vidchev

(Summary)

The study analyses the main types of vegetation as an
object for studing by remote sensing. Regions of Bulgaria where recent vegeta-
tion offers the best conditions for application of this methods, are determined.

1172



Brnrapcka akamemus .Ba Hayxute. Bulgarian Academy of Sciences
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Konrpoi Ha paboTaTa Ha KOMIFOTEPHY
CHCTCMH 32 VIIPaBJICHUE ¥ HA CHCTEMMU 32
IIOJIYHATYPHO MOZEINPAHE B PEAIHO
BPEME Upe3 IPOTOKOJIEH MOJEN Ha Xoap!

11ramen Xpucmos, Hemwvp Feyos, Haamen Anzenve
Huemumym 3a xocmuvecky uzcaedsanun, BAH

ChIUeCTBYBAT PA3THIHH METO/H 32 KOHTPON Ha paboTaTa
Ha SAHA KOMIIOTHPHA CHCTEMA 33 YIPABHEHHE — METONH Ha TeXHHIECKATA
AHATHOCTHKA, UACHTAQHMKAIKA H OLCHKA Ha KAYeCTROTO HA YIIPABIEHHKE B pealiHo
Bpeme N ap. Tesn mMeTomnm KOHTPONUpAT anapaTHATA YACT HA CHCTEMAaTa JUIK
06110 HEHHOTO KagecTBO. OCHOBHATA Y4ACT Ha KOMITFOTEDHHTE CHCTEME Ohade e
OpOrpaMHOTO OCHIYPABAHE M TO H3UCKBA I10-CHELUANHH METOMH 32 KOHTPOIL
Korato cucremara e paspaboresa na 6a3ata na CSP-moneny, noAxcAfmoO ¢
IPUXOKEHHETO Ha IPOTOKOIMHUA MOAEN Ha Xoap 34 KOHTpon Ha paborara Ha
CHCTEMATA (M3YMCIUTEIHHTE [IPOIlECH B Hes).
Tosu Mojient ce ocHOBaBa Ha IpeaBaAPHUTEIIHA cneunpukanya (crenuduKaniu
M a30yku) Ha CTPyKTypata M (QYHKIHUTE HA CUCTEMATA I IPOLECUTE B Hesl H
KOHTpPOJI (Habiogenne) Ha paborara upes HaGNOLEHHE Ha OpOTOKQIIHTE,

CoINHOCT Ha IPOTOKOJIHES MOIEN HA Xoap

[IpoTokon Ha noBeseHueTo HA IpoOUeca Ce Hapuya Kpaitua

HOCICHOBATEIHOCT OT CHMBOJH, PUKCHpaIIy CHOMTHS, B KOUTO NpPOLECHT €
y4acCTBal JIo ONpENeNeH MOMEHT oT Bpeme. B CSP-noTauuaTa npoTokoiLr ce
O3Hadaba € MOCNENOBATENHOCT OT CHMBOJIH, PA3eICHM ChC 3aleTas — <x, y>
— IIPOTOKOJI, CHETOAIN C& OT ABE CHOMTHSA, X M CIEHA HEIO y; <X> — HPOTOKOM,
CBCTOALLL C& OT eQHO CbOUTHE; <> — mpasen npoTokon [1].

Ipumepu: :

IpoTokon Ha KoHTYpen npouec:

prot(LoopProcess[i]) =<Adder[0], Prop[0.5], Stat1[0.2,0.1}, SepPoint[3], ...>
= tracex;traccy = §"r.

' Mscieapanusva ce dunancupar ot H&, Hayunu uscneppanns” — gor. U-305/53.
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IIpOTOKONUTE 1 NPOLECHTE C& HPEACTaBAT UPE3 IOCHEAOBATEAHOCTTA OT
arperatu (3B3€Ha), KOHTO IPH TexyulaTa crenuwKals y4aCcTBAT B IPOLECA.
HonycTuMOCTTa Ha TPOTOKOJIA C& ONPEALNS OT TOB&, a/ld ChOTBETHHAT aIrperat
€ BKMIOYEH B a3byxaTa Ha mpoueca.

IIporoxon Ha arperat — anepnonnqﬂo 3BEHO OT IILPBH PEA:

AAZIi]= an NP TP, = 0P 0P = Vi Ve = =01V + by,

KbIETO np, K np’, ¢a YUCIOBU 3Ha‘ieHHH Ha BXOAa M M3X0Ja HA arperara,
np’ | — YKCHIOBH aHadeHus Ha U3X0Jla Ha IPEJXONHUS aTPEraT, y, — peaxius Ha
3BEHOTQ Ha IHIpPOH3IBONEH BXCOOeR CHIHAT, d H b = KOG(‘IJHHHCHTH Ha&
XapaKIepHCTHIYHOTO YpaBHEHHE HA 3BEHOTO, U e BXO,E[BH CUTHaJ Ha 3BEHOTO,

Onepauyu Haf NPOTOKOJIHTE

* Konkarenauus — s‘t, Kejero s u 1 ca uporoxoun. B pesyiuraT Ha
KOHKATEeHAUMATA Ha BaszaTa Ha JBa HPOTOKOJA C€ [IONY4aBa HOB LIPOTOKOJ, B
KOHATO Te ¢a CheAKHCHH B YKa3aHus pes.

¢ Crurane —- (t ['A) — 03Ha4ABA IPOTOXOJLT {, CBUT BHPXY MHOKECTBOTO
A, K0eTO 00uKHOBERD ¢ a30yka Ha npouec. HOBHAT NPOTOKOI ¢€ LIOCTPOSBA OT
L 9pe3 OTXBLPNAHE HA BCHYKM CHMBOIM, KOHTO HE MPHHAMIEKAT Ha A.

e lmapa u omaumixka — 8,8’ — 2KO IIPOTOKONET § € HENpasHa IIOCIEeNO-
BATEHOCT, TO HETOBUAT NIPBB EIIEMEHT CE OIHAYABA € S, @ PE3Y)TATHT, NONIYYEH
CIliefl HEFOBOTO H3BAXIAHE, C §7,

¢ 3peiga — A* — MHOXECTBO, IPEICTABILBAIIO Ha6op OT BCHUYKH Kpalin
TIPOTOKOMH, CHCTABEHH OT eﬂemcﬁm Ha A.

=\ |s['A = s\
¢+ JE1KMHA Ha npo*roxo.na — # — Gpoil HA eNeMEeHTHTE Ha IIPOTOKOIA.
» IlorTOpenne —~ §" — IPOTOKOIBT S, MOBTOPEH N-TIETH.

OCHOBHHM IapaMeTpH Ha NpPeNJlaTaHus METOL

MeTOoABT € OCHOBAH HA IIPOTOKOIHMS MOEN Ha Xoap.

+ ObenyHspa KOHTPOJN Ha pafoTaTa Ha CUCTEMATa ¥ BepudHKaIys B peanHo
BpEME.

s Meroasr ¢ npennasHayeH 3a paboTara B cpenata Ha GIOKOBO-MORYIHY
CUCTEMH ¢ M3BECTEH Habop cHCTeMHH 0BEXTH, 32 KOUTO NpeUBaPHTEIHO MOTaT
& Ce M3UHCIIT IpOTOKONHTe Ha Xoap.

CbmHOCT Ha Npeniaranus MeTOH

MeTonsr MOXe Ag C¢ IPEACTABHM KaTO HAKOJIKQ TOCIE-
ﬂOBaTeﬂHH CTHIKH:

. Popmynupa ce¢ cHenuHGUKALMATA Ha IPOrPaMHOTO OCHTYpRBaie Ha
CHC]CMde KOSTO BKMIIOHBA HabOpa OT CHCTEMHH OOEKTH (HpOllecH, arperaTH,
KaHaH);

2. Peanusupa ce mporpaMHaTa CHCTEMa ¥ C€ IOK43Ba HEHHATA KOPEKTHOCT
{MeTon 3a JoKa3BaHE HA KOPEKTHOCTTA Ha crenudukanuu Ha Xoap).

3. OnpeaenaT ce BCHYKM BB3MOXIE [IPOTOKOIX Ha chnenudHimupaHaTa
CiCTeMa ¢ Nponenyparta trace(P),

4. CrapTupa ce CHCTEMATA,

5. Coenmanen nponec — IPOTOKOJAYHK {iracer), clielily ¥ PErUCTPHDPa
UPOTOKONHTE B CHCTEMATA ¥ OIIPEHENs AaNH C& BaJIMAHH, T, & — JajlH¥ Ce ABIBAT
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TNOJIMHOXECTBO Ha MHOMECTBOTO IIPEJBAPHTEIHEO ONpeAe]eHH IPOTOKOIY. ToBa
ce paBu 4pes npoienypara IsTrace(s,P).

6. Tlpu perucTpUpaHé Ha HEBAJIMIAEH HPOTOKON C& NpEeNIpHeMar
CBOTBETHHUTE JSHCTBHA 33 aBAPMEHA CHTYANH.

Baok - cxemaTa Ha MeTOna & UpeAcTaBeHa Ha dur. 1.

( HAYAJIO )

i Cwacrapg.ce oT
Crerarane nz CSP — momen i AT S Tl
TEXHOAUIHYHA CNEUHBHKALKE L
; DOACHETEMATA
- 28 CHHTER
Onpegensue Ha NPOTOKONATE
Ha ¢cucCTeMaTa — NpoUenypa
Trace (System} MeTon 3a
\l/ BepHHKana
Peanuzanud u BepRbuKaunA
ifA CHCTEM#TE — LOKRAABAHE
B3 OTHOIIEHHETD
System sat Specification
IMpouec
\l{ Tracer
/ Habrronmense Ha
> paBoTaTa Ha CHECTEMATE.
Pervcrpupause ua
npotoxonz Lr{System)

tr{System} — HPOTOKOR Ha
System 7
IIpoueaypa
MsTrace(tr System)

ABapHen Opoicc

Qur, 1

OcCHOBHHU HpOGﬂCMH OpY peain3dllia Ba METOla

e Kax npomoxoayuksm 0a noaAydasa ungopmayusn 3a
npomoxoaume ¢ cucmemama? Iipouecsr Tracer TpafBa 1a & paslpenesied MexKIY
OTHETHHTE KOMIIOTPH. BLB BCEXE KOMIICTHP AUCHEYEPHT, CIEA KaTo
VIIPaBISHHEETO Ce BhpHE KM Hero, Tp#bsa na ro npenasa Ha Tracer, Topa peiasa

116



mpobiemMa ¢ IOCIHEROBATENIHOCTTa OT IPONECH, HO J6 B C HPOTOKCIHMTE Ha BCEKM
arjener uponec. Tyk Tpabpa fa ce npUNOMHE, 4e OBEKTET ,KOUTYpeH Hpolect
nI'pae ponATa Ha NHCTIEYED Ha CIMCHKA OT arperaTH. B TO3U CMHUCHN TOH Moxe
Clell MSNBNHEHUETO Ha BCEKM 4ATperar jJa Bpbllia yHpPABICHHETO Ha FNaBHUS
JHCIIeHep WM AUPEKTHO [Ja o opedasa Ha Tracer. Taxa Tracer Ie mMoxe HOa
CHCHM BCAKO JIEUCTBYE HA CUCTEMATa 4Pe3 IPOBEPKA HA AKTUBHHTE OOCKTH B
BazaTa NAHHH,

* Kai ocsen CHMpyKmypRAMG KOPEKMIOCM KA UINGAHEHUCMO (ROCAC-
dosameaiocmma om npoyecu, azpezamu u xanaiu) da ce KOHMpOAUpd U
PYHKYUOHAAHAMA KOPEKMIOCIM (KOPEKMHOMO 3a0a8ane na napamenipume
Ha obexmume )’ To3u MpobneM ce 0THACK IPEAY BCHIKS 38 aTperaTute, Pelienuero
CC NIOMy4asa OT TOBZ, ¥e NPOTOKCINTE Ha arperaTa Ce M3YHCIIBAT IO HEerOBaTa
credubUKanms, B KOATO OT CBOS CTPaHA YUACTBAT HETOBHTE MAPaMETpH.

Ckenersr Ha hynknuaTa trace(P)e nokasax no-nony. Ta paboTu no THEOBKTE
KOHCTPpYKuuy Ha Xoap (aATepHATHBHH HPOUECH, Napalellyd HPOLecH,
PEKYPCHBHO ONDPEHENCHN NpONeCH, HPoNecH ¢ u36op ¥ ap.), IPOTOKORUTE Ha
KOUTO Ca H3bejleHH B [I].
trace(P)= (R)* &

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

elsif P = (¢ — P) then trace(P)=\<> U\<c> AtJt € trace(P}\; :

elsif P = (¢ — P d — Q)then trace(P)=\tjt = <>V {t,= ¢ & t'e trace(P)V
{t, = d & t’e trace(Q))\; '

elsif P = (xB - P(x)) = \tlt = <>V (t, € B & t'e trace(P(t )\

elsif P = (mX : AFx))=U trace(F"(STOP, ));

i)
elsif P = (P || Q)then trace(P)= trace(P)N trace(Q);
else t = trace(P||Q) then
trace(P||Q)=\ti(t |R) € trace(P)& (t |Q) € trace(Q)& t € (@R U aQ)*\
............. IPYTH KOBRCTPYKIUY HZ XO8P..viviisiiarienn.

else
cnd,

Ho-gony e noxaszas ckeneTsr ha npouenypara IsTrace, onpemensa aany
Ba/IeH IPOTOKO/ € BARACH 34 IPOLeca.

IsTrace(s,P)=
if s = NIL then TRUE;
elsif P(s,) = BLEEP then FALSE;
else IsTrace(s’, P(s });
end.

BLEEP e crnenuanen CHMBON, HIMON3BAH B CIIyyail {camo B TO3H Cly4ait},

1€ CUMBONIEr He MOXe na Ohlle HayanHo cubuTHe Ha iIporeca.

IlporpaMuo OCUrypABaHe Ha METOHA

[Iporpam#oTo OCUrypsiBaHe Ha METO/IA € PEAIH3UPAHO HA
Modula-2 kate oTmenen monyn Tracer. Monymsr ce csBp3Ba o CTAHAAPTHH
HEDOPMANHOHHK KaHanu ¢ IpyruTe o6eKTH Ha CHCTeMaTa,
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Ws4yncauTendy ekCIepHMEHTH

ExcrepEMeHTHTe BK/IOUBAT CHMYIANMA HE HEKOPEKTHH
CHUTYALMH, P KOHTO MOXE Ja BB3HHKHE IpPeIleH IPOTOKON — IOBPEXK B
JaTUKIETe, BOACUIY A0 IPeridl CUrHAJH, HEMpPaBHIHA paboTa Ha JHCIEYepa,
IPOTPAMHOTO OCHIYPAB2HE K&TO A0 X AD.

Hzsonu

HpennmaraHusST METOX 1aBa BBE3MOKHOCT 38 KOHTPOJI Ha

paboTaTa Ha HIpOrpaMHy cucTeMH 1a $a3arta Ha CTpora Marematudza Teopus (CSP).

HWHTepec NpeACTaBIaBA CAMHUAT HMOAXOJ 32 KOHTpOJ Ha paboTara Ha

IIPOTPAMHM CHCTEMH B PEAIHG BpeMe 4Ype3 IPOTOKCHIN Ha X0ap, ThH KATO TAKDB

MOJX0J HE Ce NPMIATA B K3BECTHHUTE CHCTEMM. METOOET & IpefHasHadern 3a

paboTa ¢ DIOKCBO-MOAYIHE CHCTEMH M U3IIOJI3Ba MPEABApHTENHO H3YUCIICHUTE
NPOTCKONH Ha CHCTEMHUTE 00EKTH.

Nutepatypa

1. Heare, C.A.R. Communicating Sequ'cntia.] Processes, PRENTICE-HALL [nternational, UK,
LTI3, 1985,

2, Concurrent Systgms: Formal Development in CSP by Michael G.Hinchey (University of Cambridge} and
Stephen A.Jarvis (University of Durham). McGraw-Hill International Series in Software
Engincering published 12th January 1995, McGraw-Hill Book Company.

fHocmnnuan na 21.J¥1997;

A functional control of computer
control systems and real time simulation
systems by means of Hoare’s trace model

Plamen Hristov, Peter Geizov, Plamen Angelov

{(Summary}

Some possibilities of using Hoare’s trace models for a soft-
ware functional control of moving objects computer control systems and real
time simulation systems are considered. A general description of the trace mod-
els is presented. A possibility for the main system objects trace calculation is
inspected, and the main problems of the method implementation and the ways
and means of their resolving too. The method algorithm and the main proce-
dures of the method are presented.
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EsonronusTta Ha

BEIPEHIHUTE OOpPATHU BPB3KU B
OMOMEXAHUYHATE CHCTEMA
»IIHJIOT—CamMoJieT™

Humumasp Hopdaros

Hucmumym 3a xoemudecxu uscaedganua, BAH

CBIIHOCT M OIS Ha BETPELIHATE OOPATHH BPB3IKH
B KOHTYPZ 3a YUPaBJISHHE HA CaMOJIETE

OcHoBaTa, BHPXY KOATO DYHKIMOHUPA CHCTEMATA |, IMIOT—
CamoneT", ¢ 3aTBOPEHUAT KOHTYD 3a YNpPaB/IeHHe. B HEro IpOTHYAT IIPOLSCHTE
Ha aJlaliTaiHs Ha MMIOTA KbM IPpOMCHAIIMTE Ce CBOHCTBZ Ha CaMOJETd B
CKODOCTHO-BHCOMHHHHAS MY Iualla3oH. .
BiioxenaTa ncEXoUINOIOTHYHA SHEPIUS OT NeTella Ipu pabora Ha Gopua
Ha camoJieTa Ce pazIpejlens IMaBHO 34 JBe DYHKUMH: 3a HEIOCPEACTBEHO
ypasienue 1a obexra (IOJABPXAHE H M3MEHEHHE HA PeKUMa Ha HONETa) ¥ 3a
Apyra AeHHOCT IO KOHKPETHATA 3adava Ha moneTs (Hanpumep HabIIOHeHuE,
OTKPUBaHE HA OPHCHTHPH, B3AUMOIEHCTBYE ¢ [PYI& JETAINM 06eKTH X HAZSMHH
IIYHKTOBE 32 YIIpaBieH#e, O0MHO uanonsrane). [Tpy nobpy THHAMUMHE CBOHCTBa
Ha caMOJIeTd ¥ CHOTBETHA INOATOTOBKA MUNOTET HMa BLAMOXHOCT N2 CBeie
Pa3npeneICHUETO Ha SHEPrHATa MEXAY VIPaB/IeHUE H [I£NEBO M3IOQN3BAHE O
CBhOTHOUIEHZE 1:4 B onsa Ha nocnemuoTo. Hobpe ananTHpamkaT ce JIeTell KbM
CBOHCTBATA HA CAMOJIETA I'O YIPAB/ABA C aBTOMATU3MPAHH ABIKeHAA. YCTaHOBEHO
€, M€.B CHTHA/A OT JIETeLA BUHATH [IPHChCTBAT MaJIKH, HENPEKbCHATY IBVXKCHUS
Ha KOMAHIHEA JIOCT € 4€CTOTa 0koJ10 1 Hz w ammmuryna, Ipe A¥3BHKBAIlA OTBETHA
peaKius Ha CaMOJIeTa OKONOC MHAMBHAYAIHUS IIPar Ha YyBCTBHTE/IHOCT Ha BCEKH
nunot. Toea e TecT, ¢ KOHTO neTewsT, 06pasHO Ka3aHo, ,,0NHABA" 06GEKTa 32
YIPaBJICHUE K TONYYaBa IeHHa HHOOpMaLWs 32 coOCTBEHATE CU AMATTAIAS KBM
TPOMEHRINNTE Ce CBONCTBA HA alapaTs, HErOBATA U3NPaBHOCT H OTCLCTBHE HA
asoManuy. Te3n ABUXEHHS Ca OCOBEHO XapakTepHu IpH xanaHe [4].
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HMayuapaneTo HA MEXAHM3MHITS HA AG4ITAIMS ¥ Bb3MOMHOCTHTE HA IIHIOTA
A2 OCHTYDH YCTOHYMB PEXHM Hd YEPABJIEHHME B HOPMAJIHY H ABAPMIHH
0OCTOATENCTBA € IOCTONHHA 387494 HAa WAcHenoBaTennTe. [NMABHUAT pe3ynTaT
OT Ta3l AeHHOCT e pepasnpefelicHUE Ha HYHKIUATE MEX Y YOBEKa U CACTEMATA
34 YIpaBIGHHE NPH rapadTHpaHa edeKTHBHOCT ¥ O€30NIaCHOCT Ha HOJETUTE H
IpHEMIHBa CTOI‘:IHOCT HE HpOMeHHTe B BBBEROAHETO HG HOBH TE€XHOIOTHH. Ta.3ﬂ
JEeHHOCT ¢e H3RLPIIBA INasuo Ha Tpeuaxopu [1, 3, 4, 7]. IIpes nocieguoro
NeCeTHIICTHE, ITOPAJIM Da3BUTHE Ha H3UMCIMTENNaTd TeXHHKa, ce 3adensssa
TEHJIEHNUA 33 OIPOCTABAHS HE MOTOPHATA KOMIIOHEHTA B AEHHOCTTA Ha THIOTA
IO YIPaBISHUETO Ha caMoiieTa {JIRIKEeRH ¢ KOMAHAHUTE JIOCTORE 32 3a1a3BaHE
HIH H3MeHeHUe HA pexkuma Ha nonera). Ha passuTmeTo Ha Teszw mpobiemd B
KOHTYpa 3a YOpaBlieHUE € HOCBeTEH HACTOoAIuaT o63op.

Iponecute HA AAANTAIMA IPOTHYAT KAXTO HA BXOJZ Ha WIQTA, TAKE H Ha
H3xo/Aa oT Hero. OT ¢BLBBLPUIEHCTBOTO Ha MHOOPMAHHOHHOTO OCHTYpPABAHE HA
peaNHis WK HA BU3YANH3UPAHNAA MOIE]l HA HOJIeTa 32BUCH DNIABHO 32KbCHEHUETO
Ip¥ OpHeMaHne Ha pHGbOPMANMATA, HeHHUTE NPaMeTpH Ha OUCKPCTH3ALXA H
JdopmMupaneTO Ha EKCTPAMONAIIHOHHEA MEXAHH3 DM, KOHTO IO3BOJILBA Ha IMIoTA
NPaBUIHC /14 paslpenens BHEMaZHMETO CH B Xxa0MHATa H Ha IIPOCTPaHCTBOTO
¥3BBH Hed. B Apyrara TOUK2 — Ha H3XOJI2 OT MUJI0T2 ¢ POPMHUpPAT aAan TAITHOHHHA
MEXaHHU3MU, KOHTO CCUTYPABAT YCTOMUKMBOCT EA KOHTYP2 34 YIPAB/JICHHE ¥ UTpasT
[JIABHA pOJIL 34 -CAMOYYBCTBHETO MY KaTO KOMAHJHO 3BEHO B KOHTYpa 3&
yrpasierue. C 0co0eH IPHOPHUTET 33 JieTella Ca YCCLAHWATE 3a}gnnara;m
YCHIHA ¥ IpeMeCcTBaHe Ha JIOCTa 32 YIIPaBISEKUE ¥ PE3YIITATA OT Te3U Bh3/ASHCTBAL,
Yeumuara ¥ IpemMeCcTEAHHATA Ha KOMAHIHWTE JIOCTOBE CE pas3lieXJaT KaTo
ciyualiHy BeNUYyHH, & OpH MONENHUPaHe Ha KOHTYpA €€ HNPEACTaBAT OT
xoethHIMe T4 HA YCHIIBAHE B OIpefaBaTenyaTa QYyHKIMS Ha NIIOTA C YCTaHOBEH
OT H3CHe0BATENCKY 3a0a4l 38KOH Ha pasupepeineHue. B cucremarta 33
VIPaBJieRYE IPEMECTBAHUATE M YOMIKATE Ha KOMBHIHNTE JTOCTOBE G Pa3IlexaaT
KaTO JIETepMUAHUPAHN BeTHINHY (XapaKTepUCTHKH Ha CTATHHHA YIPaBIAeMOCT)
¥ ¢4 HOpMATHBHO pernaMeHTHpasy. IIponecET Ha a1anTalus 00 XapakTepUuCTHIH
Ha YIIP&BJIACMOCT MOXEe 13 € CMATE B HAH-IPOCTHS Cly9aH 32 3aRbPIlIeH, KOTaTo
cuyuafHHTe BeAHINHE Ha Koe(DUIHMEHTa Ha YCHIB2HE HA MHIJIOTa CA IPYNHPAHH
OKONO CTATHYHATS XapaKTepHCTHKA Ha YIPaBIAeMOCT H Da3celBaHeTs My € B
CPaHWEUTE H2a TONYCTHMHUTE M3MeHEHNS.

3a gz mMoKe xa HACTPOW CBOA KOeDWIIMEHT HA YCMIBAHE KbM CTATHMHHTE
XapaKTEePUCTHKY HA YIPABASEMOCT, ¥ TMHIOTa B NPOIECa Ha YIpRaBleHe' Ce
dhopMupaT BEIPEITHY OOPATHH BPB3KH — OT YYBCTBUTEMHATE Oprauu { Ha phKata,
HapHMep) JO [eHTpaJiHaTa HEepBHA CHCTeMz. B ChbBPEMEHHHTE CHMCTEMU 38
yIpaBileHHe C XMAPOYCHUIBATENM TE3W YCCHNIAaHMA 32 T.Hap. ,KOpaBuHA" Ha
OpraHuWTe 3& ynpaBieHue ce DOPMHUPAT H3KYCTBEHO HUpe3 HaTOBapPBAILEK
MeXaHUIMH HaH-4ecTO ¢ OpyXuHH, paboremu Ha Harhck. Tesn MeXaau3mu
VMUTHPAT YCHJIHE IIPH HpEeMECTBAHE Ha JIOCTOBETE LOPH IPH HYJNEBA CKOPOCT.
32 xapaxTepH3Epale HA TOBA CBOHCTBO Ce W3NION3Ba NOHATHETO ,IIpUBeIeHa
KOpaBHHA Ha HATOBAPBAIMA MEXaHH3ILM KEM PLKOXBaTKaTa Ha nuiora“. TIpu
JIEKH MO3BYKOBH Ca2MONETH ¢ yupapitenue Be3 xuIpoycmisareid HeobXoARMOTO
YCHIIYE 34 HRDEMECTBAHE HAa KOMAHIHUTE NoCTOBE B KaﬁHHaTa e HOJ'IY"-I&B&
E€CTECTBEHO OT IIAPDHEPHHA MOMEHT H3 ORTaHUTE 32 YIIPABIIEHKWE ¥ CE YC8lld 0T
OWIOTa CaMo Cliel] XaTo caMoneTsT Habepe onpenenesa ckopoct. C yBenudapane
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Ha CKOPOCTTa HEOOXOOHUMOTO YCHIIHE OT JIETena 32 €HO H ¢BII0 OTKIOHEHHE Ha
KOPMHKIAaTa HapacTBa.

B pesynTaT Ha npumarane Ha CHJIa Ha M3X0Ma OT JOCTa 34 YIpPaBIEHHE C&
nonyyapa NMpeMecTBaHE, KOETO CHCTEMaTa 3a yIpaBileHHe NpeBphIla B
CTKIOHEHME HA kOpMunoTa. Tasu npeobpasypamia QyHxuus Ha CHCTEMATa 3a
yIOpaB/IeHHE C& XapaxkTepusHpa OT IPEeNaBaTeSHOTO ¥ YHCHO. TIpy M3KYCTBEHO
dopMupans ycuaMs B CHCTEMATa 3@ YIPaBICHHE NPERABATEIHHTE HUCIA H
KOpaBMHATa HZ HATOBAPBAIIMTE MEXAKU3MY B PA3IHYHITE XKAHAMY 328 YIPaBIeHue
TpabBa fa ca PYHKUME HA PEXHEMA HA [IONETa M NPakTHYECKaTa DeaH3alus Ha
TE3H 3aBUCHMOCTH € efHa OT Hal-BaskHHTE 32724V HY CHHTE3a HA CHCTEMHTE 34 .
YIPaBI¢HHE — OT HeA 3ABMCH YCTOHYHBOCTTZ Ha 3aTBOPEHHs KOHTYD 3a
yIOpaBjleHHE ¢ NHJIOT KaTO KOMAHAHO 3BeHO. YCElaHETO 32 M3MEHEHHH B
NOAaTIIMBOCTTZ HA KOMAaHAHHTE OPraHM 3a YIOPaBICHHE aKTHBUPA y UHIOTA
BBIPEIIHATA OOPATHA BPh3Ka 10 YCUIIE, KOSTO My CIIOMATa 13 6 ALainTHpPa KbM
CBOMCTBATA Ha CAMOJIETA M A2 IO YIPABIAB2 ANEKBATHO Ha HETOBATA PEAKIIUA,

Posgra xa BETpemnnTe 00paTHY BYh3KM B IIMJIOTA H MEXAHUIMUTE, KOUTO
I'i aKTHBHPaT OT CHCTEMATa 3a yIpaBileHue, Hali-nobpe ce MIKCCTpUpa OT
H3C/ieBaHe Ha KOHTYPAa 3@ ONpeleNsHe rpaHEMNATA Ha YCTOMYUBOCT IIPH
NOCTOARHH 3HAYEHMS Ha [IPSA2BATEIHUTE YU CIIa H KOPaBMHAT2 HA HRTOBAPBAlIHTE
Mexanusmu. C moMoOMITAa Ha yRoOeH aHajluTH4eH MeToa [2] mMoxe Oa 6bue
IOAYYeH OPEeAeTHHAT OT YCIOBHATA HA YCTOAUHBOCT KOe(DUIMEHT Ha YCHIBAHE
Ha JieTen@a — TOBA € YCHIHETO 33 JABIXEHHE HA KOMAaHIHHTE OPTaHH, KOETO
IpeAN3BHKBA HANLIHO ONpeAeNleHH H3MEeHEeHHd H2 NapAMEeTPHTE HA MOJeTa
(saupumep, MpeToBapRare), HO KOHTYPBT 33 YIPABJICHAE IPH TE3M yCU/IASL € Ha
FPaHHIATA HZ YCTOHHHMBOCT, 4 TOBAa CE H3pa3ABa B HEBHIMOXKHOCT Ia Ce
CTabMiIH3upa camoieTa. IIpu mo-rosleMn YCHIHA OT JIeTena amILTATYNaTa Ha
KOneGaHuATa Ha mapaMeTpuTe HapacTsa. ITo pe3yjaTaTH OT OpPOBEHEHO
HM3CIeABaHE Ha KOHTypa 34 YIIDaBieHUE 33 MaHEBDEH €aMOJIeT MOTAT 42 ce
RBONYyYaT HEOOXOEHMETO H3BOAM 3a MOTPeOHUTE M3IMEHEHMH B CHCTEMaTa 3a
HEIIPAKO YIPARICHHES, 32 A2 C¢ OCHIYDH YCTORUMBOCT Ha 3aTBODEHVA KOHTYD.

Ob1uuTe E3BOAN OT MOALNMPAHETO M AHATHTHTHOTO N3C/ISABAHE Ce CBEKAAT
AO CISXHOTO;

1. ITpy IOCTOAHHY 3HAYEHUSL HA KOPABUHATA Ha HATOBAPBAIIHA MEXAHWIBM
1 NPOAEBaTEMHOTC YMCIO OT KOMAHIHHA JIOCT 0 KOpMUIOTO € YBEIUIABAHE
Ha CKOPOCTTA Ha NOJIETA C& HAMANARA IPCAC/IHAAT KOSQHUIKEHT Ha YCUIBAIS Ha
nunota. Tod npecuya Ha AO3BYKOBH CKOPOCTH 30HATA HA HOPMATHBHUA
{paboTHuA} OHATA30H 110 yCHIMA, KOUTO € pOpMHUpaH OT cHCTeMaTa 3a
yIpaBneHue .

2. 3a ja 3ama3u YCTOHUMBOCTTE Ha KOHTYPA 38 YIIPABJIEHUE TAIOTHT TpabBa
HENPEeKbCHATO C YBEIHYABaHe HA CKOPOCTTE /12 IPANara BCe I0-MANKH YCHIHS U
A2 OTKIOHABA MO-M&JKO KOPMHUJATA, KOETO He MOxe Aa OLAe HO3SHPaHO
HNPABHITHO, aKO HEOOXONMMUTE YCIITHS Ca I0) HAKAKBB ICHXOGU3UONOTHYEH 1iDar,
HHNUBHIAYAJEH 33 BCEKH NHUNOT, TpYIHOCTTE MABA X OT ODCTORTEICTBOTO, 4
CaMONIETHI CTaB2 MHOTO “yBCTBHTENICH B HOPMATHBHHS JIHAIIA30H 10 YCHIIHA,
KOWTO € Cho0paseH ¢ pealHKTEe BH3MOKIOCTH Ha YOBEKE ¥ ¢ XapaKTePEH ¢ Hafi-
FONAMA TOYHOCT Ha ABMAXEHUATa. Ilpu TakoBa CLEIaNEHWE HA NpeAeNIHA
KOS(‘I)HI_‘LH@HT Ha YCHIBaHE M HOPMATHBRHHUTE XAPAKTePHCTHKY Ha CTATHYHA
YOPaBlgeMOCT Ce [IONYY4BAT ABJACHUS, KOUTO B aBHALIMOHHATA NIPZKTHKA Ce
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Hapuqat ,[IpeynpaBiaemMoct™ (,paskauka”, ,overkontrol“). [Toaobru pexumu
Ca peruCTpUpaty B HaUalHKA eTal Ha IPUHIIOKeHNe HA XHAPOYCHIIBATEN N, KOTaTo
HMHTALUSATA HA YCHIHA B KOHTYPA 3a YIIPaB/ieHHE ¢ OUla HeAOCTATHUHO IPElH3HA.
Cpeina ce 1 Ipn OTKA3H Ha CHCTEMATA 38 HMHTALMS Ha YCHIUS BBPXY KOMAHIHATE
rroctoBe. Hesatuxpamure xoneSAnMs ce UPEKPATABAT IPH MyCKaHE Ha IOCTA 32
YIPaBIeHnie, T.€. CIeA IPeXbCBale Ha 3aTBOPEHHA KOHTYD Ha YIIDaBlIeHHE.

3. Axo cucTeMaTa 3a yNpaBJIeHHE HE AKTHBMPZ IIOJE3HA BBIPEHiHa
HBUTATeNHA 0OpATHE BPB3KA, IHIOTHT ROCTHIA T.HAD. ,,IPEAET HA yIpaBliZeMOcT,
HOpa/iv U3UeplBaHe HAa aNAaNTUBHUTE cu cunocohuocTu. HeobxomupMmo ¢ ¢
YBCIIMYABAHE Ha CKOPOCTTA, KAKTO APK MEXaHHYHOTO YIPABIEHNE, ,KOPaBUHATA
Ha YIPABREHHETO" 12 HAPACTBE, AXO TOBA € QCHI'YPEHO OT ClIHHATHH aBTOMATIL,
JIETENBT UPE3 OCTa 32 YOPABNeNne yCellia IPOMIHATA Ha pexXUMa Ha ICIeTa, a
NpeNesHuAT KOeDUIHEHT Ha YCHIBAHE € PA3HONOKEH M3BLH NMANAIOHA HA
CTaTHYHHTE XapaKTePUCTHKM Ha YOpaBiseMocT. Braronapesue ua rojemus
pe3eps no KOeQWUMEHT Ha yCHiIBAHEe XoNeBaTenHaTa HEYCTORYHMBOCT
H3KNIGYEHa HPH HOPMATHY PYHKINK Ha JeTemna.

ChUIECTBEHOTO IPEUUMCTBO Ha T23H ABUIATE/IHA (kuHEcTeTHYHA) HHDOPMa-
L2s €, 4 T4 € 3aKMTEHA OT CMYILEeHNs M 32€/JHO C OCTAHATNTE ycemanus (Bubpa-
HpM, HIYM, I0COKa Ha NIPETOBAPBAHETO) CIIOMAra Ha JeTela Aa YIPABISBA C
aBTOMAaTH3UpaHH AemkeHus. Ha Haxon pexumu (TOxemMu BIIM B4 aTaka) Zaxe
YMUIINCHO C€ Ch3NaBA UOQJNE3HO TDECEHE Ha JIOCTA 3a YIDABIEHUE KATO
NpenynpexieHue 33 N00NMXaBane Ha NMpeleneH pexum. VrHOpHpaHeTo ua To3M
BHI HHODMAIHS, KOSTO Ce NMOJIYYaBa PeanHo IPH HAKOH ONPOCTERU TPEHAKOPH, €
OCHOBHATE PHUY¥YHA 33 HYBCTBOTO HA JIETENA, Y€ TPEHAXOPET HE € camoileT, [lpu
TaKnBa CUMYJIATOPH C€ OTPAHMYABA HPOIECKT HA H3IPAX/IAHE Ha BEpEH KOHILNTYaTeH
MOJEJI Ha TONIETA ¢aMO UPEe3 TPEHHPOBKY Ha 36MATA B MOLETHPAHH YCIIOBHA,

CuTyanuaTa 3amOuHa Ja ce mpoMeHA upes 70-Te TCAXHE, KOraTo
BHEAPABZHETO Ha OOPHOBH M3UUCIIHTEIHE KOMIUIEKCH M eJIEKTPOIMCTARIOHHH
CHCTEeMH 34 YIIPABJIEHHE CTAHA MACOBO ABJICHHE.

Tengennun B poNiATa HA BBEIPEIIHATE
ABUraTeNEd O6paTHU BPB3KH

Cnen 70-Te rojuEy 3al0¥HA TEHICHIMA 34 OIROCTABEHE
Ha HATOBADBAINUTE MEXAHU3MY M HEHTPallHUA JOCT 3a yipasienne. I1ogsrxa ce
CTPAHUTHM DBYKM C MHOTO MANBK XOX, BbPXy PBKOXBATKHTE Ha KOUTO Cé
Da3lIoRaraT MHOXECTBO ByTOHH 3a BBBOKAAHE Ha KOMAaHOM Ha JeTena W
IPEBKIIOUBAHE Ha PA3/IHYHE DEXMMH OT CHCTEMaTa 3a ympasieHue. C TakuBa
PBUKH OGMKHOBEHO Ct H3IION3BAT IIPYRUHHO-HATOBAPBAIM MEXAIHIME, KOHTO
HE IPOMCHAT KOPABHHATA CU 110 PEXMME Ha 10JIeTa. 321249412 38 YCTORINBOCT Ho.
KOHTYDE 32 YIIDABJICHUS B TAKBB CAy¥ail ce pemasa ot Sopaosata EUM. ITumorty
W HETOBHTE KOMAHMY C€ KOHTPOJIHPAT U 0paboTsaT HenpexbeHaTo. ChiuecTysat
CKCIEPUMEHTATHY CTPAHHYUHHN JIOCTOBE 32 yNPaBRCHHKE, IPH KOUTO HanaHcHpoOBbY-
HOTO HONOKEHUE HE CC IIPOMENS ¢ M3MEHSHNe Ha LEHTPOBKATA M CKOPOCTTA HA
CaMOJIeTa, 4 Ce IPOMEHS CaMo TOJIONKEHHETO HAa KOPMUIOTS, KOETO € IDHIKA Ha
CICKTPOAMCTAHITIONHATE ClCTeMa 3a ynpasnenne (BJICY) w EMM. Jlermute Ha
C&MOJIETH € IOAOCHE CHOTEMN 38 yIpaB/IeHHe MOTAT 14 YCETAT, Y€ B YIPABICHHETO
»HAKOH HEIIPEKLCHATC CC HAMEeCBA ¥ KOPHIHpA KOMAHIUTE™, 3aII0To ce nPOMEHs

122



CBIIECTBEHO YCTAHOBH/IATA CE IIPAaKTHKZ Ha PHYHC NMWIoTHPaHe, Ta3H TeHAeHIHus
He Cpellla MOAKPeNa OT MOBeYeTO MMIOTH U 32TOB2 B [I0-HATATHIIHOTO PA3BUTHE
Ha cuctemute ¢ EJJCY -8 nmamerra Ha EMM ce 3amara 32BHCHMOCT MexAy
fanaHcHpORLYHOTO NMOSOKEHHE Ha JIOCTA U CKOPOCTTa Ha nofera. CIOMEHATOTO
OIPOCTABAHE Ha PONATa Ha BBIPEIIHHTE 0OpaTHY BPH3KH IO yoHIHE Ha
CBBPEMCHHNTE CEMOJIETH C€ [IPHAPYXKaBa ¥ OT HOBA AUCIECHHA TEXHONOTHA 3a
u300pasisane Ha TIONCKEHHETO Ha CaMosIeTa B IpocTpaucTroTo. Ha menTpanams
AUCIUIEH Ype3 KOMIICTBPHA BH3yaNn3alMsA ce IpeficTassd MOJEN Ha HOIETa,
Ch3Jafled NO NpHHIUNA ,Ienane na caMoieTa 0T HabmomaTen”® — Ha Qona Ha
H308paxe e Ha 3eMHuaTa norspxaocT. Tasu undopmannd e ocobeHo oresHa 3a
BOCHEHTE ITHJIOTH, KOUTO USII'BIHABAT Paly3HaBaHe, IOMIEPKAHE HA CYXOIETHUTE
BOHMCKY OT Bh3J/lyXa H YRUHIOXKABAT [Ie/Id BbPXY 36MHaTa HOBBPXHOCT. T4 noAmomara
TTHJI0TA NIPH I'BJIHC OTCHCTBHE Ha BHAHMOCT, KOT2TO, HANPHAMED, IPERHAMEPEHO
C¢ 3aTBaPA CbC CICIHANHHY IOPY OCTBKIEHHETO Ha KabOYHATA NP M3NON3BAHE Ha
AnpeHo oppxue (b-52) 1 1pu KanaHe B CIOXKHH ycrosus, To3H CPaBHRTEIHO HOB
UHDOPMATHOHEH E€TEMEHT B IMIOTHPAHETO 110 NPUBODH € OIIKT A2 Ce PeIlH IIOUTH
IIOJNYBEKOBHUA CIOP 32 hopmupaHe Ha ajekBareH obpa3s Ha moneTa 4pes
npubophara nEGopManua. JICHXOIOrHIECKOTO IPEAUMCTBO HE M30GDaKEeHHETO
OT THIIZ ,[MedaHe Ha caMoNeTa oT HabmofaTen™ & 1oKa32HOo B eKCIEPIMEHTH U ce
05AcHABY NIABHO OT OOCTOATENCTBOTO, 9€ IPU OTCHCTBHE HA €CTECTBEH XOPH3OHT
UEHTHP 32 OPHEHTALMS B NPOCTPAHCTBOTC CTaBa caMoieTsI. MonepHuTe
TEXHOJNOTHY NIPOMEHAT XapakTepa #a padoTa Ha NIHIOTAa — 3ABUINABAT CE
M3MCKBAHUSATA 38 ONEPATOPCKM YMEHHS I TOBA ONpaBAaBa ABYWICHHHS EXKUIAN
IIpU MATICBDEHHTE BOEHHH camoJjietd. HoBUTE TEXHONOrHY €a B CHCTOSHEE ja
OCUTYPSAT YIPAaBREHUETC ¥ HA MaHeBpe:s 0e3muloTeH CaMOET NMPH W3NbIHEHHE
Ha pealiHa 3ajava 1o 6oftHO HaNoN3BaHe {(HanpuMep, NpoekT X-36 Ha Bounr). C
poborTasanusaTa Ha GoHHMTE cCaAMOJIETH c€ LeiM Aa ce 3a2Nasd Haki-TpymHO
BhL3NPOUIBOAVMOTO BbB BOCHHATA ABHANMA — YOBEKET A HATPYIAHUA OT HErC OIHT.

Hzsoon

OCHOBHUSAT M Halt-Ba)eH U3BOJ OT CIIOMEHATHTE TeHREH-
IHK B YHPABJCHHETO HA CHBPEMEHHUTE CaAMOJIETH €, U¢ IIHMIOTELT BCE IIOBEYE O
HaMHpa B MOLEJMPAH KOHTYp 3a YIDPaBIIeHHE — HaH-HOAXOHRII OT IICHXO-
busuonorudna menna Touka, CBOHCTBATA HA CAMOETA, IPOMEHSIIIHU CE B IIHPOK
OMAala3oH, ¥ped cucTemMara 3a yupaeicHue (EACY u EVM) ce ¢Bexaat go Hait-
YOOOHNS 33 NHIOTA NMHAMMKYEH MOIET,
OnuTsr OT aBRALMATA H OCOGEHO OT KOCMOHABTHKATA OUpeAeis B Obaeie
BCE JIO-3HAYUTEIHE POJIA Ha MOALIIHPAHUTE YCIIOBAA Ha TIOJIeTA IpH HopMupaHe
Ha munoTta. CLOTHOIEHAETO MEXIY BpeMeTo 32 paboTa Ha TpeHaXop X peasieH
TOMEeT 33BUCH OT £TaNld HA IOATOTOBKA W OT XApRKTepa Ha NOJETHHTE 3aXaHUA.
[Tp# v3anuTaTE HE IONETH HA BB3AYIIHOKOCMHUYECKH AAPATH TOBA ChOTHONIEHNE
Moxe na 6wvme 30:1 B noima Ha TpeHaxopuTte. CebecTOfHOCTTA HA enUH Hac
»noneT* Ha TpeHaxop ¢ oT 10 no 100 mETy NO-HHCKA OT ChHIOTG BPEME IIpH
peasleH IToNeT KaTo eheKTHBHOCTTA Ha O0YUEHHETO € NMPakTHYECKH eIHA H ChINA.
ITo MreHHeTO HAa CUEUHRJNUCTYH [O MHXEHEPHE NICHXOJOrus [7] BpeMeTo 3a
IOATQTOBKA Ha JNETHH YPe3 TPeHaXOp & HaMaiABa TPH I'TH, & TOBa BPEME Npu
TPaIHIXOEHY METCHH Ha NOATOTOBKA € 25% o1 obuIHg feTaTelied CTaX.

123



Ponsta Ha TMIOTA KATO OCHOBHO 3BEHO B KOHTYpA 3a YIHpaBIeHUE BEPOIATHO
II[€ CC 3al1a3H 3a TPAHCIOPTHUTE CaMOJIETH, MaNKaTa ABMAIMA K HIE C& IPOMEHA
34 TAKTHUECKATA ABUENUA B [IOCOKE — YBEANYABAHE HA ONEPATOPCKUTE GYHKIINH.

B 6npelie e ce CTECHABA TIGIETO 38 AMANTAIHA Ha THI0Ta KBM CROUCTBATA
Ha camouera. Tesy GyHxItkY me ToeMe CHOTEMAaTa 32 yupasienue. IIpakTHYecKn
GesnpofieMHuaTa €BONIONMS OT HEHTpPaJeH IIYPBAl KbM CTPARHHYHA PEBYKA 33
YTIPABJICHHE PA3KPUBA BBH3IMOKHOCTH 33 U3MOJI3BAHE HA MHOIO OT ChILIECTBY-
BELIMTE WACH B KOMOIOTLPHUTE HIDH 3a Cb3AaBAHE H2 CHEHMAIH3UDAHH
OIpPOCTeHH TpeHa¥OopH. O6mwara MCUXONOTHYHE CTPYKTYPa HA NETATEIHATA
JEHHOCT € 33N0XeHA KATO OCHOBA B Cb3AABAHETO Ha TAKHBA KOMITFOTBPHE MOEIH
Ha HOJIETA, 2 TOBA € HAai-BAXHOTO H3UCKPAHE 32 ChOTBETCTBME MEXAY OHO-
MEX2HHUHHTE CHCTEMH ,IHIOT—CAMORET U ,THIOT—TPEHAXOD",
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Evolution of internal feedbacks
Dimitar Tordanov

(Summary}

In the review, the engineering-psychological aspects of air-
plane control circuits are considered. The fundamental role of the kinestatic
{motor) interna] feedbacks is discussed based on the results from a stability
study of a modelled control circuit. The tendencies for modification of the con-
trol lever in the cabin, and simplification of the motor component of the pilot’s
action are shown.
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Hsxon ocOOEHOCTH Ha IPOLECHUTE
TPUCHE U M3HOCBAHE BBB BAKyyM

FOauxa Cumeonosa, Tunxa I'posdanoea,
Jwomusa qJuruiosa

Hucmumym 2a xocmuuecky usciecsanun, BAH

HayuHuaT Iporpec ¢ HEPA3PHBEO CBLPIAH C TOTPEBHOCTHATE
Ha IPAKTHKATa H TOBA B I'bJIHE CTEIEH ¢ OTHACH 33 H3CACABAHETq HA IIPOLIECHTE
TPHEHE K CMa3BaHe BbB BaKyyM. :

ITspBuTEe U3CNERBANNA HA TPHEHETO BBB BAKYYM €A CBLP3AHH C HMETO Ha
Wapnore ko6 (1912 r.), a2 nbpBaTa TeXHHYECKA 3afaua B Ta3u O6IacT — C
CKCIICATALMATA HA DEHTIEHOBUTE TPEOU ¢ BBPTAL ce anon {1936 1),

TIpes 1930 r, liloy u JleBn mpOBEXJAAT EKCIEPHMEHTH 3a OlNpenensBe Ha
KOe(QUMINEHTA Ha TPHEHEe BBB BAKYYM IpPH PAINUYHU TPHOOABOHAKK OT
SMHOMMEHRHHE U pasHeoumeHEH metand [l]. Kodun paspusupa ugesta, ue
CIIOCODHOCTTA HA METaIuTe A2 06pa3yBaT CIUIABH TYK € OT PEIUaBaLE0 JHAUCHHE,
a Mak-Jlun npasy knacuUKaLMs HAa HAKOH MATEPHANH [IO TAXHATA CKIOHHOCT
KbM OOpa3yBaHe Ha CTy[eHa 3aBapKa NPM TPHEHETO BLB Bakyym. [Ipes 1965 r.
baxnu u Jx0RCHH H3y4aBaT GPUKIIMOHHUTE K AfXE3MOHHUTE CBORCTBA HA HAKOK
MATepUaJIH B CBPBXBUCOK BakyyMm [2].

ChIecTBEHOTO Pa3BHTHE HA TE3H K3CTEABANUA € CBBP3AHO ¢ HOTPEGHOCTHTE
H& KOCMMHECKATa TEXHHUKA 33 OCHTYpsBaHe paboTaTa ¥a PA3IMYHH 34TBHKBAIIH
MCXARH3MY, YCTPOUCTBA 32 BHPTEHE Ha AHTEHH, IPACIIOCOBNEHUS 32 OTBAPAHE H
34TBApAHE HAa MIIOMMHATOPH, H CIBHYEBH BaTepHy, CAMOXOIHY KOCMUYECKH
obexTH 1 ap. YeposBaneTo Ha Kocmoca, kallaBeTo Ha ApYIH NAZHETH, [IPHIBHXBA-
HETO IO TAX, CTPOHTEICTROTO Ha PAa3NHIHY ChODAXEHHH, U3CIEHBAHETO HA
IDYHAR H AP, M3UCKBAT PEIABAHETO HA 33[A4H, 33CATAIIH eKCIUIOATAIHMATA Ha
TpuBOBB3IHN, IOANOKEHH HA HATOBAPBANE B YCIOBHATA HA Bakyy™ [3]. Bougkn
Te Ca CBBLP3AHM ¢ PEeINaBaHeTe Ha MpOGIeMH, MPOM3THYAINH OT CrenudUUHATE
0COBEHOCTH HA MPOLIECHTE TPHEHE K M3HOCBAHE BBB BAKYYM.

KaKkT0o € H3BECTHO, CHCTOSHUETO HA MaTepRana IpH B3auMOASHCTBHETS HAa
IOBBPXHOCTHTE C€ OUPENE OT CICHKHA ChbBKYIIHOCT OT MEXauHuHHM, (PUINKO-
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XHMHYRM ¥ JAPYI'H NPOLECH, NPOTHYALIM B THHKHA HOBBPXHOCTEH cnoit. Exna
OT CHIISCTBEHHTE 0CODEHOCTH HA TPHEHETO BB BAKYYM €, Y€ MPOLECHTE 3aCAraT
HE CaMO MHUKPOTCOMETPHATA Ha HOBBPXHOCTIA, & H HEHHOTO QH3NKOXEMHYECKD
CHCTOAHHKE, OIPEAENSHO OT NPUCHCTBHETO HA 3aJUHTHU OKHCHH CjI0EBE M
a[COPOUMOHHY CTPYKTYPH, IR OT CHCTOSHEETO ¥ KATO W3YUCTERA, XMMHYECKH
AKTHBHA TIOBBPXHOCT. 3aTOBA NPONECHTE HA B3aUMOIEHCTRHE BHB BAKYYyM Ce
paswIexnaT B 4BA eTana:l) paspyluaBade W IpeMaxsale Ha OKMCHUTE COEBE U
2) pabora npy HeunocpeAcTseH (oneHMIen) xoHTakT. [1o Tasu IpHHEHE 0T
3HavYeHue € CTEUEHTA Ha PAa3peneHocT Ha paboTHATA cpeaa {Bakyyma) u ocobeio
HaCTHOTO HallAraHe Ha aKTHBHHMTE KOMIIOHEHTY HA OCTATLYHHA ra3 B lieH, 4
HRMATAHCTO B CUCTEMATA CE PASINIEK A KATO IAPAMETLD, OKa3Balll BIHIHME BLDKY
CBCTOSHHETO B KOHTAKTA.

3a oueHKa Ha BakyymuETE ycunobus A CHIHH BBBEXHa KATO napamMeTsp
OTHOIICHHETO MEX/Y BPEMETO Ha eAHHHYHUA KOHTAKT U BPEMETO, HEOOXOZHMO
38 U3MEHEHHE H4 CHCTOMHMETO Ha MOBBPXHOCTTA IIOJ BAHSHUE Ha cpeiata [4],
[IspBOTO ce onpenens OT pexuma Ha TpUGONPONECa ¥ B YaCTHOCT OT CKOPOCT(a
Ha TPHEHE, &2 BTOPOTC — 0T BpemeTo, Heobxonumo 3a o6pasysane HAa OKHCHY U
JIpYTH BTOPHYHH CYPYKTYpH. Cnopen CHIME BakyyMHHTE YCITOBMA HACTLOBAT
TOT'@B&, KOTATO TOBZ OTHOLIEHHE CTAHE [IO-MAJKO OT CHHHHIA.

3aBUCHMOCTTa Ha KOS(HIHEHTA Ha TPUEHE OT BPEMETPAeHeTo Ha IIpoleca
AaBa U3BECTHA [IPECTaBA 32 HACTHIBATIUTE IPOMEHH BLPXY IOBBPXHOCTTA U
TPHEHETO BbB BakyyMm. Ha dur.l ¢ moxasana Tazu 3aBucMMOCT, LONyYeHA HPH
Cyx0 TpueHe B53 BakyyM [0 Pa cbe cxopoct 0,25 mfs ¢ Tpubonsoiika, chcTanena
ot ,,00pasen” — cromana 40X (I'OCT), » uHIEHTOP OT 3aKajieHa CTOMAna 45
(HRC 50), no meronnkara, onucana B3 [5]. Helnust Havalen eTan ce
XapaKTepH3KPa ChC CPABHUTENHC HUCKA CTORHOCT Ha KOehHUMEHTE Ha TPUEHE,
HOKATO He §bAe paspyileH NOBBLPXHOCTHUAT OKUCEE cioit., Chaex TOBA TOI
HApacTBa, CHOTBETCTBAUKY Ha €Tala Ha B3aHMOAEHCTBHE MEXIY H3UHCTEHHTE
METAJIEM MOBBPXHOCTH, IPU KOHTC NPOTHYAT OTHENHH IPOUECH HAa MHKDPO-
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@ur.l. 3aBUCHMOCT Ha KOSMIHMEHTA HA TPHEHE OT BPEMETPACHETD HA MpoLecs IPH TPHEHE BLE
BHCOK BAKYYM
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JaliCTIBaHe ¥ IIPONECH Ha JIOKAJNHH CTPYKTYpHH Npomenu. Cien T03M eral
HaCTLIRZ T.HAD. IPETPUBAHE B KOHTAKTA, PK KOETO KOSHUHHEHTET Ha TpUCHE
OTHOCHTENHO ce cTabunusupa. Bpemero, 1eobXoaMMO 33 crabuiusanus, 3aBHCH
OT MHOXCCTBO (PAKTOPU K CC CNpPEAENT SKCIePHMEHTANHO. .

Apyra xapaxTepHa 0cOGEHOCT HA TPHEHETO M HIHOCBAHETO BLE BaKyyM
€ CBhbp3aHa ¢ T.HAP. NIParoB HHTEPBAJ Ha HANATAHETO, NPEAU3BUKAH OT
M3MCHCHUCTC Ha KOJIMYECTBOTO Ha KMCIOPOAa B OCTATHYHAS T43, IIPH KOETO Ce
HPOMEHsA KHHCTHKATA Hd OKHCIMTENHETE B ancopbinonnnte nponecu. Ha dur.2
€ IIOKa3dHA 34BHCHMOCTTZ Ha HHTEH3WTET& Ha M3HOCBaHe J OT HaluraHeTo
{cTenenTa Ha Bakyyma) — kpusara / npu ropHaTa TpUOOABONKA ¥ IPH YKA3aHUA
Tpubopexum. IIparoBuaT HHTEpBan Ha HaNsraneTo — 10—10" Pa e no0pe uapazen
€ XapaKTepHOTO CTPLMHEO HAPACTBAHE HA HAHOCBANETO, Pa3noIOKeHHETO HA TOIH
HHTEPBAN 3aBHCH OT CKOPOCTT@ HA TPHEHE H IPU NO-MANKUTE CKOPOCTH Ce
HSMECTBA KbM IIC-BUCOKUTE CTOHHOCTH Ha HANATAHeTo, BInaaneTo na ckopoctra
Ha TPHCHE BHPXY H3HOCBAHETO € CBBP3AHC C TEMIEPATYPATA B KOHTAKTA,
ONpeHendma XMMU4CCKATa aKTUBHOCT HA NMOBBPXHOCTHTE, AHDY3HATS,
0Bpa3yBaHETO Ha HOBU (asH, AeCOPOLUHULTA, CHCTOIHMETO K nebennnara Ha
OKICHHUTE CIIDERE.
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Gur.2. 3aBHCUMOCT Ha HHTEHZUTETA HA H3HOCRAHE (/) 7 na koedureHTA Ha Tpuewe (2} o cTeHeHTA
HA BaKyyMa :

XapakTepTT Ba HIMEHEHHETO Ha KoehUIUEHTA Ha TPUEHE B 32BUCUMOCT OT
HAJLITARETO € CXOZEH C XapaKTepa Ha H3IMEHEHUe Ha H3HOCBAHETO, HO NPEXQAHUAT
METCpBAJ Ha HANATAHETO TYK e no-cnabo wspasen — dwmr.2, xpusa 2, IIpu no-
BHCOKHTE CKOPOCTH Ha TpHeHe CTabuNM3anusTa Ha KOeQUIHeHTa HACTLIBA IpH
LIG-BUCOX BAKYYM B CDABHCHHE ¢ KDHBATA Ha M3HOCBame. Tyk, pas6upa ce, oT
CBLLICCTBEHO 3HAYEHHE CA CBOWCTBATA HA CAMHTE MAaTePUA/H ¥ HACTLIBAIIUTE
CTPYKTYPHH H3MCHEHHS Ha NOBBPXHOCTHHA CNOil, & CHLIIO Taka ¥ HErOBOTO
Ta300TAENSHE B YCICBHATA HA BakyyMa.

Boriepoasute cToMaHu B M3CHeBANMS BH He NpencTaBusgBaT HHTEPEC 22
HEUOCDEACTBEHO HpHIOXKeHHe B KocMmoca, NOPaAH TAXHATA CKJIOHHOCT KbM
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obpasypaHe Ha CTyHeHa 3aBApKa IPM CYXOTO TpHexe BBHB Bakyym. Ho mexiy
Pa3AMYHNTE XETEPOTEHHY CIUIABH Te ca Hai-yncbHM 3a MopoOHM M3CISABAHUA
[31. Hopaaw CpaBHETENHC MPCCTHA CH XMMHYECKH ChCTaB He 3aTpYAHABAT MH-
TEpHOPETAUKATA Ha OMHTHHTE PE3yJTAaTH, 4 TEXHHTE 3aKOHCMEPHOCTH U
0cODEHOCTH IPH TPHEHETC, H H3HOCBAHETO BBB BAKYYM B rOJIAMa CTENEH MOraT
J1a OB12T OTHECEHH KbM HMIHPOK KPBTI JETHPEHM CTOMAHH.

3a xkocMMYECKH NIPHIIOKEHNS IEPCIEeKTHRHH Ca BBIIEPOJHHTE CTOMAEH,
NOAJIOKEHN Ha& TePpMOXMMU4ecKka 00pafioTka 32 Cb3ZaBaHe HA [JOOXOLALIM
nokpuTHA [6]. Upes TAX CHINECTBEHO Ce HORoBpsBaT aHTHHPUKIHOHHNATE CBCHCTBA
HA NOBBPXHOCTTA. MHOIO NMOAXOAAINO 3a LEATa ¢ TePMOAHDY3IUCHHOTO
fopupane Ha HECKO- ¥ CPENHOBBLINEPOAHHTE CTOMAHH, YPE3 KOETO C& MOBALIABAT *
MEKPOTBBPAOCTTA, TEPMHUIHATA, AHTHKOPOIHGHHATE W IPOTHBO3AAMPANIATA
ycTo#urBOCT. BOpUAHNUTE Cil0€BE BBPXY CTOMaHaTa He o0pasyBaT CTyHeHz
3aBapka B KOHTAKTa, 3ATOBA Ca OAXONAINH 33 CYXOTO TPHEHE BB BUCOK BAKYYM.

HaumaT omuT nokaspa, oe H3HOCOYCTOHUHBOCTTA Ha SOpHPAHHETE CTOMAHH
MOXE CBINECTBEHO Ha e MOACOpPH uUpe3 BBEBeXIAHE Ha MEXAWHEH METalN C
npenBapdTenEa gHdysroHEa obpaboTka Ha cToMaHaTa NpedH HEeHHOTO
Gopupase, CLINACHO HALIATA XHIOTe3a [7), 32 HeATa ¢a ITCHXOAAIIN OPeXoHNTe
METAJH; OUPKOHHIL, MOTEOAEH, BAHAMI, TUTAH U AP., KONTO 00pa3yBaT MeTalo-
nonoOHY BpBIKH H IpedaT Ha 00pasyBaHeTo Ea DOPHAHN BEPHTH K HA KOBAIIERTHH
BPB3KH IpH CheIWHEHHATa OT THUNA ,MeTan — Oop“. B pesynrar nnacTu¥HuATe
cBOMCTBE Ha TOKPHTHETO e TOAOOPABAT, 2 T €2 UPAKO CBHP3aHM C aAXe3HATE,
KOATO e npeobnazasalll MEXagi3bM Ha H3HOCBAHETO IpM CYXOoTO Tpuene. Topa
obsAcHABa (aKkTa, 4Ye U3HOCOYCTOHMUBOCTTA Ha TE3H HOKPUTHA € [IO-FONsMa B
CpaBHEHHE C M3HOCOYCTOHYABOCTTA Ha MOHODODHMPEHHTE CTOMAHH H OCOOEHO
Ha HeobpaboTeHuTe.

Ha ¢ur.3 e nokasana mMopdoaoruaTa Ha MOBBPXHOCTTa HE IOKPHUTHATA
wBanamui — Gop* (6), »TuTaH — 60p* (8), ~LUPKOHKHE — Gop™ (2), ,mMonnbxen —
6op” (0) BBpxy croMaHa 40X cnex CyxoTO TpueHe. 32 CpaBHEHHME Ha ChIaTa
durypa (@) e MoxasaHa aHAJOTHYHATA IOBLPXHOCT HA HeobpaboTenara cromana
40X citer cyXo TpHEHE IPH ChiATe yoiosud. OUeBHAHO ¢ mo-c1aboTo HIHOCBaHe

W may

dur.3. MukpodoTorpaduy Ha2 TPHCIIATA TOBLPXHOCT CACH CYXO TpHeHe Ha cTomana 40X mpedsd
ueiaTa 06patoTka ¥ cel TepMoABhYSHOHHOTO ¥ SOpHPAHE ¢ DAINHYEN MEK UK IPEXONHH MeTaL
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{cBETNHTE yYACTBIM) NPH KOMOHHHpaHuTe OOPHIHH TNOKPHTHA B CPABHEHHE ©
HeoOpaboTenara HOBLPXHOCT, KAKTO ¥ 3aBHCHMOCTTA Ha BUAa HA H3HOCB3HETO OT
MexauEEHS MeTan. IIpn ceHocTaBsHe IUIOINTa HA CHEAMTE OT M3HOCBAHE Hal-
DaronpUaTHY ca NOKPUTHATA »IIMPKOHUHA — Bop U ,,Bananuil — Cop“. Maxap u
MaJIKO O-HEeGIArcIpHATHRE IO TO3M NOKA3ATe), HOKPHTHATA ,TUT4AE — Oop“ K
~Monubner — Gop” no ceouTe TPHOOJIOFHYHE N2pAMETPH C4 MOAXOMALN 38 CYXO0
Tpuete [8]. Tasu ccobeHOCT NpH CyxOTO TPUEHE HE BB3AYX € B CHJIA U IIPH CYXOTO
TPHEHE BLB BaKyyM. TpHOONOTHYHUTE H3NUTAHHS HA TE3M MATEPHUAIM NOKA3BAT
TAXHATA NPREICKAMOCT B YCIIOBHSTA Ha BHCOK BAKYYM ¥ pecliekTHsHO B KocMmoca.
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fTocmynusa #a 2510119972

Some peculiarities of the processes friction
and wearing out in vacuum

Yulika Simeonova, Tinka Grozdanova,
Lyudmila Dinkova

(Summary)

The peculiarities of the precesses friction and wearing out
in vacuum in carbon steels and their antifriction covers have been studied. The
dependence of the friction coefficient on duration of process, and vacuum in-
tensity, as well as the dependence of wear out intensity on vacuum intensity
have been established. A threshold pressure interval has been observed where
friction and wear out coeficient increase greatly has been observed. The mor-
phology of the friction surface of nen-processed lowecarbon-content steel, and
its cover, following thermodiffusive saturation with borium and metallization
with different transitive metals has been shown. The obvious favorable effect of
the cover on the wear out ressistance of the friction surface has been verified.
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Neural networks in classification of
remotely sensed multichannel images—
A case study

Hristo Nikoloy

Solar Terrestrial Influences Laboratory (STIL),
Bulgarian Academy of Sciences

In this paper are presented recently obtained results con-
cerning the classification of remotely sensed multichannel data using neural
networks, A structure of the neural network is proposed and it is chosen a train-
ing method among the well known methods. Moreover, the procedure applied
for preparation of the training data is described as well as the initial conditions
under which the training was performed. Also several configurations of the neu-
ral network with different number of neurons in the hidden layers ranging from
three to eight are compared. The results obtained after classifying an image
containing more classes than those included in training set are reported.

I. Introduction

A final stage in the classification of multichannel data
obtained by remote sensing techniques is creation of “a digital image, a map of
classified pixels” {(Remote Sensing). Using statistical methods, as maximum like-
lihood, it is possible to aggregate each pixel from an image to some of the previ-
ously formed clusters based on its spectral signatures in the n-dimensional wave-
length space. Following the statistical approach to achieve high accuracy first
large sets of data have to be analyzed to find out statistically confident and
significant features for each cluster. Afterwards, in the real data processing, it is
necessary to compute the degrees of preobability for belonging for each of the
pixels to every one of the formed clusters and then to make the final decision. It
is obvious that this procedure is a computationally hard and time consuming, In
the following sections of this paper a neural network based classifier is pro-
posed, which overcomes the above mentioned disadvantages in resolving the
classification task. The advantages of the neural networks approach over the
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statistical one in resolving problems where a priori knowledge of the daia pro-
cessed is not available are discussed by many investigators [1]. Here should be
outlined that “the neural network classifications are not the best possible, but
probably no worse than typical ones” [2].

2. Theoretical background

In the recent years the development in the theory and prac-
tical implementation of the neural networks has proved their capabilities in pat-
tern recognition, which could be “regarded as extension of the conventional
techniques” in this field [3]. They offer very powerful general framework for
representing non-linear mappings between multidimensional input and output.
This mapping is accomplished by set of functions Y (X, W), where X are the
input parameters and 1 are parameters of the network called weights. In order
to achieve particular mapping between an arbitrary input and its corresponding
output a non-linear basis functions, called activation functions, which have to
be differentiable, must be applied. The last property is extremely important for
the network training, because it is the necessary condition which allows for
conjugate gradient-based methods to be used in the training phase. In many
cases a sigmoidal function, which has the form:

Flk)= ;

{1+ exp{-£k))
is utilized as activation function, because it fulfills the mentioned requirement.
In some investigations the hyperbolic tangent has been used as activation func-
ticn, but here only sigmoidal functions will be regarded.

Let’s consider a neural network structure with two processing layers, called

multi-layer perceptron (MLP) {Fig. 1), which is mathematically represented by
the equation:

M !
Yi(X) = Y WiF(Y WiXiy
A ]

This structure can approximate any continuous mapping with accuracy com-
pared with or higher than this achieved by other methods, if the number of
hidden units M is large enough. One thing that must be outlined here is that this
structure has generalization capabilities i.e. it can give reasonable output to the
input not included in the set of patterns used during training. This means that it
not only can interpolate the input data, but also to extrapolate them. This qual-
ity is essential when dealing with remotely sensed data, because the data used
for training the network are only representative samples derived from 2 real
scene and, as rule of the thumb, the spectral signatures of the land cover types
vary between scenes even acquired by one the same sensor due to changes in
atmospheric conditions, illumination etc.

3. Method and data

In this case study the main aim is to introduce the manner
how a neural network was applied as a classification engine for several basic
types of land cover based on their multispectral signatures received by remote
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sensing techniques. The procedure of training data preparation, network train-
ing and classification was divided in the following steps as shown on Fig. 1.

Training data preprocessing —data selection, cluster |
formation, creation of training and test images

Train the neural network with generated data for
different parameters of the network .

U

Make final selection of the structure and the _‘
parameters of the neural network

Comparison between the results obtained after —‘
classification over the test and real data

Fig.1. Major steps used during the neural network training and classification

The main processing structure was chosen to be a multi-layer perceptron
(MLP) with two hidden layers (Fig.2), with sigmoidal activation functions for
processing elements, trained by backpropagation. This number of layers was con-
sidered to be sufficient since with this number of hidden layers a mapping with
accuracy more than 95% between the inputs and the output was achieved [4].

Fig. 2. Proposed neural network structare: input layer with three inputs for each of the spectral
channels, two hidden layers with varying number of neurons (=3....,8), one output
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The structure of the neural network and training method was selected ac-
cording to the following criteria;

* convenient structure corresponding to the classification (pattern recogni-
tion} task;

¢ accuracy of the results after classification:

¢ adequate behaviour when data not included in the training set are pre-
sented for classification

* good speed of training;

* simplicity in software realization,

It has been reported that some other training methods (cf. LVQ) suit better
for classification purposes than backpropagation, but this holds true only if ali
possible input patterns have been included in the training set.

One of the keys to successful implementation of neural networks is the
selection of the training data i.e. to extract a set of representative feature vec-
tors within the problem domain. In this case the training and the test data were
taken from a pre-processed subscene with dimensions 512x512 pixels represent-
ing the North-West part of Bulgaria. This subscene is from the French satellite
SPOT (instrument High Resolution Visible — HRYV) in three spectral channels.
Those training data were used to form the feature vectors during the training of
the neural network, which had to perform the classification procedure. The train-
ing input patterns consists of a 4-tuple where the first three values are digital
numbers (DN) representing the reflected by the Earth’s surface solar radiation
in the corresponding spectral channel and the last one is the number of the class
to which this type belongs to.

In the subscene the following four types of land cover were present (bare
soil, vegetation, water, limestone), The spectral signatures for this basic classes
were obtained from a catalogue of SPOT imagery [S] and visual observations of
the subscenes. After applying statistical methods for cluster formation on the
data available for the three spectral channels four clusters were formed (Fig. 3).

R s ~
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:» o /?40
ID: s / a0
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Fig. 3. Clusters used for training data creation {the values are percentage of the real DN, which vary
from 0 to 255)

Using this spectral signatures one training and one test artificial images
were created. They consist of arbitrary distributed nen-overlapping rectangulars
with random dimensions [4].
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A comparison between the number of iterations for training and the speed of
execution during the training phase both as a function of number neurons in the
hidden layers, achieving one and the same accuracy, is presented on the Fig. 4.
This picture clearly shows the reasons why we considered six to be the satisfac-
tory number (in sense of above defined criteria) of neurons in every one of the
hidden layers. ;

1200000 '
| Speed of execution time, [six10G0
1006000 5

800000
600000
490090 3 /
200000 5

f T 8 9
Number of neurons

Number of
iterations

Fig. 4. Selection of the sufficient number of neurcns based on iteraticis needed for training and execu-
tion time during training

In Table 1 the results of the performance of the neural network over the
test and the real image are presented. In this table also are given the learning
parameters used in the training phase.

Table 1. Comparison of the results after classification performed over the test and the real images

Classification results for MLP
Training parameters of the network: iearning constant=0.5; error=0.9; momentum=0.5

Number of neurons in the hidden layers 4 6 14

Accuracy in classification for test image (%) . 78 88 94

Accuracy in classification for real sub-scene (%) 72 83 88
4. Summary

In this paper have been presented the results from a re-
cently completed project. An attempt has been made to introduce, step by step,
the methodology applied to solve a real problem, namely classification, in .re-
mote sensing technology.
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Iprnoxenune Ha HEBPOHHU MPEXH IPHU
KiacupUKanyus Ha MHOTOKaHATHE H300paKeHus,
NOJIYYCHHU NIPU JUCTaHIMOHHHN H3CAEABAHUS

Xpucemo Hukonos

(Pesome}

. B nacrosamara pabora ca UpemcTaBenH pe3yiTATH,
TOITYNEHHU IPH KIaCH(HKANHA Ha MEOTOK&HAIHH U3GO paKeHHs OT ARCTARIMOHEH
M3CIEABAHHA Ha 3eMATA, U3NOJI3BAHKE HEBPOHHM MpexH, Ilpeanoxena e
TOTIOJIOTHYHA CTPYKTYpa Ha HeBpoHnaTta mpexa (HM) u e ofocrosan maGopsr
Ha METOJI 32 06y4eHHeTO i MeXTy M3BECTHU METOLM 3a 06yueHIe 110 AehUEnpaH
B CTaTusATa KpUTepUU. ONMCAHRE ¢a CBIO Taka NPOLEAYPUTE 33 NCATOTOBKA Na
MHOXECTBOTO ObyUaBaily NaHuy i 32 H3GOPa HA HAYANEHTE YCITOBYS, IIPK KOUTO
€ M3BBPIICHO obyyenyero Ha HM. Wssoplien ¢ CpaBHUTENGH AHANH3 OTHOCHO
TIOBEACHUETO X MONYYABAHUTE BEPXY TECTOBH AAHHE DE3YNTATH CleA obyueHue
na HM npw pasnuer Gpoit {oT 1 xo 8) Hespoun (o6paborsamm EJIEMEHTH) B
CKpUTHTE c10eBe Ha HM. CrcTemaTusupany ca molydeHuTe Cileq Kiackhuxaius
PE3YNITATH, KATG B NOAJNEXAINOTO HA KIACHPUKanus H300paKeHKE Ce CHIbPKAT
no-roism Opo#l xracose OT Te3H, BKITIOUEHN B 06Y2aBALIOTO MHOXKECTBO,
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Onpenensase Ha HIKOU
aepOJAMHAMHUYHN XapakTepPUCTUKM Ha
Bb3JIYHIHO-KOCMHUYECKH JIETATEJICH
amapar B PeXUMUTE Ha KallaHe 4pes
MOJIeTUpaHe Ha O0TUYaHE C
OTKbCBaHE Ha IIOTOKA

Kpacumup Cmosanos

Hucmumym 3a xocsmuuecKy uicaedeana, bAH

CEHBPeMEHHOTO YCKOPEHO Pa3sBUTHE Ha 26pOKOCMUMECKITE
TeXHHKa X TEeXHOIOTHH € oBycnoBeHO OT NOCHeIHHUTE HOCTIKEHHA Ha
pyHIaMeHTanHuTe Hayky. HOoBUTe HAYYHHM pPe3yNTAaTH B TeOopeTHYHATA H
eKCIEPUMEHTAIHATA AEPOAMHAMIMKE, Pa3sBUTHETO HA eeKTHBHH METOAM 3a
nonydapaHe u 06paboTkaTa Ha rOJeMH MEBCHBH £KIIeDHMEHTa/IHH NaHHY JaBaT
Bb3MOXHOCT fla C& OnpeleNsAT DPAHHOHAIHM 2epOIUWHAMHYHK OpMM M Ja ce
CBH3/1aBaT JISTATCIHH aMapaTh ¢ HeoOXOAMMHETE aePOANHEAMHUYHY CBOHCTBA.

B nponeca Ha ch3JaBaHe HAa CHBPEMEHHHN NETATEIHH AIIapaTy ¥ 0COOEHO Ha
TAKUBA, KAKBUTO Ca BBL3AYIIHO-KOCMEMECKUTE G HAJIATA Ja Ce YAOBISTBOPABAT
MHOTO, KaTO IpaBliIo, IPOTHBCpEMHBY H3ucKBaHHuA, Ilapanenso ¢ ToBa Tpabsa
J1a e PEIIaBaT ¥ M3UCKBaHUATA, 3aKJII0YaBaIH c& B oDecneyaBaHeTo Ha HaAeXHA
Tonnno3auurTa u ycroiunsocr {1]. HlupokuaT excniioaTalHoOHeE NHANA30H OT
CKOPOCTH X BHCOYMHK Ha [IOJIeTa ¥ HeOOXOAMMOCTTa OT JOOPH acpoArHaAMUTHN
XapaKTepUCTUKY B 3Ha4UTENHA CTelled NPeROoNpeAeaT BBHINEMA OONHK Ha
nerarennus aunapar {(JIA). Aeponunamudnata fopma Ha JIA YyOOBIETBOpPSIBA
H3HCKBZHETO 3a NOJIYyYaBaHETO Ha Pa3HOOOpalHM ACPOAMHAMUYHM Xapak-
TCPHCTHKH, MHoOro oT Te3x XAPBKTEPHCTHKY € HERB3IMOXKHO MU TRYHAHO 4 €&
HOJy4aT [IC €KCIIepUMeHTalleH T, IIpoBexAaHeTo Ha JIETATEIHN H3IHTAHNA I
M3BBPHIBAHETO HA MHOXKECTBO €KCHepHMEHTH B aepOAMHaMudHH TpuOU &
CBHIPOBOAEHO ChC 3HAMHTENHH 3aryOH Ha BpeMe M MaTepHaiE¥ pasxenu. Ero
3allle CTRBAT akTyalHHU NpobieMuTe, CBbLP3IaHH ¢ pa3paboTBAHETO Ha JOCTOBEPHK
H epeKTHBHM MaTOMaTHUYECKH MOJeNX Ha aepoamHamukaTa. [loseu ce
BB3MOXKHOCT HOCTATBHYHO GBP3sc W ¢ MUHMMANHK 3arybu na ce uacimeaBat
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aepOINHAMHUYHATE XAPAKTEPHCTAKM K CIOKHHTE DPOIecH Ha obruuate na JIA,
B TOBA YHCHC U HA TAKHBA BAXKHH PEEMMH, K&EKBHTO Ca M3IMTAHETO B KallaHCTO.

TpeameT Ba gacTodIlaTa Cratus € A NPeNCTanE 0CobeHOCTHTE 116 MOSeNHpA-
HETO U MOIYHMEHUTE PE3YNTATH OT HETO HA BE3QYIIHO-KOCMIHECKR JIeTATSTCH arapar.

IMoneTrsr Ha JIA 8 peXkBEMHETe Ha H3IWTAHE ¥ 0c00EHO Ha KallaHe ce U3BLPILBE
Ha 3Ha4uTeliHA BIUIX HA 4TEKa U ¢ CLOPOBOASH C NPOABABAHETO Ha HENHHEHHU
aepoaunraMKYHH etexTr. B OCHOBATA Ha MOIIEFHPAHETO HA 06THYAHE C OTKHCBANE
H4 0TOKa c2 TIONOXEHH NpeNoNOKeHNeTs 38 HIeallHA HeCRUBASMA TeHHOCT B
METO/I2 Ha MHCKpeTHHTe BHXpH [2] B HeroBaTa MonudiMkaliug — MeTOHA HA
BUXDOBHTE paMKH [3]. OupenensHeTo Ha 2epONHHAMEYHNTE XaPAKTEPUCTHKH CE
IpOBEXKAa B CTANMOHAPHA U B HECTAIKOHAPHA HEIMHAHHA TOCTAHOBKA B AHMANA30H
OT BrNY Ha aTaka o ot ( 0o 40°. MogenupaneTo H3 BR3AYILIHG-KGCcMudeckus JIA
€ OCBINECTBEHO C IOMOIITA HA NHIOCKO-IPOCTPAHCTBEHH BHXDOBE CXEMH.
HpHBe}IEHO € CpapHEeHHE Memny PE3YNTATHTE T QIIpedeNaHeTO Ha aePOIMHAMMKY -
HUTE X3PAKTEPHCTHKY H SKCIEPHMEHTaHNTE AaHHM, IONYYEHH B aepOAHHAMEY-
Ha Tpb0a Ha ManKM DO3BYKOBY CKOpOCTH HA oToka (0 <M < 1) u otpasenu B [4].

Hemycka ce, ye JIA ce ABuKH B HecBUBacMa cpena 6e3 TpHeHe ¢ IOCTOSHHA
IWIBTHOCT P, Heka moBbpXHOCTTA Ha JIA B HENOABKIKHA KOOPIUHAETHA CHCTEMA
Ce ONUCBA ¢ YPABHOHHETO O, {r,, =0. 3an JIA nMa BUXpOBa CJlefa OT HOBBPX-
HOCTYTE HA TAHICHIMAJIHUS PA3PUB HA CKOPOCTTE O, pr=1,2, ..,k {¢ur. 1}
MecTaTa Ha HalyCKaHe Ha BUXPOBUTE MEIEHH Lp,p=1, 2, ..,k OT IOBLPXHOCTT2
Ha JIA u {unn) peOoBeTe ca UKCHPAHU ¥ IPEABEPUTEJIEO U3BECTHH.

®gr. 1
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Homycka ce, ue TONETO Ha CMyTEHHTE CKODOCTH V{{,7} e moTeHmMamHC
HABCAKD/IC U3BBH [IOBBPXHOCTTE ©C H BUXDOBATA Cilela G, cxoasma ot JIA:

(0 V(6LF) = vo(t.7).

HoTeHUMANET Ha CMYTEHUTE CKOPOCTH (1,7 ) ce 1BgBa XapMoHH4Ha QYK
» T.8. yACBIIETBOPABA ypaBHeRHeTo Ha Jlamiac [5, 6]

) Ao(t,F) =0.

Torasa noneto Ha HAJATAHETO B IPOU3BOIHE TOUKE Ha MIPOCTPAHCTBOTO IHE
¢e onpeneng ot unTerpana wa Komu—Jlarpamx

a(p(f,F)+ vE(L,F)
a1 2 3

kuneto fl7) e GyHKIMA , OOpeneniuia e OT Haua HUTe YCIOBMA Ha Ge3kpaitHaTa
OTAAIIeHEeHOCT.

JHaeHKy BETUYMHATE HA HANAFAHETO BLE BCIKE TO4KZ HA IOBBPXHOCTTA G,
MOKEC /1a ¢ HAMEPH CUJIaTa, JedCTBAllla OT CTPAHATE HA TeYHOCTTa BLPXY TRIOTO:

@ R= [ plu.7yi(e,Fy)do,

KBAETO A{{,Fy)e OpTa Ha BHHIIHATA HOPMAa KbM [ICBBLPXHOCTTE O.
CienoBaTenno, MacJeABaHETO Ha ofTuuaue ma JIA ce CBexpga HO
OUPENE/IAne MOTEHIHANA Ha CKOPOCTATE §(7,7 ), YIOBIETBOPABALL YPABHEHHETO
Ha Jlannac 1 ClIeHNTE IPAHNYHM YCIOBUA:
1} ma noswspxrocTTa Ha JIA G-yenoBHETO 3a HEHIPOTEKAEMOECT, KOETO B
CBBP3aHA KOODHMHATHA CHCTEMA C¢ 3a2KIIO4YaBa B PABEHCTBOTO Ha HyNa Ha
HOpMafHUTe CBCTABMAIIN HA CKOPOCTTA Ha IIOTOKA

(5) lE) W7, Vil 7y ),
on

KBIOETO W * {t,7;) € CKOPOCT Ha OBIKEHHETO H& TOYKATE Ha TIOBLPXHOCITE O;

2) YyCTIOBHETO 3a 3aTHXBaHE HE CMYLISHHATA B Ge3KPafHOCTTA |

3) ycnoBueTO 3a OTCHCTBHE HA PA3IKKA B HANATAHWATA Ha cBoOOAHATE
BUXPOBa IIEJEHA;

4) xunioresarta Ha Yannurua—Kykopckui 32 KpaHHOCTTa Ha CKOPOCTTA Ha JIH-
HUHTE Ha HallyCKAIMTe BUXPOBK NENEHY OT pHOOBETE Ha IOBBPXHOCTT2 Ha JIA G.

MeToREr Ha TUCKPETHATE BUXPH & IOCTPOCH TAKE, Y& CC HAIIbIIHABAT BCHURY
No-Trope U3GpoeHn ycyebus. IIpu TOB2 pelIeEUeTo Ha ypaBHeHHeTO Ha Jlamnac
(2) ce mpencTass BLB B HA NOTEHUMA] HZ ABOHHUA CIOH C HEH3BECTHA
MHTEH3UBHOCT [L!

@ plt7)= fity~p

2 1 dfl
{6) o(1,rF)=— _[ ]-la—_. — dG .
41:6+6p 7t R

IlopbpxnocTTa Ha JIA ce Monennpa upes SaTBOPEHHU Y€TUPULIBIIHYE BUXPOBY
paMKu. BLTpe B paMKUTE Ce DA3NONATraT KOHTPOIHE TOUKH, B KOUTO Co HU3TBIHABR
YCILOBHETO 32 HEIPOHMLAEMOCT — Ha (mr.] ca o3HaueHu upes (X).
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Heka N _ HNP §BaaT 061110 HHCHO HA BEXPOBUTE PAMKH Ha O ¥ G, ChOTBETHO.
BekTopsT Ha CKOpOCTTa V(¢ F) C¢ ONPERERs 4pe3 CYMUDaUETO Ha CKOPOCTHTE
OT BCHUK# Te3u paMmku [3].

[pauu9HOTO YCIOBHE 38 HEIPOHMALAEMOCT (5) Ce 3anmucBa 3a KOHTPOJIHHTE
TOMKH {k C pajuyc-sexTopd 7y, (v =12,...,N;) KaKkTo cnensa:

N kN i
(7 ia\,“(t,rcv ) b3 Eiapi (.7, )Spf =—4nVs, (L7s,) ,
}1:1 p=1 i=!

KbAETO [l € HOMEp Ha IPHCHEJMHCHATZ BHXpOBA paMka; dy, W dp —
koe(MHIHeNTH, H3UMC/IABALIK C& XaTO HOPMa/IHM ChCTABNABAINKE B KOHTPOJIHUTE
TOuKH; V_ — HODManHH ChCTaBNABAINK Ha Ge3pasmepHaTa CKOPOCT Ha
HeCMYTEHHA NOTOK B KOHTPONHUTE TOYKH.

Ilo Tak®ks HauH, EPH W3THIHEHHE HA BCHUKY IPAHMYHH YCIIOBHA, PEIIEHEETO
Ha 3ajavaTa Ha oOTtuyaHe Ha JIA ce cRexja Do HAMHUPAHE HA IUDKYJALHNATE HA
BUXPOBHATE PAMKH, MOZEIHpallli NOBEPXHOCTTE O,

Tesu HEW3IBECTHE IMPKYNZOKH Ha BCAKAE CTBHIKA OT M3YHCIEHHETO C€
onpeneNaT oT PeLUIEHHETO Ha cucremara ypasHeHus (7). Heobxomumo € na ce
orGenexy, Ye B HafeHud ciayyuald oTnaga HeoDXONMMCCTTZ Aa €€ BKIIIOYBEZ B
CHCTEMATs YPABHEHMS YCIOBHETO 34 TOCTOAHCTBO Ha MUPKYXAIMATA [0 32 TBOPEH
XKCHTYp, ob6xBamamn obTekaemMud 00eKT B BHXpOBAaTa Cllea. 10Ba YCIOBHE Ce
YJIOBJETBOPABA ABTOMATHMHO IO CHIIATA Ha ¢Iecoba Ha CXeMATH3AIHA C IOMOIITA
Ha 38TBOPSHMTE BHXPOBY PAMKM.

OnpenensHeTo Ha aepOAMHAMHUYIIHTE XAPaKTEPUCTHKU ¥ KapTUHATZ Ha
obtuuane Ha JIA ca pealH3ypany B HelwHeHHa CTAHOHAPHA ¥ B HECTAITMCHAPHE
IOCTAHOBKA MpH (PUKCHPaHM 3HAUSHHWS Ha BI'bJA Ha aTaka ¢f, 63 nib3ramne Ha
MaRK¥ JO3BYKOBH CKODOCTH.

Crejsa Oa ce 0TOENeXHM, Y€ HHTEPECET KbM H3cneaBane Ha JIA B pexuMuTe
2 KallaHe € CBLP3a8H ¢ Peaula IpHuMHH. XapakTepHud O0COOCHOCTH ce sSBiBaT
3aBHCHMOCTHTE HA XOehMIINeHTHTE HA IOASMHATA CHMA X HA MOMEHTA HA TRHTaXa
OT Bbrbjia Ha aTaka — C 3, (0} ¥ m(0) CHOTBETHO, ¥ TAXHOTO OTPANKEHHUE BHPXY
NeTaTeNHUTe CBOMCTBa Ha JIA (AHOMaNMM B YCTOHMMBOCTTA M YHPABIEHHETO),
KOMTO HOCAT HenxHeeu xapaxTep. OCBeH TOB2 CE U3CNEABA BLIMOXHOCTTA,
H3IN0I3Baliky Monenurpadere Ha JIA ¢ nmoMolTa Ha MIOCKO-TPOCTPAHCTBEHH
CXEMATH3AMY, A2 C& MOAYIAT AepOAHHAMUAYHY XaPaKTEePHCTHKH, CROTBETCBAIM
Ha DaHHHTE OT TPHOHUA SKCIIePHMEHT.

B npoueca Ha MaTeMaTHYecKOTO MOJelnpane, eQMH OT IPHHUUIHATE, ce
ABABA BLIPOCHT 33 CXeMaTH3anuaTa Ha JIA, OCHTYPABAIL NPHEMIKBA TOYHOCT
NpH MEHAMAHHE 3ary0u Ha MaIIHHHO BpEeMe.

B Tezu cayuauy, xOraTo HeiuEefHOCTTS Ha aEPORMHAMHYHITE XaPakTePHCTHKA
OCHOBHO € 0BycnoBeHa OT HaJMYMETO Ha HHTEH3HBHH BHXPOBH IUHYDORE,
06pa3ysaiy ce Ha pa3fMYHY y4acThlH OT KpaulllaTa Ha HOCEINKTE NOBBPXUOCTH,
ce WIII0N3Ba CIENHUAT crocob Ha cxeMmaTusauna. ObemunsaT JIA ce sameHs ¢
THLIKM HOCEIIM MOBBPXHOCTH, Ha KOHTO C& DasnojiaraT XMAPONHHAMKYECKH
ocobenocTy. TakaBa CXeMaTH3aINA NO3BONABA AETaiJIHO fa ¢e MOXENHpa
BUXpOBATa Cliefla, BKJIIOYMTEINO U BUXPOBATa I¢ieHa, obpasysaumla ce NIpH
OTKbCBAHE HA MOTOKZ OT CTPAHMYHUTE Kparila (prbope) Ha TaioTO Ha JIA.
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3ajadaTa ce periaBa ¢ H3MON3BAHETO Ha ONIEAANHO Hiobpaxenue [2], upu
tosa JIA ce monenupa ¢ nomomTa Ha 68 XHAPOAMHAMMYHM OCOBEHOCTH
(MeTHPUBIBIHE BEXPOBK paMKy). MecTaTa Ha OTKLCBAHE Ha IOTOKA OT pLOOBETE
Ha KPUIOTO H TAIOTO CA NOCTYIMPAHH,

HMacnenpanu ca 1pu pexuMa Ha obTuuane Ha JIA.

. a) ¢ 9aCTHYHO OTKbCBAHE Ha NOTOKa (OTKBCBAHE Ha TOTOKA OT CTPAHMYHUL

M 32)IH¥s USXOJIALL B0 Ha KPUIOTO ¥ 33 HHA Kpalf Ha TANOTO);

0) ¢ HaCTHYHO OTKLCBAHE HA MOTOKA (CAydai a) ¢ no6aBAHS Ha OTKLCBAHE
Ha IIOTOKA OT CTPRHMYHEAL Xpaif HA THIOTO;

B} © 'BJIHO OTKBCBAHE Ha NOTOKE {OTKHCBAHE HA NOTOKA OT BCHUKH PHEOBE
H KpaWila Ha KpRJIOTO H TAICTO).

3a onpenesAHe HA dgpOJAMHAMHUYHHTE XAPAKTEPUCTHKH Ha JIA Ha Majke u
YMEpeHZ BIIM Ha ATaka 3agayaTa C& pellasa B HelMHeNHa CTAHCHApHA
TOCTAHOBKY 4Ype3 MOJeNupaHe Ha OOTHYAHE C YACTHYHC OTKLCBAHE H& IOTOKA
{cyua#t a). VamonssanaTa BHXpOBA CXeM2 € 1IOka3aHa Ha our.2. Tpabsa na ce
oTbenexHu, 4ye B IpOLECa HE H3CIELBAHKATA HE € OTHHTA BIMAHUETO Ha

neGenuHaTa Ha TANOTO Ha JIA BLPXY 28POANHAMUYHYTE XapaKTePUCTHKY (TANOTO
CE 3aMEHS ¢ THHKH ILI2CTHHI).
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Tlonyuennure 3arucumocty C v, {0} ¥ 7 (C) ApH HAMIBKHO NBMKEHME HA
JIA. B muanasoxa oT by Ha ataxa 0=0:20° ca u30bpasenu Ha ¢ur.d u ca
oTbendg3any ¢ kpbeueta (X). OT Purd ce swxaa, ve YBENMHYEBAHETO Ha bINKTE
Ha aTaka BOAM AC CHOTBOTCTBALIO UIMEHCHHE HA KOS(HIHEHTA Ha HOAEMHATA
ouma C), ¥ Ha KOeUUHEHTs HA MOMEHTA Ha TAHIAXa m_. ToBa e CBBLP3aHO ¢
M3MEHCHHC KAPTHHATE HA PA3HPENCCHUe Ha HAATAHETO [0 DOBLPXHOCTTA Ha
XpuaoTo n TANOTO Ha JIA. C HapacTBaHeTo Ha BIIMTE & Ce yBeNMTaBa
Pa3PERAAHCTO HAZl TOPHATA OBBPXHOCT U C6 NOBUINABA HANATAHETO {LIOTOKET
Ce 3aTOpMO3#Ba) HA NOJHATAZ Y2CT HA IOBBLPXHOCTTA, Beneareue Ha ToBa

3HaYeHUATA Ha koeuumenTa C, u xoeduumesnTa m, {110 abconoTHa CTORHOCT)
Ce YBEMTHYARAT.
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OTIHIrTe H 0cOBEHOCT Ha 3aBHCIMOCTTa Ha koepumuenTure ¢ um OT
LIIUTE HA aT4Ka, XapakTepHa 3a GONIIKHCTBOTO OT ofTekaeMure Teia, C& AB4Ba
NUHeHHOTO MM U3MEHEHHE Ha MANKH K YMEPEHH BINIY HA aTaka, ChOTBETCTBAIIM
Ha IIIABHUA PeskyM Ha obTruane Ha JIA, Kakro ce suxia oT Qur.4, 3aBHCHMOCTHTE
C, (o) u m(¢) B Auamazona ¢=0+15° ce U3IMEHAT 110 JIMHEEH 3aKOH.

IIpH TIO-HATATHIIHO YBEIMYEHHE HA (L TOPHATA OBBLPXHOCT Ha KPIJIOTO Ha
JIA zamoupa ma ce ofTHda ¢he cpuB Ha NOTOKA. CpUBBI NPUHUMIIEO U3MEHSA
KAPTHHATA HA Pa3npe]eJeHne Ha HaNAraHeTo. 3aTOBA, 3aI0UBANKYA OT BIBI HA
aTaka 0/=15°, 3apONUIIMAT C& CPUB HA 3B3THHA M3XOAALL ph6 Ha KpHIOTO BOJH
xBM naMeHerne Ha xoedunuenta Cy 10 BIBA HA aTaxa, OTKIOHABAHKH ro OT
nuuefinng 3aK0x {pur.d). Tosa OTKJIOHEHKE € TOJIKOBA HO-TOIAMO, KONKOTO 110~
FOJsAM € O H, CJIEACBATEIIHO, KOAKOTO HO-rolgMa ob1acT OT ropHaTa NOEBPXHOCT
Ha KpUIOTO ¢ OOXBaHATa OT CpHBA. Ha IIOTOKZ.

W3meHeHHe Ha KapTHHATA Ha PasNpefle/ICHHe HA HaJIAraHeTO IO BMIM Ha
ATAK2 BOMY ¥ A0 M3MEeHeHMue Ha kKoedmuuenta m,. Ilpu uabpano Havano =a
oTuuTaHe {OT HOCa HA TANOTO Ha JIA) KoeuIHEeHT BT Ha MOMEHTA Ha TAHIAXa B
nuanasona o=0+15° nMa OTPULATEIHM 3HAUSHNA 1 CE H3MEHA [10 JIMHEEH 3aKOH,
KOETO ce B DA Ha Gur.4 (Ha HUrypaTa e 0TOeNI3aH ¢he CHMBOJIA X) U C¢ 0BACHABA
¢be clennoTo. MoMeHTET Ha Tanraxa ce ofycnass OT HRIMMHUSTO Ha HOpMallHa
CWila, HO TBIA KaTO HOpMaJHaTa H NMOAEMHATA CHJla HZ MAJIKU BITIH Ha aTaka
NPaxTHHECKH C4 PABEM, TO KOSQUIMEHTET 7, OCHOBHO 3aBHCH OT KoedunueHTa
C, . TlooneanusT, kKakTo Gelie yCTAHOBEHO, B IPEAEIa Ha IJIABHOTO ofTuuaHe
¢e ¥3MeHd MPONOPLUEOHANHO Ha BI'bja Ha aTaka. Exsa npu boau o=>15°, npu
KOHTO ce MOABABA CPUB HA HOTOKA HaJ KPHIGTO, B3ABECHEMOCTTA (0} ¢e
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OTKJIOHSABA OT MMHEUHHUS 32K0H. [IpH O-HATATBIUIHO YBEIUYCHUE Ha O, C& TOARABA
XapakKTePHO U3MCHEHHE Ha MOMEHTHATA XapakTepucruka m (o) (Bx. dur.d)

TpabBa na ce or6enexy, ue xapaxTepHUTE 3aBUCHMOCTH Cy“ (0} u m (o),
IONyd9eHH IIPY MOAENNPAHeTC Ha JIA upes miocka cxemaTusauus {(TANOTO ce
MOJenupa ¢ ThHKY HOCEIU NOBRPXHOCTH, JIEXKAIH B IIockocTTa OXZ),
HPOMUHABAT NPE3 HAYAIOTO Ha KOOPAWHATHATA CHCTeMa ((ur.4). 3uaducHusTa
Ha KOS(UITHEHTHTE Ha IOASMHATA CHJIA ¥ HAJIBKHAS MOMEHT IIDH HYAER BbI'LI
Ha aTaKa ca paBHY HA HyJa, & Ha peairua(obemrus) JIA, xaTo Ipasuno, 1e ce
OTNIYABAT OT HYJ&, Thi KATO T€ 3aBUCAT OT Mpo(ina U yCYKBAHETO HA KPHIIOTO,
(opmarta Ha TANOTC ¥ OT APYTM FEOMETPHIEH MAPAMETPH H2 KOMIAHOBKATA.

3a nonydanane Ha 2ePOAMHAMUMHATE XaPAKTEPHUCTUKE Ha YMEPEHH ¥ TONEMHE
BITY Ha aTaka ¢& MPOBE/ICHE HICNeABAHHA B HEJHHEHHA CTANHOHADHA K B
HeCTAHOHAPHE [IOCTAHOBKA, IPY MOJSAUPAHE HA YACTHYHO OTK'LCBAHE Ha IIOTOKA
— cnygai 6.

Br3HMKBAHETO Ra OTKBCBAHE HA LIOTOKE OT CTPAHMYHME PBG Ha TANOTO X
HEFOBOTO BIMAHUE BbPXY [IOBEPXHOCTTA HA TAIOTO ¥ KPHJIOTO BOJH A0 CLOTBETHH
H3IMCHEHUA HE aePOANHAMHYHNTE HATOBApBaHuA Ha JIA, 3aTOB2, OTUHTANKY Ta3u
0COBCHOCT 1 ciloxkHaTa Gopma Ha Ts10TO Ha JIA, PE MOIEIEPAHETO C& U3MOI3Ba
HOB BHUXpOBE MOJeJN, oKa3aH Ha ¢ur.3. JIA ce mozeiaupa ¢ EomomTa Ha 68
XUAPOAXHAMMYHY 0COBEHOCTH. B clydas e uanoinssan cnocoba Ha cXemaTH3anmus
€ IIOMOMTa Ha HabOp OT HOCEINN NMOBBPXHOCTU-MOXYNIH. IIpH TOB& TANOTO ce
CBCTOR OT 6 MOZRyna, a XPHIOTO OT eAHH — 7-¥ N0 pen Mozayn. XapakTepHa
OCGOEHOCT Ce SBABA TOBA, Y€ MBPBUTE TPH MOJAYJIA U IIECTH MOAYN HA TAIOTO <4
3aBBPTEHH IO OTHONIeHMe Ha ocTa OZ mon wrui -5,1° u +5,5°, choTBeTHO.
Kpunoto (ceAMuAT MORyN) € NPECHEIHHEHO KBM IHECTHS MOAOYN Ha TAIOTO
Taxa, 4¢ Ja ce obesneun 3ajajeHaTa MOJOKMUTENHA HAaIpedHa V-0B6pasHOCT.
HonyuenaTa BEXPOBaA CXeMa © IPHETA 32 OCHOBHA B CHEABAIINTE HIC/ICABAHUA

B nmponeca Ha MeTOZMUYECKHTE M3CIENBARMH, OCDHIIECTBEHY B HEIHHEHHA
CTAlHOHAPHE IIOCTAHOBKE IPM MOJENMPAHE HA YaCTHYHO OTKLCBEHE HA TIOTOKA
(cmyuait a) B nuamasoHa OT BOTH Ha aTaxa o=0+15°, e PA3KPHETE OCOBEHOCT B
3apucumocture C v, (@) M m (0r) ipu 3aKaieHaTa cxemaTH3anys Ha JIA, YeTanosero
€, e kpusure Ha 3asucumocture C, (o) 1 m (0) He IPEMHUHABAT HIpes HAYAIOTO
Ha Koop/auHaTHATa cucremMa. Ilonyuennre HyneBH 3HaveHus Ha KoeGHLMEHTHTE
() 7 (0) ¥ m1(0L) CHOTBETCTBAT HA BI'BJI HA aTaka O=2° (ma dur4 orbemnsazanu ¢ A).
IMpu ToBa 3aBucumocture C 74 () ¥ m () IMAT nuHeeH xapaxtep. MamecTenu ca
B OACHO ¥ NPEMIHABAT eXBRAUCTAHTHO OTHOCHO CHUINTE 3aBHCHMOCTH, MONYYSHA
Ipu Mmonenupare Ha JIA ¢ moMoluTa Ha BRXPOBA pasHeTHAZ Cxema {¢ur.2).
IprynnaTa Ha omucanaTa 0cOGEHOCT CIIeMBA 1A Ce THPCH B HANOJI3BAHATA ILIOCKO-
IEPOCTPAHCTBCHA CxeMaTn3auus. KpuinoTo, IpHCheAMHEHO KBM 3aBBPTECHIAS HIECTH
MOZYJI Ha TANOTO, C& OKa3Ba IIOJ HErONAM OTPHIATENCH LPBJ HA ATAKa 00
OTHOINEHNE HAa HACPEIIHKA NOTOK IIPH HYJIEB BIEI HA ataka Ha JIA.

32 u3cNe)BaHe Ha aepOAHHAMHYHUTE XapakTepHCTHKHE Ha JIA B quanaizona
a=10+35% 3aauara ce pemasa B HeNuHeHEA HeCTallOHAPHA OOCTaHOBKA IPH
MOALIUpaHe Ha YaCTHYHO OTKbCBAHE HA NOTOKA {Ciydaii ).

XapakTepHHTE 3aBUCHMOCTH Cj,ﬂt () n m (0}, NONyHeEH B yKa3aHUS
Ananasor 0=10+35° 1px HaanBXHO ABMxeHHe Ha JIA ca w306pasenn Ha turr.4
K OTOEI43a M C KBAApaTUETA,

143



3abesig3Ba ce, 4€ Bb3HUKHANIOTO OTKhCBAHE Ha TIOTOKA OT CPanuvHus Kpak
Ha TAIOTO BONM AO YBENHuUaBAHE HA HOCeUTe cBOWCTB2 Ha JIA. Ha durd ce
nabmonasa ysenuuenue Ha koeduuuenta €, ¥ Broua #a Haxk.1oua €2
pourpaTeyara kbM 3apucumoctTa € () ¢ HAPACTBAHETO 1A BINATE 13 aTaKa.
(OO0ACHEeHUETO HA TOBa CE 3aKJIOYaBa B OTKBCHANaTa Ce BHXPOBA MEMena oF
CTPaHHYUUS Kpail HA TAJNOTO, 3aBbDTALIA C& B YCTOHUMBM BMXPOBY LUfyDOBE,
KOUTO Ch3JlaBaT HOUbIHUTENHO paspexiaHe Ral TATOTO ¥ Kpunoio Ha JA.

XapaxTepsT Hd 3dBMUCHMOCTTa Ha pasnpelensHe Ha HaldTAHETo 00
noBbspxHocTTa na JIA Ha Mank® M yMepeH® BIVIM Ha arTaka {Ha Our.5 ¢
w3obpaszena 3aBUCHMOCTTE, TIONydeHa Ipy t=15°) moxa3Ba, 4e Haf-HaTOBAPEHH
enemenTa Ha JIA IpK TNACTHHYATO MOJIeNIUPpaHe CE SBABAT KPHJIOTO H HOCOBATA
9aCT.

¥

<dur. 5

Ha ¢ur.6 ¢ npencrasesa BUXpoBaTa CTPYKTYpPa Ea JIA, NORyYEHA 1IPH BIBA
Ha aTaka O=15°, Buxaa ce, He TH Ceé CHCTOHM OT TpH BHXPOBH IelieHH: I—
CTpaHMYHA U 3a1Ha Ha KpuioTo, [I—3anna, n II[—cTpanuuna Ha TAnoTO (Gur.3).
AHanM3ET H2 XKapTWUHATA H& TEUECHHETC IIOKa3Ba, Y€ KATO LA/0 BHXPOBaTa
cTpykTypa ¢ chopmupasa. IeneHata III OT CTpaHHYHUA Kpay HZ TANOTO €
YCTOHUMBS, 32 KOETO CBUACTES/CTBAT CHOTBETHUTE INHUN Ha TOKa 61130 N0 3a/iHud
naxondaur ps6 Ha kpuiaoTo M Tanoro. C yBejudaBaHe BIbJIa HA aTaka
WHTEHIWBHOCTTA Ha BUXPOBUTE MIHYypoBe da neseHz I1I napactea. Tosa Boau Ao
YyBEIX4ABAHE DPAa3PEeNKAZHETO B pailoHA Ha ONMamIHATA YaCT Ha TLIOTe. B
H3CIeNBAHNN NUAINA30H OT BINH Ha aTaka € YCTaHOBEHO, Ye BUXPUTE OT TANOTO
HEe CH B3aUMOIEHCTBAT C BHXPUTE OT KPHIOTO H NPEMHWHABAT YCHODEJHO Ha
TAROTO, He3 fa ce pazpyiiasat. SICHO €, 4& B PE3VITAT HA DA3PLHAZHETO,
CH3[JABaHO HZ TOPHATA NOBBPXHOCT Ha TAJOTO OT TE3W BHXPH, CC IIOJIYHdBa
yBenuuaBane Ha koedpunuenta C, (o) u xoedrumenta m, no abcomorHa
BE/IMYMHA B A¥ATA30HA OT BIVIK Ha aTaka 0=10+30°, xoero ce B2 Ha dur.4.
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Pur. 6

3a no-IIbAeH AeTaliNer anajus ¢a GUIK OIPEACIICHYE IapaMETRHTE Ha NOTOKS
Ha[ ¥ 324 TAI0TO H KPHIIOTO B CEHMEHUATA, IOIQXEHNeTO Ha KOHTO € [I0Ka3aH0 Ha
¢ur.3. Tlonyyernure noeTa Ha ckopoctuTe npu obTuuane Ha JIA mpy Bruil Ha
artaka 00=20" ca noxazamu Ha dur.7{cevenus A-A, B-5, C-C, JI-/1). Kaxto ce
BIDKZ2 OT QUTypaTa, HAJl TANOTO B palloHa Ha ceueHHeTo A-A enBa 3anodsa Oa
ce fopmMupa BUXpOBO TedyeHme.Han TaAjgoTe, B paioHa Ha MACTOTO Ha
IpHCLEANHABAHE HA KPHIIOTS, B cexenuara b-b u C-C {dur.7) moxe fga ce oTnenu
thopMupayeTc Ha BHXPOBM IUHYp, T.¢. Han JIA B paiioHa Ha KLPMOBaTa 4acT ¢e
tdopmuEpaT AR2 BUXPOBY IIHYPE, BCIEACTBAE HA HAIYCKANIMTE BUXPOBH IEJIEHU
OT ABaTa CTPaHNyHH Kpasd Ha TAIoTo. MHTeH3WBHOCTTA Ha Te3U BUXPOBH IIHYPOBE
HAPACTBA ¢ YBEJINUABAHETO HA BININTE HA ATAKA, 33 KOETC MOKE Ia CE& ChOU IO
tur.8, kpaeTo B pafioruTe Ha ceuenuaTa B-B, C-C ca n3oBpasenu pasueTHHUTE
IIGAETa Ha CKOPOCTHTE, MoNyueHn upu o0Tr4aKe Ha JIA npu 5rbil Ha aTtaxa o=30".
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Dur. 8

Ha npakTHka HEBHHATH € BB3MOXKHO A2 CE PEANN3NPA YACTHYHO OTKBCBAHE
Ha IOTOKa pu OOTHYAHE Ha KPHJIOTO, OCOBGEHC Ha rolieMH BIVIM Ha aTaka. Kato
npapuio, o6TraaneTo Ha JIA Ha TaxWBa BIIH Ce CBIIPOBOXAA C OTKBCBAHE Ha
IIOTOK& OT BCUYKHE M3XOAAINHE prOOBE M CTPAHK HE XPHIOTO U TAA0TO. ETC 3a110,
32 OUPCAENSHE HE ZEPONMHAMHYHHTE XapakTepucTukH Ha JIA B Henumefina
HeCTANMOHAapHA IOCTAHOBKA IIPH BIVIM Ha aTaka ¢=30° ce Mmoaenupa obTu4ane ¢
I'BJIHO OTKBCBAHE HA IMOTOKA (Cilyvait B).

AHaNM3BT Ha NOJTYMCHUTE Pe3y.ITaTH [OKa3Ba OCHOBHO, 4¢ He ce hopmupa
YCTOMYHMBO BHXPOBO TEHCHHE IIPH PEANM3ANMA HZ NBJIHC OTKHCBAHEG Ha [IOTOKA
OT BCHYKH pBOOBE M CTPAHM HE KPHIOTO M TAIOTO HA [OJSMY bITIH HA ATaKA.
Taxosa Teuenne poAM KO HamansBaHe PA3PSKOAHETO HAA KPUIOTO H TALOTO M,
CIIEAOBATENIHO, A0 NaJJAHE HA aePOAMHAMUYHATE HaTOBapBanud. ToBa ce BIKAA
Ha Qur.d, Ha XOATO ¢ Kpbruera c¢a M3cOpasend CyMapHEMTE aepOIHMHAMKMHY
HaTOBapBaHHA [IPY TAKEB PEXHM Ha obTruane.

Ot ¢ur.d crasa acuo, ue koepuumestsr C y, ©€ YBEJIHHABA C HapacTBaHe
BIIATE HAa aTaka B AManmazocHa o=30+40°, HO BIBADBT Ha HAKIOHA Ha
AonupaTenHaTa KbM 3asucumoctra (), () ce HamansBa B CPaBHEHHE ChC
3aBUCHMOCTTA, NOJY9eHA B HeNHHCHHA HECTANHOHAPHA NOCTAHOBKA IpH
MOMENUpaHe Ha 00THYaHe ¢ HACTHMHO OTKLCBAHE H2 IOTOKa (chyuai 6). Tosa e
08YCIOBEHO OT OTKBCHANHUTE C& BUXPH OT TAIOTO, IPEMHHABAINY YCIOPEIHO 1
Haj Hero, KONTO CHXPAHABAT CBOATA YCTQHYHBOCT, Ch3fAaBaT AONBIHHTEIHO
DaspexJ2aHe HaJl IOBbPXHOCTTE MY H BOAAT HO HAPACTBAHE HE AEPOJUHAMEYHHATE
HaToBapeanus, Obaue Mpu TLIHOTO OTKHCBAHE HA NIOTOKA OT BCUYKY W3XOASIIH
P10OBe Ha KPUIOTO €& HAMAJABAT HETOBHTE HOCSHIM CBOICTBa, 3aT0Ba Ce
Habnonasa no-0aBRO HapacTsaHe Ha xoedunuenta C ¥, © YBGJIHUABAHETO Ha
BIIKTE HA aTaKa B YKA3AHHS OWAMA30H.
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3a nma amanHM3MpaMe TeMeHHeTO Hag i 3an JIA peka pasrtnename HQIETO HA
CKOPOCTHTE, IIQJIYHSHO HPH HEroBoTO DOTHMANE Ha bIeT Ha araka 0=40°. KaxTo
u upu obruuanero Ha JIA Ha 0=20°, B palfiona na cevenuero A-A 3amousa
HOpMHPABETO Ha BEXPOBO Teuenue, KoeTo e nabmogana Ha ur.9. Ho 8 pakiona
Ha MICTOTO, KBILTO & HPUCRENHHEHO KPHIIOTO Kb TANOTS {cevenne B-B), moxe
na ce oTAean DopMrpaHeTo sa BuxpoBH HYp {dur.9}. o crenenTa Ha
npubixkapaie KbM 3anuua ped (ceuenne C-C) ¥ OTAENAHETO ©T HErd HANORY
o noToka (cedesnue J-J) Teuerne cTapa HeycTORUEBO B BUXPDOBYA LIHYD B SCHO
H3Pa3eH BHI oTcbCTBa, ONpeuelenaTe 8 CHEABAIINT MOMEHT OT BpEeMe ICNeTa
Ha ckopoctuTe B ceuenusra C-C u JI-JI nokaspart, ¥e ¢ TeUeHHE HA BpPEMETO
CTPYKTYPaTa Ha TeUeHHETO C& ChXPaHABA.

h Y

Dur, 9

32 IpoBepKa Ha AOCTOBEPHOCTTA HA UBYMCICHUTE A6POAMHAMHYHH
XapaKTepHucTHEKY Ha JIA mo onucaHaTa MeTCOMKA 4pe3 MOAEIUpane Ha o6THHaHe
C OTKBCBAHE HA [IOTOKA & U3BbPHISHO CPABHEHHE ¢ HalIMYHKUTE €XCIIEDHMEHTaIHY
JIaHHE, TIONYYCHE B a6pOOHHAMUYHATE TphGa Ha MalIKi NO3BYKOBH CkopocTH [4].

Ha ¢ur.4 ca npuBeneHEN ¢KNSpUMEHTANHUTE NAHHE U PE3YJNTATUTE OT
H3CHENBAHETO, IIONYIEHN IPH Moaenupane Ha JIA ¢ IOMOITa Ha THHKH HOCEIH
uosbpxHocTd. OT (urypaTta ce BimK[a, 4e NMOJNy4eHHTE PE3yliTaTH, IPH peluaBaHe
Ha 3a3la4aTa B CTAMOHApHATA HOCTRHOBKa, N0OpE ceé CBINacysaT C JaHHHTE OT
TPBLOHUS eKCIEPMMEHT B Juala3oHa OT BIMM Ha aTaka 0=0+15°. Obade no-
HATATBINHOTO YBEeNWYEeHUE Hi bIbild Ha aTaka, 3anousaiiky oT o> 15°, JoBexaa o
3HaYUTENHO Pa3MHUHABAHE MEXIY U3IHCICHHTE M eKCEPUMEHTAIHHTE 328BUCUMOCTH
C,, (@) mm (o), koeTo ce MOTREPXIARA OT ur.4. OCHOBHATA IPHYKHA 32 TOABUIIOTO
Ce pa3MUHABAHE Ce 3aKII04aBa B TOBA, u4¢ IpH obTuyaHe Ha peanund JIA BL3HUKBa
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OTKBCBAHE HA IOTOKA OT ABETE CTPAHHM Ha TANOTO, BOIEIIO A0 LonoOpspaHe Ha
HOCeluTe CBONCTBA Ha JIA, HO TO He ¢ MOJIENHpPAHO NPH PEILABAHE HA 3a/(A4aTa,

Pesyntatate oT npoBegeHnTe MicneABanus, NONY4eHH B Heluueitna
HECTAHOHapHA OCTaHOBKA NpH HobaBsgHe OTKBLCBAHETO HAa NOTOKA OT
CTPAHUYHUTE KPaKIla Ha TANOTO YIOBIETBOPHTENHO C& CBLIJIACYBAT ¢
CKLICPUMCHTANHUTS IaEHH B NHala30Hd OT BIAH Ha ataxa O=10+25° {¢ur.4).
Obaue, sanousaifxy OT bmM (=25", IpU YBEIMYABAHETO Ha O ce HABIIONAB:
HE3HAYHTENHO HNPEBHIIERHME HAa xoedhUIIHEHTa Ha NOOEeMHaTa CHila Hajl
3HAYUEHHUATE, HONYICHH B excnepumMenTa. O0ACHEHHETO Ha KOETO ¢ 3aKJI04YaBa
B TOBA, 4€ HC C& OTHUMTAT BCHUKH PeajiHu CBOUCTBA (BHCKO3ZUTET, TPHUEHE M Ap.)
Ha BB3/AyXa IpX OTKBCBaHE Ha IOTOKA OT NOBBPXHOCTTA Ha JIA u OT npefuud
pb6 Ha KpHROTO, KOHTO e fun Habmronasan mpu o>30° B SKCIEePREMEHTA II()
BU3yaNiK3allud Ha 0DTHYaHeTO Ha JIA,

Ilpn pemapane Ha 3zjadaTa B HedaMHeRHA HeCTAIMOHAPHA IIOCTAHOBKA ©
RobaBsHe HA OTKBCBAHE HA MOTOKZ OT NPEAHMS aTAKyBall pLb Ha KPHIIOTO,
U3HHCNeHNTE XapakTepucThkn C, ce MONy4aBaT HO-GIUM3KM A0 EKCMEPHMEH-
Taiaute. Ho qbi1a0 chBnanenue He ce HabMIOnaBa, KOETO C& BHAKIA OT (hur.4.

ITpy ronem BIIK HA aTaKa aePOAMHAMUYHKETE XapaKTEPHCTHKI Ha PEalEn
JIA 7 nonydeHuTe Ha NIOCKMA MOJCT Ce Pa3jMYaBaT, UPH TOBA HOCELIMTE
.CBONICTBa H& IUTOCKHA MOMIEN C& OKa3BaT MO-TOJEMH OT TE3H Ha peanHus JIA,
HMuTepecHO €, 46 XapakTepUCTHKUTE Cy, (0) HO-CBLIIECTBEHO C& PasnudaBar b
JH¥ala30Ha OT BIVIH HA aTakKa (t=35+40° BuOpeks, ue peanuuat JIA EMa THHKO
kpuit0, ToBa Moxe fa ¢ O6ACHH CbC CNEAHOTO: ILPBO, [IOCKATA CXeMATH3ALIS
Ha JIA mpu rojieMu bIIM Ha ATAKE MPUTEXABA 3HAYMTEIHO [10-TOJEMHE HOCEIH
CHOCOGHOCTH, BEXPOBUTE IIHYPOBE CHUIECTBEHO NPOMEHSAT XapaKTepa Ha
OGTHYRHE HA KPUJIOTO, YBENMuaBaliku feHCBaITuTe BhPXy HETO ACPONMHAMAYHHI
HATOBaPBaHUA; U BTOPO, B Pa3HETa HE C& OTHMTA BHUCKO3WTETA Ha CpeJara.

B peaynrar Ha M3NOKEHHA MaTepHaN € HOJYYEHA CHHTEIUPAHA BUXPOBA
CXeMa, KOATO IIO3BOJIARA ¢ JOCTATHYHA CTEHEH HA NOCTOBEPHOCT K OTHOCHTRIHG
HE TCIIEMH PasXOAH Ha IaMEeT ¥ MalIMHHC BpeMe JIa C& H3C/CIBAT JTHHEITHUTE Wi
HeJIMHEAHHTE aePORYHAMHUYHE XapakTepUCTHKH Ha JIA HpH HEroBOTO OBWKEHHE
0€3 Trb3raHe Ha MAJKH QO3BYKOBH CKOPOCTH. Ha OCHOBAZ Ha peanusppaHus
MaTeMaTHISCKH MOIEN, H3N0I3BaHKH [IJIOCKO-IPOCTPAHCTREHATE CXEMAaTH3AINA
Ha JIA u Mofenupane Ha o8 Tr4ane ¢ 9aCTHYHO MM THJIHO OTKHCBAHE Ha IIOTOKA,
32 pa3IMuEN QUKCHPAHY 3HAYEHHA Ha BIbJId Ha aTaKa, Ca MOTYYEHM KAPTUHATA
Ha pasnpe/ieleHde Ha HaNATaHETO, BUXPOBATA CTPYKTYPE ¥ IIOJETO Ha
ckopocTHTe. TAXHOTO H3CHeABAHE ¥ aHAIH3 HOUPUHACAT NO-TOMHO Ha Ce
PA3KPHBAT OCOOCHOCTHTE, CRHP3AHN C HEJMHEHHUTE ACPOAMHAMMYHY e(BeKTH,
NpOoABABALIK C¢ NpH IoJeT Ha JIA Ha YMEpPeHU ¥ TOeMH BINE Ha ATAKZ B
PEXHMUTE HA KalaHe,
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Determination of some aerodynamic
characteristics of an aerospace aircraft in
the landing regime by stream-line
modelling with flow separation

Krassimir Stoianov

(Summary)

The paper studies the aerodynamic characteristics of an
airspace aircraft in the landing regime, using the discrete vortex method and its
modification, the vortex frame method. In this method, the aircraft is substi-
tuted by flat-space vortex schemes, and the stream-line is modelled by partial or
complete separation of the flow. A calculation vortex scheme is synthesized, and
a study is made under mathematical model with non-linear stationary and non-
stationary settings. The obtained linear and non-linear aerodynamic characteris-
tics are shown for an aerospace aircraft, moving without sliding at small subsonic
velocities. A comparison of the obtained results and the available experimental
data from aerodynamic tube is made. Based on the obtained picture for the pres-
sure distribution, vortex picture and velocity field, their study, and analysis, the
peculiarities related with the non-linear aerodynamic effects, and manifested when
the aircraft is flying at moderate or great attack angles in the landing regime are
revealed. The significant influence of the non-linear vortex structures formed in
stream-line with separation of the flow from the aircraft’s bearing elements on its
aerodynamic characteristics at great attack angles is shown, r
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MAarsuTHY U3MEPBAHUA C BBPTALI Ce
KOCMHUYECKH amapar

Humumsp Hanos, Hpen Jumumposa®

Llenmpanna aabopamopus ho cABHUECO-3eMHU gv30eticmaur, BAH
*Hucmumym 3a Kocsuueck uscacoeanun, BAH

Marautomerspbsr UMATI-3, BrIO4YEH B ChCTaBA HAE
amapartypara 0o IpoeXT VIETepOon — aBpopanHa COHAE, N3MEePBa eIHOBPEMEHHO
TPH LIEPISHAUKYASPHA KOMIOHEHTH Ha MarHUTHOTO mone (MII). TIpuboprr ce
BBpTH 3aenHo ¢ MC3 okose oc, NIOUTH HapaNesHa Ha HAlIpaBIeHMETO KBM
C'BHIETO, XKaTO 0cTa Ox Ha npubopa ChBENAMNA ¢ 0CTa Ha BEPTeHe, Oy e palnanHa
oT ocTa, 0z — HOUBIBA KO OicHA xoopauHaTtHa cucTema (KC). Ilepuonsr Ha
3aBBpTane € okono 120s,

Exous npocT MOAEI HA H3MEPBAHKATZ MOXEM Aa NOJIYYHM Taka:
Hexa MII umMa KOMIOHEHTH: B — 10O O0CTa Ha BLPTEHE, H BF —
mepHeHauKy/apHata n. B xoopnunaTHa cucrema KcO, 4usTo oc Ox cpBnaja ¢

ccra Ha BepTene, MII ce npencrass oT E:[Bx,B p cos(o?), B, sin(wr)] . ToBa e
aneannata npnbopua KC. Mpexoasr xem KC, B kosro BexTopsr Ha MIT He ce
BBPTH, CTABA TIOCPEACTBOM MaTpuuara A ¢ eJeMeHTH:

| 0 0
A, =|0 cos(wt+8) sin(wi+0)
0 —sin{wt+8) cos(wi+d)

kpaero w=27%/T, T=120s (uuTHpanc HO-ZONY KaTO ,NEPHOAS), { — BPEMETO
OT HAYANOTO Ha H3MEPBAHETO, & — BIBIBT HA 3aBbpTane npH =0 (TO3x BI'LI ce
onpejens Ha HOpAA).

KomioneHTute B, ¥ Bp 3aBHCAT [I0 CIOKEH HAYMH OT BPEMETO, CBBP3aH C
MaMeHenHe nonoXeHreTo Ha MC3, uameneRMe GH3MYECKUTE XAPAKTEPHCTHKH
Ha OKOJIHATA OpeAd, HO He ¥ ¢ neprofa Ha 3asbprape (T=120s). Axo
B, =const 3a BpeM¢ HO-TONAMO OT T (BP ce uzMeHda GaBHO), TO CPEIHOTO IO
BpemMe (32 HHTEPBaIM KPATHY Ha e41H HepyHon) Ha ¥ ¥ Z xoMIOHEHTHTE Ba MII

B KcO ¢ nyna. Ako u B ~const, To Moxyrsr Ha MII (, Bi + Bf, ) He 3aBucH
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ot spemeTe. Jopu MII ga ce uamMeHs CWIHO, eIBA JIK MOXEM 14 OUAKBAME
HEePUONNIHOCT B KOMIIOHEHTATa B, ¥ MOMIy)a, KpaTHA Ha IEpKOJa Ha 3aBbpTale.

Karxse ¢ npobaemsm? B HeoﬁpaGOTeHHTe JaHHU ce HabnromaBaT
0CoDEHOCTH, KOUTO ca B IPOTHBOpeuue ¢ rope xasaxoTo, B (1] ca pasmenadn
4aCT OT TsX. a) nepuopuyny (~120s u ~60s) cucrabku B B, 6) cpennoro Ha B
B {3a Bpeme XpaTHO Ha nepuona) He ¢ Hyna. Hue leHﬁaBﬁMe oIle eliHa B)
MOL[y.H'bT Ha uaMepeHoTo MII e Mmonynupan ¢ nepuon 120s (sx. dur.la u dur.2a).

Hue cmarame, ye nprauna 3a a) u 6) € OTKIOHEHHE HA NaTuHKa #C B_oT
0CTa Ha BbPTEHE. ABTOpHTEe Ha [1] THPCAT IPHYHHATA 32 HEHYNEBOTO cpe';mo
Apyrajie ¥ He o0CBKOAT {ABIO) MOAYIAIMATA B MONYIE.

Cropen Hac, IPHYMHUTE 32 H3MEHCHMATAE B MOIYJA MOKE /la ca Tph: A)
HEOPTOTOHANHOCT MEXly OCKHTE Ha AaTHULIHTe, b) Hamuuue Ha cMylaBamo MIT
oT obekra (MC3), B) GaBHu u3MeHeHnsA B ,HyNHTe" Ha npubopa. He u3kiioupame
¥ €IHOBPEMEHHOTC ACHCTBHE HA BCHYKHY THX.

MareMmaTuued Monen 2a ¢6ScHABaHE Ha
HabmonaBaHuTe 0cobeHoCTH

JaT9nnuTe ca OPTOTOHANHM, HO OCT8 HA BBPTEHE HE
cpBOaAa ¢ Ox Ha Npubopa,
Hpexonsr kpm npubopuarta koopArHaTHa crucTeMa (Kell) Moxe 12 cTaHe ¢
JiBe IOCIIeNOBATENIHY 3aBLpTaHud {okono Oy Ha @, 1 oxono Oz ra ¢, ). Marpuuara
Ha Ipexoaa O3HadaBame ¢ 4:

cos(p,)cos(p,) cos(g,)sin{e,) sin(o,)
A —sin(Q, ) cos{®, ) ]
—sin(@,)cos(¢,) -—sin(@,)sin{¢,) cos(e,)
Bexropsr Ha MII B Kell e
(1) B'=AB.
B x-xomMmoHEHTaTa HA H3MEPEHOTO IOJE!
Bj; = cos((b}, Jeos(@, )8, + B, [cos((p),)sin(cpz)cos(a}t) +sin((py)sin(mz)}
C¢ MoABABA IEPHOOMYMHA 32BHCUMOCT OT BpeMeTo {mepuod 7'), xoaTo &
MpOnOpIuoHanHa Ha B . B monyna my 1/82 S 82 HAMa TaKaBa NEPUOARYHOCT.

AKo JionycHeM, 4e MEPEHOTO MII ce u3MeHsA MHOTO OaBHO M YCPEIHUM,
+T i+ £

TIONy4aBame; jB dt [T=—sin(¢,}B,#0 K _[B dt [T= -s1n(fp},)cos(<pz)B =0

!
{(Brx mo-rope acoBenoct 0).

- Ilpu cpmuTe yonosua (moctosrdo MII) ga npecMmeTHEM MHTerpafa:

JBszdtﬂ‘sin((py)sin((pz)cos(cpz)(Bi —Bf,). To#t & pasziuyeH OT HYJd M He

i
MOX€ f2 ObAe H3HON3BaH 3a ONPEAEISHE OPTOrOHAIHOCTTE MEXIY MaTHUIUTE
[1}{cTp.1103,
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Ia pasrienamMe PL3MOXHUTE IPHYHHY 38 MOYIATHS HE MOJIYNa ¥ HAUHHHTE
3@ TAXHOTO KOJMZeCTBEHO oupeiensie. CHoped Hac Te ¢a Tpu: A) HATYHIUTE
Ee ca oproronansy; B} obexkTsr uMa cobCTBEHO MaruuTHO uone; unu B) uma
M3MEHEHHUE B ,HynuTe" Ha upubopa.

A) Harunngare He ca optorosanuu: Hobpo npulnikenne e, 4K0 IPHEMEM,
4e BCEKH AaTUHK H3MEDBa IIpoexuusTa Ha BexTopa Ha MIT supxy ocrta cu. Ees
OTpaHH4YeHHE Ha ODLIHOCTTa, MOXKEM na mpuemem, de X-maTunka € 1no Ox s
Kell, Y-natuuka CKIIFOYUBE BIbJI ;B c octa Oy(KclT), a Heropata npoekims B xilzg
— brnn f3, ¢ Ox(Kcll). 3a Z-maTuuxa ChOTBETHHTE BIIM HE OTK/IOHSHWE OT
Oz{Kcll) o3nayaBame ¢ ¥, U ¥, B Tosu cnyuai, nokasarnara Ha npubopa Morar
Jla C¢ 3aIMIIAT B ClEAHaTa BeKTOpHE thopma:

(2) BP = 4" B',
KBIETO A? & MaTpriaTa

1 0 0

7 =1sin(B ycos(B,) cos(PB;) sin(B;)sin(B,)
sin(y,)cos(y,) sin(y;)sin{y,) cos(y;)

OueBunuo, ako B; =y, =0, we uMame B” = B' . B npubnuxenuero 3a

MATIKY ‘BIILH, MOYXEM 14 nonoxum cos(f, ) = cos(y, ) =1, sin(B;) =B, sin{y,)=17;.
MatpunaTa A7 MOXEM XA 3AMAIIEM TAKA;

1 0 g 1 ) 0
A? =| By cos(B, ) 1 Brsin{By) |=[ay 1 oy
Yic08(Y¥2) Ysin(Y,) 1 Oy O3

Mogyirsr Ha BP 3aBHCH OT BPEMETO, K&TO €6 IOABABA XapaKTepHa UecTOTa
20, ITeTHUAT H3P&E3 € TBLPAE KOMIUIHIHPAR M HE € BE3MOXHO A2 Ce NpPeACTaBH
TyK. 3a TIOCTPAINA, AKO NIPUEMEM, € HIMA OTKJIOHEHHE OT OCTA Ha BBPTeHE
(p,=0,=0), B, = 90° u vy, =~ 90° nonyuasame

B? = [[(+ - B} ycos? (@t) + 2y, +B;)sin(wr)cos{mn)]B2 +C, cos(wi+8)+C; ,

C,, C, uw 6 ca KOECTRHTH HE3aBHCEIIH OT BPEMETO. [IBpBUAT UNeH MMa
4ecToTa 20 .

OT Tyk cneppa, ue HAGNIONaBaHHTE U3MEHEHMS B MOAYIa HE IOJYIeHHTE
JaHHH HE €& NBJDKAT Ha HEOPTOTCHANHOCT Ha AaTHHIHTE, 321(0Te: 1} HAMA
H3MEHEHNA ¢ 4ecTOTa 2¢, 2} HAMAE IPHYMHA BIBIET MEXHY NATUHIHTE A4 Ce
H3MEHA B CPABHEHME ¢ HA3EMHUTES KEINOPOBBLYHE HAHHH.

Kosuuecmeeno onpedensane: ENeMEHTHTE Ha MaTpHLaTa A? ca ONpeneieHy
IIpY HA3EMHN H3NUTAHUE, 1€ Ce CBLRIAcYBaT ¢ HaONMIOASHUATA,
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B) OGexTwsT EMa cOBCTBEHO MAIHUTHO Hole; iy B) MMa H3MEHEHHE B
LHYNHuTE" Ha upubopa. 3a ChXanenwe Te3u OBE NPHYMHA He MOTaT Oa ¢
PasnengaT, 3alfoTd ¥ ABESTE BOAAT IO npﬂﬁa}ssme Ha HEHIBCCTEH BOKTOPD KLM
usmepsaHoro MIL

Ma o3HawkM To3K BEKTOD ¢ &;. Torasa UMATI-3 me mepu none B¢ = B +&,-
Monynsr My € paBeH Ha

3) B = (B +5,) = BL + B+l +2B'E, .

IHepeute Tpu uKeHa DO/ 3HaKa Ha paJUKalia ¢a HHBAPHAHTHYA — HE 3aBHCHT
ot u3bopa Ha KC g oT HeHHOTO NOJOKEHHE BBB BpeMeTo. UYeTBBPTHAT HE €
HHBAPHaHTEH {B TO3M CMHCHJT} — 3ABHCH [IGCPEACTROM IDOMEHITHBHS bI"bJl MEWKTY
BekTOpuTe (B’ U €, ). OueBUAHO, MAKCHMYM H MEHHMYM HMa IO BEAHDBXK 32

BDEMETO Ha COHH NEPHOI. Moxe na ce HAOKaXe, Y€ HECTOTaTa Ha H3MEHEHHE HA
MOOYHE € €.

Konuuecmeeno onpedennne: AKO ¢ € WPOU3BOMEH BEKTOP M IIPECMETHEM
CKRTAPHUTE IpousBedeHus B®.(B°+&)=(B +&,)(B' +&, +é)u or TaAXHATa
pa3aukKa M3RAANM B° RS NONydaBaMe
@ B4 el —28,6+2B'(2,-2).

[TopBurte Tpy uneHa HE 3aBUCAT OT BpeMeTo. AKo u3abepeM ¢ Taxa, He Ja
MHHEMH3HDAME BApHaLuATa B (4), TO 1€ CME ONPENEITIIE & .

TIpennaravuAT MO-rope METOA 3a KOMMYECTBEHO ONPEHeNsHe € yCTOHYHB
€aMO 3a IEPHOJ, NO-TOJAM OT eJUH IepHorn Ha poranus. IIpH aHalus Ha
obpaborennTe ganEu 3abendsaxme, Ye KOMIIOHEHTHTE Ha BEKTOPa Ha TPEIIXATE

€, He CC UMEHAT 3HAYKTENHO B PAMKHTE Ha NIEPHON OT HAKONKO yaca (BapHALHA
He oseue oT 2—3 nT). Uma sgauutenny naMeHeHnd 32 paznuaaute gau (Ta6m.1).

Tadnuna 1
Ton.faoen e, Ag e, Ae, A fﬂe:
96 / 262 35,2 1.5 17,0 1.5 87,5 1,5
96 f 264 -87.0 0,2 13 1.5 34 2,5
961274 99,9 0,1 19,8 2.4 91 2,2
961295 - S0, 0,1 17,5 Sl 96,8 2,7

3amo npengaraMe Apyr HAYHH 3a
DpecMATaHe Ha MaTpHUATA 33 poTauna?

B [1] xaTto npuMep e NocoOYEHa MATPHIIA 32 KOpPeKIKUs Ha
BIBIE MEXHY OCTA Ha BbpTeHe H X-MATYHKE, KOATO HE 321183B2 NBJIKUHATS HE
sexTopa Ha MIT ( cTp.111 (3)).
Hue mpecMaTaMe »IIKTE Ha POTALMS @ U @, , [IC CICAHUA HAUMH: _
Tlpu ubrerpupane mo kommnoHedTH (1) 3a exuH nepuog T, nony4aBame
CIICHHATS YPABHEHHSA 32 ©, M @
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4T : SHIEE
- 1g{p, )= JB;a't J.Bi.dt: a,
¢ t
t+T o li

—te(9,)/cos(e,)= [ Bydt | [Bldt=b.
f i

(5)

AKO 3n2eM {M3MEDUM) NapaMeTpUTe ¢ ¥ b, TA3M CHCTEMZ MMa CIIELHKTE

pelenus:
@, =arctan(q)

i Zarctan[(\/1+a2 +1./1+a-2 +52 )/b ]
Zar(:t'a,n[(\/l«1—{12 —\{1+a.2 + b2 )/b ]

Ot aBere pelIeHM 32 ¢, n3bupame TOBa, 3a KOETO ocuTe Ox
CKIIOUBAT NO-MAIIBK BI'BJI 0t=ar co8(Cos(P,)cos(@,)) -

Aneopumemsm 3a mpaHciopmayus Ha KOMIOHeHTHTe Ha MIT Kbar
HEPOTALKOHHA KOODIHHATHA CMCTEMA: |

1. IlpeoGpasysane OT TeneMETPUYHHE KBbM (UIUYHY BeNHYHEH.

2. Kopeknusg 3a OpTOrOHaNHOCT ¢ MaTpHuiia A”, YUUTO SJIEMEHTH Ca
OIpeAeNieHK HZ 3eMATa.

3. Omnpenengae Ha coferaenoTo MIT na ofexra.
Wzsaxaane na MIT ga o6ekTa oT noayueHoTo npx 1).
IIpecmaTane Ha @, ¥ ¢, (32 IPENOKPHBAIK C& MHTEPBAIIH).
Tpancdhopmanus 1o 4™ — octa Ha poTallMA CHBIAAA C OCTA Ox.
OTcTpaHaBaHe Ha pOTauATa.

6) ?;

{(KeG) E Ox( Kelly

S A

Pesysnrat

Ha ¢wr. la ca nokasanu AaHHE OT MATHETHH M3MEPBAHUS
npend, a8 Ha $ur. 16 — ciea npusaraHe Ha ONHCAHEA AITOPETHLM. 1o
XCDH3OHTANHATA OC € HAHECEHO BPEMETO B CEKYHAH, 4 [[0 BEPTHKAIHATA --
MAarHHUTHOTO Iose B nT.

Qurypa 2 WIICCTPHPA UIMEHEHUATA B MOAYJI2 HA HAMEPEHOTO oJIe {pur.2q)
u B B_— xomnonenTtarta (ur.26), mpeny u cien mpeobpasysaHe. Our.2g
JeMOHCTpUPA NPEIUMCTBATa Ha IPEAJIATZHUA OT HAc MeTon. Pur.26 nokassa,
4¢ METOABT HM HE € CHEBPLICH — NEPHOAUYHATE NyJICaluM¥ B B Hamaudsar
[OBEYL OT OB& IIETH, HO HE M34e3BAT. [IpHUKMHATA 33 TOBa MOXE 04 & HIMEHEHNE
B KOMIIOHGHTHTE Ha M3MeDEHATa Ha 3eMATa MaTpuua Af, (3abeinsssa ce
MOQYJIANMs Ha CUTHalla ¢ IepHuoj oKoio 60s.)

Ha ¢ur.3 e nokasaro H3MeHEHMETO ¢ BPEMETO HA BIbJa MEXIY NpHOOpHATA
0¢ Ox #0cTa Ha BLpTeHe. Bux/laMe KaK BIhJIET C6 H3MEHRN IEPUOUYHO B IPAHMIA
no 1,5° cnensa ycnokosBane npu 0,5° u oTHOBO pazmroigeaHe. ToBa Moxe 1a ce
HBITDKE Ha JIIOJeeHe Ha Ianrara. [Ipu Apyri nanan oMme 3abestasany, 4e aMIUIMTYIaTa
Ha BI'bJa MOXE A2 OGTHTHE A0 2°, KaTO YCIOKOABAHETO OTHOBO & okoio 0,5—0,7°.

He e BB3MOXHO fa IOK2XeM BCHYKH NOJYYEHH PE3VITATH, HO [IOKAZZHHTE
hErypr ca AOCTATHYHO NpPEescTaBUTEIHY.

154



155

L

" 27am

.
2138
|
el
d
Jid
13

2018

THoa
1

f, §

L

_Monyn npenu

1538
]

— 180
~200°
_agol
400-
e e
—700?
S

& T A
1418
{.

U ‘Ao

Dur. 1
Dur. 2



OTKI0HEeHH:

L) I L] | 1 Ll |
dur. 3 1298 1418 1538 1658 1778 189§ 20018 2138 2258
I 8

3aknryenue

He cMeem na TBBEPAMM, 4e TOBA H3CIEABAHE MIUCPIBi
npobnemute. V3phH HECO OCTZBA PELISHHETO HA CIENHHTE 3aMadu:
1. Kopexnug Ha octa X 110 HANPABICHHETO Ha CITBHIETO.
2. IONBJIHUTENHO U3CNEABAHE 33 IIPOMEHHTE B OPTOTOHATHOCTTA MEXIY
JAaTUHIIATE.
3.006acuenne Ha nameHenuaTa 8 MIT na obexTa.

JJuTtepaTtypa

L.Craxekun, B.A., B.T. MTetpos, H.A. Biicmour, A. Bouepn. Mariiursue HIMEREHEA B HOCKTS
HHETEPBEGH - ABFGPANIBHBI 30HA, —Koom, uscnenopasus, 36, 1998, Nel, 108-112,

2. Arshinkov, I.S., L.N.Zhyzgov, A.Z . Bochev et al. Magneticfield experiment in the INTERBALL
project (experiment [IMAP). Interbail | 1995, 223-227.

Hlocmenuaa na 16TV [9992

Magnetic measurements on board a rotating satellite
Dimitar Danov, Iren Dimitrova

{Summary)

The magnetometer IMAP-3 is part of the equipment in
the frame of the INTERBALL Project - Aurora Probe measures simultaneously
three perpendicular components of the magnetic field (MF), The device rotates
together with the Artificial Earth Satellite (AES), around an axis which is almost
parailel to the direction toward the Sun, whereas the Ox axis coincides with the
rotation axis. Periodical changes in the module of the magnetic field were iden-
tified in the series of measured values. These changes cannot be referred to the
magnetospheric ME

The authors believe that this phenomenon is induced by the AES magnetic
field. Other possible optlions are also discussed.

An algorithm for transformation to a non-rotational coordinate system with
Ox axis parallel to the rotation axis is proposed. This algorithm differs from all
published algorytms up to now. '
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Boirapexa axazemms #a saykute. Bulgarian Academy of Sciences
AEpOKOCMUYGCCKH H3CIHC/ABAHNS B Bonrapus. 15. Aerospace Research in Bulgaria
Codus. 1999, Sofia

"

PQyneperure —
CBIHOCT ¥ IPHJIOKEHUE

Huwisan Heys

Hucmumym 3a kocmuuecku uscaedaanun, BAH

PyepennTe OPENUIBUKBAT TOJLIM HETEPEC KATO Bh3-
MOXKHOCT 33 HOBHM H2y4HM H3CJIC/BAHWS ¥ 3@ HOBH IPAKTHUECKY HPUIOKEHNA,
3aToBa He e cnydafiHo, 1e HobGenosa marpaga 3a 1996 r. Geme HPHCHIEHY Ha
TPpUMa yiCHZ 33 TEXHHTE NOCTIXeHuA B obnacTra Ha Qynepenure.

Hcropuueckn Gemexxu

Hcropusta ma dynepenurte sanousa npes 1971 r., koraro
BHIMHACKUAT busuxo-xumux Xapoan Kporo uaciensa monexyaure HC,N,
OTKPHTH B MEXY3BE3NHOTO NMPOCTPancTBo, Llenta My e oTkpuBane Ha Moexym
OT IIO-BHCOK pel — nosnueu. Ilpes 1983 r. Toil nposexna csonTe M3caeaBanus
CbBMECTHO ¢ Prwapn Kepa. U gsamara o6pbiuaT BHUMaHRE BHPXY De3ynTaTHTE
Ha Puuapn CMeliny, ko#To ¢ 1a3epHO-NIa3Menn YCTPOHCTBA CH3AABA CHIIMITNERO-
kapOuaHA KIbCTepH. TpuUMaTa yuenn npepmonarar, ue » MEXTY3BE3MHOTO
NIPOCTPAHCTBC HMa BLIMOXHOCT 32 00pasysane Ha xapGumuu rposnose. Ilpes
CenTEMBPH 1985 r. TpEMaTa MPOBEXAAT CHBMECTIIN EKCIIEPUMEHTH U B TEUEHHE
Ha ZI8CET JIHK YCTIABAT 14 AOKAXAT ChINCCTBYBAHETO Ha Monykysa C, . Onpenenar
HedHaTa CTPYKTYPa K 5 HA30BABAT Ha HMETO HA AMEPHKAHCKHS apxutexT Dyjep,
KOHTO nocTpoy Ha CBeTOBHOTO HU3IOXKEHHE B Moxpean npes 1967 1.
AMEPHKAHCKAA NABUINOH C IOA00HA KOHCTPYKHHS, KOATO € Bana HAPHUCYBaHA
ome oT JlecHapno ga Bunum,

Monexynata C, mo costa GopMa MHOTO HPUIHYE HA tdytbonua Tonxa,
HalpaBeHa OF 12 NEeTORrBNHM H 20 [IECTOBMBINM napuera. JIOBOIUTHO €, He
pasMepET Ha monekynara C ., koiTo ¢ 0,7 nm, e 1/107 9act o1 dyr6onnata TOHKE,
KOATO OT ¢804 ¢TpaHa e 110" 4acT oT semHOTO KBGO [1].

Tpsbsa na ce or6enexu n GakTsr, Ye Mpeau 3HAMEHATEIHHTE HECeT HHH
HE3aBUCUMMU H3CJIEABANIMA Ca MPOBEACHH B 1a0CPaATOPHS Ha He(ITeHATA KOMIAHUS
EKCOH s Hio JAxspcu OOA pBKOBONCTBOTO Ha Euapio Kanpop. Ilpu

157



obpasysaneTo #a nnaiMeH rpadut ome npe3 1984 r. TaM nosyuaBaT MOMEKYNH
C,, u C,;, HO He yCHRBAT /A I'X OT/JENAT KaTO IIMKOBE HA CHEKTPOrpamaTa H I
TA3H GPHYYHA CONAMOTO OTKPHTHE HM C& H3NIB3BA.

Boungraur Kpeumep B Mucturyra no acrpodusuka ,Makc Thrank™ B Xainen-
Gepr u Houann Xohmas B YeEBEPCHTETA B ADHICHA IPOBEXIAT EKCTIEPUMEHTH
3a IOAYYAB4HE H4 [UIA3ME OT rpadiT Upes eNeKTpHYeCcKka Ibra B Cpe/la Ha Xelki
(1990 r.}. B caxpnure npucwersar C , C, ¥ mo-ronemu mosexynn [2].

CohmHoCT Ha hyaeperuTe

OtkpuraTta or rpynara na Kporto monexyna C, e 4ucT
sbriepo. Herosata CTPYyKTYpa ¢ pasnMyasa OT CTPYKTypaTa Ha rpadiTa ¥ Ha
NHamadTa. T4 e HOBA aNOTPONHE MoAM(bEKaNKd Ha Beepoaa. ClHeloBaTellHo,
BBIIEPOIET UMA TPU KPUCTANHE Moandukanyn: roadur, [uaManT u QyJIepeH.
Te OpUTEXKABAT PA3NHHHA (PU3UUHA CBOHCTBAE.

Ilpz rpadwTa 1 ZHEMaHTA HMa BBLHIUHM 4HaCTHYHO HaCHTEHH BPL3KA.
lecTOBILARETE MIACTHHH IPH TpadHTa MOTAT NECHQ A4 C¢ IUIB3TAT EIHa BLPXY
Ipyra. IIpu nvaMagTa, Topagy ¢BOBOIHNTE BPB3KH, TOBBPXHOCTTA MY € IIOKpHTa
c soaopon. Ha HOBHPXHOCTTA Ha (ynepena HAMa TakuBa Bp'hSKH Te BCHUKY C&
HACHTEHH.

TIpe onpenensHe Ha CTPYKTypaTa Ha rpadHMTHUA BBLIVIEPON C& H3HON3BAT
WIECTOBIBIHE KOHCTPYKIMH. [10-KBECHO CTaBa ACHO, Y€ aX0 [IC ONpPEAENeH HauKH
C& OTPEXAT BHPXOBETE Ha HKOCHUTETpaEeAbpd, Ce HONy4HaBa NpeceueH
HKOCHTETPAEABD, CheTOALN ¢e OT 12 neTosrEaIasKa U 20 INeCTOBIBAHNKL. TOUHO
Takapa e CTpykTypaTta Ha C,.

B caxknure, nonchHH OT ejleKTpH4Yecka Abra, 4acT OT chepHyHUTE
cTpykTypHu Ha C,, Ce yABKaBaT ¥ NpuaoGUBaT (bopma'ra Ha , TONKZ 33 PBrou®.
Taxasa e CprxTypaTa Ha C,.

QOcsen TX ca A3IBECTHY % xunepdynepens ¢ Mosnexyme C, Ha BEHUIHATE
ofBuBka, no-naswrpe ca C,,, ome no-HaswIpe C,,, a B nenTspa ¢ C , KOATO &
Hap-crabunua. Taxapa CTPYKTYpa ¢€ Ch311aBa CPABHUTENHO JIECHO ¥ 'I‘OBa OTKpHBA
HOB2 ¢P& B PA3BHTHETO HE (PUIMKO-XUMHEATA. ENeXTpHueckaTa Abra Mexiy
BBIIEPONHHA €NEKTPOIK Ce Cb3aBa 03 ocobeHH 32TpyAHEeHUd B 1a00paTOpHM
yCIIOBHA K B TOB2 € e[HZ OT IPHYHHHTS 32 H3KIIOUNTEIHO BUCOKMS HHTEPEC HA
yueHuTe B Tasy ofmact. [To MeTo/2 Ha eJeKTPHYSCKATA AbI'd JHEBHO MOTAT lla
c¢ mIoNy4yaBaT HAKOJKO paMa OT MaTepHana M ako mpe3 1991 r. egun rpam
dynepenn crpypawe 4000—5000 nonapa, To cera LeHaTa ¢ okono 40 nonapa 3a
rpaM [1]. _

CrpykrypaTa Ha C,, ce XapaKTepu3upa C BaKyyMHa KyXMH& CBC CepruHa
CHMETPHS, B KOATO MOTAT Aa ¢ BKJIKOYAT U pa3Iiisy aToMHM H MoHu. Hali-aecro
CE€ CpelllaT aTOMH Ha X&)Hi, HO pasMepuTe Ha NpOCTPaHCTBOTO IO3BOMABAT /3
Ce IIOMECTBAT aTOMH HA IIOMTHE BCHYKH XMMHYECKM JISMEHTH. BLIpPOCET € kax
Aa OBAAT IOCTABAHMA TaM.

IIpoBexdany ¢a ONMTH, IPH KOMTO KbM TPAGUTOBUTE €I6KTPOAK € nofaBeH
KanaueB HETpaT. 1o TO3H HAYMH NPHCHLCTBAIUTE B IMasMaTa KAIMEBH 2TOMH
moraTt ga nonaguaT perpe B C. B pesyarar ce nonysasa HOBO CheAMHEHNE,
napuuano ,K@C, “, npu K0oeTo BpB3KaTa HE & HOHHA, HUTO KOBAJICHTHR, & YHCTO
MeXaHHYHa ¥ Ce HapHia eHjoxeApHanHa [3].
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JlokaTo eHepruaTa Ha KOBaNEHTHATZ XUMHYHA Bpbika ¢ 1—2 eV, za
0CcBOOOKAABAHE Ha BETPEIIEH aTOM OT C,, € HEOOXOMHMMO Pa3KbCBAIE HA BPL3KATE
C-C 8 NeTOBILAHATA, WIH INECTOBIBANATA CTPYKTYDA, 33 KOETQ & HEOOXOaNME |,
ereprust MunnMym 9 eV, unu 200 kealfmol. Takosa BL3neiicTBIe BHPXY MOIEKyIaTa
C,, HE € OCBINECTBUMO CaMO C CHEPTHATA HA XUMHUIHA peaxknus. 1o Tasu npuvnHa
no0uBa 3HAYEHNE HEYTPOHHOTO BBINSHCTBEE, K&TO eHA BB3IMOXHOCT 32
»OTBapgHe” Ha dynepenure. IIpu HEYTPOHHOTO O6IbUBAHE BHLIHUKBAT JedexTu,
[IO3BOMABALILE IO-JIECHOTO NPOHUKBAHE B CTPyKTYpara Ha C,.

YHTapCKuTe Y4CHH €A eiHH OT IbPBHTE, U3TOJIIBAINH TO3M METON, JTOKATO
AMEDUKANCKY YIE€HH 34 eJITa M3NOJN3BAT HarpsasaHe o 500—6080°C u zansrane
3000—4000 atm, kaTo MeTO/ 32 Brpaxnase Ha UYRKIAHTE ATOMH.

YHFapuuTe Ype3s MeXaHO-XMMHUYECKa SHEPTHA B TOIKOBM METHULMA CMIIAT
xuMuuecku ypcer C . ¥ BB3ACHCTRAfKE C raMa-LUKIOASKCTpHH NONYYaBaT
#Cprama-nuxnonekeTpun“, Topa CheflMHeHNe 32 pasmuka oT C, ce pasTsaps BbB
BO/la 1 apa BbAMOXKHOCT 32 H3CNEABaHE Ha (hyneperuTe B 6HONOr¥HE cHCTeMHE [4].

MssecTHO e, 4e IpH HEYTPOHHOTC BhH3AERCTBHE BBUIEPOOHHUTE STOMH He
cTaBaT panuoakTuBHM. Keraro, sa pasmuka OT 04akBaHOTO, mpH TAX ce
PETBCTPIpA BHCOKA DAIROAKTHBHOCT, OKa3Ba Ce, 4e C, 1e € 4uCT U B SAPOTO My
DPpUCHLCTBAT AaTOMY Ha NPYIE XAMMRTHE eleMeHTH. Te, B M3KIIIOUNTEIHO MaIKy
KOITMMECTBa, C& HAMUDAT B eHTbpa Ha (Pysepena, 06pasypaT HacTHUHOCMECeHH
KkprcTany, BrarofapeHne Ha KOETO CE OKA3BA BLIMOXHO HOony4aBaHETO Ha
CBPBXIPOBONMMOCT ¥ Ha APYIH CBOHCTBA 328 PA3NXYHU IIPUIIOKEHHS,

BraMoxHOCTH 34 npHIoKeHHS

EnHa OT 3Bb3MOXEHTE 06MaCTH 38 NPUIICKEHHE Ha
dynepenute ¢ cBp3ana ¢ T.Hap. HaHOTPHOH. OKasBa Ce, ue MECTOLILIHATA
IIOCKa IpaduTHa CTPYKTYPA MOXKE /12 C¢ HABHKE [0 PASINYEH HATHI U 14 ofpasysa
TPBOMUKA ¢ AMAMETBP OT MOPAAbKZ Ha HaHOMETPU. B Hes upes KamWIAspHETE
IPOUECH MOTAT A OBAAT 38CMYKAHH METAJIH, KATO OIOBO H Ap. ¥ II0 TO3H HAYMH
upes TpebuukuTe 2 GbpaaT POPMUPARY METANHM HUIIKY C HaHOopazMepH [5].

H3BeCTHO €, e BLpXy 6eH30/ NS IPBCTEH € U3TPANCHE OPradHuHATA XHMIA,
Upes carp3sane Ha aTOMH, WIM aTOMHU IDYHH Ha OCHOBATA HA Cypu C, mo
noA00eH HaYWH MOTaT a GbAaT IIoNydeH HOBH BHAOBE ropuBa, KaTaIU3aTOPH,
JIeKapCTBa, BUCOKOAKOCTHH BI2KHA, MOJIEKYJIADHYE MeMODany, anTHOP KKHHONHY
TGOKPHTHA X AMAMaHTH.

GynepenuTe Mopadn CBOUTE €NEKTPHYHM M OHTHHMHN CBOMCTBA CA MHOTO
neperexTHBHE. Te [I03BOIABAT A2 ¢€ NOYYaT NOIYIPOBOIHHIN, CBPBXIIPOBOHHM-
¥, OITHYHY i eIeKTDOHHO-ONITHYHH MATEPHaIIH, aKYCTHHHEY HaTYRIM ¥ ap. [6,7].

Tosu HOB THN MaTEPHAJ OTKpHBZ MHOTO IIMPOKH BBIMOXHOCTH 32
HETPALHIMORHY IIPMIIOACHUA, KAKTO U 38 HOBY ThpceHus. HeroroTo monyuasane
H #3CIIC/IBAHETO MY €A NI CHIIATE H Ha MAIKHTe CTPAHM B B TOBA OTHOIISHHE
MIIOT0 HACHPYUTE/ICH € IPUMEPET HA YHIapCKUTe yYeHx [8].

H3yuaBaHeTO Ha (YIEPEHHTE € TACHO CBBHP3AHO € H3Y4aBaHETO Ha
KOCMUHECKOTO NMPQCTpancTso. Macnensaiixn svmiepona B KocMoca, yuerute
ny6iuKysaxa ChOGIIEHHS 32 DYNEPEHH ¢ U3BLHIEMEH Npou3sxoa. Pyjgepesu ca
OTKPHTH IpH H3CICABANETC HA METEOPHTH (9], KAKTO U B CHEAM OT yAapuTe UM
BBPXY OOIIMBKATA HA KOCMUYECKH anapaTy. U B ABaTa clrydas KOJIM4YecTBaTa ca
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MHOTO MaJkid, Moxe Oa ce TpeanoIokH, Ue ca NOJYYEHH ¥Upe3 MEXaHM3Ma Ha
Kpeumep—Xodman oT BBNIEpOAHH XOHAPUTH. Heo6XOAUMHE ca HOBM HayvHH
JOK&3aTe/ICTBA 32 TAXHOTO IPHCHCTBEE B MEXAYIBE3THOTO NPOCTPAHCTRO.

DynepeHuTe KATO TPeTa MOAK(HKAIHA HA BBIIEPOAa NPEICTABIABAT
HHTEPEC ¥ 38 YYEHHTE ¥ 32 CNEUHANHCTHTE B MECTHTYTa 38 KOCMUYECKH
Hacneasanns — BAH, kbHeTo xMa U3BECTEH M3CIENOBATEIICKH ONKT B obnacTTa
H2 AMAMAHTHTE.

Jureparypa

.Fador, L.I. AFullerének Elet es tudominy, 51—52, 1966, p. 1620.

.Kratschmer, W. et al, Dusty Objects in the Universe. Kluwer, Dordrecht, 1990, p. 89.

. Weiss, F.D. et al. JAm.Chem.Soc., 110, 1988, p. 4464.

.8zejtii, J. Cyclodextrins and Their Inclusions Complexes. Acad. Kiadd, Budapest, 1982
.Ebbesen, T.W., PM. Ajayan. Nature, 358, 1952, p. 2200.

. Patent Jap, 5-142557,

. Patent Jap. 5-82132, .

.Braun, T. A kiprézatos C,, molekula. Acad Kiadd, Budapest, 1996.

.Buseck, P.R. et al Science, 257, 1992, p, 215.

MrOGe w1 O LA Bl R

Hocmanuaa awa 20.VE 19972

Fulerenes — essence and application
Istvan Cheush

(Summary}

The essence of fulerenes as a new allotropic carbon modi-
fication, and their structural features are considered. A brief historical review of
the first scientific researches in this field initiated in relation with space studies
is made. The directions for their practical application in some new areas are
outlined, as well as some potentialities for the development of multicomponent
fulerene configurations with specific properties. The paper is an overview one.
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