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BbTperuHraTe npoqecr4
MeH Bbpxy

O IIOBEIEHI4E HA
aKperIuoHHOTO TeqeHkre

Mapua,\uuumpoea

Hxcmumym 3e KocMuLtecrcu uscnedeauun, EAH

Bue4enue

Pe4uqa penrfenonz r,r3ToqHzrlv 6sxa orrxAecrBerrlr cTecHU IrOftHU C,nCTeMr{, cr4rpxaqra KoMlaKTeH O6exr, HOpManHa 3Be3Aa vfa3oBo reqeHue MexAy rsx. CraHa rBbpAe aKryanHo lu 6rlu, 
"olp-Jd"oI'I3'f, cHeHI'I npoqe cl{Te' orroBopH}I sa SopnrupaHero Ha p eHTreHoBoro }r3JrbqB aHe,a,CB IO Taxa - \pttLrr4HLTTe 3a HefoBaTa IpOMeHJII{BOCT.

'{erafinnoro orrr{caHr{e na Quzuunure [poqecr4 B ra3oBoro reqeHl{e B T.scHa4nofina cr{creMa e HeBb3Mox"o 
-6es 

v3rroJr3BaHero Ha qr4cJreHn cr,IMyJrarl uu. lopuIIo ro3l4 HarII{H o[ucaHl4ero HI{Kofa He orirl{Ta Brl,I.f,Hr,rero na a6conror"o 
"""o'*"Ilpoqecl{, KOr{TO rrpoTnqaT B fa3oBaTa cpeAa.

EAno or ocHoBHrrre upu6rzxeut, 
" 

pur-"pFrocrra Ha pa3rurerK A''arao6lacr' rlrpnoua'raJrHrrre--eAHoMepHra pa3rne)KAaH 
"t rr,2] rrocrenenHo 6.sxa

[3-9], a crreA roBa rz rpr{MepHr{ [10_14] ;;A;;;.
, qe ra3oBOTo reqeHrire lprrTexaBa crro]KHa CTpyKTypa
6es gHaqeHze :a Sopur.rpauero rr rroBeAeHr4ero HapeHTreHoBara cBerrurMocr. Bluperr{ roBa oou"", iopur^ iu"pa" roJr.flMaraTpyAoeMKocr Ha cJloxHLrre rprrMepHu MoAenn,3a perr4rJa 3aAaqu ce [pr{eMa,qe AByMepHoro npu6nuxeHr.re e Aocrarbqno ao6po'[7, g, 15, l7).flo-uurepecen or Qr:rauHa rJreAHa roqKa e Blrrpocrir 3a HarrrrHa Ha orrr{caHr{eHa rrpoqecure, orroBoplf^]/, 3a npepa3rrpeAeneHzero pr ocso60xau"u"aro- nuCHEPTI{fl ,I MOMCHT HA ABI,IXEHI{E MEXAY IA3OBOTO TEIIEHIIO II OKONHOTOIIPOCTPAHCTBo, KaKTo II BbTpe B caMoTo TeqeIII{e MexAy oTAeJIHIITe My qacTl{.ocuonuu BeJrrrqlr'rr' xapaKTepr.r3vpax\r4 Te3u rrpoq ecuI, ca Blrc*o3r{Terbr r4

.bbJrrapcKa aKaAeMr4s Ha Hayxr.rre. Bulgarian
AepoxocvuvecKr.r r43cJ-reJIBaH us n Brnraius. 1 5.
CoQn.a. 1999. Sofia



KOe(puIIlIeHTpITe Ha HeIIpo3parrHocT, TorrJlofrpoBoAHoCT, r{3JIbtrBaI{e r{ [ornbrlaHe
Ha Jrr'qeHr{ero, oT Apyra crpaHa, or 3HaqeHr,re e cre[eHTa Ha orqnraHe Ha
BJrr4.rrHlrero I.rM B:bpxy rloBe.4eHl'rero Ha fa3a, Koero ce n3pa3flBa ocHoBHo BbB
Br[Aa Ha 3allrcBaHe Ha ypaBHeHVrflTA HA Cri}'r,OflHr4e H eHepferr4rreH 6anaHc.

,(oraro rloBeqero aBTopI{ rloKa3Bar, qe Bl,IcKo3urerbr Bru.se ocHoBHo c.1sc
CVNATA CH, HO He I,I qpe3 aHa:n:n.T:aTIHvIfl BI,IA Ha 3anl,Ic [16, 18], To oTIII{TaHeTo Ha
nsaurraoAeftcrBHero Ha fa3a c rbqeHuero e Aocra rro-cJro)KHo, llpaxruvecrlr
BCI{qKLl pa3rne}KAaHl{.s [On3BaT, B 3aBlIcI{MOCT OT aKIIeHTa Ha CI{MynaqI4fl.fa IIII:Z_
lpu6luxenvle Ha olrrl{qecKI{ MHofo rIJIbreH clofi, ilepHorenHo I4Jrr.r crrBo
npu6luxeukre, ulrpr oIITI{qecKI{ MHoro I'IHT,K c-rrofi. llo rosn Haqr,rH ce uz6srsa
pelxaBaHeTo Ha ypaBHeHr,leTO Ha rrpeHoc r{a JI:bqeHIIeTO.

OcseHloBa, MHoro aBTopII He BKJrIorrBar ra3oBoro Har.sraHe B ypaBHeHr,rero
Ha cbcro.rrHue [1 1-l 3].

Or rpera crpaHa, ypaBHeHliero Ha errepfervqHus,lata:c,c qecro ce 3arrrrcBa
B HeTIbJIeH nIrg, IIpu H,trKoI{ MoAeJII{ [11-13], TOBa ypaBHeHve BKJIIoiIBa caMo
eAuH qneH. flpr.r 4pyru ce orqrrra otlle BJII{.trHUerO Ha BprcKo3Horo B3ar,rMo-
Aeficrsue [14], Tperu HaIIpaBo [pl{elvrar, tre KonvqecrBoro rrorbJrHara eHeprns
ce paBH-flBa Ha KOrI{qecTBoro oTAeneHa BbB BCeKrr eI{r{H MoMeHT Lr 3a BCeKr{
eJreMeHT or reqeHuero [], 15, 17],

Baxno e Aa ce o6ocHone AoKOnKo r,1 B KoLr cnyq,an BcrKo eAHo or re3r{
npn6luxeuus. e Barilz'r:uo H,qa ce pas6epe Brr.r.f,Hr,rero Ha lnnoBere Helpo3paqHocr
Bbpxy eueproo6veHa B TeqeHr{ero.

flocrauoex a Ha 3an aqar a

B 4oceranHr4re cv pa3rnexAanut. [15, 17] cMe ce
orpaHI'IqunH 4o npu6nuxeHlrero ua Xafiaxana (l) :a paBHoBecr.re Ha KoJprnecrBara
Ilor:bnHara I4 orAeJIeHa eHeprrlt 3a BceKI4 eJreMeHT or |a3oBoro reileHlre.

B Hacronqara pa6ora cMe HanpaBnnv orrr4T 3a rro-nbJrHo orrr4caHr{e Ha
Qn:uvHure npoqecfi Ha eHeproo6ven, Karo ypaBHeHrrero Ha eHepr.err4tlHr4s.
6ala:ac cMe 3a[r,rcaJlu BbB Br,rAa

de .. --: 'tl r \,(l) ::=-pdivz+-1(o1pf +div(),gradr)- divW.dtz
B rara pa3rrprcaHoro ypaBHeHve, eHTpoluqra e eHTponvs. Ha r,rAeaJreH ra3,

3AfiVrCaHA BbB BLIAa
(2)

(3)

e - pZS,

,S = Sgo, = Cv ln pp'
Tyr ue ce orql{Ta eHTpon[.flTa Ha JIbrIeHIrIeto, trfi Karo HeroBoro BrI,I.sHue

Bbpxy eneproo6ueHa e orqereHo B A.flcHara crpaHa Ha ypaBHeHr,rero.
' flplrero e tpu6ttuxeHrle Ha rbrll{cra ronnolpoBo4uo-r [19]. no ro3r{ Haqr{H

nocjreAHprre ABa qJreHa n (1) rr,rorar Aa ce o6eAuH_sr r,r ypaBrreHlrero go6nna no-
IIpOCTII' Br,rA

/^\ dt Tl r \a(4) 
- = -p div il * )(o,of + Oiv (1" + y) grad,Tl,dt 2' '"'

Karo x e xoeQuqueHTbr Ha rr,qucra ronnolpoBoAHocr, a 1, - rouollpoBol{Hocrra
Ha fa3a.
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Tarona npz6luxenkre e BanilrHo 3a orrrr.rqecKrr ur,ren croft, Koraro
.qbnxrrHara Ha cno6oAnux npo6er Ha {oroHure e MHoIo MaJrKa ts cpaBHeHr{e c
pa3Mepr..rre Ha pa3rnexnalJara o6lacr. B rosrd clyuaft ce 3arrr4cBa BBB Br.I.rIa

(s) X=lll'
KbAero / e ycpeAHeHara Asnxr,rHa Ha cno604Hu.r upo6er. lxpuero e oqe
upu6luNeur4e Ha cr4Ba v'areptrfl, rrpr,r Koero

(6) Xfu,p,r)=Xb,T)= conrt(v)

.. ocrana Aa ce pa3rr''re roesuqueHrbr Ha lorJrbrrraue. B naft-o6u1u.n cnyuafi
rofr nxnro'{sa TorurcrHon e@exr, cao6o4no-cno6oqHr,r [pexoApr n Ap.

rlo rosu Hairr,rH ypaBHenr,re (4) e gocrarbqHo orrpeAeJreHo, 3a Aa ce [3rroJr3Ba
Ilplr MoAeJrnpaHe rroBeAeHUeTO Ha TeqeHr.reT0,

ocranarure ypaBHeHr,r fl ca 3ailvcaHr{ KaKTo B rrpeAxoAH v'e pa6oru Ir 5, l7].

ftrp ecuxra n vs. kr pe3y nr arr4,

B Hacrosqara pa6ora qpe3 AByMepeH qlrcreH Mo.qen,
pa:pa60reH rta 6asata Ha MeroAa Ha KI ynHr.rre uactuq" [15, 17], e rr3cJreABaHO
rIoBeAeHLIerO Ha aKperrHoHHo rer{eHue B T.scHa 4nofiria cr{creMa, c.bAbpxaua
HeyrpoHHa 3Be3Aa c Maca M^r: 1,5 Mr u'repneH rl{raltr c v'aca vt, : j,s u'
3anr,JIHlIJIa o6lacrra cu ua Fon.

IJen ua pa6orara e Aa ce [poBepu AoKonKo rrpaBoMepHo e 6uro na ce
pa3fJIeXAa OfpaHuqeHLIero 3a paBeHcrBo rra IIofbJrrrararaH orAeneHal-a eHepfr,rt
3a BCeKH O6ev sa rasa. or Apyra crpaHa e r{3cJre.qBaHo AoKOJTKO a]Harjr1T[,qfl:Irsr
3arvc ua roe@nuueHTa Ha He[po3par{Hocr Brl{se Bbpxy rno6anHoro rroBeAeHr{e
Ha reqeHr{ero. Ha rpero M.SCTO e fipocneAeHo pa3tsr{Tr,rero Ha crpyKl.ypara Ha
TeqeHuero Ao MOMeHTa Ha AOCTr,rfaHe Ha craqr,roHapHo CbCTO.sgue. l4Ma
ocHoBaHlIe Aa ce cMsra, qe BcsKo raKoBa crarlr4oHapHo cbcro.f,Hr,Ie e necra6prnno
I{ He ce 3aAbpxa 3aAr,JIro. IIpn erenryanHo r{sJrH3aHe or roBa cbcroqHr4e,
cBbp3aHo c pa3pylxaBaHe Ha crpyKTypara Ha reqeHllero, cJIeABa r.fl orHoBo ra
ce r,r3rpaArr Ao .qocTHraHe Ha HOBO CTarIrIOHapHo cbcTorHlle.

rlpecrra.arauiltfia ce r.r3BbpruBar Ao Aocrurane Ha-rlocrorHHa crofruocr Ha
PEHTIEHOBATA CBCTNMOCT, TIPOAYIII.TPAHA S O6IACTTA OKOJICI IIOBbPXHOCTTA HA
KOMTTaKTHT{S O6err. Pasmegan14 ca rphr cnyY^as,:a roeQr.rqlreHTa Ha
Helpo3paqHocr. B nrpBun cry.rafi ce orqr{Ta rou6unaqr,rrra o,r Tonrncrson eQerr
u or cno6oguo-cao6ogHlr [pexoAl{. Brn aropu.r nBTpervrflca orqereHrr cborBerHo
cavo ToulcbHoBprc e$exr r{ caMo cro6oano-cno6oAnrnre [pexoAr{. Ha Qur. 1 u
2 e noragauo pa3[peAeJreHrrero cborBerHo Ha rrJrbrHocrra H TeMrreparypara B
eKBaropr.raJrHara rrJrocKocr Ha reqeHr{ero. Ha $nr.,.3 e [peAcraBena 4e6eiunara
My B Z HanpaBneHr{e, Karo MaKcrrMaJIHara i crofigocr orroBap, Ha eAHa Aeceraor pa3cro.flHrrero .qo qeHrparHns o6exr. Tpdre rpa$zxn ce orHacqr 3a
rov6unwpaHa Helpo3paqHocr. B ocranannre 4ra-clyuafl, Kaprr0Hvrre ca noqrLr
I{AeHTHqHr4. E.q[ncrseHo MaKcrrMaJrHara reMrreparypa e [o-HrrcKa c 2 u 2.5 To
cborBerHo 3a cnylras. na Tornrncrnon e$err z ottiio60gno-c.so604Hr,r [pexoAr,r.
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@r.rr. l. PasnpeAeJrerrue Ha noBrpxHr{HHaTa nJrrrHooT B exBaTOpUaJrHaTa paBI{,IHa Ha aKpoIII4OHHOTO TeqeHue

-.0x
or.rr. 2. PasnpeaeJreHue Ha TeMn€paTypaTa B eKBaTOpt{aJIHaTa paBHIrHa }la aKpeu}IoHHoTO TeqeHqe
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@rr. 3. le6enr.rHa Ha reseur{ero

veTo Ha peHTreHOBaTa cBdTI,rMocT.
eHO AO rloBbpxHocT-td HA KOMIIaKTHU.s

Ha fa3 rrpe3 BbTpeuHaTa TOrrKa Ha
r,r crofrHocr. Ha Qur. 5, 6 u 7 ebpxHIIHHaTa IIJIETHOCT Ha TeqeHIIeTO B

eHHo B ToqKr,rTe A, B r,r C or Sur. 4.
r,rTe.rlcHo ce BIrXAa, qe AO AOCTLTTaHeTO

our. 4. Enolroqur Ha peHTreHoBara cBeruMocr ao aocruraHe Ea cTarluoHapHo crcro.sHue
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-1 0x
@ur. 5. PagnpeaeJreHlre Ha [oBBpxHHHHara rrJrsrHocT B eKBaTOpHaJIHaTa paBHIrHa Ha aKpeq[oHHoro reqeHae

go tfopuupaaero Ha Eropt{ ygapeq OpoHr

i=

-1 0x
Orar. 6. Pa:npeAeJreHue Ha rroErpxHr{HHaTa rrnrrHocT B e(BaTopItaJIHaTa paBHI,IHa Ha aKpeUI4oHHoTo TeqeHue

npII IIIPBI,I' Ma(CI{MyM Ha CBeruMocTTa

l.*FE
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<Dur. 7. ParnpegeJleurre Ha [oBrpxHl{Hr{ara nJrrrHocr
upu nocneABanur Mr.lHuMyM Ha CBeTUMOCTTa

B eKBaTOpUaJIHaTa paBHI4Ha Ha al(pequoHIroTo TeqeHr.{e

,{ucrycuu

Aro ce cpaBHrr [oKa3aHr{Te Ha 0r.rr. 1,2u3 pa3npeAeneHr.r.s
HA OCHOBHI{TE NAPAMETPI,I HA rA3A C TE3TI OT NPCAXOAHITTC HU II3CJIEEBAHVT',,, CE
Br{xAa, qe IIo xapaKTepa cra crpyKTypara Ha reqeHr{ero rrpl{ [o-rr6JrHoro
oTqvTaHe Ha eHeproo6vena He ce IIpoMeHs. Iloly.reuure crofiHocrlr 3a
CTAIII'OHAPHATA PEHTTCHOBA CBCTUMOCT, MAKCI{MAJIHATA NJIbTHOCT B EKBA-
TopI'IaJIHara o6lacr u ge6enunara Ha reqeHlrero ce orJrr{qaBar c HrKoJrKo
NPOIIEHTA, MANCUUAIHI,ITC CKOPOCTI4 CA TIO-HLICKII TYK C OKOJIO IO %,
PasnpegeleHuero LIM He e rloKa3aHo, rrfi xaro ro e HarrbJIHo IdAeHTr{lIHo c roBa
or [15, 17]. Terraneparypara e [o-Br{coKa c Hf,KoJrKo rrporleHTa r{ c [o-rrJraBHo
pa3rrpeAenenue. vgapuzre $pouroBe ca ro-lnaBHu, Ho v flo-.flcHo r{3pa3eHr{.

or ra:anoro Aoryx Moxe Aa ce 3aKrroqu, r{3BoAlrre, HanpaBeHr.r rrpu [o-
onpocTeHldt MoAeJr' IIoHe Iqo ce oTHac.fi Ao cTaIIuoHapIII,ITe c'l'cTottlf,vs Ha
TeqeHr{eTo, MoraT Aa ce [pueMaT 3a AOCTOBepHr,r.

c ronsl.{a Ao3a yBepeHocr cr,rrloro Moxe Aa ce Kaxe H 3a rroBe.rleHr{ero Ha
TeqeHr{ero rrpr,r Hecrarl}roHapHr4 pexlrMr,r Ha aKperlur. Bcu.rru pe3yJrrvpalllu
npoMeHnl,IBocru B peHTreHoBara cBerr{Mocr B re3r{ cnyqara [20] crrae cBbp3Banr4
crc cra6r.rnHocrra Ha clupanH]l1(re yrap:Htr $ponrone Ir pa3npocrpaHeHnero Ha
BbJIHI{ IIO T.SXHATA AbJIXLIHA. H.SIN{A QU:UVECTU IPUqITHA TIPEMAXBAHETO HA
r'r3KycrBeHo HaJTOXeHHTe npeArr orpaHurreHr,r.fl B eHeproobuena Aa AoBe.qe Ao
KaqecrBeHo HOBO [OBeAeuue. Bce rraK rrpu cpaBHeHr{e Ha MoAenr,rpaHr{Te BApr4A\Wr
c peanHI'I o6exru e [o-[paBoMepHo Aa ce r{3rroJr3Ba ro3ra lo-peaJrr{crr4qeH MoAen.



or gpyra cTpaKa, rqo ce oTHac.fl AO rrpecM{TaHut, [paBeHI{ [p]I pa3nl{qeHo

pa3rrrrcBaHe na roe$uqueHTa Ha Heilpo3parlHocr, Moxe Aa ce Kaxe, qe nocneAHoro

He e or cbluecrBeHo 3HaqeHile 3a IroBeAeHI'IeTo Ha cvcreMara'
Or rosa, KaKro I{ or ll3cneABal{H.f,ra Ha Apyrn aBrOpH [16' 1B] r1pn pa3nI'IrIHu

arra:|rvtTnq:F.l1r 3a;r1]1l}:1r Ha BI,ICKO3LITeTa, Moxe Aa ce 3aKnloqu, qe Heno3HaBaHeTo

Ha ToqHI,ITe SusU.rnu ilpoUeCu B TeueHueTo He e cbIIIeCTBeIIa npeqKa 3a

KaqeCTBeHu OIISHKI{ I{ H3BOA}I IIa rnO6aJIHHt My xapaKTep H nOBeAeHue.
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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 simr,rlation 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.
II. Standard cx-disc model

Dimitar Dimitrov

Space Research Institute, Bulgarian Academy of Sciences

L lntroduction

In 1970's Shakura'and Sunyaev [l] have developed

a stationary accretion disc model widely known as a "s
have introduced a parameter o which simultaneously des

two of the most important angular momentum transport
the turbulent viscoiity and c field viscosity. The pa^rametef cr gives

ttte pioportionatrity reiation shear stress w,r and pv,2, where p is the

sas den,sitv and y is the sou lues of cr under'an astrophysical interest
iie in the r:ange l'0 ,s- cr < L noted that during the type I and type II
X-ray burst &ents the intensive flow of low angular momentum X-ray photons
from the neutron star surfa.ce is able to i

pressure i

ii"l'J,"ff:'
radiative and molecular viscosities are neglected [1]' The importance of radia-
tive viscosity is also mentioned by A r a v and B e g e l.m a n [5], but these cases

includr: coniiderations 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 accre,tion discs. It should
be exp,eslgd thal changing of the physical cbnditions naturally leads to different
valuei of cr. For example-, the radially moving thermal instability front can de-

linit tlhe accretion disi into relatively "cool" region with Cr(=C[" and "hot" part
with a = a, ll, 8.|. We shall not consider in this paper such a 

-possible type of
instability Ana tfiatt neglect the radial dependence of u at all. We shall also
neglect the vertical disc structure (the z-cootdinate dependence), using disc-
heigbt averaged quantities (temperature Z, densiry p, etc.).

II



The standard a-model is described by shakura and Sunyaev [l] for
steady-state circular discs. Recently Syer and Clarke have derived solutioni for
stationary discs with constant eccentricities in the form of the two-dimensional
analogues of the cr-model ([9], Appendix B). This generalization of the stan-
dard cr-disc model was related with the observational and theoretical evidences
that the tidal interaction in some close binary stellar systems rnay cause elonga-
tion of the accretion discs (mostly of their outer parts) lI0_12J.-

II. Accretion disc model

Lyubarskij et al. [13] have investigated analitically
and numerically viscous accretion discs consisting of series of nested ellipticai

with a major semiaxes a, eccentricitv e and
cosity coefficient q, temperature Z, pressure p
gfd o' er the disc thickness fI. Lyubarskij
C I a r k e's [9,14] conclusion about the lonl

gevity of eccentric discs in a Keplerian gravitational potential also in the case 9f
variable eccentricity e:e(p).It should be noted thit these inferences are not

relation
(1) p:r(l*ecos<p),
where. q 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 r) is a constant iround the stream-
line, but depends on the focal parameter p,a transition to the radial coordinate
r (i.e., the distance from the centre of the compact object) recovers the angular
dependence on the azimuthal angle q. The considered model uses the appioxi-
mation of "pressure-free" fluid in the sense that the pressure does not ft^ay ai-
rect role e flow, except that it cbntrols the local viscosity.
This allo motion of the gas particles, which spiral inwaid
with a lo yp. The later iJconnected to the local accretion
rate,M. (F 3], eq. (30)), assumed to be a constant with respec t to p and time /, as
we deal ab initio with the stationary accretion problem.'Our consideration in-
cludes the assumption that both 1J and T are in-local equilibrium (case C from
themodel of Syer gnd clarke 19,r4l),which-.,*r thattheiequantities

"l?ng-. 
fast enough along the streamlines in order to attain a 

"o.r"rporrdencewith 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 eriables usto accept an adiabatic motion of the gas during its nearly Keplerian orbiting
along the streamlines:

12



(2) p @, <p) = K (p, q) py (p, <p),

(3) k =kr: orlmp,
where o"is the Thomson cross-section and mois theproton mass. T.he equationof state is given by

(4) p =4co 7o.

where c is the light speed and o, i, ,rr.3lrrrun-Boltzmann consrant;

,rur.(ti) 
middle zone B with an ideal gas dominated plasma with equation of

(5) p =4pT,
tl

al gas dominated plasma (equation of

(6) k : ko: (p T.-7t2 = 6.273 x 1022 p T-ttz,
where ( is a numerical constant, which value depends on the mean Gaunt factor(g = 1) and the chemical composirion [15]. The adiabatic index is accepted tobe equal to y: 5/3.

balance may be written as

(7) ' 'ir@,q,e)r1",r1or=!(*-pl,

where ?\") = Da@),D'|", ,, Dc@);o ,, In. lrTirlr^"^r consrant, M is themass of the compact object in the disc centre and

I3



(8)Y(e,<p)=*1r*""o,.pyftl+.,;+(7e+e,1costp+4e,cos,,qf,

16]' Taking into account that the verti-

an'd the K6plerian angular frequency is

e can express the condition of hydro-

he disc as

(9) P(z =o) - P(z =o) -1'*r"
PH t 8^

In the third Place, the
described bY the thermal
S u ny a ev ([1], eq. (2'7)),
oer unit time, then it is rel

(10)

Therefore, the radiation losses from the

the disc contour Per unit time are

_4o, -+:- a .

c

two boundaries (upper and lower) of
i?ur=',

(1 1)
'f##Jiaqa,

)'i no,ro* Ji de:='f WJe o.p,(r2)

,ll; -"'j ;:fi ':Tr ff ':; t' . :Iff i:i
transformaiion from Cartesian coordi-

FinallY, from the continuitY equa"

ij et il. [13] have derived the use-

.i ittto some unspecified functiott

.fu, e) and a known dePendence on 9:

(1 3)

flp*"'=o



purpose in this paper is to obtain in an explicit form analytical expressions for
flp, e) and the other accretion disc characteristics (averaged over the disc thick-
ness): temperature T, density p, viscosity q, 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, g and e.

III. Solutions to the accretion disc structure equations

The standard cxjdisc 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,l4J. The difference between these two
cases is that in the later all quantities are allowed to depend not only on r, but
also on <p. As concerns to the u-parameter, we assume the simplest possibility
o,:constant throughout the disc. Taking into account (9), the ratio
El H =p(z =0) and (2), we obtain

(14)

On the other hand, from (13) follows

(l s) p,' =(DlHl*' =ft l(nJir,)l'-'
Combining (14) and (15), and having in mind that JiVa=^IGMf p, we can
express the disc thickness f1, volume density p and pressure P by means of the
unknown yet functions K (specifying the gas entropy) andf (specifying the disc.
surface density I):

rpYu =!r&n2.

H(p,rp,e,K,fi = ft=[a"r 
v-t oi+sYz6+ ecos *)-']"tt*",

P ( p, rp, e, K, f ) - K"'*t) [',r'? 
(1 +-e 9os 9)3 

-l tt"'

lap'l

(1 6)

(17) p (p,q,e, K,.f ) =
cos
1

12(l + e

8Kp

(l e)

(18)

With the above results it is easy to find the viscosity coefficient, integrated
over the disc thickness ([3], eq. (48));

\(p,g,e,K,f) = aDv"H

= . /T gzrtr*ry -g- l*z 
rtn-D pa (t+ e cos *yrr-,)/, ]'/(1*' 

),

\l8 GM'

where the first equality follows from (9) and, P=ytpt (with v, the adiabatic
speed of sound), analogously to the derivation of eq. (52) in [13]. In the case of
blliptical discs with a constant eccentricity (i.e., e,:0), the convolution of the
shear tensor o,u o* may be computed from eq. (dl6) given by Lyubarskij
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et al. [13]. Note that an additional multiplier (l+e cos<p) may be extracted frbm
the expression in the curly brackets:
(20) 02 =o*o& =(GMf zp3)(l+ecosg) '[9 -2e2 +ro +$1"-2ci +rt).or.p

+ 48e2 cost <p + 32e3 cos3 g + 8e4 coso <pl

= (cvl z p')10 - r' )' + 8(t + e cos rp)' ], (for e,:0).

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

(2t) lTno'J-roq)'^ '

I

6 " 
*+,i,- ilr' -,' f'[ffipn. TG#hp"]

(22)

For zone B (ideal gas, p5/3; k:k.), instead of equation (4), now we
equation (5), which signifies that ?a:(pP lRp)a and, correspondingly:

(23)

Finally, for the outermost zone C (ideal gas, y:513; k:k) we shall take into
account (5) and (6) to obtain

'{ffia^r="Y'il!Go,

were the upper expression holds for y:413 and the lorryer refers to y:5f3, 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 a radiation-dominated plasma
(zoneA:y:413;k:kr):

must use

(24)

Jio pls/2 'lm K6 r,2 --s/2K".f ' p
2n

J 
(t * r 

"ot 
q)slz d<p.

03(Rts/z

t6



In the derivation of Q! - (24) we have again used the representations ( 13),
(16) - (18) for E, H, p andP, respectively.

- The integral.s over the angular variable e can be evaluated by means of the
hypergeometric function F (a, b, t; 

? [17, l8]:

(2s) '1 ----!f-- = zn r( L .{ * !. r, 
", ) .

[(l+ecosg)" \2 2 2 )
series, because the eccentricity e of2<l). For integer x:0, +1, *2,'..., the

through Legendre polyno-
balance equation (12) en-
e):

(26)

(27)

(28)

(2e) \(p,q,e,.f ) =

/\;
| 

- 

lJ

-,/ \ I Jts ak.Ra I lr -\- /rrBle)=ll l lt_",),rl*,ttlA

[z4Jcrrao"Fo )L 
\-

Ku!, = A(e)1aa/t o-slt , (for zone A),

K{o = a(eft/a oW,' (for zone B),
I

Kto = C(ef-Vru oz/, , lfor zone C),

5?^-;,- i,,' ,"

X,*,r, u,)*'" 
[*, ,!r,', 

r)

)l ',
))f,r; u'j.'. (- *,;

15

T

,l; e2

_!.1. r, ",8'8.

e constant (over the
ts, we can now retutn
, e, fl in which we set
B and C):

,? #Hf-' p(r*ecos e)-rslr+, (zone A),

,i Js : a.(! i oi(r+ ecos alrl^, (zone B),Jtcu t

,1 {T'.t:l r* ,H (r + eco, ,plr/o ,(zone c).
Jr cv

t7

l1(t- "')'c(e)= I
)



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

side Jrrrdrp of the angular momentum balance (7). The later becomes an equa-

tion 3nly for one unknown function f (p, e) which can easily be solved, using

again hypergeometric functions (25). We stress that the integration constants
O ^(r), 

D"(e) ind D.(e) (for each zone A, B and C) in (7) may be, generally speak-
in?, aifferent for these three distinct regions. This situation arises from the pos-

sibility to choose specific boundary conditions (determining D(e)) for every zone.
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 ciose its
boundaries. Solving the equation of angular momentum balance (7), we have:

A(e\
= --i: P.M'

- 11. r, ,, )- r ( -rt .-?1. ,, ", ).128' , l. 28 28 ))

(30) fx(p,e) = A@) (zone A),

r/7

e)

)'

A(

^2

c[

1-
A(e):

e 1,1 =1,+ o*"u'#',J*,,- ,,;ilo,(* * ,, ", )- " [- *,- +, 
,, ,' 

)]#,

where the approximate equalities are referenced to the conditions
p >> Dl f ctvtu'z ,i = A, B, c.

IY 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, c; z) to have arguments which are less or at least of order of
unity (i.e., in our case we want lal:\,lbl:l) This condition insures their high
accuracy computation even with mini-calculators U9]. It is useful to apply the
linear transformation [8, 20]

18
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(3r) .rs(p,e)==].[* '49];, i+ =*o-#, (zone B),' 
_:(,) L Jot"tp I - B(e)' 

3

Ek) =l ri Ji n 
" 

t <,tlt,, -,, ;il oo ( :,-i,r; ", )-, ( -i,-+,,,,, lli,-'-'-L- Jrcrral' L-[8'8' J [8'8' ))

(32) "fc(p,e)=;-fr .p]h r-i
c (e) | Jcvtp I



(33) F (a,b,c;z) = Q- t\-"-u F (, - a, c - b, c; z).

For example, computing A(e). (26), we _may set (I-ez) ttt

( ts )q "\ (43 57 z)
xFl -:,--,1;e' I instead of (l-e2)'zFl *, *,ti e- l, etc.

[28 28 J vo )
Of course, the integration constants Do(e), Do@), and D"(e), still remain

undetermined (if their values cannot be negldcted in the limit of large p). They
may be utilized as additional degrees of freedom to glue more flexibly the three

particular,.it is possible to impose the
density 2(p,q,e) and its derivative

ne zone to another neighbouring one.

he final analytical expressions for the
entropy parameter K and disc surface density X (in which it is evident that the
angular dependence on rp is absent, i.e., K and I are streamline functions only):

,t,tu (,) ;,u {")[* ffi''' 0,,,. (zone A),

B4t3 (e) E 2tsG)[l'a 
nffi] 

'"' r,,,. (zone B),

gat3 (e)czt2,(")[* 
H]-''" 0,,r, (zonec),

(34) K (p,e) =

(3 5) 2(p,e) =

The other structure parameters of the accretion disc may be found by sub-
stituting (30) - (32) and (34) into (16) - (19).
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Enunruqnn aKp eqtaoHnlr .{[rcKoBe c IIo cro.rrHeH
eKcueHTpr{rlvrer. II. Cran4apreH MoAeJr Ha o(-Ar4cK

,\uuumap fuuumpoe

(Peorove)

flonyuenrl ca araururr4rruu u3pa3v 3a SusuuecrrareycnoBr,rf, (Han.nraue, TeMneparypa, rrnbrHocr z r.u.;, xapa*Tepr,r3rrpaq[
Beprr{KanHo ycpeAHeHara crpyKTypa Ha aKpeqr4o'Hrr Al'cKoBe c 

''ocro.flHeHEKCIIEHTPIIqUTET. PETUCHATA CIICTEMA OT YPABHEHI,Ifl BKNK)qBA YPABIIEHI,IETO HA
HerrpeK6cHarocrra, latauca Ha cruroBr{.fi MOMeHT, Xr,IApOCTarr,IttHoro paBHOBeCI{O
rr rorrJrr{HHr{s. 6ar'artc. Teau peurenu{ ca rronyireHlr 3oHI,r
(nrrpeurua, cpe.qHa n arHruna) Ha craHgaprHlrq'M eH orCuep u Knapx u or JLo6apcKLr 14 gp. Hamero caMo
craIILIoHapHa aKpeIII4s I{ He ycraHoBtBa rpaHvqHl4Te ycroBr{s, oflpeAeJl.f,rrltr
KOHCTAIITT4TE HA I,IHTETPUPATTE. fIOTASAHO E, qC AKO IIOCJIEAHUTE CA [DE-He6pexzu'' ro rroBbpxHocrHara nJrbrHocr u roesuqu"rti;; .";;;#;
ypaBHeHr{ero ua a4ua6arara ce pa3Jrarar Ha npor{3BeAeHr,re or, r,r3BecrHrr $yrr*r1"",3aBlrceur{ [oorAeJrHo or Qoraankrfl napaMer.bp p r,r eKcrleHTputrJurrera e.
or6ensaano e cxoAcrBoro B rroBeAerrlrero no 4rnxunara Ha parvyca MexAy
peIIIeHI,ItTa 3a eJIIzIIITI{qHII }I KpbroBr4r Ar{cKOBe
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Errrapcra aKanevrva Ha IrayKlrre' Bulgarian Academy of Sciences 
-

AeporbcrrauuecKr4 r3cJreABaHuxoBrtrapun 15. Aerospace Research in Bulgaria

Codus. 1999. Sofia

Izbvr ep e HIl e gJIeKTp o c-Tarl4q e cKoro
rroJr.f, rtpv rIoMoIrIu cQepl4qecKr4x
proHHbIX JIOByIITeK'

Cmefran Vanrcttuoe *, HuKonati E aurcoe *,

Mapuaua fytaeea*, feoPzu Cmaues*,
' feuaduil Tdanesutt**, B-flvecflae fy6crcuilx*

*Llucmumym KocrvuqecKux uccned oeauuil' EAH

* * II u cmumym Koc /t4u lec Kux uccaed oe auuil, PAH

1. BneAenue

B xocMu.recKllx rlc cJre.4oB aHI'I.f, IxI'Ip oKo rIpI{MeHfl erb cq'
MSTOA HeIIOcpeACTBeHHOIO I,I3MepeHu.fl 3IeKTpUqeCKOIO tIOJIe; rOrOprrfi CO0TOI{T

B orrpeAeneHl{rl noreHllraalrnofi pbsnuqu MexAy AByM.f, 11poBoA'fl11luura c$epavtu,

HaxoAf,IrIIltMrICq B KOCMI{qeCrOfi rIJIa3Me'

flone cs.f,srrBaeTc.s c IEMepeHHOfi uorenqualrnofi pasqlIqefi cneAyIoULIM

o6paoovr []:
(r) o, =Ed!(\:2+(w\-wF).
r.qe: 

av - l.+(Rr lR)+(RzlR) '

Vr.r- rIoreHIILIaJrbHbre pa3HlIIIbI MexAy rloBepxHocrxrraz csep u orpyxaroulefi
IIJIA3MbI,
wFt,2 - pa6ora BbrxoAa sJreKrpoHa Ars cooTBeTcTByroqeu rIoBepxHocTI{,

Rr.r'L co[por]IBnenne cSepa - rIJIa3Ma,

R' - conporl{BJreHl{e rl3MepllreJrbHoro ycrpoircrsa,
d - paccroflHue MexAy [poBoAs[IIaM[ rloBepxHocr.sMl'I'

Ze (l) cneAyer rlro rpr:
Rr,z I R.= O(n --> *),W\ =VrF2,Vr =V2

I fly6rllraqraq rBrrercq pe3yJrETaroM r,rccJreAoBarrxtM, cBs3aHbIMI,r c AoroBoPoM TH5l5/95 c

HOHI,I.
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AV
L--

d
(2)

lrx nuno;i:uenns, Br,rneyrroM.rrHyrbrx yclonzfi lpr{HuMarorc.rr cleqfiaJrbHbre
Mepbr: BbrcoKar crerreHb uAeHTr{rIHocrn cQep, npuMeneHne clerlr{aJrbHbrx
noxprrrufi u r.g.

2. flp egnocraBKrr An-f, rpoBe Aenvs, zsvrep enufi

Cocrannas qacrb paspa6oruBaeMbrx s I,IKI,I-EAH
3OH.4OBbIX AIIa|HOCTIIIqOCKI,IX KOMIIJI€KCOB SBI.ge'IC.fl LI3MepIATenb I{OHHbIX
rrapaMerpoB: ABe cQeprauecrrze noBylrKr4, pa6orarorqve B pexlrMe vrscreloBa]fl]1^fl
ued4nopo4Hocrefi [JrorHocrl{ uonnofi KoMrroHeHTofi rocrvrn.recrofi unagrurr. 3ro
ocyqecrBns,eTcs, [plt [JIaBaIorII4M nOTeHTII{anOM BHerr_IHr{X CeTOK JIOByrrreK.

TpaguqvrouHo rrpr4MeH.seMhre c l95ir. r{oHHbre JroByrrrKr,r 12) cocroncx us
Merarr{qecKoro KoJrJreKTopa c paclonoxennoft BoKpy[ Hero aHT[Qoro-
SneKTpoHHofr cerrr.r (r uefi rrplrJraraerc.tr orHocrzreJrbHo Bbrcoroe rro orHorrreHrlrro
K KOJrJreKTOpy orpr,rqareJrbHoe Ha[pcxeHue) u I{3 BHerxHefi o6onoqru
(nep(ropzpoBaHHar MeraJrJrr{qecrax csepa). B pexzMe r4ccne,qoBaHv-r
HeoAHopoAHo crefi BHerrrHafl cerKa,,rrraBaer" Ia I,I3Mep.rrerc.rr 3HaqeHI{.g
nporeKalouero qepe3b KonneKTopa ror, o6yclosreHnoft rroJroxr4TeJrbr{brMra
I4OHaMI4, AOCTI{IIIrI4MI{ AO KOJrneKtOpa. ,,frlanatoIqufi" rloreHrlvan HaxoAflrlerocs
B rIJIa3Me MeTaJIJII{qeCKOIO TeJra flBJrrercfl paBHoBecHbIM rloreHurlaJroM, Ao
Koroporo 3apflx.aercs. reno. O6rrqHo 3ToT noreHrlzan cJrerKa orpzqarenrnrrfi
rro orHorrreHlrro K KBa3r,rHeyrpanrnoft rrJra3Me. Bonureuy no pa3MepaM Teny
coorBercrByer 6olee nrrcorufi, [o cpaBHeHVro c MaJrbrM TeJroM, orp"qiteo"nufi
rIoTeHur4aJL

flpraueneHr4e AByx r4oHHErx JroByrxeK Ar.f, olpeAeneH[.[ 3neKTpuqecKoro
non' IIpeArIoJIaIaeT HeBbITIOJIHeHVfl yCnOBlrr4 Ars. yMeHbrrreHz.tr BTopbrqHbrx
3neKTprqecKl{x roKoB, TeKyilI[x r43 rroBepxHocrefi noByrrreK n33a BJrrtflHtrs,
coJIH errHoto v3 Iy qe}Ivfl .

C 4pyrofi cropoHbr cyqecrByer qBHas. cBs3b: rrptr oAr,rHaKoBbIx ocraJrbHbx
ycnoBr4sx o.qr{HaKoBbre KoJrJreKTopHbre roKlr coorBercrByror oAr,rHaKoBbrM
rroreHur{anau o6onoqex o6eux JroByrxeK.

BricrasaHHoe cJreAcrBr{e lporzcreKaer u: $opuyrbr Arrs,KonneKTopHoro roKa
noByrrreK:

(3)

TAE:

.fo - ron-nerropnrrft ror,
cr - xoe@$r4rlr{eHT lpo3paqHocrz o6ono.rxr{ JroByrueK,
n - IIJIOTHOCTb IIOJTOXI4TeJIbHbIX O,qHO3apqAHbx I4OHOB,
Zo - cropocrb ABr{xeHu.s roBylrKr{,
m - Macca oAVHorIHofO I{OHa,
e - 3apbfl.L 3neKTpoHa,

e - rroreHqraan o6onoqKr4 noByrrrKl{.

Ip =aneVsnr' g-?!1,
mrr;



3. Onracanue [poBeAeHbIX 3KcIIep]IMeHToB

Bo np eu.a [poBeAeH]rfl 3K cnepfiM eHT a,,l4HTepKo cMo c
Eorrapur - 1300" (1981-1983r.) usrraepxnucb rpex KoMroHeH'r 3JleKrpocra-
TrzqecKoro lronfl rrpr{ noMorrlrr 4-x crexroyrJrepoAHbD( cSep. flnorHocrb prouHofi

KOMrrOHeHTbr r{3Meps,racb rrplI IroMoIuI4 TpI,I- I4 qeTbIpe3neKTpoHHbIX
cQepr.ruecx[x roBy[rer. Bserunue o6oroqxx o6eprx JroByrreK 6unu z:onr,r-
poBaHHrzMr,r rro orHorreHr{ro K Koplycy o6sexra rr r{x [oreHrrr,ranbr r.r3Meps,rrkrcb.
K auru$orogJrerTpoHHbrx cerKax uoAaBaJrocB Harlp.fl)KeHr{e ,,-45Y", a R

KonneKTopaM ,,-25Y". K attar'uzupyrorqefi cerre 4-x gJreKrpoAHofi nonyume
rrplrJraraJrocr uunoo6pa3Hoe HarrptrxeHr{e c aMrrnr{TyAofi * l0V - -2V (c nepuoAoM
2 s) n +5V + -lV (uepes nepuoq). .{uauasoH r{3MepfleMofo rroreHrlvana
(-5V - +15V) repeAarorc.f, rro AByM TeneMerp[qecKr{M KaHaJraM B Ar.rana3oHe
0 + 6V. Bo npeu-r sKcrrepr,rMerrra no KaHaJry rroreHrlr,raJra sHelruefi o6oroqru
3-srerrpo4uofi lonyulru [epeAaBaJrcr HelpepbrBHo c]rrHrur 0V (coornercrnyrorqufi
Mr,rHyc 5V), a rro KaHaJre 4-erexrpoguofi ronyruKra - clrrHaJr oKoJro 2V (+lV uo
orHo[reH[ro K Koplycy o6rerra). flo naruevry MHeHLrro rrpuqllHa Anfl Taroro
rroBeAeHr{r sBrfler cs, rrpoHr,rKaHr,re aHruQorogneKTpoHHoro Hanp.fixeHr{r K

BHerrrHbrM o6o.noqrau Aarqr,rKaM. flpr srou, Ar.s 4-srerrpo4uofi JroByrrrxr,r
anruQoroeneKTpoHHoe Ha[prxeHr,re eKpaHr.rpoBaJrocb MexAr{HHofi asa-
Jrr{3rrpyrcuefi cerxofi.

Ana-rtr,rs oAuoBpeMeHnrx ganr,rcefi 3HarreHur 3-x xor,ruoneHT 3JrexTpocrarr{qec-
Koro rroJrr r{ ToK noByueK yKa3brBaer Ha He3aBr{cr{Mocrb o6eux r{3MepeHr{.flx -
rIoJIe He Bruser Ha I,I3MepeHLIflx roKa. Eoree roro, KoMnoHeHT gJleKTpocrarlrtqecko-

ro rroJre c HarrpaBneHHocrbro 3oHA-clyrnux (n ocHoEHoM o6ycronnunaroulrfi
BJrr4.trHr,re [oJre Ha KonneKTopHufi ror ronyu:ru), I{Mee'r t6ary n HecKoJIbKIlD( l0-3M.
Sror nrrsoA fiBrsercfl ocHoBHbrM v Aaer ocHoBaHue rIpoBoAlITb (n 6yayrcunt
3KcnepprMeHron) ogHonpeMeHHbre u3MepeHrr.f, rroJrf, rr rrJrorHocrrr, rrplrMeHt.fi oAHr{
z re xe rr3Mep[Tenbnrre npu6opbr - B cnyqae JroByIIrKH.

4. Onucasr{e MeroA}rKr{ r{ ycrpoficrne 4ra
r,r3MepeHl,re SneKTpocrar[rqecKofo flons npu
noMorrlu cQepuuecrux IIoHITrIX noByIIreK

<Dopuyny (l) uoxuo 3arplcarb B Bu,Ae:

(4) or=4r*@Aln?,-;i) ,

srr!e >qi\2 - rroreHurran o6ono.mu coorBercrnyrcqefi JIoByIIrKrI, cocro.sunft
z: cylravrrr: [naBarol]Iefo rroTeHwralra o6eux o6orouer, [oTeHuI{aJIbI B

pe3ynbrare nosAeficrsu.s corHeqHoro u3nyr{eHu-s, roreHqvarbr B pe3ynbrare
rrpoHr4KHoBeHr,rff BHyrpeHHbD( uorefi (auru$orosJreKTpoHHblx cerox) v r.r,.

Vz () Br{AHo, qro rrpu r{3MepeHr{r{ KoJrJreKTopHbrx roroB o6eux noByrrreK r{
IIpn ycJroBlrlr

I*r= I*z -r )g,, = Ieiz,(R,,, /R = o),
TO

LV = Ed.
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Rf

9,,

(

@rnr.l TMC

Ha $ur.l
9,r,, - rroreHrlr{an coorBercrByroqefi BHerxHofi noBepxHocr[ JroByrrreK,
R,., - conporuBneHr,Ie rroBepxHocrb-rrJra3Ma,
R - conporr{BJreHr{e r,r3Mepr,rrer-s rtolrfl, I,
2,2' - u3Mepr{Tenv KonJreKTopHbrx roKoB, \
3 - xoruexrop,
Eo - zcrouHr{Krr HarrpffxeHr4rs Ha BxoAax r{3Meptrrenefi roron,
Enr, - rrcroqHr{K aHru$orosneKTpoHHor.o Harrp.f,xeHr{r,
TMC - TereMerpr,rqecxa.f, clrcreMa,
d.- paccrof,Hlre MexAy noByruKaMn.
Ha $ur. I nzgno, rrro o.qHoBpeMeHHo r,r3Meprrorcr: rroreHqza1rb1afi pa3qocrb
LV 

'exgy 
o6onoqravru o6e[x JroByrrreK, KonneKTopHbre roKrr. K.oraainr.=In,

AVKOMTTOHeIIT oJIeKTpOCTaTr,IqecKoro trolrt E = ::_

5. ?Iroru
CSepuuecKr.re lroHHbre roBylrKr{ Mo)KHo yclerrrHo

[pIZMeHf, Tb AnS I{3M ep eHI{t KOMIIOHOHTa 3neKTp O CTaTITtIIe CKOrO IIOJI.f, ,
Aeficrnyroulero rro HarrpaBneHr,rrc rrpffMofi, coe4rauxrouleft rIeHTpoB O60lrx
JroByrneK. ,{lr nevepeHr.rs SreKTpr,IqecKoro fioJrr c toquocrrrc nsvepzrenrnofi
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aurapaTypbr HyxHo oAHoBpeMeHHo r,r3MQp.f,Tb I{ cpaBHr,rBaTb KoJreKTopHbrx ToKoB
o6eux:ronyurer, flpn groM r43MepeHr,re sneKTpocrarlrrrecKoro rroJrf, upor,r3Bo.4r.rrct
ycrreluHo B ycJloBr,Iflx [apa3rirHoro c[fHaJra (norenquar o6orouru) 6onrue qev
C}IIHAJIA IIOJI.g.
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Measurement of the electric field by
sperical ion trappers

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

(Summary)

The paper refers to a method and devicp 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 Hristov, Jivko Jekov, Garo Mardirossian.
Doroteia lvanova

Space Research Institute, Bulgarian Acaderny 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 [], 21. At presbnt, 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, BUF'S-2, SUFS-M ,etc. [3-7]), have been widely used. Notwithstand-
ing their exploitational advantages or shortcomings, a cornmon shortcoming
shared by all of them is the insufficient quickness of their operation.

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

Following the requirements of the Technical Mission [9], four block-scheme
versions of the ozonometer [0] were worked out. As a result of the comparative
analysis, version 2 was.chosen. In Fig.1, the global block-scheme of the iatellite
absorption ozonometer is shown, which consists of the following major blocks:
1-light-protective blind, 2-input scanning system, 3-optic deviator, 4-reflec-
tive element, 5-object-glass, 6-interf'erence filter, 7-photoreceiver, 8-signal-
processing device, 9-object-glass, 10-dispersion system, 11-photoreceiver, I2-
signal-processing device, ,l3-microprocessor system, l4-electromechanical sys-
tem, ,15-low-voltage power supply, l6-light-protective device, 17-high-volt-
age power supply, 1B-thermostatic system. ,
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Fig. I

on Fig.2, the functional scheme of the sAo-2 ozonbmeter 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
input scanning system. In front of the concave glass -I, the reflective prism 4 is
immovably mounted which directs pait 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 II and the output slit 12 - with the photocatode of photoreceiver
13.The input scanning system is activated by the step electric motor 28 andthe
gear-drive 29, whose feedback is effected by an angle-to-codi: photoelectric trans-
ducer. The reflective prism y' is optically connected with the photo-receiver 1B
throrrgh the flat glass 14, object-glass 15, interference filter 16 and the optic lens
17. Photoelectric multipliers 13 and 16 are electrically connected through the
amplifier and the analogue-to-digital converters 2I and 22 with microproiessor
system 20, to which thermostatic system 19 is connected, as well.

The step electric motor -12 is mechanically crcnnected through the coupled
gear-drive 3l,the forked shaft 3-i and the arm 34 to diffraction grid porter 10.The
angle-to-code photoelectric transducer 35 is also connected to forked shaft -?-?.

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 l80o 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 B:+45o, which is regu-
lated by the feedback, provided by the angle-to-code photoelectric transduier
26. From concave glass 6, through input slit z, the optic signal falls onto con-
cave glass B and the parallel bunch of beams, generaied in lt, is then passed to
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Fig.2
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diffraction grid 9, mounted on carrier 10. Through camera object-glass ll, the
dispersed signal.is directed to output slit" 12. The monochrome signal from slit
12 is registered by the photocatode of photoelectric multiplier 13. The analogue
electric signal from the latter is amplified and converted into a digital one by the
analogue-to-digital converter 2I and then fed for processing to microprocessor
system 20.

The smooth scanning of diffraction grid 9 is effected by the coupled gear-
drive 3/, the one-way-rotation step motor 32, the forked shaft 33 and the atm 34.

The diffraction grid positioning feedback is supplied by the angle-to-code pho-
toelectric transducer 35.

The optic signal from reflective prism 4, deviated by the flat glass 14, falls
onto the object glass 15 of the interference fiter 16. By lens 17,the monochrome
signal is focused on the photocatode of the photoelectron multiplier 1B. 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.\n 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 sp€ctrometric 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 T:180o (Y:0'), i.e. towards the glass of the monitoring
system in the direction of the sun disk.

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
photoelectric converter.

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

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

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

2. It can work as a pseudopolichromator without changing the operaiional
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:
l. Relatively great size and mass.
2. A lot of reflective planes.
3. Long period of by-spebtrum scanning.
Except on board of aerospace aftcraft, the described ozonometer sAo-2

c.an-be also used in ground measurements, where its major shortcoming - rela-
tively great size and mass - becomes negligible.

Major technicoexploitation features of SA0-2

l. Precision of the determination of:

- total ozone content

- vertical distribution of ozone in the height

range starting from the ozone layer with

, maximum concentration up to 45 km with
height resolution 11:10 km

2. Width of the viewing band

3. Spectral range

4. Number of spectral subranges with discrete scanning
5. Spectral resolution

6. Viewing field

7. Spectrum measurement interval
8. Consumed electric power

9. Mass

2 100/o

> lsYo

2000 km

160-400 nm

12.
1+0,2nm
0,5x1,5'

0,16 s

<50VA
42ks
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Carenr,rren a6cop6q\rouen o3oHoMerbp

Ifeau Xpucmoe, )Ituerco )I{ercoe,

fapo MapdupocnH, ,|opomen nsaHosa

(Pesrorr,re)

Crarusra e [ocBereHa Ha pa3pa6oreHrrfl B llHcruryra 3a
KOCMr{qeCKr4 H3CneABaHr{fl rrpu EUrapCra aKal.ev.ttfl Ha HayKrrre careJrr{TeH
a6cop6quoHeH o3oHoMerap CAO-2, upe4uaanaqeH sa r,r3MepBaHe Ha o6qoro
cbAbpxaHr{e u BepTr,rKaJrHoTo pa3rrpeAeneHrre Ha aTMocsepnux o3oH oT 6op4a
Ha careJrrrr or cepr{rra METEOP

floxasaun ca 6noxoBara u $yHKqnoHalrnara cxgMa, AeficrBuero, HaquHsr
Ha BsrpernHa r{ BbHmHa KaJII{6poBKa u Hf,Korr ocHoBHr4 TexHilKoeKcrrJroaTarl[oHHr,r
xapaKTepr.rcTr{Kr{ Ha o3orroMeTbpa.
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floslaruaBaHe Ha
r4HoOpMarIuoHHr4Te Bb3MOXHO CTr4
Ha coHAoB eKcrrepr,rMeHT cbc
c$epuueH fioHeH yJroBureJr

Mapun lfempyuo*e, EoHqo lfeee*

Ilucmumym 3a Koci4uqecKu uscnedeauua, EAH
* Jla6opamopun no c./tbHqe6o-3ervtHu sz,sdeilcmeun, EAH

.{onrnnauero Ha Ko cMoQr,rsuue cru-r anaJrr4g r{ cb3AaB aHero
Ha KOMIIJIeKCeH MOAeJI Ha OKOJTO3eMHOTO npOCTpaHCTBO r4Ma TOLSMO rrpaKTr,rqecKo
lpfino)r(eHr.re 3a.MHoro o6lacrz Ha HayKara. con4onure MeroArr 3a r{3cJreABaHe
na fiouocQepHara rIJIa3Ma rlpoAcnxaBar Aa ce r{3rroJr3Bar, Karo cbrrsTcrBarrlu,
rrpu olpeAer.sHero IIa [apaMerpr4Te r{ crpyKTypH}rre oco6enocrr{ Ha oKoJro3eMHara
IIJIa3Ma. I'IayuanaHero Ha cJloxHtzTe rrBrrenus,B JroKaJreH u rno6aneu acrreKT r{3llcrBa
c:b3AaBaHero na npu6opv c rroBr4[reHa @ynxquoHaIrHa ur r,rnooprvraqr4oHrra
Bb3MOXHOCT.

, iro.^rture crpyKTyp'r{ napaMerpu ce r4r3yqaBar npr,r eKcrrepr{MeHTr{ cbc
cQgPauen ftoueu ynoBlrren. TpuenexrpoAHlrrr c$eprn.reu fionen yJroBrrren
(cLIy) B pexr{M, Koraro Ha aHarrn3utpaqara perrerxa e rrprrJroxeH }r3MeHrq'ce
rloreHur{aJr, rro3BoJrrBa ceJreKrlr{r Ha perr{crpvpa}Jllre aracrr{.qu IIo [orspHocr
Ha 3aps.I\a r,r IIo eHepnrfl. B conAara ce cb3AaBa eneKTpr{.qecKo noJre, c rroAaBaHe
Ha KOJTeKTOpA HA IIOCTOSHHO HarrpexeHrre, Koero ocufypflBa rrbJrHo cr6upaue
Ha 3apeAeHr{Te qacrl,rqN. floreuquarrT'r Ha coHAara orHocHo BbHruHara cpega u
e paBeH Ha cyMara Ha }r3-MeHrrrroro ce HarrpexeHue L/ u uoren\ilana Ha Koplyca
Ha cnErHI{Ka U"[ll. Konexropul{.flT ToK sa Ciw ce 'orpe4enr or t43MeHeHuero
Ha ro3r{ noreHrlr,ran u vMa cJreAHr,Ir reopervqeH r,r3pa3 [l-3]:

(l)

rr* - (r + Q)exp- (P -Q)2
.J TT

, = +{( + + e2 - r,)lt e + e) - err (p - e)loy l\. )

-(P -Q)exp- (P + nf\,
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Kb,qeTo
(2) Ito=NieSa,Vo,
Vo- cxopocr Ha crrrjrnr{Ka, o( - roe$nqraeHT Ha
rroBbpxHocT Ha KoJreKTopa Ha coHAaTa, e - 3aps.A

(3)

K - roncraHTa Ha EolquaH, U

rpo3paqHocr ua CZI .l
Ha eJreKTpoHa,

coHAara cIIp.sMo cpeAaTa.a

(4)

LI I,IHTerpaJI Ha IpeIIIKaTa:

(5)
),r)

erf \x)=#l'e-t dx .

Vfi."
flpu cnrrnuKoBl{ Ir3MepBaHuIfl.rlonyqaBaHero Ha KoHrIeHrparl[sra ua fionlrre

c tloMotqTa Ha lJtrTvrpa[krTe n3pagv e HeyAo6Ho I{ HeroqHo, rrfi raro 3aBI{cLr oT
rIoreHIII{aJra Ha crlbrHtlKa. florenquaJr:br Ha crrrjrHr(Ka ce olpeAeJrs rpyAHo pr c
rorsMa fpellrKa. 3a uz6srsaHe Ha Ta3r4 3aBr{cprMoc:r ce r{3rroJr3Ba rrr,pBaTa
IIpOI{3BOAHa Ha TOKa CIIp.f,MO HarrpexeHr{eTo, IIptI AorrycKaHe, qe rroTeHrlrran6r
Ha crrsrHrrKa He ce lr3MeHq [o BpeMe Ha r{3MepBanero ll]:(6) +=+*1,,t@ +s)-ery(r -s)ldU 2Q' KTi- " '
ga ftonnara KoHrleHTpauv.fl ce [orytraBa vrcpa3lT.:

(l) N, = K, .L- ,
dU

K, e xoncraHTa, Ko.nro gaBvtckt or rlapaMerpl,ITe Ha AarrI[Ka I{ cKopocrra Ha
CTIbIHI{KA.

Or (7) cJreABa, qe fipu orrpeAeneHa v.aaa:aa ftonure u cKopoc'r Ha clsrHr{Ka,
ionnara KoHueHTpaqvs. ce flBflBa QyHrqtm caMo Ha rrbpBara rrpor43BoAHa Ha

roKa rro orHolreHr.re Ha HalpexeHrrero *="tt|, Kb,4ero p e rrurrr MexAy
rpanonuHefr 

"r't 
y,nac,bK Ha xapaKT 

"pr"(X*u'u 
u ocra Ha roKa.

flpu unrepuperar1:r,s, Blpxy eKcrrepr4MeHTaIrHara BoJrr-aMrrepHa xapaKTepr4c-
TI{Ka Mofar Aa ce ollpeAersr H.rIKorKo rlpaBonl{neftnu yqacrbKa, Koero rroKa3Ba,
ire ca peD{crpupaHr,r eAHoBpeMeHHo ftouz c pa3JruirHa Maca. Crulecrnynar
TpyAHocrI4 rrpu olpeAersHero Ha pa3nr4qHr{Te rrpaBonuttefr:r^u yqacrbrlr,r BT,pxy
eKcIIepI{MeHTaJIHIzITe KplIBI{, TIOpAAII cpaBHI{TenHO .HI4cKaTa pa3!,e[vlTenHa
cnoco6nocr :craCklY 14 Al4cKperr{sarJkrflTa Ha xaparTeprrc'rr{Krrre rrprz rrpe.qaBaHero
r{M or crlTTHr{Ka, Koero yBenurraBa BeporrHocrra or rperxKa. Henocpe4crBeHoro
rronyllaBaHe Ha BoJIT-aMrrepHara xapaKTepr4 crr4Ka 14 neirsara rr:bpBa rrpor,r3BoAHa
Ha 6opAa Ha crrrrulrKa B peanHo BpeMe, Karo HerlpeKbcHarrlr Synrquu, rroBlrrxaBa
BT,3MOXHOCTVTe V TOIIHOCTTa Ha eKCIIepUMeHTa, V HAMaJIflBa fpeIIIKIITe IIpI4
r{3MepBaHe.na ftonHara KoMrroHeHTa Ha rrna3Mara crc Cl4Y.

Cxevara Ha coHAoB eKcrrepuMeHr crc cQepuqen ftclueu ynoBr{Ten BKnroqBa:
npeo6pasynareJr roK-HarrpexeHr4re c ocHoBeH yctrJrBareJr, cBbp3aH c KoneKTopa
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Ha CoHAaTa, BKJIIoqBaLq eJIeMeHTI4, tlpe3 KOI4TO ce I,I3MeH.fl yCI4iIBaHeTO I,I 6IOK 3a
aBTOMaTT{lrHO perynr4paHe Ha ycuJrBaHeTo; }r3Toqrrr{K Ha cilvpaulo 3a
eneKTpoHlITe HaIIpex(eHlile, KoftTo e cB6p3aH c aHTr.rooToeJreKTpoHrraTa pe[reTKa;
reHeparop Ha nldHeliHo[3MeHsqo ce Harlpe]^ceHrre, KofiTo e cBbp3aH c BlbHrrrHara
aHaJrr{3r{paqa peilreTKa; TereMeTpnqHa cv cTeMa.

B uacroxrqara crarvs. ce llpeAJrara pa3Br4Tr,re Ha eAHo pelreHr4e Ha ocHoBHus
ycr{nBareJr [4], xofiro ce BKJrrorrBa n npeo6pa3yBarer.s r.oK-HanpexeHr{e c
MHoroAI4aIIa3oHeH ycI{JIBaTeJI, xofiro e ocHoBHI4.sr 6nor B coH,qoB eKcIIepI4MeHT
crc c0epuven fioneH yJroBhren. flpe4naranoro pelrenr4e AaBa B:b3MoxHocr 3a
eAHODp eMeHHO rroJryq aBare Ha B onr- aMrrepHara xap aKTepr,rc ruKa rr ueiiuat a
rrbpBa rrpor.r3BoAHa, Karo HerrpeKbcHaua Syurquu Ha BpeMero.

Ha Qur.1 e noKa3aHa cxeMara Ha ocHoBHrrs ycurBarer. cxeuara upeAcraBn.sBa
BXOAHO CTbTIaJIO C OlepaquoHeH yclrnBaTeJr c Br{coKo BXo.4HO CbfrpoTr{BJreHlre,
BKJrlOlreH no Her{HBeprr{paqa cxeMa v nEBeprLrparq r.rHTerparop, o6xnauarlr c
BepLIra sa o6parua Bpb3Ka. C lrsnorgsaHero Ha r4HBeprr4pau r.rHTerparop ce
rrocrr{ra no4o6p.rnaHe Ha .upefisonure xapaKTepr4crr{Kr4 Ha ycuJrBareJr.rr, B
cpaBHeHr{e c]'c cxeMara Ha BxoAeH yc[nBaren no r{HBeprr{paqa cxeMa. ,

@rr. l. Cxeva ga ocHoBHrrr ycr4JrBareJr

ocuopen npo6neu, c rcofiro ce xapaKTepvr3upar gli0epeHqrapanllrre cxeMr{,
ca Br{coKoro Hr4Bo Ha rxyMa ulF'ecra'u]i.Husr pexEM na pa6ora. 3a I,Is6srsaue Ha
Te3rr HeAocrarbrlrr n [5] e npeAnoxeH MeroA 3a HaMar-f,BaHe Ha rxyMa qpe3
I4HA[peKTHOTO r.{3i[rcJrrBaHe Ha rrpor43BoA]H.ara. B cnyvau [potr3BoAHara Ha
cI{rHaJIa ce rloJryqaBa or cl{rHaJra v HeroBlrl r4HTefpan. CteA analu3 Ha cxeMara
ce [oJryqaBa cJreAHrrrT r43pa3 3a rrpexoAHaTa xapaKTepr{cTuKa:

(8) 
"n =: !rc!-". 

." 1+R, C^s '

Tasu npexoAHa xapaKTeprrcrnKa uua irqusr Bvtr,, KaKTo ra3r{ Ha rrpocra
4z0epenqupaua cxeMa cbc cbrrporlrBJreHr{e 3a orpaHr{traBaHe Ha yclrnBaHero
R1 , pulBHo Ha cbrIpoTI,IBJIeHI{ero n o6parnara Bpb3Ka. Vlzpasrr B 3HaMeHareJrq
OIP AHI{q AB A ATIP OKCI,IMAITTflT A HA 4UQEP EHIII,IAJIH A XAP AKTEPI,I CTI{KA, HO IIPtr.I

IycnoBl{e I <<- cne.qBa:- 2ItRtC rt e.(9) ' eo(s)= -R1C se,, ,oQ)=-Rr.C"l' .' dt
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Vcnosn ero yAo BnerB opsB a Ar,rcryrrrp a Horo rrp lrJroxeHr4e. Teop eruqHrrr e
H3BoAI{ ca u3rloJr3Bann npr4 cbcraBsnero Ha cxeMara ua rfnr. 1 . Cxevrara r,rMa rprl
pt3xo.4a, KaTo Ha U ou,, ce rloJr) IaBa HarrpexeHlre, [po[opUr{oHaJrHo rra BXOIHLITT

ToK, Ha U outz - Halpex(eHr{e, flpofiopqfioHuurHo Ha r{HTelpuura ria BXoAH}rfl ToK, a
Hd U our3 - Harrpex(eHlre, frpoflopquoFraJrHo Ha rrpor.I3BoAHara Ha BXoAHLTfl ToK.

flpe4anareJrHr{Te xapaKTepucrr{Ku Ha cxeMara 6sxa ra3cJreABaHvr npr
piBJrr,rqHu recroBpr HarrpexeHr{lr, [pr.r Koero ce na6lro4ana 4o6pa nuHefinocr.
Pa:urap.anaHero Ha o6xsara ttapa6otaHa ocHoBHrrs yclrnBaren ce ocaurecrBqBa
qpe3 cbflporktBreHr{s BbB Bepr4rata ua o6parHara Bpb3Ka.

flpe4naraHoro peruerrue AaBa Bb3Mox(Hocr :la HerrocpeAcrBeHoro
noJDAIaBaHe B peaJIHo BpeMe rra BoJrr-aMrrepHara xapaKTepr,rcrvKa vr yeirszra
[por.r3BoAHa, Karo HerrpeKbcH&Tu @ynrquu, Koero.rlaBa Ar,rpeKrna r,ruooprvraqur
ga ftounara KoHrIeHTparI[s Ha cpeAara. Ctqe'rasaHero Ha ABere xapaKTepr,rcrr,rKr,r
B peaJrHo BpeMe [oBllrrraBa roqHocrra N uHQopvraqproHH]rre Bb3Mo)Krrocrr4 rra
coHAoBprr eKc[epr,rMeHT cbc cseprauen iioHeu ynoBx4TeJr H cbrrleBpeMeHHo
olpocTsBa TexHHKaTa Ha rrpeAaBaHe.
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Extention of the information capability of the
probe experiment with the spherical ion probe

Maria Petrunova, Boncho Peen

(Summary)

In the report is proposed the cu,rrent-voltage converter
lor the probe experiment with spherical ion probe based on noninverting ampli-
fier with high impedance input stage and inverting integrator. As a iesult is
achieved the voltage current characteristic and it's derivative as a real time con-
tinuous functions combined with improved performance" Thus the experiment
capacity is extended and the measr.rement technique is simplified.
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le object

Ventseslav Rashkov,
Angel Christov,, Chavdar pandev.

"Georgi Benkovski" Higher Air Force Acaderny, Dolna Mitropolia
" Space Research Institute, Bulgarian Aca:dem! of Sciences

1. Problem formulation

Multi-position radio-tectrnical space-based navigation sys-tems are of great interest lately. However, at present not all the stages of theflight can be provided with the help of trr"r" rvrt"-., i*ruJi"g the laqding ofthe aircraft where too,great an uc"u.a"y is required.
This determines the er the problem of devoloping al_gorithms for optim

racy is achieved in "^:t::?ii^*hich higher accu-

pr"i" 
"*tiu"*'s # arion which is conrained ff'rfy:?i:#rtl:#fi ?:frthe emission sources.. Such.is the algorithm that makes or"'Lr the time delaysseparation method, which is also known as the methrd of additional variable Ii].The frame of reference onxyz that is .r..0 tt"t. tr";*t*t; oo . The origin isfixed with respect to th'e Earth""nJit i-r?tached.to some point. The axis ony isorie

tion 
vertical line, theaxis OoX is oriented toward tt.i_o_

rt is ',?_";:ji*1'flfl;ft:,ffii1111,"J1,:l#.J:1ffi lgf:":
from four emission sources are observed on board themobile,object..Th.,,goordinates of ttre ".ir-i", ;;;;r., are knownX oQ)= @oQ),yoQ\ru0), k

The state vector ?ur = des: the coordinates of themobile object -x,y,z; A, of the mobile object withrespeQt to t[e system tirire; velocities of x,y,z and A.

a-
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q(/) is observed at the receiveros input on board the mobile object

(r) (()='('r())*,(t)
A

where ,t,1,(l))= Iro(r-ro0)) is an useful signal, which represents the

sum of the til"ur, "u(l-ro(i,)) 
from each emission source;

,uft 'ru(1.)) = .fuQ-4ft))cosltr(t-l,(r))]; fo(t -40) is a radio-signal en-

velope from the k-th emission source; as =2nf, is a circular frequency of the

high-frequency filling; 7;6)=tu (T)* A is the ariival time of the signal from the

/ \ ,lt
k-rh emission source;rr(X)=c-'L(x -**Y +(y-y*)'*(r-roYftl' is the real

time of the signal delay from the k,th emission source; c is the light velocitV; nQ)

is a white Gaussian noise with zero mean and the correlation function given by

/\lN
M{r\"Q+t)}= *a(t),Nis a one-sided spectral density of ,r(r); AG) it the delta

z
function.

The amplitudes of received s urces rn

the zone of radio-visibility are ass

The state vector L ian bb descri Marrov
process which satisfies the system of s

L= FL+n1(r)

(3)

where o,Q),nrQ),n,Q) and, noQ) ur" independent white Gaussian noises with

one-sided spectral densities N*,Ny,N",N6 and with zero means

Mb,Q)\= ML,,01= M{",Q)}= ufuoQ)}= o'

The matrices of the drift coefficients and the diffusion coefficients are

(2)

or
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F_

Nl. =

I

- c[r

0

0

0

0

0

0

00
00
0l
0 -o,
00
00
00
00

00
00
00
00
01
0 -a,
00
00

00
00
00
00
00
00
01
o -so

00000
00000
00000

N.,0"000
a

00000
M0 0 0 -'z 

0
).

00000
00000

00
A/

O 
.'JC

2
00
00
0

0

0

0

0

0

0

0

The noise vector is 
"{.Q)=fo,r*(t\o,nr(t),o,r,(t\0,ro(r)] wirh correlation

matrix u{nyQ)n{t - r)} = N,,6G) 
-

The essence of the multiplex synchronization method (MSM) is dis-
played in [-a].

2. Optimal filtration algorithm based upon
a multiplex syn ;hronization

, . ^ . An vector rf =(ror,T42,T43,Too) is
lntroduced lor the signals ion sources.7.,,,Tr".7,,-and 7,,
are the time delays of the g of the receivti ji'gnfitr from thl
separate emission sources z is a transposition symbol. Then the
state vector l, is expanded to the new state vector XI ={tr,f[] ttt.

The filtration with grouping of observatidns at ihe hrp fu""iion approxi-
mation is a, very suitable algorithm. In this case the dependence of tne signal
t,,,(!,-Tt()")) on the comparatively slowly varying p.o".ir", 

"(l)y(r) ,Q)"ana
A(l) must be considered. These processes are approximately invariable ior the

39
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sampling interval (I). Therefore,, we can approximate the observation in the
frame of each sarnpling interval (/u,lu*r) by the equation

((l)= s ( , ?uu )* "Q):t 
e (ln ,lu*, ), v = !2,3,..

where Iu =?r,(fu) is a value of the parameter in the supporting points t, =vt.
The sequence 1.,, satisfies the recursion equation

trv+t=@l,u+n4(4)

(s)

where O:exp{Ff} is tfre state transition matrix.for sampling interval (T); nx"
is a sequence of independent Gaussian randqm vectors with zero mean
M{nx-i= 0 and correlation matrix Y = M{ny" n[,].

When the method of additional variable is used, the observation equation
is given by equations [1-a]

€(r)= t (r,l', )* "Q), 
I e (4, tu*, )

,Q,]uu,r^)=f nD -106,)]"o, [<,ro(r- ro*)]

^ I - -r 
k=l

where ?u[u = tr$, r["1,r^ =Ta{gr);rn =ir.
The equation that expresses the dynamic behaviour of the system has the form

(7) la(v+r) =QaLau*rluou

where q^a=exp{Faf} is the state transition matrix for sampling interval (T),
when the state vectoiis expanded with rf =(T6,T42,T4y,Too); Fa is a matrix
of the drift coefficients; nlru is a sequence of independent Gaussian random

vectors with zero mean M{n, /u } = 0 and correlation matrix

I ." I T , / \1 | -, tl
Ya = Mfuxo u,n{.0 ,}= Jexp{r, (r -r)}Nroexpt{ \r -!}d'c'

The matrices of the Orift colfncients and the diffusion coefficients for ex-
panding the state vector are given by [1]:

r, =l 
F oG'o)l 

. ,nr' = | 
t^ o(t'o)l

o - 
lrro og*lli ")ta - lo(o*) ag,ql,

where O6xn) is a zero matrix with dimension mxn;

c-l cos c[.1 0 c-l cos B, 0 c-l cos y1 0

"-1 
coscr2 0 c:l cosB2 0 c-1 oosy2 0

c-l cos c[3 0 c-l cos p3 0 c-l cos y3 0

c-l cosota. 0 c-l cospa 0 c-l cosya 0

coscrl ,cosBo,cosyr are direction cosines of the k-th- emission source.
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The expressions of the matrices and may be represented as follows

(8) Qa=

where

I Qtz 0 0 0 0 0 0 00
0 Qzz 0 0 0 0 0 0 00
0 0 I or+ 0 0 0 0 00
0 0 -0 Qqq 0 0 0 0 0 0

0 0 0 0 l@so 0 0 00
0 0 0 0 0 oee 0 0 00
0 0 0 0 0 0 I (Dzr 00
0 0 0 0 0 0 0 ose 00
0 Qg,z 0 os,o 0 @s,o 0 Qs,s I 0

0 @r0,, 0 oro,a 0 @ro,o 0 oro,s 0 I
0 @rr,z 0 orr,o 0 @rr,o 0 orr,r _0 0

0 Qtr,z 0 orz,+ 0 @rz,o 0 @rz.s 0 0
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l0
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1- e-a,T 
.. _l- "-o'tT I @sr = J_ "-o,, - I _ e-atTor2 =-f-,oro d"j '-;=t oz8 ==^ 

'

Q22 = r-o*T; @44 = ".-or'; 0o6 = e-o"T; OBg = e-ooT;

(0g,2=tTta,r,@e,4 =TEaro, os;o =TOa,u, @e,s =<o73r

or0,2 =*Pa,r;@r0,+ = Tbaroi @rqo =Tttror @ro,a = ozai

olr, ="o}a,r,@u,4 =SParo,@1,0 =9Paru,o11s = oTsi

Qt1z =*F*,r, Q121 =Tfo aro, en,6 ={poso; o12,s = oTsr
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(e)

Ya=

Y.rr

Yzt
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0
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Yqr
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Yzoo
Yzz00
o E: Yzq
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0 0 Yt Yzs Yt9
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Ys,s Ys,o Yg,t Ys,s Ysp

Yo, You Yqz Yrqe Yrqs

Ett Yrro Y,rz Ytr Xts
Yrt vtru Yzt Yzs Yrzs

!o-Q-'".'
4a:, '

-2u,,7
-e

Yr,ro Yr,rr

Yz,ro Yz,rr

Ys,ro E,rr
Y,ro Ya,rr

X,ro E,rr
Yo,ro %jr
Yz,ro Y,rr
X,ro Ys,rr

Ys,ro Yqrl

Eqro Yqrr
Yrrro Xtrr
Yzro Yrztt

Ytz
r.u12,12

Y:,rz
\y
'4J2

E,rz
Ye,rz

\I/L11)

X,rz
Ys,tz

Yo,r

Yzr
Yuz

where

X, = *(o e-d,r -"-2a,r +2c-,7-3),Y,, =
4utt'

nrr: !" (r-"-za-r). ycr = lrr1ar-"t
40" aa] \

Ys+ = hF^'' -z;"r +t); y++=h?-"',,r),

yrr = !z-(4r-",r
4a)'

yr6 = hQ-"", 
- 2e-",r +t);

Yoe = #(-e-2o"r),v, =ffi(ou"or -r-2aor

yzg: 
ffiG-r"^, -)e-oor +r); yas =#t- 

"-zoor);
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v,- -'- cgsc'(k 
Xrr Yz(*+r) = 

cosl/'u/ ' u'' cosF-LYsllrl(k+8)- 
, -.- c -t12, r3(k+8)- 

,

u/ . - cosBp.v-.. v-,. ^, = "otTo yrsi yo(r*a) =%yru;' r4(k+8)- 
, "0, 

r5(k+8)- 
, -\.-.-/ c

Yz(r*t) =Ytt) Ys(t*s) = Yzai

vr. ^r. ^, _ cosok coso(7.,, , cosBo cosF, v.. aAnYt_Wyrr+yrr;r(k+8X/+s)- 
- , -tt. a , 

ttt--, - 
,

Yi1 =Yiii@,, =r,o),Q,i =tn).
When the fact, that ),.0 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 Ru can be represented by following equation [, 4]

(10) ialu*r; =Ia1u+r; *1^,*r'"j'e{r)NIt-l) o,

(n) Ru| =ft+,.+T'flt11r".',r)l'[a"t&-t".',r)1r,,vrr 
"iL alfd jL a?LT I

where

Ialu* r; = (Da i a, is a vector of the state prediction;

fln+r = OdRyAT +Yax is a prediction-error covariance matrix;

fr|" = $l ,t;,]' *i ,tu,2,,t,u,a,,f o,|;

ff, = {ior,,ior,,ioru,ioo 
Lv Rx'^|. 

o
;" ;";:l'R"ou = R[;^'

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

(r2) 4l =-nin-'lf^ +k,To -r(t,i",)",t",4")l =fa, + ki,To,

where (o;I = loi,,u;,,0;,*;"] i, a vector of values "f (& Y =b*,kri,k3,,kan],

at which an extremum is reached; k, = 12,3,,.i t =lA; hf = furi,r;r,f;r,,f;rl
is a corrected time delays vector of the signals'from the separate emission sources.
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So, the problem is reduced
equation system

to nerv orre supposing resolving the following

Tr*, = i,l ,u + kirTo = c

T|r=iarr+kirTo=c

Ti,=ior,+klrTo=c

Ti,=iaor+kirTo=c

n(ti, - u)' *('i,

+Q'i' - n)'

*Q'i, - n)'

-'[t't -,,)'r(,rJ - ,-,)' *(,.,-")']"'no-;

(1 3)

. (,J - ,)'f''' * 0,"-'[(,r - *,)'

,t1l12-4)-l *oi,

.(4 - "i'f'''

-'[('J - *,)'

-'[("t - ,o)'

at which the rnaximum likelihood estirnates *I,yI,tI and An are determined.

3. Algorithm accuracy

F'ig. I 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 cariied out for the
NAVSTAR satellite navigation system for Geometric Diiution 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; sarnpling interval: 0,1 s; standard deviation of velocity 6v =lmls; frequencyband of the noise

; parameters of the signal (l):
nuance of one element of the
code tu = 98ns ; ilitial values
oxo = 300m ; 6v,o =300m/s.

I

a

I

c

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

a -. for x; b - for y:.c - for z; 1- without using MSM for C/A-code;2 - without using MSM for P-code;
3 - using MSM for C/A-code; 4 - using MSM for P-code

The displayed diagrams represent the standard deviation when deterrnining
the coordinates I hour after the beginning of the work of the algorithm. When
applying the multiplex synchronization 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 F-code it is 25+30 times smaller.
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Mero4 Ha o6eAiaueHara crtuxpour4 3arJarfr
IIpu npocTpaHcTBeHO [O3r,rqEoHr,rpaHe
Ha IIoAB?IXeH O6eKT

Beu4ecttas PauKor, A r-ieea Xpucmoe,
Vaedap Ifaadee

(Fesror'le)

Ilpranoxen e MeroABT Ha o6eAuHeHara cr{ril(poH[r3arllr, B3Ar,aqara 3a Tpr'rKoopAr4r{-arHo no3url^oHrrpaHe Ha rroABrr*eH oSeri ([o) ;pe;[3IIOJI3BAHE HA MHOIOIIO3I,IIII{OHHA PA,ALIOHABVTAIII{OHHA CI{CTCMA, NP" ,O'"MeroA ce CreA's:r BpeMe3aKT,cHeHI'ItrTa Ha AzureKoM epnr4s.KoA r{ Br4coKoqecToTHoro
3ANCJIHEHI,IE. CrrEA TOBA TIO TE3,n AAHHT4 CE I{3BbPUIBA OIIEHKA HA BPEME-

METOJI

TII CE

6orra

Ha MecrororroxeHr.reroll 
r-o "" 

r.J"?tilf" rro KBa3r{AarreKoMepeH MeroA, nplrxofiro ce orqr4Ta pa3cbrnacyBa*ero ira eranonnv' felreparop Ha 6op4a na flocrrprMo .cr{cTeMHOTO BpeMe.
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satellite navrgation systems
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User apparatuses

accuracy is achieved owing to tht:
the received radio-signal.

a ftame of reference O,XYZ is chosert

ct to the Earth' This coordinate systent

object the signals emitted from fou:r

ordinates o,f the emission sources ar()

respect to the system time; V*V,V.',VL.' 
For using the multiplex syirchroni

variable) an additional variables vector

the signals from the
delays of high frequ
sources resPectivelY.

LT = {t( ,r[ \ lr,2].
The observation equation is given by [1-3]

(D
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(2)
.4

s (r, Iu, Tau) = \ fob - To6u).or [ro Q 
.4j

vT; f*Q-roQ,)) is a radio-signal en-

o =2rcfo is the circular frequency of the
is the arrival time of the sisnal from

real time of the signal delaffrom the
k-th emission source ltl; "Q) 

is a white Gaussian noise whose characteristics
are described in [].

The amplitudes of rec the different em
the zone of radio-visibility equal" The state
described through..Gaussia v process which
tem of stochastic differential equationd t shown in [l]. Th
drift coefficients and the diffusion coefficients and the noise vector are also
shown in [].

The expanded Kalman filter state equation.is given by tl_3]

,^\ f, i .2 - '"i'-,,d"(l,Ir1"*,1)(r) Lag+r)=Ia(u+r)+;ftu+r J\U)-:fizat
lv

where Ir1u*l) =tDai4., is.avectorof thestaieprediction; @, isthestatetransi-
tion matrix for sampling interval (D ttl;

tl" = {},1 ,f["], i I = ir" ,t2,,,gu,tr,,2u,f ,,,A,,rro,],

. 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.

d"(r,f,71u*,1), as(r,[a("*r)) . .From (2) ror --]-ffir ana ff it is obtained

f[" = {io r, ,iaz, ,io 3, ,ia ar};

d"(r,Ir1".,y)

dTa
t
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where

(4)
drn (r,f n*, ,Iar,1u*l) os, (r, I n*,, Ta r 1,.u1) drk(i 

"A)

af o(t - a (I 
""))

d"* (r,f,u*,, 7at (,ul) 
- 

D"o (r,I"* t,Tar,1,*g) dTat(u*r)

dTa dTat dTa

= or o frlt - ro(Tu*,)],in [;, (, - 4o r"-,))] W

al',

.ot[.0

(5)

,1, d
+1)

(v.

}r("

Rr.

]tTaRil

,)*

!)

4(v

E1

,xo

-r
AT

Es(r,I71"*,

al, d

From (4 - 7) it follows

(8) in*r =Iu*r+ >_+lnr(u*r)"*-
,k=1 " I

lv+l -

,"1' uro a - T*r(?'u,' )).or[ro (t -Tat (,*r))]eal o t
,v

d 7r, fu.,)) tui' 
- r / \'r. Iq Rxra 

1" 
q -ff , o I f o Q - T* (l y.,1 )) sin 

[<oo (t - Tar (v +t) )]E@ a t 
l;oi,)
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coslrno (, - Too O.t)fEf , p,
lv

dflark*r\ ti'- - ,: r r N l
+ R4 (v+r) -ff-ro ) ft Q - Tr,(l,u*1 ))sin[ro(r - Tar (v+r))leCl arp

' {v 
\ "r 

)

.. . 
Thg algorithm of expanded Kahnan filter (3) can be represented in the fol-

lbwing form

(e)

(10)

lv+l

,.J

-# E .12ra (v+t) = ra (v+r) * 4 ,l:=l
- R".' ,,.. ,,,, 

d4 (ro*r )
'd,\ \vrl/ al.

=R^(v+r) E$ol,

=RLrot"-rl ff;
=n4r.(v+r)11$d,

=fta(u*r) fr#t

iu*, =f,"., *i(a^ *Br t frro-Boo)

fa(v+r) =\a(v+r) *2(rrr,r-Bo + rro-Boo),
,k

where

(11)

(12)

(13)

(14)

, r^o

'f^roo

f ,oLo

r
tdk

(r5) uo = -*"1'E|,,
dt

f r r't
cos[oo(r - Ta*(v+r))]a t;

e'ujl(r6) Bdr = i.r,rf,, [eAVr(, - ro([".,)),i,lrr(, - Too1".j)fa, .

. Th. analytical op_r!!9iqnr of the correlation integrals Bu and 871, of the
signals received from NAVSTAR syste n at multiplex slnctrrof;ization ;; ;p;;-
sented in [4, 5].

afo(t -rr(T,u))



The following recursion algorithm is obtained by passing from the vector
equations (10) to scalar ones.

4

iv+r = iv +en12,,, * 
Fr(a^,_ 

Bo + frroroBal,);

.4
4O*l = @nf ,u +\(t-^,rno

k=I

4

ly+t = 1,, +@rot2r, * f (f^,- Bn I fxrouuBao);

^4Av+r = A,, *Q7gV6u * I(Irru Bo + f'ro.,*8a1,);
k=l

f ,(ru) = Qa4ty, Bo + fpoonBal,);

2v+r = 2, +,Qrut" uBt r fxroruBoo);

f 
"1r*t1 

= @6e'f", 81, + f77o;uoBalr);

+ rrroroBolr)il;

+ rxrornBat);

(1 7)

tt(,+r)= or, y'ou n!1rr,ruo
' k=l

4

iar.+r)=inr,+errt*;, +<Deatr, +@rut"u +Qn tou *\(f,or,uBo n f,0,oB*),
k=l

4

ia4v+r)= fuzu *(Dro ,rt* +o'ro3t, +aro.;ot"v +o10,8l2^v *\(rro^*81, + f7ornBa11);

k=l

4

4zru *rf hz, +Qrr,r4, +Qryat) +Qrrr\,+or,8/^u *Z(fro^rrBu + rro*a*)t
' k=l

4

ia+g+r.,=iaci+C-rr,rt*, +C-p3fy, +@rz,a4u +@rr3to, +\(fr;x,rBr,*f ,oorBoo),

where f^,n it computed from

from (13), fro,o t from (14)
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(18)

Having found the filtered estimate vectorsf,,"r, ,frr*r, on every step (v+t),
the time delays of the envelopes of the signals frorniheffiirate emission sources
are computed

t(iu*,, g v+r, 2 v+r,A.,*, )=

4 (i"*,,i v+r,2v+t,Av+r

Tr(iu *r, g 
v +t, 2 u +r, a, +r

Tr(in u, g 
n +r, 2 u*t, L u*r

To(iru, g v+r, 2u+r, L r+r

by using the following interrelations

I(iu*r,lu*r,2u*rAu*r)=r-t|(iu*r-",)'*(ln*r-yr)tr-(2n*r -rr)']'l'*A,n*,
Tzbn *r,9, *r, 2 u *t A, *r) ={' |( 

iu*, - r r)' + ( !u*r - v r)? + (2n *t - r r)'lt 
t' 
* A,, *t

Tzbu*r,gr*r,4,*r,Au*r)=.-t[(iu*, - *r)' +(lu*r - yr)t +(2u*r- rr)'ltl'*A,r*,

Tqbr *r,g r *r, 2u*r Au*r ) = r- t 

|(iu*, - * o)' + { ln*r - y o)t + (2n *r - r o)'f' 
l' 

* Au *r.

(19) ki("*r) = -T-t14,(r+r) +ft,(v+r) To-L,(ru+t,9v+r,2v+r,o".,).

So a decision is taken that the time delay of the signal from the r-th emis-
sion source is

(20) rir+r) =ia,(v+r; +ft"1n*r;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) t3-81.

A final step of the recursion algorithm is the determining of the cor-
rected estimates xJ-,,vJ-, zJ,,,Al,,i of the coordinates of the mobile object and
disagreement of itd'sdald'witlf reii'ect to the system time. For this purpose the
system of nonlinear equations (sphere equations) must be solved

arcs Tr(iy
tion aiming'at
carri ith period

sion qTo- f,(
foun

5l



f t \^ /' \^ t '^-'tl/2
4i".,) = r-'lkJ., -",1 *0J*, -y,I ok., -,,Yf"' + Al*r

+Al,*r

+Alrnr(21)

?"*,) = .'[ftJ., - rrl * bi., - yrl o(4r-,r1l'''

4("*,) = .-'[kJ, - 
",1 ,-bJ., - yuY n (,J., -,rff'''

d0*,) = .'[kJ., - *rY * (ui., - ,ol n (,i., -,of)''' + Al,*r.

F'ig. I represenf5 ffus structural scheme of thrs recursion algorithm (11 + 21).
The reeeiving set is composed of four (number of the emission souries) tirne
discriminators and proQessor for formi
the base of the results of the estimate o

- T'a*(u+r). A mixture ((r) of an
of the discriminators. From each

discriminator two digital signals BI and, B'ao'enter the processor. These signals
are associated with 81, and Bro thiough tti6 following interrelations

))
B p = - !- 5'r: B r,- = -1(inB),,.

ff@Nv@:

Fig. l. Structural scheme of the synthesized SMS
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s of the state transition matrix (D7 
;

the optimum processing is carried

. The synthesized receiver represen 
ceiver's input'

chronization. It is constructed on the
In the receiver an estimate of the

used for filtration of the error obtained
of the supporting generator in receive

system i.s expected to be close to the
when A(lu)= 0. It is researched and it
ranging method is optimum one for wh
very small ones or very slow ones [3J.
(Fig. 1) has some diffeiences froni ih!

systems for tracking the ,

exists for tracking of the
from the corresponding

uted.
with multiplex synchro trization allows

signal from one emission source for 
g of the accuracy when'there is loss of

be increased owing to tire lack of ob
porting generator. In this case three.coo
means of ranging method with receivine
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Cfinres Ha rrprleMuo YcrPoftcrBo c

o6eAusesa crlHxPoHH3aII[s B

oII5THI{KOBU HaBI{raIIuoHHI{ CnCTeMI{

Beuqecttas PautKoe, Auzen XPucmoe,

Burcmop MaPuuoa

(Pesror"re)

CunresupaHo e oIITLrManHo yarpoficrno 3a rlprleMaHe rI

o6pa6orra Ha cnbTHrrKOBr,r HaBr.IIaqIIoHIlI{ C]1tr]f^Ajtr:1r. c nerona IIOMOIq co

onpeAenflT KOOpAITHaTuTe u I

Gb) no KBa3I'ItaneKoMePeH (

IIpQAcTaBn.sBa c[cTeMa c I

paAI,IOHaBIIIaIIUOHHT'ITe cHrIraJII{ ce u3 I
'Q"rrtpuut". B cnnresupaHoro ycrpoicrBo I
cuHxpoHI{3 Arlvts, ce ul[on3Ba uHoOpMarIvfrTA 3a BpeMe3aKbcHeHlrtra Hi:l

jlaneroVepHu.tr KOA tI BtIcOKoqeCTOTHOTo 3a[lJIHeHue. KsaSuAaIeKOMepHOTo

paAHOHaBUraqr{oHHo ycTpoficTBO OTqI{Ta pa3cbIJIacyBaHeTo Ha eTaJIoHHIIf,

i.Hrputop Ha 6opAa Ha fIO cflptMo cncreMHoro 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 signifil
cance. Similar obstacles crop up in connection with many pro-blems relat6d to
the Theory of oscillations in particular when investigating pirametric amplifica-
tion and generation of oscillations, frequency modulation, detection and Conver-
sion, suppression of undesired oscillations and internrodulation distortions. etc.

In the Part lof the paper [], the possible transformations of the equations
of an oscillating circuit with periodic and almost periodic parameters have been
given and the expedienc^e 9f r_sing 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 ltramilionian systems.
The Part 2 of the paper [2] has been focused on the problems of tire stability

of the cannonical systems in a general form. Criteria foithe stabilitv or instabil-
ity of a general linear resonance circuit have been formed.

I An investigation, supported by the ,,Scientific

Contract No TH - 549195.
Research" Bulgarian National Fund under
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Present Part 3 of the paper provides an analysis of the free processes, in
piece-wise linear and quasi-harrnonic 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 all 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 oontaining capacitance C(tr),
periodically changing in time, acquires the following form with respect to the
charge q

(1)

where R aErd I
circuits.

We use the following substitution
the form:

^ r ln2l
(2) d'qt +l I -

E.ILCQ-T710'=u '

which cclntains no explicit dissipative term.
The capacitance C(tr) is regarded as a piece-wise linear time function,

C = Ct for t, e (0,/r1) , and C = cz for tn e (trr,Tr) ,

where f is the capacitance change-period. Thus the capacitance changes twice
in one period: when /, = l 11 , it leaps from C , to C, and when t, = T. from' C,
to C1.

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

fu*llo+ | q=0.
d* L dt, LC(t,)'

are the constant resistance and the inductance of the oscillating

n, = qexp(-ii,, to reduce Eq. (l) to

4!*o1t1y =s ,
dt'

1 =Jz, t*=JL ytcrcr, a(t)=o, =.8t@ - \lc,

(3)

where

at le (0,r,) ,and a(t)=4= ^l* ut te(tt,T), tr=?, T -T'' 
a,2 \ C, ' too too

Equation (3) has constant coefficients in the interval (0,tt) and its solution
is a cosine curve. The same can be established for the interval (\,7). At mo-
ment tl the amplitude, the frequency and the initial phase of the cosinusoid
change in a leap-like way, yet so 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 itcannot. be asymptotically sfable, i.e. if y(r) is u .oiotion of the ;6r;ii;;;limy(t)+0.
'-- Th.r"fore, the stability problem boils down to
cases: a) the case of stability, when the above_men
11mber; b) the case of instability, when the module
infinity.

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

for le (0,tr),

for t e (tr,T),
(4)

y(t) = yotcos(crl + <p, )
1

y(t) = ye, cos(-:l + 92 )
c['

-/61 and gr are determined by the initial conditions, loz and 92 are specifiedbv the condition of continuo,rin..s of the f";;i;;l(rj'e"d j; derivative at themoment 11, when the capacitance changes in a trui-iii." -un"...

. gz=arctgla2tg(ar, +g,)-1r,1,

loz = d2 lorjin(gtt 
+ tpt) 

.

s in1L4+92)

Equation (3) can be presented in a matriX form:

!lr'1=l o rlfrrl . dy
Alr,J=L- o(t) o..lLr,J, h= !, nr=i

d
iY = A(r)y.
dt

theory, the fundamental matrix of the solution

Y(t+T) = Y(/)y(r),

or in short :

(5)

According to Flocker,s
satisfies the condition:

(6)

w!e1e Y(z) is a constant matrix, called monodromy matrix. This matrix allowsof obtaining Lyapounov's constant a = Spy(z), *dr;-stir^'tt. .,r- of the ele_
atrx.
t method, the following three cases are
lal< 2; 3) la.l:2.

:ti?it",i," i:,TlS ",i:'j, fri:"ll? xx1

u.sing solution (5), which can serye for construction the monodromy ma-trix, whose elements are.obtained in the form:
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1,n = cosG,/t cosl(f -/r) -02 sinu/, sin14f -1,;,--- r C{,. O(

1- 
sin ar, .o, ! (n - r' ) * o( cos crlr ,in J- 1r - l, ) ,!n= o G 

w'I""'c[\'

/21 = -ocos ur,'in!1r -/r) -l'ino', to'l1f -4;'' o( fl ' ct'

.rr, = -\rin ul, sin Lf, -1, ) * cos crll .o, L(r - r, ).
A2-^-- 

"-r-- Ct\ r/ ' ,&'

This hetps derive-an expression for l-yapounov's constant :

(7) a = SpY(Z) = lnt !22 =2cosctl, cosJ-1| - 4)

roj*4lri"o,, *"i (r -t)
(xL o

This expression allows of identifyi
the system iefers to in each specific 

-o
probiem is to be solved. The areas of
three parameters - a, tL and 7, i.e. in
three-dimensional sPace.- - 

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

I ",* | for ttt" particular case of T : 2tt. Parameter a changes within the range

I S-ii i 10. It can be obtained from the case for a >lr Biven above, by carrying

out the following substitution of the parameters: F = ;'"t = T - 4 '

Fie,I
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Analvsis of the free Processes in a

lineai quasi-harmonic oscillating circuit

Object of the analysis in this section is a linear quasi-har

morlic oscillating circuit, whose free piocesses are described by a quasi-har-

monic time funciion,.i.e.'by a sine funition with amplitude slowly changing in

time and first derivatiu. of the phase by time. The major application area of
such oscillating circuits is that of harmonic signal modulators.

Let us cOnsider the general cas : of a series resonance circuit, where'the

inductance L, capacitance Cand resistance R are time-dependent' The free pro-

cess in such a ciicuit is described by the equation

(8)

where
-r

7'oo

t-u_ q

Qoo

d'x - .,dx--. *zalt) -+of(t)x=0,dt' dt

- normalized capacitor charge and normalized time re-

dL -- /.\ Ioo

spectively, o= ;+tooR, 
0o(/) = ft .

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

(9) x=A(t,t)sin9(l't), '

where

(10)
L

e(t,t) = i,t, * O * )frn Osin2cP(t,r)ldt'
t

Here the constant z determines an atbitary initial point of time.
-Equation (10) given above yields an indicator of the integrability of Eq. (8)

in quadratures - 
o(r) + 4m ro, (r) = o .

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

asymptotic stability of the oscillating circuit - !9+a g for t > t' , t' - an

arbitrary moment. 
- dt

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

Let us suppos-e that the oscillating circuit satisfies the quasi-harmonic con-

dition, i.e. we ai.,rme that the first co-multiplier in the right-hand part of (9) is a

slowly changing time-dependent function. Under these conditions the approxi-
mate extremums of the solution are
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q(tr,,r)=(2k+Dt, t: 0, +1, *2, -.,

respectively the zeroes of the solution are gefl,r)= 16.
The loga^rithmic-damping decrement is'dtieimined by using two adjacent

extremums of the s6lution

v(to)= 6A(.!:'-r'9 ='l rr" r d ' )
' - "'-lgoli = 

,1, 
to * tA'n^o)cos' gdt '

i,'1f :ilH i"""J:? ?:iffi 31,: :r"i:,ft;

lytical indicator of stability of the quasi-

"=)frnu r o.

v(tr's = ,2 col2 ?dg .*
ol-oa 

+ o,5sin2<P' '

lnp(ra) 
ecos? <p

," o,J,--,, Dffifu d(tn P 

.)'

(l l)

If we introduce the parameter instantaneous characteristic resistance of

the oscillating circuit ,=l*, (ll) can be used to obtain a simple criterion of
asymptotic stability - p =tJonrt .

We introduce the concept instantaneous quality factor of the oscillating
. ..  Pcrrcurt u = R, and as a result the.formula of the logarithmic damping decre-

ment acquires the form

hr+!'))
v(ro; = f 

- 
,. "il- 1^ @,p+edrnp\

ui-oa+o,5sin29' ' /

2

LetQ=const.Then

kn+!

2

rne nist integral is equal to n(4e2 -l)-12. Hence, the stability criterion can be
written as follows:

ln p(tp )

J
ln p(to_, ,#mdQnP)'ffi
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sin"..u* O"ott9 = 2Q'-*-- ;^ 20+sin2g Ie=, after substituting the sub-integral expres-

sion for its maximum value, we obtain

a?, n pQ) ._=_L_
4Q" -l p(tr_r) 

^l+e, 
_t .

This inequality allows of obtaining the following simple stability expressionat Q - const.
.1n pma* 

" 
n

Pmin 2Q

For a more d ion of. th9 {re9 _processes in an oscillatingcircuit with slowlv ters it is desirabl-e to olturn an approximatesolution of the lait in (10)- r;is;;;;;"ij,, ,r," following way:

I = y+ e, T = jr,a,, , =if**!lhao)sin29dt.

.,. ^ Jl". inequality y>> e istvalid ro. -ulry 
L u t 

cethe sub-integral function of the first integra ofthe second one is quickly osciltatin!.-After
(10), we obtain rn

de ,^. . I d ,

di = \o* rArn ol, )(sin 2ycos2eacos 2ysin2e) 
.

^,,^^,11.$^-r 
approximation (cos 2e=r,sin2e=2e) this equation is solved inquacratures

f ', lt- f t I
, =lrJltcos2yd t 

lJusinzve*nl_z[wcos4lat .

After obtainingle."equations'110, ,"" o" fo-;o"r"d irjquudrutures and inthis way the problein i, 
"o-pf"t"f! .irfr.O

Conclusion

e" occupies
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linear
of lin-
that if
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c basis for investigating the processes

occurring in nonlinear systems" -."-- 
Or"ifr"ting circuits with periodic parameters can be divided into two groups'

One of them inclui"r q."ifi"iing ciicuits where given arbitrary initial condi-
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sys-

tems of algebraic equations for-some t
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KaqecrseH aHiurra3 Ha cso6oAHrrre rrpoqeclr B

o6oSrqeu Jrr{HeeH Tpe[TslI Kpbr c
reproAr,rqnz napaverplr. I{acl 3. Ananrs Ha

cn o6o4nure rrp oqe cr4 B rrHTep B aJrHo - nr4H eirrta vr

KBa3I{-XapMOHprrrHa Tp errTrrrla Bepr{r'a

Ilurconail Euprcrc, Bttad uuup,[ auzoe

(Pesrcnre)

B .Iacr flbpBa r.r B r{acr B'ropa Ha cra'turflTa 5e gorasaua
ueo6xo4r,rvocrra or u3cJIeABaHe Ha rpenrflrrlr{Te pe3oHaHcHr4 cr4creMr4 c
leplroAr,rrrHrl vr \oqrvr rrep[oArrqHr{ [apaMerpu n o6rq Bvrr\ c orJreA rlfrrocrHo
o6xnaqane Ha orpoMHoro pa3Hoo1pazue or pe)KprMr,r, 3aKoHoMepHocrr{ rI
csoficrna. Pa:pa6oreu 6e o6ut MeroA 3a aH ntr3 Ha raKr{Ba crdcreMr4, rouro 6-sxa
tpynvpanr u t<stacv$wllrpaHrr B TpvMepHo rlunlrHApr{trHo rpocrpaHcrBo Ha
napaMerpr{Te rro rexHu.fi nafi-naxeu npr.r3naK - ycroiiuyrBocrra urvr
ueycrofi.lunocrra no Jlanynon. llpo6nervrure na ycrofirrrdBocrra 6ma uscreAsaHu
KaKTo n nafi-o6u BlrA c Lr3rron3BaHe Ha KaHoHr4qHa cr{creMa ypaB:aenilfl, TaKa 14

npu olpeAeJleHa KoHKpeTV3arJVA Ha TpeIIT-flIIIaTa pe3oHarrcHa c]rcTeMa c
rrep 14 oAr{rrHr4 rrap aMeTp r,r.

Tpela qacr Ha pa6orara [poA:bJrxaBa r{3JraraHero Ha MeroAr4Te 3a
H3rIoJI3BaHe pa:pa6oleHr{-f, aHaJrrrrr{rreH noAXoA K:bM AocrarbrrHo
KOHKpeTrZ3r4paHv pe3OHaHCHr{ Cr{CTeMrr C nepr4oAuqHr{ rZ I]OqTpr nepr4oAr{qHr,r
napaMerpr{. I4screAsar ce cso6oAHrrre rperrrfixlrl rrpoqecr,r B raHTepBanHo-
nranefrna pe3oHaHcHa cLrcreMa, B Ko.f,To KoHKperHo KarIaUr4TerBT rIpI4eMa ABe
orrpe.qeneHr.r crofinocrvr crc 3aAaAeH fleprroA BbB BpeMero. ,{pyra
KoHKperrr3r{paHa 3aAarra e r{3cne.4Barre Ha cso6oAHzre upoqecfi e rr,ruefiHa
I(Ba3r{XapMOHr4lrHa TpenT,f,rlla cI{cTeMa, B KO.STO ABI{XeHIIeTO Ce OrII{CBa C

KBa3lrxapMoHr{qHa Synrqux (uuon:naua e cvrycHa Symqua c 6asHoNsnaeHrrrqa
ce aMrrnrzryl\a). 14 B .qRa'ra cryq,afl, ca Qopvrynfipanil o6uru reopeMr{ orHocHo
c:boTHoIIreHI4eTO Ha TIOJIOXI{TeJrHrr:re napaMerpv Ha cvcreMara rI eJIeMeHTI{Te
Ha Marpr.rqara Ha cborBerHoro BeKTopHo 4u$epeuquanuo ypaBHerrue" IrlgneAeur.r
ca ycnoBurflra sa ycroftqrrBocr ra neycroft.rr{Bocr Ha pa3rnexAaHr{Te cucreMur.

DJ



Etrrapcxa araAeMr.rr Ha HayKure. Bulgarian Academy of Sciences
AepoxocvuuecKr,r ugc;re.qBauuxnB'straput 15. Aerospace Research in Bulgaria
Cotbus. 1999. Sofia

BALKANPROB -Space project for studying the
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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 etc.
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
frqm the Earth'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 to de-
velop a number of international space projects aimed at the study of the regional
shift of the lithospheric plates. Some of thr se projects are: "WEGENER-MEDLAS"
of the West Space Agency (WSA) [6] and "IDEAL' (Study of the Dynamics of
Euro-Asian Lithosphere)of the East Space Associasion (ESA) l7,8f.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

rNrERKosrvrosand?i.$A"l?'"T,".1?lil?o.iltT"'#ff *T.t3,il,f ;rltbk?:",';
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European academies of sciences in the
of the dynamics of the Euro-Asian litho
tories were appointed on the stab
Himalayan orogene: Zvenigorod,
zone, and Hart, Heluan and Fort
stations_- Plana, Erevan, simeiz and pents - in the rnbbile belt between the two
stable plates (Fig- 1). By_ measurement, mthe mobile and the stable_lithospheric 

a_tions with time and space by which the d.

30'

Fig. l. The Alpo-Hymalayan orogene belt
l4U

3m 0 300 600 900kn

The region,-sulgg-ested for studying, comprises part of the Mediterranean
Transasian mobile belt.which is very iiteresting in the ,.ilntin" ;"a pr;;ti"ri
lll|""t:, According to the concept of the new global tectonics, the diiferentialshllts, the significant deformations related with them, and the great tect-nicand seismic activitv in
plex structural interact
the north, the African.
Iran - to the east. Th

i
b

tered concentrated around its northernfact d the hvmod n South
a where

activity is generated in Italy, along the sr
sula, and in the region of the Aegian Sea.
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ii) the East-European platform below the northern boundary of the Alpo-
Himalayan orogene, generating deep-focus earthquakes.

Having in hind 7he great distance between the stable parts of the lithos-
pheric plaGs around the mobile belt (about 2000 km), the belt's width (about
iOOO ttii in the region of the Eastern 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 stablglithospheric plates of the Alpo-
llimalayan orogene belt (Fig.1).

Th-e scientific-fundamental and application objectives and some of the ex-

pected results from the IDEAL programme are formulated and atalyzed in de-

tail in [7-15].
The first model studies, aimed at determining the optimal AES-earth obser-

vatories combination (for all I I observatories available) were carried out based

on a number of restrictive prerequisites, hamely: all observation being of equal
precision; the coordinates of the stations in the stable areas of the plate.s being
icnown 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 soluttions, three criteria have
been suggested [14]:

1. The average geometric value:

(1)

of the matrix's characteristic 1,, numbers

(2) N r = llr, ll' i, i =1,2,..., r
of the normal equations.

2. Tod's number
(3) P =X^u*f?"^in
for the Matrices' N, substantiation

(4)

3. Turing's number

M = M(N,)*(*il,
and N;l provision, where the

u(t't,)= r.m.aylaiil
t,j

tur(zu;')= ".-u^ lauli,j

(5)

for the matrices' N,
represented:

(6)

so-called M-normes are
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8000 l0 000 12 000 14 000 km

Fig. 2. Map of the values p.10, for the mean-geometric estimate p of the eigenvalues of the matrixN of

coeffi cientb of the normal equations

Fig, 3. Map of thevalues M.10-? for the Turing's M-condition number of the matrixNof coefficients of

the normal equations
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00 l0 000 12 000 14 000 kn

Fig. 4' Map of the valuesP.l0-6 for the Tod'sP-condition number of the matrixNof coefficients of the
normal equations

The obtained results are represented graphically in the form of maps (Figs 2, 3,
and 4) by isolines interpolated based-o 

-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, nu-ely,
t'r(7) r(p). I i -oo"+lt0o; o -(tz*i4).l03km l,

\)

n@).[t - to" +r2oo;4> t2.to3km),

a(a)e[, - roo.+I1oo;d> 12.l03km).

The joint consideration of these results ultimately identifies the area:

(10) Eb,p,u).lt-100.+110o; a-(tz+14).103krn],

where: i and a are the oruiti slope and big semi-axis, respecti*ly.

(8)

(e)



III. The B
objectives
dynamics

(Fig.5) allows for increase of the avail_
ials already known were supple_
ts and ring arch-block strucfures,
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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. Relia$le results are possible to lie
obtained only recently, by the classical universal instruments r,vhich 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 o1them is the Chirpan
region with measurements in l92l-1935 and 1950, and another one - the Strajitsa
region with more than one lneasurement. Naturally, these preliminary studies,
based on information obtained by classic measurements are regarded only as an
approximate 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 122, 23). Of particular .interest for the suggested project are the Plovdiv and
the Gorno Oriahovo seismic regions.

The major considerations underlying the suggestion of BdLKANPROB 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 measurements, 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 expected 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, duringthe 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 l0-6-l0r [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 potentialitieb for the implementation
of diverse scientifrc and application problems in the field of the study of
geodynamic process" This provided grounds for an international team of Bulgar-
ian and German experts to carry out a GPS campaign in 1992 [25] for measure-
ments by the established through the assistance of WTS supportive network of
l5 points, covering uniformly the telritory 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 EIJREF-BUL'92 project [25]. This was
really a very good initiative since it provided the first actual results from GPS
measurernents 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 BULREF'93
and BULREF'95. Based on the information obtained by remote sensing aero-
space methods about lineaments and ring arch-block structures, unknown so
far 1261, 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 Moosian platform, the fore-Balkan, the Sredna Gora region, Kraishte and
Strandja. In contrast 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 heterogeneous geostructural elements on the Balkans -the Dynarides and the Balkanides, the Serbo-Macedonian massif, and the
Rhodope massif, 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 comprise 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 orogehe 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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EAIKAHIIPOE - KocMI4rrecKI'I ilpoeKr 3a

I,I3 CJI E,UBAH E HA ALT HAMVTKAT A HA

Jrr.ITo csep ar a Ha Brnraprax u Banranprre

Hurcona leoPeuea, faPo MaPduPocau,

Xepuauu Cnupudouoe

(Pesrove)

CrnpervrenHoro HtIBo Ha KocMr{rIecKIITe Mero,url I{

TexHI4qecKuTe cpeAcTBa LaF.a IoJIeMI{ Bb3MOXHOCTI'I IIpIa II3CneABaHeTo Ha

rro6anHaTa, pe1;ofian:nata LI JIoKzUIHaTa AIzr:rraMkTKa Ha JIIIToctbepHI'ITe rIIoqlI'
feoAr,rnaUzqHllTe IIpOqec[ Ca eAHI{ OT cbIIIeCTBeHI{Te IIpe'4BecTHIIqII Ha

npr4poAHI,I QenoueUu KaTO 3eMeTpecel{Iltfl, tr3pllrBAl{vs. Ha BynKaH}I I'I Ap.

EIa 6azata Ha arralItr3a Ha pe3yilTaTnTe vI oluTa oT peAI'Iqa peII{oHanHI'I II

JroKaJrHtr feoAI{HaMI{qHII IIpoeKTV - fi IIpgAI,I BcuqKo Ha [poeKTa I'I'{EAJI, r
cTaTrIlTa ce M9TIIBI{paT IIenI,ITe, @yn4arurenTaJIHIITe u Hayrluo-[p[noxHllTe
3AAAqkr, OqaKBaHUTe pe3yJrTaTrr, KaKTO Ir nepcrIeKTLrBtrTe Ha rlpeAnoxeHlilt [poeKT

EAJIKAHIIPOE sa repIITopI{tTZ Ha Brnrapu.r v BarrKar^vre c IIoMoIqTa Ha

GPS-u:uepBareLrfl.
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E:r.urapcra araAeMnr Ha HayKvre. Bulgarian
Aeporo cvuue cu.I I43 c JreAB aHr.rx n Er.nrapur. 1 5.

Codug. 1999. Sofia

Academy of Sciences
Aerospace Research in Bulgaria

Konrp oJrHo -pr3MepB arenFra
anapaTypa KbM
cBp bxBLr c oKo rr e cToTHaT a
cKaHkrp aul a AByrr o Jrrp u3 arllr o H Ha

Todop Hasopcrcu, feopau Kaueuoe,
Vaed ap Jlerrtee, Xpucmo llpod auoe,
Hurcottail Eaurcoe

Ilncmumym sa KocMuqecrcu uscnedeauua, EAH

B I,Incruryra 3a KocM[qecKr4 rr3cneABaHr4s. rrplr EAH ca
[onyqeHv [GpBr.rre pe3ynrarr{ or r,r3MepBaHr{.fl, rrpoBeAelov c paspa6orenara
cBpT,xBr.rcoKoqecToTHa cKaElrparrla AByrronrpI,r3arlr4 oHHa paAlroMeTprirqHa
cr4creMa P-400 []. Tr e rpeAHa3Haqena 3a r,r3MepBaHe Ha aMrrJrrlTyAHoro r{
rrpocrpaHcrBeHoro pa3rrpe.qeneHlre Ha co6crseHoro paAr,rororrJrl{HHo r{3JrbqBaHe
Ha 3eMHara rroBbpxHocr B MuKpoBbJrHoBI{.f, AVala3oH. ,{annrare, tloryrleHn or
cl{creMara, rro3BoJr.flBar perrraBaHero Ha cJreAHr{Te ocHoBHrr zal,asu l2l:
oflpeAer.sHe Ha reMfleparypara Ha BoAHr{ 6aceityu, Ha BJraxHocrra Ha
loBbpxHocTHLIq ttoqBeH clofi, soHaTa Ha BaJrexrl, B63pacTTa Ha neAH]4uLITe B

lonspHlrre o6laclu, pa3npeAeJrqHero Ha rrJlaBarqr{Te JreAoBe B lon.spHure paftonu
u r.u. CrnrrecrHara o6pa6orxa Ha AaHHr{Te or crrcreMara P-400 14 or Apyrr,rre
cr4creMu or KounneKca HayrrHa anaparypa (KI{A) ,,flplrpoga", ilo3Bor.rBar
perxaBaHeTo Ha peA HayqHorrprrJroxHr{ 3a!\ar[.r , cBbp:laHrlr c rno6anuzs
eKoJrorr{qeH MoHI,ITopLrHr ua 3eNrsra, B ToBa qnrcJro lr 3a craBarrloro Bce rro-
aKTyanHo r,r3yqaBaHe Ha eKonof[rrHrrre raracrpoSn [3, 4]. CracreMara e qacr or
To314 yHr4KaJreH KoMrrnexc, pa6oretu Ha op6zra:rHa craHrlr4.s ,,Mt4p" 3a
I{3rIr,nHeHLre Ha HayirHara rrporpaMa Ha npoeKT ,,flpupo4a" [5]. B paspa6orrara
Ha ro3r{ nafi-ron.f,Nr rr aBTopraTereH MexAyHapoAeH npoeKT s o6racrra Ha
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.qI4CTAHIIIIOHI{I4TC I{3CJICABAHI.I,S HA 3EMSTA OT KOCNAOCA YqACTBAT YIIEHI4 I,I
cneulraJrr{crz or Apuerrun,B'rtrapux, fepnrauu fl,,l4Tarrnfl, frollxa, pycnn, cAIIi,
VxpafiHa, (Dpanqu.a u Illnefiqaplrx. Cnequanr{3r{paHr,r.f,r MoAyn ,,fIpupol'a*, ua
xoitro e MoHrrrpau KHA, e r{3BeAeH n op6ura sa 24.04.1996 i. u cKaqeH
crc cranuuxra ,,Mkrp" B Haqaroro ua uafi cbrrlara roAr{Ha (Sur.l). Mo4yrrr
BKJrIoqBa 17 pazr'uuttl{ cI{creMI{ 3a Ar{craHrlr4orrHo uacne4rane Ha'3eNr.f,ra or
Kocuoca BbB Br,rAr4Mnx, znQpauepBeHlr.r rr B Mr{KpoB}JrHoBrrr Al{arra3oH Ha
eneKTpoMafHvTHr{S CIIeKTbp,

TB-rapre

fpe6eH

I4KAP KEr{Iq,Bbp I{KAp 14I(AP
-/--r/- .'

// t"

MCY-CK

MO3-OE30P

I,IKAP
P-400

AJII4CA
@vr. 1

3a Aa ce rapaHTr{pa HaAexAHocrra r4 HopMaJr*ara pa6ora Ha afiaparypara
B ycnoBr{.flTa Ha KOCMLIqeCKOTO [pOCTpaHcrBo oKoJro i]evxra, n la6oparopHr,r
ycnoBr{.8 ce rrpoBex(Aar pa3nu!IHr4 I{3tlr4 TAIJr4g. Ut recroBe, AoKa3BaIrII{
QynrqnonaJlHocrra Ha ctrcreMvre. gacr or re3r4 r{3MepBaHr.rs 3a crzcreMara
l_400 ce r43B:bprrrBa c aBroHoMHa KoHrpoJrHo-t43MepBar.eJrHa anaparypa (KI4A)
[6], pa:pa6oreHa or eKurra - cb3.qareJr Ha ctrcreMara.

3a 4a ce unrocrprrpar $yHrqurrre 14 Haqvl:o'_ ua palora Ha KoHTpoJrHo-
v3MepBarenHara anaparypa, e neo6xoArauo Aa ce o6s.cgn n nafr-o6rqu JrnHurLr
rrpr4Hrllrrrsr Ha 4eficrnue Ha paArroMerpr4qHara cr{creMa p-400. Ts ce ctcron or:

- 6ror cKaHr{parua AByrronspu3arlzoHHa aHTeHa;

- 6nor eJreKTpoHlrKa.

I. Enor cKaH[panla ABynonrprr3arl]roHHa aHTeHa

CraHzpaulara AByrronflpv3ar\vroHHa aHreHa (CA)
ocb lecrBSBa peBepcuBHo KOHlrrrHo cKaHr,rpaHe HA A]/^ajrpAMara Ha HacoqeHocr([H) :a cMerKa Ha BbpreHe na o6nr.rsareJr.f, Ha :brrn e : -135o c rroMoulTa Ha
clleqvaneH cKarrupaq eJreKTpoABr{rareJr (cr{). 3a 3arra3BaHe Ha rrocro.,rHHa
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sopua ua.{H B rleJru-s Ar4arra3oH Ha,cKaHvpaHe ce r43rroJr:na c$epuuHo orneAano.flpearnro'rBaHero Ha xopr{3oHTaJrr{ara v Beprr{KaJrHara ron_spu3arl us. ceoc:bnlecTBrBa B Kpafl Ha BceKr{ peA Or cKaHr.rpaHeTO CKoMyrarop (EK). Enoxsr e MoHrr4paH Ha BbnrrrHara
,,Ilpupo4a" u pa'oru B ycJroBr{.f,Ta Ha KocMt4qec*oro
BLIA Ha cKaHr{paqara ABy[or.flpr,rcaq[oHrra aHTeHa e [oKa3aH ua eur.2.

3a ca pa3rroJroxe 
AATqLTKa

arr rYPara' vlz', Jrn3ar B

crb ff":" 
rocrbrl 

AaHTII{ B

II. Enor eneKTpoHprKa

'aQzr.3.B'ero".,,u,o"uoTrffi ;"T;;;H#3fr""::i:H?#ff 3.!i?""#ffi ;HA CUCTEMATA.

Qur.2

@rar. 3

cnprxnucoKoqecrorHns.T cvrr"arr Ha lrgxoAa Ha c*aHr,rpaqara aHTeHa
-cT)oTBeTcTBa 

HA rrpr4eTr{Te xopr,r3o
r,r3MepBaHOTO p aAUOTOTTJIT{HHO rrone.
r{3MepBanr4s-r cr4rHarr s EK. Ha
nocIeAOBaTeJIHO IIOCTbIIBaT IID
c:bcTaBsrrla Ha paAlroTonrr""uoi
Ha eAI4H cr(aH. B cuecrrerrfl Ha rrupeo6pasynaHe Ha rrplrerr{Te cr{rHaJrvqecrora' KBaADarnqHo ce Aere*Trzpar 14 ce ycvlrBar or rlpeABapnreneH

77



Hr4CKOqecToTeH yclrnBaTen. cJIeA TOBa CI{IHaJIIITe IIocTbIIBaT B HI{CKOqecToTeH 
'

6;;;, ;;;;t; ce gurrpupar clIHXpoHHo' ycllnBar ce I4 crIHXpoHHo ce '

;;;;;;;-t";.- fln.QbpuaquoHnrasr cr{rHarr Ha r{3xoAa Ha rrpr{eMHrKa e

[po[opqlloHaJleHuaxopuaoHTaJIHaTaI,IBepTI,IKaJIHaTacbcTaBsIIaHa
r43MepB aHoro paAIIOTOIJTTIHHO I{3JIbq

3a orqnrane na QlYrrYar\vfiTaHa
e rlpeABI,IAen eialones xaln6ponruen
eTaJIOI{eH reHepaTop Ha IIryM ce Mo.qyn

B HlICKOqecrorHl{fl TpaKT'
[poilopquoHaJleH Ha HI4BOTO

3aeAHo c l'lHQoPuaIII4oHHI{fl

CI4IHaJIHaI{3XoAa'BJII{3aBaJIfopI{TbMa3aa3yBaHeHaIIocTbnBaIIII{TeoT
paAl{oMer}pa AaHHI'I B cborBerHure Quluvnll BeJII'IqIIH}I'

B EE ce Qoprr'Iupa qrrKJlorpaMara na pa6ora Ha crlcreMara P-400 u

KOMAHA eJIeKTpoABI'IraTeI'

EE {Yl la craHql'r'f,ra "MuP"'
Or P'-400'ce BlrxAa' qe KI'IA rpg.6ga Aa

o6esueqfl [poBepKara na nefinara $ynrquouaJlnocr v Aa Aare Bb3MoxHocr 3a

eKcrlpecHa o6pa6orxa I{ Bl'r3yanrl3 arrytfl' Ha flonyrleHara uuQopuaqn'fl' B rosu

cpruirn KI4A P-400 tpr6ua Aa ocuryptBa:
_3axpaHBaqoerrerrpuqecKo.HaIIpexeHIIeoTI3ToIIHIIKHa[ocTosHeHToK

" "ot""un 
27 Y tt Allarla3oHa or 22 rc 34Y;- --- 

- Qoprrallpane u noAaBaHe Ha InyMOB CBpaxBI{COKOqecToTeH CI4IHaJI C

HepaBrloMepHo p,a3rlpeAereHl'Ie IIo sraJla Ha cKaHI'IpaHe;

- KOHTpon Ha cIitfHaJIUTe' TIOAaBa:'J.]l/t HA TeneMerpl',IqHara cucreMa Ha

KOCMI{qECKIT' HOCUTEI;
_BcI{qKI{KOMaHA}I,KoIltToceIIoAaBaT3ayIIpaBneHIevclITHaJII{3aq!|fiHa

cllcreMara P-400;

- Bb3Moxuocr 3a [pfieMaue, qutlpono upeo6paayBaue v sarllac Ha

unQoprrraquoHnl4Te u cnyxe6nure KaHaJrIlt Ha cncreMara;

-. BIb3MOXHOGT 3a [onyqaBaHe Ha IIBeTHO I,reo6paxenve Ha MOHIITOp Ha

KOMIIIOTbP HA OCiHOBHI{ AAHHI{' UONYTIEHI'I S qUOPON BI'IA OT UTT$OPUAqIIOHHI4TE

u cnyxe6nure KaHzuIu;

- Bb3MoxHocT 3a KoHTpon Ya cnyxe1uara uuQopuauu'fl Ha cucTeMara

P-400, Kotro Moxe Aa 6lge rrpeacta"ena n ra6nr'rqen u n rpa$uuen BIIA'
- 

Ha$rar.4 e lroKa3aH BGHIITHTIf,T BI'IA Ha KI'IA na P-400'

@ur.4
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3axpaHnaqoro HarrpexeH?re ce ocl*yp,rBa or 6rox 3axpaHBaHe (E3). Ha
nwleBrar r]aHeJr sa Sloxa ea pa3nojroxeHr,r rpr{ 6yroHa :a rpenxLrroqBaHe Ha
HarrpexeHr{xra 24,27 n 32 V z rpu cBeroAr{oAa 3a r4HAuKarl\4fr Ha [OCOqeHr{Te
HarrpexeHr4s: xtbJrr - 24 \ 3eJreH - 2l y, ri qepBeH _ 32 y.

._, -_Eto*- 3a yrlpaBJIeHI{e Ha rBara BTopr{rrH[ r{3ToiIH}rKa Ha HarrpexeHrre
(EyH) Ha cr{creMara P-400 c rroMorrlra ia rsa byrona npu neo6xoAr.rMocr
npeBKIIoqBa To3I4 I{3TO!IHI{K' KaTo ToBa ce I{H.qI{III4pa c ,4Ba cBeTo.qttoIa -cboTBeTHO 3eJreH r{ qepBeH.

Erorrr 3a reJreMerpr.rqeH KoHrpoJr (ETI() rpoBeprrBa tscr{irKr{ !,aHlvr,
TpaIra.[LIpaHI{ uo reJleMerpIdqIJIIt Ka}IaJI Ha craHlll{flTa 

",Mr4p" " Tona ca cI{rHaJII{Te,
nonyqaBaHl'I or reMlreparypHl'ITe I\arqvrlJtt Ha cl,IcreMara P-400, cr,crof, Hr4ero
ua obnrqnareJlfi Ha AC cnen [o.qaBaHe or 3eld.flra Ha cr{rHaJr 3a BKrroqBaHe Ha
cr{creMara aa pa6ora n rofi or ABara BTopr{rrHr4 ToKor{3TOrrHUXa pa6orn n
MoMeIITa Ha reJleMerpvqIJng' KoHTpoJI, I(aro rlbpBlr'Ir ce I,IHII,IIII4pa c]>c 3eJreH
cBeToAr4OA, a BTOpr{sT - c qepBerl.

Eroxrr 3a r{Mr4rr'paHe Ha 
'-'arra 

(EI,IC) $opvupa rxyMoB cBp,'x-
BI{COKOqecroreH cl{fHan c HepaBHOMepHO pa3npeAeJIeHZe Ha HT4DOTO IIO brbJra
I{A CKAHI4PAIIE, KOETO IO3BOJI'BA AA CC IIMI{TLIPA PAAI{OTOIIIIVHEH CIATHAJI.

Bnor r{oHHr{Te KaHairH (BI{K)-e [peAHa3narreH 3a rrpzeMaHe,quQpo.ao rr 3arr'tc Ha rzu$opvaqlroHHrr re n ctyxe6vatr^e raHa,ru
Ha cr{cre ZK 4ana Bb3MoxHocr Aa ce cr4nre3rzpa uBeroBo
n:o6parxenue Ha eKpaHa Ha KoMrrrorT,p, Aa ce rroxa)Ke neo6xo4uuara znsopnlaqzr
B:bB Br{A na rpasuxz u ra6ru4u.3a razu qen n KIrIA e [pe,4Br{neHa Bb3Mo)KHocr
3a Bpr,3Ka c KoMrriorbp u HenocpeAcrBeH 3arrnc r,r o6pa6orra Ha fiorytreHara
uu0opvaqux ($ur.5). ca',a za ce6e cm, KoHTpoJrHo-r{3MepBareJ rHa,a ailaparypa
Ha crrc'reMara P-400 [peAcraBn.sBa cvcreMa za c.s6upane ua uuQop*uuri vr rrpr'-
[oAXoA-fl[I coQryep Moxe Aa 6r,ge nsuon3BaHa v 3a Apyrvr r\env.

@ur. 5

Ha Sur'.6 ca AeMoHcrpqrpa*Lr qacr or Bb3Mox(Hocrr{re Ha KI4A na p-400.
Ha uafi-roprr4s. pe!\ ca vr3rrtrcalr,r HoMepara Ha flopeAHprre cKaHoBe, Kor4To ce
CMEH,'IT HA BCEKI4 4S. HA BTOPUS PCA E TIOKA3 AH BIIT:''I IIOJIflPI,I3AIII4.g, KATO YCNOBHO
e npl4ero BeprrrKanHara ra ce or6en.sgsa c l, a xopnaoHTaJrHara - c 0. IJarperw.
peA e I{3rrl{caHo BpeMero, neo6xo4raMo 3a cM.f,Ha Ha rrocoKara Ha aKa11rparre Ha
o6nr,qsarerx (nperr,re sa penepc). Ha vernrprus, pe!\ e rroKa3aHo BpeMero Ha
BceKI{ cran. Ha rrerprq peA e I{3uI{caHa reMrrep arypara Ha cr,orBerHplTe .uaril[Ilr{
Ha cI{cTeMaTa.
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B cpe4nara qacr Ha SIar.6 rpa$I{qHo ca noKa3aHLI uH0opMaII[oHHI{.sr u
Karr,r6poBbqHrr{T cr4fHaJI 3a ABeTe rlon.f,pr{3aul{n, aTaKa C1bIIIO }I TeMrreparypara
Ha ABr.rraTeJr s. Ha cKaHprpailIaTa aHTeHa. B norcaganara r,IJIIocTpaIIu.s ce 3a6ens3Ba
pa3Jrr{Ka oKoJro 5 V na uHoopMaquoHHr{.s cr{fHaJr MexAy ABere rroJrflpI43aIILII4.

H[soro Ha Kan]r6poBbuHll.tr crIrHaJI e lpaBa lrtrrrrs., o:rroBapflua Ha 7 V npea

u.snoro BpeMe Ha cKaHI{paHe, a reMrleparypara Ha ABl,Irarer.s ce MeHI{ c AecerI4I
or rpa.{yca.

B Aonuara ilacr Ha tfur.6 e rloKa3aHa rpaQl,IKara Ha AIIHaMT{LrHara rpeilrKa
Ha ABprraTeJr.s Ha cKaHupailIaTa aIJTeIla r{Jrr{ BpeMeTo MexAy ABa IIocJIeAoBaTeJIH}I

crpo6Hparqr{ rrMrryJlca, Koero rpq6Ba Aa e 100 ms.
3a aa ce KoHTponupa pa6orara Ha cKaHI,IpaIuH.fi ABI,Irarer, s KI'IA e

rrpeABHAeHa B63MOXHOCT 3a I43MepBaHe Ira napaMeTT,pa a, KofiTo rIoKa3Ba
a6conrornara rpelxKa Ha crpo6upaql{Te I,IMrIyncu, T.e. pa3nl{Kara MexAy
MaKCTTMaJIHOTO I{ MI{HI{MaJTHOTO BpeMe, r{3MepeHo B paMKI{Te Ha eAI{H CKaH.

flolyuenure pe3ynrarl4 or rIpoBeAeHI{Te aealr.cv Ha op6ura rloKa3Bar, qe

cr{creMara P-400 pa6orl{ HopMaJIHo, 6es orrroueHl,Ie or rexHplqecK[Te clr
rrapaMerpr,r u c Heo6xoAkrMaTa roitHocT Ha I{3MepBaHe, Koero B ron.f,Ma cTerIeH

e pe3ynraT Lr oT rrpueTaTa rrpaBlrJrHa vAeonorHs.3apagpa6oTKaTa Ha aBToHoMHaTa

KOHTpoJTHo-r43MepBarenHa alapaTypa.
Cracreprara P-400 w r'eirlnlT a KoHTponHo-I,I3MepBare Irlea anaparyp a ca

pa3pa6oreHr,r cbc cpeAcrBa, orrrycHarkr or MOHT - $o"a ,,f{ayuult v:3clrerBanuIfl,

- HayKI,I 3a 3eVSra".
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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 operation of the superhighfrequency twopolarization
radiometric system R-400, constituting a partbr tne ,,priioda,; scientific equip-
merit complex (SEC), working on board of the ,,Mir" orbital station.
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EAran MeroA 3a noKanll3plpaHe r{a 3ol{p1

c rroBr{I[eHa MoITIHOCT Ha KOMIIOHeHTLI
Ha Ma|HI,ITHOTO rlone C qecror a 8,3 Hz
rro AaHHr{ or I{fIMfI Ha SopA a Ha

,,tr{HTEPKOCMCC EbNIAPTtfl-l 3 OO..

Hurconail Baurcoa

Ilucmumym 3a Kocrvtuqecrcu uscredaauun, EAH

flosnmeHue Ha aMrIJIVryAara Ha KoMTIoHeHT'I{Te Ha
Bexropa Ha MarHl{rHoro rIoJIe c uec'roraf >8Hz no AaHHu or npu6opa I4[I\4[I
ca o[]rcaHn n [], R:bAero za5ets.zasure cryqau ce I,IHTeplrpervpar Karo
Brb3Mo)Kr{rr [peABecrHr{rlrr Ha 3eMerpeceHras. OcHonnara rega Ha III{TIrpaHala
pa6o'ra e: s fioHocSepara, Ha BI{coquHIa 800-900 km HaA 3oHara Iia
3elv{eTpeceHl{e, H-sKoJIKo qaca Ao HaIIaJIoTo I{ IIO BpeMe Ha OCHOBHI{.S Tpy0, MOraT

Aa ce ua6lroAaBar cMyIrIeHlIt Ha MafHrdrHoro rloJre Ha BbIrpocHI4Te q:ecror[,
Karo pa3Mepl{Te Ha 3oHara Ha perucrpl,IpaHe Ha wynca4..vllre e 40-100 km n:o

Tpa€KTopr.rflTa Ha CIITjTHvIKa, c MaKcrIMyM Ha IrHTerr3r{BHoc'rra B6pxy L-o6nznrara,
cboTBeTcTBarJa:aa [poeKIII4sTa Ha envlleHTr,pa Ha B[coquHa 100 km. flax rar.a

ca rrocoqeHl{ }I3cileABanw 12,3], B Kolrtro uoAo6nu EaHlnLT ca HHTeprrpfrrvpanl.u
KaTo r{AeHTu$uraropu Ha qyHaMII, s.Apelsi],1.B3pl{BoBe, IIpeMllrHaBane na rafiSynN,
TopHaAo. 3na.renraero Ha re3l{ c:,,6t[rus. za cra6ata Ha o[peAeJlenrz pafioun u
T.flxHoro HaceJreHrre ecrecTBerlo IIoBlIIIraBa I,IHTepeca rrvr uo4o6eH poA
I43CJIe.qBaHrIg., }Ie3ABVICVIMO OT TOBa KaKBa e BepOtTHOCTTa Ha Bb3lvlOXHOCTTa 3a

lr3rroJr3BaHe ga sa6tIoAaBaHI,ITe eQexlu Karo cpeAcrBo 3a fionocQepen
MoHr,rropr{Hr Ha cer{3M}rrrHara aKTr{BHocr. B rosi,r cMHcbJr ltHTepec [peAcraBnflr,a^f
r{ orr}rTrrTe Aa ce rr3rroJr3BaT pa3JII{qH}I anroprrrMn za o6pa6orra na
unSoprraaquflTa or npvGopa c Ha.4exAa 3a eBeHTyanHO rlpeqrr3l{FraHe Ha
pe3ynrarr.rre r,r [peAocraBrHe na no-go6pr{ BG3MoxHocrlI I4 ocHoBilHl{.s :Ja

i.rHTeprrperr4parrero r{M, KaKBaro e rlenra Ha ra3l{ pa6ora.
Ecrecrneno e 3a oHarJIeA.sBaHe Ha [peAnaraH[Te ryK MeroAI{:a o6pa6orra

Aa ce r{3[on3Ba cblrlara rrbpBlrqHa nH{topr'laquq, T.e. B*uB, KobIIroHeI{TIzTe Ha
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BeKTopa Ha MarHr.rrrroro uoJre rro AaHrru or rlpu6opa I{[IM[I, op6l,Ira No 240 or
24.08.1981r., Ko.f,To e H3rrorl3BaHa n [1]. Komoro Ao MeroAa sa o6pa6orra [4,5],
H3BecrHo e, qe ca u3rroJl3Baun peKypcl{BHl{ quQponr,I Qulrpu Ha ABa elarla: rlbpBo
or crrrHana ca orcrpaHeEH Hl{cKoqecrorl{HTe KoMIroHeIrru Io 4Hz, cJIeA Koero
TaKa rroJryqeHnf,T cr{rHzur e Qlrnrpuparl c Bl,IcoKoqecroreH @unrsp, lpouycKalrl
qecrorr{re na.q 8Hz. Tri xaro peKypcrIBHI,Ire Qulrpu EpoMeutr Sarara na
cr{rHaJra, HilJroxnJro ce e Aa ce npaBu Anofina Qunrpaqur, T.e. c}IrHaJIsT ce

Sulrpupa or Haqzuro'ro KbM Kpaflv cneA ToBa o6paruo, or Kpafl KbM HaqaJro'ro,
c Koero ce orcrpan.nna QaaoBoro r{3MecrBaHe. Moxe !,a ce crropl,r no
qeaecro6pa3nocrra na Anofinoro SurrprapaHe, Ho ryK To3It Qaxr e or6eassaH
caMo c qen Aa lrorcHlrM 3arrlo Ha rpa$urnre e [oKa3aHo I{3MeHeHrIero Ha
KBaApaTa oT aMnJIRTyIIATa,, a TO e 3aTIIOTO TaKa MO)Ke Aa CpaBHI,IM [OIyqeHUTe
p$ynrarrr c re3u or [], KbAero ro3rl KBaApar e Heug6exeH pe3ynrar or Anoftnara
Qnrrpaque.

3aAa.rara, Ko.trTo rqe peruaBaMe, ce 4e$nnnpa rro cJIeAHrIt HaqIrH: or npu6opa
ce [onyqBar crlrnarrrl or rr{[ BpeMeHeH peA cbc crbrlKa BGB BpeMero 0,06 s u
aMrrnr{ry.qr, B KoEKperurr cryqafi (op6ura 240), cror erHo maxl,B.l<4nT
maxf,B.,l<2.6nf,, raro noJre3Hurr clrrHaJr e c qecrora 8,3H2 u aurttuiyAa or
uopx4'm 0,16-0,18nT Tpr6na Aa ce orAeJII{ ro3I4I cIiIrHaJI il la ce orpeAensr
BpeMeHara Ha MaKcr{MaJrHI{Te 3HaqeHut Ha aMrrJrr{TyAara. Axo nony.reHllTe
AaHHr{ rrpeAcraBJrrBaT ErrTepec, npecM.sTaT ce KoopAIrHaTIrTe, lapaMerapsT Ha
Max-Llnsafin - L, u ce rpacupa rro orrfloBara Ir]rnr4s, 3a Aa ce oflpeAen.flT
KoopAnHarur e Ha eneHTyanH[fl [3TorIHrIK (enuuenrrpa).

3a.peurananero Ha ra:tu 3aAarla qe u3rlon3BaMe HepeKypcltBuu qnQponn

QNrrpu, crlnresnpaHtr rro anropl{TrM, paspa6oreu B cborBercrBl{e c I{AeI,ITe or
[6]. Tosrn run Qn.nrprr ca onrr{MaJrHr{ rro orHolrreHl{e creleH Ha rIonI,IHoMa -
r-pemKa or arlpoxcuMarlrrr Ha rrecrornara xapaKTeprlcrl{Ka. Ocnen rona,
nporleAypara 3a rrpecMf,TaHe [o3BoJrflBa r{3[oJl3BaHero Ha reuloBa Qynxqlrx,
uocpeAcrBoM Ko.flTo Moxe.qa ce rroJryqu flpeABaprrrenrlo 3aAaAelro ctorHollreHHe
MexAy rorrHocrra B rroJrocr{Te rra [pouycKaue il 3a4upxaHe, 6eg Aa ce gapylxaBa
nunefinocrra (Qur.1).

Brauoxnocrra ,qa ynpaBnrBaMe roqHocrra B orAenHrlTe rIoJIoctI HtI
no3BoJr.f,Ba Aa KoMrreEcl{paMe pa3JrrlKaTa B aMTIJIHTyATITe Ha OCHOBHI{' H

rroJre3Hr,irt curnaJr, rrft xaro ruupoqrlHara Ha rloJrocararea rlponycKaHe, B Ko.f,To

r{cKaMe uo-4o6po upu6ruxexrre, e c:brrlecrBeno [o-MaJrKa or ra3u Ha rloJlocara
Ha 3aA6pxane, B pe3ynrar Ha Koero ce flonyrlaBar He3HaqureJrHrl sary6u ua
ToqHocr B rrocJreAHara. Haupur*,rep Ha $ur.lb e [oKa3aHa Saao-uecrorHara
xapaxTepr{cruKa na Qnlrrp, 3a KofiTo rpellrKara oT arlpoKcuMatfvs Ha
rrpeAaBarennara $ymqlrx u [0,48; 0,50]-nponycKaHe e 25 rrcru ro-MaJIKa or
Ta3r{ B [0,0; 0,3]-saAbpxaHe. Aro 6sxrvre rror{cKaJrrr eAHaKBI{ Tenra B ABere
rroJrocr{, To B rroJrocara Ha 3aAbpxaue rrlrxMe Aa cneqenuM caMo 0,5d8.
BrsAeftcrsrrero rra noxa3arrrrre na Sr,rr.l Slurpn Btpxy clrrHaJla IrIe 6rAe
rroKa3aHo rro-AoJry, a ryx ce AeMoHcrpr{pa upeAr{ Bcr{qKo a6conrornara nunefinocr
Ha xapaKTeprrcrr(Kara, T.e. orcacrBrre Ha eQerra ua ln6c, Koero e rpyAHo
rrocruxfiMo rrpu anroprTMr{ 3a cr{HTe3 ua Qurrpu c r,r3[oJr3BaHe Ha rrpo3opqu.

Ilpegu Aa npoAbJrxr{M, Aa o6rpueu BrrlrMaH}re Ha e4laa BaxHa oco6enocr
Ha AaHHr{Te 3a KoHKpernara op6rra. B pesyrrar or pa6orara:na Apyr upu6op,
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(a) N:96; l08,8dB (rB) / 88,8d8 Grn) @) N:r2; l26dB@3) / l0t,2dB[r[)
@rr.l

BbPXY UbPBI,IqHilfl CIIIH€UI, HA IIHTEPBAJII.I OT =4,50 S, CE HACJIAIBAT I{MTIYNCU C
IIPOA6NXI,ITEJIHocT eALIH-ABa oTqeTa H aMIJIIITyAa oXono O,5rnTi r,e,
IPEB}IIXABAIIIIT IIOJIE3HI,'I, CVTIIJ.AJI OKOJIO TPLI IIbTI,I. B [I], KAKTO JIECHO cE
ycraHoB.sBa Bu3yzulHo, HI{Boro Ha re3I,I cMyrrleH[{ e HaMaJreHo ya 0,25nT. Eaun
He[pusTeH pe3yJITaT OT HUUIUqUeTO Ha TaXIIBa ]IMIyJICLI IIJIpI OCTaTbI{}t rOT Tf,X e
eBeHTyaJIHOTO II3MeCTBaHe Ha MaKCLIMyI\4a Ha aMIIJILITyIaTA trnr ilOgBATA HA
$anmlrr MaKcHMyM B rroJre3Hr{fl cr{rHaJr. B pa6orara, roxio qnrr{paMe, Br,rrpocrjr
3A CCIIIECTBYBAHETO HA PA3JII,IKI,I BbB BPEMEHATA]E.A MAKCI{MYMI{TE (KONTO HE CA
nocoqeHu Ar,rpeKTHo) He ce KoMeHTUpa, KarO orcbcrBl{ero Ha raKaBa pa3nHKa
flo-cxopo ce [oApa36r{pa, Tbfi Karo B rBerr Br,rA [porr{BHoro He ce rnrjr4n. H.o
pa3Mr{HaBaHero B EBATA MaxC}rMyMa necHo ce 3a6en.f,3Ba IIpu e.DiHo IIo_
BHI{MareJrHO [3yrraBaHe Ha rpaor.rKure:F^aBxu_8". EcrecrBeHo e Aa npeArronoxl{M,
qe KoMeHTap 3a pa3Ml{rraBaHe Ha Bb[pocH]rre MaxcuMyM]r H-sMa, rrfi raro raKoBa
He e ycraHoBeHo, Koero rIbK e cneAcrBr{e or Bru.sHuero Ha uapa3r,rrLurs cyrrlfra)l,
y-eAocJ-aT-t^"9496pe floqlrcreH. OIqe none.re, qe I,IMrync Ha rrapa3r{rHrrr crrrHaJr(ur:l l'55.24.36), KaKro rrle ce y6e.qurvr rro-AoJry, roraAa MexAy MaKcr.rMyMlrr,e
r,r BepoflTHo rr( [poMeH{.

(Dunrpr'r, ycroftquBlt Ha cMyIrIeHI{fl or orrucaHv.srvrr^,B cMLIcbJr na cra6unno
OIIPEAENSHE HA KOOPAI,IHATI{TE BGB BPEMETO HA MAKCI{MYM}ITE HA AMIINHTYAATA
Ha [oJIe3HI{s CI{rrIaJI, MOXe Aa ce clrHTe3rrpar rro Lr3rroJr3BaHHf, anroprrrb]\{ (naup.
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ocT He OMaJIOBaXaBa BT,npoca 3a
Tyx ce [peAJrara e4uo peurenvie
xI{M, cJleABaftrrz xenaru{ero 3a

HO C npeAcTaBfHeTO Ha rrpeAnaraHr{Te

Bcpxy cr{rHarr, or rofiro ca orcrpaHe"" "#H;i;Xffi'jfi;. ffiffi;rT.ffTffi;
Qur'paqzx Ha nr,pBr4rrH'fl cnr*a'r e rroKa3aH 

" 6"rvo,i ";;;" r{ rperr.r uaHeJr.

taret 1 - B,4Hz,
uaHea 3 -Br4Hz,

naxet 2 - (8,8,3H2)r,
naset 4 - (Br8,3Hz)2

@ur,2

BeAnara ce BrrrxAa, qe roKaJI JrHr{Te crofrHocrr4 Hacr{rHaJra Ee e [po6Jreu. 3uaefiru (roura c riovep in),Bbpxy ocHoBHrlrfl cplrlF^ar rp[nara rleAypa: 
"rariurliH.sKonKo ToqKr{ or H_sKaKBa cr{Merpr,rirHa oKoJrr{ocr (c g:slxuua i7 ,uBr'npocHr'rs .krMrryrc, B Korro arrpoKcr'MrrpaMe crrr'ana c $ynxqlrx ", i"-ii

I!::l = a * bxr + cx,z + d(-l1i , i:io-n, io+ i, i*io, c,'er, Koero 3arrryMeHoro3HalreHr{e ce 3aMe'r c r.43qr{cJreHo no 
"Qopuyldra. 

EcrecrseHo, MOXe ra ceHaJroxr{ .qa ce eJrr,rMr4ldnpar IIoBeqe or eAHa roqKrr, no rrfi Karo ro3t4 rrpouec ceyilpaBrflBa B AHanoroB p
flo rosu HaqLrH HI4BoTo H
Pesynrarr,r or lpr{JraraH
I1I ireTBT,pTU fraHeJI, KaTo B A.flCHaTa qacT
orp_s3BaHero Ha qecTorure nol, 4Hz.

Tara lonyveHprsr cvr'an n o6rqu.r c,,yuafrte npeAcraBr{TeneH ,r3arrepr4oracJre4 r43KnrorrBaHe ua rrpn6opa, reHepvpan uMlyJrcr.rre.
cera uoxervr aa Oopuynupavte o""o"""r" upeAJroxe'ut za o6pa6orKa HaAaHHr{Te or upu60pa c qen noKaJr'r3r4paHe Ha yqacrbuu c rroBr{rrreHaaMnnr'rry.qara. flpe4lara ce rrbpBo cnrrraJlGT Aa ce sunrpr{pa c Br{coKoqecroreH

Qrurr'p oT l-r{[a Ha rroKa3aH^i ta $ur.ra, 3a Aa ce ycraHoBr4 Aarrvr rr)pceHvrr
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nasea I -,8 ,

nauet 3 - Br,
nauen 2 - (8,8,3H2)2,
nanet 4 - (Br8,3Hz),



(a) nanel I - 4, nanet2- 8,8,3H2, (b) nar,e:l.l-B4Hz,
naner 3 - (8,8,3H2)'z,

uanen 5 - Bf,Hz,

navet 2;- B,8,3Hz
nanest 4 -- Br,

nasen 6 -- (Br,8,3Hz)'?
naner 3 - (8,8,3H2)', naYet 4 - 8,
uanen 5 - Br8,3Hz, naxel 6 - (4,8,3Hr)t 

O"..3

eQerr crrulecrByBa. To:u t$n,rrrr,p e c foJrrrMa g:';)Kvt;g^a (96 enevenra), TaKa qe

rrpaKTvqecKrr noKpI4Ba C H3JrrrrIIbK IIpeAIIoJlala eMaTa MaKcItMaJIHa A:bJI)KI{Ha Ha

3oHa c IIoBI{IueHLIe Ha c14l:rrana. ,{:rnxunara [peAolpeAeng eAHo 3Ha'q[TeIIIo
r{3rnax.Ilage Ha cuuuaJla Ha I{3XoAa Ha SI'IITbpa, Ho CbqeTaHo C ycToftquBo
onpeAextHe I{a MaKCI4MyMa, KOeTo e IIenTa HlL Ha tfrr'4 e IIOKa3aH pe:lynTaT'LT

up; OunrpwpaHe r{a rre3arrryMe*vrs cvrr;g^alr or 0ur.3. Jlecno ce Bux-[a,
cpaBHrBafiKu $ur.2 c $ur.4" qe pa3rr.rKr,r-Te B:rB BpeMeHara Ha MaKCI{MaJIHI{T9

3HarreHlr.s Ha cvrr:rrana ca Ire3Haq[TeJrHrI. ,{a or6enexrlM, qe [opaAH rnaAKocT'ra

cu, AaHHr4Te or ro3r4 $linrrp ca MaJrKo [p]rro4Hrl 3a (bu3l,IqecKa r,rHTepll)erarJuls'

(a) nauen I - ,B..8,3H2, naHeJr
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8,3H2 (b) narer
@sr.4

-B-8,3H2, naset2-B



3a no-rryvanaHe I{a Aa:e:evt, [3rroJr3BaeMkr 3a r43ane4BaHe Ha npr4rrr{Hr{Te 3a
na6nro4anaHza eQerr, e no-4o6pe ga ce Snlrpupa c $ulr:sp or rr{rra Ha rroKa3a}rr{.tr
ua $zr'.lb. Tosu Qunrsp e c N.{aJIKa A'bnxlrHa (i2 erievrenra), goc'ra.rr.*ro 4o6pe
B63cTaHoB.sBa peanHoTo rIoBeAeHI'Ie Ha cIiIrHiUIa n, ilpkr He3aruyMeH nbpBuqeH
cvrHaJI, Moxe Aa ce I{3noJI3Ba ciitMocro.rlTenno. Pesynrar5r or Sulrpupaue na
n:bpBLIqHI,Is cI{rHaJr e rIoKa3aI{ na tfur.3. B crrqoro BpeMe, r43rroJr3BaHero Ha ro3rr
$zrrrp 3a Henoqr{crerra or rrryM AaHHr4 (nux t|2r.2), BoAra Ao orrpeAenfiHe Ha
Salurunn MaKcrlMyMrr, Koero e rroKa3aHo rra Sur.5. Bzx4a ce, oco6erio B cJryqa.f,
na,B xoprloHeHTara, ile MaKcuMyMGT ce e i,I3MecrI{Jr ,r c'bBTra1a c ro3urlpl.sra Ha
rdMrrynca - uryM, sa xofiro cra]fla AyMa rro-rope, AoKaro l,.Ipu 8., KoMloHeHTara
To3Lr MaKcr{MyM ce e r{3Mecrrlr Ha yKa3aHnre Beqe 4,50 s npu6rfi:ureniro.

(.a) nauerl-(8,8,3H2)'z, naxet2-@,8,3H2), (6) naner1-(8"8,3H2)r, naucrr2-(B,,B,3Hz)z

3a ronrpolr r{a KaqecrBoro Ha u?J;too"."*xAaHe Ha [one3Hr{.fi crr.HaJr e
t43rIoJI3BaH MeroA'Er Ha [I3a{UcJII4TeJIHI{-f, eKcrIepLIMeHT, T.e, reHepl{p?:H I BpeMeHeH
PeA c a.Milnwryl\u v qecrarvl, npudttusu're.nHo eAHaKBH c re3rzr Ha rrone3Hlrr tr
Hoceuu.f, crtrnar. 3a qenra rr3rroJr3BaMe Soprnrynara

,s(4 i)l *ri-e gll.o,o5 
I,-"t t sf ) I

Kr,Aero cr-^2, cr:crf3, cr:c,125, f,:ni40, -fr:n18, -fr:n, i:io-n,..,ioln, sf -yIIpaBJrsBa urfipoiruHaTa na rarvr6aHaTa, R cnyqa'fl sf:45.
Pesy"nrarzre or SurirpupaHero Ha ro3lr cr{rHaJr c Qxnrpure or $ur.l, (a ra

b) e norasan na $2r.6 - Ascuo. Oqesr,rAno $ulrrplr or (b) Ba3npou3Be)K,qa
noJre3HLIg cI{rHaJI or MoAenHlIf, eKcIIeplIMeHT AocrarbllHo'rorrHo (rpeulKa oKoJIO
2%o s uaxcuMaJrHoTo :ua.leune), KaKTo ce TBbpAeIIre.

(a) naHen I -/, naset 2 - uore3eH

I

uaner I -, rpnarr,p a, fiarer 2 - fiun'np bcrruarr (b)

Onr.6
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Harpax Moxe Aa cpaBHI,IM eSuracnocrra Ha rrpeAJraraHr{Te cpeAcrBa c H.sKc)Lr
TpaAr,rqr{oHHrurranvrBa, Harrpr,rMep c anropr{TbM na6azaraHa lJraBarrlo E[I<D, rarr:o
IE C TTSXOft TO-EK3OTI{qEH METOA, KAKT,BTO E METOAbT 3A V3TJIAX:AAHC C

KBa3I{rIoJII4I{orran'[7]. Peoylrarure or rlpr{JrafaHero Ha re3il MeroAr{ ca noKa3arrr{
na $ur.7 v $ur.8, clo'rBerHo.

(a) nauea 1 - (8,8,3H2),, nasen2 - (Br8,3Hz), (b) naner I - (B_g,3Hz)r, .'aset2 _ (B"g,3Hz),

@ur.7

(a) naHeJl (b) naser I - (8,8,3H2)r,ta:aet2 - (Br8,3Hz),

@ur.8

Tyx e uora3aH pe3yJlTarrr or I43rroJr3BaHe Ha nJraBarlo EfI@ no 17 rourlr,
Karo Ha DceKI{ rraHeJI Ca IroKa3aHI,I ABe CneKTpanlrkt KoMrIoHeHTLl - HA HAil;-
Bl{coKara fi na ctceAnara u qecrora, Korro rro aMrrJrlrry1a e 30-40 rrrrra no
cna6a (roero Su,rpr6nano.qa SBAe Hr4Boro Ha ecrecrBenur Sou), rropa.q]n Koero
IIOTITT4 He Ce 3a6eJrf3Ba,

Ha $ur.8 e IIoKa3aH pe3yJrrarrjr or Lr3rJraxAaHe rra curHaJra c KBa3r4noJrr{HoM
o'r nuta 

..L,.Q) = l"o (cos (nt + i sin eot)r',t, k = 1,2,...,n,B pe)Kr{M Ha 3arra3naHe rra
qecrora 6,5112 v yHL,IUoxaBaHe lra ocraHiurr{'re KoMrroHeHTr4 Ha curnarra. Ll s nsata
[p4Yepa ce BI,DKAa, qe BpeMeTo Ha turaKc[r]\q^{rrTe ce rroJryqaBa npaKTr{irecKrz c:bruoTct"

B garnrorre:r^pre r,a or6erexnu, iIe He3aBI{cI{Mo or H.f,Kou, Marap u
Hec:bulecrBeHr{, pa3JrprKr{ B iloryqeHr{Te ryK ra n [] pe3yJrrarr{, rasu pa6ora lo-
cKopo rtr rroTBbpxAaBa, OTKOJTKOTO KOMnpOMeTApa.

ouprcanue na rpaQurnre: n o6uqun arryuait (uanp. Sur.3) ca rroKa3aH),r
nbpBr{rrHurr c[rfHaJr (nanel l), cunranrr cne4 Qralrprrpa]Fle (nanen 2) n nnagparrr
Ha aMr[rklTy4\ara na Qulrpupa]f''vrs. clrlHajr (nanen 3) na rovnouenrara'-B , u
cbrrloro sa.Bn crorneruo B rraHeJrr{ 4,5 u 6.3a ga ue ce rroKa3Bar eAHr,I r4 Cbrur{
naHeJrr{ rIoBTopHo, Te3}I OT TgX, KOTITO Beqe ca I{3IIOJr3BaHU LInU IIIe 6rl.a.t
rroKa3aHl{ Ha rro-floAxoA.qlqo Mf,cro, ca nponycHarl{, Karo noA cborBerHaril
rpaQuxa e locoqeHo Kor,r or orrr{caHr{Te no-rope rraHeJrr{ ca rroKa3aHrr.
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A method to localize the zones whit
upraised amplitude of the components of
magnetic field at a frequency of 8.3H2,
measured by IPMP on board of
..INTER.COSMOS BULGARIA 1 3OO'

Nikolai Bankov

(Summary)

In this work a method for processing of the data, detected
on board of the satellite 

''IKB-1300" 
by IPMB when the amplitude of 8.3H2's

compgnent of the signal is rising up, r€cognizedby 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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Burapcra aKa1eMr4.s. rra HayKrrre. Bulgarian Academy of Sciences
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Perrn$rlKarln{ Ha r-eoMeTpr4r{Hrd re
AeQOpM ATJIdVT np r4 Ko cMr,rqecKlrT$
cKaHepHIa ll.3}6paxeHr4.n qpe3
arp oKctrMlrp aIIIn syur Aftrpt

Hurcona feopauea, Fyueu Hedrcoe

Hucmumym 3a Koctututrecrcu uscnedeauun, EAI{

l. Brnelenne

cKaHeprrr4",o6pu*."f, ;"H'.i#'iti';"#:tit"f*:#,""|f d;##:::"lfi :
HflBaHero r4M e r,r3BbHpeAHo a*TyaneH r{ cJror*eH npoqec. Te ca Synrqnq.."apel.v\a
Saxropu [1-6], a rMeHHo:

- KocMrr aparv (KJIA), Hocnreru Ha cKaHeDHara.
aTraparypa, ce crr.t rro Aa$eqaop6zra. OcseH,o"u 3l!r;r;LIMa IoI.sMo nOpAA]/r KoeTO MOXe Aa ce llonyqaT
3 acrbrlB aHr{ s, uI Jrkr rrp eKG cB aHe na ns o 6p ax e:rrvrrT a;

- roJrrMara Br{coquHa Ha KocMr{qecKVTe HOCrlrrentrH.an 3ela.f,ra r4 Ape)6Hn.f,Tyaua6 Ha nso6paxe*rrflTa ca npwilrHa sa o6xnarqa"aro"i--oeuu o6nacru or3evfira;

- Kpr'rBuHara Ha 3ena.flra e eAIIH Or sarropzre, oKa3BarIU BrrrrTne Blpxy
4eQopvraqzurre npv cKaHepHr{Te uzo6p axenux;

- 3HaqI{TeJIHI{Te reoMeTpI'ITIHI,I .4eQopvaqzv ce AbJrxar na c.ra6nlr43alfr4flTa
Ha HocilTeJL[, roJIeMI4Te brJrll Ha HaKJIoH Ha arlaparypara, HerleHTpl{qHoc:rra HacKaHr{_paHoro zso6paxeHr,re r Ap.

I4urepnperaulloHuara o6pa-6orra Ha cHr{MKt'rre, rloJryqeHr4 or KocM1rqecKr{TeHoczreJII{, 3aBr4cri or rorlHocrra, pa3lenyrreJlHara Bb3MoxHocr Ha ueo6paxe_
HVflTa tr uenr{Te Ha r{3rroJr3BaHero r,rvr. } pervrrJa ctyuair, np}r Ko}rro ce v3r4cKBa
MaJrKaToqHocr' Moxe Aa ce IIoJI3Bar Kopt4rr,IpaHr4 raao6paxeHnx c npu6nusv reJIHtrrlapaMerpr,r I2,9,101. Ho cera, roriro pa3Aenvre r'"ara Bb3MoxHorlr Ha
CKAHEPHI{TC ZSO6PAXETTLIfl CTAHA Ia3KJIIOIIIITEJIHO BT4COKA I,I AOCTI{pA O, 8_ 1, 5 MM

mm IIpu MyJrTr,rc rreKTp a [rHrzrs, p exr4M, TOITHO cTr{
vr, Harar.a ce perruQnKarlu.f,Ta Ha reoMerpr{rlrHr{Te
HOTOKpaTHO
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B uacro.srquq erarl uso6paxenuflTa 
"a 

3eMua'ra rroBpbxHocr ce peaJrr.r3rzpar
tro ASa HaquHa: c6c cKarrepnu uzo6paxeHrr.s B olrr4rrecK6rfl. Ar4aila3gH Ha
eneKTpoMarIIvTIJnfl Cner(Tbp r4 rlpe3
rvn'a.Ha KBP-1000 c Qorycuo pascioa
350 mm.r4 ApyrLr KaMepx [7]. fXrpnu
rroABraxeH npoeKrltroHeH qenrrp S, a_
IIpOeKIII{{ c H€IIOABT{XOH OIITrurqecKr4 rle
cKaHepr{r,rre uso6paxeHr{r reoMerpr{qnr
BCr{qKrr $arropz, KO}ITO OKa3Bar illuxune npu oproooror,rso6paN eflzrflTa, HO Vrcb[IecrBeHo 3aBl{csr or IIOABHXHI4.f, rIpoeKII]IoHeH IIeHTbp, BoAerrI cbrrlo Aocnequ0uuir14 v 3Harturre.rrHr{ reoMerpvLr.rtu geSopnaaqra". noiu-" Br,rxAaHe, ToBa
Harrara Aa ce u3non3Bar KoHKpefirr,rre MeroAI,r :a perru$uKa\r4flTA Ha regkr ABanz4a uso6panneHns, Kor4To rpx6na Aa ce pa3rJrexAar Karo:

- Ar.{craHrltroHHr{ cKaHepHr,r uso6paNenux u
- KocMr{qecxu opro$oroueo6paNenzx.

2. I4znonzBane Ha anpoKctrMr.rparrl4 noJrHHoMr4 rrpu
Koprrrr4paHe Ha f eoMerp[rrHr{Te 4e$opruraquu

II{e p asue.q aM e r43rroJr3B aHero Ha arrp oKc rjMvp au\LrII NOHACTO,SI]IEM OXEHI{,fl IIDI4P oMerpyrrrHl,rre Ae 
"r" c*u"ep""n l,l2l.

pa3rloJrafaMe cb c\c 3afrrrc HarpKocr F ,(XF,YF)loB:bpxHocr (rIHKc
Aa o:bAe rrpeAMeT
Koero ca Heo6xo.qr'rMl{ orqerl{ c AocrarbqHa qecrora r{ cborBerHo peaJr[3r4paHero
Ha B:b3craHoB"f,Barrlrrre $nnrpu. IIle pasrne4aMe MareMar".rec*ira o60-cuosra
3a B1b3craHoB.gBaHero Ha reoMerpl4qHl{Te KaqecrBa I{ cborBerHo rIpI{B:bp3BaHero
na nso6paxelrvero KbM 3eMHara rroBbpxHocr. Tosi{ npo6Jl", Moxe ra ce

epura (panHuHuz) z
P(xy) or cKaHepHoro

ob rbrrH rrr e .. 
" 

p ;;f #;1H3ro"?#:T;
cborBercrBa roqK 12 u_(y'l)

xoffro cJTeA ToBa 'Y"'Z")'za
paBHr,rHa.flpocrpaucrBeH eAMer Ha alarngr{ r{ TeoperlrqHn

AOKa3areJrcTBa B o ca pa3fJlena]Fl]j1_ Bb3MO)KHOCT.I4Te 3aoIIpeAen[He 3aBI{CI4MOCTTa MexAy rloJloxeHr{ero Ha KOCM}IqecKrI.f, rlocI{TeJI,
opr{eHTar{r{.flTa Ha Anaparypara, perubrpnpaHero Ha rII{KCeJrr{Te r{ KoopAr{Harr{Te
Ha roqKlri're or 3eMHara rroBbpxHocr B rrpocrpaHcrBeHa AeKaproBa KoopAr,IHarHa
clrcreMa. u{e or6enexr{M, qe IIpu Bcr.rtrKt4 Te3rr MoAeJrr,r Ao rrpeAn 3-4'r.oguuu aHaft-neqe [p!I paBHI'IHHI{Te MoAeJrI{ He ca olpeAen.f,Hr,I enurrcorrrAH yrre Butcot:w151ur,
a rroJlox(eHl{ero TOqKa or noBp:bxHocrra
Ha eJrra[cor{Ianso6paxe'ux, 'J#lf ;'"##:;X':
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aepor(ocMrrlrecKrlrre, KaKTo ce orSen.s3Ba LI B [10]. IIpu aepoQo'rocHl4MKara c
Br{coqr{r{a Ha Jrererle H:Skrn B Kpax Ha cHI{NIKara c $opuar 18 cm x 18 cm u
Brircorrr{Ha Ha repeHa ft:100 m H3MecrBauero e 2 mtrt, rryu h:1040 m e 2 cm.
flpz rocvusecrr4rre Sorclcnuvrlz, raupaBeHu ot' H:200 km, rg:u,4eQopvraqran
ca 40 rrbrr{ rro-MaJrKI{, T.e. 3a rlpeBl,Irrre:nue h:200 rn ItMaMe 0,05 mm, a:a
,:1000m-0.5mm.

flo-qony Ir1e AaAeM pe3yJrrarrrre or r43cJreABant4frTa" Kolaro ce [poBr]Aoxa
3a KopvrupaHero Ha reoMerpI,IrIHLITe ,ue$opvaqHv v rrpr4Bbp3BaHe't:o Ha

.qr{craHur{oHHr{Te raso6paxeuus K"6M,Kaprnara rrpoeKllv.f, rrpl4 paBI{lIHHI{.tr il,IoAeJI

[1,5,i2]. B raqecrsoro Ha a[porcuuupaqu Qynrqllll o6urnoseHo ce LI3rIo,rI3Bar
creleHHr{ peAoBe, i4HTeprronaqr4roHHrr Qopuynu, cunafiu-Q,yHKIII{I,I u Apyru
[1,5,1 1,12]"

Tyr qe r{3rroJr3BaMe noJII{HoMI{ IIo crelreHl{Te Ha ABere rlpoMeHnuBn.rc v y,
A I{MEHHO;

(1) X i=ao*a1x i*az!,+..."..+o2.,yi6,

Y i -b o+ b p" lU rY,+.'.... +b ztY i6,
KbAero/ : 1,2, ,.., n ca KoopAnHiarure
Ha rrr{KceJra s ae$ oopAI,IHa:rI4're Ha
cborBerHara roqKa a b, (i:I,2,3, ...,
27) ce ilonyiraBar c HI4 orlopHla TOqKI4

or Kaprara. O6uruoneHo 6poxr Ha r{AerrrI{tIHLITe roqxl{ e lo-forsM or
rrapaMerpr.rre Ha rrpr{errafl MoAen I{ onpeAenflHero Ha HeLI3BecrHI{re a, u b, ce
r,r3Br,pruBa rrpo3 r{3paBHeHrire rro MeroAa na *tafi.-rv,artKl{Te KBaAparz IVIHMX;,
rrpr4 Koero r4Ma Bb3Moxrlocr sa 6parynaHe Ha rpeurHl,ITe AaHHII rI cborBerHo
orIeHKa Ha olpeAenreMr{Te [apaMeTp]I.

IIde or6erexLrM, qe roqHocrra Ha u.feurra$vrlJ]4panute orroplJll TorIlKr{ or
KaprHara paBHr,rHa 3aBrcu or: MaIrIa6a, raprorpa@cxara rrpoeI(IIIl-s,
4e$opnlupyeMoc'r'Ta Ha Kaprnv:s. nllcr, cpeAcrBara LI MeroAIuITe 3a'oTrluraHe Ha

KOopALrHaTnTe u Ap.
3a Aa ce us6ernar 3arpy.qHeul{sra or ra3rrrlrcJrr4TeJreH xapaxTep rrpu

oilpegen.sHe ua roeQuqreHTl{Te a.n b.,T.e. Aa ce pa6oru c [o-MaJrKI4 croftrrocrr,r
Ha KOOpAT{HarHr{Te paSIrltK*r, e [oAXoAtrIIo Aa ce I{3noJI3Ba MeroAtbr or
acrpoMerpr4flTa, flBflBar\ ce MHoro rroAxoAffrrl [pr,r raKr{Ba v3Lrucrenvs. r,r oco6eno
Koraro ce HaJrara Aa ce r,r3rron3Ba qacr or ueo6paxeHzero. B cnyuar ce [pueMar
paBHvHHI{Te KoopAIrHarHpI cllcreMvr x,y lr X,Y, xonro Aa cr.Bna4ar c uerlTbpa
Ha rexecrra.ua uzipaHure orIopHI{ ToqKr4 Ilt ce la3MeH.sr B

Hera ( G'r,G'r) u (G*, G") ca *oop4""a'rr{Te Ha rleHrr,pa
uz1paua'ra xon@urypaqus or oilopHfl ToqKI,I; KoI4To ca olpe.qe

(2)

nY-.
L^J

(t" =-
n

n\ir.
,1tJ J

I i-lur=--n

n
Sy,L" j

Gx =L
n

!v.
HJ

^ i=l
n
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Cle4 rpancna\\rflTa Ha KoopAr,IHarHrrre cr{creMr{ X,Y u x,Ji B rleHTbpa Ha
Texecrra, rrrrero Haqaro ce !.ar.a c (2) ce [onyrraBar HoB]rre crofinocrIa ua
KOOpAr,r'HaTr4Te

(3)
x'.i =x j-G', X'j =X j-Gx

'j =! j-G'! Y) =Y i-Gv
l4z6upat ce oue uanpiupaulr{ MHoxureJr}r, Kor4To 4a ca o6paruo rrporop-

ql{oHanHll Ha KoopAI{HarureHa orropHr,rre roqxl{, r4Marrlt4 MaKcHMaJIIiu crofiuocrz:

(4) 11tf 'r!= M'xy=

^u*i{ri,l ) 
' maxrlX i,Y))

tl
x j, lj ca oT eAHaKbB rroprAbK, To Moxe Aa

rpu
pMarlr.sra (3) aa (1) ce ronyqaBa

(5)

KbAeTO

(6)

(7)

Vi=MYi Vi=Myi
3a oupegenxHe Ha roeSr,rquenrfiTe a.r.r 6- e ragnonssafl arrpoKclrMarllroHHrlrr

MeroA uo MHMK rocpeAcrBoM KoopAr,rHarlrre ii,Ii Ha EqeHTr,rSnqupanzre
ollopHlr ToqKI{ or uro6paxeHrreTo, a KoopAuHature X i,Y;, olpg.{oJreHu oT
Kaprara, ce [p]IeMar 3a rBapAH ToErKn. Hera osHa.rdrnl 

-roopAr{Harrrre 
Ha

orropH?iTe ToqKu oT KapTaTa c:

X- .i=ao+a1i r+ary r+.."...*oztT ,6 ,

T ,=bo+b1i j+b2y j+...,..*bzt! ,6 ,

Xi=MXi xi=Mxj

X i = (V 1,X 2,...,V r-1,V n1T,

V i= (V 1,V 2,...,T n-1,Y ,)T ,

a Koop4rrHarr{Te or 4eQopvl,rpanoro raso6paxeHr,re c:

(8) x '1=(it'Iz'"''in4'En)T '

! i= (I it 2,..d/ n' t,Y ,)r .

Vpanuenuxra Ha rrorrpaBKl{Te LrMar BuAa

7 i+V, .=Ard i ,

!;vr.=A,,b,,
(e)
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KbAeTO

(10)

a,= (a g,a 1,.,,drr)' ,

b ,= (6 s,b v"..,6 ,r)' ,

'V *i= (V 7,,V 7r,...,V xr)r ,

V , .= (V yr,V ,r,...,V yrr)r .

I4MA BIIAA

Vtj frj V11 Trfri
xzi Yzi vrl vrfri

rnj fnj 7; 7{,,
c? B cwra ypaBHeHr,rrTa

(ArPxA)a = Ar p*X ,

1,errr,qt = Ar PyV .

Marpuq.araA

B cny.ra-a rpt6saAa ce [plreMe, qe KoopAr{Harr{Te Ha orrpeAeneHr{Te onopHr4
TOqK}I Ca C eAHaKBrr rexecrllr. cnegonarenHo rexecrrr.ara Marpr,rqaP e eanyuuna:

(1 3)

"=ft 
0..1,

L0 1l
B p$ynrar or (12) ce rroryqaBa sa a.u b.uzpazur:

(14) a = (Ar PxA)-r 1Ar P*V1 '

6 = 1ArprA1r1{rnFy .

CpegHnre KBaApar[rrHr.r rperrrKr{ mo v m6., c rolrro ga olpeAeJreHH
xoeQuqzenrfiTe a. u b, ce 1aBar c Qopvrynure

ma. = IilxQij ,

mu..= lt2yoii ,

Cp OAHI,ITO KPaAp aTI,IrIHtr rperrJKlul 3a eAl4Hr,rqa Tex(eCT:

I
&i =vi PV.L ,n-K

I
V:v =V!, PVt-----=,- n-K

qg = (Ar PA1-r,

(11) Aij

3a serrooure a

(r2)

(1 5)

KbAero l-17 u p, ca

(1 6)

v ,ui

v rui

Y;

B
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KbAero n e 
'poflT 

TOqKr4, k - 6pon ua noeszqraer{Trrre, I Q,,Q MA.rpnrrara Ha

KBaAp _roJreMI{ OT
(14), e ce rpoBeAe
He Ha .rIoKaTo ce

yAoBoneTBop flT y c lroBurflT a

(r7)
ma, 3 Xloil,

*i, <xld,l.
N e nlIJOlKI4reJr, c qrr-gro rroMoxr ce olpeAeJrXr xoesuqueHTllTe, KOI{TO nlrar crofr_
Hocrr4' rro-roJreMz or cpeAHr.rre KBaAparlrqHr{ rperrr*r{ (12). flpenopbqBa ce > 2.Fonxproro qr{c,ro Ha Her{3BecrHr're (ao ia; o6"*n o"eio BoAz Ao no,,,ao6yoloneHocr rra Marp:a\ara.3a oqeHra rra 

"r6opa 
,ou nouur"*aJrHoro rrr'cJro

roe$rzqraeurr.r e rroAxoAf,rrlo Aa ce r{3rron3Ba qr,rcroro ua Toa [l2l

(18) --l-*
l-in '

I:{:to tr .u" " fu .in c? MaKCLIMaJTHOTO I4 Mr{Hr{MaJrHoro xapaKTepr.{crr{arHo irr4cno
Ha HOpMaJrHaTa MaTpr4rla.

3a onpe4ensHero Ha orITuMaJIHr{Te qr.rcJra Ha qJreHoBere B rroJrrrHovra (5) cev?LrtrclrflBar pa3nvKlrre LXo u LYo za AocrarbrIHo KoHTponHr,r rogKr{, Kolrro capa3noJroxerrr4 BT,pxy zoo6paNenu'ero, a raMeHHo:

(1 e) LXo = 7o -iu ,,

a r.Ark=Ik-lp,

Ilill? _It !-lo3u r(oo_pAnrrarvrreHaKoHrponHr{re roqKr{ B r{3xoAHoro crcaHepHo

:::31"T""r"; Xo uyo ca KaprHr4Te r(oopAr.rHarvr, n e 6poar Ha KoHrporrHlrre
TOIIKT4. JA I,I3OOP HA OIITIMAJIUUX 6POft IIJIEHOBE B IIOJIIIHOMA E TIOAXOA-f,UIO AAce rr3noJr3Bar cpeAHoKBaAparr,rqHzre orKJroHeHr{s za LX 14 Li Ha
KOHTpOJTHT,ITe TOrrKrI:

(20) LXk

1, \-

^E 
=t$4L r" 

[-*o )
KbAero { e 6poxr Ha KoHTponHr.rre roqx}r.

l4z6opw Ha orrrr,rMaJruux 6poit qJreHoBe B rronrrHoMa
C:bIIIO C TIOMOXITA HA CPCAHO KBAAPATI{IIIIATAIPEI]|IKA Mi I^
TOqKT4 B IIOJ]I{HOMA.

MOXe Aa ce HarrpaBr{
m1) Ha KoHTpOJIHT{Te
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(21)

Pr P, ce olpeAeJrflT

(22)

av,. aY,
KbAero -.- n u -4- ca BeKTopI,ITe Ha qacrHI,ITe TIpoI,I3BOAHII Ha rIO.[yqeHIrTe

da dD
roeQzueurlE a, n b, s IIoJII{HoNIa,aQ eKopeJIaIIuoHHara Marpr{Ila,
cpegnornaAparHl,ITe rpeIxKI,I t?17 , trtV cblrlo Moxe Aa ce I',I3rIo,II3Bar 3a

orrpeAeJrsHe Ha oIITI{MaIrHtls, 6pofi uleuoBe, Ho ryK HflMa Aa rIpI{BexAaMe
MareMarlrqecKrrre fi3pa3kr Ha re3rl Soprnrylu, KotITo ca .qaaenu s [5].

OcseH ropH[Te Betrtrqunvr ce oupeAeIrflT u vaula6ure MtvMy za
rpanc$opl,rupaHr{Te uso6paxenur

(23) Mx= M,

3a oupegeJl.f,He Ha ttait-lolpure rIoJII4Hov,v ga rpancQopva.\r4vrre H

KopeKrlr{ure Ha cKaHepHzre uso6paxeHl{.fl n [1] e AaAeHa llpofpaMa POILISKA.N,
c Ko.sro ce rl3Bt,pruuxa eKcnepl{Merlil 11o oflpeAeJlqHe Ha roesuquenrl4Te Ha

rroJrr{HoMa npu MaKcprMaJreH 6pofr urenoBe or 3 lo 28, Karo ca It3uoJI3BaHI{
paBHoMepHo pa3rloJloxesu 8l ToaIKIlI, oilpe,qeJleHll c roqHocr 0,1 urlxcela, or
Kor{To oKoJIo 50 roqnu ca orropHtl, a ocTaHaIIvITe KoHTpoJIsu. FtraqanoTo Ha

KoopArrHaTHr{Te CI{cTeMv X, Y u x kr y ct.Bila4aT c IIeHTbpa Ha Te)KecTTa, a
KoopAr,rHarrrre ca vaqa6lrpanu B r{HTepBana (-10 , l0). I4anon3BaHLIre or 20 Ao
50 onOpHl,l TOqKI{ IIOKa3BaT 3aAOBOJIIITenHII pe3ynTaTv 3a TOtIHoOTTa [p14

onpe.4ensHe Ha Kopex\krfrTa Ha rloJrr4HoMa. I4squcJIeHI{Te orKrorteHlzs rro
Qopruryna (19) Mexgy KoHTpoJIHlITe roqKu IIoKa3BaT, qe yBeJluqaBiaHeTo Ha

cTeleHTa rla IIOJIIIHOMa AO rreTa cTerIeH, BoAI{ .qo H.aMaJIflBaIle Ha OTKJIOH9HV9:.T4.

Koraro [oJII{HoMbr e Ao rxecra crerreH, ce na6nroAasa'r Hrrofi He3aAoBoJIkITelIHI{

pe3yJrrarlr. Onrpruannoro qr{cJro q:lreHoBe Ha TIoJII{HoMa, o6e3[eqaBani roalHocr
eAr,rH rrr{Kcer, e neo6xoAr(Mo 11o Y - 7, a to X - 12. Tpffina ga or6elexllM, qe

3a Kopr,rrllpaHe yrlacTtx. go l14 or uso6paxeHl{eTo ca Eoc'IaTaqnu l:5 olrof)Hl{
TOqKr{ n 6-:l roeQuqueHTa, KOeTO IIOTBbpXAaBa I43BOAa 3a CTeileHTa Ha

IIOJII{HOMA.
HepanuouepHoro pa3flonoxeHlle Ha orIopHI'ITe roqKz lI TexHrITe

cpaBHuTenHo TOJIeMLI rpelIKI{ He IIO3BOJI.flBaT .qa Ce IOCTI4IHaT AOCTaTattHO
IOJTeMH TOqHOCTI{ IIpr{ V3[OJI3BaHe Ha aIIpoKcI{MLIPaUU ITOJII{HOMrI I{ MHIOIO qeCTO

ce cTlrra Ao He3aAoBoJII{TeJIHIlt pe3yJITaTII, oco6eHo KoIaTo cTelIeHTa Ha

rroJrr{HoMa HaJIBnrrraBa [era crerleH. Kolaro qucJloro na roeQuqneHTI,ITe e IIo-
roJrrMo or 20, rperrrKara 3a eg'vllefiIla re)Kecr c'e navansna, a orKJIoHerHI{ero Ha

KOHTpOJTHT,ITe ToqKI,ITe HapaCTBa CKOKOo6pa3nO. TOsa MoXe Aa ce o6sCHl{ C
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Qarra, qe qerrlprl or KorrrpoJrHuTe roqKr,r o6ursoneno ce uz6upar B Kpar{ulara
na uao6paxeHr.rero.

flolyuennre pe3yJITarI,I AaBar ocHoBaHlre 4a ce o16enexl{, lre orrrrrMaJrHoro
rrrlrcno Ha qreHoBere B rroJrr4Hova (l), 3a Kopr,rrl{paHeTo na x e neo6xo4uuo 4a
6rae Ao 20-21 , a za Y ao 6-9 qnena. Or ruoAennr{re Lr3cJreAB aHprfl, B [1.] cnegnar
I{3BOAI,ITE:

l. 3a no:ryuaBarre Ha orrruManeH Koprarr.rpaq [onr{HoM ca ueo6xoAuura
35-45 rrAeHT[trH[ ofiopHrr roqKr{, pa3rronoxeHr{ paBHoMepHo n lrsoSpaxeHil ero.

2.H:aft-6rp3o rroBr{rrraBaHe Ha roirHocrra craBa cJreA 10-15 ToqKr{ Io 45.
3. OnruuaJlHoro rII{cJro qJIeHoBe B rroJrrrHoMa cneABa Aa ce us6upa na

ocHoBaTa Ha MI{TIIIMaJIHI{Te crofiHocrr,r B orKJroHeHux ua nz6paHprre KoHTponH}r
TorrKH, pa3[onoxeHr,r B Kparrq ar.a- Ha uso6paxennero.

4. Hait-tottxo.q.f,rrlu ca loJrr,rHoMr,rre .rlo rrera crerreH.
3a ouruuanHoro KoJrr,IqecrBo r4AeHTI,rqHI,r roqxl4 u nafi-nogxoAfirll[Te Mecra

3a rsxuoro pa3[oJroxeHrre Bbpxy cKar{epHoro uao6paxeuue r [13] ca rronyqeHrl
pe3ynrarr,r, KoHTo ca [peAcraBeHr4 Ha $ur. I u $ur.2.

(Dur. l. Pa:nonoxeuNe ua uafi-zn$opMarr4BHlrre Epofrn.qeHrHqH,roqxtr

HIoHTr4qHr4 ToqKu Qur.2, CaeAa na Kopenarlr{oHHara Marpurla
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Rectification of the geometric deformations in,
space scanner images by approximation functions

Nikola Georgiev, Rumen Nedkov

(Summary)

ith geometric deformations in space
scanner images are c

In the paper, a cal method for rectification of soanner
. The formulae
e made by the
of the quanti-

Based on the mathematical expressions derived, calculations are made for
determination of the optimal number of polynom members u"Jtrr";ilb;r';i
control points for correction of the geometric deformations.
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MeroA Ha HopMaJrHLrre
eBonroqlroHHlr KpprBLr B cBtI
aepoKocMr4qecKu.f, MoHr4TOpUHr Ha
HaABOAHA paCTr4TenHO CT

Muxaun Muxattee,3oeH rt4uH qvHe*

Ilucmumym no eneKmpoHurca, EAH

* Ilucmumym no @usurca, Buemuancrcu HaquoHateH
qeHmbp sa npupoduume HayKu u mexHoraoeuu,
Hzxuado-Tonueu-Xauoil

PacrurenHrlTe crlcreMl{ ca I{3KrloqureJrHo BaxHa
KOMTTOHeHTa Ua SUOCQepara - rr3TorrHr{r Ha 6prouaca, uafri-yaxHo 3BeHO B
cb3AaBaHero Ha opraHurrHr,r BerrlecrBa. 3a no4oSpsBaHe rr 3Haqr{TeJrHo
ycbBbpIIreHcTBaHe Ha u3yqaBaHeTO, rr3rroJr3BaHeTO, Bb3rrpolr3BoAcTBOTO r,r
oxpaHara Ha pacrpITeJIHI{Te cl{creMu (xyarvnnpankr Ltlrlr gunu) e neo6xoAur"ro
Aa ce cT.34aBar e$errunnu cvcreMr4r 3a KoHTpoJr Ha pacrr,rreJrHr{Te pecypcn,
rIoqI4BaqI{ Brbpxy o6exrrasuz oIIeHKrl na 6uoloruqecK}rre rr eKoJror[qecKr{Te
rrapaMerplr Ha pacrrrreJrrrr4Te cr{creMr,r B KoHKperHA reorpascxu paftonu.
crnpeueuHara rrpaKTr{Ka 3a raKaBa cr{creMa BKJrK)qBa JroKaJIHa reo-
uuSopuaqr,roHHa cr{crenra (fl4c) c HerrpeK}eHaro o6non flBaHa n AolbJrBaHa
6aHra AaHHr{ c r{3rroJr3BaHe Ha KoHTaKTH}r \4 lvrcraur\kroHHr{ cpeAcrna[l].

flpe4ver Ha ra3u pa6ora e r{3cneABaHero Ha Bt3MoxHocrra u anrop Lrr\Ma
3a cb3AaBaHe Ha cucreMa (utu Ha rro-Br{coKo paBHr,rqe fIrIC) 3a MoHr,rropr{Hr Ha
TIaABOAHa pacrureJlHocr Ha rlpr{Mepa Ha ceJrcKocrorraHcKr{ 14 rrp}rpoAHo .qr4Br,r
eKoclrcreMlr. Ha $zr.l e [oKa3aHa n nafi-o6q nz4 Qyuxqr,roHaJrHara cxeMa Ha
cl{creMa run |I'IC 3a MoHI.ITopI,IHr Ha JroKanH3rIpaH o6err. Anannsbr Ha raKr{Ba
cl4creMu [l] uorasaa rexHLITe ocHoBHr4 cbcraBHu qacrv r{ cborBerHo erarrr{Te r{
rrocJreAoBaTeJrHOCTTa Ha Ll3rpaxAaHe Ha TaKaBa CI{CTeMa:

- Mo4er Ha cvcreMara rr r{AeHTu0uraquonHa xapaKTepvrarvKa, ,,o Ko.sro
.qa craBa MOHT,ITOpI,IHTAT r,r 3aKJlroqe[vflTa. MoAelrr ce r{3rpaxAa na 6azara ya
cblrlecrByBaIrIE LI He[peKbcHaro O6nos.f,naHu c HoBI{ n3MepBaHlrs u reoperl,IqHr,r
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AATIII,rrlt4
AI{CTaH.

CATEJIIITI,I

EAHKA
HayqHH

3HaHr4fi I

EAHKA
TIPO|PAM]4

EAHKA
AAHHI4

MeTeonoffit L AP.

@ur.l. Hafi-o6rq nlrr ua SyHrquoHarnara cxeMa Ha er?icrerua run ftrIC 3a MoHrrropr.rur lra
rora"nrasupaH o6err

o6o6qenur 3HaHr4.s r{ AaFrHr,r 3a r43cneABaHr{f, rip}rpo.qeH o6eKT -- B qacrHocr
eKocI4cTeMa or HaABoAHa pacrl{TenHocr. trl[AeHTr.rSuraqnonuaTa xapaKTefivrcruKa
e n nai-go6pux cryuafi eAHosHaqHa OyHrcrlu-f, or JrecHo r4 Ao6pe r43r{ep.f,eN,r
napaMer:bp Ha eKocr{creMara Aopr4 6e: npxro r43rroJr3BaHe Ha MoAena tr 6es Arrra
o6pa6orra Ha reKyrrlure cr{rHaJrr.r 3a [oryqa,BaHe Ha reKyrqara orIeHKa Ha
cbcro.f,rrr,rel'o rir Ha KpaTKocpoqrraTa rrporHo3a.

- Clrcreua or r.r3Mepvrrelrlr 3a [oryrlaBa:g'e Ha reKyrrla r43Mepr4Tenr{a
uu$oprr,raqvs. sa MoMeHTHoTO CbCTOrlF.Ur.e HA eKocr,rcreMara 74 Aoc'rbrr Ao
Iz3MepI{TenHa IaHoopvra\Lrs,3a BczrIKrI lapaMerpr,r Ha eKocr{creMara pr sefiHoro
QyHKUrroHr{paHe.

- Eanra .qaHHLr 3a eKoclrcreMara Karo ocHoBa 3a Morenprre vr. TfxHoro
o6nosreuue IuI Karo ocHoBa Ha rrDofHo3r{Te,

- Kovlrorr,pHa cl,IcreMa.

- - Baura rrpofpaMu aa o6pa6orr(a Ha IaHHr.r kr 3HaHvrs..
Ha ocuosHl{Te Bbrlpocr{, cB:bp3aHI{ c re3l4 cr,craBHl{ qacrv Lra crlcrelvrara 3a

MoHIITOpITIHI TyK ce Tbpcf,T OTIoBOpII KaKTo cJIeABa :

- Z:rpaxga ce MoAeJr Ha cucreMara or eBoJrrortrr{oHeH T}rrr Karo ce par3Aenff'r
cnyqaure Ha eBonroqu.f, BbB BpeMero r,r B rrpocrpaHcrBoro. 3a 4na runa
pacrzrenHr4 eKocrrcreMrir (opuaona HvrBa Lt MaHrpoBa ropa) o6rqoro e, qe cil
pac'rl{TenHr{ cl{creMu HaA BoAa. cr,ulecrnenarapa3nvKa e B ToBa, qe c}Ic'reMaril
opr{3 rrHTeH3LrBHO Ce pa3Br,rBa BbB BpeMero (or [oceBa Ao xerBara) upu
orHocr{TeJrHo fiocrocHcrBo B rrpocrpaHcrBoro BbB BceKr{ MOMOHT OT np,eMg1,s,
,uoKaro cr{creMara MaHrpoBa ropa e pa3rroJroxeHa B rrpocrpaHcrBo ( or u,opcrux
6pxr 4o pacrr.rrenHocr HaAaneqe or BoAara pr r.^rv'c.Ha cyxo3eMrria) np"
OTHOCT{TeJIHO IIOCTO.flHCTBO BT,B BpeMeTO Ha OTAenHLTTe c6cTaBHIlt tlacTI,I l]
rlpocrpaHcrsoro, flo ro3II HarI[H ce $opvxpar 3a eAHara cr{creMa eBonrorllioHerr
MoAeJI IIo BpeMeTo, a 3a ApyIaTa - eBonIoIIlIoHeH MoAeJr B [IpocTpaHcTBo'ro.
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- MoAenr're ce I{3fpaxAar ya lazara Ha crarLrcrLrLreeKyr AaHHI{ 3a

oTAenIIr{Te eTarrr4 Ha eBoJr}oquflTa Lr" rla floryveHl{Te or lr3MeplrrenHaTe

Mero4rt Ha HopManH[Te eBonroq el3apa3pa6ornaneHa MeToAr.rKa ea cBr{ Ar{cT,aHrltroHerr cTeMr,rre TTaABOAHOopz3oBo rroJre r4 MaHrpoBa ropa B ycnoB
3a vo4enzpaHe na cn.r zgr".t;ii" 

" 
pa:cerinane Ha opr{3oBo rrorre; ro

;??:f:li:J; r 3 ocHc';sH"-";;";;;*ro ce Br4xAa Ha

Ha erarrlrre pa3AeJrrHeTO

cbulo ca IIpe z Pascefinaue
RUI ETAN:

B oAa
O praa
floqsa

,+
r,
L

@tar.2. Eranlrre Ha opr{3oBo rroJre :

cborBerHo rpucttoituutr MoaeJr Ha

c - or*pr{Ta noaa; b _ opr43 HaA Bo.qa; c _ opr{3 HaA [or{Ba, uPII or Va a6n u tp.[3]
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- B 1-prfr erarr opr,r3br e MHoro Hr{cbK. Herosure CBH ragrt,,{BaHe r{
parcefinane ca IIpeAnoxeHr{ Karo or orKpr4Ta BoAHa noB3pxHocr u ce [pt]cMsrar
rlo xoMoreHHus ABycroeH MoAeJr na IIIyrro[5]: nts4yx-BoAa, rrur.flTo rpaHr,rqa
ce npeArroJrara fJIaAKa.

- Brs 2-us, erail opr(3br MHoro 6rpso HapacrBa c rbcrr4 rrvr.crur, r{ rroclre
KJracoBe. Opzaonara noKpr{BKa Moxe Aa ce lpueMe 3a He[peK:bcHara.
Irlguon:sarue xoMoreHHvrs,TpucroeH MoAen na Vn a6 u u Ap.[3]: Bb3Ayx--opr,r3-
BOAA KATO TIPEAIIOJIATAMC, IIE OPI,I3OBI{TE PACTEHI,.[. CA EAHAKBI,I IIO BI4COIII{HA,
BO.qOCbA'bpxaHue I4 reoMeTpr{fl, vr ca He3aBr4czrMtr rro MexAy c}I.

- B 3-us. erarr oprr3oBoro rroJre e rrpe,q peKonra. 3a Aa uua no-xy6aru 3bprra
BoAara e r{3ToqeHa. ZsnorssaMe xoMoreHHr{fl Tpr4cJroeH Mo.qen na Vl a6u u
Ap.[3]: Bb3Ayx-opu3-roqBa (uaxua u cyxa).

3a onpe4enqHe AuereKTpr,rrrHara rrpoHr,rqaeMocr Ha floqBara (n 3-lrr eran)
r{3rroJr3BaMeMoAenalr.aYairr-IIIMarel'6],goraro3aoflpeAer-sHee$eKTuBHa:ra
AneneKTpI{qHa rrpoHr{rlaeMocT Ha xoMorel{HaTa cpeaa pacTr,rTeJrHocT (rcpr{3oBa
uoxpunxa) I43ror3BaMsQopvrynara na OpeHen, rroKa3aHa B KHr{fara na III y r x o [5].
Karo e olpe,qeJleHa AI{eneKTpI4qHara rrpoHrrqaeMocr Ha opr4r3oBr{t cloit, c r43Becrrrrl
Apyrri BxoAHlr rrap aMerpr{ (Qn:nuecra reMrreparypa Ha pacrr.rreJrHa noKpr4 BKa-?' n,
rucroraN (6pofi pacrenuslm') Ha pacrr{TeJrHa rroKprrBKa(Pfl), B}rcoquHara sa PfI-
h, 6uouacara-Q, u r.n.) ca onpeAeJrenv palvoflpKocrHara reMrreparypa T^(hj))
u xoe$uqueHrrr Ha o6parnoro paacafinane KO(h,Q) Ha opr,r3oBo uole[3, 5].-

Brg ocnona Ha rroKa3aHr{Te rro-rope MoAeJr}r c [3rron3BaHe Ha crarrrc'Tr4qecKrr
AaHHII 3a opl,I3oBrr rroJrera srs BuerHarvr, n pa6orara ca lpecMerHarr{,,HoprdzlJrHr4:re
Kpr,rBr,r" sa CBII r,I3rr,rrBaHe r,I pascefinaHe Ha opl,r3oBo rroJre, Korrro ca uoKa3arru
na $ur. 3 u tfur. 4 (Tb(h,Q),KO(h,Q)), B Kor{ro ce BKrrrorrBa n anapuirr^a crrryaqlu
(npes 2-us. eran BoAara HexeJ.rareJrHo Jrr4rrcBa, ocraBa BJraxHa vnv cyxa
rroAcrr{naqa loirBa cbc cborBerH]rre BJraxHocrrr Ha rroqBara m": 0,4-At,6 gf cm3
unu 0-0,1 glcmt).

290

270

250

230

210

190

170

150

130

110

90 30n$ffiru$90m110tnr1)
l(cm)

v
F\

0 2,1

0- 5 altr
4,2 6,3

p(kgs/m'z)
8,4

@ur.3. 3asucnMocr rra spxocrHara reMrreparypa rra HaABoAHoro opr{3oBo rroJre or nucotunara h (u.nu
6novacara Q) crc cer'reficrDara Ira KpuBr.rre ta anapuituu cnrya\fitr f":288K, N:500 par:renur/m2,
,,6yfino paanurue", Xop.no.nxp.-HH (/-orrpura togai 2-oput naA so,qa; 3,4-opnz HaA c,)D€ roqBa
c BJraxHocr Ha rroqBara z":0-0,1g/cmr; 5,6-opus HaA BJraxHa rrotrBa c m.:0,4-0,6 g/cm3;; l,:18cm
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our'4' 3anprcuMocr I{a Koeo[queHTa Ha o6parHoro pa3ceftBaHe Ha HaABo.qHoro oplr3oBo rroJre orcpeA'ara Br.rcoqr4'a Ha pacreHr.rero (,Io:2ggK; 
.N:500 pacreuutfmi; Xop.no:rrp._HH; 6yfinoparnurae). (1-soaa; 2-opus uag,"oAa; j-arapl,rfiHa ,,sraxua uovra,,; 

'4_asaputa*a,,cyxa 
novna,,;5-opus HaA BnaxHa uouna; 6-opu3 HaA c]rKa'rro uea); L:2,25cm 

- '

MaHrponara ropa [2] e xaparrepHa 3a rpoluqecKr,rre o6nacrpt !r e or ror.sMoJroKaJrHO 3HaqeHr're Karo cpeAoo6pa3yBarq @arrop - pa3flonoxeHa Karoe*ocr{creMa c eBonroquf, B rrpocr.paHcrBoro rro nocoKara Mope_cyrra _ T{ HeCAMO YKPEIIBA 6PETA, HO [I HANPCABA, TIbJI3I{ KbM MOPETO, 3ABIOBAfrKI4 HOBI4npocTpaHcTBa 3a cy[ara oT MopeTo.
flpecnaernar'r ca,,nopuanriu" KpuBr4 3A 

'rslrr'Ba'e 
rr pa3ceisaHe n cBg

Aprarra3oH Sa xpafi6pe)Kkrfl c rtaanrponu ropll cnopeA r.,rxHoro rrpocrpaHcrBeHopa3BurI'Ie u pa3[peAeJIeHI'Ie B IlocoKara Mope-cyua, cbcro.flrrla ce nocJreAoBaren-HO Or Mope-MJra gm $utusu-MJraAa ropa-cyxo3eMHa pacrrrrenrrocr.ocHosHure 6oraHu.IecKr.I, reorpascru r,r uop$oJroril qecK u Aa',Hpr 3aIIPECM,STAHCTO CA AAHHI{ 3A MAHIPORLTTE EKOCPICTEMI{ BbB BZETHAIV{.

^rr,^I:^r:,y ,":ara Kaprlrna Ha ABara MaHrpH Rhizophora mangle w AricenniauJJtctnat6 [zJ, pa3rlpocrpaHeHI'I srn BuerHaM, I{ T.[xHoro pa3[onoxeHr{e ro ocracylra-Mope ca Aar,e*r4 na szr.5. Mo4enrr Ha rrpocrpaHcrBeHoro pa3rrpeAeJre_
Hr{e Ha eKocrrcreMara MaHrpoBa ropa, roftro n.ssnpueuaMe, e oHarJreAerr Hatfur' 5' .{o6pe ce oqepraBar r.rBr{rrvre Ha Mopero, nria4zre Quruzn, Mna*araropa' HOpMArrIJa'TA MaHIpOBa ropa. Irl:vepBaH:aflTA sa co6crneHoro pr3JrsqBaHe(pa4uorpxocrHara reMrreparypa) v-parcefinanero B cBg .qnana3oHa caHaupaBeHu c Abnxr,rHr,r Ha BbnHr,rre l,:lgcm r,r l:2,25cm 1:1. 4aunure :aI'I3JrbqBaHero u pasceftnaHero or MopcKara noB.spxHocr ca Bb3rrpuerll C[OpeAuafi-pasnpocrpaHeHr.rre r,r r.r3[on3Banu crofinoci^. cryrii, sa Qulu:ure cepa3rnexAa IIo .4r{cKpereH MOAen c orquraHe }ra T.flXHara reoMerpufl, 14AveneKrprrqHa rpoHluaeMocr cnopeA AaHHr{re B [4]. Su ,"ua-u;u ;HOpMor'r3pacrHaJrara MaHrpoBa ropa ce IIpreMar pa3IIonoxeHuero r,r pa3Mepr.rre,

XAPAKTCPHI,I 3A PA3BI,ITI,ICTO I,IM SrS BUCTHAM, KATO IIO-HATA.I:sK CC }I3NOJI3BA
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XopusonraJrHo ceqelrr{e

BepruxanHo ceqeHrae

Mope I Kpafi6pexue

Etan 1: Eran 2'. MJIaAa
oTKpLITO ropa c IIor{TI4
Mope Qunlrslr

Erau 3: pa3BI4Ta

pr.qKa ropa c
MJIAAI,I MAIITPI4

Erat 4: crapa
r-1,C1'a ropa c
roJIeMu MaHrpr,I

MaHrponn AbpBera

@rar.5. IIpegcTaBqHe Ha MaHrpoBr{ ropr.r R pa3BLrTIte, [pecMeTHaTO no upocTpaHcTBeHo'Io

pa3npe.[eJleHrle Ha ropcKr,It flo-ffc B cpaBHeHr{e c Mope

rpllclofinu.f,T MoAeI Ha yI a6u[3], c lpecMflTaHe Ha ,4I'IeneK'IpI4qHaTa
KOHcTaHTa cuopeA AaHH4Te 3a MaHIpoBkIpacTeH.]ds. KaTO pa3[IpeAeJIeHI{e JIIdCTA--

arb6IIa,I.I MoA;nbr Hay aH r - III M a r e [6] u Aauuure 3a iloqBplre BbB BverHaM

[pr{ orIeHKa Ha AI{eJIeKTpI4qHaTa KOHcTaHTa Ha IIO.qcTlInauIa'Ia IIoBr'pXHOCT

(uaxua rloqBa), Ha $ur.6 e rroKa3aHa rpa$ura Ha ra3MeHeHI2Ie Ha paI,vo-
rrpxocrHara reMlleparypa Ha MaHrpoBa ropa rvll Rhizophora mangle [2] no
riu""to Mope-OI,IJII{3I{-Mna,qa (pxaxa) Iopa-crapa ropa, a:naqvLt.T e II(cKa3aHo

r{3MeHeH}IeTo Ha roeQuqueHTa Ha oTpaxeHvre. Vl B ABeTe @r'Irypu e [r)Ka3ano

rroBeAeHI4eTo Ha IIapaMeTpI,ITe IIpv aBapyrirHa CI,ITyaIIu.s - O6e3II4c'ItBaHe.

HavepeHlare (npeCUeruaTLITe) KpLIBI,I 3aeMaT oIIaKBaHu.f, cTporo MOIIoToHeH

xoA r{ B oTAenHU cBoII qacT}I KaqecTBeHo cr'BIIaAaT cpe3ynTaTV Ha ApyII4 aBTOpI',I

(rouro o6r,mnoseHo pI3MepBaT BelytqyrnurTe caMo 3a crapl( r'opv)12,4\ Tesu xprnu
r,rMaT yCTOfiqIIB xapaKTep I{ BIzcoKa I,IAeHTI,I0}IKaUI4oHHa CIIocO6HocT - Te MorztT

Aa ce z3[on3BaT KaTo HopManHr{ KpI,IBH 3a CBrI AI{cTaHIIuoHeH MoHI{TopI4Hr rla

MaHrpoBI{ eKocHcTeMI{, AlroprlmMtT e KaKTO cneABa - C o6uKHoBe,Ha CBI{
anaparypa Ha 6opAa (nanp. KaKro n [2]) canaoJler npenl{ra rlo rpacero Mope-
cyrrra B rIapaneJIHIlt TIoJIeTI{ cnOpeA reorpa0cKoTO pa3nOJIoXeHI{e }Ia
eKocr{cTeMaTa. fIo-HaTaTbI( oT Te3I{ I{3MepeHI,I cTofiHocTl{ ce olpeAeJIJIT
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@r'rr.6. I'Isl\,ieHenre 
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reMrleparypa Ha MarrrpoBr,r'rop u (tfuu Rhizoithora mangle l5l)
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rlpocrpaHcrBeHl4Te rIpOOI4JII,I I{ Kaprlare Ha Ben[qr{Hr,rre. CpaBHeHr4e1o 1rM c
rIpexoAHI,ITe I43MepBaHr,r.fi [r c ,,HopMarHrdre,! KpHBr,r 

^ 
*upri rroKa3Ba .r_sxHar,a

HOpM€rnHocT I4IU HaIUTI[reTo Ira
ra oSpa6orKa ce rr3BbprrrBar rr
ce rrpeAaBa r,rJrr,r upeHac.s s HaseruHara I
c6c Apyru Aa"^'uLT (Snr.8), BbBeAeHu s FI,IC, Moxe Aa AaAe uair4o6pa u
TIPAKT}IqECKI,I AOCTbIHA OIICHKA 3A CbCTO'III{ETO HA TA3U CI4CTCMA.

@rar'8' Anroprarru sa <poprraupa'e rra Kpr,rBrITe Ha ,,HOpManHa eBoJrroqur.., orIeHKa
eKcrIepI{MeHTaJrHure lIaHHI4 Ha ,,HopMaJIHoct" u orneqatBaHe Ha pe3yJrrara Karo Kapra
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Ilocmonuta na 26.W. 19972

The normal evolution signatures method for
remote sensing monitoring of vegetation

Mikhail Mikhalev, Zoan Min Chung

(S u mm ary)

A_new signature method for Remote Sensing Monitorihg
of the vegetation on evolution cycle is proposed. The signature is riamed evolul
tion curve and is calculated as a microwave radiation orlcattering coefficient of
the object under observation versus the evolution parameters. Th; 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 seding
monitoring in normal or emergency cases are discuised,
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Eurapcra anareMvfl Ha HayKr.rre. Bulgarian Academy 6f Sciences
Aepoxocri,rauecrr.r r43cJrelBagun n Brnraput 15. Aerospace Research in Bulgaria
Co$nr. 1999. Sofia

Paclmre lrrrar a [oKp[rBKa
KaTo o6err 3a u3yr{aBaHe c
ALICT AHrIr4 OHHr4 M eTOAr4

Brtaduuup Bonqee

Llucmumym no 6omauurca, EAII

flp o 6l evrr,r 3 a r43yqaBaHer o Ha e cre crB gHr4Te p ac:rr4T eJIHr{
pecypcl4 cbnbpxa s ce6e cI4 ABa ocHoBHI{ acrleKTa - u3yqaBane trpoAyKTra,BHocrra
ua Suroqeno3l{Te I{ orrpeAen.rrrre KoJrrlrrrecrBoro sa 6uovracara rrxx. Baxnocrr:a
Ha ro3l{ 3aAaqv u r.flxHoro peuaBaHe e ecrecrBerra, rrft Karo pacru:reJrHr{Te
cro6ulecrna ca ocHoBeH r{ orrpeAenffq eneMeHT B erocucreuuie ua 3ev.flra.
O6err Ha H3cneABa*e ca ocHoBHr4Te ecTecrBeHlr pacrr4TexHLr cro6rqecrna .-
ropr4, Jrr{Baru, \acvnl4 Karo Haft-ronsvo BHuMaHr4e ce orAens Ha fopcKHTe
Suroqeuo3r,r, 3auroro tIo KoJIr{qecrBo Ha opraHllrrrlo BerrlecrBo I{ Iro
npor43BoAlrrenHo,cr (ro4ulren nprapacr) Te ca Ha rrbpBo Mrcro.

B upoqeca Ha peruaBaHero Ha re3l{ BaxHI{ 3a qoBeurKoro o6nrecrso 3aAaqu,
ce o6prrqa oco6euo BHITMaHVe Ha ABara ocHoBHt4 TtrnapacrrTenHocr na 3evsr.a
- Ar,pBecHa (Lignosa) 14 rpeBr,rcra (Herbosa).

fopcrara p'acrr{TeJrHocr ce u3rpax(qa or cto6rqecrBara Ha pa3Jr.rrrHrr
Ar,pBecHr{ BraAoBe v B pa3nvquure pafionr4 Ha 3eMHOrO run6O [perbprrxBa
IIpoMeHI4 rIoA Bb3Aeficrs[ero Ha exoJrofrrqHr{Te ygJroBr,r.fl r{ u3MeHoHri.srit,
HacrrrrvJrr4 [oA T.sxHo BJ,rr4fl]F^ue.3a naurara reorpaScra rturpvftanafi-xaparrepna
e ropcKara pacrr4TeJrHocr, @opuvpaHa or JrerHo3eneHr{ AlbpBecrrr4 Br4AoBe
(Aes,tilignosa), u no Mecrara c ro-for-sMa HaAMopcKa Br{coqr{Ha - .qr,pBecHa
cro6rqecrn a Ha r4rIrolrncrHl4 BIlAoBe (Aciculilignosa). Ilrpnocreneuuo 3lrarreHz e
or rxr{poKoJrr4crHr4Te JrerHo3eJreHr,r A:bpBecHu cro6lqecrna prMar 6yrqnure u
A:o6onnre, a or rlrJroJrrrcrHr{Te - cro6ruecrBara Ha cMr,pqa u 6etus 6oD.

He uo-varoBa)KHa e por.sra Ha npyrurs, ocHoBeH Trrrr pacrr,rreJrfocr --
TpeBllcrara. Ts e usro.IHLIK Ha pacrr{TeJlHrr 6enrsqlrur4, BbrJlexrIAparrr r4 Mia3Hr4Hu,
KOIITO CA BA)I(HA CbCTABKA HA XPA}JATA HA qOBCKA V IPOAYIIEHT HA XPAH.I{TEJIHII
BerrlecrBa 3a KoHCyMeHTT{Te OT rrbpBr{ rrop.f,AbK (rpenonacnure xunornra).
Tpenucrure pacreHnqra ca ocnoBa Ha xpaHr{TenHrr Bep}rrta, or Kor{-1o 3ranoqBa
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TpaHcrloprlbT Ha opraH[tIHI{ BeuIecTBa I{ eHeprrlt B o6qu-fl Kp']broBpar HaxerqecrBat.a
u eHepfrr{Ta n ouoc$epara Ha 3eha.sra. ftrasHa pons cpeA -r.a3vt pacrrlTeJrHocr
urpas,r rrpeAcraBr,rrernre Ha ceM. xrarHu (Gramineae) ra ler,.r. trio50sn
(Leguminosae)" K:srra rsx [pl,IHaAner(ar ra Hafr-lrsnoJr3BaHrlle oi oo"a*u rpeBr{crt4
pacTeHl{'s' KopITO CbIUeBpeMeHHO Ca OCHOBHI,I IpaAI,IBHII eJIeMeHT{ Ha ecTeCTBeHnTe
TpeBI{c?'a' BTopI'IrIHo o6pasynaHz pacrl{TeJrHrl cio6rqecrsa - nr,rBaAr{Te r{ racr4n{ara.

oco6eno BaxHr{ ca [JrorrIHTe, Korrro ca 3aerr. or rylryps'Tor{eHo3r,r
(arpap0uroqenoeu). crrqecrnenoro [p]r r,rx e, qe re ca c63AaAeHr{ sb3HareJrHon tro [peABapI'ITeJrHo 3aALI\eHn rrapaMerpl4 - rIJIorq, fbcroTa, [poeKTr{BHo
UOKPIITI,IE, ETAXHOCT rZ r.U. TC CbIIICCTBYBAT IIPe3 TEP}IOA CbC CTPOTO ONPEAEJICHi,I
rp-aHrIIIu BbB BpeMero rI Ha r.sx ce BJrLrs.e [naHoMepHo c pa3Jrr{qHu Br.rAoBeo6pa6orra (xu4ponaenaopaqns, NlexaHrlrrHa r4 xrrMrdqHa o6pa6oira). lnauuatJrien
e or r'sx ra 61o4ar llonyrleHu MaKcI{MaJIHu KoJrr4qecrna Qzroruraca ([oA pa3nrq1a
tfopua - HaA3eMHa, [oA3eMHa, Jrr'crHa, rrJroAoBe. ceMeHa n ry.). gr"nuru i..;Tex 3HaqI{ odnexqanaT [3y.raBaHero trM, KaToeAH eAlocraBxa 3a BG3Hr4KBaHe Ha Hotsr4 npo6neuz,
KO14

cruecrneu MOM.HT 
''pn' 

u3yrraBaHero Fra r,r3KycrBeHr{Te szroqeHoez c
AT4CTaHIII{OHHI'r MeroA}I e BHI4MareJrHnflT ana[rkr3 I4 CbrIOCTaB.f,He Ha nonyqeH[TeA or rrxHoro pa3Br,rrr{e. Tosa ce HaJrara o, 6"osararr ]rM rrapa.MerprE, o6ycloBerra or SeHonoa"o""r,rr Koraro ru $cpnazpar [1] (@rar.l).

€ 0,2

0,80,70,60,504

A(Pm)

our. 1. cuexrparHa orpaxarenHa xapaKTepnc,rrKa rra oprr3 (r,'[,a) ulureHr4r{a (II, IIa) nr,r sarau3rJracrBaHe (I, II) u 3pr{nocr (Ia, IIa)
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Irlsyuananelo Ha ecrecrBeHara paclr,rreJrHa noKpr,rBKa c Ar{craHqr{oHHr,r
MeroAr,r [peAcraBnrBa rpyAeH rrpoqec. Tklsa ce o6ycnaa,n or ManKara ilo rrnoIr1
Tepr.rropufl Ha crpaHara Hr{ Lr orHocr{TeJIHo roJrflMoro SnopucrrauHo,
Suroqenoruqno 6orarcrBo u Quroreorpa$cro pasuoo6pa3r{e Ha nefinara
ecrecrBeHa $ropa lr pacrureJrHocr.

OcuosHara pacrr{T'eJrHocr, Koqro BeporrHo e rocrroAcrBanailo Harxurre 3eMu
lpeAr{ rrosBara Ha qoBeKa, e ropcKara. ftroa BJrr,r.flHrle Ha qoBeruKara Aefiuocr
ropr,rre -He caMo ca 6atu yHr,rqoxeHlr, Ho cbrrlo Ha roJreMr{ TeprlTopuv ca
AerpaAI4paJrI,r Ao xpacraraqn. Hafi-xapaKTepHr,r ropcKr,r cro6rqecrna3aHr43rr:ntrre
u npeArrnaHrrHnre na Ernrapu.f, [peAcraBnsBar Jrr{crorraAHzre 4r6onra ropu
(Querceta). ,{r6onu ropu ce pa3Br.rBar nafi-se.re B xbJrM}rcrr4 pafionu r{ rro rroxHr{Te
OKJIOHOBe B HIICKI,ITe qaCTI,I HA ilIIAIlLtIlktTe, KaTO IIeKaTa I4M C.f,HKa IIOT3BOJI.f,Ra

.qo6po pa3BI{Tue Ha-TpeBHa rroKpr{BKa, 3arra3Barrla ce rrpes rlenfir Berer€[quoHeH
ce3oH. Vuecruo e Aa ce or6erexfi, rle rlpu I,I3cneABaHe orrrrirqHl{Te
xapaKTepr,rcrr,rKr{Te Ha re3r,r o6exru e neo6xoAr,rMo Aa ce r,rMar rrpeABr4A
MeroAr{qHure yKa3aHnq orHocHo r{HAr,rKarpr,rcara Ha orpaxeHue'to l2l,3arrlot'o
TOEa Ca ropCKr,r eKOCUCTeMVI, qIlIfiTO ABpBeCeH 9TA)K LIMA pa3peAeHa
xopr{3oHTanHa crpyKTypa. Tona o6crosrercrBo rro3BoJr.flBa rexHr{.sr rpeBflcT eTax
Aa B3I{Ma aKTIaBHo yuacrr,Ie nln Qoprr,rupar{e Ha LrHTefpaJrH[r orrrr{qeH o6par na
r{3cJreABaHr{s o6em. Karo upanuro Ar,6onure ropu B qsrara crpaHa cia c}rJrHo
HapyrxeHu pr qecro car"ro QparueHTr.r oT TflxuJrvr oTAenHr4 AbpBeTa cBr,rAereJrcrBaT
3a H.sKoraruHoro rrM pa3npocrpaneuue [3].

Byxonure ropn (Fageta sylvaticae) uuar tuuporo pa3npocrparrgHpre B

6r:rrapcxure rrJlaHl{rr}r r{ rlecro o6parynar raM -scHo orrepraH ropcrr,I no.qc. Karo
Trlrrrr{qHo ceHqecrrr ropr{ Te ce xapaKTepa3npaT c MHoro cla6o pa3Brarrre Ha
TpeBlrcTaTa pacTr{TeJrHocT B T.flx KaTo B [oBeqeTo cIlyqat4 Ts lr.rlcBa.

I4rnonr,rcrru{Te ropu y Hac ca pa3rrpocrpaHeHr.r B no-BrrcoKlrre fl.rranvnvl
flpe4ravno rro ceBepHr{ cKJroHoBe ce pa3Br,rBar cMbpqoBr,rre ropu (Pigeeta
excelsae). B nsrou ilranunrt (Puta,3anaAnu Pogonu) 1e o6parynar rl,{JrocreH
[o.sc. Oco6euo qecro B ropHara qacr Ha cMbpqoBr,rs [o.sc B cbcraBa Ha
rrprn eMHrrre crilry3rrrr Ha re3rr roprr orHocr{TeJrHo o6umro e rrpeAcraBeHa r{epHara

6oporunra (Vaccinium myrtillus L.), no Bb3MoxHocrrai. Ia BJrr4re Bbpxy rsxHaf-a
orrTrrqHa xapaKTeplacTr,rKa e HI,IuIoxHa.

B Eurapux 6oponure ropu ce cpeqar np:apasnfi,r^Ha HaAMopcKa Bucorrr,rHa,
raro o6urHoBeHo 3aeMar repeHr,r c roxHrr ilsroxeHus. Hafi-saxHr{ rr [rr4rpoKo
pa3rrpocrpaHeur{ ca roprare or 6.f,r 6op (Finus sylvestris r r). Te ca xenno$r.unu
r4 B T-gX aKTUBHO Ce pA3BkrBa TpeBr{CT eTaX C MHO|O pa3Hooopa3eH Br{AOB CbCTaB.

@urorleHosnre rrpr,rHaAJrex(aurr KbM rrrrra Herbosa (rpenzcra
pacr[TenHocr) ce cperqar y Hac BbB BcnqKr{ Beprr,rKaJrHr{ rrorcr{ Ha
pacrr.rrenHo crra. CrorserHo c roBa rp eBr,r cr ar a pacrr,rreJrHocr, Bbrrp eKr4 cBoero
orHocr{TeJrHo ror.flMo SuszoHorvruqno eAnoo6pa3ve, r{Ma rBbpAe pasnort6paaeu
crbras [pu pa3ruqHr{Te ycJroBus.. Ha flbpBo M.ficro rpx6na Aa ce or6elexar
cro6ulecrnara, 3aeMauII{ TepeHr,r cbc cBe)Kr{ LrJrrr JreKo oBJrax(HeHrr noqBr4.
KonraqecrsoTo Ha BoAaTa B [oqBaTa olpeAens BLr.qoBI{{ cbcTaB Ha orrTorueHo3a.
To sr[se cr{JrHo }r Bbpxy clerTpaJrHara orpaxarenHa xapaxTepr,rcrr{Ka Ha caMara
rIorIBa, a orraM I{ Ha KoMrIJIeKca ,,rorlBa-pacrl{TerHocr". flo-s[cox[Tr3 AaHHTI
3a orpaxeHuero ca rroKa3areJl 3a no-HucKa BJraxHocr Ha rroqBara [4], ro.nro or
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CBO' CTPAHA O''PEAEJI' BI4AOBII' C'CTAB I,I CTPYKTYP ATA HA PACTI,ITCNHATArIoKpr{BKa, a orraM r,r HefiHlrTe orrrr{qHz xaparreplrcrllxn ($ur.2)^.

^

0,6

l(ttm)
0,7

@ut' 2' Cueffipanna orpaxarenHa xapar(Tepr{crr4Ka Ha ABa rrrrua florrBr{ a cyxo (I, II) u ouaxHeno(Ia,lla) cbcrornrae

Ilnoqure, 3aeMaHr{ or rpeBr,rcrrare cro6rqecrBa ca cvJrHo peAyrl[paHr,r LrTexHI{'flT BI4AOB CbCTaB e MHOfo [oBrr4sH or HerrpeKbcHaroTo ycBorBaHe Ha HOBr{o6pa6ornaeMll 3eMlrr' yBerullaBaHero Ha qoBelrrKara HaMeca tI fiocneAcr BvIfrTa,Kolrro rr BoAr,r cne.q ce6e cr,r.
lrsroxe'oro Aory* ''o oTHorrreHr{e ocHoBHr,rre T}rnoBe pacrr,rreJr'ocr,

,xapaKrepHu3arepr.rropr.rnraHa'arrrara*p"ffi ;i:X?IH#li:"#i#:;:.7
yrx r4lrr4 Sopuaqzr, fiManryt cxo,rlHr,r
HOBEHO 3AEMAT OTHOC}ITEJIHO MAJIKIT

I{ qoBerrrKara Aefiuocr rro HarrrzTe 3eMI{.

rr a p a c r r.rr e rrH ara r o Kp Lr B K a " o 
" ", 

u"o,lf :fltrY.;t"ff "ffi ;tf"H#3":HarpyrlaHara 
,lluQoprraaqlr-f, rlo orrlolrerrr{e o[TuqHure xapaKTepr{crr{Kl{. Haorpe,qeJreHv o6exru or 3eMHara [oBrpxHocr 14-6], "".o""uLu uafr-y406HureMECTA 34 TIPI{JIATAHE HA TE3I{ METO.4I{ HA TEPIITOP,IilTAHAHAIIIATA CTPAHA]

lfrnonucrru roprr:
curp'ror,r ropr (piceeta excersae) - cenepuzre, rr3TorrHr{Te rr roxHrrre

QXnoHoBe Ha Ir3ToqHLIs' EflIr Ha Puna; pllAoBere b*ot^r u Eararura rrJraH'"Ha B

3ffi## 
PoAonn; cMbprroBr.rre ropl.r B rpr.rbrbrrnr.rra .{enzu_rleuenape_

Exr6oponu ropu (pineta syrvestris) - roxnrare cKJroHoBe Ha puna; nPo4onure - 3araAHo or KopLrroro Ha p. il""u, 
"u.u;d;;; Mecr:a.
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ItrInporconncrnlr roPH:
Eyronu ropu (Fageta sylvaticae) - uo cKJIoHoBere ua Crapa IIJIaHI4IIa - or

Belorpa.quur na naroi Ao rlpoxoAa Bpafunr; rro cKJroIIoBeTe Ha llxruuaucra n

Cruluncra Cpe4na ropa.
,{r6oan ropu:

ropyHoBr,r ropn (Querceta dalechampii) - rlo K)roI{3TorII{I{re cKJIoHoBe

HA Pvna;.uo cxlosoBere Ha pl{ga Araoar (cenepuo or Benuurpapl) u uo

ceBepHr4Te cKJroHoBe Ha pLr4a ilpecua s 3anaAHu PoAour'r.

UepoBLt ropu (Querceta cerris) - 3aIIa3eHI{ orAenHI,I IIerHa o'I rflx B

,[o6pyaxa, ceB ep oI{3TotIHG or nvrnprflT a Pa: rp a4-fl p oBarurfl '
c.ec""" 6narynono-qepoBn ropu (Querceta frainetti-cerris) - n

rrpeArrnaHr,rrrcKrrre 'lracrw na Crapa rrJraHr{Ha a Cenepna Etnrapnx; rro ceEtepHuTe

cKJroHoBe na ,{epnenrcK}ITe BI3BI{IIIeHIaI. llo6pe oqep-faH[Te rpanu\n Ha Te3I{

ocTaTbr{r{ oT IOpa }I roJlervr}ITe pa3nr{K}t B OIIT}IqHr{Te XapaKTepkrcTlrKv Ha

pa3nurrHr,rTe TrIrIoBe pacTrlTenHocr (Ir'pnecHa vr rpenucra) o6lerqasar
qyBcrBurenHo r"tlxuoro gemu$puparie [7]:

Tpenucrn cto6ulecrsa:
,duulooprlHr,r IIc]rxposurnu c[opuaquu, ranqraoulnra xpuc,Qurnra

Sopuaqun, ncr,IxpoQurHr,r u rresor[I{THl{ TpeBHu Qoprvraqul{ - uo nafi-slrcoxl4Te

tait" ua anuuficrui u Cyla;gl;utrtcrus rro.f,c Ha PllJla, flupun, Buroura, 3'atalnn
PoAonra u C'rapa rIJraHrIHa.

Tpennu cTelHr{ r{ KcepoTepMHH sOpuaquu - ilO qepHoMopcKoTo

xpafi6pexue MexAy Ban"rru u IIIa6na.
Kieporeplvfgl,I TpeBHIz $oprrraqNu - ceBepo3allaAHo or IXIaSna; 3aIIilAHo or

Honz uaiap; u tputrt:rnutri Eaux.a-,{parorvran-TprH = 3&rI&.{Ho or CoSux,
I-{urr,Ipaullre nO-rop" pa"ftouu oT HaIIIaTa HaIII{OHaJIHa TepI4TopI'I x cayAo6nu

IIpeAI{BcI4tIKoIIopaAI4ToBa,I{e[peAnafaTe)IHI4oTHocI{TeJIIIoIIo-IoneMI4
ytracTbuu, 3aeTu or cpannuTeJrHo xoMoI'eHHI{ CTpyKTypH Ha paaTu'l^eJlHal'a

tto*p"u*a na B:urap:as., ornacgtrrlu ce KbM pa3nllqnu 6raonorllqHz rl{rrorle
pacrr{TenHocr. VAo6crsoro ce AorrbnBa or o6croflTeJlcrBoro,.lle Ha H.rKoI{ Mecl'a

yKa3aHlrTe Tepr,rTopwr ca loBer{e r.rJrr{ ro-MzulKo 3acelHaTu oT aHTpoIIoIeHHof'o

stsAeficrsne. B ronrpernux cnyuafi roeu t[arr nrpae rIoJroxI{TeJIHa Ponfl ctr

HayrlHo-pl3cneAoBarencKa rneAHa roEIKa. Tb.rgo raM ca Mecrara, KT,Aerro Mofitr
Aa ce naSnroAanaT pa3nllqgzTe cTeleHI4 I{a Ael'paga1Irlr1' Ha ecTegTBep1a1:a

pacrurenHa rroKpr{BKa uoA ste.qeficrBr{e H4 qoBellKara HaMeca. Bgravralelnraltt
aHaJII43 Ha Te3r{ cIyqdLI, KaKTO I{ CbIIOCTaB'HeTO I{M C:bC CbCeAHIITe, Ile3acerHal'I{
yrlacrbrlrl, ctbAbpxa n ce6e ctr orITHManHIrfi rroAxoA 3a B:b3craHoB.fllBaHe rla

IIbpBIIrrHoTo cbcTo.f,Hl{e Ha pacTI{TeJIHOCTTa.
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Vegetation corr'er as the subject of study
by remote sensing methods

Wadirnir Vulchev

(Summary)

The study analyses the main types of vegetation as an
object for studing by remote sensing. R.egions of tsulgaria where recent vegeta-
tion offers the best conditions for application of this.methods, are determined.
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Errrapcra .aKaAeMr.rr.Ha HayKr{Te. Bulgarian Academy of Scienoes
AepoxocvuvecKr.r r,rscJreABaHur r Ernrapra. 15. Aerospace Research in Bulgaria
CoQr.r.r. 1999. Sofia

Kourp on Ha p a6or ar a HaKoMrrrorbpulr
cr,r cTeMpr 3 a yrrp aB JIeHr4 e 14 HA Cr4 CTeMI:I 3 a
rroJryHaTypHo MoAenr,rp aHe B p ezurHo
BpeMe r{pe3 [poToKoneH MoAeJr Ha Xclapt

Ilnaueu Xpucmoe, Ilemtp fe4oe, Ilnaueu Aueenoe

Ilncmumym 3a Koc.utuuecrcu uscaedeanua. EAH

Crqecrayaar pa3r[trHr{ MeroA}r 3a KoHTpon na padorara
Ha e.qHa KoMrrrorbpHa cr{creMa 3a yrrpaBneHve - MeroALl Ha rexHr{qecKara
.qI{afHocrLIKa, rE4eurrEQuKarlnfl I{ oIIeHKa Ha KaqecrBoro Ha yrrpaBneHr{e B preanHo
BpeMe u Ap. Te:u MeroArr KoHTpon[par auaparHara qacr Ha crrcreMa-],a nnv
o6rqo nefiHoro KaqecrBo. OcirosHara qact .ta KoMrrrorbpHr{Te crrcreM u o6a,ae e
n-porpaMHoro ocEfyp.sBaHe Ir ro r{3r{cKBa rro-c[erlr{aJrHr4 Mero.qr{ 3a Korrrpon.
Koraro cr{creMara e paspa6oreHa Ha lazara ua cSp-vroAeJrn, ,,o.{xoA.f,ruo e
rrprrJroxeHr{ero Ha [poroKonHr4.s MoAen ua Xoap 3a KoHTpOn Ua pa6orara Ha
cr{creMara (Lr3rrucnr,rreJrHrrre rrpoqecrz a uex).

cneqn$nrarlua (cneqzQ vKarJlrpr14 cTeMaTa Ir lpoqecr4Te B He.f, }IKo roAeHr4e Ha rrpoToKoJrlrTe,

Canlnocr Ha rrporoKorHrr.fl MoAen ua Xoap
Ilpororoa Ha noBeAeHr{ero Ha rrpoqeca ce aapr4lra rpafiHa

rrocJreAoBarenHocr or cr{MBOJrn, $uxcupatgn cr6nrur, B Kor{To [poqecbr e
YqACTBAN AO OIIPCAEJIEH MOMCHT OT.BPEME. B CSP-rrOrA\ITfrTA IIPOTOKOJITJT CC
o3HaqaBa c nocneAoBareJrHocr or cLIMBoJII'I' pa3AeJIeHI{ cbc 3allerat - .(X, y)
- rrporoKoJr, cbcrotrq ce or ABe Cr6urut, x 14 cJreA Hero y; <x> - lpol.oKoJr,
cbcrorrq ce or eAHo cr6nrue;

flpunrepu: 
L

flpororol na rpnfypeH rrpoqec:
prot(LoopProceJs{il) :<Adder[0], prop[0.5], Sratl[0.2,0.1], Seppointl:]1, ...>: trace^;trace, : sntr".

I I4rcle4aanrE.rra ce $uuauc[par or H@,,Hayvnr.r rr3cneABaHr.rr,. _ ,qor. 14_305/93.
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flporororure Ha rlpoqecr{Te ce lpeAcraB-sr qpe3 rrocneAoBareJrHocrra or
arperarll (saeHa), Kor{To rrpr,r rexyrqara cnequ{rprKar\ufl, yrracrBar B rrpoueca.
,{ouycrnuocrra Ha rrporoKona ce o[peAeJrq or roBa, AaJrr{ cborBerHr4flT arperar
e BKJrroqeH n aa6yxala Ha rrpoqeca.

Ilpororon Ha arperar - aleplroAr{trHo 3BeHo or rrbpBr,r peA:
AAZII|]: Xnp.,np.'; np. :

KbAero np. u np'.'ca quclloB TZ,
nP'i-r - 

III,ICJIOBIA 3HaqeHI,IS Ha HA
3BeHOTO Ha rrpOI{3BOneH BXOAeH C Ha
XapaKTepI'IcTI4qHoTo ypaBHeHI4e Ha 3BeHoTO, u - BXoAeH cl4rHan Ha 3BeHoiIO.

. K'HK ar"" "u":To:^T'#l Ji";";*:1fi'",o Korrz. B p e:yrrar u a
KOHKaTeHaTIVflTA Ha 6azata Ha ABa rrporoKoJra ce uolyoaoa HoB rrporoKoJr, B
rofiro re ca cbeAlrHeHr{ B yKa3aHr.rf, peA.

o CsHsaHe - (t l\A) - o3HaqaBa rrporoKontr t, cBrar B6pxy rvrHoxecrBoro
A, xoero o6uxnoseHo e aa6yxa Ha rrpoqec. Hosz.f,r rrporoKon ce rocrpoflBa or
t .{pe3 orxB:bpnflHe Ha BcIarIKI,r cI,IMBoJrr{, KoI{To He rlpl,IHaAnexar tta A.

o Inana u onaruKa - so,s' - aKo rlporoKoJlbr s e Herlpa3Ha rlocneAo-
BaTeJIHOCT, TO HeTOBI{.f,T npbB eJIeMeHT Ce O3HaqaBa C S0, a pe3ynTaTb[, IroJryqeH
cneA HefoBoTo r,r3BaxAaHe, c s'.

o 3nesAa - A* - MHo)KecrBo, rrpeAcraBJrflBarqo na6op or BcutrKr4 rcpafiuu
rlporoKonl{, cBcraBeHI{ or eJIeMeHTN na A.

4*:\slslt{:t1
o [uxuna Ha rrporonoJra - # - 6poit Ha eJreMeHTr{Te Ha nporoKona.
o florropeHue - sn - uporoKoJrrT s, rroBTopeH n-rrsTtr.

OcnosHpr flapaMerpra Ha rrpeAnarantrs. MeroA
c MeroArr e ocHoBaH Ha rrporoKoJlHlrfl MoAen na Xoap.
o OSeArEn.sBa KoHTpon ua pa6otara Ha clrcreM ara u r,epuSnnarJus. B peanHo

BpeMe.
o MeroArr e [pelHa3HaireH 3a pa6orara B cpeAara Ha 6norono-MoAynHr.r

cI{creM}I c I{3BecreH Ha6op cl{creMH}r o6exrn, 3a KoI{To rrpeABapr{TeJrHo Morar
Aa ce Lr3qucJr.sr rrporoKoJrure na Xoap.

Crqnocr Ha rrpeAnaranufl. MeroA
MeroArr Moxe Aa ce lpe.ucraBv Karo H.rrKoJrKo rrocJre-

.IIOBATENHI{ CTbIIKI4:
1, Ooprraynurpa ce cnequfrzra\nflTa Ha lporpaMHoro ocufypsBaHe Ha

cr{creMara, Ko.f,To BKJrrOqBa ua6opa or cr{creMHra o6exru (npoqecz, arperarv,
KaHanu,,;

2. Peatuzupa ce [porpaMHa"Ia cr{creMa r4 ce AoKa3Baseianara KopeKTHocr
(Merol 3a AoKa3BaHe Ha KopeKTrrocrra xa cuequQunarJnkr na Xoap).

3. OnpegeJl.sr ce BcI{r{KI4 Bb3MoxHrur rrporoKoJrr{ na cueqr$vrrJvpaHara
cr,rcreMa c rporleAypara trace(F).

4. Craprupa ce ctrcreMara.
5. CnequaneH rrpoqec - rporoKoJrqr{K (tracer), cneALr r,r pefricrplrpa

TIPOTOKONI,ITE B CI{CTEMATA IT OIIPEAEJI[, TAJIKI CABAJI,d.A}J'I/., T, €, _ TAJIYI CE.SB'BAT
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rloAMHoxecrBo Ha MHoxecrBoro [peABapr{TeJrHo onpeAeJreHr,r rrporoKoJrtr. Tosa
ce rlpaBr.r qpe3 rpoqeAypara IsTrace(s,P).

6. IIpz perprcrpnpaHe Ha HeBanr{AeH rrporoKoJr ce npe4riprreMar
cborB erHare Aefi crsus s a anapufi n a cr4Ty arfrtfl,

Eror - cxeMara Ha MeroAa e [peAcraBeHa Ha $ur. 1

@lrr. 1

OcuoBnlr flpo6neMr,r lapv peanu3ar\urs. Ha MeroAa
o Karc npomoKottquKbm da nonyuaea uufiopnaqui sa

npomorcuxume I cucmeuama? Ilpoqecrr Tracer rpt6paAa e pa3rrpeAeJreH Mex(Ay
orAeJrrrr4Te KoMnrorpl,r. Brs' Bcexr{ KoMrrrorbp Aucrreqepbr,, cJreA Karo
yrlpaBJreHl,rero ce BBpHe KbM Hero, rpx6na Aa ro npe.qasa Ha Tracer. Tona peruaBa

lr6

HATIAIO

CrcT ag.r-ce o'r
oI]epaTopa unr4

OT
IIo.qcr{9T0M aTa

- 3A CIIIITE3

Crcransne ua CSP - Mo.[en ,r
TexnoJrr{rrlqsa cnequQuraqur

Onpegendue Ha rrporoKoJr[Te
Ha cr{cTeMaTa - npor{eAypa

Trace (System)

Peanueaqua u nepr.rQuraqur
HA CIICTEMATA - AOXA3BAHE

HA OTEOIIIEHIlETO
System sat Specification

Ha6lroaesue sa
pa6orara rJa clrcreMara.

Perucrpupane na
nporoKoJra tr(System)

KPAI,I?
tr(System) - trporoKon na

System ?

IIpoqe4yp a

, IsTrace(tr,System )

ABapr.reH IIpoqecKPAIZ?



lpo6neMa c rlocJleAoDareJlHocrra or rrpoqecu, Ho He rz c [pororoJrr{Te Ha BceKr4
orAeneH rrpoqec. Tyx rpr6ra Aa ce np[[oMHr4, .re o6exlbr ,,KoHTypeH upoqec,,
urpae pon{Ta Ha Aplcneqep Ha cllrrclbKa or arperaru. B ro3t4 cMr{cbn roft voxe
cJIeA I{3TIT,JIHOIII{OTO Ha BceKI4 afpelaT Aa BpbIIIa yilpaBneHl4eTo Ha uraBHu.s
Ar,rclleqep lrJrrr Ar,rpeKTHo Aa ro [peAaBa Ha Tracer. Tara Tiacer rue Moxe ra
cne4v BcsKo 4eftcrnue Ha cl{creMara rrpe3 rrpoBepKa rra aKTr{BHr{re o6erru s
6asara.rIaHHr{.

o Karc oc6eH cmp))KmypHama rcopeKmHocm Ha usnbnHeHuemo (nocne-
doaamenuocmma om npoqecu, aepeeamu u KaHdru) da ce KoHmporxupa u
fiyurc4uoualxHama KopeKmHocm (rcopeKrnuomo sadaaaHe Hq nqpqJilempume
ua o6ercmume)? Tozunpo6neu ce orHacff rrpeAr,r Bcuqro 3a arperarure. Peurenuero
ce lonyqaBa or roBa, rle uporoKoJII,ITe Ha arperara ce u3rrr,rcJr_sBar rro HeroBara
cnequQuraqr{.f,, B Korro or cBog crpaHa yrlacrBar HeroBr,ITe rrapaMerpr,r.

cxererrr na Qyuxqraxra trace(P)e rroKa3aH rro-.qoJry. Tx pa6oru ro tuuosrre
KOHCTpyKrIuv Ha Xoap (anrepnau,rBHr.r [poq eav, napanenHr{ rrpoqecr{,
peKypcr,rBHo orrpeAeneHx npouecr{, npouecu c ur6op v np.), [poroKonr4re Ha
Kor{ro ca usne4enu n [l].
trace(P): (R)* &

if P : (STOP') then trace(p): \<>\;
elsif P : (c -+ P) then trace(P): \.t U \<c> Atlt
elsif P : (c + P I d -+ Q)then trace(p): \tlt: <> V

(to:d&t'e trace(Q)\;
elsifP : (x:B -+ P(x)) : \tlt : <> V(tn e B &t'e
elsif P : (mX : A.F(x))) : U trace(Fh(STOp^));

e trace(P)\:
(to:c&t'e trace(P)V

trace(P(to)))\

elsif P: (P ll Q)then trace(P): trace(P)11 trace(Q);
else t : trace(PllQ) then

trace(PllQ):\tl(t lR) e trace(P)& (t lQ) e trace(e)& t e (oR U ae)*\
Apyru KoHcrpyKrlvrvr Ha Xoap..........

else
end.

flo-gony e rroKa3aH cKeJrerlr Ha nporleAypara IsTrace, orpeAer.sn\a ranvr
AaAeH rrpoToKo.l e BaJrr,rAeH 3a npoueca.
IsTrace(s,P):

if s : NIL then TRUE:
elsif F(so) : BLEEP then FALSE;
else IsTracels', P(so));

end.
BLEEP e crreuvaneH qI{MBoJr, I{3rroJr3Bar{ a cnyvaft (cavo B To3rr cttyuair),

rre cprMBoJrsr He Moxe ra 6tre HaqaJrHo c.s6urue Ha npo{eca.

flporpavno ocrrrypsBaHe Ha MeroAa

flporpauuoro peanvrcvpa*oHa
Modula-2 Karo orAeJren uo4yl Tra ro craHAaprHr{
nn$oprnlaqzoHHu KaHaJrrl c .qpyfure
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VIs'ruc rnre JrHr,r eK crl e p rIM eHTr,r

cvryar\,,v,,,0"*o"ro"TffitJ'H"#tr"1iltf.H":;'TJ;i:ff ,"iH:ilil";
AarrII,IqI,rre, BoAerrI[ Ao rperrrHr,r currr.al:a, HerrpaBr.rJrHa pa6ora Ha Aucleqepa,
lporpaMHoTo oclrryp.flBaHe KaTo rl.trro lI Ap.

I4snotu
Ilpe4rarauusr MeroA AaBa B63MoxHocr 3a Korrrpon Ha

pa6orara Ha rrporpaMHr,r czcreMr{ sadagaraya crpora MareMarkrqna reopus (CSP).
trInrepec [pe.qcraBJrflBa ca ur sr rroAXoA 3a KOHrpoJr na pa6orara Ha

rrporpaMHu cr{creM}r B peaJrrro BpeMe rrpe3 lpororoJrr{ Ha Xoap, rrfi raro raKbB
noAxoA He ce [punara B r,r3BecrHrrre cr,rcreMr{. Merogrr e [peAHasrHaqeH 3a
pa6o'ta c 6noroso-I\,IoAynHl,r cr{creMu l,t I,I3rIoJr3Ba rrpeABapvreJrno v3rlllcneHure
npororoJll{ Ha cl,rcreMrlure o6exrpr.

Jlureparypa

l. Hoare, C.A.R. Communicating Sequential Processes. PRENTICE-HALL International, UK,
LrD, 1985.

Concurrent Systems: Formal Development in CSP by Michael G.tlinchey (University of Cambridge) and
Stephen A.Jarvis (University of Durham). McGraw-Hill International Series in Software
Engineering published l2th January 1995. McGraw-Hill Book Company.

flocmtnuta na 2I.IV 19972

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

Plamen Hristov, Peter Getzov, Plamen Angelov

(Summary)

Some possibilities of using Hoare's trace models lbr 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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EnonroqvflTa Ha
BTjTperuHr4Te o6parnlr Bpb3Kpr B/
O I,IOM EX AHI'IqHAT A CI.dCTEMA

,,rrrrJror-caMoJreT"

,[uttumap ilopdauoe

Llucmumym sa rcocrwuqecKu uscnedeauun, EAH

Crqnocr pr pons Ha Bt;rperunure o6parHrr Bpb3Kpr
B KOHTypa 3a yrrpaBneHHe Ha caMoJreTa

O cuonara, Bbpxy Ko.fl To QyHrquouu p a cucr eMara,,rrr{Jror-
caMorer", e 3arBopeHl,rsr KoHTyp 3a ylpaBnespre. B Hefo [poTr4qar npoqec[Te
Ha aAalrauvrs, Ha rrr{Jrora K:bM rrpoMenrrrlr{Te ce csoficrsa Ha caMoJreTa B
cKopocTrro-Br{corrr4HHlr{ My Aaarra3oH.

Bnoxenara ucuxoQusnoJrorr{rrHa errepfufl or Jrererla npu pa6ora na 6opga
Ha caMoJrera ce pa3rrpeAeJrfl DTaBHO 3a ABe QyHrqzu: 3a HenocpeAcrBeHo
yrrpaBJreHrae Ha o6erra (uog4tpxaHe r{ r{3MeHeHr{e Ha pexr,rMa na uonera) u ea
Apyra 4efinocr no KoHKperilara 3al.arla Ha rroJrera (Hanpvuep Ha6nrogeurae,
orKpr,rBaHe Ha oppreH'fr,rppr, B3arMoAeficrs[e c rpyrra Jrer.srurr o6erru r,r Ha3eMHr{
rryHKToBe 3a yrrpaBnenr,re, 6ofiuo rlr3rroJr3BaHe).flpu ao6pu ALT:naM:a.qiF{n csoficrsa
Ha caMoJlera I{ cborBerHa [oAroroBKa firrJlorbr LIMa BT,3Mo)I(Hocr Aa cBe.qe
paslpeAeJreHr{ero Ha eHepru.sra MexAy ylpaBneHr.re r{ rleneBo r43rroJr3BaHe Ao
cborHorrreHue l:4 B rroJr3a Ha rrocneAHoro. ,{o6pe aftanryrpalru.rrr ce Jrereq KbM
csoftcrsara Ha caMoJlera ro ylpaBn-sBa c aBToMart4gvpaur4ABlrxeur4{. VcraHoseHo
e, qe,B cIarHaJIa oT JIeTeIIa BIz)JaTIl [pI{CbCTBaT MaJrKrr, HerrpeKbcHaTr !'BTI)Ke]F.]1^fl.
Ha KoMaHAHufl Irocr c qecrora oKoJro I Hzu aMrrlrr4ly4a, [peAr,r3Br,rKBarrla orBerga
peaKrl}It Ha caMoJIeTa oKOJIO vrIJ!'l4BI.IAyArrHIIn rrpal- Ha rlyBcTB]rTeJrHocT Ha BCeKr{
tII{JIor. Tosa e recr, c rofiro JIeTeIIGT, o6pasuo Ka3arlo, ,,oll4[Ba" o6erra sa
ylpaBneHr,re u [onylraBa qeHHa unQopvraqus sa co6crseHara cu ararrrawrs KbM
IrpoMeHfIIIIIre ce csoficrBa Ha ailapara, HeroBara I,I3npaBHocr 14 orcbcrBve Ha
aHoMaJrr{rr. Tesra 4ruxenufl, ca oco6eno xapaKTepHn upn raqaue [4].
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I4:yuananero Ha MexaHu3Mr{Te Ha a4aflTarfr{q r,r Bb3MoxHocrr{Te Ha [r{Jro'ra
Aa ocl4rypn ycrofiunB pexr,rM Ha yr.rpaBneH[e B HopManHrr n asapuitttu
o6cro.srencrBa e rrocro.f,HHa :,ap.aqa Ha lr3cneAoBareJrr{Te. lJasHra.fir pe3yJrrar
or ra3r{ 4efiuocr e rpepa3rpeAeJreHu€ Ha $ynKrlr,urre MexAy qoBeKa v cvcreuara
3a yrrpaBJreHrae npu rapanTr,rpaHa eQerrnnnocr r{ degonacnocr Ha rrorerr{re Jr

lpI,IeMJII,IBa crofiHocr Ha npoMeHrrre rrr BbBexAaHero Ha HoBrr rexHoJrort4rr. Ta:u
AefiHocr ce r,r3BcpuBa rJraBHo Ha rpeuaxopu [1, 3, 4, 71, flpea rocreAHoro
AeceTI{JIeTI{e, [OpaAIuI pa3BUTUe Ha r{3qr,ICII,ITeJIHaTa TeXHUKa, Ce Sa6eJl.f,Sna
TeHAeHII[s 3a orrpocr.flBaHe Ha MoropHara KoMrroHeHTa n gefinocrra Ha rII{JIora
IIo yIIpaBneHHero Ha caMonera (Anuxenu.s c KoMaHAHT{Te JrocroBe 3a 3a.rra3BaHe
LlJrrA V3MeHeHr.re Ha pexI,IMa Ua UOlera). Ha paanuTr{eTo Ha Te3r{ upoSneuu n
KoHTypa 3a yrrpaBJreHr,re e [ocBereH Hacrorulrrr o6sop.

flpoqecnre Ha aAalrarll,rr [porr,rqar KaKTo Ha BxoAa Ha [r{Jrora, TaKa v Ha
Il3xoAa or Hero. Or crnrprueHcrBoro Ha uH$oprvrarluoHHoro ocuryprmaHe Ha
peanHfi_s t[IrvHa Br,ByanI,I3I,IpaHr,rr MoAen Ha noJreTa 3aBvckr rJraBHo 3aKbcHeHrreTo
flpu [pr4eMaue Ha uH$opvraquxra, neiruvre flpaMerpr.r Ha A]rcKperv3a;\nfl, vr

Soprvrrnpanero Ha eKcrparroJralll{oHH}rff MexaHuarrra, rofiro [o3Bor.sBa Ha nl{Jrora
IIPABI,IJIHO AA PA3TIPEAEIS BHUMAHI{ETO CI,I N TA6UHATA I,I HA IIPOCTPAHCTBOTO
ri3BbH ue.f,. B Apyrara rotrKa - Ha r,r3xoAa or rrlrJrora ce {oprnrnpar aAa[Tilqr{oHHr,r
MexaHLr3Mr{, Kor{To ocuryp.f,Bar ycrofiuunocr Ha KoHTypa 3a y[paBJreHr{e u rrypaflT
rJraBHa pons 3a .caMoqyBcrBr4ero My KaTo KoMaHAHo 3BeHo B Korlrypa 3a
ynpaBJreHrae. C oco6eH rrpuoplrrer 3a Jrererla ca yceIuan:,;rflTa za ;y'gnr'arauu
ycwils.lr [peMecTBaHe Ha JrocTa 3a ynpaBJreHge r{ pe3yJrTaTa oT Te3r{ r:'nsgeitcrnan.
Ycurrutra il ilpeMecrBaHuxra Ha KoMaH.uHllTe JrocroBe, ce pa3rJre)K.rr,ar Karo
clryuaft:nu BeJrr{qHHi{, a fiplr MoAen}rpaHe Ha KoHTypa ce [peAcraBsr or
roer$uquexra Ha ycr{nBaHe B rrpeAaBareJrlrara SyHxqvs. Ha ilurora c ycraHoBeH
or r{3cneAoBareJrcKr{ eaAaqr,r 3aKoH Ha pa3rlpeAeneH}Ie. B cucrenaara 3a
yrrpaBneHrre-fipeMecTBaHrtflTa 14 ycmlrvflTa Ha KoMaHAHI,ITe JIocToBe ce pa3IJIexAaT
Karo AerepM[Hr,rpaHu nerrrr,rqu (xaparrepucrrirKrr Ha crarqqHa yfipaBrs.evocr)
r4 ca HopMarrrBHo pernaMeHTupanu. ftrpoqecsT Ha ap.arrrar\vs. rro xapaKTepr4crvrKlr
Ha yrrpaBJr.seMocr Moxe Aa ce cMflTa n Hafi-npoclut cstyuafi3a 3aBapileH, Koraro
clyuafinure Beruqr,rHr,r na roeQzqueHTa Ha ycLIJIBaHe Ha rluJrora ca rpyrl;zrpar:rr
oKoJro craruqnara xapaKreprrcruna Ha yIIpaBJLrIeMocr I{ pascefiranero My e B

rp aHr{III,rTe Ha,AonycrraMure I{3MeH eHrir.s.

3a Aa Mo)Ke Aa Hacrpol{ cnor roe$urrr{eHT Ha ycvnBaHe KbM cra'rr{rrHrrre
xapaKTepr,rcrr{Kr{ Ha ylpaBJrfleMocr, y fl]rJrora B npoueca Ha yrrpaBJteHr4e'ce

$opvrxpar BcrperrrHr,r o6parnu Bpb3Krr - or qyBcTBI,ITeJIHI{Te opraHI,I ( na prrala,
nauprrurep) Ao rleHTpanHara HepBHa cncreMa. B crnpeuerrHr{Te cncreMr 3a
yrrpaBneHr4e c xr,rApoycvrrrBa'relrvr Te3lr ycetlla]f^vfl 3a r.Hap. ,,KopaBrrHa" Ha
opraHr,rre 3a yrrpaBneHr{e ce Qoprnrrapar lr3xycrBeHo qpe3 HaroBapBalqrl
MexaHrd3Mlr naft-qecro c lpyxr,rHr,r, pa6orerqn Ha Harr{cr. Tegra vexanugprrz
IdMI'4TIZpAT ycrllnlae IIpU [peMeCTBaHe Ha JTOCTOBeTe AOpU Ilpr,r HyJreBa CKOpOCT.

3a xaparrep[3r,rpaHe Ha roBa cnoficrso ce r43rroJr3Ba rroHrrr{ero ,,[paBeAeHa
KopaBr{Ha Ha HaroBapBarrlr{r MexaHrr3bM KrbM pbKoxBarKara Ha [r,IJrori]". flpu
neKr,r Ao3ByKoBr{ caMoJrerr{ c ylpaBJleHue 6es xugpoycr,IJrBareJrr4r neo6xoAuvoro
ycrlnve 3a rrpeMecrBaHe Ha KoMaHAHlrre JrocroBe s ra6r4nara ce [oryqaBa
ecrecrBeHo or [rapHupHl{.g MoMeHT Ha opraH}rre 3a yrrpaBjrer[re u ce yceula or
rrt4Jrora caMo cneA rarb cauonerrr na6epe orrpeAeJreHa cKopocr. C ynenuuanaHe
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Ha cKopocrTa HeooxoAr{MoTo ycuJrve oT JreTerla 3a eAHg u csnlo oTKnoHeHr,re Ha
KOpMrrJraTa HapacTBa.

B peeyrrar Ha [pr.rJraraHe Ha crrlra Ha r,r3xoAa or Jrocra 3a ynpaBneHr.re ce
tloJryqaBa npeMecTBaHe, KoeTO CrircTeMaTa 3a ynpaBneHr,re IIpeBpbrrla B
orxJroHeHrre Ha KopMr,rJroro. Tasv npeo6paeynarqa $yHKqvfl. Ha cr,rcreMara 3a
y[paBJreHr(e ce xapaKTepv3vpa or rrpeAaBareJrHoro i qucno. trIpu usrycrneuo
$oprraupann ycuJrtrfl, B crlcreMara 3a yflpaBJreHr{e [peAaBareJrHvrre v.vcra v
KOpaBI{HaTa Ha HarOBapBaIrIrrTe MexaHr{3Mr4 B pa3nuqHr,rTe KaHaJrr{ 3a yrrpaBneHr,re
rpr6na 4a ca QynxqrrH Ha pexrrMa Ha nonera r.r [paKTr.rqecKara peanh3a\L4s. Ha
Te3I{ 3aBI{cI{MocrI{ e eAHa or nafi-saxHr{Te 3allaqr{ Ha cr{HTe3a Ha crrcreMr.rre 3a
yrrpaBJreHr{e - or Hes 3aBr4c!r ycroftuunocrra Ha 3arBopeHr,rr KoHTyp 3a
yflpaBneHr,re c [r,rJror Karo KoMaHAHO 3BeHO. vCeuanero 3a ]r3MeHeHr{.E B
TIOAATJI}IBOCTTA HA KOMAHAHI,ITE OPTAHI,I 3A YIPABNEHI{E AKTI,IBI,IPA Y M,IJIOTA
BbrperrrHara o6parua Bpb3Ka rro ycr,rJrr,re, Korro My crroMara Aa ce aAa[Tr,rpa KbM
csoficrsara Ha caMonera vr ra ro ylpaBJrrBa aAeKBarHo Ha HeroBara peaKrlu.s.

Polgra Ha BGTpeIrrHure o6parnlr Bpb3KI,I B rII{JIora r{ MexaHr{3MI{Te, Kor{To
rr,r aKTr,rBr{par or cr{creMara 3a y[paBnenue, nafi-Ao6pe ce r{nrccrprrpa or
I,I3cneAlaHe rra KoHTypa 3a olpeAersHe rpaHr.rqara Ha ycrofi.runocr rrpn
rIocTotHHIt 3HaqeHllfl Ha [peAaBaTeJrHr{Te qI,ICJra I,I KopaBrrHara Ha HaroBapBarqute
MexaHrr3Mra. C novoulTa Ha y,qo6es auaJrr{Tr{rreu Mero.q [2] voxe aa 6.s4e
loJlyqeH rlp,eAerHusr or ycJroB]r.f,ra na ycrofiqr{Bocr xoeQraqneHT Ha yc}rJrBaHe
Ha JIeTeUa - TOBa e ycunrreTo 3a ABr,rxeHI,Ie Ha KoMaHAHT{Te OpraHrI, KOeTO
rrpeAI,I3BI,IKBa rraIIGJrHO O[pe.qeneHl,I ]I3MeHeIJyrfl. HA [apaMeTpnTe Ha [oJreTa
(nanpzuep, [peroBapBaue), no KoHTyprr 3a yrrpaBneHr,re rrpu re3r,r ycr,rJrr{s e Ha
rpaHurlara ua ycrofiv.trBocr, a roBa ce I{3pa3flBa B HeBb3Mo)r(Hocr I\a ce
cra6u;nusupa caMoJrera. flpn flo-roJreMr{ ycnnyrfl, or Jrereqa aMrrnr,rryAara Ha
rore6an[sra Ha rrapaMerpr,rre Hapacrsa. flo pe3ynraru or [poBeAeHo
U3CNEADAHE HA KOHTYPA 3A YIIPABJIEHI{E 34 MAHEBPCH CAMOJIET MOIAT AA CE
floryqar neo6xoguvr{Te H3BoAI{ sa norpe6nl,ITe I,r3MeHeHu.ff B ctrcreMara 3a
He[psKo ylpaBneHr.re, ga Ea ce oc]rnypu ycrofivnnocr Ha 3arBopeHr4s KoHTyp.

O6qnre I{3BoArI or MoAenupaHero vr ananrr4TrrqHoro r{3cJle,qBaHe ce cBexAar
AO CIeAHOTO:

I . flpu [ocro.sHHr,r 3HaqeHlls Ha KopaB]rH ara Ha HaroBapBarrlfi.f, MexaHr,r3bM
U TIPEAABATCJIHOTO II}ICJIO OT KOMAHAHI{' JIOCT AO KOPMI,IJIOTO C YBEII{qABAHE
Ha cKopocrra Ha [oJlera ce r*.al,'r,arrflBa rrpeAeJrHuxr roeSr,rqrdeHT Ha ycrrnBaHe Ha
rrrrJrora. Tofi npecnqa Ha Ao3ByKoBu cKopocrlr 3oHara Ha HopMarLrBHLrs
(pa6oruur) ,uuanaaou flo yckrnvs, xofiro e QopvrapaH or cr{creMara 3a
ylpaBneHue .

2.3a la sarra3ur ycrofi.runocrra Ha KoHTypa 3a yrrpaBneHr{e rrrrJrorsr rptlna
HerlpeKbcHaTo c yBerl{qaBaHe Ha cKopocTTa Ia Trpvnal.a Bce rro-MaJrKI{ ycvrkrfl, u
Aa orKnoH.rrBa rro-MaJrKo KopMr4Jrara, Koero He Moxe Aa 6lAe Ao3r,rpaHo
IrpaBI4JrHo, aro ueo6xo4IzIMI{Te yc\rJrr4fl. ca rIoA HrKaK:bB ncIExoouozoJrofl{rleH rrpar,
n}JAr4BI/.ryAJreH 3a BCeKrl rrr{Jror. Tpy4uocrra vrBa n or o6crosreJrcrBoro, qe
caMoJIeTEr cTaBa MHOrO qyBCTBr.rTeJreH B HOpMaTr{BHyrfl A].dATTA3OH rro yor{Jrrr.fl,
xofiro e cro6paseH c peanHr{Te Bb3MoxHocrr{ Ha qoBeKa r{ e xapaKTepen c nafi-
rOJI{MA TOqHOCT HA ABI{XEHWTA. IIP],I' TAKOBA CbBIIAAEHI{E HA TIPCAEJIHI4fl
xoeSuquenr Ha ycI4JrBare Lr HopMarr{BHrdre xapaxTepr.rcrLtKrr Ha crarr{rrHa
ylpaBnseMocT ce lonyqaBar sBJreHI4.rI, KorrTo B aBr{aIII{OHHaTa IIpaKTrrKa Ce
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Hapwl'ar ,'[peyupaBn-fleMocr" (,paarauran', ,,overkontrol"). flo4o6Hu pe)Kr{MLr
ca perrlcTpt4paHI4 B HalIaJIHI{r eTaII Ha rrpr{JroxeHr4e Ha xr{Apoycr{JrBaTeJIrI, KOTaTO
IIIMLITaIIII.flTAHayCIiJJvfl. B KOHTypa 3a yIIpaBneHVe e 6ula HeAOCTaTbqHO rrpeUr43Hit.
Cp"ttra ce I4I IIpu orKa3lrt Ha cl{creMara3ar4Mvrrar\trs.:r,aycvnnflBbpxy KoMaHAHI4Te
JrocroBe. Heaaruxnaqure xone6aql4s, ce upeKparcBar flpu [ycKaHe Ha nocra 3a
yrlpaBneHl're, T'e. cJIeA rIpeKT,cBaHe Ha 3arBopeHus KoHTyp Ha ynpaBneHze.

3. Aro crdcreMara 3a ylpaBneHr{e He aKTvrBvrpa rroJre3Ha BblperuHa
4nnrarennd o6parHa Bpb3Ka, rrr{JIorBT AoCTr4ra r.Hap. ,,[peAeJr Ha yrrpaBnfleMocr'-,
[opaAr,r r43qepnBaHe Ha a4arrrr,rBHr4Te cZ CIOCO6HOCTT{. Heo6xolnnro e c
yBeJILIqaBaHe Ha cKop ocTTa' KaKTo IIpI,I MexaHLIiIHoTo yIIp aBneHI,Ie,,,Kopa BI{HaTa
Ha yrrpaBneHlrero" Aa lrapacrBa, Aro roBa e ocurypeHo or crrequanHr{ aBf.oMarpr,
Jrererlbr rlpe3 rocra 3a yrrpaBneHHe yceua lpoMflHara Ha pexr4Ma Ha rrc)Jrera, a
npe[enHvflr xoe0uqlreHT Ha ycI,IJrBaHe e pa3rronoxeH I{3B:brr Lrrayra3o:r"a Ha
crarlrarHr{Te xapaxTepr,rcrvrKtr Ha yrrpaBnfleMocr. ElaroAapeHr,re Ha roJreMI4fl
pe3epB ro roeQuqr{eHT Ha ycnJrBaHe xore6arenHara Heycrofiqrasocr e
r{3KnroqeHa [pr{ HopMalHu $ynrqnr{ Ha Jrererla.

CrnlecTnenoro rIpeAI4McrBo Ha ra3r4 quvrarenna (xuuecreruuua) unrf opvra-
t$s. e, qe r.s e 3arrIr{TQHa OT CMyrueHr,rs ra 3aeAHo c ocraHzulr{Te yceqaHuf, (nra6pa_
IIr{r{, rrlyM, rlocoKa Ha flperoBapnauero) c[oMara Ha Jrerer{a Aa yrrparrnrBa c
aBToMaTrr3I4paHv ABtlxe}Jus.. Ha H.f,KoLI pexlaMl,r (roneun Trrrpr Ha araxaL) 4axe
yMr{rrrJreHo ce cb3AaBa UOJTe3HO TpeceHe Ha JTOCTa 3a ynpaBneHve Karo
npeAyrlpexAeHr{e 3a 4o6luxanaHe Ha rlpeAeJreH penfl{M. trIrnopupanero rra ro3}r
azg uu$oprnlalll4fl, Koero ce [oryqaBa peaJrHo rrpt4 H.f,KoI{ olpocreHr{ TpeHaxopr4, e
ocl{oBHara npI{tII4Ha 3a qyBcrBoro Ha Jrererla, qe rpeHaxoprjr He e cavroner. flprz
TaKI{Ba CI{MynaTOpLI ce orpaHl{qaBa rrpoqecTn Ha r,r3rpaxAaHe Ha BepeH KoHrlerrTyturerr
MO.IICJI HA TIOJIETA CAMO IIPE3 TPCHI{POBKII HA 3EM,'ITA B MOAENI{PAHVIYCNABilfl.,

cnryaqzrra 3arroqHa Aa ce [poMeH.rr npes 70-re rolr4:r-vr, Koraro
BHeAp-flBaHero ua 6opgoBl{ kI3q}lcJILITeJrHIi KoMrrneKcr{ r,r eneKTpoArrcraHr(r{oHHr.r
CVCTeMLI 3a yIIpaBneHI4e cTaHa MacOBO fiBJreHVe.

TesAenqrar.r B ponrra Ha BTirperxHvre
ABlrrarenH u o6p anrtu Bpb3Kr.r

Cne4 70-re roArlHr4 3arroqHa reHAeHrlulr 3a olpocrqBaHe
Ha I{aroBapBaIrII4Te MexaHI{3Mr{ r{ rleHTpanHr s. rocr 3a yrrpaBneHrae. flosrrrD(a ce
cTpaHI4qHu pbqKI'I c MHoIo MaJIbK xo.q, Bbpxy pbKoXBaTKrITe Ha Kolz'ro ce
PA3TIOJIATAT MHOXCCTNO 6YrOrrU 3A B6BEXAAHE HA KOMAHALT HA NETCIIA II
lpeBKnro,qBaHe Ha pa3JrI{qHr,I pex(}rMH or cflcreMara ga wpaBJleH]re. c Tarzsa
pbrIKI'I o6zrnoreno ce [3[on3Bar rlpyx]rHHo-HaroBapBarrl]r MexaHvr3Mvt) Kor.rro
He rIpoMeHflT KopaBl{Hara cI{ rro pexvMa Ha rroJrera. 3agauara sa ycrofivzr,ocr Ha.
KoHTypa 3a yrlpaBneHl4e B TaKbB clJyuafi. ce pe[raBa or 6op4orara EITIM. flunorrT
rur HeroBr{Te KoMaHAr,r ce KoHTpoJrr{par u aopa6orBar HerrpeKr,cHaro. crulecrnynar,
eKcnepLIMeHTanHuI crpaHI{qHI,I JrocroBe 3a yrrpaBJreHr,re, rrpra Kor{To 6alaucuponru-
HOTO rrOJrOXeHr{e He ce IIpoMeH.fl C r{3MeHeH[e Ha rIeHTpoBKara r4 cKopocrra Ha
caMoJlera, a ce IIpoMeH.fl CaMO rIOJrOXeHnero Ha KopMI{JrOTO, KOerO e rprDKa Ha
eneKrpoAlrcrarrrlr{oHHara cT4creMa 3a yrrpaBneHue (E!cv) u El4M. Jlerqnre na
caMonerr{ c no4o6HU Cr{CTeMu 3a ylpaBJreHr{e Mofar Aa ycer.f,T, qe B yrrpaBnoHr{ero
,,HflKOfi HelpeK:bcHaro ce HaMecBa lI Koptrrl{pa KoMaHAI,ITe", 3arqoro ce [poMeH,
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cbIIIeCTBeHo ycTaHoBllnara ce [paKTI4Ka Ha pbqHo III'tJIoTI,IpaHe.Tasv TeHAeHrIr,rt
He cpeqa rloAKperla oT [oBeqeTo rrr{JroTrl v 3aToBa B rro-HaTaTsrrrHoTo pa3BraTrre
Ha cllcreMrrre c EACy B laMerra Ha El4M ce 3arrata 3aBrrcr4Mocr Me)KAy
6anancuponr,qHoro tronoxeHlle Ha Jrocra ]r cKopocrra Ha rronera. Cuouenaroro
olpocrsBarre Ha poJrqra Ha BbrperflHzr'e o6parHr,r Bp63Kr.,r no ycuJryre Ha
cbBpeMeHHI,ITe caMoJlerlt ce nplrApyxaBa H or HoBa gncnleirua rexrronorr{ff 3a
uso6pasxnaHe Ha rloJloxeHnero Ha caMoJrera B rrpocrpaHcrBoro. Ha qeurpannux
Aucnlefi qpe3 KoM[rcTbprra Bv3yarrvsarJrrs. ce flpeAcraB.f, MoAeJr Ha [oJrera,
cr,3AaAeH IIo Ilpr,rHrll,rna ,,rJreAaHe r{a caMoJrera or ua6nro4arer" - na Qona na
u:o6paxeuue Ha 3eMHara rroBbpxHocr. TasH unSopvaqns e oco6eHo [oJre3Ha 3a
BOeHHIITe III{JIOTII, KOLITO I43IIBJIH'BaT pa3y3HaBaHe, nOAAbpXaHe Ha C)D(OIIbTHUTe
softcru or B63"(yxa n yHr,rqoxaBar rlenu Bbpxy 3eMHara rroBbpxHocr. Ts rroArroMara
rrllJlora IIpu rlbnHo orcbcrBve Ha BI{AI{Mocr, Koraro, HalpLIMep, [peAHaMepeHo
ce 3arBap.s cbc cneul{aJIHI,I qopn ocrbKJreHr,Iero na ra6ilnara rrpyr r{3rron3BaHe Ha
.rrApeHo opbxr{e (B-52) u rrplr'KarlaHe B cJroxHr,r ycnoBr,rs. Tosu cpannr{renHo HoB
unQoprvraquoHeH eneMeHT B lr4Jrorr{paHero lo npu6opu e olr,rr Aa ce peIIII,I [otrrrr
rronyBeKoBHr,rfl cllop aa Qoprvrupal1.e Ha aAeKBareH o6pas Ha fiorera qpe3
npN6opnara uu$opvaqzr. flcuxoJrornqecKoro rrpe.4r4McrBo Ha zao6paxeHnero
or rl{[a ,,DIeAaHe Ha caMoJlera or na6ruo4areJl" e AoKa3aHo B eKcnepilM e:grTn vt ce
o6.f,cHssa rJraBHo or o6crogTeJrcrBoro, rre fipu orcbcrBr{e Ha ecrecrBeH xopI,I3oHT
rIeHTbp 3a opr{eHTarlr{.f, B rrpocrpaHcrBoro craBa caMonerbr. MogepHure
TexHdnor[u npoMeH.ST Xapar(Tepa ua pa6ora'Ha rrr{Jrora - 3aBLr]raBar ce
I{3}ICKBaHI{flTa 3a onepaTOpCK}I yMeHI,I-s II TOBa OIIpaBAaBa AByrUIeHHus eKLInax
npz MaHeBpeHure BoeHHI{ caMoJrerrir. Hosure rexHonorr{I,r ca B cbcro flHve IJa
oclaryp-flT y[paBneHl,Iero rI Ha MaHeBpeH 6egnunoren caMoJrer Irpu ra3rrbnHeHr4e
Ha peanloa 3aqaqa no 6oftHo Lr3noJr3BaHe (nanpuuep, npoeKT X-36 na Bounr). C
poSoruaaqvflla Ha 6ofinzre caMoJrerlr ce rleJru .qa ce 3arra3r nafi-rpyAno
B:b3nporI3BoAI,IMOTO BbB BOeHHaTA aBVArIUfl. - lrOBeKTjr r.r HarpyrraHvr oT Hero orrr{T.

14sso.uu

OcnosHusr n Hait-saxeu I,r3BoA or crroMeHarrlTe reHreH-
qI{I'I B yIIpaBJIeHI'IeTO Ha CbBpeMeHHLITe CaMOJIeTII e, qe I]IJIOTaT BCe IIoBeqe Ce
r;aMvrpa B MoAen[paH KoHTyp 3a yrrpaBJreHr{e - nafi-noAxoAflrrl or rrcr{xo-
SzoNoloruqHa rJIeAHa rorlKa. Cnoficrsara na cavrorera, rrpoMeHrrqu ce B rrrrlpox
rLra;lasou, qpe3 cr.rcreMara 3a yrrpaBJreHr,re (EACy u EIrIM) ce cBexAar Ao Hafi-
y Ao6sus, 3a nr{Jrora A}rHaM}rqeH MoAeJr.

onrarrr or aBr{aqurra u oco6eno or KocMorraBTr{Kara orrpeAenfl s 6rAerqe
Bce IIo-3HarII{TeJrHa pons Ha MoAenr{paHr{Te ycJroBtrfl Ha rroJrera lpn Qopvrupane
Ha rrrrJrora. 

.crornoureHlrero 
MexAy BpeMero sa pa'ota Ha rpeHaxop u peaneH

rloner 3aBrrclr oT eTarra Ha [o,qroToBKa r{ oT xapaKTepa Ha rroJreTH}rTe 3a4allils..
flpu nznurareJIHLt IIoJIerrI Ha Bb3AynrHoKocMr{r{ecKvr anaparfiToBa cborHorrreH}re
Moxe Aa SrAe 30:l s rionga Ha rpeHaxopure. Ce6ecrofinecrra Ha eAuH arac

,,[orer" Ha rpeHax(op e or l0 lo 100 utru [o-H]rcKa or cbrrloro BpeMe rlplr
peaneH rIoJIer xaro eQexrl{BHocrra ua o6yuenuero e rrpaKTr{rrecKr{ eI.Hav cbrrla.
flo r"rnenr,rero Ha crreqlraJrlrcrrr rro r,rHxeHepHa rrcuxoJrofl{r [7] npervrero 3a
rroAroroBKa Ha Jrerqil qpe3 TpeHaxop ce HaMaJr.f,Ba rpu flbrrr, a roBa BpeMe npu
Tpa.q[quoHHu MeroAr{ Ha noArorosrca e 25yo or o6uus JrerareJreH crax.
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Ponsra Ha [r,rJrora Karo ocHoBHo 3BeHo B KoHTypa 3a ylpaBJreHr4e BeporrHo
IUe ce 3arIa3I'I 3a TpaHcIIopTHI'ITe caMoJIeTrI' MUUIKaTa aB[4a\ug, u Iqe ce np,oMeHf,
3a raKTurrecKara aBrirarlll.fi B flocoKa - yBeJrrrqaBaHe Ha oleparopcKure Qyarquu.

B 6t,qeqe qe ce crecHsBa rloJlero ga alLawra\v|nuanutorarrrur csoftcrnara
Ha caMo,Jrera, Teg[ Qynxqrz qe [oeMe crrcreMara 3a y[paBneHue. flparruqecKu
6esnpo6neuHara eBoJrrorll{s or rleHTpaireH rrlypBaJr KbM crpaHurrHa pbrrra 3a
yrIpaBJIeHI{e pa3KpI{Ba Bb3MOXHOCTT,T 3a r{3rroJr3BaHe Ha MHOIO OT CbrrlecTBy-
BAIIII,ITE HACII B KOMIIIOTb,PHI{TE IIrPLI 34 C33AABAHE HA CIIEqIANI,I3VPAHV
o[pocreHr,r rpeHaxop[. o6utara [cuxonorr4rrHa crpyKTypa Ha nerareJrHara
4efiHocr e 3aJroxeHa rhro ocnosa B cl3AaBaHero Ha raKr{Ba KoMrrrorbpHr,r MoAeJru
Ha rroJrera, a roBa e nafi-saxHoTo r{3r.ICKBaHe 3a CboTBercrBrae uexgy 6no-
MexaHI,IqHV Te CI,ICTeMI,I,,TII{JIOT- CaMOIeT.. LI ;, [I{rOT_rp euaxop,,,
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flocmz,nuta na 7.[V 1997e.

Evolution of internal feedbacks

Dimitar lordanov

(S um m ary)

In the review, the engineering-psychological aspects of air-
plane control circuits are considered. Th; funddmintal roG of th^e kinerstatic
(motor) internal feedbacks is discussed based on the results from a stabilitv
study of a modelled control circuit. The tendencies for modification of the conl
trol lever in the cabin, and simplification of the motor component of the pilot,s
action are shown.
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Hsroz oco6eHo cTn Ha [poqecr4Te
Tpr,reHe r{ [r3HocBaHe BbB BaKyyM

Ionurca Cuueouoea, TuHrca fposd auoea,
Jlnduutta fluurcoaa

Hucmumym 3a Kocrwuqecrcu usctedQauun, EAH

Hayunu.nr flporpec e Hepa3pr{BHo cBbp3aH c norpe6nocrure
Ha rIpaKTHKara r{ ToBa B nbnHa crerleH ce orxacfl 3a r{3cJIeABaHero Ha [poqecr.ITe
TpHeHe r{ cMa3BaHe BbB BaKyyM.

flrpnure u3cre!'BaHu.fl Ha rpueHero B:bB BaKyyM ca cBcp3aHr{ c r{Mero Ha
Illaprore flxo6 (1912 r.), a nrpnara rexHHrrecKa 3aAaqa B ra3r o6lacr - c
eKcrJroararlr4flra Ha peHrreHoBure rpr6u c Bbprrru ce aHoA (1936 r.).

rlpee 1930 r. IIIoy u Jlenu nponerAar eKcrepr{MeHrr{ 3a orrpeAeJrfrHe Ha
xoeQuquenra Ha rpr,reHe BbB BaKyyM npr,r pa3nnqHr,r rpu6oasofiKu or
EAHOI{MEHHI{ I{ PA3IIOI,IMEHHII METAJIH [1]. KO$IIU PA3BI,IBI,IBA I4T,ET.TA, q.E

cnoco6nocrra Ha MeraJILfie Ea o6pasynar crrJraBu TyK e or perrraBarrlo 3HaqeHlre,
a Mar-JIun npaBu rnacu0uxaqvs, Ha H.f,Kor,r v,arepnanv rro rrxHara cxJloHHocr
xrrvr o6pasyBaHe Ha cryAeHa 3aBapKa rrpr.r rprreHero BbB BaKyyM. flpes 1965 r.
Earlu n ,{xoucrn I.r3yqaBar $purquonHvre pr a[xe3r{oHHrrre pnoficrsa Ha H.f,Kor{
Marepuann B cBpbxBr4cor naryyu [2].

Cltqecrnenoro pa3BI,ITrIe Ha re3r{ r,r3cJreABaHLr[ e cBbp3aHo c norpe6nocrr{Te
Ha KocMLIrIecKara rexHuKa 3a ocfiryp.flBane pa6orara Ha pa3JrprrrHz 3aABrrxBarqu
MexaHr{3Mr{, ycrpoficrna 3a BbpreHe Ha aHTeHI{, npUCUOCO6I eHvfl 3a orBapsHe pr

3arBaptHe Ha [JIIoMtIHaropLl, r{ cJlbHqeBlr 
'6arepwu, 

caMoxoAHrr KocMI4qecKH
o6erru n 4p. VcnoaBaHero ua Kocvoca, KarlaHero Ha Apyrrr flJrar{errr, npr,rABrrxBa-
HeTo IIo T.gX' cTpoI{TeJIcTBoTo Ha pa3IurIHI,I cbopaxelF'vIg, vI3cIeABaHeTo Ha
rpyHAa I'I Ap. [3I{cKBaT peluaBaHeTo Ha 3a!,aqv, 3ac.sratqu eKcrIJIoaTaUrz'frTa Ha
rpu6onrsrn, [oAJroxeHr{ Ha HaroBapBaHe B ycnoBurra Ha BaKyyM [3]. Bcuvrr.r
Te ca cBbp3aHv c pe[raBaHero na npo6leMlr, rporlr3Tr,rqarlfl or cuequsnqHr{Te
ocooelrocTr{ Ha [poqecHTe Tpr{eHe [r I{3HOCBaHe BbB BaKyyM.

Karro e lI3BecrHo, ctcro.flHl{ero Ha Marepr4ana ilpu naar.ruo4eficrBr{ero Ha
rloBbpxHoc:rr{Te ce o[peAenr or cJro)reHa cbBKynHocr or MexaHprrrnu, $usvro-

125



xI4MI{qHIr I'I Apyru lrpoqecH, nporI,IaIanII4 B TT,HKLI-g rloBlbpxHocreH cnofi. EAna
or clblrlecrBeHI{Te oco6eHocrr.I Ha rpIleHero BT,B BaKyyM e, qe llpoUecIuITer 3acfltar
He caMo MLIKpofeoMerpvflTa Ha rroBbpxHocrra, a rd HeftHoro Qz:uroxzlur{qecKo
c'bcro.sHr,re, o[peAeJLsHO OT nplrgb?rBfl.ero Ha 3aIrIr{THr,I OKr4CHr{ ClOeBe 1r
aAcop6quoHHn crpyKTypr\ ilnv or cscro.sHr,rero ir Karo r,r3qucreHa. xub{r4qecxr{
aKTr.rBHa noBbpxHocr. 3arona [pouecl{Te Ha B3ar,rMoAeftcrsue BbB BaKyyM Ce
pa3rJlexAar B ABa erarla:1) pa:pyruaBaHe 14 npeMaxBaue Ha oKr{cHr{Te c;roeBe r{
2) pa6ora [pr,r Helocp'e4crnen (ronenuren) xourarr. rlo rasu npuqr,rHa or
3HaqeHtre e creneHTa Ha pa3peAeHocr Ha pa6ornara cpeAa (naryyva) u rcco6erro
qACTHOTO HAJI.f,TAHE HA AKT\IBHPITE KOMIIOHCHTI{ HA OCTATT,qHI{' IA3 .B HC-'I, A
HaJItraHeTo B cl{creMaTa ce pa3rJlexAa KaTo napaMeTbp, oKa3Barq BJrtTsH\re Bbpxy
CbCTO.SHI,IETO B KOHTAKTA.

3a oqenra Ha BaKyyMHr{Te ycnoBr4s A.cunzs BbBexAa Karo rrarraMer}p
OTHOIIIEHI,ICTO MCXAY BPEMETO HA CAI,IHI,IqHHI KOHTAKT I{ BPEMETO, NEOIiXOAI,TIIO
3a I{3MeHeHLIe Ha CbCTO.SHUeTO Ha noBBpxHocrra IIOA Bnr,rsHI,Ie na cpe,rlata [4].llrpnoro ce onpeAeJrr or pex(r{Ma na rpu6onpoqeca r{ B qacrHocr or cKopocrra
Ha rpr{eHe, a BToporo - or BpeMero, neo6xo4}rMo 3a o6pasyaaue Ha oKr4cHLr tr
APYIU BTOPI,IIIHI,I CTPYKTYPI,I, CNOPEA CUIUTT BAKYYMHHTE YCNOBI,I,fl HACTbTBAT
TOfaBa, KOfaTO TOBa OTHOIIIeHVe CTaHe IIO-MaJIKO OT eAr,IHUUa.

3asucuNrocrra Ha roe0uquenra Ha rpueHe or BpeMerpaeHero Ha rpoueca
AaBa r,r3BecrHa IIpe/{craBa 3a HaCTs[Barrlr{Te IIpoMeHr{ B:bpxy rroBbpxHocrra rrrru
Tpl{eHero BbB BaKyyM. Ha Qur.l e rloKa3aHa ra3vr 3aBkrclrMocr, rronyqr3Ha 11pu
cyxo rpr{eHe BbB BaKyyM 10-a Pa cbc cKopocr 0,25 m/s c rpu6o4nofixa, crcraneira
ot ,,o6pa3ell" - croMasa 40X (fOCT), u r{HAeHTop or 3aKaneHa crorraana 45
(HRc 50), no MeroArr*ara, orvreara B [5]. Hefiuu.sr HaqaJreH erarr ce
xapaKTepr.r3r,rpa cbc cpaBHr.rrenHo rrprcKa c'rofinocr ua roesuqueHTa Ha rpr{eHe,
AOKaro ue 6tge pa3pyrrreH froBspxHocr]f-pr'.r oKr{ceH cnofi. cleg rona rofi
HapacrBa, cborBercrBaftxu na erala Ha B3al,IMo.qeficrnze MexAy r{3qr,IcreHure
MeranHr,r noBbpxHocrn, flpu xofrro lporLlqar orAenHr,r npouecl{ Ha MUKpO-

@ur.l. 3anzcuuocr
Br{coK BaKyyM
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3AIICIIBAHE I,I IIPOqCCI{ HA NOKAJIHI,I CTPYKTYPHI,I IIPOMEHU. CIEA TO3I,I ETATI
HACTbTIBA T.HAP. IPETPI,IBAHE B KOHTAKTA, [PI,I KOETO rOE$UqUCrrTbT HA TPI,IEHE
orHocureJrHo ce craSplJl]1,3vpa. Bpevero, geo6xoAutvro sa cra6r.uru3arfrrq. gaBuclr
or MHoxecrno Qaxropu v ce orrpeAeJrs eKcrrepr.rMeHTaJrHo.

Apyra xapaKTepHa oco6enocr Ha rpr4eHero u Lr3HocBa'erb Br,B BaKyyM
e cB:bp3alta c r.Hap. nparoB I{HTepBaJI Ha :Ha[rsraHero, npeAr,r3Br,rKaH or
I43MeHeHI'IeTo Ha KoJII{rIecTBoTo Ha KI,IcJIopoAa B ocTaTbqHILq ra3: npI,I KoeTo ce
rrpoMeH.fl Kr.rHerr,rKara Ha oKr.rcnr,rreJrHr{Te u a4cop6quoHH[re npoqecu. Ha $ur.2e rloKa3aHa sanuc[t\.{ocrra Ha uHTeH3UTera Ha I,I3HOCnane J or narsraHero
(creneHTa Ha BaKyyMa) - xpunara 1 npra ropnara rpu6oAnofixa r,r npuyKa3a'vrs.
rpn6opexuv. flparonn.rr r,rHrepBaJr na nar.sianero - 10-10-, pa e ao6pe "rpur."c xapaKTepHoro crpbMHo HapacrBaHe Ha r.I3HocBaHero. PaguonoxeHrrero Ha To3r{
I{HTepBaJr 3aBHCn OT CKOpOCTTA Ha rpr,reHe v ilprr. [o-MaJrKrrre cKopocrrr ce
u3MecrBa KbM IIo-BtrcoKI'ITe croftuocru Ha HaJl.flralrero. Blusuuero Ha cKopocrra
Ha rplreHe Br,pxy r{3HOCBaHero e cBbp3aHo c reMrrepbrypaTa B KoHTaKTa,
onpeAensqa xHMr,rqecKara aKTrltBHocr Ha noBbpxHocrure, 4uLyzutra,o6pa:ynanero Ha nonra Saeu, 4ecop6qz.f,ra, cbcrorHr{ero u rc6et ilara Ha
OKHCHI{TC CJIOEBC.

1 r-1 0-2 p3 0
P,PA

1,t

1,2

1,0

0,8 /
0,6

0,/.

4,2

t,

@ur '2' 3asucuMocr Ha I'IHTeH3I{Tera Ha Ll3rrocBaHe (l) u uaroelpzqzenra Ha rpr4erre (2) or creneura
Ha BaKyyMa

Xaparreprr Ha u3MelreHl4ero Ha roe$r,rqNenra Ha rpr4eHe B 3aBr{crrMocr or
HaJI'[IaHeTO e CXOAeH C XapaKTepa Ha IIsMeHeHLIe Ha II3HOCBaHeTO, IIO IIpeXOAHpIgT
r{HTepBar Ha HaJrf,raHero ryK e uo-cra60 u3pa3eH - s:1lr.2, Kpr{Ba ). Irp^ no-
Br'rcoKr{Te cKopocrr.r ira rpueHe cra6utrutsalllz'trra Ha xoeQuqueHTa Hacrr,11Ba npu
no-Br'rcoK BaKyyM B cpaBHeHlre c KpVBara Ha r{3Hocrane. Tyr, paz6upa 

"r, 
'o,

cblrlecrBeHo 3HaqeHr'Ie ca csoficrsara Ha caMI{Te lr,arepnaJrrr r{ Hacr:bnBarqrrre
CTPYKTYPHI,I I,I3MEHEHI,I' HA IIOBbPXHOCTHI{.fl CIIOiT, A CIqO TAKA V HEIOBOTO
ra3ooTAensHe B ycnoBr,r fl.ra Ha BaKyyMa.

Brruepo4nr.rre croMaHl,r B r,I3cJIeABaHrrs, Bvr He [peAcraBJr.f,Bar r4HTepec 3aHelocpeAcrBeHo IlpHnoxeHlle n Kocrraoca, ilopal.Lr rrxHara cKnoHHocr KbM
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o6pa:ynaue Ha cryAeHa 3aBapra rlplr cyxoro rpueHe BbB BaKyyM. Hcl rraex4y
pa3rr.{qHure xereporeHHv crraBu re ca nafi-y.qo6uu sa noAo6HI,I I,I3cneABaHI4.fl

[3]. flopaau cpaBHr{TenHo npocrr{s cH xr,rMl{qecKu cbcraB He 3arpyAHflBar r4H-

TeprlpeTaIIvfrTa Ha o[r,ITHI,rTe pe3ynraTl,I, a rexHI{Te 3aKoHoMeprlocrll I{
oco6enocru flpn rprreHero, r{ Lr3HocBaHero BbB BaKyyM B roJLf,Ma crerleH Morar
Aa 6r4al orHeceHr,r KbM rrrupoK Kpbr JrerupaHl,r croMaHlr.

3a roclau.recKr,r [puJroxeHus rrepcrreKTr{BHlr ca BbrnepoAHlrre c'roMa'HI{,
[oAJroxeHr,r Ha repMoxr'rMuqecKa o6pa6orra 3a cb3AaBaHe Ha r{oAxoAsrlu
roKpuru.fi [6]. rlper rsx cbrlecrBeHo ce no4o6prnar anrnQpuxquoltHrlre csoicrBa
Ha rroBbpxHocrra. Mnoro noAxoA.f,Irlo 3a qeJITa e repMoAlr$y:uonnoro
6opupaHe Ha HrrcKo- u cpeAHoBtlJrepoAHr,rre croMaHu, qpe3 (oero ce rIoBI{IrraBar
MrrKporBbpAocrra, TepMuqHara, aHTr{Kopo3rroHHara u rrporrrBo3aAr{p_aqa'ra
ycrofivunocr. Eopugnr{re cJroeBe Bbpxy croMaHara ue o6pasynar cryAeHa
3aBapKa B KOHTaKTa, 3aTOBa Ca rIOAXOAflrrIrr 3a CyXOTO Tpr,reHe BbB BTICOK BaKyyM.

Haurusr onilr uo{asBa, qe rr3Hocoycrofi.rnsocrra ua 6opupanrrre oroMaH}r
Moxe cbrrrecrBeHo Aa ce uogo6pu qpe3 BbBexAaHe Ha MexAuHeH MeraJI c
npeABapr,rrelna 4uQy3r,roHHa o6pa6orxa Ha croMauara rrpeAu nefino:ro
6opnpane. Cruacno Harrrara xrrrrore3a [7], sa rlerra ca rIoAxoAflIrIH npexoAHtrre
MeraJrr,r: qupronufi, uo.uu6Aen, sanaruir, lnraH lI Ap., Kolrro o6paayaar MeraJIo-
no4o6xu Bpb3Krr r.r [perrar na o6pasynauero Ha 6opu4nn Bepl{ru H Ha KoBaJIeHTITLI

Bp63Kr{ [prr cleArrHeHusra or r]r[a,,MeraJI - 6op".B pesynrat nJIacrrIqH[ITe
cnoficrsa Ha noKpnruero ce nogo6p.rnar, a re ca IIpf,Ko cBbp3alil c aAxe3l{tra,
Ko.sro e npeo6ragaBarrl MexaHu3bM Ha lr3HocBanero rrpu cyxoro rpnene. Tona
o6s,cHssa Qaxra, rre fi3Hocoycrofi.Ilnoclra Ha re3lr rloKpl{Tu.f, e [o-ror.flMa B

cpaBHeHr,re c u3Hocoycroftqusocrra na uono6opupaHlrre croMaHll n oco6exo
Ha neo6pa6oreHure.

Ha Qur.3 e rroKa3aHa uopQororusra Ha IloBbpxHocrra Ha [oKpflrusra
.sana4uir - 6op" (6), ;nran - 6op" (e), ,qnpxonmfr, - 6op" (e), ,voln6Aen -
6op" (d) Bbpxy croMaHa 40X clea cyxoro rpl{eHe. 3a cparneHve Ha caruara
Qurypa (a) e noxasaHa anaJroruqHara roBbpxHocr ua ueo6pa6oreHara croMaua
40X cnea cyxo rpr{eHe rrpu cbrrlure ycnoB}rr. OqeauAHo e no-cna6oro }I3HocBaHe

@rar.3. Mr,rrpo$ororpatlun rra rpzerqara rroBbpxrrocr cneA cyxo rplreHe Ha croMaHa 40X npe,qu
nefinara o6pa6orKa r{ cJreA TeprtroglrQyeuorroro tr 6opzpane c pa3JILrqHI,I MexAITHHLT npexol(Hla MeraJIIt
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(cnernure yuacrrqn) npu rou6uHr{paHr{Te 6opn4nra [oKpr,rrrrs b cparHenne c
neo6pa6oreHara rroBbpxnocr, KaKTo 14 3aBrdcr{MocrraHaBvpa Ha rr3HocBaHero or
MexAr,rHHLr{ MeraJr. IIpu crnocraB.flHe rrJrolura Ha cJreAETe or rE3HocBarre sait-
6laronpuxrHr ca norpuTr,r.sra ,,qI{pKoHLIft - 6op" kt,,nauaauit - 6op". Marap u
MaJrKo no-se6naroilpr4flTlc'v no ro3r{ IloKa3areJr, noKpllTl,I-sra ,,T'I{TaH - 6op" l,t

,,MorLI6AeH - 6op" rro cBoure rpu6ororuuHxr napaMerpr,r ca noAxoA.f,qr,r 3a cyxo
rpr{eHe [8]. Tasu ocodenocr rrpu cyxoro rpneHe Ha Bb3Ayx e B cr,rJra r,r rrpI,t cyxoro
Tpr,reHe B:nB BaKyyM. Tpn6oloruqHr.rre H3rrnrannfi Ha re3r,r v,arepvanv rroKa3Bar
T.sxHara rlp[nox]IMocr B ycnoBr,rsralaa BrrcoK BaKyyM v pecleKTr,rBno s Kocruroca.

/
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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 non-processed lowcarbon-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 o1
r^emotely sensed rnutrtichannel images-
A case study

Hristo Nikolov

S olar Terrestrial I nfluences Laboratoryt (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"il train-
ing method among the well known methods. Moreover, the procedure appliecl
for preparation of the training data is described as well as the initial 

"otrditionsunder which the training was performed. Also several configurations of the neu-
ral network with di ns in the hidden layers ranging frorrr
three.to eight are obtained after claisifying in image
containing more cl d in training set are.repoited.

1. Introduction
A final stage in the classification of multichannel data

obtain-ed by remote sensing techniques is creation of "a digital image, a rnap of
classified pixels" (Remote Sensing). Using statistical methods, as maximum fike-
liho_od, 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 confideni and
significant features for each cluster. Aftt rwards, in the real dati processirLg, it is
necessary to comput_e the degrees of probability for belonging for eaoh of tne
pixels to every one of the formed clusters and then to make thJ final decision. It
is obvious that this procedure is a comp
the following sections of this paper a
posed, which overcomes the above me
classification task. The advantages of t
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statistical one in resolving problems where a priori knowledge of the daia plo-
cessed is not available are discussed by many investigators [1]. Ftrere 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 provecl 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,14), where X are the
input parameters and ll'arc parameters of the networli 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:

F(k) = (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-
tion, 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:

MI
Y*(x) =\w*iF(\WXi) .

This structure can approximat" lny 
"on,i'nuous 

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 a 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 recoived 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. l.

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

._ __ Jh. main processing structure was chosen to bb a multi-layer perceptron
(MLP) with two hidden layers (Fig.2), with sigmoidal activation functions for
processing elements, trained by backprop agation. 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 achilveri-[4].

Fig. 2. Proposed neural network structure: input layer with three inputs for each of the spectral
channels, two hidden layers Withvarying number of neurons (k:3,...,8), one output

t32

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

Train the neural network with generated data for 
i

different parameters of the network

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

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



The structure of the neural network and training method was selected ac-cording to the following criteria;
r convenient structure cnrresponding to the classification (pattern recogni-tion) task;
o accuracy of the resuits after classi{ication;
o adequate behaviour when data not included in

sented for classilication ;. good speed of training;
. simplicity in software realization.

the training set are pre-

for methods (cf. L\re suit berter
but this holds true only if allpos training set.

^^r^ lementation of neural networks is thersrtr ract a set of representative feature vec_
ing and the test data were
5l2x512 pixels represent_
from the French satellite

,.'1,"-'..----- .

charyexi j -- -t
:i

fil . ""' ",l',;i""" 
.noi ' ';''' 
:

Fig' 3' Clusters used for training data creation (the values are percentage of the real DN, which varyfrom 0 to 255)

Using this spectral signatures one training and one test artificial imageswere created. They consist,of arbitrary distributJd non-overlapping rectangutirswith random dimensions [4].
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A comparison between the number of iterations for training and the speedof

execution during the training phase both as a function of number neurons in the

tridden layers, a-chieving onJ ind the same accuracy' is presented on the Fig' 4'

1.trli picture clearly shows the reasons why we con^sidered six to be the satisfac-

tory numUer (in sense of above defined ciiteria) of neurons in every one of the

hidden layers.

l2 000.00

l0 000,00

b 8000.00

-3.E 6000.00

2E ,rooo.oo

2m0.00

0.m

Fig. 4. Selection ofthe sufficient number ofneurons based on iteratiorrs needed for training and execu-

tion time during training

In Table I the results of the performance of the neulal network over the

test and the real image are presented. In this table also are given the learning

parameters used in the training phase.

T a b I e I . Comparison of the results after classification performed over the test and the teal images

Classilication results for MLP
Training parameters of the network: learning constant:0.5; 6rror:0.9; momentum'=0.5

Speed of execution time, [s]xl000

Number of neurons in the hidden layers

Accuracy in classilication for test image (%)

4610
78 88 94

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

4. Summary

In this paper have been presented the results fi'om a re-

cently completed project. An 
-attempt 

has been made to introduce, step by step,

th6 method-ology applied to solve a real problem, namely classification, in 're-
mote sensing technology.
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flpuloxeHrle Ha HeBpoHHr,r Mpexra rrpr4
KJracuor.rKarJ]/rfi .HaMHOIOKAHAJrHVrr,r3O6paxeHr4r,

rI o JryrI e H lI npu Iv cT aH IIt4 o HHr,I t4 3 C n 0A B aH r4t

Xpucmo Hurcottoe

(Pesroue)

_ 
B nacrosrlara pa1ora ca [peAcraBeHr{ pe3ynraru,

[oJryqeHl4 npv KJIaCHQuKar]:afl, Ha MHoroKaHaIrH*rrBo6paxeHvs. or AvaTaHrILroHHr{
r,r3cJreABaHrrtr Ha 3evura, r,r3noJr3BafiKr,r HeBpoHHr,r Mpex[. Ilpegaoxena e
rorroJroruqHa crpyKrypa Ha HeBpoHHara Mpexa (HM) u e o6ocHoBaH r36opbr
Ha MeroA 3a o6yqeHr,rero_ rl Mexqy rr3Becl Hr4 MerOAr{ 3a O6yqeHr,re no Ae_suuupanr
B crarr{.sra Kp}rrepr,r[. onucanu ca cbrrlo raKa rrpoqeAypr{Te 3a rroAroroBKa Ha
MHoxecrBoro o6yqaBalrll{ AaITHI,I u3ai36opa:rra:rraqanr:aLrre ycJroBr{.f,, [pLr Kor.rro
E I{3BGPIIIEHO,O6YqEHI,ICTO HA HM. II:NTPIUEH E CPABHI,ITENEH AHAJIII3 OTHOCHO
TIOREICHLICTO II rIOIYqAB-AHI{TE,BbPXY TECTOBI,I AAHHLI PC3YJITATI,I CIEA O6YqCHUE
Ha HM rpu pa3nurrgy- qp9fi (or I .qo 8) nenponu (o6pa6orrarqz enervrenrz) n
cKpr,rrr{Te cJroeBe Ha HM. Cncrevaru3vpanv ca flonyqeHt,rTe cJreA Kracvflprparlprfl
pe3yJrrarr{, Karo B [oAJrex(arqoro Ha KJracnQurcaliut rrco6paxeHrre ce cbAbpxar
IIo-roJrrM 6pofi rnacoBe or re3u, BKJrK)qeHrr B o6yrraBalloro MHoxecrBo.
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Onpe4er.flHe Ha H.f,Kor4
aepoAlrHaMrrr{Hn xap aKTepplcTrr.Kr{ rda
Bb3AyrrrHO -KO CMr4rrecKrr JreTaTeJreH
af,rapaT B peNffiMvrTe Ha KarIaHe rrpe:3

MOAenUpaHe rua o'rnrraHe c
OTKbCBAHE HA TIOTOKA

Rpacuuup Cmofluoa

Llucmumym 3a Koctvtuqecrcu uscredeauun, EAH

Crnpeuennoro ycropeHo pa3Brrrlre Ha aepoKocMrrqecKr4Te
TexHrrKa r{ TexHoJrorrrr{ e o6ycnoneno or rrocneAHr{Te rrocruxeHr{.s Ha

SyHgaueuraJrHure HayKlr. Hosure HayqHI,I pe3ynrarl,I B Teoperl,IqHara u
eKcneplrMeHTaJrHara aepo.qr{HaMnKa, pa3Butruero na e$erruoHl{ Me)ToAI{ 3a
nonyqaBaHe u o6pa6orrara Ha roJreMu MacrltBrr eKnepLrMeHTaJIHIa AaHIII{ AaBar
B63MoxHocr Aa ce olpeAeJrflT pauuoHaJruv aepoAvHaMlIqHI{ $opvrI v Ea ce
cb3AaBar JrerareJrHr( afiaparv c neo6xoAuMLITe aepoArIHaMI{tIH}t csofi orBa.

B npoqeca Ha cb3AaBaHe Ha cbBpeMeHHlr JrerareJrHlr ailaparv u oco6eno na
TaKLIBa, KaKBIiITo ca Bb3AyIxHo-KOCMI'IqeCKI{Te Ce IIAJIaTA Aa Ce yAoBneTBoptBaT
MHoro, Karo rrpaBI,IJIo, flporl,IBopeqr,rBr,r [:]rrcKBaHI{r. flapanenuo c roBil rpr6na
Aa ce perxaBar r{ r{3rircKB arrvrflTa,3arrrorraBaulu ce s o6ecuetraBaHero Ha HaAexAHa
TonJro3arrrr{r a a y cr otrrqrlBocr [1 ]. IllnpoxuflT eKcrrJroararl]roHeH Araarra3oH or
cKopocrr,r v Brrcotrvnpr Ha rronera u Heo6xoAuMocrra or 4o6pu aepoAl{I{aMr{q.Hr,r
xapaKTepucrLrKlr B 3Haqr{TeJrHa creleH rrpeAorrpeAeJrrr BbHrrrnus, o6r.ux sa
rerarerHr.r.s anapar (JIA). Aepo!.vHaMvrrr]F.ara Qoprnra na JIA yAoBnelrBopflBa
r{3r{cKBaHero 3a flonyqaBauero Ha pa3uoo6pasuu aepoAnHaMrrrrH]r xapaK-
TepLrcrurKu. Muoro or re3r{ xapaKTeprrcrrrKu e HeBb3Mo)r(Ho krrrvr rpyArro Aa ce
lonyqar no eKcuepuMeHTaJIeH urr. flponexAaHero Ha Jrerarennlr u3rrtrranvrfl rr
r{3BbprrrBaHero Ha MHoxecrBo eKcrrep}rMeHT}r B aepoAnHaMuuuu rpr6u e

cbrrpoBoAeHo cbc 3Haqr{TeJrHr,r eary6u Ha BpeMe v MarepuaJruu paexcl4z. Ero
3anro craBar aKTyaJrHr4 npo6revurq, cBbp3aHr{ c paspa6ornaHero Ha AocrroBepHr,r
u e$errunHlr MareMarllqecKu MoAenr{ Ha aepoArrHaMr{Kara. flossu ce
BB3MoxHocr Aocrarbqno 6rpeo rr c MaHr{Manuu sary6v Aa ce r{3cneABar
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aepoAr4HaMr{rrHrrTe xapaKTepr.{cTnKv. vr cJroxHrrTe rrpoqecu Ha o6Tw4aHe Ha JIA,
B TOBa qIICJIO I{ Ha TaKI{Ba BaXHI{ pOXI{MII, KaKBIIITO CA V3[I4TAH9TO I{ KaIIaHeTO.

flpe4ver Ha Hacroqrrlara crarvs e Aa rrpeAcraBra oco6eHocrr{Te Ha MoAeJrr4pa-
HeTO r{ fiOJIyqeHilTe pe3yJrTaTr{ oT Hero Ha Ba3AyrxHo-KocMpIqecKI{ JIeTaTeJIeHaIIapAT.

florerrr Ha Jtr d B pexr4Mr{Te Ha r{3Jrr{TaHe r,r oco6eHo Ha KaIIaHe ce I43BT,pIxBa
Ha 3HaiIr{TeJrHr{ BrJrr4 HA arAKa r,r e cbrrpoBoAeH c lpo-rrB.flBaHero Ha Henr{HeftHu
aepoAr,rHaMuqHr4 e(beKTr4. B ocHoBaTa Ha MoAenupaHeTo Ha o6Tr4qaHe c oTKbcBaHe
Ha IOTOKa Ca IIOJIOXeHI,I [peA[OnOXeHLIeTO 3A ]/.I9A[HA HeCBI{BaeN{a TeqHOCT 14

MeroAa Ha ,qrrcKperHr{Te Br{xp[ [2] n Heronara MoAHovKa\vs, - MeroAa Ha
BI,IXpoBI,Ire paMKu [3]. Oupe,qelsHeTo Ha aepoAr,IHaMlrqHr{'re xapaKrepr,rcrr{Kr{ ce
rrpoBexAa B cTaq[oHapHa lI B HecTaIII4oHapHa Henr{Hefina nocranoBKa B Ar4arra3oH
or brJrlr Ha araKa o( or 0 Ao 40o. Mo4emrpaueTo Ha Bb3AyrrrHo-KocMr,rqecK[.fl JtrA
e ocbrrlecTBeHo c rloMorrlTa Ha IIJIocKo-rrpocTpaHcTBeHrr Br{xpoBn cxeMr4.
flpunegeHo e cpaBHeHlre MexAy p*ynrarr{Te or oupeAer.f,Hero Ha aepoArrnaMllq-
Hr4Te XapaKTepr,IcTI{Kr{ r,I eKcIIepI{MeHTaJIIIIITe AaHHU, [OnyrleHr4',B aepOAI,rHaMI4rI-
ua rpr6a Ha MaJrKrr Ao3ByKoBlr cKopocrrr Ha rroroKa (0 < M < 1) u orpa:euu u l4l.

,{onycra ce, qe JIA ce ABr{xE B HecBHBaeMa cpeAa 6e: rpuene c rocro.sHHa
nJrbrHocr p, Hena rroBbpxHocrra Ha JIA B HenoABr{xHa KoopAr,IHarHa cr{creMa
ce orrr{cBa c ypaBHeHr,rero Op (ro, l):0. 3aA JIA uMa Br{xpoBa _cneAa or rroBrbpx-
Hocrr{Te Ha raHreH cKopocrra o., p:1,2 , ... , k (Qur. l).
Mecrara Ha HanycK lreHvr Lp, p:l:2 , ..., k or uorrpxHocrra
na JIA n (utm) pr6 n npegnapureJrHo ra3BecrHr{.

@rr. I ,/0,
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louycxa ce' qe rroJrero Ha cMyreHr'Te cKopocrr,r i(t,F) e rroreHuuanHo
HaBctKbAe I{3BbH noBbpxHocrra a n BrlxpoBara cJIeAa o/, cxoArrqa or JIA:
(l) iQ,i): ifi4f) .

floreHqraarbr Ha cMyrerir,rre cKopo cru rq(t,/) ce sBsBa xapMoHr{qHa Qyuxqux
, T.e. yAoBJrerBoprBa ypaBHeHr{ero Ha Jlan;rac [5, 6]
(2) A9(1,r') = s.

Torasa rloJlero Ha HaJlffraHero B rrpol't3BoJrHa ro Ka Ha rrpocrpaHcrBoro rrle
ce onpeAens or r.rHTerparra Ha Ko[ru_Jlarpaux

l-f,^,.-. 2,. -,1(3) pQ,v)= .r(t)-pl99g{2+ u-(j't) 
|'l dt 2 l,

KbAero flr) e $yurqr{fl , orrpeAer"*u 
". 

or HaqaJrHr4r" y-.rro""" Ha 6e:xpafiuara
OTAAJIE!IEHOCT.

3uaefiru BeruirvHara I{a HaJrffraHero BT,B Ecrra rorlKa Ha noBbpxHocrra o,
MOXe Aa ce HaMepr,r cwrrara,4efrcrrarqa or crpaHara a reqHocrra Bcpxy rfiJroro:

(4) n 
= 

-j p(t,F)fi(t,F)do 
,

KtAelo fi(t,Fo)e opra Ha BbHrrrHara HopMaJra KbM rroBbpxHocrra o.
UNEAOBATEJIHO, I{3CJIEABAHETO rrA O6r[.IAHC IIA JIA CC CBE)XAA AO

orlpeAeJrrHe rroreHu[aJra Ha cKopocrure g(t,V), yAoBJrerBop.f,Baur ypaBHeHprero
Ha Jlannac r{ cneAHraTe rpaHuqHr,r ycnoBrr.s:

1) na nonrpxHocrra Ha JIA o-ycnoBr{ero 3a Herrpore*aeMoor, Koero B
cBbp3aHa KoopAr{HarHa cLrcreMa ce 3aKJrroqaBa B paBeHcrBoro rra Hyna Ha
HOpMaJIHI{Te CbCTaBLSIqLI Ha CKOpOCTTa Ha IOTOKa

(s)

KbAETO W * (t,FO) E. CKOPOCT HA ABI{XEHI{ETO HA TOTIKI4TE HA IIOBIPXHOCTTA O;
z) yclroBr ero 3a 3arrrxBaHe Ha cMyrrleHr,rrra n 6esrpafiHocrra ;3) yclonllero 3a orcbcrBlle Ha pa3JrrrKa B HaJrrraHr{ flTa Ha cso6onHara

Br.rxpoBa rreneHa;
4) xunoresara ua t{att:arun-Xyron cxuit za rpafinocrra Ha cKopocrr a Ha 1rr4-

HI4LITe Ha HarIycKaIrII'ITe BID(poBI{ rIeJreHLI or pr6oaere Ha rroBbpxrlocTTa Ha JIA O.
Mero4rr Ha Al,rcKperHr,rre Brfipr,r e locrpoeH TaKa, rre ce u3[brH.sBar Bc]rrrrrlr

[o-rope us6poenu ycnoBr.rs. rlpu rona pelreHuero Ha ypaBHeHr,rero Ha Jranaac(2) ce npeAcraBt BbB BIrtA Ha [oreurluaIr Ha lLr,oiriix cnofr c Her{3BecrHa
nHTeH3r{BHOCT p:

(6) N't'F)=*,7.,-#[+)"

flonrpxnocrra Ha JIA ce MoAenr,rpa qpes 3arBopeHr,r rrerr4pr,rbrbJrHr{ Br,DipoBr{
paMKLt. Brrpe B paMKI{Te ce pa3rloJrarar KoHTpoJrHn roqKlr, B Konro ce ll3rrbJrH.sBa
ycJroBr{ero 3a HelpoHrrrlaeMocr - ua Qzr. l ca o3HaqeHn upea (x).
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(7)

Hera N. u N ,6tr,at o6uo ilucro Ha BLIXpoBtITe paMKI4 Ha 6 uI op, cr,orBerHo.
Berroprr ua cxcipocrTa V(t,i) ce onpeAent qpe3 cyMrpaHeTo Ha cKopocTlrlre
oT BclIqKI4 resu parvffir,r [3].

lpannvnoro ycnoBl,Ie 3a HenpoHI{IIaeMocT (5) ce 3alIIcBa 3a KoHrponHIzTe
roirKr{ p c paAr..ryc-BeKropu /*(v = 1,2,...,No) KaKTo cneABa:

(1, /ou )6o, = -4nVov(t, /ou ) 
,

KbAerO p e HOMep Ha rlpllcbe!nHeldaTa BilxpoBa pauxa; avu vr ap,

xoeQuqzenrtr, r{3qr{cJr.f,Baqu ce Karo HopMaJIH}r c:bcraBJltBalqrl B KoHTpoJTHLITe

rorrKH; vou 7 HOpManHfi CbCTaBr.flBAn\Lr HA 6eSpasvrepHara cKopocr Ha

HecMyreHEs rloroK B KoHTpoJTHI{Te roqKl4.
flo raKts Haqr{H, rrpr,r I,I3rIbJrHeHpre Ha BcI{lIKr{ rpaHuqHI,I ycJroBlrt, pe[reHl{ero

Ha 3araqara Ha o6rl,rqase ua JIA ce cBexAa Ao HaMI,IpaHe Ha qldpKyna\vnre Ha

Br{xpoBr{Te paMKr{, MoAenI,IpaIq[ rroBbpxHocTTa o.
Tegu nelrgsecrHr{ rlrrpKynaquv Ha BcflKa crbrlKa or I{3qucJIeHI{ero ce

o[peAersr or perxeH,r{ero Ha cl{creMara ypaBnoalrfl (7). Heo6xoAI{Mo e .4a ce

or6elexu, rre B AaAeHu.x ctyuait orrlaAa neo6xoAzvtocrra Aa ce BKJIroqBa B

cr{creMara ypaBHeHr,rr ycJloBl{ero 3a rrocro,lHcTBo Ha rIIapKyJIaII}I.f,Ta rIO 3arBopeH
KoHTyp, o6xnaularq o6reraeva.f, o6err H Bl,IxpoBara cne4a. Tona yclonue ce
yAoBneTBop.fiBa aBToMaTlilrHo fro crllraTa Ha crrocooa Ha cxeMaTl{3alfkrs c TIoMoIIITa
Ha 3aTBOpeHI{Te Br{Xp.OBI,I paMKU.

Onpe4elrrrero Ha aepoAllHaMuqHure xapaKTepucrvrKvl 11 KaprllHara Ha

o6rr,r.raHe Ha JIA capean Br4paHr{ B HeJrr{Hefina crarluoHapHa It B HecralluoHapHa
rrocraHoBKa rpu $urcNpaHu 3Harrenvrs. Ha brbJra Ha araKa ct, 6es rIJIb3raHe Ha

MaJrKrr Ao3ByKoBI{ cKopocrl{.
CneAsa Aa ce or6enexu, qe uHTepectr KbM r{3cneABaHe Ha JIA n pexnvture

Ha KarraHe e cB6p3aH c pe.quqa upI{rIrIHI,I_. Xaparrepuu oco6euocru ce flBsBar
3aBr4cllMocrvreHa roe$uquenrr{Te Ha rroAeMHara cvlrav Ha MoMeHTa Ha raHrDKa
or GrbJra Ha araKa - C v-@) u m"(u) cborBerHo, I4 T.f,xHoro orpaxeHue Bbpxy
JrerareJrHr{Te cnoficrsa ia nA (anbvra.nuz n ycrofi.runocrra I,I ynpaBJleHIaero),
Kor4To Hoc.sr Henyrneen xapaKTep. Ocnen roBa ce I{3cneABa Bb3Mo)KHocrra,
raguoresaftrlr MoAeJrr.{paHero ua JIA c rroMorrlTa Ha rlJlocKo-lpocrpaHcrBeHr(
CxeMaTH3aIIyr],f., na Ce [OnyqaT aepOAI,IHaMIrtrIHI{ XapaKTepI{CTIIIKII, CbOTBeTCBaIIIIII

Ha AaHHr{Te or rpr6uu.r eKcrlep}IMeHT.
B npoqeca Ha MareMarllqecxoro MoAenI,IpaHe, eAuH or rIpI4HIrrIrIHI{Te, ce

flBsBa Bcrrpocrir 3a cxeMaru3atJvItffa Ha JIA, ocfiryp.sBalq [pueMnuBa roqHocr
rrprr Mr{H}rMarnu zary6v Ha v'arurrHHo BpeMe.

B regIa cJryrrarlr, Koraro ge:rznefiHocrra Ha aepoAr,rgaMplqHplTe xapaKTepLIcrI4KI,I

ocHoBHo e o6ycnoneHa or HaJllzuuero Ha LIHTeH3UBHIT BHXpoBtI rxHypoBe,
o6pa:ynaq14 ce Ha pa3nl{rrHu yqacrbrlr,r or Kpauulara Ha HocerILITe rloB.spxrlocrl4,
ce rn[oJr3Ba cne.qHvrr cnoco6 Ha cxeMarl{3ar\vrs.. O6erurula.sr JLd ce 3aMeH.f, c

TbHKr{ HOCeUIU rrOB:bpXHOCTI{, Ha KOHTO Ce pa3rlonaraT Xr,rApoAlIHaMUiIeCKLI
oco6enocru. Taxasa cxeMarl{3aul{.s uo3Bongsa r,etairrHo Aa ce MoAeJIupa
BrlrxpoBara cJreAa, BXJrroqI{TeJIHo lI BI,IxpOBara rIeJIeHa, o6pasynaula ce npu
orKbcBaHe Ha [oroKa or crpaHI,rqHI,ITe Kpauqa (pt6one) Ha r.flJloro na JIA.
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3a4auara ce peuraBa c r,r3rroJr3BaHero rra orJrgAairHo uso6paxeuue [2f, npv
rosa JLd ce MoAeJr[rpa c rroMorrlTa Ha 68 xn,qpoar.rHaMr4rrHr,r oc,o6euociu
(uerupurruJrHr{ BrrxpoBz pavmu). Mecrara Ha orrbcBaHe Ha [oroKd or pr6onere
Ha Kpr,rnoTo r4 Tf,JroTo ca nocTyIrvpa}lv.

?Iscnegnanx ca rptr pexnMa Ha oSrz.raHe na JLd:
- a) c qacrvqHo orKBcBaHe Ha rroroKa (orrrcnaue Ha loroKa or crparrr4rrHu-f,

vr 3a4n\rfl Lr3xoAflrrl pr6 ua Kplrnoro v 3a4:aprs xpait ua rxnoro);
6) c uacrzuHo orKbcBaHe Ha rrorora (cnyuafi a) c lo6astHe Ha orK'bcBaHe

Ha rroroKa or crpaHvrruux rpafi Ha rsroro;
n) c utnuo orKtcBalre Ha rroroKa (orrucrane Ha rrorora or Bcr{qKlr pr,6one

r{ Kpar,rrla Ha Kpr{noro u rsroro),
3a oupe4enflHe rra agpoAr{HaMlrrrHrrrre xaparcTepl{c'rLrnrr Ha JIA na MaJrKr{ rr

yMepeHr4 brJrr,r Ha araKa 3a4aqara ce pe[raBa n nenznefiHa crarluoHapHa
rlocraHoBKa qpe3 MoAerl4paHe Ha o6rz.raHe c qacrr,IqHo orKbcBaHe Ha floroKa
(cryuafi a). I4snolsaanara Br.rxpoBa cxeMa e rroKa3aHa ya $ur.2. Tp-a6na 4a ce
or6enexu, qe B [poqeca Ha r,r3cneABaHtrflTa He ce orqI,ITa BJTI,IfiHI{ero Ha
Ae6enurlara Ha r.sroro na JIA Bbpxy aepoAr,rHaMr{qHrrre xapaKTeprrcrurn (rrnoro
ce 3aMeHr c rbHKr{ nnacrunu).

@ur.2
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floryueHr,rre 3aBlrcnMocru Cro(a) u m,(a) 
''pn 

HaAJrbxHo ABr{xeHr4e Ha
JIA e.q[aua3oHa or brJrr{ na ataxlz g:0+2'd"'ca^uzo6pa.."" 

"u $ur:.4 u ca
or6en.f,gauu c xprcver'a (x). or sur.4 ce Br4xr,a, qe yBenuqaBaHero Ha brJrr4Te
Ha araKa BOAII Ao cborBercrBalllo I{3MeHerrI{e Ha xoeSraquenra Ha [oAeMHara
cutra cror,r na roeQzqueHTa Ha MOMeHTa Ha raHfaxi m,-. Tosa e cB:bp3aHo c
r{3MeHeHr{e Kaprr,rHara Ha pa3rrpeAeJreHve Ha Han.f,raHero ho no"rp*uo"rra ua
Kprrnoro r{ T.f,Jroro Ha JIA. C napacrnaHero Ha brJrr{Te 0( ce yBeruqaBa
pa3pexAaHero HaA ropHara [oBbpxrrocr r{ ce noBr{ruaBaHAJrt[aHero (norortr
ce 3aropMoarna) Ha AOJrHara lracr Ha noBbpxHocrra. BcneArnrae Ha roBa
3HarreHr{.f,Ta na roeQuquenra C ror.r xoe@uqzeHTa m. (uo a6conroiua crofinocr)
ce yBeJII{r{aBaT.
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ouuqnrelHa oco6eHocT Ha 3aBvcI{MocTTa Ha Koe(b[queHT]ITe c ruv m" OT

brJrrrTe Ha aTaKa, XapaKTepHa 3a 6oIurI'IHcTBoTo oT o6TeKaeMI{Te TeJIa' ce tB'IBa

nrlHefiHoTo I{M I{3MeHeHI{e Ha ManKI'I u yMepeHv TIII'd Ha uI-AKa' cboTBeTcTBaIIII{

Ha [JIaBHIIfl pexIIM Ha o6TfiqaHe Ha JIA. Karro ce BI{xAa or Qur.4, 3aBI'IcIIMocTI{Te

Cu^ (cr) u m,(u) E Al{arla3olra cr:0+1 5' oH'
- * 

flpu uo-JrararrurHo yBenr{qeHr{e H a KpI{JIOTO Ha

JIA SanO.rnA AA ce O6ruqa cbg cpI,IB IaIIHo LI3MeH.f,

KapTI,IHaTa IIa pa3[peAeJIeHIIe Ha HaIsIaHeTo. 3aToBa' 3anoqBaftKl{ oT' brbJl Ha

uri*u C{,:15o, zupol n ^, 
ce cpI,IBia 3a&:sl:lrs. I,I3XOA.f,III pl6 na KpunoTo BoAI'I

KllM rr3MeHeHLIe Ha Koe$uqueHia Cy* rlo brbJl Ha aTaKa, oTrnoHflBaiiru ro or
tlueftuut 3aKoH (sur.4). Tosa orrroHeHlre e ToJrKoBa rIo-roJItMO, KOJlKoro [o-
r.OLtrM e O[ u, CneAOBaTeJIHO,KOIKOTO [O-rOn.SMa O6laCr OT rOpHaTa IIOBIpXHOCT

Ha KpuJIoTo e o6xBaHara or cpllBa"Ha floroKa.
. I,lsN,IeHeHI4e Ha KapTI,IHaTa Ha pA3IIPEAEJIEHI,IE HA IjATflIAIiCTO IICI 6IJII{ HA

araKa Bo1kr t4 Ao LI3M;HeHlIe Ha roe$zqueura mz. flpn ras6paHo H'aqaJIo Ha

oTqrrTaHe (or noca Ha TflnoTo Ha JIA) KoeQuqueHTbT Ha MoMeHTa Ha TaHIaxa B

Arrarra3oga cr:0+15' rrMa orpr{qareJrHr{ 3HalIeHI/u i,I ce u3MeH.fl rlo JII4H€OH 3aKoH'

;;;;; 
". 

u"u,au ya $ur.4 (na rfurypara e or6er.gsaH cac cI,IMBo rax) n ce o6.acH.rBa

cbc cJrellHoro. MoMeHTbr Ha raHraxa ce o6ycJIaB.E or HaJII{y}Iero Ha FIopMaJrHa

irana, no rtfi raro HopManHaTa I{ rIoAeMHaTa cvJla Ha MaJIKI{ brJIrI Ha aTaKa

rrpaKTr{qecK14 CapaBuu, To Koe$uql,rel'Ir;r mz OcHoBHo saBlrcvl OT Koe(buq[eHra

Cro. flOcnep:HpIsT, KaKTo 6eure yCrauOBeHO, B 1lpeAena Ha IIJIaBHoTO oOTtIqaHe

Ce I{3MeHs IIpOlopquOHaJIHO Ha brbna.HA ATAKA, Egna npn trnu Ct'>I5', rrpu

KollTo ce rro.f,BtBa cpIIB Ha IIOTOKa Ha.q KpIIJIOTO, 3aBI{c}IMocTTa m"(A) ce
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orKJIoHtBa or nl{HefiHlrfl 3aKoH. flplr uo-nararbrrrHo yBer[qeur,re Ha cx, ce lo.rrB.f,Ba
xaparTepHo rl3MeHeHr{e Ha MoMenrHara . Sur. ).

Tpx6na Aa ce or6eJrexr4, rre xapaKr a) u m @\.
ronyqeHr rrpr4 MoAerrr,rpaHero ua JIA q (i"oor'i 

""MoAenI'Ipa c TbHKH HoceIIIl4 IIoBbpxHocTI{, JIexaUI{ B IIJIocKocTTa OXZ),
rrpeMr,rHaBar rrpe3 Haqaroro Ha KOOpAr,rHATHATA Cr,rCTeMa ($nr.a). 3naqenu.f,ra
na roesr.rqr.reHTr{Te Ha rroAeMHara ckrIrz r,r HaAJrbxHrl.f, MOMeHT rrpr,r HyneB brbn
Ha araKa ca paBHI'I Ha HyJra, a Ha peanHun(o6euaux) JIA, raro [paBrrJro, ue ce
orJrr4lraBar or HyJIa, rufi raro re 3aBr4cf,T or uposuna u ycyrnauero Ha KplrJroro,
Sopvara Ha r.flroro I,r or Apyflr reoMerpurrHrl rrapaMerppr Ha KoMrraHoBKara.

3a nonytranaHe Ha aepoAI,IHaMIiIqHr{Te xapaKTepncrrrKl{ Ha yMepeHu 14 roJreM}r
brJrl{ Ha araKa ca [poBeAeH]I I{3cJre.4BaHLrfl B Henr,ruefina crarlr4ogap;g^a rr B
HecraIII4OHapHa [ocTaHoBKa, IIpu MoAenrrpaHe Ha qacTr{rrHo oTKlbCBaHe Ha rroroKa
- ctyuaft 6.

BrgHurnauero Ha orKbcBaHe Ha rrorora or crpaHl,rqnux p:s6 Ha r.flJroro rr
HeroBoTo BJrLtflIIrde Bbpxy TIoBGpXHOCTTa Ha Tf,JTOTO r,r Kpr,rnoro BoALt Ao CbOTBerHlr
rir3MeHeHr{.s Ha aepoAr,rHaMrarrur{Te HaroBapBaHun sa JIA.3arona, orqurafiru ra:z
oco6enocr u cJloxnara $oprura Ha r.f,Jroro ua JIA, [pr,r MoAeJlr,rpaHero ce r43rroJr3Ba
HOB B}IXPOBI{ MOACJI, IOKA3AH HA SUr,3, JIA CE MOAENI{PA C TIOMOIIITA UA 68
XI'IApOAI'IHaMI{r{HI'I oco6enocrr,r. B cryuax e rr3rroJr3BaH cloco6a Ha cxeMarr{3arfufl.
c rroMorrlTa Ha na60p or Hoceur{ [oBbpxHocrr,r-MoAynr,r. ftrpu rona rsroro ce
cbcror{ or 6 r'rogyra, a Kpr.rJroro or eAnH - 7-i IIOpeA rvroAyn. XapaxrepHa
oco6enocr ce flBtrBa roBa, qe rrbpBr,rre rprr MoAyJra r{ rrrecrr{ MoAyn Ha r.fiJroro ca
3aBbpreHl4 rlo orHolrreHr{e Ha ocra OZ r'ol rrtl -5,1" I{ *5;5', cborBerHo.
Kpznoro (cegxarxr uo4yl) e [p'rcbeAr{HeHo KbM ruecrr{s MoAyn Ha r.f,roro
TaKa, qe ra ce o6esnbqu 3aAaAeHara rroJroxnreJrHa Ha[peqHa V-o6pasHocr.
flolytrenara BI,IxpoBa cxeMa e lp]rera 3a ocHoBHa B cJreABaru]rre nr3cJre.uBaH]rfl.

B lporleca Ha MeroAtIqecKI,ITe v3cIreABaHLr.s, ocb[IecrBeHrr B nenznefina
craIII{oHapHa IrocTaHoBKa [pI4 MOAeJrupaHe Ha qacTuqHo orKboBaHe Ha rroToKa
(ctyuafi a) n guanasoHa or BrJrr{ Ha arara d:0+l 5', e pasrpzra oco6euocr s

eHara cxeMarvr3aw4fl, ua JIA. ycranoneno
v m"(a) He rrpeMrrHaBar rrpe3 Haqaroro
9 HyJreBr,r 3HaqeHrr{ na roeQr,rqueHTrrre
araKa a=2" (lra $lar.4 or6elrsauz c A).
I,rMar JrlrHeeH xapaKTep. I{gvecreHu ca

B AtrCHO I4 rIpeMI{HaBaT eKBI,IA}ICTaHTHO OTHOCHO Cbrrlr{Te 3aBr,rct4MocT[, [onyireHr..r
npr,r MoAeJrwpa[e na JIA c rroMorura Ha Br,rxpoBa pa3rrerHa cxeMa (sur.2).
flpuuunara Ha o[I{caHara oco6enocr cne.qBa Aa ce rbpcu B r.r3rroJr3BaHara [JrocKo-
[pocrpaHcrseHa cxer4aril3alJ'vrfl,. Kpraloro, [p]IcbeAr,rHeHo K6M 3aBbpreHr{.f, lrrecTr{
MoAyJr Ha TtJIoTo' ce'oKa3Ba IIoA HeIOJIf,M oTpI,IIIaTeJIeH brbJl Ha aTaKa rro
OTHOIIIEHI{C HA HACPEIIIHI{.f, TIOTOK [PI,I HYJIEB brbJl HA ATAXA rrA JIA.

3a IascreAsaHe Ha aepoALIHaMvrqnr4Te xapaKTeplrcr[Kr{ Ha JIA n 4raauaaona
c,:10+35'. sa!.aqara ce pe[raBa s Henuneftni necraqnolap:r,a o6craHonra rpn
MoAeJrLrpaHe Ha qacrr4qHo orKbcBaHe Ha rroroKa (crvqafi 6).

Xapanrepurrre 3aBr{cr{Mocrr,r c y"(u) u m,1u1, nonyr""" R.yKasaH:[,s.
Arrarra3oH cr:10+35" [pr,r HaAnbxuo asixeuze na JIA cauio6pazeu" 

"a $ur,4w or6etszaHlr c KBaAparqera.
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3a6en,flgsa ce, qe Bib3HI{KI{aJroro orKT,cBaHe Ha rloroKa or cpaHlrtttux xpavt
Ha T-rrJroro BoAr4 Ao yBenllqaBaHe Ha Hoc,eurzre csoficrBa Ha JIA. ltra $2r.4 ce

na6:rroAana yBerl{r{eHue na roe$uul{eHTa Cno 
^ 

br:bJIa Ha HaK.iIoHa Ha

.qoluparenHara K:bM 3aBr{cr{Mocrra C yo(cr) c uapaCrBaHero Ha brJlare Ira arat(a.
O6.seHeHuero Ha roBa ce 3aKJrroqaBa B orKT,cHaJIara ce BlrxpoBa rIeJIeHa or
cTpaHnqHrzf, rpafi Ha TsJIoTo, 3aBbpTaIIIa ce u ycroftul{Bl4 BlIxpoBI4 ntrHypolle,

Kor{T'o Cb3AaBaT AOIIbnHI{TenHo pa3pexAaHe HaA T'JIOTO I{ KpI{JIorO nil JIA.
Xaparreptr Ha 3aBvrctrMocrra Ha pa3rlpeAen.[He Ha HantraHero tIO

loBrbpxHocrra Ha JIA sa MaJIKt4 I{ yMepeHli rbrJIIr Ha arara (ua tpzr.5 e

uso6pa:eHa 3aBrlcrzMocrra, rloJryqeHa rlpu u: l5 ") rIoKa3Ba, qe Hafi-HaroBapeHI{
eJreMeHTr{ na JIA rrpli nJlacrriHqaro MOAeJrupaHe ce .f,BtBar KpIaJIoro LI FIocoBara
qacT.

/

@ur.5

Ha Qnr.6 e [peAcraBeHa BI,IXpoBara crpyKrypa na JIA, roryqeHa ]rpl{ srtn
Ha aTaKa Cf:15". BuxAa ce, ile Tf, ce cbcTol{ oT TpLI BlIxpoBI,I ne;renra: I-
cTpaHr,rqHa I,I 3aAHa Ha KpLIJIoTo, Il-sa4na, u Ill-crparu{alHa Ha TtrJIoTo (Sur"3).
Ananu3bT Ha KapTI{HATA HA TeyeHI,IeTo IIOKa3Ba, qe KaTO IIf,no BltxpoBaTa
crpyKrypa e ctfoprurupana. flelenara III or crpaHl,Iqnun xpaft Ha :tflJloro e

ycroituuna,3a Koero cBuAereJrcrBar cborBerHl{Te JIIaH}Iu Ha roKa 6nuso ,nlo 3aAHu.s
pr3xoAflrq pt6 ua KpI,InoTo I4 TtJIoTo. C ynenuuaBaHe bIbJIa Ha aTaKa
LrHTeH3rrBHocTTa Ha BI{xpoBI{Te IIrHypoBe Ha rIeJIeHa III uapacrna. ToBa. BoAI4 Ao
yBenl{qaBaHe pa3peXAaHeTO n pafiOna Ha O[aIIIHaTa rIaCT Ha TJIJIOTo, B

lr3cne4BArl(4r Alrarra3oH oT brJrl{ Ha ATAKA e yCTaHOBeHO, lle B}IXpI{Te OT T.SIOTO

He cu B3aI,IMOAeiCTBaT C BI,IXpIITe OT KpI'IJIOTO I'I [peMuHaBaT ycnol)eAHo Ha

r.sJroro, 6es Aa ce pa3pylllasar. -tlcHo e, qe B pe3ynrar Ha pa3pexAaHe'ro'
c63AaBaHO Ha ropHaTa rroBbpxHocT Ha TrJroTo oT Te3I'I BI{XpI{, Ce ITOIyqZIBa

yBenurraBaHe Ha Koe$[queHra Cyo(cr) u xoet[r{queHTa mzrro a6r;onrolHa
BeJrprquHa B AI(aIIa3oHa oT brJII{ :naaTaKa Cf:10-30', KoeTo ce suxAa na Qur.4.
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Our.6

3a ro-nueu AerafiJIeH analryr3 ca6prJrv olpeAeJreHr,r napaMerpr,rre Ha rroroKa
HAAvr 3 A T.flrOTO I{ Kpr,rJrOTO B CerreHv.f,Ta, rroJroxeHr4eTo Ha KoLtTo e rroKa3aHo Ha

Qur.3. flonyveHrare noJrera Ha cKopocrr,rre rrpu o6ruqane Ha JIA [prr :bran Ha
araKa a:20" ca rroKa3aHu Ha qurr.7(ceuenn-e A-A, E-8, C-C, A-A). Kaxro ce
BuxAa or Qurypara,:rrar, TffJroro B paftoHa Ha ceqeHuero d-A eABa 3anoqBa Aa
ce Qoprvrupa BlrxpoBo ro.reHu'e,HaA TflJroro, n pafiona Ha Mflcroro Ha
nprrcbeAr,rHrBaHe Ha Kpr4Jroro, B ceqeHr{rra E-E u C-C (Qur.7) Moxe Aa ce orAeJru
Qoprtaupauero Ha Br,D(poBr,r rxHyp, r.e. HaA JIA n pafiona Ha KbpMoBara rracr ce

Qopvrupar ABa BD(poBt4 IuHypa, Bcne.qcrBr{e Ha HanycKarrlr.rre BrrxpoBra rreJreHr{
or ABara crpanr,IqHu Kpaf, Ha rrJroro. I4nrengunHocrra Ha re3r{ BrD(poBr,r ruHypoBe
HapacTBa c yBeruqaBaHeTo Ha brJrr{Te Ha aTaKa,3a KoeTo Moxe Aa ce cb.ql{ rro
Qzr.8, KbAero n pafionure Ha ceqeHr{.flra E-E, C-C ca uso6patenu pa3qerHure
rronera Ha cKopocrure, [oJryqeHrr rrpu o6rlrqane ua JIA npr{ brbn Ha araKa crt,:.30'.

@ur.7
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@nr. 8

Ha nparrura HeBr{Haru e Bb3MoxHo Aa ce peaJrl{3r,rpa qacrr.rqHo orKGcBaHe
Ha rloroKa npu o6ruuaHe Ha KprIJIoro, oco6eHo Ha roJreMr( brJrLr Ha arara. Karo
TIPABI{JIO, O6TU'IAHCTO UA JIA HA TAKIIBA Ir.lILI CE CITIPOBOXAA C OTKICI]AHE HA
loToKa oT BcInrIKrI Irt3xoAtlrllit pr6one fi crpa]f^r4 Ha KplrnoTo r{ T.sIoTo. Errc aa[1c],
3A OrIPEAEJIflrrE HA AEPOAI,IHAMUIHPITE XAPAKTEPI,ICTI4KI{ HA JIA N HEJII,IHEfiI{A
Hecrarlr{oHapHa [ocraHoBKa flpu 'br[rv Ha araKa d,>30" ce MoAenr,rpa o6rprqane c
rrbJrHo orKbcBaHe Ha [oroxa (clyvafi a).

Ananusbr Ha loJryrleHr.rre pe3yJrrarll IroKa3Ba ocHoBHo, qe He ce $opunpa
ycrofiuuno Br,IxpoBo reqeHue npu peanr,r3a.trkrs,Ha rtbJrHo orKbcBaHe Ha rroroKa
or BGLITIKIII pl6one tI crpaHl{ Ha KpI,IJroro I4 T{noro Ha roJreMu 'brrryr Ha araKa.
Tarosa reqeHr{e BoA}r Ao r^aMarrflBa:c.e pa3pexAaHero HaA Kpl,rnoro rr r.fl.rroro rr,
cJIeAOBarenHo, A9 [aAaHe Ha aepoA]rHaMr{qH}rre HaroBapBaHns.. Tosa ce BuxAa
na $2r.4, Ha Ko.f,To c Kpbrrrera ca uso6paseHr,I cyMapHr{Te aepoAlrHzrMyrq]F.fi
HaroBapBaHkrfl. trpv raKbB pexlrM Ha o6rr,r.raHe.

Or Qur.4 craBa.f,cHo, qe roeQuqzeHrw C yoce yBenvqaBa c HapacrBaHe
bIJII{TE HA ATAKA B AI,IAIA3OHA OC=]Q+40', HO SrbJIbT HA HAKJIOHA HA
AorrupareJrHara KbM 3aBrrcr,rMocrr& c yo(a) ce :ts.aMaJrfrBa B cpaBHeHkre cbc
3aBIICLIMOCTTa, [OJryqeHa B neluHefiua Hecrarlr(oHapHa [ocraHoBl(a [p]I
MOAeJrr,rpaHe na o6ruqaHe c qacrr{qHo orKtcBaHe Ha [oroxa (cnyvafi 6). Tona e
o6ycnoneno or'orKbcHaJrure ce Bru(plt or r.sroro, [peMI,IHaBauIu yclopeAHo l.r
HaA Hero, Koprro cbxpaHrBar cBo.sra ycrofi.runocr, cs3AaBar AOIrbJIHX,rreJrHO
pa3pexAaHe Ha/q [oBbpxHocTTa My I'I BoAffT Ao HapacTBaHe Ha aepoAI,IHaMI4qHI{Te
HaroBapBaHug,. O6aqe [pu rlbnHoro orKbcBaHe Ha rroroKa or BcrrqKlzr I{3xoAf,Irlu
pr6one Ha Kpr,rJroro ce HaMaJrf,Bar HeroBrrre Hocerrlll csoficrsa. 3arosa ce
Ha6lro4ana no-6asHo HapacrBaHe na roeQnqueHTa Cnoc yneluqaBaHero Ha
brJrr{Te Ha aTaKa B yKa3aHr,rfl Arrarra3oH.
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3a r,a asarpr3r{paMe :reileHil ero :ua!\ kr sal JTA HeKa pa3r.rreAaMe noJrero Ha

cKopocrr{Te, loryqeHo rrpr4 HeloBoro oSrn.raHe Ha:brbJr Ha araKa cr:40". Karro
v ilpu o6rvqanelo Ha JIA na a:20", n pafforia na ceqeuuero A-A 3arroqBa

Sopvrupauero rra Br{xpoBo rerreHue, Koero ce sa6mo4ana na Sur.9. Ho s pafr,ona
Ha M.scroro, KbAero e rrpilcaeAl{HeHo Kpr{Jroro KbM T.rrJroro (ceueuue E-E), voxe
Aa ce orAeJrrr QopuupaHero Ha BrdxpoBr.,r rrrHyp (@ur"9). [Io creueu'ra Ha
npu6nnxanaHe KbM 3annvrn pr6 (ceueuue C-C) r{ orAer-f,Hero or uerd Ha4ory
rro rroroxa (ceueuiae,{-,{) reuenue craBa neycrofiuuno r4 BrrxpoBr,r{ r]Hyp B .flcHo
LI3pa3eH BLI,q OTCr'CTna. onpegeJreHllTe B CneABailII4.f, MOMeHT OT BpeMe TIOJIeTa

Ha cKopocrr4Te B ceqeHusra C-C 14 A-A rroKa3Bar, qe c reqeHr{e Ha BpeMero
cTpyKTypaTa Ha TeqeHr(eTo ce cGXpaH.sBa.

@nr.9

3a nponepra Ha Aocronepfiocrra Ha t43qutcJIeHI{Te aepoAuHaMuqHLI
xapaxrepncrurn na JIA no olr(caHara MeroAr{Ka qpe3 MoAervpane na o6ruqane
c oTKT,CBaHe Ha IOTOKa e I,r3BbpIIreHO CpaBHeHI{e C HaJII{qHI{Te eKCrIepI{MeHTaJIHI{

AaHHr{, nonyqeHu B aepoAr,rHaMrrqHara rpr6a Ha MaJIKTI Ao3ByKoRI,I cropocru [4].
Ha Sur.4 ca [pr4BeAeHu ernepuMeHTaJrHrrre AaHHU r,r pe3yJrrarl{Te or

r{3cJIeABaHero, rloJr} reHI,I flprr MollenupaHe na JIA c rloMolqra Ha r:bHKrI HocerII{
rroBr,pxHocru. Or Qurypara ce Br{xAa, qe noryqeHr4Te pe3yJrrarr{, rrpu perxaBaHe
Ha 3aAaqara B crarluoHapHara [ocraHoBKa, go6pe ce c:brJracyBar c AaHHr{Te or
rpr6nux exclepr,rMeHT B Ar,rala3oHa or brJrr{ Ha araxa 0:0-15'. O6aqe no-
rlarar:brrrHoro yBenr4ireHve Halorhra Ha araKa, eanoqsafixu or 0(>15", AoBexAa Ao
3HaiII{TeJIHO pa3MI{HaBaHe MexAy u3rII{CJIOHI4ITe u OKCIIOpI,IMOHTUUIHI{TO 3aBIICI{MOCTI4
C y,(u)nmfu),Koero ce rrorBtpx(Aaaa or Qur.4. OcHosHara uprruHa 3a uo.sBuroro
ce pa3MI{HaBaHe ce 3aKrrorraBa B ToBa, qe rrpu o6rlr.raHe :r'apeaJr:akrfl, JIA nrguurna
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OTKbCBAHE HA IIOTOKA OT ABETC CTPAHI,I HA T.SJIOTO, BOAEIqO AO IIOAO6Pf,I]AHE HA
HoceilIr{Te cBoficrBa Ha JIA, rro ro He e MoAeJrr4paHo rrpn pelraBaHe Ha 3AI\AftATA.

Pe:yrrarule or rrpoBeAeHr{Te r43cJreABaHvfl., [onyireHr.r n uenrauefina
HecrarIlroHapHa IIocraHoBKa Upra 4o6anrHe orKbcBaHero Ha IIoroKa o'r
crpaHurrHr.{Te Kpavqa Ha rrJroro yAoBnerBopr{TenHo ce cbrnacyBar c
eKneprrMeHTaJIHLITe AaIlIjId B Ar.rana3oHa or brJrr{ Ha araKa cr:10+25" (Qur.4).
O6aue, ganoqsaftx[ or trurur u:25', [ppr yBenr4qaBaHero Ha o, ce na6nrolas;
He3Haqr4TenHo [peBHlrleHtre ua roe$uur{eHTa Ha noAeMHara ckrJra Ha)\
3Haqe}lvlflTa' rIoJIyqeHLI B eKcnepilMenra. O6.scHeHI4eTo Ha Koero ce 3aKJrroqaBa
B ToBa, qe He ce orrllrlTar BcHTIKI{ peaJIHI,I csoftcrsa (nucrosureT, Tp}reHe r,r Ap.)
HA Bb3AYXA [PI,I OTKICBAHE HA IIOTOKA OT UOBIPXHOCTTA rrA JIA IT OT N]OEAHI,Itr
pr6 Ha KpI{JIoro, xofiro e 6ut na6.nroAasau rrpn ct>30" B eKcrreprrMerrra rro
Br,r3yaJrr,r3a,rlLrs. Ha oSruqauero ua JIA.

_ flpu pelraBaHe Ha 3anaqara B HeJrvHefiHa necraquoHapHa rrocrarroBra rl
4o6anxne Ha orKbcBaHe Ha rloroKa or rrpeAHu.s araKyBa[I pr,6 ua Kpr{Jroro,
I,I3lIr,rCJreHr{Te xapaKTepr,rcrlltKr{ c r o ce IlonyqaBar no-6nl,Isru AO eKcnep]rMeH -
TaJrHr{Te. Ho ntnno cbB[aAeHlre ne ce na6lroAaBa, Koero ce BI,rXAa Or ipr,rr.4.

flpu roleuLrrrlrr4 Ha araKa aepoAr,rHaMI{iIHr{Te xapaKTepr,rcrlrKv Ha prearHr{fl
JIA n rloJryqeHr,rre Ha rrJlocKrrr MoAen ae pasnvqaBar, rrprr roBa Hooeqlrr()

' csoftcrsa Ha [rocKI,Is MoAeJI ce oKa3Bar rro-roJreMr.r or re3r{ ua peanuux JIA,
I'IHrepecno e, qe xapaKTepr{crr,rKnr" ,9x(u) no-crqecrBeHo ce pa3rr{qaBar r}
Alrala3oHa or brJII,r Ha ar/aKa o:35+40" BbrrpeKtr, qe pearHuf,r JIA npra rsHKo
KpI'Ino. Tosa N,Ioxe 4a ce o6xcHI,I cbc cJreAHoro: ttbpBo, rrJrocKara cxeMarnr3arltrJr
na JIA [pI{ foneMn IDII{ Ha araKa rIpI,ITex(aBa 3HaqureJrHo rro-roJreMr4 Hocerlu
cnoco6nocrr{, Br{xpoBlrre rxHypoBe cburecrBeHo rrpoMeHsr xapaKTepa Hzr
o6ruqane Ha KpI{JIoro, yBeJrl4qaBafirra 4eficnaq}rre Bbpxy Her.o aepoAr4:aa.vrr4tl;gl]'1-
HaToBapBaHI'Ifl; I{ BTopo' B pa3qeTa He ce oTqI{Ta BI{OKO3I4TeTa Ha cpeAat-a.

B pesyrrar Ha r.r3JroxeHvrs. Marepuar e lonyqeHa clrHTo3npag,a BuxpoBzr
cxeMa, Ko.sTo IIo3BOJr.fIBa C AOCTaTbqHa cTe[eH Ha AocToBepHocT tI oTHOCI{TeJIHCI
He foJreMll pa3xoAI'I Ha fiaMer r{ MarrrI{HHo BpeMe Aa ce r{3cJregaar nuHeftHrlTe y],

nenr'rneftnr,rre aepoAI,IHaMLIqHI{ xapaKTepI{crI{KH Ha JIA npz HefoBoro ABxrxeHr{€)
6eg urtsraHe Ha MaJrKrI Ao3ByKoBr4 cKopocrr,r. Ha ocHoea Ha peaJrld3r4pa1rrtr
MareMarl{qecKI{ MoAen, r,rsnor3naftKl{ rrJrocKo-[pocrpaHcrBeHara cxeMar].I3all]I.fl
ua JIA I'I MoAeJII,Ipaue Ha o6rraqane crracrtlrlHo I,rnlrr rltlnHo orKbcBaHe Ha rloroKa,
3a pa3nlilqHra $uxcrapaull 3HaqeHI{r Ha tfbJra Ha arana, ca loryqeHr.r Kap:tr,rqara
Ha pa3[peAeJIeHI'Ie Ha lJalrsraHeTo' BI4xpoBaTa cTpyKTypa I{ rIoJIeTo Ha.
CKOPOCTI,ITE. TSXHOTO I,I3CJICABAHE VI AHATla3 AOIPI,IHACflT TIO-TOiIHO AZI C€;
pa3KpI'IBar oco6enocrure, cBbp3aHll c HeJrr{Hefinr,ne aepoAr.rHaMuvnv eqf errr,r,
IrPOSBjIBAIIIU CE IIPII TIOJIET gA JIA HA YMEPEHII I{ TOJIEMII brNII HA ATAKA B
pexl{Mr{Te Ha KaIIaHe.
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petermination of some aerodynamic
characteristics ofan aerospace aircraft in
the landing regime by stream-line
modelling with fl ow separation

Krassimir Stoianov

(Summary)

aifspace aircraftt, ,nJl"""&xl*'l;"htj:1,1i: ffi:il,t?#:'";l,?1"*:iil:f'Jl ?#modification, the vortex frame mithod. In-this method, the aircraft is substi-
stream-line is modelled by partial or
on vortex scheme is synthesized, and
with non-linear stationary and non-
non-linear aerodynamic iharacteris-

sure distribution, vortex picture and vel
peculiarities related with the non-linear a
the aircraft.is flying^ at moderate or g-reat attack angles in the randing regime arerevealed' The significant influence oT the non-lineai vortex stiuctures formed instream-line.with separation of the flow from the aircraft's bearing elements on itsaerodynamic characteristics at great attack angles is srrown.- 

-
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MarnrarHll LI3M epBanvrs. c Bbpr,f,ul ce
KOCMr4rreCKn AflApAr

,[ uuumop,[ auoe, I'IPeu,[uuumPoea'

4enmpaJtHa ta6opamopun no crtbHqeso-3euuu aosdeilcmeun, BAH
.Ilucmumym 3a KocJvuqecKu usctredeauun' EAH

MarHI{ToMeTtplr LIMAII'3., nrrtoqeH B cbc'raBa Ha

arrapaTypaTa rro [poeKT IrlHrepSon - aBpgpanHa coHAa, I{3MepBa eAHoBpeMeHHo

rpr,r [epreHA]IKyJIflpHtI KoMIIoHeHTII Ha MarH]Irnoro none (MfI). flpra6ioprr ce

BbpTr4 3ae.qHo c l'IC3 oKoJIo oc, 11oqTr{ IIapaneJIHa Ha HaIIpaBJIeHI4eTo KbM

cJraHrleTo, KaTo ocTa Ox uanpu6opa cbBIIaAa c ocTa Ha BbpTeHe, Oy e pagvanna
oT ocTa, Oz - Aom.IIBa Ao !\s.cHa KoopAuHaTHa cLIcTeMa (KC). flepuoArr n'a

3aBbpraHe e ororo 120s.
Egxn npocr MoAeJI Ha.ll3MepBar^vrflTa MoxeM 4a nolyulrv tara:

F" - rro ocra
II a c:Iicre.Ma RcO, a c

o r B=W*,Brcos( ae
14 rrna I(C, B Kotro ce

Bbprr4, craBa IlocpeAcrBoM MarpI,IIIar

fto
A, =10 cos(rot

L0 - sin(co

KbAero a=2nlT, T:120s (qzrrnpano [o-AoJIy Karo "repl{o4"), t - BpeMero

oT HaqaJIoTo Ha II3MepBaHeTo, 6 - trrnrr Ha 3aBbpTaHe IIpu /:0 (rosu GIIJI ce

orrpeAerr.f, na 6op4a).
KOvnOHenrure B u B Sas14CsT IIO CJIOXSH HaqIIH OT BpeMeTO, CBbp3aH C

r{3MeHeH[e ,rorro*""ni"ro 
otu IIC3, r,rsN{eHeHlre $nsuuecnuri xapaKTepI'IcTI4KI'I

Ha oKoJrHara cpel\a, Ho He I{ c IleproAa 4a 3aBbpraHe (T:120s)' Aro
.B_ :conSt 3a BpeMe IIo-IoJItMo or T (B^ ce I{3MeHt 6anno), TO cpeAHoTo IIo
nfieue (sa unrepnanlil KpaTHI{ Ha eArIH nepuo4) rta Y u Z Fq!4lAEgHrnle ua MfI
n KcO e Hyna. Aro r,r,B,:const, ro MtAyrlbr Ha MII ftln'z, + n| I He 3aBLrcv\



or BpeMero. Aopu Mf,tr aa ce r{3MeH-rr crrJrHo, eEBa Irn Mo)KeM Aa oiraKBaMe
rreplroAnrrHocr B KoMrronenrara,B_ n MoAyJra, KparHa Ha nepr4oAa Ha 3aBbprane.

Rat<te e npofnenom? B ueo6pa6oreHr{re r,a;ntu ce na6nroganar
oco6eHocru, Korrro ca B [porr,rBopetu4e c fope Ka3aHoro. B [1] ca pa3rneAaHrr
qacr or rxx: a) nepproAurrHu (-120s u -60s) cbcraBKr4 nB_,6) cpeAHoro :uaB.. u
B" (za BpeMe KparHo Ha rreprroAa) ue e Hyra. Hue upd6anxvre orqe e4aa'n)
MoAynbr Ha r43MepeHoro MfI e MoAyrrr.rpaH c neplroA 120s (nx. Qur.Iau$ur.2a)'.

Hue cMsraMe, rre lpuqr,rHa za a) u 6) e orxnoneHr{e Ha r\arqr4Ka uo .B. or
ocra Ha B:bpreHe. Anropzre ua [1] rbpc.flr npnullnara 3a HeHyJreBoro cpe4Ho
ApyraAe u He o6crx4ar (xnno) MoAyraqu.f,ra B MoAyna.

Cuope4 Hac, [pt4rrr{Hr{Te 3a rr3MeHeHr4flTa B MoAyna Moxe Aa ca rpu: A)
HeoproroHanHocr MexAy ocrrre Ha Aarrruqure, B) :,j.aru-c've Ha cMyrrlaBarqo MfI
or o6exra (14C3), B) 6anHu r.r3MeHeHrrr B ,,Hyrure" na npn6opa. He u:rlroqnave
I,I eAHoBpeMeHHoro gefrcrnue Ha Bcr4r{KI4 Tfix.

MareuaruqeH Mo,[er 3a o6fl,ctsBaHe Ha
Ha6nroAaB antrr e o co 6euo crz

,{arvzqure ca oprofoHaJrHr{, Ho ocra Ha BbpreHe He
cbBrraAa c Ox sa npu6opa.

Ilpexo4r,r ruu npu6opHara KoopArrHarHa crrcreMa (RcD Moxe Aa craHe c
ABe nocneAoBareJrHr{ 3aBbpraHu.s (orolo Oy ua eru oxono Oz sa g, ). Marpuuara
Ha rrpexo4a ognaqasaMe c l:

(l)
Bexroprr

cos(9, )sin(<p,)

cos(<p, )

- sin(q, ) sin(<p, )

=A.E.

sin(<p, )

0

cos(rp, )

B x-rounoHeHTara Ha l,BMepeHoro rtoJre:

.Bi = cos(0y )cos(<p, ).8, +.ao [cos(e, )sin(g, ) cos(rol) + sin(<pr; sin(rol)J

ce flof,BsBa rrep[oAr{qHa 3aBucr,rMocT_lr_Epe.Mero (lepuoA T), KoflTo e

nporopqLrgHaJrHa na B,. B r"rogyra *y I B', + 82, utu,araKaBa rreproAr,rqHocr.

Aro 4ouycueM, tre Mepeuoro MfI ce u3MeHr MHoro 6asHo rr ycpeAHr.rM,
t+r /. *r I

nonyrraBaMe: ! arat fr= -sin1<p,)8,*0 u 
! a"at fr= -rinlqr)cos(9,)8,+0

(rux no-rope o"foeHJct q. I

, np^ cbrrlr{Te ycnoBr,rr (nocrornno MII) .qa [pecMerHeM r,rHrerpana:

tn nA,at:rsin(gr)sin(<p ,)aos(g)(B] - Bh . Tofi e pa3rrprqeH or HyJra r{ He
0_
MOXe Aa ObAe r{3rroJr3BaH 3a olpeAersHe opToroHaJrHocTTa Me)KAy AaTqr{ULrTe
[](crp.1l0).
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.(a p aarn e g aM e Br3 MoxHrrre rrp uqil Hr,r 3 a M oAyJr ar\r4s. Ha M oAyJr a n HavrvHu r e
3a rrrxHoro KoJrr4qecrBeHo onpeAeJrxue. CnopeA Hac re ca rprr: A) 4aruuqrare
He ca oprofoHanHra; E) o6exr:br r{Ma co6crseuo MarHrrrHo none; r{nrr B) urraa
I{3MeHeHIde B ,,HyrI,ITe" Ha nplr6opa.

A) [aruuqure He ca oproroHaJrHu: ,{o6po npu6nrzxenue e, aKo rrptreMeM,
qe BceKr{ Aarqr{K r{3MepBa [poeKrlr,r-rrra Ha BeKTopa ua MfI B6pxy ocra c]r. Eies
ofpaHr{qeHr{e na o6ulnocrra, Mo)KeM Aa rrp[eMev, ue X-4arqr4Ka e no Ox n
KcII , Y -rarqr{Ka cKJrroqBa brbJr B, c ocra Oy(RcII), a HeroBara [poeKrl]r,r.s s xoz
- brT,Jr B, c Ox(KcII). 3a Z-lnqr{Ka cborBerHrrre brJrr,r Ha orKJroHeHr{e or
Oz(RcII) ogHaqasarre c Tt v Tr. B rosu ctryuair, rroKa3aHr{.f,ra na npu6opa Morar
Aa ce 3arrr{rrrar B cJreAHara BeKTopHa Qopua:

(2)
KbAero An e uarputlara

EP = AP.Bi ,

0

cos(B1 )

sin(y,)sin(y2)

Ovenra4no, aro pr = yl = 0, ule IiIMaMe Ep = Ei . B lpu6nuxeHlrero 3a

MaJrKr{brJrr{,MoxeMAarroxoxuru cos(p,)=cos(yr;=1, sin(pr)=gr, sin(y,)=1r.
Marpuqara lp uoxeu Aa 3anrr[reM TaKa:

Mogyrrr ya fin 3aBncur or BpeMero, Karo ce [orBsBa xapaKTepHa rrecrora
2a. flrr':uusr r.r3pa3 e rBBpAe KoMrrnfirlupaH u He e Bb3MoxHo Aa ce [peAcraBrl
ryr. 3a fln]ocrparrus, aKo rrpneMeM, qe H.sMa orxJroHeHrre or ocra Ha BbpreHe
(Qr:tP":o), 9z =90" u "12 = 90u nolyvanaue

^f - pf ;cos2 (ror) + 2(1, + p, ) sin(arr)cos(ror)]rj + C, cos(orr + €t) + Cr,
C,,C, u 0 ca KoHcraHTr,r He3aBr{cequ or BpeMero. flrpnz.rr,q.rreH rrMa
qecrora 2a.

Or ryr cJreABa, ue na6lroqaBaHl{Te I{3MeHeHI,Ir B MoAyna Ha iloJtyqeH[Te
AaHHrr He ce AbJrxar Ha HeoproroHaJrHocr Ha Aarqr{qtrre,3atuoro: l) uxnaa
r{3MeHeHLIfl C qeCTOTa 2ttl, 2) H.SMa [pUqI{Ha brbJrTjT MeXAy AaTrrr,rquTe .4a ce
r43MeHf, B cpaBHeHr,Ie c Ha3eMHr{re ranr,r6poB6rlHl,I AaHHr,r.

Konuqecme euo onped ennue : EteueH'rrrre Ha Marpr.rrlara Ap ca olp eAeneHrr
rrpr,r Ha3eMHpr lr3rtyrraHur.f,. Te ce cbrnacyBar c na6nro4exurra.
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I t o o llt o o]
Ao =lpt cos(pr) I Fr sin(Br) 

| 
= 

| 
or' I an 

I

ftr cos(vz) yt sin(y2) I I Lort atz I 
_]

z, = 
[sin1B,;rro,1p,;
lsin(y, )cos(y, )



E) O6errrr r,rua co6crBeHo MarHr,rrHo rrone; urz B) r{Ma r{3MeHeHkre B
,,HyJrure" ua npu6opa.3a c'sxaJreuue re3r{ ABe rrpv'4unpr He Morar Aa ce
pa3Aen.sr, 3auloro rr ABere BoAflT 4o npnSanxHe Ha Herl3BecreH BeKT.op x6M
rz3MepBaHoro MfI.

,{a osna.rtrv ro3rr BeKrop c d6 . Torara I4MA[I-3 rrle Mepr,r rtor'e fi' = Ei + du .

Mogyrrr My e paBeH Ha

(3) B,=r[F*4f=W.
flrpaure rpu rur.eHa rroA 3HaKa Hapa4ilKana ca\rHBapr4aHTHr{ - He 3aBI,Ic.rIT

or u:6opa Ha KC u or nefiHoro rroJrox(eHr{e BbB RpeMero. rlernrpruxr He e
uHBap I4IaHTeu (n rosu crrluctl) - 3aBvcvr II O cpeA cTBoM rrp oMeHn vrBvrfl.'r,rT Ir MexAy
BeKTopI{Te (Bi v eo ). Ouenu4uo, MaKcrrMyM n Mr,rHr{MyM r,rMa rro BeAHbx 3a
BpeMero Ha eAlrH [eprroA. Moxe Aa ce AoKaxe, qe qecrorara:aa r{3MeHeHrre Ha
MoAyna e o.

Kottuqecmeeno onpedennue: Axo d e npousnoJreH BeKTop u [pecMerHeM
cKaJrapHrare rrpor.r3BeAenux B" .(8" +d)=(Bt +d).(Bt +do!d)u or rrxHara
pa3Jrrrra rr3BaArrM fie fie r,.o:l_yqaBaMe

(4) ni2 + ef, -2aoa +zEipo -e1 .

Irpnure rpr,r qneHa He 3aBr{crr or BpeMero. Axo us6epeM d raxa,q.e ra
Mr{H}rMrr3HpaMe Bapr,raqvfrTa B (4), ro rle cMe oupegenruu dg .

flpegnaraulr.f,T [o-rope MeroA 3a KoruqecrBeHo olpeAeJrflHe e ycrofiuzn
caMo 3a rrepI,roA, flo-rorsM or eAuH nep?roA Ha porarlux. flpn anarrvrc Ha
o6pa6oreuIETe AaHHr{ ga6ersgaxNre, rre KoMrroHeHTr{Te Ha BeKTopa Ha rpeilrxara
do He ce Il3MeHsr 3HaqureJrHo B paMKr,rre Ha flep]roA or H.sKoJrKo uaca (napuagw,
He roBelre or 2-3 nT). I4ua 3HalrHTeJrHr{ u3MeHeHr4r 3a pa3nurrHrrre AHr4 (Ta6r.l).

Ta6rrua I

96 | 262

96 | 264

96 I 274

e6 | 295

15 
'

-87,0

99,9

-90,0

1,5

0,2

0,1

0,1

1,5

1,5

2,4

5,1

t7,0

tl
19,8

t7,5

87,5

84

9l

96,8

1,5

'){

))
)1

3aqo flpeAnaraMe Apyr Haq]rH 3a
[pecMrTaHe Ha MaTpvt\aTa 3a poTarlur?

B [1] raro rp]rMep e rocoqeHa Marpr,rrla 3a KopeKrlus Ha
brbJla MexAy ocra Ha BbpreHe u X-AarquKa, Ko.f,To He 3arra3Ba Abnxr,rHara Ha
BeKropa na MfI ( crp.l11 (3)).

Hue rpecvrrraMe brurlrre Ha porarru.s eufr g", rto cJreAHlrfl, r^aLrvr:r.:

flpu raH:rerplrpaHe rro KoMloHenrr,r (l)-ea eAuH flepud4 T, uonyuaBaMe
cJreAHI{Te ypaBHeHnfl 3a (Qvkr 9zl

15i

fo.q./.qeu ae" e Le A,e



(s)

Aro sHaeNr
perIIeHr{s:

(6)

t+T lr+T

- rg(ey )= I n;at f J 
t:0,= o.

't,*lr'1,*,
-ts(q,)/cosler; = [ n;at f J 

n;at=b,
rlt

(zanreprarra) [apaMerpr,rre a 14 b, ra3u cr{creMa r,rMa cJreAHr{Te

Or Koero ocrrre o",*.o, rt Or(*"n)
cKrroqB 

, )) .

An KoMrroHeHTr{Te Ha IdII xrla

q t,=arctan(a)

,lr.t +,{t*s ayl6 1

xru SusuvHlr BeJrlrqr{Hrr.
Marprrqa At, tt4vtro eJreMeHTr,r ca

HepoTarIHoHHa KOOp.qUHaTHa CVCTeMa:
l flpeo6pa3yBaHe or reJreMerpktrrHr.r
2. Koperqvs, 3a oproroHanHocr c

olpe.qeJreHlr na 3eurra.
3. Oupe4en.sHe Ha co6crseHoro MfI ua o6erra.
4. llsnaxgane Ha MfI na o6erra or rroJryqeHoro'npll l).
5. [IpecvxraHe Ha e,vg, (sa npeuorpr,rBarrlu ce nHrepnanu).
6. TpancQopMarlr,rfl no A-I - ocra Ha porarllrf, cbBrraAa c ocra Ox.
7. OrcrpantrBa:r,e Ha porarlurra.

Pesynraru

Ha Qur. la ca uorasaHu AaHHLT or MarHr{THr{ fi3Me,pBaHut
rrpeAr.r, a Ha Qrlr. 16 - ctel [pr{JrafaHe Ha oIIrcaHH.s anroprrr,rvr. flo
XopH3oHTaJIHaTa oc e HaHeceHo BpeMeTO B ceKyHAI{' a IIO BepTIIKaJIIIaTa --
MarHr{Tuoro none s nT

Out'ypa 2ulwcrpupa u3MeHeHlrrra B MoAyJra Ha r,r3MepeHoro rroJre ('$ur.2a)
u n B,- KoMrroHeHrara (fiur.26), rpeAr,r a cne1 npeo6pasysa*e. (Dur.2a
AeMoHcrpr,rpa [peAuMcrBara Ha rrpeAJraranvs or.Hac MeroA. rDur.26 rroKa3Ba,
rre MeroAsT Htr He e cbBbprrreH - rrepuoAr.IqHlrre rlyncauuu n B, naMlal/,c.nar
noBeqe or ABa rrtirl{, Ho He u3qe3Bar. flpu.rnuara 3a roBa Moxe Aa e r{3MeHeHr{e
B KoMrroHeHTr.rre Ha r,r3MepeHara Ha 3eMrra Marpr,rqa trn. (3a6etrr3Ba ce
MoAynaqu.s Ha cr.rrHana c leplroA orono 60s.)

Ha t[ur.3 e rroKa3aHo r,r3MeHeHr{ero c BpeMero Ha brbJra MexAy upn6opHara
o9 Ox u ocra Ha BlpreHe. BnxAave KaK brbJrrjr ce I,rgMeH.s leplroAl,rrrHo B rpaHlrqu
40 1,5o, cneABa yc[oKorBaHe npu 0,5o u orr{oBo pa3nrcr.sBaHe. Tona uoxe ga ce
Asnxr.r Ha JrroJreeHe Ha rrlaHrara. flpz ApyrN 4aHrru cMe za6etxzastu, qe aMrur[ryAara
Ha braJla Mox(e Aa ,qocTI'IrHe go 2o, rato yclloKoffBaHeTo oTHoBo e oKoJIo 0,5-0,7".

He e srgrnroxHo Aa noKa)KeM BcI{qKr{ noJryrreHr,I pe3ynraru, Ho rroKa3aHuTe
Surypn ca Aocrartqno rrpeAcraBr{TeJrHr{.
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3axrro.reHue

He cueeu "qa rBbp.q[M, qe roBa r{3cneABaHe r{3qeprrBa
upo6nevure. Irlgnrn Hefo ocraBa perxeHr,rero Ha cJreAHHTe 3a1alrvi

l.Koperqur Ha ocraXno nanpaBJreHuero na Carnqero.
2.[orrctnureJrHo r{3cJreABaHe 3a [poMeHure B oproroHaJrHocrra MexAy

AaTrIUUr,ITe.
3. O6scnerue Ha r,r3MeHeHr.rf,ra n MfI na o6erra.

Jlnreparypa
l.Crcx(ltn, B. A., E.f. flerpon, H.A. Eficvonr, A. Eoqes. MarH[:rHnen3MepeHrrrBnpoeKre

I4HTEPBOJI-ABPOPAJIbHbI3OHA.-Kocrnr.nscre4ouanur,36,1998, l&1,108-112.
2.Arshinkov, I.S., L.N.Zhyzgov, A.Z.Bochev et al. MagneticfieldexperimentintheINTERBALL

project (experimen t IMAP). Inrerball, 1 99 5, 222-227 .

Ilocmanuta na I6.IV. 1999e,

Magnetic measurements on board a rotating satellite

Dimitar Danov, Iren Dimitrova

(Summary)

Jhe 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
parallel 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 can-not be referred to the
magnetospheric ME

The authors believe that this phenomenon is induced by the AES magnetic
field. Other possible options are also discussed.

_ An algorithm for transformation to a non-rotational coordinate systern with
Ox qls parallel to the rotation axis is proposed. This algorithm diffeis from all
published algorytms up to now.
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Er-nrapcra araAeMr.rf, Ha HayKr.rre. Bulgarian Academy of Sciences
AeporocvuvecKlr r,r3cJre.qBaHuxnBrtraput 15. Aerospace Research in Bulgana
CoQur. 1999. Sofra

@ynepeHlrre -cbrrlHocT V npkrJro)KeHue

Llu4eau Veys

Ilucmumym 3a Kochtuqecrcu uscnedeauun, EAH

<Dynepeuure [peAr,r3B]rKBar roJr.f,M r,IHTepec Karo Bb3-
MOXHOCT 3a HOBII HayrIHI,I LI3CJIeABaHZs. ur 3a HoBIa rrpaKT[rrecK[ Ilpr,uloxeHr{.s.
3arosa He e cryqafiHo, ve Ho6erosa HarpaAa za 1996 r. 6erue \p,rcrr\eHa Ha
Tpr'rMa yrreHu 3a rexHr{re [ocr[xeHr{.fi s o6racrra Ha synepeHr,rre.

I4cropuvecrra 6enexru

l[cropuxra va
aHrnr,rfi crurr Surnxo-xr{Mr{K Xapo
oTKpr{TLI B MeXAy3Be3AHOTO rrpocTpaHc
oT [Io-BrlrcoK peA - rroJrr{Htr. IIpeO 198
cbBMecrHo c Pu'rapA Krpn. V gP,av,ara o6prular BHr,rMaHr,re Bbpxy pe3ynrarHTe
na P,lauapA Cuefinu, xofiro c JIa3epHo-[Jra3MeHu ycrpoficrna cri1aBacrrJrkrrl[eBo-
XAP6I,I4HT KJIICTEPI,I. TPUVATA YIIEHI,I rrpEAIIOJIATAT, qE B ME)KAY3BE3AHOTO
rrpocrpaHcrBo r{Ma Bb3MOxHOcr sa o6pasyBaHe Ha rap6r4un rpo:qone. rlpes
cerITI{MBpI{ 1985 r. Tpvv^ara rlpoBexAar cbBMecrurd eKcnepr{MeHTr{ r{ B reqeHr{e
Ha Aecer rEr4ycIJflBar Aa AoKaxar cbrrlecrByBaHero Ha MoJryKyna cuo. onpegenxr
uefinara crpyKrypa u .s Ha3oBaBar Ha r{Mero Ha aMepr{KaHcKrrf, ap*iire*i @yrep,xofiro 

''ocrpoH na cserosHoro r{3JroxeHrre n MoHpeaJr [pe3 nel rt:
aMepr.rKaHcK[tr fiaBl/.rrvon c noAooHa KOHCTpyK{r4.rr, Kof,TO e 6Uta ]irapucyBaHa
orrle or Jleonapgo Aa BraHqN.

Morexyrara cuo no cBo.[Ta sopr"ra MHoro \purwra na $yr60nH& TorrKa,
HarlpaBeHa or l2 nerobrbJrHr{ z 20 urecrobrbJrHr{ rlaprrera. JLo6onraruo e. qe
pa3MepBr Ha Mone*ynuru,9up,_rofiro e 0,7 nm, e lll0l qacr or $yr6onuara rorrKa,
Ko.rrro or cBo.fl crpaHa e lll07 qacr or 3eMHoro run6o [l].

Tpx6na Aa ce or6eJrexr{ r{ Qarr'r, qe 
''peru 

3HaMeHarerHr4Te Aecer .qHra
He3aBvcvMtrLt3cJreABaHpI.s ca [poBeAeun n la6oparoprrrs na ue$reHara KoM[aHr{s
EKCOH s Hrc ,{xtpcn rroA .p}KoBoAcrnbro na Eu4plo Kangop. flpu
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o6pa3yBaHero Ha rIJIa3MeH rpaQI,IT olrle rrpe3 1984 r. TaM IroJryqaBar MoneKyltl{
Cuo^Cro, Ho He ycrlflBar Aa rlr oTAeJLET Karo nrIKoDe Ha cleKTporpaMa.Ta I{ rro
Ta3U [pr{quHa rolsMoTo oTKpuT[e I{M ce v3rIJIb3Ba.

BonSraur Kpeurvrep n llncruryra uo acrpo$u3vKa,,MaKc fIraHK" s lKafi.qe.r-
6epr u,{onalg Xo$naan n Vuuoepcurera B Aplasoua [poBexAar eKcrrep,llMeHt'u
3a rroJryqaBaHe Ha rrna3Ma or rpaSnr qpe3 enexTpl,IqecKa AGra B cpeAa na xelltfi
(1990 r.). B caxrure rpucbcrBar Cuo, Cro I{ IIo-roJIeMu uoneryln [2].

Crunocr na $yrepenure
Orrcpnrara or rpyrrara na Kporo MoJreKyna Cu,, e uut;t

Bbrnepo,q. Heronara crpyKrypa ce pa3nuqaBa or crpyrTypara na rpaQura u rta
lvav,arTa. Ts e Hosa anorporrHa uoguQuraqlrt Ha BbrJlepo4a. ClegoB,areJlHo,
BbDrepoArr r,rMa rprr Kpr,rcraJrHr4 rr,roAuonraquu: rpa$ur, AuaMaHr u {rynepeu.
Te npurexaBar pa3nr,rqHu Qr,rsuunu csoficrsa.

flpn rpa$ura u \naMaHTa uua BbHrxHu qacrr,ItrHo HacI4TeHI{ Bpb3KI4.
IllecrorrrnHr{Te uJracrr,rHrr rrpu rpaQura Morar JrecHo Aa ce rlnb3far eArla Bbpxy
Apyra. llpu auav,aHTa, nopaAI,I cso6oAul,Ire Bpb3KI{, rloBbpxHocrra My e rroKpurfa
c BoAopoA. Ha uorrpxHocrra na QynepeHa HtMa raKlIBa Bpa3KH, Te BcrI{qKu ca
HACI{TCHI{.

flpu onpe4er.sHe Ha crpyrTypara Ha rpaQurnux Bbulepo.q ce II3rIoJI3Bar
rrrecrobrbJrHla KoHcrpyxquu. flo-xbcHo craBa scHo, qe aKo rlo o[peAeneH HaTIHH

ce oTpexaT BapxoBeTe Ha LIKocLITeTpae\Tpa, ce lonyqaBa flpreceqeH
rrKocurerpae.qbp, cGcrorrq ce or 12 uerorrbJrHr{Ka u 20 urecrotrbJlH}IKa. Toquo
TaKaBa e crpyrTypara na Cro.

B caxAure, [oJryrreHu or eneKTpl,IvecKa Abra, qacr or c$epzuuure
crpyKTypl{ na Cuo ce yAtJlxaBar u npllAodusar Qopvara Ha ,,TorIKa oa prr6u,".
Taxana e crpyKTypara Ha Crn.

OcseH Trx ca r{3BecrHr,r- u xunepSylepeHu c MoJIeKynI,I Cn.n Ha BaHIITHa:ra
o6nrrxa, [o-HaBETpe ca Croo, orqe lo-HaBrtpe Croo, a n qenrrfa e Cuo, Ko.sro e

nafi-cra6utna. Taxana crpyKTypa ce cb3.qaBa cpaBur{TenHo JrecHo r{ ToBa orxpuua
HoBa epa B pa3BI{TI{ero Ha Qusuxo-xururr,rsra. Ererrp}IqecKara Abra MexAy
BbrnepoAHrr eJreKTpoArr ce ca3AaBa 6eg oco6eHr{ 3arpyAHenult B na6oparoprur
ycloBus Ir B ToBa e eAHa oT rlpuqrrHrrTe 3a u3KJrrorrlrTeJrHo BncoKl{fl I{HTepec Ha
yqeHHTe B Ta3r,r o6racr. flo trreroAa Ha eJleKTpuqecxara Abra AHeBHo Mlorar Aa
ce flonyrraBar HflKoJrKo rpaMa or Marep[alra u aKo [pe3 l99l r. eAIIH rpaM
Qyrepenu crpyBarre 4000-5000 Aonrapa, ro cera IIeHara e oKoJIo 40 4olapa ra
rpau [].

Crpyrrypara Ha Cuo ce xapaKTepvsilpa c BaKyyMHa KyxlIHa crc c@epu.ura
cr{Merp}rr, B Korro Morar Aa ce BKnK)qar u pa3nvqHrl aroMl{ u itottu. Ha,fi-qecro
ce cpeqar aroMr{ na xeruft, Ho pa3MepI,ITe Ha flpocrpaHcrBoro rlo3BoJx.f,Bar lla
CE IOMECTBAT ATOMI{ HA IIOIITIII BCUTIKI'I XI{MUqECKI{ EJIEMEHTI{. BITTPOC T E XAT

Aa 6rAar rlocraB.suu raM.
Ilponex4anrr ca orruTlr, npr{ Korrro rrna rpaQuroB}rre eJreKTpoAr{ e,qo6aneu

KaJr[eB Hr,ITpar. no rogu HaqrrH rlprlcbcrBarrlr{Te B rrJra3Mara KaJII{eBII aroIvII,I
Morar Aa rrorraAHar BTirpe B Cuo. B peayrrar ce [onyqaBa HoBo cbe,n:I,IHeHue,

HapurlaHo ,,K@C60", [pI{ Koero BpG3Kara ne e fiouHa, HI{To KoBaJIeHTHa, a q}Icro
MexaHr{qHa v ce ll,apwr,a eHAoxeApr,rarua [3].
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.{oxaro eHepr-usra Ha KoBaneHTHara xr{Mr,rqHa BpB3Ka e l_2 ev, aa
ocno6oxgaBaHe Ha BBTpelrreH aroM or Cuo e ueo6xogtarrao paixrcBaHe Ha Bpb3Karac-c s le'robrBJrHara, wv flrecrobrbJrHara crpyrTypa, 3a Koero e ueodxoAuva

nu200 kcal/mol. Tarosa Bb3Ae a
MO C eHeprr{flTaHa xr{MrirqHa P a
poHHOTo nr:4efrcrnue, Kar a

,,orBapflHe" ua Synepeuure. flpu HeyrpoHHoro o6nrqnane Bb3HrrKBar 4e$erru,
rlo3Bon_f,Barqr{ rro-JrecHoro [poHr.rKBaHe B crpyKTypara na Cuo"

Vurapcxrare yqeHI,I ca eAHI{ or rrrrpBl/tre, I43rIoJI3BailIH To3rI MeroA, AoKaro
aMeplrKaHcKr,r yqeHrz 3a rlenra lr3rroJr3Bar Hafp.fiBaHe ao 500-600oc u Har.f,raHe
3000-4000 atm, Karo MeroA 3a BrpaxAaHe Ha qyxAr4Te aroMrr.

vurap{nre qpe3 MexaHo-xr.tMl,IqecKa eHepfrr.f, B TolKoBLt MenHrrrlr4 cMr{rar
xr.rMr4qecKra uzcr cuo u ar_e4eficrsafiru c raMa-ru{KJIOAeKCTpI,IH [OnyqaBar
,,Cuorava-quxrogercrpuH". ToBa cbeAr,IHeHIre 3a pa3JII{Ka or Cuo ce pa3TBap{ BbB
BoIa u AaBa Br'3MoxHocr 3a I{3cJreABaue na QylepeHr.rre B 6zoloizqsz cucrervru [4].l'Ignecrno e, ire [pr{ HeyrpoHHoro nrsAeficrB.r,Ie BbrJrepo.rlHrrre aroMrr He
CTABAT PAAI{OAKTI,ISHI,I, KOrArO, 3A PA3JII{KA OT OqAKBAHOTO, IIPI{ ,"i 

"Cperl4crpvpa BI{coKa paAI'IoaKTuBHocr, oKa3Ba ce, qe Cun He e ql{cr t4 B sApoTo My
lpIIcr'cTBaT aToMII Ha IpyIII XI{MI{IIIII eJIeMeHTI{. Te, n zsrnroquTeltHo MaJIKIz
KoJrr{rrecrBa, ce H?Mfipar B rleHTbpa ua synepeua, o6pasynar qacrHtrHocM€ceHr4
Kpr4craJru, 6laro4apeuve Ha Koero ce oKa3Ba Bb3MOXHO noryqaBaHero Ha
cBpbxrrpoBOAr{MOCT V Ha rpyrn cnoftcrsa 3a pa3nr{rrHr{ Ilpl{noxeHrffr.

Brgvoxno crvr 3a npunoxeHu_s

EAsa or Bb3MoxHure o6racrr4 3a rrprrJroxeHvre Ha
Synepeurnre e cBbp3aHa c r.Hap. uanorpr6z. Oragsa ce, qe, urecrorbr-bJrHara
rrJrocKa rpasurna crpyKrypa Moxe Aa ce HaBze [o pa3JruqeH Haqr{H , la o6puty"i
rpr6uvxa c Ar,raMerbp or [op-sAbKa Ha HaHoMeipz. B Hefl r{pe3 Karrr{n.fipHr;rre
NPOqECH MOTAT TA 6rAAr 3ACMYKAHU METAJIV, KATO OJIOBO U AP. fr TIO TO3I{ HAIIUH
vpe: rpr6nqKr{re la 6r[ar $opruupanz MeraJrHrr Hr{rrrKr4 c HaHopa3Mepu [5].I,IgsecrHo e, qe Bbpxy 6engonur,rs rrpbcreH e r,r3r-pa.4eHa opraHr{rrHar ax;21M1s.rrpes 

_cnrpsBaHe Ha aroMr{, rurJrl,r aroMHrr rpyr,rr Ha ocgoBara na cuo 
" cro no

noAo6eu HaqLIH Morar ga 6s4ar floryqeHu HoBLr BlrAoBe ropr{Ba, KaraJrr{3aropLr,
JreKapcrBa, BlrcoKosKocrHlr BJraKHa, MoreKyrspuu uev6pauu, aHruopr,rxqnoiuu
rIoKpr{TI.Is H ArraMaHTyr.

Oylepenure [opaAv cBoI{Te ereKTpl,rqHtl Lr olrrrlrrHr{ cnoficrsa ca MHofo
IIepcrreKTLtBsr,r. Te [o3BoJlflBar Aa ce floryqar [onylpoBoAHI{rIA, CBpbxrrpoBoAr{u-
qI{' otrTI'I.IHI'I pI eJIeKTpoHHo-onr[rIHvMarepvantl, aKycrI{qHV Aar-qLx\uu 4p.[6,71.

Tosu, nos rr,r[ MarliprraJr orKpI{Ba MHoro urrpoKl,r Bb3MoxHo crl 3a
HerpaAr,IqvoHHr,I [pI,IJrOXeHr{9, KaKTO U 3a HOBI{ T.bpCeH:1,s.. Herosoro flonyrraBaHe
14 UBCJr9ABAHeTO My Ca IIO CI{JII{Te 14 HA MaJIKI{Te CTpaHI,I LI B TOBa OTHOIIIeHI4e
Muoro Hacbpqr.rrereH e rrpr,rMepbr Ha yHrapcKr,rre yueHr [g].vlsyuananero Ha Qyrepeuure e rrcHo cBbp3aHo c r,r3yrraBaHero Ha
KocMrrqecKoro rrpgcrpaHcrBo. I4zcteasaitKrr BbrJrepoga n Kocvroca, yrreur{Te
[y0nrzKyBaxa cto6ulenux sa $ynepeHz c tr3Bb aa
orxpr{Tra npr4 urccne4BaHero Ha Mereopurvr [9], vrM
Bbpxy o6urusrara Ha KocMr.rqe cxu arrapalu.-i aa
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Mrrofo MaJrKr,r, Moxe Aa ce [peAIroJIox]I, qe ca [onyrIeHI,I qpe3 MexaHI{3Ma Ha

Kpeurraep-XoQrnlau or BcrJrepoAHI,I xoHApl{ru. Heo6xoAtrMv ca HoBId HayqHI{

AOKa3aTeJrCTBa 3a T.SXHOTO rrpl{CbCTBI{e B MeX(Ay3Be3AHOTO TIpOCTpaHC'TBO.

@ynepeuure Karo rpera nrogu$uraqrtn Ha BbrnepoAa rpeAcraBrsBar
LrHTepec v 3a yquavre I{ 3a cueq[aJrucrl4Te B Vlucruryra 3a KocI\{I{uecKI{
r{3cJre.qBarr}rs - BAH, KbAero r,IMa r{3BecreH LI3cJIeAoBareJIcKI{ oIII4T B o6nacrra
HA ]IIIAMAHTI{TE,
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Ilocmonuaa na 20.V1. 19972.

Fulerenes - essence and application

Istvan Cheush

(S um mary)

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 multicotnponent
fulerene configurations with specifib properties. The paper is an overview one.
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YKA3AHI4' 3A ABTOPLITE

B rel{amqnala nopeAuqa,,AepoKocMl,rqecKut Ltscrep;Banvr,a Etrrapu-n" ce

opurrrHaJlnr{ Hayqxfi crarvu. or o6racrra fla KocMlluecKara HayKa r.r npaxrirra.

Vcaosrls:
. Crarr.rr.rre rpx6na Aa 6rp.at ripeAcraBega s 2 ersevnnspa na auuuicKu e3ri

Ernrapcrute aBTopr{ rpr6na Aa flpeAcraBsr crar[I,ITe cv u Ha 6ur.apcru esux.
o O6eusr Ha crarvsra.(axrroyurerxo ra6ruqr.rre il nvreparypara) ue tpt6

.qa flpeBr,ruraBa 15 cran4aprHr{ Marrrranorrucur{ crparrrrq[ (30 peaa Ha crpaur{qa, 60 gnara na
c Qopuar 210x297 mm.

. BcsKa crarut rpt6saAa 6rAe [pLrApyxeHa or perrove (go I crau4aprna crpaxu
na 6urapcxu r.I na agmuftcru e3I{K.

. Mareplaflfl, rrpfiern 3a rreqar unr ny6nurynaHu B Apyrr,r ilgqanvn, He ce [prreMar.

ffo,qpexgane: l

' . Ha urpaara crianr.rua Ha BcflKa crarr{r rpx6ua Aa 6r\ar HarrucaHrr 3arraBn
nvdnara Ha alTopl4re I{ aApecrr na uecropa6orara.

o. T a 6 n u q ra u 
- 
r.r Jr ro c r p a rl u u. Ta6luqlrre r.r reKcrsr KrM r,rJrrocrparlrinte'rp t6

Aa ce npeAcraRsT Ha oTAenHrl cTpaHuqu: Mscroro I{M B TeKcTa Aa ce fiocoqrr B rroJrero

ctorBerHara crpaHulla. Ha rrp6a Ha unlocrpalluzre ($oroctI, tleprexl,I, rpaQurtu LI Ap.) c

AA Ce Hanr.rular SarJraBr{eTo Ha cTaTt sTa, IrMeHaTa Ha aBTopItTe, HoMeprT Ha QlrrypaTa r{ Aa
yxaxe opl{esrulr4era.

. JI rl T e p a r y p a. I{urupanata lrareparypa ce [peAcran.r nd orgeres Jrr.rcr

HoMeparlnr, [osBtBaula ce xpoHoJloru.rHo g rercra. I{Mero Ha n6pBl4t aBTop ce.qaBa c

Cre.usar iarnaBuero Ha eraruflTa,3aDraBuero lra crrficaHl,Iero (c6opuuxa), roM, rorr,raa,
crpaHr{rla, a upr.r uonorpat[r.rure - aqaA, r,r3AareJrcrBo, roArrHa, crparMrla.

'flpuuep: : '

l,KprcraHos, JL, K. CepaQzvoB. -Cu.naEAH,XX, 1974,Js2,c:
).He c'r op o r , I. Onsuxa Ha Hr{cKdra fionoc$epa. C., EAH, 1969,c. 63.

- Apyrn u3ucKuaH.rrs:
o Mepnure eAr{Hr{q[ 3aArnxr{renHo,qa 6lAar uo CI{.
o Asropl,rre [pernex,qar e.qHa KopeKTypa B oupeAeneH cpoK. ,{ouycxar

rronpaBrr{ Ha rperrrKr{, HarrpaBeHl.r npu na6opa.

Ha aApec:

A.qpec. Aarobr{Te Morar Aa npeAbras.{T rnquo Marepuanrre cu LUiln AarLr

Co$ur 1000
ya. ,,Mocrorcra" N 6

llncruryr 3a KocMr{qecKu n3cJIeABaHI.Is - EAH
PeAaxrluonna ronerui ua,,Aeporocrr,rr{qecKr{ r{3cJIeABax}rf, a Ernrapur"
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