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Research in Bulgaria

Space, ground:based and model
investigations of lithospheric
movements of Balkan peninsula
and Bulgaria within the frarnework
of the EURCfRCBE project

Nikola Georgieu, Gtaro Mardirossian,
Mladen Mladenoasftg, Hernany Spiridonou

Space Research Institule, Bulgarian Academu of Sciences

ogy, the development of
imagery, providing pos-
lithospheric plafes and
geosciences.
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Recently the possibility to establish c between
projects is available. For example ihe joint project VEGENER-IDEAL is
a combination between the VEGENER pr{ject-(of the European Space Agen-cY) CQuncil) F'2-161.

, aiming at the investigation of ther9g vprsus African, Arabian and Indianpla ojeqt EUROPROBE on the territory
as irvell for the detailed investigation
ith the aid of complex scientific and

rem order to realize these investigations on the Bal-kan eposals and would like to conJolidate the opinion
of t ion for the future objectives in siudying th'e geo-
ovn



1. Geoteconic and geoclynamic sitr-ratiou
of Bulgaria and Baikans

n- gf th" geotectonics and geodyna-
of the Balkan segment of the Euraiian
h the structure and the develooment

V ardar-Izmir-Ankara ophiolitic su-
hward close to the stable continental

uthern and eastern Karpathians, the
Rhodopean massives, Stiandia Moun-
suture fragments of the passivc Afri-
ihe Dinarides, Flalenides, Anatolides

garian telriloly are clearly distinguish-
of them seismogenic. In order to in-

cale and the separate neotectonic struc-

(which we named Balkanprobe) al
transversly the mentioned' tectoiric
tral inland parts of 150-200 krn width
ending southward with t
nuation along Greek terr
Vardar suture southwarcl
of the Alrican continent
and separating the tectonic zolles are a
structures we define clearlv expressed
typical for the southern Xlisian'and M

I.inear and concentric formations
ked on the neoteclonic map, Thev r
enriches our knowledge on the neo
tory. Some of them transect the ent
the adjacent regions of the other Balkan'
dashed and dotted lines on the mao,

Recent geodynamics of the BulR:arjan
and is manifested with vertical movements
values (up to 5,9 mm/year) of vertical m
tectonic zones with most thick crust. Such

;:',: 3' tl -?' 
uffl*T'ff 
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. fh.. complex implemcntation of remote sensing,; geological, tectonic,
geophysicgl and geodetic information which is realized 

"alon{ the suggested
test site (Balkanprobe) will enable the investigation of ithe re[ional gei?yna-



mics of ihe conflict area between the Eurasian and ihe African olates within
tlte Alpine-Himalayan orogen,

2. Scientific goals and expectecl results

The suggested program (tsAIKANPROBE), may be con-
sidered as a continuation oI the meridionai orofils ol the E{JROPROtsE
Program along the Balkans up to ihe Mediterlanean sea, The EUR0FR0BE
Project itself may be considered as a supplement of detailed local and micro-
local information to the VEGENER - IDEAL Project. Using various ground-
based and space methods this project will apply laser satellite observations.

The fundamental scientific purposes of the tsALKANpRoEE Project
are:

a) determination of the recent joint movements of local and microlocal
blocks along the Balkan and Bulgaiian transect and namely: beiween diffe-
rent geostructural elements in the Balkans - Dinarides, Bali<anides, Serbian-
Massedonian and Rhodopean massives, which are distiqguished by fault rup-
tures;

b) investigation of the neotectonic structures and the geodynamic proces-
ses along the Balkans whicl-r embrace large sectors of the Alpine-HimaTayan
orogen and the Bulgarian territory along the transect starting north-southward
and encompassing the tectonic zone of the Misian ptratform, the PreBalkan
t'ange, the Balkan range, Sredna Gora mountain and the Rhodopean massive;

c) regional and locai litholpheric blocks
of the

d) eformations of the Balkanides, Ser-
bian-M ves;

- e) conilibution via the local BALKAINPROBE Project to the regional
VEGENER - IDEAL for the investigation of the dynamicprocesses in ihe
Alpine-Him alay an orogenic belt.

The scientific and applicable purposes embrace the following important
t asks:

a) evaluation of seismic danger and prediction of deep focal earthquakes,
applying subductive and slip-collisior-r seismic models via empirical climatic
verification;

b) deiermination of ihe relative movements of the large crustal blocks
in great rifts and fault zones of the orogenic belt which are interesting for the
prediction of shallow focal earfhquakes and for the construction and explo-
ration of impor:tant structures and complexes.

3. Methodical, techriical patterns.
and scientific strategy

Europrobe to a great extent embraces considerable
territory of the European continent. Combining the Europrobe transect
with the VEGENER - IDEAL project this areal is further extended encom-
passing ihe Karpathian-Balkan region. Based on this large scale we clearly
may group into two groups the investigated objects by areal coverage:

a) investigation of the continenlal (for distances 103-104 km) and regio-
nal (102-103 km) dynamics (plate; intraplate and block) with the help of space
techniques;



km) and microlocal (up to l0.km) dy-
o reveal the recent differentiated move-

ing,variations of physical and otl-rer
n stallon.

with the VEGENER Project
nsect projected over the Bul-
ed goals for joint theoretical

3.1. .On the possibilities oi contemporarg remote '

sensing applications

sing imagery .r,.r."rt3l,??tiil3l,ltjr""
cal structures, the neotectonic formaiio

with respect to levelling and gravimet-
rojected crossing through I and II class

zones (Fig. l). We proceed in a
selected in a way as to start in
on around Strazhitsa town and
the reference network are avail-

3.bl: (figr 1). After analysing the networks a transect of 2L chords was identi-
Iled. lhe latter will be determined wiih Gps measurements. Fig.2 represents
the available geomagnetic anomalies and the geophyslcal statlo"ns and'seismic
epicenters.

3.2. On using au,ailable groundbased. data based
on def ined geodgnamic test sites

As we mentioned before, the determination of theprofile direction of the rdference networks are selected in a wav as to fol-
low the direction of the meridional beam of the Europrobe transeLt in order
to obtain natural inclusion of ihe Balkan profile into^the European project.

ements on the Bulgarian territory stalted in ig28a ns of ihe vertical crust moverhents were made since1 nteresting resr ts were obtained after the Chirpane measurement o the state levelling network was made
and the results were used to - 

re-
gions [5, 6]. Recentiy these an ent
velocity both for the Bulgari on.

Initially four levelling courses wer ich
comprize the levelling points of the I an rk.
Throughout the selected courses there are two to four epochs, where high pre-
cision measurements are made and namely: 1924-1929,- 1956-1960, 1975-1076,

o
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Fig'^2' .\{ap of the magr.retic fielcl of Bulgaria anrl the location of the geophysical observa-torl es

he magnetic field
orism: 2 - mari-
Balkan basement
rmation distribu-

c complexes (a) Struma dioritic formation and
tes; 4 - magnetic maxima relateC with helts
dna Gora Mountain (a) and the southern belt
negative (&) magnetic anomalies r:eflectine the
6 - magnetic anomalies related with thddis_
c types; Z - boundary between structural zo-
uake magnitude: a) M:7, b) A4-6,0+7,0;

1987. The maioritv o[ data refer to
fact being thaf transect No 2 is within
seismicity is manifested.

transects No I and 2, the substanfial
regions where recently the mosi active

Gravimetric measurements are m
ral the determination is made into th
far two cycles are realized and the thir
riior_y of the country. With the help of i"f
ior the vertical and gravity auonraljes ir
will be mainly concentrafed on regions \/here the transects cross the fault
llneaments.

While vertical movements are subject to detailed studies in Bulgaria,
the horizontal oues due to labour consuming plocedures ancl the rpe"iiTci oi
of the performance of high accuracy angulai |eodetic measuremenis just re.



cently entered our.practice. This is due to the fact that there are no secondary
rreasurements of the triangular network along the entire territory, as weil
as the fact that the accuracies we obtain with angular neasurements only can-
not satisfy the accuracy requirements for the irwestigation of the horiiontal
Ineasurements. Considering this it was agreedto accept one chain of triangles,
starting ,p.34) parallel to Danube river up to t. p-. 96
which is e and Byala (trig, 1)following afterwards south-
ern direc chain No 2. we have immediaie reoetitive mea-
surements for the regions of Strazhitsa and Chirp an and the areal networks will
be processed. In_[9] using data frorr 1921-1933 and secondary determinations
made in 1956, the first nreasurements of the horizontal movements in Chir-
pan region were made and the results obiained show an explicit trend in north-
uresteru direction. We dispose of secondarv measurements made in 1987 in
Strazhitsa which also provide ground to-start analysis and supplementary
interpreiation of horisontal movements in this region as wel1. Uhdoubtedly
these studies with ihe aid ol information obtained r,r,iih classical measurements
will provide for an approximate apriori estimation of the planned GPS mea-
surements of ihe Balkans as a part of the Europrobe Prolect.

During the first stage ol the measurements'for a given regiou we shall
use not only the mentioned data but also the available geophysical information.
In order to determine the general nature of the epoch 1986 and the determina-
tion of the century course during the last 50 years by geomagnetic field ele-
ments, the cornputation of "normal" and "abnormal" fields and the unification
of all absolute measurements made this far a general absolute geomagnetic
picture of Bulgaria r,rras made for the period 1978-1980 [4]. These data provide
grounds to'make the respective analyses and to search for the dependence bet-
ween the movement of the lithospheric blocks and the anomalies in the geo-
magnetic field on the research site, i. e. to investigate one of the criteria for
short term earthquake orediction.

The seismicity in Bulgaria is a part of the Alpine-Hirnalayan Belt seis-
micity. We have observed for the territory of Bulgaria a series of strong seis-
mic events and only during this century five macroseismic events occurred with
magnidute oI M:7,0 [18].

\Mith respect to former and future strong earthquakes the most interesting
are the following seismical zolres: Kresna, Plovdiv, Shabla and Gorna Orya-
chovitsa [2].

3.3. On the possibilitg of applging modern aoail-
able space teclmiques, classical equipment and the
methods of tl'te geodgnamic inaestigations

Recent space technology - laser equipment and GPS
systems reveal great possibilities to the high precision determination of
poini location and distance on the earth surface. This could be used in the de-
termination of the lithosoheric horizontal movements. The results from GPS
measurements made in Bulgaria during the lasi two 1'ears explicitly show the
possibility to determine the joint location of poinis on the earth surf ace with
a relative error of the limits of l0-6-10-7. With an appropriately selected prog-
ram giving observational conditions and the methods of mathematical pro-
cessing, the single frequency GPS receivers we dispose of can provide this ac-
curacy at clistance between the points oI ihe oider of 25-30 kn. This allows
to control the geodynamic networks or the basic lines, as well as to investigate



n due to tectonic or technogenic fac-
ds for the kinematic parameter esti-
tonic models developed with GPS
I7l.

determination and the new spaceborn
vide initial estimation of the shift v
enable the obtaining of quantitative e
local geodynamics within the limits ol
r,veen triangulation aud the measureme

along determined transect. It may be reaso-
iguration in order to embrace reglons where
ded. Further studies will be done based on

Fig. 3. Location of the test site on Bulgarian territor-v

i0



4. Conclusion

We may consider that'the co
cai, technical and organizattonal support is a serio
initially on ihe Bulgarian territory and afterwards on
activities within the coming 5-10 yssls based on the Europrobe Project. It
is expected that during the research process large amount and various in
type information will be stored: spaceborne (1aser distance meters, GPS-mea-
surements), geophysical (seismic, gravimetric, geomagnetic, meteorologic,
geodetic), electrooptical and laser ground-based measurements, classical an-
gu1ar, levelling, gravimetric. The processing and the analysis of all the data
requires for the establishment of advanced inforrnational system, allowing
for the rational selection, the systemalizalion and the storage of the received
information.

We should mention that the data from the both large projecis VEGENER

-IDEAL and EUROPROBE may provide a complex information on the re-
gional, local and microlocal geodynamics.
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I(ocuaqecKr.r, IIaBeNrHri u MoAeJIHz H3cJIeABaHI{fl
Ha Jr r.iTocQepH r.{Te ABr.r >KeHr4 rr H a E ar'rKaHcK r.r rr
rroJryocTpoB [r B Ernraplra B paMKLrTe
Ha npoeKTa,,Enponpo6,,

H uxona feopeueo, I-apo Mapdupoc.rrH,
Maa)eu Mnadeuoacrcu, Xepuauu Cnuou)onoc

(Pearcrrle)

B craTrtrra ce o6crx4ar rreJlr4Te, nepcneKTr{BHTe 14

MeroAr4Te Ha H3CJreABalre Ha ABr4>KeHWu-ra Ha JruTocsepara sa Ea"lxauure rE

Ernrapnn B cT,orBercrBrze c [poexra ,,EarnaHnpo6", roiirb e toxHo orK./roHegrze
ua eeponerlcr(Hfl reoAr.rHaMr.LrreH rrpoeKT,,Enponpo6".

3a peutanaue Ha re3I4 ea1auw KoMrr.rreKcHo ce r{grIoJrsBar aepoKocMrlqecKq,
reoAeSarrHa, reoQr43[qHU IA feOJrOfo-Ter{ToHcKH Marepuailr4, rr3MepBaHr.rff Lr Ha-
6nrc.[esus.

Kovnnexcuxre I,Igc.[eABaHli-fl ce npoBex{Aar no AbJrx(riHara Ha reoAuHaMr,rqeg
TpaBepc, xofiro npecuqa HartpeuHo ocHoBHr{Te reKToHcKIz goHrr or repr.rropzrra Ha
Etlrapar, a raxa cbxro r,r pa3AeJrflrrrnre flr pa3JIoMHr.I Hapyrtrenun. Hnxorz or
TesIZ Ar{CJrOKar\LtH UMaT U CeH3MOreHeH XapaKrep.

Kpafinara ueJr Ha npoeKTa,,Ea.lxannpo6" e u-sy.12BaHero Ha reoAr4HaMv:xuta
Ha repHropuflTa rra Ea.lraHnre H saqaHara tr1e ce ocbrrlecrBflBa npe3 Hacrorrrloro
nocJreAHo Aeceru,rrerl,Ie Ha X X sex.

t2
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ZenoilgBaHe Ha aHaJrkrrnq,Hn MeroJlr4

np14

HA

3a onpeAe/rfHe Ha op6nrnre Ha VlC3
AI,TCTaHIIHOHH r4Te H3CJTeAB aHUn

3err,tqra

Our. I

H uteona feopeuee, Xepuautt Cnupudouoe

14ncmum1.1m 3a Koc.LtutrccKu u-tc,,te0aanun, EAH

u ure He6 e c Fr r{ re,.r a ?#,?u &" i;l " H:,#fl l"#, 53,fl'JT'fitt" # i#ffit"ffi.'
anaparll - KA) ce ycraHoBtr, rre 3a ycnerxHoro peuaBaHe Ha KocMrrrrecKrire eK-
c[eplzMeHrr4 e ueo6,ro4uMo He caMo ala o[peAeJlrne
Ha op6urzre na ZC3 u KA (Sur. 1) c BerHr.rre r.r3-
cJIeABaI{lIfl. 'fosra Qaxr AaAe ocuoBaFrue MHoro yqe-
HIZ r{ IreJIr4 KOJreKTr.rBr.r n paspa6orBaHe H ycbBcprueHcrBar{e Ha pa3ilur{Hu MeroAr{
li nporpaMHr.r IIporyKTr.I 3a rrpocrpaHcrBeHoro onpeAe,/r.flHe Ha rroJroxeHr{ero Ha
ncJ 3a pas[Iv'uHr4 LiHrepBaJrI] or BpeMe. fTouacroaqeM ca ltp]ierr,r 3a rrpaKrnrrec-
KO UsnOJI3BaHe ABe rrpLrHI{aIIHO pa3JrrzqHr.r rpyna MeToAH, a HMeHHo;
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1. j\4ero4a 3a qlic,rreno
L4C3:

r.rHrefprzpaHe Ha ypaBHeldr4flra Ha ABr4x(eHrzelro Ha

2. A:uanurnr{Ha Teopr4r,r 3a onpeAeJrflHe r{a ABa>KeHrzero Ha ZC3,
Kaqecleara ua xotito 14 na e or r43noJIgBaFII4Te MeroALI ce Ar4KTyBa or FIgKo,[-

KO rd.laBHH $arropa - roqHocrra, c Kofro ce ofipeAedlfl op'urara, Heo6xoqulro-
To MaIULIHHo BpeMe 3a a3rIIzcJIeHI'Ie, II Ha BpeMeBufl I4HTepBaJI
(4uIz, uecequ, ro4Iaun), sa xor?ro ce ero ua ZC3.

c yctntplreHcrBaHero Ha 3eMHr.ir aparypr{, c rroBulrlaBa-
Hero Ha ror{Hocrr4re B onpeAeJrflHr4re 14 3 z or I4C3 usyuSnaHz
o6eKtz, leoAIzFIaMI4rJHlI LI KocMIrqecKLI ttpoqecI4 ce I]oBIzIlaBaxa c:borBergo iz roq-
Hocrr,ire B oIIpeAerfue na op6urr4re, Karo 3a eAr4H r4Jru Apyr cnyuafi. ce npe4no-
qATaXa CT'OTBeTHO r{IZCJIeI{I IIJIII aHAJIHTHT{HI4 M€TOAU B gaBLICLIMOCT OT IZSCJIe,IBaHI4-
re o6exrn, r:nri Naro BceKrr eAaH or
)KI4TeJIHIZ KarIeCTBa U He4OCrarr'qI,I .

HenocpeAcrBeHo _Ha EI4M 4.rz$epeHrlriaJr
Ka IIa [O-fO,rrflMOTO Li3pa3XOABaHO Marrl
3yJrrarr{, x ap aKrep H3 np auJr4 rrp ocrp aH
FIo or re3a AaHHa tre cMe B cibcroflHrre elr-
Hn vIrM Apyrr4 cMyxleHrzfl. IIpu alanur r43-
6eruaru 3a cMerKa Ha BpeMero, Heo6xo r4g-
pasr u Qopmy,rru, c lrrrflTo iroMorrl Mo He-
rpaBaraqr4oHHr4Te cMyrqeHn_n. Ctnqecreeuo e B cJryqafl, r{e Mox{eM Aa aHailugr4pa-
Me ro,/IeMHHara Ha re3II cMyIqeHHfl irpH pasIr4qHr.iTe Br{AoBe crr:brHarlr4 B saBacz-
Mocr or roql{ocrra, c Korro rpa6ea Aa ce olpeAennr op6urilre H B saBrrcrzMocr or
TflXHoTO npeAHaSHaqeHue Iz IIedlIIzTe FIa Ii3cd'IeABa[r4flTa. Taxa, 4oNaTo npH fJro-
oaJIHare; pelIzoHaJIHI,ire I{ JIoKaJrHlrre reoAI,IHaMrzqHI4 zscnelnanaq c roMoxlba Ha
VIC3 ca neo6xo4ur,tll MHoro Bkrcor<H ToqHocrrr (or uaxonxo casrulrerpa 4o g4rzu-
ABa Aerlr4Merpa), u ro 3a A"bJrrrz neprzoAH or BpeMe, ro rrpH lpyrr{ rzsc,le4nanzR,
Karo Ha[pnMep_ npH MereopodTOrHqHI]re H3CJIeABaHLI fl. nJIII np rz ArzcraHllrzoHHoro
asyrraBaHe na 3elrsra (rouuocrrauaop6ura,rHara anaparypa riaorNe 4a ocr]rypn
ToqHocrH or HflKoJIKo AecerKlz Merpa Ao crorlirlI4 r4JrLr xvJrfl,Iu uerpa), onpeAe.rrfl-
Hero Ha op6rarara na KA se e neo6xoAr4Mo Aa ce risBT,pxrBa c e:bsMoxuzie nari-
BT4COKH rOrrFrOCrr.J r.r 3a AlJrfr.i nepuoAr4 or BpeMe (r.sfi-xaro KA 6aear ](oplrfu-
paHIz c KOMaHAI,I oT cT,oTBeTHI4Te IIeFITpoBe). UewcxeaHvlflTa 3a IIo-MadTKa TorlHocT
naBar Bb3Mo>KT{ocT Aa ce Li3rlod'IsBar caMo re3H Kopel(qa],I or cMyrqel]Hflra, doHTo
rle ocr4fyprrr ueo6xo4lrMara Hr.r roqHocr. Tosa oT cBofl crpaHa BoA?r Ao rl3pa3xoA-
BaHe Ha 3HarII'ITeJIHo IIo-Ma,IKo MaIrrI4I{I-Io BpeMe H KoeTo e cb'UIecTBeHo, zer{Irc-
lreHLltrTa Mofar Aa ce rz3tsbprxaT, c FracToJrHa KoMnrorpr4.

L Teopeu4srir4 ocHorl4 Ha aHa,'IrrrrzlrHrlTe MeToAH

I{e a rpf6na
[,a 6r1ar r{Brio,rr3Bal{r4 rrp r4oHHoro
Iz3cdrreABaHe Ha 3euara; K 3 a\anu-
rrzrrHa reopr.ifl F, 2, 3l ua
IreloAB14rl<ur.r ueHrr,pa [4] . C:nrqecrBeHor
pnrr e, qe oqe e 4ucpepeuqraaJrHr4re yp
HOBHLiTe CMyXIeHAfl OT 30HaJTHHTe Xap
nr,TH fto-roJIrMa or ocralta,'tlire q,reHoB
TO 3a paSJILIKa OT TpaAI{UIIOFII-IO I4BIIO
TO KOpeKrlnr.rTe oT 30HaJTHLI XapMOr{r,rK
JreMr4flr r{/reH or cMyrrlaBaru,ara Qyurqua

I:4;



(l)

Ii QaKTbT' qe ryK KopeKUI4I4Te Ca AaAeHI4 B flBeu BIlA, ItoeTo HLi IIo3Bo,'IflBa I\a u3-
BT,plxI4M CbOTBeTHI4Te OqeIIKIz Ha orAeJIHIIre CMyiqeHaf oT: SOHaJII{ITe, recepafl-
Hr,iTe, ceKropaJrHr4re, arMocQepara r.r or Apyfr4 sarropu.

flo,'ryueuure gzSepeHrlualrHr4 J/paBHeHr4 fl [1] ca AaAeHH n cQepou4ua Koop-
AUHaTHa CZCTeMa. II TeXHLITTT BI4A e CJrenHI4flT:

d2e dw -, dR
ni: *+ 6'' rr f fe'

v! v:

d2n AIY/ A t,#:K" E'(l-,i')ffi+F,.,
d2a dW ez dRaF:; -fF E' +4"'

K'bAero W e cunosa rfyHxqur r;a npoMelxAyrtrrrnoro /lBr4)Keuue; R - cMyrqa-
naqa Qyur<q?rfl na rpaBr{Taqr{onHnre cwnu; Fg,.F'.,, F, ca HeipaBr.tralu4oHHa cMy-
uleHr{rr; E, \, o - KoopA:aHarLr n cQepoa4ua r{oopAuHar}ja cr4creMa; r e pery-
JrflpzSoBaHo BpeMe.

Or nspasure (1) ca no,ryqeHr,r $opviyln, AaBaua crorlnocriare Ha cQepoa4-
HHTe KOOpAlIHaTr.r

n tz tl.

Y- Y'^-i -- \- ' srg: A uir,, tl: .,/J 0fir, A: 2 dirr,
/=0 i:0 i-0

Crofisocrare ua roeSuuuel{rl{Te u no4po6Horo u cr.rcreMarr4sr4paHo na,rroxeHne
Ha r{sBoArare e aaaeHo s [5].

Zspasure ga I(opeKIIHlITe or rpaBurarlrdoHHr4re 14 HefpaBuraur.roHHr.rre cMy-
uleHr,rg I,tMaT aHaJIofHqeH 

RcTpoex 
:

(B) ag: ! x,r,, an: j ;"r,t', 60): 5' ,,r,.
i=0 i:o j= 0

Tean zepaet AaBaT Br,3MoxHocr 3a onpeAe,[qHe Ha KopeKrlar.rre or cMyrrleHrdflTa
HeIIOCpeACTBeHO B r(OOpAAHaTHre Ha npoMex{AyTbr{HoTo ABH)KeHue.

LI-le ana.rneapaMe crofiuoctare, Konro ce noJryqaBar rrpu rpaBurarruoHnr4Te
u HerpaBI4TaIIIioHHI4Te cMyu{eHiafl sa Hafi-zsnoJresaHrate cnr,THr{rIH rrpn Ar{craH-
III,IoHHr.r H3cneABanris Ha 3enlrrra, Karo H ryr{ ue nporleAupaMe KaKTo n [7, B]

lI. Wzpazu 3a oilpeAe/rflHe Ha rpaBr4raui4oHHr,rre
CMYIICHI,Ifl KATO QYHKIII,Ifl HA CSCPOTAAUNTC

KOOpAr4HaTrl

lpaeHraqzouHr.rre cMyrqeHurr ,Q6 naoxe Aa npe4craBuM Karo
cyMa oT Rr4Aa

Ro:Rr+R1,5* R1,s i RftV,,
K'bAero cMyrrleHHrrTa ca cJreAHHre : ,Q, ca or 3oHaJrHH xapMoHHKH; Rr,s - OT

Tecepa/rHrr 14 cer{TopaJrHr.r xapMoHrzxu i Rr,s

{t - or I.lpv,ilvrB1Llfl, rroreHqrra/r ; vo - or rroTeHrluana Ha n.pLrBJrrzqarie Ha .aT-

MocQepara.
flo.nyvennre Lrgpaslr ga RzzRr,s r4Mar creAHtttr Bvr1i

(2)

(4)
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(5)

(6) Rr,s :

y nLn,pE-@+r)r1,r'+2il ,

I n o, o \- @ + r) \( n - n -2p) (l - \2)m I z c o s l,z(o-f)u nz

B (5) u (6) ca HarpaBeHH cJreAHHre osuar{enr4rr:

AHtpepenqr.rpairKr4 (5), pecn, (6) no €, n, r,l, c'rJracHo tpopuyna (1), c
nyqaBar HSpasr.rTe

(B) An:ELu#, ur:€,(l-n)9$, ,:* *,
I(6Aero k:Z; T; S u crofisocrure noApo6Ho ca npeAcraneuu e [5].

Tyr u1e AaAeM camo xpafiHrrre r43pasn sa cMyrrlaBarqara eyurcqun .q, npr.r

{llllo-ln.rHrreBH cMyrqerrun H 3a cMyrrlaBarqara Qynr<uun ei sa K
JlyHHo'U/IbHqeBI'l cMyuIeHI'Ifl or {IphJIHBHLtfl reonoreHlll]aJl, a HMeHHo :

Rr,s : Rr + R', : ]t(!r:-- +)
f^

x I l-ftx,Ji-n, cos o+yr /f:4 sin ar+2, rt) l,L 't I

K'bAero y:(+) i p:r(t-ecosco); p,:k!L(L\3.' \Pl" \ --'-"/' rr '-^\ot)'

_ I4HAexcnre l:L unu s ce ornacrrr cborBergo Ba cMyrqaBarrlure reJra,L ce orHacr sa .Ilynara, a S ce orHacs sa Cnrnqer;;'i., , o, ,u
cpeAHr.rflr pa4vyc rua llynara n CntHl(ero

IIL HerpaBr4rarlr4oHHr4 cMyrrleHvrfl, Karo Oyu*
Ha csepoHAHr4Te KOOpAAHaTT4

p a o,. n e A a H' e 
t br, 6 o pB# tr ",i: J."#,x?f 1.HT #l;dH,il " i lfl JU' ##

be
D-- ]r \r'tz - .e .an:4 p:0

oent' \' s'z,r .a .an=4 p:0 m:\

KHTC

HHTC

(e)

(10)

B [B] ca oaHaqeHr.r

uocQepara 6ee u c
CECTJIIIHHO HAJIflIAHE :

l6

Rmc :Rer,, * Rei,2 *'Rur,r+Rur,nf Rur,u.

cJteAHHTe cMyxIeHHn : Rur,, - or ctnporuBJreHnero
orrllrraHe Ha BlrcoKara aruocQepa I REr,2 - or npfl)
Rei,a - or orpaseHoro or 3eusra cs6rflnHHo Harsr

pe-



Rurrn- oT MarHilTnoTo noJle Ha 3erusra i Rer,6 - or ronJrHHHoTo ugJrbr{BaHe
sa 3ensra.

Tyx nnua Aa AaAeM LIgpaaHTe ga BcflKo HefpaBurarlaoHno cMyrr,eHrze, Kolrro
Motar Aa ce HaMepnT B nocoqenr.rre ny6nuxaguu, Tth Karo uenra Fra Hacrog-
ulata p_a6ora e aHaJrHSapaHe ua BJrr.{flHHero Ha cMyqeHr.rero Bbpxy ABr{xeHuero
sa 14C3,

IV. AHa,rra3 Fra rpaBr4TauaoHHuTe Rc u HerpaBHTa-
IIr.roHHATe RNG CMylIeHr4tr, B/rrzfleirla B:bpxy ABrd)Ke-
Hr,IeTO Ha CnbTHr,IULiTe 3a Ar,ICTarruHoHHOTO l,r3vr{a-
BaHe Ha 3err.lqr

3a 4ucraHqrzor-rHo rlscJreABaHe Ha 3erurrrr,a I4C3 n KA ce
LI3Be)KAar na op6zra, 3a KOTITO MOIKe Aa [pI4eMeM, r{e e c:bc cpeAHa B]4coq[I{a
or 300-400 km Ao 1000 --1500 km u HaK,'roH na op6tnanHara paBHr.rHa or
l:30" ro i:1 10". Tesu ycJIoBIzfl ce flBflBar uari-no4xo4flur,H sa pa3AeJrr4TedrrHara
cnoco6socr ua 6op4oeara pa4uo- u frororpa$cKa araparypa. Ha raKr4Ba Br,icor{r4-
HI4 ca u3BeAeHIz forqMa rlacr or ctBercKrzre crIbrHI4IIIl ,,I(ocMoc", aMepl,iKaHcKlzre
,,Tallpoc", ECCA 14 ctrbrFlallr,rre or rI4IIa ,,JIaH4car" - I, 2, 3.

llpu crlruI4IIZTe Ha raKLIBa BI4corrI4Hr4 B.rrlirHlrero ua anuoc$epara rz rpa-
BI,ITaTILIoHHLITe cMyxIeHHa or 3enagra ca rIyBcrBI4TeJIHLi, He3aBucr4Mo rre npI,I pa3-
fJlexAaHara reopl4f fo;IflMa qacr or cI.LTHo BJIHflerII4Te NoeQuqnenrlz Karo J2, JsLr
/a ca nx,ntoueHll B Haqa,'IHrzre 4zQepeHrIHaJIHr4 ypaBHei{rzfl r{a ABr4 x{er{r4ero Ha ZC3.

3a 4a ce [oryr{H rlo-flcHa reoMerpr.rr{Ha npeAcraBa ilprr alalrrrla Ha orAeJrHHTe
BJrI4trHUtr or cMyxIeHHflTa B'bpxy flpocrpar]crBeHr.rre KoopAI4HaTH Ha CIIbrHuKa,
Iqe aepa3r4M ccpepon4Hrare KoopA].rHarrl e, \ H o qpe3 H3BecrHr.rre Hu c$epzuur.r
KOOpAlIHarr.r:

( e ncen4o-reoueHrprzrreH paAr4yc-BeKrop r (0qr<1);
n - nceBAo-AeKrILiHallua 6(0qq<1); I:sinl sina:sin<p;
(D 

- IICeBAO-peKTaCIIeH3Vfl a,, T. e. U:(.JJlU.
Heo6xo4zno e Aa ce or6enexu oxle eArzH MoMeHT, a rzMeHHo, rre 3a orrpeAe-

JIeHero Ha 5((6r), 6n(6q), 6ro(6o), 5(', 5q', 6co' e r43rro.rrsBaH MoAe"r Ha fpaBr4-
rallroHHr4re cMyxleHnrr GE,\,1-10, a sa arrvrocSepara - CIRA-72. Ees npereu-
r\vm sa yHaBepcaJrHocr' lr c;reA HarrpaBeHr4Te npeAnocraBK[, r,r3xo)K4aircu or
npI4BeAeHI4re Qopruy,rrrz (5) u (6), qpe3 I,I3pa3nre (8) MolKe Aa no,ryr{I4M cborBer-
nnre SopruyJrv Ba KopeKual,Ire (xouro ca AaAeFrH B [5]), c qrzflro noMorq Nro>Ke

La HAnpaBVM rrpeABapr{'rer'rHa orIeHKa 3a MaKcr4MaJrHI4Te v Mr4[r4MarrFrr,rre KopeK-
qLIU Or fpaBr4TauHoHHZTe Rc U HefpaBlrTarl,aoHulire -Q16 cMy[IeH]'rrl [pI4 pa3-
JI[qHI4Te BHcoqI4 HH H u naNnogu i na cTIT,THI{Urzre. I(axro Berre croMeHaxMe, rrpl{
VC3 u I(A, usnonsBaur4 sa Ar4craHllr4oHuo r4scJreABaue Ha 3elrflTa, HeBr4Harrz ca
Heo6xo4tztuu BrrcoKr4 ToqHocrr.i B onpeAed'IflHero I{a op6urare, LI To 3a )\'blrrLr rr+-
TepBaJIIi or BpeMe, (;aNr', xor?ro AaBa ocHoBaFllre Aa ce npeAnorrr4Tar aHailvrrrq-
Itl,ire reoptzvr, B qr4r4To HaqarTHr,r 4rlcpepeuquaJrHlz ypaBHeHHtr Ha IIBI,i>KeHaero Aa
ce cbAbpxar IIo B:b3MolKHocr rro-roJlflMa r{acr or cM)/qaBalqrrre xoeQuqlzeHTlr,
c KoeTo Mox{e Aa ce ofpaHr{qaM npr4 oilpeAe,rrqHe caMo Ha [o-cbrqecTBeFr]zTe Ko-
peKrIrzH oT reoiroTeHrlr4a,IIa r.r HerpaBrzTarIZoHHrzre cMyxIeHr4rr.

Or rpa$rzxzre Ha cpzr, 2, a u 6, t<oyrto ca r4sqr4c,TreHrl or (5) npta n:4 u
p:l, Moxe Aa ce HarIpaBr{T. c,/IeArrr4Te r,rgBoAlz:

I. oyuxrlunre At:Er# n Bz:l'Q-nt)j* rpu I{aKrIoH i--0o, t. e. sa

2 AepoxoclllrecKrr lrsc,rreABauua a Et,rrapua, l0 t7
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CKBATOPI{AJ'IHIZ CTI6THI,IqI4, LIMAT Cr:OIiNOCt IIYJIA HCsABUCI{MO OT BI-ICOqI4HAT
crIbrHI4Ka. c"ne4oeare.nuo crar{r4oHapHI41'e crrlbrHlrqr4, KoHTo rlpeAvMHo c(
tlo,/r3Bar 3a reJreBHsI4OHHU Lr re"neQouHz Bpb3Kr{, a v ga Apyrl4 rro-HI{cKrz
Hr4I\14, BJrufiHlrero Ha SoHaJIHIzTe, ceKTopua.IIHHTe 14 TecepaJIHI4Te cMy
ca 6es sHarIeHHe.

90" r'r 110' unra MaKcrrMaJrHu 
-crofiH-ocru 

(Qur. 2, 6), xorzno crrbrHrrKbr ce Ha

i or 5' Ao 30o H npu l>100' MaKcllMa,rrHrrre cMyrqeHlt.fl ce nor,ryqaBar rrpr4
rp 14

HTC

pa
00Ha p_a3^croflHHe or eKBaropa u:90" u 270", a Mv HrzMaJrHn crorlHocu4 npu upr 180".

T4

HA
u3-
bT-

HI4'T

My-

m.
HE
-5

HI4
npu u:30", 160o, 210' z 330",

Ha $zr. 3,4,5 u 6 ca o[peAeJreHr{ cMyxleHr4flra or fpaBzrar{voHHr4fl l eH-
ItuaJr Ha rrrecrre rrapaMelbpa, xapaKTepHsupan\Lr op6r4Tara, B cryrraf 6E(
6n(A6), 6ro(Aa), 6E', 6q' n 6co' sa ABa HaKJror{ a na oplurara i:45" u i:l

),
00,

eKcqeHrperlnreT e:0,005 il eucoqu:fl.a Ha c[TrrHZKa H, xapaxrepHa sa c a-

3. @YTTXqUNTA BZ I{MA IXT4POK CTICKTbP HA MAKCI{MAIIHW U MI4HI4MAJIHN
qeHgl ($wr.2, a), Noero e ecr-ecreeuo u or Qrsnuna r,rreAHa roqxa. Taxa

6Er,s(Arr,r) ($u". 3) or ceNropa,'rHrz r{ receparrHrz xapMoHr.rKz (S, T) r4Mar {

HocrII or l,B.l0-5 npu l/:100 km r4 Aocrrrrar Ao 9.10-6 sa 11:1500 km,

IrHrepBaJru 3aru - or 60" go 120" u or 240" 4o 300' i, or 45" Ao 90" ce tio-nilrcpBalt^ 3aru 
- or ou Ao tzu- H oT z4u- AO duu-, anpv t oT 45- Ao gu- c(

JryqaBar ulzuuiaanuz crofiuocru, Kofaro Lt:}o,90', lB0o u 270", a MaKcprM

rllre crrbrHr4rlrz, or 100 km 4o 1500 km. Br,s ocHoBa Ha fioryqeHare rpa$l
uso6paxenafl, KoHTo AaBar nrz5ya"tua npeAcraBa 3a r,rbMeHeFrvtero na crorl

HI{

TI4Te Ha CMyIIIeHTZflTa B OTAedrrHr{Te eJreMeHTr4 Ha op6r4"rara c z3MeHeHr4e Ha B
quHara ff ga cntrHvKa, Mox<e Aa ce HanpaBflT cJIeAHItre r4sBoAH:

4. IIpw i:45" KopeKur.rrzre B nceBAoreorleHrpurrHr4fl pa4uyc-B

pkr
ToBa rflxHara croriHocr MHofo 6aeno HaMaJrflBa c Bl4coquHara. 3onannure
ITIeHI{.fl (Z) crorneruo Baprzpar or 4,2,10 -6 s a 11: 100 km lo B. I 0-? s a fl : 1 500
B c,ryuaa ga rIzIIurIHIzre (IITJTHHrrI4, r.rsrIoJI3BaHIz npfi ArrcraHIII]oHHo lzscJreAr
Ha 3emflra, c op6zranen HaK,/roH ao l:110o cuyueur4flra or T, S ca or 1,2. 7

sa fl:100 km ao 3,8.10-? ea H:1500 km (Snr. a). llo-uurepecna ca pe-
3yJITaTIuITe Or z, NOUTO Ca qyBCTBI4Ted'IHO trO-MaJrKI4 npIZ Te3I4 HaKJIOHH t4 B
par 3a 11:100 km rz 1500 km or 7.10-5 4o 1,4.10-6. Toea roKaBBa, r{e Ha
HI{Te Ha CII6THAIII4Te Ct'IUO OKa3Bat, Lt TO 3HaITHTeJIHIZ k3MeHeHr4fl B CMVIUeHI{

Tpn6va.qa ce r4Ma npeABrzA, qe res14 cMyrrleHrzfl oKasBar BJrr{flHr{e B
reoIIeHTpuqHLlfl pa4l.dyC-BeKTOp, T, e. MO)Ke Aa [pAeMeM, rre Te3rr CMyTIIeHTU AB

cLl-IIOCOKa Ha HaAIZpa. u,leAOBaTeIHO, aKO He Ce OTlteTaT Te3I4 KopeKrlr,rrr, He3aB
Mo qe rexHllre crofiHocu4 ca rryBcrBLrre|r[r4 n sa HrrKoIINo o6opora, AeHoHo t{
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<Dz r. 3 <Dnr.4

I4JII{ CeAMHIII{ MOXe Aa AocTt4rHaT HflKO./rKO CTOTUTIU r4Jrr4 Xr4lrfl.An r4 rroBeqe r<vJro-
MeTpIl, TflxHoTo BJrLIflHve Iqe ce orpasr Ha MaIIIa6a HaollrliKo-MexaHrrqHoro cKa-
HapaHo_HSo6paxenue r4,'ru oororpa$cKoro I{so6paxeHrre. IIpz paAr.rocKaHr.rpaHe-
ro Fa Qvszuecxara 3eMHa noBbpxHOCT, MarHr4rHr{Te r{3yrraBaHLrfl, H Apyrr4 T*H
croriHocrri Mo)Ke ,4a He oKa)Kar Brrrrfl,Htre BT,pxy loryqeHure pesy"'irdrla. Hesa-
BT4CLTMO Or cro6paxe:F-HFlra, Kor4To Ir3KasaxMe 3a reSu ciiryrqeurza, rpn6sa Aa or-
6ere>ruu, qe 3a r{HTepBaJrrz or H-flKorKo o6opora re rpr6ea Aa ce orqr{Tar.

5. @ar. 5 z 6 4anar Bb3Molrnocr 4a orveieu z crofiuocrrzre Ha KopeKrlrrzre,
Korzro BJrr4s,trr Bspxy c$epovt4Hzre KoopAHHarw '\ v ol (ncen4o4et<nuiaguara u
peKracIIeH3unra). Texnzre croftuocru ca c eAI{H Iz noBeqe nopfAr'Ka rro-MaJrKr{
or KopeKrlrrnre n 6f (A,r) sa pa3rrrrqHr{re BvcoqHHrz r/ or 100 km 4o 1500 km u
sa HaK,rroHeHure I or 45'4o 110o, Karo cr,orBerHo Baplipar or Aor,s:l,2.10-z
lo 46r,s:7.10-e. Cn4ecreeHoro e, qe rflxHoro Blrr4trtue e Au u AD.uaea usMe-
HeHI4 r B [pocrpaHcrBeHoro nodlloxeHrre vaI4C3, rr B cJryllafl, aKo re3r4 cMytrleHr4fl
ce npeue6pefHar 3a HflKoJrKo o6opora aJrr.r ceAMr.rqa,6uxwe flofiyrru;tu rzsMeHeHrzfl
B TICCBAOACKJI]{HA\VflTA IZ PCKTACIIEH3I4flTA OT XIzJIfl,AI4 KI{JIOMCTPII, I{JII{ IIO-TOI{HO

lto-o

1 0*6
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oT nopflx,bKa Ha HsKo,rKo lecerKr4 fpa.4yca e 6 Ia o.. Tesa HeorqereHra rp
IILioHHH KopeKIIrI14 6uxa 4onenu Ao cr,olBerHH rpeIxHLi IrHTepnperauLIlr Ha

I\aBan\r4 Busya.rrFrrz npeAcraBr.r sa Qusuue-cKara BeMHa rroBT,pxHocr. Tyx
6e,nexnu oqe i:4au SaK'r, .1s rpLI i:110' rpanzraqlioHHrzre Nopex(uz ca

6. tlu Snr.7 n B ca npeAcraBeu14 Btrr4nlrrrtrra Ha rpaBrzrarlr{oHHr-rre
Hr.rrr or Cnr,nuero u J\ynara (S, L). Bux4a ce, rre B6pxy cltr,rHr4rlr{re, Jrer
Brrcoqr{Ha ao 1000 km, e,ruauvrrra Ha resr4 cMyrqelr4tr ca MVHLTMaI:HL4 H

BIATA-

rroJry-
rleHllre pe3yJrrarrr, oco6euo aKo cKaHap aHr4flra ca [peAHMHo or paAHoB Mep-

HI4'T,HH, MaTHI4THI4 ?r Apyfn H3MepBaI-II4fl, IIpI,I KOI,ITO He noJryrlaBaue uso6p
or-

yBcr-
BI4TeJIHo tro-MaJlKrz no crofiHocr z rsxHoro r.r3MeHellIze c I{3MeHeHI4e Ha B HATA
H or 1500 km e uyecrBarerrHo no-cna6o ($rzr. 5).

yIIIe-
FIA

rIoA-
caH-

tIHl{fl
na 7.1

XOAflIqO AA CC OTqUTAT, I{OIATO C UCOSXO4I,IMA TOIIHOCT OT H'IKOJ'IKO /ICCCTK

6(s(Ar5), ae 6[1(A11) 
-2,8.10-10 u c:borBerHo

5€s(Ars) 
-6,2.10-ro, aB 6€r(Arr) - 7,8.10-e

qa[IHlrfl MoMeHr I:Z+FFA/:0 z ca BcrJrrlHocr or 2 lo B mm. Bn

ra B ocraHaJrvre ABe KoopAr4Harrz n (6) u co (u) casHaqareJrHo rro-MaJrKr.r-
n B. C"ne4oBareJrHo npa ueo6xoAr4Ma rorrHocr B orrpeAeJrflHero r{a op6vr
HflKOJTKO CTOTTZTIK Merpa KOpeKrIZr.rre oT rpaBr4TarluoHHrzre cMyrqeHl4fl oT
uero I4 Jlyuara sa [eprzoA or Aecer Ar.r]4 He e neo6xo4uMo Aa ce orqurar

7. IIpu raKa rrpuerara rorrHocr B onpeAeJrr{r.re ua op6urara ea VIC3

Tr4rra Ha ilpLrirr4BHr4fl, rroreHUrzaJr, lroreHrlrzaJra Ha ilpLlBilH,r,aHe Ha aruocQ
[d'IaHerI,ITe or: Cnt,Hqeeara cucreMa 14 Ha DeJrarlzBl4crK]are edexrn B .rIBI4x
wa AC3 He e Heo6xo4unro eto6ur,e Aa ce BSIzMar noA BHr.rManr,re. Hsrou
cMyrrleHufl Morar Aa uMar eSexrn rp14 cnr,rnu4u 6anonu unuI43C c fo;reMlr
uenu 6arepkrr ,r roJrrruo rer,rro.

B. E4nz or naft-rpy4Ho onpeAeJrreMure KopeKrlr4r4, oKasBar4r4 cr.rJrHo
HHe Bbpxy cna,iHr4rlr4re Ao 1000-1500 km, ca HefpaBr4rarlrroHHzre cMy
I.i npeArzMHo BJrr.irrHneTo Ha aruocsepara -Qp, 6, , r(ouro 3aBr.{c.rrT oT rvrHofo
a ca rpyAHo [pofHo3r.ipyeNra. Toea B"rrr4flHr4 e e MHoro fo,'rflMo sa HLrcKrt c

I. lIpH TaKa rrpuerara rorrHocr B onpeAeJrr{r.re ua op6urara ea AC:
3a u3cJIeABaHe Ha 3evsra qe or6e.lexr4M, t1g rpaBurailuoHHrrre cMyIrIe

UKA

AOcrr4f ar npa fl:1500
T, C. TOBA CA BJII4'IHW'T

i=45'rtF

..-rr+r'#ro5S"

-10 D̂

kmg
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VI

WI\V,
Koero ce Brc>KAa or Qur. 9, xr4ero Bib3 ocHoBa Ha HalpaBeHrzre r43trucfle fifl ce

llpnlor'Iyr{aBar croftHocru Ha cMyrr\eHr4trra B'bB $yuxiqlzure FE,t, Fn,l, Fo, l
HHcKI4 ctrbrHrzrlr4, KaKBriro o6uxHoeeuo ca KA ga r43yrraBaHe Ha 3emRra, MI{-
Hara Ha cMyrqeHr.rflTa or cbnportrBJreHrze Haaruoc$eparaeror{Tr.r paBHa H foJIe-
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Introduction

It is well known that long exposure observations through
a random turbulent medium by large aperture optical systems do not give
diffraction limited spatial (angular) resolution. In that case the response func-
tion of the ,'telescopelatmosphere" system is not the Airy's diffraction pattern
but an extended siot which- size i-s one or even two orders of magnitude
larger than the diameter of the Airy's celtral spot. In tl.tis p1p9r.. u19 assume

that the observed point source causes a Gaussian intensity distribution go (ro)

of the light in the- focal plane (xo, -!o) of the optical system

(1) so(ro:]ffiE):So exp (-412oil,

where oo is a constant determining the size of the circular._spot.- so:,So(oo)
is a norfualization constant depending on the total energy flux of the image.
We consider images on the piincipal optical axis and fully neglect the distor-
tion effects likd coma, astigmatism, 

-etc. We also assume that oo is much
greater than the Airy's pattern and, consequently, the geometric optics appro'
ximation is a good approach.

Definition of the problem

Let us denote b
by (x, y) the out-of-focus plane where
The origins of the coordinate systems
corresponding coord
We also denote by
(xo, y) and (x, Y),



input aperture of the optical system has a central screening (as it is usu:
l!,:.111_g. telescopes). cbnsequehfly, thg area of the infut-aperture is awith inner radius r, and outer radius r, Let us denote 'bV n'fi, il ii"}
spread function of this out-of-focus optlcal system, i. e., this is the intedistribution in the out-of-focus plane (x, y; wfien tii" svstem is illuminate

IH_|I "'11'^ "t1'"11.1,,^o,lL.-- 
p-'il: lo l' axii, A6. orai ;s. I; ifi 

"' 
uc..pt.a geo;e

optics app1o.a9h, the ilruminated area is a ring rjtn itt*, ,^oiu. ,i 
^"aradius r, (rrlf :rrlAfl.obviousry, the screene? part of the 

-inputloritpuiy

ture is characterized by the relations rrftr:rrfrr:E:const(1. There
within a nornalizing multiple, h(x, y) is given by

(2) hle:l x, a yz1:f t, it 'r<,1*'+ Y' <rr;
/ 0 in the other cases.
I

for

lnt-
sity
by

ical
rter
ler-
)re,

plane, while the coordinates xn and" v^
The observed intensity disiributioh

sian function

W9 pnall,investigate. the djstortions caused bywe snall lnvesrlgate the distortions caused by the out_of_focus registraof the.intensity _distribution g(x, y) conditioned'by 
-u -poini 

,oor.e obserby a point source -obse
throu.gh a turbulent medium, "supposing 

that the ptin.ipi. oT the linearposition is fulfilled, we may write

(3) g(r)-:g(x,-/:o): -ti h(l,q) dldt1,

f^hT:^y:.h?I., taken into..account the circular symmetry of the image. Itbe stressed that the coordinates x, !, E and q are refe?red if-tt.--""i-"j-i
are referred to the focal olane.
g(x, y) may be fitted by 'a 

qua

g (r) : g (x, y : 0) :.S exp l- xr" @ 
I Bl i

B: (2oz)n txt'

and, generally speakingr we expect that for this approximation flre power
not a constant and will.depend gn r(or x, because we investigate'the r

quantrty does not vary too fast into the interval (x- Lx,x+Lx), where AxTaking. the _natural logarithms from the lefi and'rigrrT-'trand' .id". of the er

Ill,!nl'tnd differentiating with respect to x, aftEr .or. triviar algebra

,l:,n1!lllul 
lgggltnms.,from the. left and'1ight hand'sidis of the eq

I I er(x-E,J.l

(4)

9:*jl*ll:",i1 ll: gi'g.tj",n.r:.0). rt'is. n'ot aiiii.ort io-oLiuin an analyt alexpression for the glob I beliaviour of the power n(x) iI;;-;;.ur"-i'h;i histity,does notvary too fast-into the interval (x- Lx,x*Ax),-where Ax

is
ial

o.

obtain [1]

(5) n (x) : s,s l, * . e;E-+Pr)],
erentiating with respect to x. By means
we shall evaluate the global (with respect
the power z which describes the slope

of
to
of

he
he

T:.:1ll:r in,this^paper"we shail consider !o as a stricily positive quan
(gg,>91, setting,.also So:1 for'a fixed value of ""r. lG;;;; ;;it';r:-;
YtSl lnterpretation: the point-spread function of the turbulent medium
8-function and (in the geornetricil optics approach) the out-of-focus intens

a
ty

OA



distribution g(x, y) is a
the ring the intensity is
nates p aud 0

(6)

circular ring with a constant
equal to zero. It is useful to

nonzero value. Out ol
introduce polar coordi-

,4 d0dpel-lp cosx2*pz

=p

ot

n.
we

I(pl.Lex

rs 0i

(3),

3rl2

tl

os

t(
3t

€:p c(

(6) into

p h(p)y:u)-g\x): I
,

0

sin 0,

obtainSubstituting (1), (2) and

(7) E(x,

(e)

: / p A(xplc') exp [-(x2f pz)l2c!ldp,
",,

where we have denoted by A(xplcfi) the expression

3n12

(B) A(xplo!): [ ""r(xp 
cos llof;)dl:2n Jr(-ixpla!).

!"p

Il tl. above_equality "ro is the first kind Bessel function of order zero l2,Bl.Further we shall use_the development of the Bessel function ./o in poweis'o'f
its argunent 12,31. We find that

A (x p I o,) : z" E (h t1-z (xp l2o!)zk.
h:o

As can be seen from the numerical values of the first eight terms
(ft:O, 1,_. .. , 7), the abo nvergence. In fractice, it
is e4ough to restrict (9) imallalue of ft equal to
6+7. The obtained accu sidered range of 

'values

of (xp/of;). According to bution e@lO may be
rewritten in the following way

(2n)-t s @): i (+\' i, (, 
"t-)'" "*pl -tt*]ap,n:o\'"'/ !, \-"0/ L 2o,6 

J

(10)

of

(11)

where

(r2)

and

(2n)-t g(x):Br(x)a

we have set

t2
h=l [(+')' (ft)'r]'u,*,,

I xz+r? I t xz+r7 1l

L--,"-J-'*oL---n-JtB,(x):"3 
{ 

.*n

25



f2
P

(13) Ao@): J p2ft+r exp[- (xa * pz)12o3] dp: oZ {rlk exp [-(xz +r2r)l2c2o]

f1

-rf;h exp 1--@2*rl)l2ofil\+2hof; Bu-r@); (k:1,2,. . .).

Differentiating (11) with respect to x two times, we obtain, cor
dingly

(1 4) (2n)-r g, (x) : n, @) + 2 l #E\ol r,u-, B u@)
E:l L\ ',\'"0/ 

_l

.Zl;n@)-lBu@r

(2n1-t s,'(x)==B'iu;)+ t l*Sr;rf ^+Y'l x2h-2 81,(x)
*-r L *''t \zool _l

+2; l!-(-+\2hlrza-tB:(x\+ ;t | | rc \2k1 o,,*'3 Lao'(;aj I r-=,lz;r(le) )u';r*t'

(15)

Having the estimations (ll), (14) and (15), we are able to estimat
the ratios g"(x)lg'(x) and g'(x)lg(x), According to (5), the out-of-focus
n(x1 is evaluated through the infinite series which may be trunca
some value of the summation index F.

In the above expressions the coefficients Bo(x), B'i@), Bu@) and
may easily be computed analytically from (12) and (13) by differentiati
one or two times. For brevity, we shall not write in an explicite mann
derivatives.

Numerical evaluation of the intensitv
distribution

With a view to evaluate the intensity distri
g(x) and power n(x) of the out-of-focus point sources, we have
med numerical evaluations of the series enterinq into the expressio
(14) and (15) for different meanings of the argument xloo (i. e., all line
rameters in the plane (x, g) are measured in units of oo:1). It is suffl
to truncate the infinite series at ft:6. Disregarding of the terms wit
leads to noticeable errors only in the case of very strong out-of-focus
tions if xloo/ 3,4-i3,6. The degree of the out-of-focus distortions of the i
may be characterized by the inner radius r, instead of the distance Al
the planes (xo, Uthe planes (xo, Uo) and (x, y). We have considered three cases of disto
which we shall for convenience denote as "slight". "moderate" and "s1convenience denote as "slight", "moderate" and "st

(l; "slight" out-of-focus distortions: rrloo:0,50;
(ii) "moderate" out-of-focus distortions: 11lo6:0;86;
(ldl) "strong" out-of-focus distortions: r1loo:1,96.(ldl) "strong" out-of-focus distortions: r1loo:1,96.
In this case a decrease of the intensity in the central region (relat

the infensity for little larger radii) is observed. This reduction is cau
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ture (r'r>0). Ob
alid when we try
we still mav trv
the power n(x)j

distortions absent, Here we remember
has a constant value. For a concre-

fie. _1. tribution 1tl2n)g(x)for th.e locused iniages." Themaxim 100% and the num_
bers ab size of the images at
36,8Yo
1.- exact focused image; 2 -- "slight',; ,? - 

,,mocler-
ate"; 4 - 

,,stron€" out-of-focus distorted images
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i I l -1 :- '.r/,'*
2,4 3,2 4,O

Fig.2. Out-of-focus power n(,v) for the Gaussian case
of nrecise focused images. Vertical thin dashed lines
indicate values of x where ns:0,5 and nr: +oo, res-
pectively (the 1etter"s" denotes'strong" distortions). The
other notations are the same as in Fig. I

this case may be excluded as an extraordinary situation of out-of-focus i
and, consequently, there is not reason to reject the approximations (4

(5) at all,
In practice, nearl)' constant values of the power n(x) may be

minedfromthe slope of the function S(x) (if g(x), g'(x) and g"(x) are al
known from observations)

(16)

for n(x)xconstant
distortions are not
mined effectively
is a suitable tool

s(x)-He-+#]-':fi7x,
(locally). From Fig. 3 it is evident that if the oui-of-
verSr ls1gs, the mean value of the power n(x) may be
by means of a linear approximation of S(x) (i. e.,
for measurement of these distortions from the experir

no = 1,O

Fig. 3. Function S(x):!2n(x)-11-lx for the Gaussian
case of orecise focused images. Notations are the same
as in Fis. 2
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data). Excluding the "strong" out-of-focus distoriions, we conclude that in
the case of a Gaussian point-spread function of the turbulent mgdium, the
values of the power n(x) are always increased with an amount which is very
sensitive to ihe distance between the focal plane (xo, gl and the plane (x, U),
where the intensity g(x, y) is measured.

Conciusions

We have derived analytical expressions describing
the out-of-focus intensity distribution arizing from a point source observed
ihrough a turbulent medium. An optical system with central screening
of the input aperture is considere
cal optics approach. If out-of-focus dis
to approximate this intensity distrib
a power n(r) depending on the distance

ample, by i
intensity c

is about (l+2) per cent [a]. As can be seen from
the image sizes due to the out-of-focus distortions

may be much more pronounced than the enlargement due to the scanning.
Consequently, measuring the behaviour of the power n(r) may give a valuable
information-about ihe degree of the out-of-foius distdriioni o-f the observed
objects. For example, in the case of astronomical observations by ground-
based telescopes, it is sufficient to investigate turbulent star images (as point

t for precisely focused turbulent star
(despite of that is not a constant). If

(r) can be approximated by a quasi-
xceeding appreciably uniiy, this may

ror evaluation or rhe our-or-rocus errectirtr3::ft::tur"t"oT:'"LftX$ Lfiitiflt
usual procedure of minimizing the sizes of the poirrt source images.
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AnpoNcuuaqz
pasnpeAerTeHrz
nprz aso6paxe
Ha r4Mny/rcHl4

!,utvtumrp !,u

(Pesron,re)

ua6nrc4euzf rrpffi #fHil:".r"rr*u

"^p(- !'a ). ano nsMepBaHrrn ra Ha'\ 2ofi l
Ka,IIHaTa paBHI4 Ha Ha TeJIeC.KOIIa, TO LI3O
g(r) naoxe p,a 6.rge anpoKct4Mr4paHo c
KT,AeTO CTeleHHI,IqT IroKaSaTe.rl n gaBI4C
Hr4e e fioAxoArrqo orucar{r4e na g(r),
ca MHofo roJreMu. Zserpureuu ca Aera
c orJreA Aa ce oueHu n(r) H HefoBoro
I4sBbprxeHu n npz6"nzxeHr{ero Ha r
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bbJrfapcKa aKa4eunfl Ha Hayrure. BLrlgarian Academy of Sciences
AepoxocrvrnuecKu 143crreABarius n Etnrapr,t r. 10. Aerospace Research in Bulgaria
CoQzr.1993,Sotia

Ontnnnr43aur4oHeH aHaJrH3 Fra rexHI4Ko-
eKcrrJroaTaur4oHHHTe XapaKTeprzCTHK14
Ha neHerparopeH aKceJrepoMerbp
3A CEIZ3MOJIOI'I4I{HI4 I43CJICAB AHNfr
HA TTJIAHCTATA

fapo Mapdupocnu,
Touac 3dpaeee*

Mapc

Iopa Hedettqeea,

14ncmumum sa Koc.t4uqecrcu usc,xedeauun, EAH+ Jla6opamopun no c/t6t[4e6o-aet4nu ezsdedcnaua, EAH

Kaxro il npll Bcr.trrKu no4o6uu r.rscJreABaHrrf, r.r ryK
eKCIIJIOaTaIIUOHHHTe B63MO)KHOCTTZ IZ XapaKTep]ILCTUKL4 Ha H3ITOJISBaHATA aI.lA-
parypa o[peAer'Iqr n xpafi.aa cMerKa KaqecrBoro Ha rtoryqeHrzre pe3y"rrrarkr kI
elpeKTr.rBHoTO r43nb,lHeHrie Ha HayqHaTa nporp aMa.

flpe4noxeul,Ire HayrIHI4 sar\aq.u 3a u3c,/reABaHe Ha rroBT,pxHocrra r{ Bbrperx-
Hr4fl crpoex{ Ha [JraHer.ara Mapc qpes neHerparopeH aNcenepolrerrp [1] nrbrar
Aa ce Qopniynupar uafi-o6u1o raxa:

1. BtscraHoBflBaHe Ha cKopocrra, reoMerprrqHure 14 BpeMeBr4re napaMer-
pIz Ha rpaeKroprzflra npr4 yAapa Ha rreHerparopa B rpyHra n npouuxnaHero My
B Hefo. ffonyueuure AaHHrz rro3BoJrflBar onpe4ennue na upoSn,rra Ha ocHoBHHTe
QIISIZKO-MeXaHId.sHV napaMerpr4 Ha MapcuaHcKa.fl rpyHT e 4r"t6ouaua. O.raxsa
ce I'r pelxaBaHe Ha r{I4cro rexHLIqecKI4 rz rexHoJloruuurz upo6.neMlz, cBT,psaHIr c
ycr,BbplxeHcrBaHe KoHcrpyKUIzrITa Ha neHerparopa u MeroArzKara Ha rzsnoJr-
sBaHeTO My.

2. Peracrpar\r4fl. Ha BTopnqHoro ceugMl,Ir{Ho rrod'Ie B 6nusxara BoHa, cB6p-
saHO C MexaHalrHr4re HapyrueHr.r.fl B cpeAara H pe"rraKcat\uflTa Ha rorrJrr{HHara
aHoM€JrIZfl. llOnyueuure AaHHri cJry)Kar sa usyuanaHe ceor:rcrsara Ha cpeAara.

3. Perracrp ar\rrfl Ha MrrKpoceri3Mr.r or ecrecrBeH npon3xoA, KaKro Lr Ha rr.3-
KycrBeHo clbsAaAeHl4. Bt,s ocuosa Ha rloJlyqeHure AaHHr4 ce onpeAevrfr lrecrorHo-
BpeMeBI{Te xapaKTepacrkrKvr Ha cpeAara Karo rracr or o6qara xapar<Tepr4crarKa
Ha rroBbpxHocrHr'r_fl uapctaucxz cnofi.

4. Perucrpaqur Ha eBeHryanuu 6nusNr.r MapcorpeceHr4r BcJreAcrBr{e Ha
BBTpeIxHolIJIaHerHa npuqlzHu I{ TeKToHcKH cuJrr4 r4Jlrr. oT naAaHe Ha rIo-foJIeMH
Mereopl{Tlz, a cblrlo I4 or lIsKycrBeHI4 r.rsroqHr.rqH Ha ceHBMI4qHkr BTJrHpr. llony-
qeHI'ITe cBeAeHI4fl c,lyxaT 3a usyqaBaHe AIZHaMI4KaTa Ha IIJIaHeTaTa, 3a yToq-
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HsBaHe fpaHr4uara Me)KAy Kopara I{ t{aHTHflTa, 3a lj3rrcHflBalle reo,
14 CTOprzs Ha Mapc 14 r. H.

lloc,re,qHara $opvy"rrupaHa 3al.aq'a cbBceM He e [ocdrreAHa rro 3Haq MOCT.
Ho sa c:sxanenae, ivit <i [peABnA rroBrapfleMocrra Ha Mapcaa'cr(r.rre Kpo-

Ecrecrseuo Qopnay,rupaHero Ha resn r-rayrrHw salasil 6elre rscuo 6p-
3AHO C OCHOBHI4TE TCXHI,IKO-CKCNJIOATAIII4OI{H]4 XAPAI{TCPNCTIIKI4 14 B'bs t4,

ceI4SMuqHI4 cr.6r4Tlrf,, KaKTo Li npoAb"rIxLITeJIHocTTa Ha ,,xIIBora,, Ha re
TOpa, Bep-oflTHOCTTa OT perHcTp ar\r4tr Ha ecTecTBeHH MapcoTpeceHVfl e
Hy,[eBa, ocraea o6aqe e6sxaox(Hocrra or clb3AaBaHe Ha H3KycrBeHr4 Map
CEHHfl.

pjePraua or npeABapr.ire,/rHara paspa6orra Ha neHerparopHHfl aKceJrep
Iz). uT Apyfa cTpaHa, onTlrMr.i3r.rpaHeTo Fra Te3H Xapar{Tepr4cTr4KH LI ns.p
B npoqeca Ha rro-HaraTrrruHara paspa6orNa rapaHrrzpa KaqecrBeHo r.i3|I
Ha HayrIHara npofpaMa, Kal(ro AaBa Bb3Mox(Hocr u sa Aonr|IeaHero iI
lor'Iy_qaBafie fi Ha lpyfa Hayr{Ha r4 rexHor'roilz.lua uHsopMarlhr,

B [3] e orrr4caH rroAXoA 3a orrrr4Mr{3ripaHe Ha eKcrrJroaraur.loHHr{re
repllcruKa Ha neHerparopHufl aKceJrepoMertp. B cbrqara pa6ora ca n
BeHLI I{ louryr{eHlzre nbpBu opHeHr]4poBbqHIz p$yJIrarH sa HrrKorr or
el(cnr'loaral{LloHHI'I xapaKTepIzcrLII(n Ha caNILia neHerparop: n+,ra'r H,

H BpeMero t sa nporunKBaFiero. Tosa e HanpaBeHo Br,3 ocHoBa na safr,-n
HATC QZ3I4 KO.MCXAHI,II{HZ CEOfiCTEA HA IPYHTA LI Hfl.KOIl. KOIICTPYI(TLIBHI,i NA
pH Ha neHerparopa.

Cera crorinocrr.rre sa H, H u t ca npeqrz3r,rpaHri, r(aro npu MoAeJrr4
ca B3errr iloBerre ua 6pofi 14 c rro-npeAcraBlrreJreH Auarra3oH napaMerpr{ H
ct4aHCKHfl' fpyHr, llpr4 ToBa He caMo 3a pero,rrr4r. Tona ca npeAn Bct4r{r,
QLII{ZeHT6T Ha rpI,IeHe p, o6enaHoro refJro p0, T,fT,./Ir,T lla B6TpeixHo l,p

or reopaflTa_Ba-npoHt4 KBaHe Ha rB:bpAo rx;ro (e cryrrafl NoHycoo6pasHo
npI-I Bbpxa B:60") B rpyHra [4] .-VpanueHr{ero, orrzcBax{o cvlrara Ha
\HflTa no }ropMaJrara F u rro raHreHTara Q no AaAeHo ceqeHr.re or rrpoHr.rK
Ta qacT, e

erp4-
IIoqTI.{

pe-

erbp
p14

HI,IC

qe,rI

ap aK-
cra-

HI,ITC

oftro

ofT-
AMCT-

HCTO

Map-
KOe-
ue0

HLl'1
bIbJI

aK-
aula-

Iqe HSMr4He npoHur{Barr{ara My uacr, 4r,r6orrr4Hara H, Io KoflTo rqe LITFIC,

TI KOXC3UflTA C. H'IKOU QAXTOPN, 3A KOI,ITO HflMAMC TIPCACTABTTCJIHH AA HI4 U
qLIero B./r14flHHe e cra6o, ca npeue6pefHarr4.

3a 6asa Ha ofrrr4ua3aur.roFrHrrf aHalrr43 ca Bserlr ocHoBHrzTe ypaB

(l ) F+Q,:(t -pprocotg8) f znterng -p)xdx,J-
0

a ypaBHeHHero 3a ABH)KeH[erO Ha [eHerparopa c Maca m e

crarucrllrleH KoeQI4IrI4eHT' b, nolyueu or rroJrHHoMa, v3pasflBarq alpoKcr4M
Hara Qopuy!? H? ArdHa.MarrHara KpvBa Ha cBr{BaHe Ha fpyHra(4) p*:5,5.104(t-b)4+4,2.102(l--b)+8,
KbAero p* e Halrfl.raHero Ha cborBerHr,rf erarr Ha rrpoHZKBaHe. B saqannu
MeHr p*:pa*povotgrB, a B cdleABarqure e p*:p"+p.Etg3fJ, peuanaftr
cr6rrKoBo qpes rrHcreH MeroA (4), onpe4e,tnute bi, AoKaro cKopocrra Ha rrp
sane H craHe HyJra.
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Tosz tr,to.4en HH AaBa BT,3MoxHocr, napupafixu c nafi-nepoflTnl.ITe Nou6u-
Hautth MexIy Mr.rFrr.rMa,,rHr.rre, cpeAHr.rre r.r MaKCIMa.[ril4Te crorlsocrn Ha Qustzro-
MexaH[qHvre napaMerp]r Ha MapcuaHctc4rr rpyHr [5], a'a onpeAeJrr.rM npoHIzKBa-
tlero H, BpeMero I sa npoHllxBaFre H yAapHoro cr,lpoJlrlflesue H. Tyx e nsero
Irp€,{Br,r4, qg afd's roqr(ara Ha naAaHe
(ucf20') u '*tr.ay Ar,,r6o,ruHara Ha

npoHr.rr(BaHe ,lrh,rxa: HxH.
B ta6n. e, Mar(cr.IMaJIHHTe H npt'Ierl{re cpeAHI'I

crofitrocru Ha rfusRr<o-vexaHr.{r{Hu,r,e nap.aMer'pr.{,Ha_ MapcHaHcr(utr lpy}Ir,
Lr3TIOI3BaHil npH I,t3qr.{cJIeH{2flTa...,,.

flpu ruo4e,rr4paHero Ha npoueca oco6eHo lor'rnMo 3HaqeHLIe uMa cKopocrra
aropa Br,pxy HatqailHa|a cKopocr Ha IIpo'
I e roxasau a H:l(uo) npl4 npHert4 cpeAHI'I
v c r 3a rpu liHocrri: Ha 'oo.

BpeMero Ha n T llaqa"[Hara cKopocr ao ilplr
Tpl4 pa3r'InqHr.r fpaHr.rqHu xou6urraqun or crotiHocTtr H.a F, po, 01.{ c e IIOKa3a-
Ha Ha dur. 2.

V4apuoro cbrlporl4B,'renHe, Koero xle rroHece lellerparopr'T, cr'orBerHo
H anaparypara, NdoHrr4par{a B r{efo, tl:f @l sa rpzre fpaHr,rqHH rov6uHauru
or crolisocru Ha F, po,0 u c r4 npu oo:80 m1s, e rroKa3aHo Ha cpzr.3.

uI{eBI,tAHo e, .te o6exr FIa aHaJII43a ca rexHI,IKo-eKcIt4oaral{vaHHlu, n.apaMerpl'I,
l(ot4To ca BsaI4MHo nporuBopeqr4er,r; Or eAlra crpaHa, npoFrHKBaHero Ha rlo-
rodlflMa gan6ouuua ,fl ua neuerparopa r4sncKBa rro-roJrrrMa HaqaJIHa cKopocr
Ha npoHHI(BaHe u0. Ho rasu no-ro,rqMa cr(opocr o6yc"naoa ro-rorqMo yAapI{o

Ta6nuua 1

flaparuerrp Muualransa
croFrnocr

flpnera
cpeIEa

crortrHocr

Koe$nquerir Ha rpr{eHe }-r

Ilnrruocr po, g/cm3
5run na BrrperuHo rprene 0, o

Koxegnr c. kPa

o,25
1,8

35
5

0,05
1'0

l0
U,)

0,12
1,5

25
1,9

@nr. l. fpa{rur<n Ha 3aBl'tcttMo"ttu //:f(uo)
npH pa3aHqHlt c'toilttoctu Ha t'6
/-- -f,O m/s; 2 - 80 m/s; 3 - 100 m/s

3 Aepoxoeruu'recKu usc,reABauna n Etlrapua, 10

0,4 0,6 0.8 1,O 1,2 1,4 1,6 1,8 " ro 2o 30 40 50 60 70' 80 90 10o m/s

Onr. 2. lpaQur<u Ha 3aBr.{ctlMQcma l:f(cro)
npH pa3flH'rHn r<ou6nsarll{H or rpaHHqHI.I n
cpeAnr{ crofiHocrn Ha p, ps, 0 H c
& - MLIHUMaII ur.r; D-cpe4ut; e-MaxcuMaJlull
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@ur Ha saBacaMocrra H:f(H)nPu M6r.tHaqt,ru or fpanrzqHr4 rccpen Ha p, pr, $ rz ca- 6-cpe4nu; e_MLrHrl-
MAJIH],I
(ycxopenuero e B orHoclrreJrHra eAuHrluli - {)

ycKopeHr4e H, roero II],K ce orpaFrr.irraBa or y,qapoycrorirrr4Bocrr a Ha anappara' oT APJ'ra crpaHa o6aqe, ro-c'rHr4flr yAap rqe [perr.r3Br{Ka feHep]zl
Ha cea3MulrHn BTJTLTW c ro-rou'rqM aMn,'IIZTyAeH AI4aIia3OH, XOero aqe 4a4e
MO}KHOCT SA NO-CQCNTI4BHA AMI]JIT4TYAHA 14 IICCTOTHA PEINCTPAIII4fl HA OT
HI{Te B:bJrHz. no-ro,rqx4oTo BpeMe sa npoHrrKBaUe / nrx arpa"rrpu pefrzcrpc [o-rodlflMa pasAerrulTe.rrHa cnoco6socr no BpeMe Ha [poqeca Ha npoHrzKB

Or rpa$zxara Ha $zr. 1 (xpnea 2) cesv,xp,a, qe npu rprrerrrre cpeAHrr c
HOCTIZ HA, QUSUNO-MCXAHH.IIHI4TE XAPAKTCPLICTUKL| HA MAPCWAHCKAfl fPYuo:80 m/s npouaKBaHero e or nopa4.sxA na {:1 ,2 m.'Tona e .[ocral3a {fl.rrocrHoro rrortBaHe Ha rreHerparopa B rpyHra. flpz oo:gg m/s (Npze
lln6ouaHga cbrrlo Ha npaKrr4Ka e .[ocia*rrHa. Ho caMo rrpu cpeAHr.r 

"iorin,

aHe
:b3-

v-

TIHfl
lHe.
vn-
TV
qFIO

11)
CTZ
Or

JIY.
oe

/s

H&,F, Po, 0 u c, AoKaro npn crolinocru HaA cpeAHr4Te I1te ue4ocrar:br{Ha.ra6n.2 ce BLi)KAa, qe sa no-MaIrKr4 uo, ,runprr"p',ro:S0 *7a, B loBer{ero iI{ar4_neHerparopr,r ue 61 Ce sa6un,4ocrarbrrHo -ua4r"r60No, 
a uari-nepo:

uso6qo ra He ce sa6we. B raN:rs c,rryuafi, or eAHa crpaHa, rorl 0crana non
HrIe Ha cMyrqaBarr{oro 4eficreze Ha Bfrbpa 14 eHATe or Hero qacrrzr{rT,
Apyra - r{e rapaHrrzpa 4o6r,p MexaHrzrreH Ko r c fpyHra. A rc6pusr
xaHI4qeH KOHTaKT c fpyHT'a Ha cerzsMorrpzeMHrrKa, B c"lyqa.fl na reueipa
e_uafI'-ealKuoro yc,'IoBI4e_ sa npl{eMaHero H pefHcrpaupl flTa Ha ceHBMHqHrrre

lj _6u: aMn,rrrzry.qHrz, Sasoela k r{ecrorHra H3KpHBnBaHr4fr. llpu u0:100
(QHr. I - Kpr4 Ba 3) crrqo ce lo,ryrraB a 7o6pa H, Ho ra3r,r cKopocr BoIn no

fl.-
OT

e-
a,

He-
[pae]vrJrHBr4 yAapHr{ ycKopeHr4fl.

Ta6:ruua 2

Bapzanr
H, ii, m1s2

10 0,5 1,0735 5,0 0,5510 5,0 0,3535 0,5 A3922 2,O 0,5925 7,9 0,35

I
II
III
,IV

,V.r
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n a<

0,05
0,05
0,05
0,05
0,12

1,8
1,0
1,0
1,0
1,0
1,5

to:30
1Tr/s

Yo:80

1,58
0,88
1,36
0,47
1,1
1,0

Yo:30
m/s

2"7.105
3,9.105
6,1.105
7,2.105
3,9.105
8,3.105

mis

1,1.1
2,6.
7,0.7
2,6.1,
7,4.7
I,g1



Tevrneparypara Ha oKoJrHara cpeAa e MHoro Ba)Ker napaMerr,p, or Noftro
3aBucr4 rrpaBrzd'rHoro QynNquoHrzpaHe Ha anaparypara u oco6euo na [r4e30-
ereKTpr4rrHr4a npeo6pasyBareJr Ha aKceJrepouempa. flopa4rz MHOro MaJrKara

TOpr'T HflMa Aa 6t4e as,rox<eH Ha 4euonollHZTe reMneparypHr.r pasl|[IKrr. crqoraKa H'tiMa 4a 6t4e Iz3JIoxeH u Ha cegonHr{Te reMrrepaTypHr{ zslreHenrax, 6ri
KATO NPOAbJIXI4TCJIHOCTTA HA ,,X{I,IBOTA" MY C.SHAIIUTCJIHO 1IO-MAJIKA OT TIPOA5JI-x[re_rrHocrra Ha eAr4H Map,crraHcKrz cesoH [6] .

Bpelrero sa npoHr4KB'a-ne t sasncrz cpaBFrzreJrFro crr,rHo or rpyHroBrre yc-JIoBIlfl. fioxaro orHorrreHlrero MexAy cro"se"r{I{r" a"Jlo'bu""vt H^r,14 H^u*"sa
+tu:? fpaHrzrrHr,r c,ryrrafl Ha rpyHToBI,r yc,,roBr,r.fl e H^u*l Hrnx2,E,'io,a l"io et^'vl t61n'.-4. FIo elno cpeAHo BpeMe or nbpx4rr<a t:l;-2 s 6uAa,ro Bb3Mox{Hocr3a perl4crpar\r4fl. c e4na 4o6p.a pasAeJrr4reJrna cnoco6nocr lo BpeMe.

,: ^Hari-nporzBopeqrzB 
u ,ifr-rinwNareH e Bbrrpocbr c y,qapHoro ycKopeHr{e

t/. o' QuL. 3 u ra6n. 2 ce nux4a currHara saercrzr4ocr w ua'ii o" "py""o""""ycJIoBIzr, Bux4a ce oqe, qe npi4 MaKcr4MaJrHu crorinocrH Ha p, po, 0'a c ruaft_He6"naronpn rr*ara sa cnyrrarr ocBeH ,.4ony"r"ril t;;b; Hue,Ha rpaur.rlaraH s 4un6ounnara Ha r.rpoHkrKBaHe- H. pas6upa 
"e, 

,u^a"aH 6ov6uua4un, or BctrrrKr4 rpyHToBr4 napaMerprz.e MaJrKoB 2JrflBa orqe rroBetre npn ynenzvaBaHe 6pon Hd neHerpdro.
D- 

ocHoeHr4flT rzsBoA, KaKTourpa6earue Aa ce orraKBa, e, qe ocBeH oqeBha'o

TepucrlzKLl Ha rpyHTa B MflCTOTO Ha neHerpaurzfl orpaHuqaBa no-Aerar?nnoro
14 tlo-nperlr43Ho MOAeJrr4paHe Ha rpoqeca. OrpanuueHin, u4var rr or Bce oqe
HeoKoHqareJrHHTe croriHocuz ga ra6apurHo_MacoBr4Te xapaKTepvrcrtnu u ornapaMerpr{Te na op6nrara Har4sKyCTBeH CrrbrHr,rK na Mapc, or xoqro qe 6t4ecnycHar rreHerparopr,r.

I' SaK,rlrcqeHHe cMqTaMe,
pflITj<a Ha 0o:60 m/s, o6yc
na H:0,7 m, BpeMe sa ToBa
ycKopeHr.ie or noprArbKa 900 g, e npue
>l<aBaHe ua paspa6orKara.

Ilureparypa

;ffi-#";#",,t"ffi**#i'
, lr.md, A. Gvozdev, L. Hud-
trator Accelerometer for Mars Explorationn: XVIII Plenary Meeting - COSPAR,

!. _C_u , a M o H a u, A. flpouzxauae. M., Mocx. vuusepcurer, 1974.5. li r,r r o B 14 v, H. Mexan"nu 
''p-n"ro". 
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In some previous works of the authors i
nical characteristics of a penetiating accelerometer obtained in the
develooment phase have alreadV been presented. Basic modes and otrdevelopment phase have already been presented. Basic modes and
algorythms of the penetrating accelerometgl !1ve also,,been propose

ev"er," a more detailed and concrete specification of the accelerom
ration characteristics calls for fr-rriher siudy of the penetrator techni
operation characteristics.' In this work. the basic scientific problems of the Martian surf

tech-
initial
ation
How-

ope-
al and

and

with
mo-

inner structure exploration using a penetrating _accelerometer are s if ied.inner structure exploration using a penetrattng _accelerometef are I

Following the objectives of the proposed scientific_ program an opti
analvsis -has been'conducted for determination of the accelerometer

zalion
analysis -has been'conducted for determination .of the accelerometer ical

iver-and bperation characteristics, namely: sensitivity..coefficient of the
transd^ucer unit; parameters of the electronic unit; modes,.algoryth ;, etc.

cs ob-The results are. based on the most important penetrator characteri
tained by theoretical methods, such as: shock acceleration at cont
the Mariian ground, depth of penetration and.penetration period.the Martian ground, depth oi penetratlon ald_ penetratlon perroo'
delling is basld on the irenetrafor's mosi probable.values: mass, shocdelling iS based On tne penetfator S 605I proDaDle.Values: Irrass' sr.tuur

mics dharacteristics and ground physical and mechauical parameters
dyna-
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6onrapcxa aKaAeMt4fl Ha HayKI{re' 'Bulgariari Acaderny of Sciences

Aepor(ocMflqecKrr tr3cJrelBaur.rs B Etnrapral. 10, 'AerospaCe Research in BUlgaria

CoSra.l993,Sofia

Distributed measurement system
in space applications

Doyno Pelkou

Space Researblt Instilule, Bulgarian Academg of Sciences

tion and proble
information syst
automated techn
svstems based on computer science are
ai data on environment and specilied
puter-aided facilities, real time data
iined software. In brief such systems

ricted class of problems preserving
of real time transmission' The aP-

design sYstem'

Problem

ved by the DMS methods ref-
peratioir. This relevance is justi-
ware and software Problems, sub-

When app
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problems mav be subdivided into ranks,as each of them is specifidifferent .algoiithms rna r"trii"n""upfrou.tr.s. The first *^-,- ^^1..1: ---racterized i.ition 
-uni"p;;i,_ilr;ry';fiii

prises ana signii pib..liing, the second r;*pj:ll': :1ry, lttilniil-i;-r"*i"".ie:'i;i;zes data p.--roo'r< rrr .vrcw df tinaingl;;;T;;"ri':;#"ir. under defin
i::,t^'p:^,y.|j1.! ls, qT.ready Jfe s;;j""r%i appried maihematics and th<

pdrurrE rne operatlonal capacitv of the host computer efficienJy arireliehilit.' ir i; ---^^+:^^ -r' ^"-'^ "-iS 
-components, 

and f ull advantasrrJ components: and full advantage

inteiaciive process, I
stages: external (svste
rements we define at t

;;,ji,,_","s" ,,,: .+p,!uraron, economlc una t""nnjl'jffi;irH"iJrfj:: T 
t;

llne the concept of the system. Jhc connn.t ti-+^---rr '^r^-- -i
finn ^f anni-^^-i-^. --^1-r---, r, 

nd tlnt^rnarr ^+^-- i-- 1 t 
thetion of engine'ering proUr'"m.-ilri ltj

v€nlence we shall divide the reou :-Y+h*^^ ^-^,,-^. -- -.,,' -a-' enl
llt:: gl",ups:, requiremunts .eniot erements, to computer control unitsto the subject of analvsis. TIsrrail., fho.{ooi^- l"=*:T;;;th a priori deparameters and char d subiect. In ihis
parameiers and char : Y.l',tl a pr-lor1 o

it lil;;;.;,ili""?e d subject' In ihi
important of them' f the control unit

,. -This paper shall nnmnqrihitii,, h^

l* """n* 
.i* itlh lti :::r pl :::nt at i o, ri 

^ 
* -- " 

i-,'^"TPi:'jti I 

ltJ,?::the control unit will f""o-"'"o.prtl, the compI;:tll::1ff:r.yl1'l^"9*l{q,1F means bvthe sensor signals wiil be received, pio"ur."o ancr rransmitt.a"t'5"i'#foior anatvzed subiect, r the generaiized.r.. iil.--Jffi;i;d;*ii;;pole is shown in Fie.
The expression-for the operator is:

), sN(i)lPNPg,

- signal obt
perator,
obtaining of
9-.rlrs uy=ralrurr ur rrle rrlrormatton stgnal transmissior"hu, the fo(2) sc(/):{[ss1(/)sNr(/)JpN,pcrp,u, ; [Ssr(t)Sx6(/)]p*,p"rprr]p.,*pr,

, ls^rt;
Ii-iI Norse Itl,l

Fig. l. The functional scheme of the study measurement svstem
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Py2, P62

Fig. 2. Two channel structure for data processing
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Fig. 3. The system with centralized dala processingmeasurement
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'-srtl
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+
tl Pc* |

Itl

Fig. 4. The measurement system with decentralized data processing

where Pm - modifying operator; 'P.r* - multiplexing operator; P1,,i - in-
terface operator; Pr - transmission operator.

These structures have important soecifics - thev assume alternative
analog-to-digital conversion and allow for alternatiori from controlling to
controlled'function in dependence on the specific requireinents. Therefore,
we shall examine the possible classification under the following structural
signatures: centralized and decentralized signal processing, un-level and multi-
level commutation of channel config rration. The structural scheme corres-
ponding lo cenlralized data processing is shown in Fig. 3.

' The operation of the informational signal transmission has the form of :

(3) Sc(/):6,,15 i(t)pntlP?""PutPr,
where (n shows that there is a subset of n independent pignal sources or ope'
rators; P?ou* - operator corresponding to a given channel in discrete time
interval. Since the system is ieversible and may be written for the output
informalion al [1ow:

(4) ('Sr(i):Sc(/i)P"r Phu*(Pi*.
The case of decentralized or distributed data processing is shown in Fig. 4.
This analysis of the structures did not treat the problems of commuta-

tion control and processing algorithms, etc. In fact, various structures exist
which may be reduced to the above mentioned ones [4].
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I43MepBareJIHlI cHcreMI'I K'bM pellaBaHero Ha AaAeH K,/Iac 3aAaqH, T. e. crel
JrLBar\Lrfra, e rocrr.rrHaro n pa6orara rro pa3Jr[qHr{ HaqvHr.r: qpe3 anaparypearl'I3alluq Ha Izsr{Ilc,/I}rre"IlHare aJII'opHTMI.r B c,uyqaI4Te, Koraro craHAa
SI{PAHI4TC KOMTIIOTPI4 HC OrrObAPflT I]O XAPAKTCP CTNKV HA IIOCTABCHI4TC UI{PC3 I43NOT3BAHC HA CTAHAAPTHH YNPABJIflBAIqH KOMNrcTP14 II Cb3AABAHC HAt\Halru]vpaHr.r [oAclrcreMu 3a o6lreu Ha AaHHH, MaKCHMa,/rHo rpz6nuxar

6neuga opHeHTaIIr4 rI np', ]r3rIoJr3BaHero I{a. BI,rcoKoa"ro*ur"r"o-r;;";;;;;u nporpaMHrr cpeAcrBa 3a rcHepHpaHe Ha npofpaMHrz npo4yxrn,

p

Receiued 14. lll 19!0

P asnpe4ener{r4 n HQopMarlrroHHo- rr sMep BareJr H H
CI4C'IeMH, HSIOd'I3BaHI,I B KOCMATIeCKHTe
HSCJIEABAHIZfl

nortno [Iemrcoc

(Pesrone)
P a sn pe,qe.len ure u n SopMarllro H Ho- rz 3MepBaredr H ri ctrc reMr

:ry.{:1jii1.l{H :a grHocHred'rHo receH Krrac saraqr BKocMr.rqecKrzre rz3crreABaHr.tn,
paKTepH3l'Ipaulrz ce c rocroflHcrBo B TeqeHLIe Ha xH3He""o trrnir;;?;il;;
cr.rcreMrz. CrpyxrypnpaHero Ha re3r.r pasnpeAeJre"" 
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ce Ao LISHcI(BaHLrrra ua pa6orHara cpeAa; r{peg pagpa6ornaHe Ha MareMargr
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Ernrapcxa aKaIeMuq Ha HayKure, Bulgarian Academy of Sciences

Aeporocua,recKr4 r.r3cJrenBauus s Bbrrapul. 10, Aerospace lesearch in Bulgaria
Codun. l993.Sofia

MoAerna orreHr{a Ha yJrrpaBnoJreroB
o3oHoMeTpnqeH c['bTHr4KoB
eKcIIep14MeHr

,Ippomen l,leauoea

[tncmttmgm aa Klcttru7ecKu usc,te)eau.un, EAH

Mo4erHara orleFrKa Lr Bt,lpocr,r sa onraMarHo nJIa-
H14 paHe I{a C['I)T]IzKOBI,lTe O3OHOMeTpI{qHI4 eKCnep}IMeHTI,I Ca TflcHO CBbp3aHI'I
c noBI4IxaBaHe uuQopuaranHocrra Ha o3oHoMerprzrrHHTe. r.r3cJreABaHr.rr. llpto
n"r'IaHHpaue FIa raKHBa eKcnepr4MeHru e ueo6xoAr,rMo or o6eNrrzeHrzre AaHHr4 Aa
6rAe vsnreqeHa MaKcIrMaJrHo lro,'re3Ha rzu$opltaqaq. Olrllrr,r rroKagBa, r{e caMo
ycbBbprueHcrBaHero Ha MeroAHTe Ha o6pa6orKa HrMa Aa rapaHrrzpa HaAe)KAHa
I'IHTepIIpeTaIII4fl IIa eKcIIepuMeHTaJIHIzTe AaHHIz IIpI{ IO.IIOX<eHLI€, qe Te He CT,AT]p-
xar AocrarruHo uuSopMarlr4q 3a o6eKra Ha r4scJreABane. Heo6xoAr{Mo e yc6-
BbpueHcrBano Qusrzuuo 14 MareMarr,rqHo MoAe,/[rpaHe Ha eKcrrepuMeHrnTe 3a
onpeAeJIfHe Ha osoHHHfl npo$u,r, npHJro)r{HMo 3a crrr,THr4KoBr4 rz3MepBaHLrs.

3a osoHoN,rerpr.rrJHr.r z3c,/re,qBaHrzs B 06racrra 0,250-0,340 pm Ha r4BHuare
Ha norJllbrrlal{e Ha o3oHa e Heo6xo4lzMo Aa ce orr{ere cJreAHoro cbo6paxeHl4e:
sa Bb.rrHH c rro-r{bcr4 ATJl>Kr4Hu (}i<0,292 pm) ciltHqeBoro r43JrT,qBaHe ce pa3-
cefisa B cJloeBere na arvroc$epara, pa3noJro>KeHr4 HaA Maxcr.rMyMa Ha osoHHara
KoHIreHTpaIILrfl, H He npoHr4KBa npe3 o3oHr{un cnofi,. B rostz c,ryuaft eAHoKparHo
pa3cerrHoTo u3r6qBaHe K:bM cItr,TH14Ka, T. e. B HaAlzp, sa 3eHr4TeH r,I'Tr,rI Ha Cntn-
qero 0o I,I AT,/rI>Kr4IIa Ha BbJIFIara ft, ce sanucna c uepasa [4]

e(i., oo) :F,(tu)(+ n)(1 +cos,oo)

I(bAero Fo(},) e B:bHrreH sa aruoc$epara rroroK ua CnrHqero; Fr(z) - roe$n-
IILIeHT Ha peJreeBcKo pascerinaue; u(z) - Ko.naqecrBo osoH e aruoc$epen crrn6
Ha Bl{coqr.rHa z; z' - Bncor{rzHa Ha aruoc$epeu crr,,l6, eAHa crbrrKa uap, z; lzl -xoednUzesr Ha rorJrr,ilraHe Ha osoHa.-3a 

n:snHIz c raKaBa AbJrxHHa, npn KoflTo I43JI:bqBaHero rrpoHr.rKBa rlpee
o3oHHlrr c,rroft (1"<0,292 pm), cMflraMe, qe e ueo6xoAr4Mo Aa ce orarnrar MHofo-
KparHoro aepo3e,'rHo pascetinane H orpalKeHr.rero or noA,rro)KHara rroBbpxHocr.

(l )

r(i:l
x J Fx(z)expl - (1 J-sec 0s)(ft),U(r) + J Bx(z')dz')Jdz,

0z

4t



oueea4no sdpauata rBT'pAe MHofo ce ycJro)KHflBa or orrrr4TaHe Ha

::t:.:2.yT:,i:^1ryi""_ pascerinaue la ce BHacn rBr,pAe rorrnMa HeorrpeAor ueo6xo4aMocrra,4a ce orqr{rar aepo'odrrHoro c'croflHrz.-il";ir-;;a a,r6e4oro Ha rroA,'roxHara rroBbpxHocr. B:se 
"p"rra, 

a "atr-""a""*"""crarbrrl4 Ha yrrrpaB]4o,rrcroB]zfl MeroA e eosroxHo na ce oor"ruiou, oionpoQan c 4o6pa ror{Hocr caMo 3a Bucoqr,rHrz z>-J,O km.
,,^_ lfr perrraBaHe ua npo6"nevla 3a MareMarr4r{Horo MoAe,,rnpaHe sa Br4cnat 25-80 km nrpno.z:n:bprxr4 xr4e orIeHKa ", ;t;"uili""i np"on"*"
orII4Ca^HO C^ypaBHeHHe (1), sa pasJrw un croliHocrr4 Ha 3eHATHr.lfl r,fr,Jr Haqero 0n. 3a qenra 6nxA ueo6xo!r4*w MoAe,rrHr4 orle'Krz Ha peAr.rqa [por*"ot91!1t19 pascefieaHe 14 orpa)KeHr4e Ha rioAJro)KHara roBbpxHocr.

K-aro usno.rr3BaMe orleHKr.rre Ha B'rvflHwero [5] "u no"o-u"Jti";;"q;;
MOX{eM 4a H4[paBrrM C.rreAHr4re . ]|'sBo/.pr

. 1. 3a npcirzsnonna feoMerpr.r.fl Ha perxaB^aH ara zagaua MHoroKparH
cei.rcauwfl, sa 1,q0,3 pm He npeeuuranar lo/o;

2. B r.rHrepeana b,30-0,3i pm e neo6xo4zMo Aa ce orr{ara Bropl
pascefteane. orqzranero My Mox<e Aa craBa c.rroMorura Ha npH6.[aszr#

aepo3oJrHoro pascei?naHe a orpa)KeHrrero Ha norJroxHara rroBT,pxHocr

i"=*i^""" yJrrpaBrzo,reroBrz r4sMepBaHr4fl B qerr4prz ranana:- 1",:QXr=0,302 Ffr, 
-l,r:Q,305 

pm, Iu:0,310 p*, "rfrnr;;--;' 4erafi.nuoooreHl, o-r aBropr4re [1-3]. c,ue4 crrHTe'apaHe Ha r\a'rlLrre sa rpa r
uvrrn(r u^r dbrupxr,e t, _^oj. L.rIeA cIIHTeSApaHe Ha LaHHLITe 3a TpA [O,

::-T_,i, _C,t:nHqero 
(0:15',' 45", ZS") s ra6n,l ca 4a4euu rpe'rxiare (a

ueHrz), cBbp3aHI,l C HeOTrrrITaHero Ha aepo3or'IHOTO paeCerieaHe rr orpDKe
Ha noAJrox{Hara [oBbpxHocr sa rpa pasruqHu crorinoc"rvr Ha an6eroro a.Or pesy"rrrarzre s t,a6n. I c"rle4na, qe Harl-ronnru ,pu-n, BHacflT r
TaHero Ha aepo3o"[I4Te IZ OTpa)KeHaero Ha loA"rrox{Hara rroBspxuocr. Tasl4
Ka ce ua6nx:p,aea'npu wait-gbJrroBlb./IHoBnfl or Bcr4tr.Klr pasrrr"xa4arr" t<
)"n npw ror'reMrz szcoqraHa nh c,rrHrlero (0:1b'). npz roei unrr"ruto ru

p a3-

HOTO

a Me-
roAHIa,__[peA,ro]KeHa z o6ocHoeaua n [b]B [5] nnznur4ero Ha aepo3odrrHoro pa-scefipaHe e ouer{eHo no ocrap_fl,rr
a3 ucK_B arrl aKTy aJrr43l4p aHe.

KorkrqecrseHu oueHNa Ha BJIwflHr4ero Ha noAJIo)KHara IroB:bpxHocr
He ca npeABr4AeHrZ

Brn epr,sxa c roBa pasrd'IexAaMe cIIeIIr4 a,rrHr.ire oIreHKa Ha BJIr4'Hu HA

Poqe-
HOCT

zta
He.4O-

IIWflT

rILIHll

14eTO,

:bH-

A€I'

AIrJI'
Fm;

SO.IIATC-14 HA TIOA"IIOXHATA NOBbPXHOCT AO TOIflMA CTCTICH CC KOMNCHCIZPi
I4MI{O. BUX4A CE, qC NPI4 CI{J]HO IIOIVIbTHflBAHC HA ATMOCSCPATA BJII4'IHI4
rroAJlolKHara [oBT,pxHocr Ara]Ke B ,q:bJItoB:bJIFIoBIzre Ka[alrvr He ce orqaraqe (nao4e,r III). 3a 0o:15" rpr.r l,:0,300 pm npr4 ro/reMr4 crorlnocra s
6eAoro Ha [oAJro)KHara rroBbpxnocr (rvro4e,rr l', a:i) fperxKara Aocrrrra .rlllpz cu,rHo rroMrrHflJra arnaoc$epa (roa"n Iit, npiz itpor."orr"o a) rpe
c6rqo e oxono 5%.

(0:75") sa 4rz aH-
(Naxro ce eu

pa'
o>Ke-
rpo-
HETO

q'H-

Ix-
ailp|
po-

83a-
HA

2.tl[:

5,%,.
I<ATA

IIprr

aoT
eofi-

pa3-

L,'IeAoBareJlHo np14 4l4craqr\uorrHv osoHoMerp14r{Hr4 eKcnepI.iMeHT140o:15' e x<er'rareJrHo Aa ce r.r3llo,'rgyBar B:b,,rHIz'c i,q0,300 ph.
3a e0:45' rasu rpaHr4qa ce BAr.rfa ,qo 0,302 pm.
3a seHlzrHzre a,fJIIr tta C,rrr,guero c rorTeMri croftdocrn

III4OHHI4 I43MCPBAI-]Iifl MOI'AT IIPAKT]4IICCKLI TA CC I43TIOJISBAT
ra6n. I) BcarrKh oa3rJrex{AaHLr r<alarrr4 sa rz3MepBaue, 6es
crBara Ha aeposo,'rr4Te u iIoAJro)KHara [oB:btrlxHocr.

Bns ocHosa Ha rlpoBeAeHara MoAeJrHa orreHKa z o6er<raeHrrre o3o
rparrHr'r [,aHHn [5] _onpeae,rflMe ycJroBrrflra 3a npecMflraHe B pasrJre>KA
yJrrpaBHoJreroea o6racr Ha crreKrl,oa:

" 
1. B r.rHrepBaJra 0,260-0,300 pm ce orr{ara caMo e,qHoKparHoro

ceaBaHe:
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T a6nuua 1

0'

53

7,1
6,9
4,7

39
39
39

00
4,3 7,8
48 88

s,4 8,6
5,1 8,0
1,,9 2,1

31 4s
31 45'
31 4s

III

a:0 0, 0
a:0,1 0,57 l,l
a:7 5,2 L2

a=,0 0,91 1,6
a:0,1 0,91 1,6
a:l 0,39 O,73

a:O 4,9 l0
a:0,7 4,9 10
a:I 4,9 10

000
0,18 0,42 2,41,9 4,3 26

0,18 0,51 0,51
0,18 0,51 0,s1
0,12 0,33 0,33

1,7 3,9 3,8
1,7 3,8 3,8
1,7 3,9, 3,9

0000
2.10-3 5.10-3 8,10-2 0,50
2.10-2 5.70-2 0,77 ,5,O

4,62 0,65 0,70 0,89
0,62 0,65 0,70 0,89
0,62 0,65 ' 0;70 0,89

0,67 0,88 I,l 3,6
0,67 0,88 1,1 3,6
0,6'r ,0,88 1.,7 3,6

* PaAuaqrourul MoAeJrr'(: I-arnrocsepa 6e3 aepo3orz; II-cr.rJtr{o saMr,pceuaarMoc(bepa,
1en 1987 [6]) u c onrnvecxa rrJrbrnocr Ha aepo3oJrri_

c aepo3oJlEo pa3fipelle-
m5.l[aua:1$\M), crPa'

Ea aepo3oJM rro Mo-
cT Ha aepo3orrv"te e 4,2 npr4 HtrBo l,:0,300 pm.

2. B zurepBaJra 0,300-0,810
p a3ceriB aHe;

3. B sasucuMocr or croliHocrra HaseHr4tHr4trcJlbHqeB brb./r r43Mep BaHvrtrra Aace [3BbprxBar B ro3]r cneKTpaJreH ArzarrasoH, B Korlro Mofar la 6.nlai npeHe6pef -
Harl4--aepo3oJlHoro pasceliBaHe Iz orpax{eHaero Ha rroAJro)KHara rroBbpxHocr.

Heo6xo4rzuo e npa cJreABaIrIH zic,re4naHa-rr MoAe,/rHara oueHKa Aa ce Lrs-
Bbprxr4 B no-[zpoK Ar.ralasoH _ Or 0,100 ao 0,400 pm, 3a oc]zfypflBaHe Ha
HoB TI4[I crIlbrHI'IKoBIl o3oHoMerpHrlHrz eKclepr4MeHTr{, 3ar'refHad'rr{ g Cserosuara
npofpaMa sa LrscJreABaHe HA arMocQepHr4fl osoH.
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UV-radiation ozone' satellite measurements
modelling

Dorotea Iuanoua

(Summary)

In the present work matemaiics of ozone profile in
has been described,

On the basis oi satellite oizone rneasurements of total ozone
the atmosphere and verfiqal ozgne distribution, sotle conclusions, as

as recommendhtions for the optimization of UV-radiation ozoqe spade rese
are draw4. Backscattered UV-earth radiance"satellite modelling !s given.
diiferent ,albedo charactqristics a new describing oJ UV-radiation ozc
tellite measurements rnodelling has been discussed.
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Etlrapcra aKaAeN!Htt rla Haylttlre. Bulgarian,Academv ol Sciences

Aepoxocuu,recKrr trsc.rle,1BfHus s E'blrapun. 10. Aerospace Rese.qrch in Bulgaria

Corlu g. l 993. Sr-rf ia

Cncreua, ocr4rypnBaua pa3Bl4rnero
Ha BI4CruH pacreHHn, $yuxlll4oHl4paqa
Ha op6u'ranrla craHIII4tl ,,MHP"

Tarun I,leauoea

Llucmunrym aa KocntutrccKu uscaedeauttn, EAH

Kocuprqecxara opaII)Kep14tt,,CBET", flpoeKTilpaHa I'I

uSpa6OreUa e HUcruryra Ba KocMLIqecKLI H3CJIeABaHI'Il B Etlrapna, e CII-

cTeMa, OCI4f ypflBaqa geO6xoAttMLiTe TeXHLIqecI{H I'I TeXHOJIofI'IqHa yc.IIOBHfl

Sa pa3BI.ITLIe Ha pacTeHLIflTa B 6esrernosHocr, Tl 6e mortrupaHa B TeXHoJIoIflq'

nua vro4yl ,,Kpucran", xoltro ua 10. vL l990 r. yc_n_eFH_g ce crIzKoBa K,bM eAI4H

OT crpaHLIqHnre B:bsulILI Ua Op6ura.nHllfl KoMIIJ'Iexc ,,Mtlp-KeaHT-CoIo3"' lltpanre
Asa Meceqa pa6ora Ha 6op4a AoKa3axa e$exrutuocrra Ha B3erl4re rexHuqecKl't
perxeHHfl - IIOJIyqUXa Ce lbpBlire SeIeHrIyKoBH pacTeHI',Ifl' Karo ycJIoBIIRTa

itu pasnrt"ero rau 6qxa cneAeHr.r qpe3 TeJreMerpllqHa clicreMa. ZscJreAsaHflflTa
Ha B6pHarrrre or eKzrraxa 6uo.noruuHra o6pasqrl rloKa3axa, qe re He ce orJII'IqaBar

3HaqI'ITeJIHO OT OTf,'IeAaHI'ITe npn SeMHLI yCJIOBHfl .

CteAasaHerO Ha 6no.loro-TexHHqecKLI IIpoel(T Ha KocMuqecKa opaH]Kepl{fl

e U3KJIIOqIITeJIHO CJIOxHa HayqHa glq\a.q.a 
- rpl6na Aa Ce OCbUIeCTB'flBaT I'I3Mep-

BaHero u rorlHoro. peryd'rHpaHe.Fra napaMerpI.Ire Ha cpeAara, neo6xoAulr,tn ca r't

C11eqlraJrHlt MeToAH 3a yIIpaBJIeHI4e Ha 6uonorltqHuf npoUeq' cBr,p3aHI{ c eKc-

TpeMaJrHHTe ycJroBr.rfl na r<ocMrrqecKlrs rIoJIer (npe4n BcI'IqKo 6eerer.lonuocrra).
Ocserr rooa rpa6narxe Aa ce oclrrypflr ycJroBr.It 3a noJlyqaBaHero Ha HTKOJIKO

nocJIeAoBareJIHLI Be1eraUnu. Be ia6enszasa o6nnpHa lporpaMa 3a I{3pa6or-
BaHe rra a[aparypa 3a IIpeAB4pLITeJII{I{ }tayqHI'I eKcnepI.IMeHTH v LTSCJIeABaHI'Is'

---: flporpaivra 3a pefyJlllpaHe Ha npoeKra
KOCMHI]CCKA OPAH)KCPHfl ,,CBET..

l, CtsAaAeHIire ABe,la6oparopuu ycral{oBKl'{ (JIVKOC'l/2)
6Vsx4nosupaxa HsKSJIKo ISALIHIT (198a-1987) n c11eqraJlHa KJII4HI'IqHa

ii*.pu n 'Dr;rapur n B rpeHax(op Ha op6uralrrrtr, orceK B PycuR, sa

Aa ce el(C[eplzMeHrnpa eSextI4BHoCTTa Ha pa3JI[qHI'Ire KOHcTpyKTIZBHH I4 TeX-

HOJIOTHqHI,I perueUna LI Aa Ce yTor{H[ IpolpaMara sa pa6o'ra Ha KoMnlorr'pa B

rJraBHI{re o6pasqu.
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2. C IroMorura Ha llpeABapaTe,rHufl eKcrepr.rMenr ,,Cy6crpar,,, npoua op1wtanHa craHrll4fl ,,cu,ntor-7" oi 
^o"ro"reiure 

caBra n 
" ^ !,xaHuNPE3 JIflTOTO NA I9B5 r., 6NXA II3C./ICABAHI4 XUAPOTT4HAMHqHI{TC A;';;;

SlTT:::-T:la cpeAa - cy6crpara ,,BarKaHr4H,,, n ycroeHn Ha 6esrer,roePesy;rrarnre noc.rryxaxa'sa n-oaoop n, ";;;;.; fi?i"#";; HllHt;""
# Tf, j:j:Tl 

" l. : 
r, 

"Tp, 

nyn zre)' r" o- u" r"nrr aHnn H a 4 arqr{K a 3 a r4sMepHa B^,'ralKHocrra uy [B] .

_" *.#:#'f:g::::ll 3.yIV,EAH rnaseu o6p.aseq (ro_2) 6axa npoHrz pecypcHu 6r.ronoro-rexHr4rrecKr, usrrr4raHun " Ft;;;'irgst:ig8g""".i
fus: tiTXil:"p"?.?#::l::.':,1:o_T_o T9.ry )r<r4xa Ba alarrr4s Ha pasnpe,HLIero ua $4savecKrzre napaMerp14 BbB er4rorpoHHa"u nur"pi, ';; tfi.i#sa ueo6xoAaMr4Te Noperqnz n nporpauara 3a ylpaBJreHze Ha KoMnrorbpcncrervra t4l.

4.
cRtrT \Ba rrerarerrHrz o6paseqa (JIO_\ , 2) opaHx,truu L BguqKr4 np.u-eMH._npeAaBaTe,rrHr.I nBnHTaHI4fl. Brap'fl, Hrz.flT or rsx 6e Llscrpe,rrflH B cbcraBa Ha KoMrrJrailaparypa, MoHrrrpaHa'na 6op4a Ha rexHod,rofilvHvrr MoAy/r ,,Kpucrat;; 

^'."'

Vcilolutr sa npoBex{AaHe Ha eKcnepr.rMeHT
ua 6op4a

l,l,f:1.,g:'".q",:-\l:ffJ"","f Tit3l"i,T"f #fo;:t':u#",x"',ff :E?i,:r_u'] r4 fI. DaJIaH,a A' conoaroe. Ha 15. vi1-l-Obb.".'ool, a"*orr'pa'rr or Kopnyca Ha orc
#yJ#TT::., 

.,: 
-"^:1;l:::o!lTo 

rrod,ro)KeHr4 e 6nox s'a-""""_.";e " 
(nop aaz qdrllrBocrra My) kr BererarrkoHeH cibA crc cy6crpar (;p;;;.il;;r!,';ty; ; 6

*:T:"K:^n:y^?il, sa orrrrexAane nu pacreHufra e pa6oruoro rrM rrcxeHrze. Eax a cre4r4 HeHr{ Na6enrii, 
"";p.;rrq; 

";;" ; 6""J;;"; ;";##;;l
xllf""i",l"T?" 

r111f:,3I 
_or 6op4onoro Harrpe)KeHrz e !2T V, 

-r- 
"p;;;;;ueo6xoAt,uar{-,aH$opuauun ua' 3eusra 

^;;*;;;";;; 
p^!rlr'*L' 

";."':ur?"i:
" -.;:_*:::..::A "o Koct\rrqecKara opaHx<epzn ,,CBET,, saeAHo c orfJre.4aHB Hefl pacrerrr4r ce Bu)KAa Ha eLrf. t. l.oea e r. Frap. ,,"nu""n^-o6"p;;;,f;;
#:::;#":11"#::::" fo.r1:,9 Le roAr4Hrr npeAr{ cfapia ce rpoBe)r{Aaxa eyr\woHaJrHI4 u3rIHTaHr4rI. [aHHure, noflyqeH,, rro BpeMe ,, 

'ft;;;;;;#i

?::T:pT::111 To"ny*uxa sa cpaBHeHize c resr.r, ro,ryqeHa B KocMrzqecKrT,'IoBr4fl.. B4acuo e KaMepara sa o'.re>x4;" ;;;;;;;{r;;;:;#;;':i:"#3a ynpaBJreHne.
\-'Ien rIGJIHoro l43rrr,JrHel{ze Ha r4HcrpyKur4flTa sa MoHTax{a KocMoHaBTr

3i "-ii:-"-1illr4 nporpaMara 3a aBroMar'rrHa npoBepKa ra npaB'JrHocrra r\

:.1.-1-'"^OI1O MUHYTH ABTOMATIIIIHO CC O[I,II]B AT BCa.l'KI4 I,I.MCPUTC,IIHII YI,PABJu_?_T"1---:^|c]"Yt, np_?::!T-?, ce Aarrr{ Qyukqzouzpar, TemoBara npoBepKarIpeMaHa'Ta ,,6es sa6ene>KKr4" 14 e sKJrroqeHa nporpaMara sa 3apex{AaHe Ha Iu uq uqyulr\A4or q4 I
r4qecrBo no4a. I(acerara e pasAeJre
srn Kl u K2. Celresara na noa6t
era[ pelr4r{xu u t<utaftcKo sele)-
r\r4anHr4 ycrporZcrea (sa crxpaueu

zsno'[3BaHuflT sa xparr4Te.rrHa cpeAa cy6crpar ,,EanKaHvH.. Ha seo/rrroclloBa ero6orareH c vruiepa,rnu conu,3a Aa o.cufypr4 HopMa/rHo o'"rrex{Aa
:1 3-4 Beferarlr4r'r ua aeneuuyrlz. c,reA roBa npoAyKrrzBHocrra ce cHrz)Ka
&it^I?: 1-4lo t, Aecerara Beferaru4n npfrv^rr;;;"Ji:idli o, ,oonrpunnuirropaAII HucKara B,'raroeMr ocr Ha rpauyrz"e Ha cy6crparu-*"oo"oarr;;;;;;
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@ur. l. CHutrra na 6op4obara cucretvra Ha KocMlzr{ecKa opaH}Keprrfl
,,CBET"

BJIalKHocr (oNono 90%),sa IIOKIJIBTaHe Ha ceMeuara ce ocr4fyp trBa c rolrr4Bn11Jr-
Qoprto,'ronrz $urunu, o6suru rrJrbrHo oKoJro rpr6nre nu rnl4po"rcreMara, 3a-
xpaHBaHa OT BOAHa,rroMrra. flo6poro aepvpaHe (o6orarnnaHe Ha KopeHoBr4re
cl'icreMrz c Kac,'iopoA) 

^ce oc:lqecrBflBa or KoMnpecop H rpn6Ha cr.rcreMa, MoH-
rr4para e cy6crpara. creHure Ha Kacerara ca n'ep@opapuiw, sa 4a ce no406pn
ets4yxoo6ueHbr, 3a 4a ce zs6erHar l{BrrapeHr4rrra caMo orrope 14 3aco,/rrBagero
Ha rroBbpxHocrHr4fl c.rrori sa cy6crpara. KoHcrpyNqunra ia Bererarlr4oHuli_fl
9?A: paspa6oreua creIII4adrlHo B pe3y,rrar Ha npoAbJilKr4rear{rT rr3cJreABaHufl.
11, 21.

, Kacerara ct,c cy6crpara z rpn6Hure cr4creMrz ce ABrzx{ar cno6o4Ho no peJrcr.i
(Karo qeKMelxe) B KaMepara 3a orr,/rexAaHe Ha pacreHr4flra (Kony. c,'re4 nrou-
THpaFlero u QuNcuparuero il ce BKJIIorrBar r,r3rrGJIHZTerTHr.ire Mexaur.i3Mr{ Ha x1rApo-
aepocl4creMara (rrouna, r(oMnpecop r.i BeHrra,l) u e,teNrpoHFrara r43Mepr4reJrHo-
yrrpaBJrrrBalra crzcreMa, paeno,rrolKeHz Ha A:bHoro na KOp. B ropuara qacr Ha
KoP e MoHTr.rpaH 6,roNr'r 3a ocBer,TeHze (Eo), r<oftro ro*u .u,a ce [peMecrBa
BepTIzKa,rIHo u Aa ce SzNcupa B pa3/Tr4rrHr.r no3r.rur4r.r. B 60 ca paslb,rox<eHa
72 vanora6aphrHrr d'ryMv HecueHrLrh JraMrrr4 (cneqnanuo npo"a"oa""eo), ocury-
pflBalII4 MaKCHMa"IHaTa OCB^eTeHOCT Ha paCTeHI4-flTa B pa3II4IIHH CTaIIIH FIa pa3-
BI4TI4e, He [o-MaJrKo_or 12 000 lx. llpb4:uxure,'rHocrra Ha ,,4eHfl'; e 16 h, a
Ha ,,Ho[1Ta" - B h. BeHru,raropr,r ocurypaBa oxrTa)KAalre Ha ,rraMl]rzre 14 rBr4-
>I{eHIze Ha Blr, ocr Ha BtgAyrxHr.if rroroK Ao 0,3 m/s.

KOP e paspa6orenl sa qe,rra cBeroorpax{are,,rHa
6oR, e Nolr ea op6uranuug o6,uraeM orceK xr4MI4rrecKI,I
eleueHru. fl, ce orBapfr, Karo eAHara e lpo3paqHa, ga
4a ce o6c,iry>Kea cnoNofiHo KaMepara or orreparopa c.4Be p:oqe (npu Baca>KAaHe
Ha,ceMeHara, npr4 B3eMaHe Ha orrr4rHu o6pas4w H Apyf a MaHr4rryJrarlwvr) - Qwr. 2.
D r\UH ca pasllod'IolKeHa AaTTII4IIIZTe 3a KoHTpOr'IHpaHe Ha IIapaMeTpIIre Ha cpe-
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<Dur,2. BgeuaHe Ha o6pasqn or t(aMepara 3a o1,t-r're)KIaHe rra pacre-
Irnq B r(oct{[rqecr(ara opaH)r{epHr ,, )BET"

n\aTa 3A oTfr'lell(AaHe Ha pacTeHLIflTA 
- TeM[epaTypaTa LI B"ta]KHOcTTa

IyxaH cy6crpaTa (n pas.uzuul.i BoHI.r), KaKTo tr 3a c,rreAeHe Ha pa6orara (
BaHe r{ rz3KJIIOqBaHe) Ha ocBeTrTeHr.ieTo, BeHTI4,'raTopa, rroMlraTa rr r(oMIIl

bnoxr.r 3a ynpaBreHr4e (Ey) npr4eMa 14 o6pa6orBa rlHQopMarlus
IIHqHTe, i(aTO OCbIIeCTBEBa VIIpaBJIeFILTeTO Ha BCI4r{KLI HSIIT,JII{LITe/IHLI
(ocnerurelHa, oxJraArzT'eJrFra rr Harror.rre,rrHa) no onpe4eJreHH, npeABap
3aJIolKeHH nporpaMr.r r.r B saBr4cuMocr or reKyrrlara r.rH(bopMarrur. Cnequ
paHa MLIKpOlpoqecopHa crrcreMa oclrrypflBa BHcoKa crerreH Ha aBroMar
Ha BCI,IqKr.r npoqecl4 B pa3r'raqHr.rTe rrpofpaMr4 r.r BbSMoxHocT 3a BI{3yaJr
rpOJ'I H pbqFlo ylpaBJIeHLIe or oneparOpa KocMoIIaBT c IIoMoIIITa Ha IIy
cBeToAlIoAHr4 UHLT4KaTOpH 14 KJIaBVTTJtLI, MOHTIIpaHH Ha ,'rItUeBaTa CTp
bV (Qtar. l). ts 6yQepHa raMer Ha H3xoAa Ha M?rKponpoqecopHara clr
re,reMerpuqHara cr.icreMa (TMS) ce uarpynBa rzH$opMarluqra 3a r
AeHOHOIq[e FIa TeKyxI?Ire napaMeTpLI B KaMepaTa 3a oTr,'Ie]KAaHe Ha p
(perrcrpupaur.r Ha BceKr4 4 h) . Tesn g.aHtv. ce lrsnpaqar rprz rrbrrz AH

^ ^^;------- l[--^(( -- ^^,-.^--^---- - TBpeMe Ha npqKa paAI4OBpT,3Ka CT,C CTaHTII,Ifl ,,MUp" ],I Ce ilpr4eMar B II
sa ynpaBJreHlie rra no,rrera - l4MElI, MocKea. Cnequa"nuo [plrfoAeH
rleJrra anaparypa (nepcona,reH KoMrrrorbp ,,flpaneq BM,,) npueua r.r H

B AHCKeTa [OCJIeAOBaTeJIHLITe TeIeMeTp[qHH KaIpV 3a UeJILIfl eKcnep
KaTO MOXe Aa rU Br43ya.rusr.ipa Ha MoHHropa Lrllr4 I\a rv pa3[eqarBa Ha
repa (drur. 3).

B ra6n. I e npe4craBeFr re,rleMerpr4ritr4trr KaAbp Ha eAHo AeHonoxlue
Allpa ltpes 4 uaca) or pa6orara ]ra opaHx<epr.rr ,,CBET" cbc cdrreAHr.rre osH

HA BXOAflIqI,Ifl
BJIA)KHOCTTA HA

Ha u3MepBaHrzre napaMerpr{: TBI e rervrneparypara
TB2 - reMrreparypara Fra Bb3Ayxa n KOP; BB -
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Our. 3. I(olrponuolrs[t{.farer,rr]ara arraparypa

Ta6nnqa 1

Te.te'vempwtett xadtp sa edno dertouou4tte ont pa6ontann trct KociiuqecKd.ma opcrtrJtcepun ,,CBET,,

Ne

Aen
TB1,'C
TB2,"C
BB, %
TCI,'C
TC2,oC
BCl, % 112
BCl, %314
BC2, % 112
BCz, 'A 3 [4
PBl, gosr
PB2, 4osu
IIIIO, min

1234
4444

20 20 20 2023 23 23 2374 74 75 7426 27 27 2827 .28 29 29
8s 166 80/7s e6l7r 69 [s963175 79112 78182 99l9S
8s lge 80/7s 97 171 9e l9e
9s 183 81 199 78 l9t 71 1982003

0000
240 240 240 240

56
44

20 20
23 23
74 74
28 28
29 2)

86176 71 l6s
91 168 7219o
86176 71 l6s
59 /68 72 19111

JI

00

s KOP; TCI 
-reMrreparypara Ha cy6crpara B Kl; TC2-reMneparypara

Ha cy6crpara B K2; BCl - B,rra)Krrocrra rra cv6crDara B Kli BC2^- e,ra)K-
Hocrra ua cy6,crpara p K2; PBl - pa3xoA Ha BoAara s KL; pB2 

- pa3xoA
Ha BoAara s K2; flllo - npoAT,,T)Kure,rrHocr Fra renrr B Mr.{r{yrr4. B,lax<uocrra
ua cy6crpara ce r.r3MepBa Ha Bcer(a Kp:bf:b,'r uac (a Ap)rrure napavrerpra Ha BCeKH
4 '{aca) .1r,Je/re1.lgrpH-uHVtrr r{aAbp cr,Abpxa cborBerr-ro rrerr.rpr.r crofiuocru naBCl,2 (112; 3la\.

oceen roBa e paspa6oreHa rrporpaMa sa aBroMaruuua o6pa6orKa r.r npeA-
cTaBflHe Ha orAe,'IFII4Te rlapalvlerpu u ra6nuqel-r H.rrr4 rpa$uven BHA B pa3"rrr4qHa
ruaula6vt r{a BpeMero (uacone u.rl.i 4uu). Tona noseo,rqBa onepar?rBHa orreFrKa

4 Aeporocuuvecxl.I l4gcJreABauua n Etnrapnx, 10 49



Pesy"rrarz or nbpBrzr eran Ha eKcrrepilMeHTa
c opau)Kepur ,,CBET"

Ha ctcroflHaero Ha 6opAa, HaMeca B yrrpaBd'reHr4ero npIz neo6xo4znrocr
cHflBa r,r3I(JrroqHTeJIHO MHOIO HavqHr.Ifl aHaIV3 Ha peSVJrTaTr4Te.

rllzurre, rz3MepBarrlr4 BJralxHocrra Ha cy6erpara (BCl u BC2) ua (

Ha,,CBET-4",HBHage
er.(clteprzMeHr,,CBET-2".
IIpu nocJreAHr{_fl eKcnepu
rrpoBeAeH ua 26. III: 1990
Aocrrzra Ao BCI; BC2 OJIO

40,%, sopmaJrHo sa
KoJrr{rrecrBo BoAa (30 aos IIO

uTfl12 ml - 360 ml), npu 6op
(16. VI. 1990 r.) ce cri{r Ao
100% sna>r<Hocr orrle npeAr4 V-
qaHeTo Ha BpeMeTpaeHero Ha
rpaMara (10 h) - gzr. 4
BcrKa BepoflTHocr n 6esre

npo-
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HOCr ceprro3Ho ce sarpyA
TIO|JIbIIAHCTO HA BJIAIATA OT
cTpaTa z AoKaTo AaT\Lr
pa3noJrox(eHr4 Ao Qurz,ta,
38ar BlzcoKrz ctoliqocrz ga
)KHOCTTA lI HC CC IO.IIABA
cy6crpartr ctl ocraBa cyx.
eQerr e ecHo r4spa3eH rz B

BaxIHTe AHrz or p a6orara na
>Kepr.isTa c,'reA cTaprr4pa
llpor. 3. B HaseMHrifl
npoAT,,'r,)KaB a IzHTeH3ITBHOTO

AaBaHe Ha Bo.4a Ao Aocrr4ra
peryJrrzpaHoro HrzBo or 70%
6op4oear,,CBE T-4" rroKas aH
Ha BCI u BC2 ca MHoro BIlc
a nocTbIIHJraTa BOAa e AaJIe
neo6xo,[auoro Ko,nrzqecrBo.

Oneparueuara rpyna,
paqa ce e I{V[ - MocNa
B3eira perxeHr4e Aa lpeKpar

rl?rre 14 Aa ce [peMr4He
npofpaMHoTo oB,rra)KHflBaHe
IJpv pa4r4oBpb3KaTa c eKa
sa 22. VI. 1990 r. craHa

B;^ve' h

@rr_r. 4. fparfrzxn Ha n3MepeHara
cy6crpara or Jlarqr{r{l4re BCl, BC2,
.4BeTe noJryKaceTl4 Ha BereTarlrroHHrrfl
fplqa 2. Ha 6opAon (a) ,,CBET-4.,
,,CBET"2" excnepuueHr

bU

TOMATI,IqHOTO VND AB,/ICHI4C HA a-
>KHocrra BCl, BC2 or qv-

,6e
aB-

KbM
Ho
)Ka
HO,

B.[a)I{HOCT Ha
MOHTr4paHr,r B

cr4 npu llpo-
n Haeeuer (6)

Bpeve, h



rle pacTeHLLrTa Ca IrOKr,JrHa,'rl4 rZ 6e noBAI.IrHaTO CaMO HT4BOTO Ha peryJlrzpaHe.
flpes c,ue4eaIIIHTe AHrz sarroqHa HopMaJrHoro noeMane Ha BoAa 14 oBJra>r<HrBa-
He Ha cy6crpara, a pacreHrzqra ce pasBueaxa 4o6pe, MaKap ri rzsocraBarqr4
no Qasa B cpaBHeHr4e c Ha3eMHr.rre.

Ha 29-un AeH qacr or pacreHr4rra 6s,xa o6panu n xep6apusupa:au, a Ha rtrx-
Ho Mflcro 3acaAeH[ HoBIz ceMeHa.HaS4-us. AeH lplr BaBpbxlaHero cr{ eKvla}Kibr
.4oHece cBelKo o6panu 6uonoru,rur4 o6pasqu B orJrrzr{Ho cbcrorHr4e. Te 6sxa
IzscJreABaHr4 orrle Ha nrrroqaAKara 3a npr4seMqBaHe, Mop$onorzr{Hr.rre r4M xapaK-
repucrrzKu ca HopMaJrHr4, Ho ce sa6ersssar sa1aefl.ne Ha pacrexa (nouru 2 rrvru)
Iz yBerI4rraBaHe Ha ctAtpxaHrlero Ha cyxo Berqecrso. 3a rr6pBr4 nrr 6qxa no-
JIyqeHIi KopeHon;loAra (rpyaxu) Ha penrzqKu B ycJroBrzrrra Ha Mr.rKporp aBuraqJ{fra.

Euo"noruqsara qacr Ha excrrepr4MeHTa 6e ocrqecrBeHa or crreqr.raJrr.icrr.r
ruaI4ructuryra no $rzsuoJrorur Ha pacreHr4rrra nplr EAH, Kqr.rro ce saexa c [oA-
oopa Ha copToBeTe pacTeyrrf 14 cbcraBa Ha xpaHr4TeJrHaTa cpeAa, KaKTo II .c
oueHKa ga 6uonorurrHr4re r4M KaqecrBa.

flpone4en e aHarrus Ha AuHaMvKara Ha rzsMeHeHr4e Ha napaMerpr.rre Ha cpe-
Aara no BpeMe Ha eKcnepriMeHTa, Karo e or6ensgano, qe pacreHVs,ra ca ce Ha-
MI4paJII4 n 6.naronpuflrHrr reMrreparypnr.r ycJroBr4s (c usx.rrrcueHr{e Ha [eprroAa
or 35-oro 4o 37-oro .qeHoHorrlr4e), uo p'asnpeAeJreHrrero Ha BoAara He ce e ocb-
IqecrBflBaJlo KaKTo B HaseMHr4 ycd'roBt4fl. llo npeue Ha \:opBrrfl. erarr or $yIrx-
III4oHI,IpaHero crj Ha 6op4a crlcreMrdre Ha opaHx(eprar ,,CBET", ocr4rypanaul,n
pasBr{rveTo Ha Brzc[rH pacTeHr{f B ycloBrzrrra Ha op6rzTaJrHa craHrlrst ,,Mklp",
rloKa3axa HaAex{AHa pa6ora rr. AoKagaxa eQeNrueuocrra Ha B3erlzre rexHlzrrec-
Kr{ pe[reHrzfl.

.Ilureparypa
1. B ep KoBriu, IO. A., T. LIn aHoE a n Ap.Berera[uonurrii cocyA 4nr pacrenztt'

Aer. c-eo Ne 142 4774122. 05. l9B8 r. Ha loc. KoM. no 4enanr nso6perenuIl u or-
xorrrufi. CCCP.

2. Eep 
"l.n"r.o.at";;"-"o

3' Iva .,oT',*l;l,l,l,1lf:

4. I v a e Operation Possibility of the "SVET" Green-
house System. Current Trends in Cosmic Biology and Medicine (Edited by
K. Boda). I(osice, CSFR, 1990.
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Higher plants growth sripport system used
on space station "Mir"

Tanja laanoua

(Summary)

isa
tions

ys-
units

of the "Mir-Kvant-Sovuz" orbital complex on 10. VL 1990, The f irst two r
of onboard operation ploved tLre effectiveness of the technical soluti S-

ths

The !'SVET" greenhouse-designed and develol
the Space Research Institute at the Bulgarian Acaderny of Science,
system ensuring the most necessaryrtechnical and technological cond
for higher plants growing.in weightlessness. Il has been mounted in the
fal" technological module which docked slccessfully to one of the lateral

the first vegetables have been obtained, as the developnent conditions
been observed by telerletry, The study of the brought back biological
ples demonstrated that they don't cliffer very nruch from the earth'p

have
sam-
ants.
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Et;lrapcxa aKaAelrufl Ha HayKI4re. Bulgarian Academy of Sciences

Aepoxocnruuecr(u L3cJIeABaHils e E:bflrapnn. 10, Aerospace Research in Bulgat'ia

CodHq.1993.Sof ia

QHsraqecrn ilpeAnocraBKH
Ha BaKyyMHara rpH6o.nornq

IO.ourca Cuneouooa

I'I ncmunt g n sa tcoclttuqec Ku usc nel aarut n, 6 A H

flpo6"rrenrure Fra rpu6ororuuuure flpouect{ (rpueHe,
rier-rocBalle H cMagBaFre) ara uaxyyM Bb3nr4KHaxa tro'cbrqecrBo rlplz cb3AaBaHe
I{a nbpBLITe Hsr{ycTBel{LI CnT,r'I'r}IUI4 Ha SeMtIra I{ C? CB'bp3aHlI c I43ylIaBaHeTO

H r.r3noJr3BaHero Fra KocMl{r{ecKoro npocrpaHcrBo. llopa4r.t roBa KocMI,IqecKara
rpu6o,rorun qecro e nap?rqaFra BaKyyMI{a rpu6onoran.

EAua or ueriuure cbx{ecrBeHr.r BaAaw e Aa oc[fyp]4 HaAeN(AI{a eKcIIJIoara'
UHff I{a Tpt]euII.ITe eJIeMeitTI{ B cpeAa crrc cHd'rl{o HaMaJIeHa rlJltrHocr, o6e4uena
IIo orHo[reHI,Ie r{a Kr.rcJtopoA u BIrara [], rr,4ero I(oHBeKutloHHoro oxJIax{AaHe
lr rpaAr4unonHoro cMa3Bar{e or.ct,crBar t2l.

Pasglt'raero Ha npeuu3Hr.rre BaKyyMI{Ii 'rexHo.[olLrr4 lr rexl-]I4Ka pasxrl,IpI4
o6,nac'rra Ha lpr{Jro)KeHr,re Ha KocMr.rqecKara rpn6onorvrfl 14 n HanpaBI{ aKryaJIHa
H B seMHlt ycJIOBI4fl. EXeIHesHaTa npaKTLIqecNa AeilsocT Ha rrrzpol(..Kpbr CrI€r

\walrrcrr4 - MexaHaua, TexHoJIoSI4, KoIlcrpyKTop14 v AP., Kacae HeilHara c[e-
rlr.lQuxa. VIsxo>N1aftxli or IIHrepeca KbM rasLr o6,'Iacr, B crarllflTa ce npaBI{ oflIrr
Ia ce oqepTafr HflI{ot4 cneqn$uuult XapaI(repI,IcTLIl<vI Ha pa6orerqara BrlB Ba-
xyyu rpa6oAeollKa v ce avalIrslrpar HflI(oI4 Qusnuecxu npeAnocraB'Kt4 Ha Ba-

I{JfyMHara rpn6o.rorua.
T'pu6o,nornuHr.rre npoqecr4 Bt,B Bar{yyM cal'BtpAe c,'Io}KI{tI Iz HeeAilosHar{HH,

C npeAcTaBI4, I4sfpaAeHLI npeAI4MIJo QeUOnteHonoruqHo. OCIIoSHaTe flapaMeTpI4
ce onpeAeJrfT er{clepr4Mer{TaJrHo, a xapaKrepHI4Te 3aB14CPIMOCTTI I{OCIIT eMIi]rpu-
qeH xapaxrep. Tara HarIpI4Mep cflopeA eAHa or nail-pasnpoc'rpaHeHI'Ire I'I

AOCTHfHaJIT{ 3rraqHTe,'rIIO pa3BI4TLre TeOpHI,l - MOJTeI{yJIHO-MexaFII4r{I{aTa, Koe-

$uqueHrrr Ha rpHeHe f ce onpe4edTfl, I{aro ce orqurar 4eSopvrzpallero Ha Ma-
Tepnaila H [peoAo,'rflBaHero Ha MoJreKyr'iHaTe Bp6sKr.r B 3oHaTa Ha I(oHTaKTa [3j .

(r ) t :fis+t r0,44(L)) ,

r(T;Aero ? onpe4enn cr4rrdra Ha aAxe3?IoHI{ara Bp53i{a IIpn cps3BaHe Ha [o'Me-
Krzs Marepr4a.n, HB e rBtpAocrra Ha rro-MeKtafl Ma]'epuar'I, b - xoeQuql4gHTbr,
OTI{UTAIq BPb3KATA MC}KAY AAXC}V'ITA ]4 HATOBAPBAHCTO B KOI{TAKTA, N.W T

cborBeruo ca Abr6oquHara r.I paAllyc'br Ha BHeAprBaHe Ha MI,IKpoHepaBFIo..-

CTIITC,
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T4 HA PA6OTHATA CPCAA, HAPACTBAHCTO HA AAXC}LIilTA I,i HA IIJIACTZIIHATA p-
X,{a-
BCT-

Tasz qecro r,rsrroJrsBaHa Sopruy"rra npr.r rpr{eHero BbB BaKyyM e Herr
XHMA. Tq HC OTIIIITA IZ3MCHCHIZETO HA CbCTOflHI4CTO HA TPI{CUI4TC TIOBI,PX

Mal\nfl, KaKTo I{ npoMeH[Te npl4 ra3oBara [poBoAl{Mocr Ha KoHTaKTHara
6uua l4l. Onzmr rroKa3Ba, ue rpu6onpoqecrdre BbB BaKyyM ca MHofo tr
BHTE.IIHI4 KT,M CO6CTECHOTO IAsOOTACJIflHE HA MATCPI,IAJII4TE K COP6UI4 O
nPouecu B KoHraKrHara 30Ha. Toea uarara cneur4 aJmsupa]H rroAXoA npu

rpl4eHe c,e olpeAe,rrr B ycJroBr4flTa Ha BT4COK rz.rrr4 cBp:bxBacoK BaKyyM II
EATA CTOI1HOCT HAABI4IIIABA TA3H TIPI4 TPHCHCTO HA B63AYX, KAKTO TIOKA3B
correHr4re n ra6n. 1 croftnocru Ha HflKor4 lr3rroJr3BaHrI B npaKTr4Kara Mare

Typara r4 or rexHoJrorHflTa Ha B3ar4MoAertcreaqxre Marep[alrrr, or rpz(
HI4fl pexrzM, or KoHcrpyKrl4flra rua rpu6oet*eila r4 Ap, npn pa6ora ua
JIAICP 868 BAKYYM TOBA HATqIAHE HANPIIMCP MOX(E AA CC OI]PCAEJIH C I{SP

"t "td471tt211aq,)Pr:9,4. 10-11 
a ^ "vY -. ,

KT,ACTO Z C 6PONT HA CbiIMI4TC , L 
- 

IIAPAMCTT,PTJT, OTIII4TAIII PCAJIHATA IJI
Ha IOBT,pXHOCTTa Ha C:b!IMIZTe, C - 

lbrb,IIT'T Ha KOHTaKTa Ha CbqMIZTe
HaJIa, o, - xoe$aqueHTbr Ha aKoMoAauufl, M - MoJreKVJrHara Maca Ha
T - reureparypara Ha rasa B K u t? - cKopocrra Ha BbpreHe Ha BrrTp
trpbcreH (o6oporu n uuHyra), 3asaczN{ocrra e eMn]zpr4qHa 14 rrosBoJrflBa

Ha Jlalepa 14 I\aBa I43BecTHa Bb3Mox{HocT 3a KOHCTOVKTaBHo oIITHMI]gIzpa
rpz6oer,sena, rz3Xo)KAarixz or roBa, qe PrlP*p. 3i NocuzqecKoro ypeAo(
He ro3lz B6[pOC e axryaneu, tt,t? rato I4SIIoJr3BaHIITe CibqMeHIZ Jlafepl4

LIJIO.

T4

H14 TC

rpe-
AerqHe Ha rpz6onorauHrzre [oKasareilr4. TaNa uanpuuep Noe$uque THA

efo-
lo-
aIu

[5, 6].

..Or: excnepnMeHTr.rre cJreABa, qe Eprz BcflKa pa6oreula BbB BaKyyM T
nsoilt<a r4Ma Kpr4Tr4ttHo HaJIflraHe Ha ocrarbllHr4fl ra3 B SOFrara Ha KOHT
npH.Koero rpveHero r4 r,r3HocBaHero BHaq[reJrHo Hapacrear. To ce oII
no QopMydYraTa
(2) P*u:P6 fP,,
KbAero Po e na.naqaHero Ha ocrarbrlHllfl ras BbB BaKVVMHaTa cflcreMa.
HarqraHero B KoHTaKTHara SoHa B npoqeca Ha rpHeHe, saBr4cerqo or r tro-
JrflHero rz or [poBoAr4MOCTra Ha KOHTaKTnara xna6una. 3aeucu orue or yK-

u6o-
KTa,
IEJIg

IHI{-
MEH

17)

(3)

oIIeHH BrvqHr4ero ua pa6orHara cpeAa (naxyynra) Br,pxy pa6orocnoco6H a

ocr
Ka-

a3a,
HTl'I

ce

HA
poe-

'E a6 lluua 1

Tpz6ogeoftra

Fe-Fe
Fe-Pb
Crouana - nepbx{AaeMa croMarra
Heprx4aelra croMaHa - anywnufi
I{eprx4aenra croMarra - Mecr{Er
C'rovana IIIX-l5 - ve4
Meczur - ruecznr
Eepr,rnaee 6pons - 6epznueu 6pona
AI -AI :

Cu-.-Cu
Cu -Ni
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Br3Ayx 
| '"*rr.

0,3 7,9
0,9 0,4
0,5 2,9
0,4 0,3
0,4 0,8
o,7 1,0
o,4 0,7
0,7 1,1
0,8 1,6- 4,2

0,5-1,0 4,8-.-21,O
0,6 7,5-2,0

Ta-Ta
Mo-Mo
Cr-Crw-w
Au - Au 0,6
Sn - Sn 1,0
Pb-Pb 1r0

Koe(puqreu:r na
TprreHe

0,2
1,0
0,6
o,2

Meran - re([non 0,03-0,04
Merarr-uonualmg 7,0
Cu-MoS, , O,2
Cu-W 0,3



ca noA,rioxeHr4 Ha npoAbJIXMTeJIHa pa6oTa BT,B BaKyyM npI{ cTpofl{Te vsv.cKBa'
HVfl, sa HaAexAlIocT Iz AfbJIfoTpaI,IHocT.

ZaHoceaHero Ila TpHelqlzre IIoBbpXHocTI4 saBVcH Or CreIIeHTa Ha BaKyyMa

[B] . ExcneplrMeHra,/rHo ca ycraHoBeHr.r rpr4 o6ilacru Ha_ BJII4sHIze. lh,peara ce

orFracfl 3a T. Hap. ,,O6IacT HA cna61 paspex4ane" (Ao 10 Pa), [pI4 Koflro oKLIc-

Hr4Te CJrOeBe Bibpxy KOHTaKryBarqr{Te rroBcpxHocrH LIMaT peIIIaBaIIIo 3HaqeHlle.
llpn nropara (4o 1 Pa) e xapaKrepHo roBa, qe oKI,IcIrre BaIIor{Bar Aa ce pa3py-
rrraBar Heo6parunro. llpu rperara HacrbrrBa r. Hap. ,a4arrar\r4tr I{a rpl'ielrlara
4Bor?Ka", npz r<oarO ussoCnaUerO C.la6O Ce npoMeHfl. Haqa,lorO Ha "tAILI O6,lacr
e cnopHo IIopaALI BJIHflHI4eTO HA faSOOTAe,'IflHeTO LI Ha CbCTaBa Ha ocTaTbqHIZfl

fas B KoHTaKTHara xna6uua, Ha ctcroflFIIzero FIa rloBt'pxHocrI,ITe, Ha rexHo,rio-
il4flTa Ha BsallMoAeficrearr1ure MarepI4aJIIl LI Apyfa t2]

Hautusr olI4T rIoKa3Ba, rle xapaKTepr,T Ha Bilr4g'Hne Ha creIIeHTa Ha BaKy-
yMa Br,pxy Noe$uqvenra r{a rpHeFre vMa aHalron4ireFl xapaKrep. Toaa ce BIz)KAa

Ha SI,tr. l, 6Aero e rroKa3aHa 3aBr4crzMocrra Ha rycKoBufl ToK Ila ABllrziTerfl,
npolopqr,roHar'reH Ha xoeQuqueHra Ha rpr4eHe, or creIIeHTa Ha BaKyyMa npu cy-
XO TptZeHe e rpn6O4eOIiXa Or CI4cTeMaTa ,,Ba,I-BTyJIKa" 1tpU B'bpTeII4BO-BT,3-

Bparlro ABr.rlKeHI4e cbc cKopocr 17,5"/s [9] . Ba,ltr e HanpaBeH or aJIyMI4HI4eBa

""t'iio3*".lu"t51ir"i=ul;ff^eri*naulr.rre noB:bpxHocr' ryK sarroqBar sa6e.re-
xz1,ro c.tre4 5 Pa,-a aAanraullrra e rprz6o4nofixara cneA 5.10-1Pa. Kpunara 1

orpa3nBa rrpoMeHI,ITe np93 nTrpBLIfl AeH or pa6orara ua rpz6O4eoftt<ara BbB Ba-

KyyM - oT BK,rrcqBaHero Ha 4B[rareJrn 14 IrycKaHeTo Ha BaKyyMHaTa CIACTeMa

Ao rtorJlraBaHero r{a BrzcoK BaKyyM. Tyx ce pefllcrplzpar HaJIflraHero B cl'icre-
ruara (Pa) 14 nycKoBr4rrr roK Ha ABr4rare,'Iq B ABere Kparrurr noJlox{eHlzfl Ha pe-

BepcnpaHc IIoCOKaTa Ha ABHlKeHHerO. HapacrBaHero Ha ToKa, xapaKTepHo 3a

eKcl,'IoaTarlLlfl"ta B'LB BaKyyM, Moxe Aa 6tAe orgecel{o KbM HapacTBaHeTo Ha

a.4Xe3I,IgTa Bc,'reAcrBae Ii3HocBaHeTo Ila oKllcllTe Iz Ha fa3oBaTa Aecop6qlzfl oT

rpHerrlr.rre IloBbpxHocru. llo ct,qecrBo xapaKrepT,r Ha Ta3ll KpI4Ba oTpa3flBa
rpure o6nacru HaBllafl.Hve Ha BaKyyMa Naro pa6orHa cpeAa u e cneqzQurleH 3a

Bar(yyMHaTa rpa6cloru R.

cneg npecrofi
BbB EaKyyM

/ -. nlPb!1 Aen
2 - 

Bropv AeH
3 

- Tperfi AeH

E

o
F

o

r

Onr. i. 3aarzcunrocr Ha rrvcKoBlir roK Ha ABufareflrr or cre[eHTa Ha BaKyyMa B cucreMara
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- XaparrepT,T Ha rasl caBr{crzMocr npe3
Br'B Bar(yJiM (xpzeure 2 vt S).rru.r"r.nrro ..
TaKTa npoA:b,'rlKaBa lI TOKb.t. FIa ABl4faTe,,t_fl,cna6o ce lrporvrer]rr.

E$exrr'r Ha l'r3r{r,rcrBalre Ha nsauuo4eficrBarqr4Te IIoB.orrxHocrrr,sa BaKyyr4uara rpu6onol^o, 
".,4o6pe 

i.i3paseu cJreA npeKparr{BaHe HaHuero a npecrorr Ha rpv6o4eorlxara BbB BaKyvM. Konru""rBeH r4spa3e sHaqr'rreJrHoro HapacrBaHe Ila crapToBata ciorlrroc, ,,u nyanoBzr{ Tor(rare/'r-fl. llpolr"rxu'e,'rHocrra Fra npecrorr BbB BaKyyM Me)KA)/ AHr4Tel,roarar{as e 12 qaca.

C"IICIBAIIIHTC AHI,i HA EKCIJIO
rrpoMeHrr. llpup a6orsaaero
pecl. xoecpr4rlrier-rrbr rra rp

ra,[r-lo 14 14rpae onpeAeJreHa
npr.i oKar{ecTBflBalle FIa 83atZ

He lrut HeroBoTo rroBeaeun e
rrpoAb"rr>Kr4Tenua pa6ora e y
Ta ]la BHCOK B ar(yJ/lt.

B axy5rY1121 a rpu6onorun
rIacT oT cbBpeMeFIFIaTa TpLl
tlrqrra Hayl{a p a3f/'Ie)KAa n
Te B r(oHTaKTa Ha B3aHNro/Ie

crBzlulprre re,'ra Karo rpu6oe
{ana nlsuox{rrocr 3er npofHo,

floragauara na.Qy_r, I saszcal4ocr ce Hap]4r{a BaKyyMHa xapar(l.ep
111 lgrz6onlouecr'rre IiO1 r.r Kar(ro rroKa3Bar eKcnep]4MeHrure, ncaxa rpa(Ka rrpul'e)KaBa cBorrre cleqrQa.*ru oco6eHocrrz. To ce onpLa-.no .;i;;;

Iqlire re,rra Karo c/Io)KFIo cpus
t<o o6p aslre aHue, Hapuqar{o ,,,
Tfl/'ro", crc cnequQuqHr.{ cBo
np on3rlrqaiqr4 or caM ar a p a(
cpeAa. Orclcr.eLrelo Ha cMa3
IIA KOI.IBCI(qUOH}IO OX,'IA)I{AZII]C
,'r[qaBaT TeMrIepaT)/paTa B 3OH
Kourar(ra. Toea cruuynupa
rr4qrrara 4eQopvaqza, aAXeg
4ecop6quara u nu$ysttfl.ta B
tIoBbp_xHocTllt4Te c,.IoeBe.
BI]C HA I43HOCBAHCTO OI{IICI,IT
a4cop6riaotHr.rre crpyr(rypt,l ce
p)/uaBar rreo6par,uvo, Tper
/ro tpoMer.rfl rpr4poAara cr.i
nsaal,rorleficrBHero ua r43qracre
(rceellunuare) ronr,pxlrocr.Lr, Irp
ero ce r-ta6,rrc4anar rpeuoc Ila
Teptizi,'I, Bb3t{r.tI(Balle Ha UeFIT
ria 3aAr4p aFre, Fraqarrio Ha ,,cTHK-
e(ter<r 14 Ao1lr4 o6pasyearre ua
AeFra BaBapxa u 6noxwpaHe Fra
)Kerrr,rero B KoHTaKra [], 2, I,
Ha clzr. 2 Nato u,rrrocrparlu
loKa3aHa rIeI{TpOBe Fra 3aAl,tp
Bb3Hr4Kr{aru np14 cyxo rpHer-Ie
BLrcoK BaKyyM (l 0-a Pa) e rp
4noilxa, onucaua e [9] .

CneqaQuxara Ha rpr.r6on
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cllre BbB Bar(yyM, o6ycfioBeHa or sH3r.rKara Ha noBbpxHocTTa, or oco6eHo-
cTIzTe Ha cpeAara LI sal{oFIoMepHocrtrre FIa BsariMoAefiCrBr4ero rrocTaBgT npeA
Il3cJIeAoBare,rr.rre c,'ro)Krru npo6reMr,{. Hanprzrraep no46opr,r }{a Marepr{a,'rr.rre 3a
rpu6o4rorixu ea pa6ora BbB BaKyyM usr4cKBa npeur.r3Hr.r r.r3cJreABaHrarr Ha rpile-
I{ara IloBbpxHOCT Cr'c cT,BpeMeutn cpzsrauecKfl MeroAvr sa aHailv3, ].rSyrraBaHe r{a
AHHaMIlKara IIa fa3oorAeJrflHero B 3oHara r{a KoHTar(Ta, cT,r{eTaHIt B KoIlTpoJI
B]'pxy ocHoBHare rpu60norasare,[r.{ B yc,'roBr4rrra Ha BrrcoK naNyyrr,r. Tosu
KOMIIJIeKCeH IroAXOA e HaJro>r(r.rreJreH rrpi4 cbcl,aBsHe ua rpa6on:ns"rr[, npeAFta-
3HaqeHu sa npoAT,JrlKareJrHa pa6o.ra s l(ocMoca.

Harpynanzqr eKcnepI4MeFITar'IeH o I4T, BKr,rlorr4TedrHo II or Ha[Iu I43cJIe/r-
BaHr'rfl, rro3BoJrflBa Aa ce Hanpasqr HflxoH r.i3BoAtr or no-o6u1 xapaKTep.

l. Herpa4r.ruuoHHoro nportrqaHe Ha rprz6onpouecr.rre BTrB BaKy)rM r.r 3Ha-
rllrred'tHoro r.r3MeHeHHe Ha rpu6onoKa3areJrr.lre BT,B BpeMero I{aJIatar npeABa-
pl'rTerTI'Io oxapal(repu3LIpaHe Ha Marepaa,/tHre B ct4My"Il.IpaHa BaK)/yMHa cpeAa,
6nusxa Ao Da6ornarar.

2. Tpu6ont*,qr4re 3a pa6ora BbB BaKyJ/M ce HylKAasr or er{cnepr4MeHraJlto
onpeAeJflr{e B'bB BaKyya4 ua c[erlr4Quvuure $asur<o-vexaHrr{Hr.r xapaKrepucrr.{-
Kt'I, o]'pasflBaxrz o6qn're 3aKoHOMepHocrlr B1,B Bar(yyMHara rpr.i6o,rtoiHr, a
cburo^ r4_Ha r(orJKperHr,r oco6eHocru, rpor4srr4rlaIIIH or onpeAeJreHr.r d)axropu.3. Tpu6o,'rorflqtrHTe Iz3cj-IeABaHr,If BbB BHcoK Bal(yyM, crrr{eral,rH c npe-
III'I3IIU QaSZUeCXU aHaJIHsIr Ha X4arepHa,'II4Te r.r Ha cpeAara, no3Bo,/tflBar l43yqa-
Balle Ha pea/'rFrara cpusnueclca noBbpxlrocr r4 Ha npoqecure, $opuupailIH Tpe-
TOTO Tflr'to B eKCTpeivIaJIHI,I yC,'rOB14r{.

I'IsKasnai\,r cnoara 6.ralo4apHocr r{a npof. a.r,u. Hrrror MaHonoB 3a fio,re3Hara Ar{cxycusn pa3rJlexlanata o6uracr,
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Phlrsical , prerqquisites of vacuum tribology
t,

Vulika Simeonoua

(Summary)

Some specif ic peculi arities and physical and
chanical characteristics in the tield of'vacuum tribology ire discussed.
periment.is conducted for analysis of some physical prer-equisites, concer
objects' interaction contact surface in vacrium as a-complex physical
mation (third body), determined by the working enviionment,
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lome peculiarities of the biosignals
digjlgl processing in space using the
"ZORA" system for data acquisition
anO processlng

Qoumen Nedkoa, Saetozar Simeonoa, Stojan Tanea

Space Research Institute, Bulgarian Academg of Sciences

a problem that is ::f:ffi1t:l
sions, i. e. - to I and focus of
all projects for sp is not to be
solved without the automatic digital systems for data acquisition and pro-

gical status and working ability va-
s characterized by processes dynamics
ation [, 2].

processes dynamics study of that com-

G, J,,' 3i.1,1 iiTt itni"i"li','l:ili 
"!:Hisynthesis, as shown on Fig. l. The studies include theoretical and engineering

Biosystem - AUSTRONAUT

Austronaut's health
condition prognostics

Fig. 1. General functional
term space missions

model of a medical control and prophylaxis technology for long.



,.The first step for the solution of that problem is the Bulgarian
malic on-board multicomputer system for dala acquisition an? procr
"ZORA". The DAPDS "ZORA" is the nucleus and'the instrument forealization of complex medical analysis connected
the problem ty and the psychophysiological status oastronauts of varying duration.

The ess r-roiogy is-the following: in real time
and.dur.ing space missions of varliing duration to stuly the processes
mechanisms of the astronauts'- piychophysiological itutus 

-ancl 
wo

ability deviations for the pulpose bf iheir health siatus assessmeni

mod^elling of the obtained biosignals using automatic responding D
[, 2, 6].

prognostics.

rention urith the occurrence of dislocations.

-"POTENTIAL" - Str,rdv of the muscular f ibres membrane stimul
vector.

-"LEISURE TII{E", "QUESTIONARY" -- Study of the astror
individual psychophysiological adaptation to space flight condiiions an
readaptation processes. An assessment oi the psyshsphysiological statu
an implovement of the mechanisms to keep up that status are made.

_The synihesised functional model of ihat technology for complex m
analysis cluring space missions is shou,n on Fig.2. The contribution i
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A Sgryp_l-"-ltes-t program is developed including the following experin
-"LABYRINTH" - Analysis of the ocular-vestibular intiraitions

tortion mechanisms and clevelopment that follorv into the group of the
motor disease. An assessment is made of the optokinetic and vestibulars
lation during vestibular and ocular-motor malfunctions.

-"STATOKINETICS" - Study of the mechanisms of posture col
the chalacteristics of the various gioups oI motions and thc'locomotory

Medical Realisation

Fig. 2.
SDAP
time;
WCM

model of complex medical
acquisition at-rd plocessrng;

y; AC - automatic control,
rnoni toring

investi gations technology
TP - telemetric port; RT

SDY - secondary data pro

Experimental
methods

Experimental methods



case is the use ol au expert filtraiion in detelmining ihe source and chara.cter
of the biosignal in real time and automatically ti', Z, al.

or the complex processes taking place
ssirig is specific. The need of automatic
of view arises from the further imoro-
. of the obtained results,
igitai signal processing are well knorvn
monographs and publications [3, 4, 5].
using the digital methods and sysienis

ing allows the quicl< estimation of a

[l1ngu'a,t ti Ji :o"t'"t 
i ar s processing

cessing methods eliminates the phase

objectiveness of the diaqnostics i, ,.lg"h:il:tttu' 
Thus' high precision and

. ,.Using the linear systenrs tlteory the reqr-rirernent for lach o[ clistortions
in the processed input signal can b6 presented analytically as follows:

lp- jtp(2nl'1 
- !(p-i2nlto

linear, hence the outpr-Lt signal delay
he amplification K remains unchanged

and storage cilcuit ancl an analog-to-
biosignals digital processirrg, obtained

ntities. The biosienals thus converted
f a multicomputeisystem (MCS) where

't"? $i,flf signal mean value is used in

The mathematical conversion processing model of this type of discreti-
zation is given with the following equations:

(2) rrxoro:i J x(t)dt,
h.T'-r

where xplo is the input ADC signal and t is the mean interval. ?p is the dis-
cretization period.

Using a function of the following type;

(3) w^.r, (il :{ ! if lll < o'5 tu'vr\/ tu if ltl>0,5t
for the input ADC signal .f(r)

irt) :lt*al x wo,e 
" 

(t)l Z s(t - nrp)(4)

is obtained, For the output frequency range, the discrete signal value is obtained

(5)

(6)

where TF t;Q)l

€
rFI;Ol:[xUl -l#lr- r-i"r] * F, Z 6ff-ruFo),

x 
'(f) 

: x(f)[sin(nfr) I @f r)le-i"t' ,

is the Fourier discrete conversion, X(l) is real spectrum, and
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X1(f) is t he real spect rum after processin g. From (6) it is t hat th e spect rum 
amplit ude module has changed sin(n/t)/( n:/ t } times while the phase is .,=n{t . 
The erro r £ for t he x(t) spect rum is: 

(7) _ X{j) -X1(f1 1- sin nf t _j ~/t 
£ - X(f) flIt e . 

In t hat case in orde r to minim ize t he error it is necessary to follow the con
ditions, na mely : 

(8) l o; i n(1l:f t )j (n:f t )] :>0.999, 

(9) q> = Jt!t :i A lp. .ilp = 1° +5°. 

The soluti on of t hat equa ti ons shows that ~ =./ TD the coefficient of 
fullness be smaller or equ al t o 0,05 whil e t he am pli t ude error is 0, 1% an d th e 
phase erro r is 2 %. 

When th e mean in terv al Is ap proach ing zero the ampli t ude erro r and the 
phase error are decreasing. As the freq uen cy of t he in put signa l is low (for the 
miograrn Imu = IkHz. fmln =2Hz and for the oculog ram tmu =25 Hz, fmln= O,1 Hz) 
and the conversion per iod TQ/n"'= 10 J!S is several times smaller. the convers ion 
error is minimal and pr act ica lly negligible (1 . 2. 6, 8] . 

Some met hods of processing give considerab le effect. very favourab le 
for d iagnosti cs . 

al under low fre quency filtration (/ = -10+50 Hz) the muscular tr emour 
noise lE"vE"1 is lower; 

b) under line fi ltration at t he pre-det ermined frequencies the E EG rh ythms 
are 0 (, Pi. 

ThE" n ece ~<;J'lr y frequencies are observed aga inst t he background of noise 
t hat depends on the potential vari ati ons and the neurons activity , as t hose 
signals pass a grea t distance from th e source t o t he electrodes. It is necessary 
to obtain t he image of Fou r-ier of the au tocorre lation function. 

This met hod is not frequ entl y used as there are no specific calculatio n 
me th ods for determ ini ng in real time the correlation function. 

The only met hod of comp ar ison of t wo EMG is t he visua l. It t akes a t wo
t hree year's period for a specialist to master the comparison methods using 
t he Cata logue of the real EMG an d be able t o find out the simil arities and 
dillerences between a real EMG and t hose in th e catalog. 

For t he solut ion of t hat prob lem a mini ma l expert system is used con
sis ti ng of data abou t some characteristic funct ions given in table form de· 
scr ibing t he mode l biusigna ls and some of t heir char acterlstt cs necessary for 
t he expe rt filt ra tion . t he exp ress on -board proce ssing and t he secondary grou nd 
process ing. 

That allows t he dtscrt mtnattcu of t he human factor in t he re-sults assess
men t and lead s to higher ob jectivitJ of the estimation . At the same time t he 
deci sion-t aking: peri od is shortene . 

Tha t fact determi nes t he Importance of the new technology for st udy 
of t he processes ta king place in the comp lex biosyst em - t he human being 
in space environment. 

Using that new t echnology on board the "/OUr" urb ital stat ion in varyng 
in duration space missions (up to 10 days - the Bulgarfan -Soviet and Soviet 
Afghan istan missions and up to and over 30 - Soviet missions) (I . 21definite 
results have been obtained . 

The deve lopment of medical space labor atory with dist r ibuted resources is 
advisable as a dls trt bute d expert system on the basis of automat ized systems 
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for responding data acquisition and processing and remote sensors for boi-
signals registratiorr.

Such a minilaboratory in space environment will be used for obtaining
results that are vital lor the long-term space missions (e. g. flights to Mars),
In the case in order to solve the-above rientioned lrrobierri a n[mber of ana-
lysis are necessary to be conducted for the scientific problems, as follows:

1. Modellirrq ancl
technologies supplying
ters of ihe bio- and o

2. Development of

rameters;
encing the change rate of the human

in details ihe problems occurring in
nder the influence oi ihe new factors

The studies wili contribute to the deternrination of ihe imnact of various
ecosystems on the mechanisms and rate of change of the bio- andpsychophysio-
logic_al status of the human being under the conditions of various'ecoiysiems
for the purpose of short and longterm prognostics of the health status.'
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H HKOf{ OCo6eHOCTII 11 3 UII4>poBaTa o6pa60TI<a 
na 6110Cllrn a.111Te npn 113nO.13B311e li e) cucr euar a 
an cfop II 06P<J t50TfHl H3 ,13 1111 11 .. 30 PA" 

Py.W<'H lleiJl\otJ, Ceemosap CII.tU.'OH06, e ll/OxH TnH('B 

(P (' 1 lOW 1.') 

B CT8T HHTa C8 113.lOHi(,HII IlSlKOIl oCOtX'H OCTII 11 8 113 

1l0.1308Hllre B cncre vera aa coop II 06pa 6oTKa ua .rau uu (CCOn) ..30 PA" npuu
Illf nH II MeTO,.'.l1l n a IlHqlp o a a oepaeor xa 11 8 CllrlHt.1If . P . ur.11";(<1 tt tt (' 8 KOII KpeTllIl 

e ar ev nnor ecsu MOJ.e..au. MeTOJ.1f 38 umppooa 06pa6oTKfI II TSl ;l;ItOTO np uao aceuue 
B KOCMII 'lec KIi YC.10 IHlH . Hanpasenu Cit HJDO,lIl 3 .1 II Cp Cfi l' KT HBIIl't' It a pa3B lITIlC 
IHI r.COll K aTO c.te ve trru nil KOC\l Il 'lN'KIl aemxo-eno.toruuuu naro paropnu. 
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Cr,lcreua 3a r4HreJreKryaJrHa rluftpoBa
o6pa6orxa Ha 6raorrae.unrlr4HcKH
cvrHailn B KocMr4qecKH ycJrOBI4tl

Puneu Hedrcoe

I'lncmumym Ba Koc.ilLLtqecKtL ttsc,te)oauun, BAH

L Br,ne4eHue

flpo6neri,rare, cBtpgaHrz c I4scr'IeABaHe, Kol{Tpodl I{ npo.
rHo3apaFle Ha 3ApaBOCJIOBHOTO Clbc',foflHl4e Ha aCTpOHaBTIZTe, Ca aKTyAilHU g2
BCflKa KOCMr{qeCKa eKcneArzur4fl He3aBr4Cr4MO Or UeftuOrO BpeMerpaeHe.

3a peuanaHe Ha re3l4 3aAaqlz Ha KocMrzqecKara MeAI4ur.iHa ce HaJrara Az
Ce a3IIOr'I3BaT I{OBH nO-CT,BbpIxeHI4 HHcTpyMeHTI4, KaKBUTO ca MeTOAI{Te VI CVC-
reMl4re sa qn$pona o6pa6orxa na 6nowe4urIr4HcKH ckrrlalrr (IIOEC).

B rastz HacoKa ca HanpaBeHr.r rrr,pBr.r ycneruFur crbrrKa Il-5] . llo,toxure,u.
HI4Te p$y,'ITaTIz or Te3I4 nbpBLI orI,ITIl AaBar ocHoBaHI4e Aa ce FlanpaBv LrgBo/'
qe e ueo6xoArzMo Aa ce npoAtJrx(ar r.rsc,TeABaHr4trra e o6racrra na I{OEC.

I{e.nra l{a resLi Iz3cJIeABaFII4s ca ycbBr'prxeHcrBaFre Ha c:brqecrByBarlr4r€
H cb3AaBal{e Ha HoBLi noKo,/IeHr4a cr4creMr4 sa I{OEC sa pa6ora B r(ocMr.rqecKr.t
yc"[oBrrfl.

__Ea ^6asa'i'a Ha pe3y,nrarrire or arpo6upaHero Ha npeA,'ro>KeHr4re cr4creMrl
sa I{oDC pr rz3r{cKBaHrzrra KbM T'-EX sa pa6ora B ycJroBr.ir Ha MrzKporpaBrzraur.rfl
npk npoBe)KAaFre Ha MeAriIIr4HcKH r4sc,'reABaHlrfl Morar 4a ce o6o6qqr creAHr.rr€
HACOI(I,I 3A TgXHOTO

-.E$exrunHo rraUOEC a cuMBor'rFrara o6pa-
6orNa c ue,r cr,3AaB ryalrr,u cric.r,eMr.i sa I{OEC.

- Llsro,rssaHe Ha qa$ponn crrrHsurrHr{ npoqecopr.r c xapBapAcKa crpyKrypa
3a yBeJrr.iqaBaHe Ha r,i3rrzcrr.ire.lHara MorqHocr ].i pa6ora B pexprrvr Ha pea"rrHo
BpeMe Ha cucreMlire sa IIOEC.

- ExctpecHa Balrv1a\nfl rla pe3yJrrarr4Te or MeAnilr.rHcr(rzre rz3c./reABaHr,rrr
B ycJ:roBr.rflTa Ha KocMr,iqecKnfl IIo,[eT. /{r.rarHocrura, KqHrpoJr H nporHo3],rpaHe
Ha SApaBOCJTOBHOTO CTrCrOrrHr.re Fra acrpoHaBTure B peaJrHo BpeMe.

5 AepoxocrraavecKr.r r-rgcJleABaHux n Erarapur, l0 65



u
Ba I{OEC [prz KocMr4r{ecKrz MeArzuLrHcKr]. Lrscrre/;BaHr4fl rror{asBa, rte B apx TCK-
Typara Ha BToporo rroKoJreFrrze cr4creMrz (zHre,,rerryaJIHr.r cr4creurz sa u 5c)

II. ApxureKTypa Ha cr4creMara

A. ApxutneKmApHu nputrqunu Ha opeaHusaurun
uHmeneKmlla.LHama cucmelyLa sa QOEC

Auanast,r Ha pffiy,'rrarlire or l4gtlo,r3Bal{e Ha c

rpa6na Aa 6t4ar orpaseHrz cJreAHrzre oco6euocru [E-T]:
- 3a locrrrfaHe Ha Br4coKa cKopocr Ha o6pa6oiKara rrpv

paMerprz Ha 6rzozu$opMaui{oHHiz_fi rroroK e ueo6xo4uruo eceKrz

(6no4aruzqare) . Torl ce ylpaBJrflBa or Bropr{fl KoMyHr4KauuoHeu I
r. e. or Ar.icreqepa Ha rrrvHara sa L{OEC (AruIIOEC).

Bropuar KoMyHrzKaqnorreH npouecop ynpaBJrflBa o6uesa ua aH$opru
ra [o BbrperrrHa rrr4 Ha (BIXI{OEC), xoaro cBr,psBa orAeJrHure riao4y,lz sa I{

-.Br,sMoxHocr sa pa3Bzrl4e Iz ycbBT,plxeHcrBaHe Ha crrcreMara rrp
HI{MaJiHo (ir,ro4y,rruo) LrsMeHeHr4e Ha xapAyepa u coQryepa.

E. Cmpgrcnrypa Ha dpx,umet,mupama

Crpyxrypnara cxeMa Ha crrcreMara Ba r{HTeJreKTy
qOEC (cucreua sa I{OEC - Bropo noxonenze) e rroKa3aHa na frur. l

ApxureNrypara e nocrpoeHa Fra ocHoBara Ha npuHrlrzrrr{re, Kouro c
roxeHlz s r. A. KouNperno roBa oBHarIaBa, qe ce ocbrrlecrBflBa pa3Aedrfll

H3-
HA

Ia-
a.

ts npe4,roxeHara apxlrTeKTypa reslz IIer'II,r ca [ocrl{fHarlz, Karo ca ]43
3BaHLr orAe,'rHrr MoAyJrr{ (anaparuu H npofpaMHz) sa I{OBC, cvuronsa pa-
6orra z e@eNrzeHr4 e,rreMeHrrr 3a BpbsKa a o5lren Ha rzu$oplraqlifl.ra Me)r{Ay

B xaqecreoro Ha cB'bpsBarrlfi eJreMeHrr4 Mex(Ay UOEC rz cHMBoJrHara oo-

MaKCIZIvIaJIH
MoAyJr 3a

I]a-
EC

4a 6r4e aBToHoMeH.

- BpleNara MexAy orAeJrrnrre MoAyJTr{ Ha crzcreNrara He rpl6ea 4a s
or aJrropr4rrMa ea IIOEC.

- O6nreHrr ua uH6or vIfl
HA

H:sr. r{a uH$opuaquflra MeMAy MoAyJr}rre sa I{OEC, aHailo- 
\_/urvrtrfl.br Hd r4HqJUpMaL\LLtlLa MeMAy MOAyJlllTe 3a u\uDL, aHa"rlol

HHrep$erlc u o6c.ryxnarrlHfl Mr4KpoKoMrrror:bp ce ocbrqecrBflBa c rloilrorqr
KOMyHI4KarIr4OHr{r4 ripouecop14, Kor,rro pa6ornr noA yIIpaBJreHr4ero Ha rd'Ia HV'1
MoHHrop Ha cr.rcreMara. il:npnunr KoMyHr4KaqlroHeH npoqecop cJryx{a sa rpa-
BJIeHHe ua o6lreHa Me)KAy MoAyJrr4re sa I{OEC 14 H3rorrHHr(a ua rzH$opv utrfl

P,

.r1.fl.

6C
MI4

nHQopuartrzgrlH4re ttororlr4 crropeA rexHrrr o5eu u cKopocr. Peanueupa c
paJle,rrHa IIOEC, Koqro eSeNrneno e c:bBMecreHa c.hc crzMBoJrHara o6pa6

pa6orxa e rzsnoJr3Ban IIIIIIdOEC. Toit ynpaurfiBa KoMyHr4r<ar\r4vre

?TAe:r!4re r\doAy"rl4 Ha L(OEC, rzHrep$erlca ua o6cnyxBal\r4tr Mr4KpoKoMr
(I4OMK) r.r HefoBara pa6ora ne sasrcn or aJrfoprzrrrMa Ha IIOBC n arropa

p
aM

Ha crzMBoJrH ata o6Da6orxa.
B apxr4TeKTypara Ha cr{creMara ca rieflor'rsBaHrz oceM MoAyJra sa IJ,

r{ eAr,rH o6cnyxeaq Mr.rKpoKoMrrrorrp (OMK).
B lro4y.rrare sa I{OEC ce peaJrrzsr4pa xoueefiepeH pe)KliM na o6p

sa 6asata na rlaQponvre cr4fHarHrz npoqecopu c xapBapAcKa crpyKrypa.

B. Anapam\u u tlpoepanuu cpedcmea tra cucmeryrafll

B Naqecrnoro Ha Mo.u,yJrr.r 3a IIOEC Mofar Aa ce h3-
pa.
3x,

IIO/I3Bar pasJII4qHLI quQpoBlz cI4fHaJIHI4 npoqecoplz c xapBapAcKa crpyK
ZssecrHli ca pasJrHqHLr raKHBa, xaro DSP56200, TMS320C2x, T
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c

KomyruxaquoHeH npoqecop (Kn)1

I,iCTEMAT 
u%?l"ff 

i"1;,#"fr #'l'Lx"f##ff ;

#ff ; 
tl"u.i&, # [, ;,u ir:H6oTf;

TMS320C5x, T9506, VSp (LEUTRON VISION). INMOS T800/B0S r4rn4
rmsT4r4t425 [B-13]

B pas,nzuura r4gcJreABaHr4s, Kr'Aero ce I{3rroJrssa IIoBC, Haft-trec,ro ce rzs-
rIoJI3Ba uuQpon cfifHarreH npouecop GCn or aHrlaficKr.rfl npeBoA ua Digital Sig-
nal Processor - DSP) or rlana TMSB20cxxk, rrpor{3BoActeo u, Qapvraia Texis
Instruments.

Tosa rpoqecop e loAxoArrlq, 3alqoTo 3a Hefo cbrrlecrByBar paspa6oreHa
nepuQepva a nHrepSerlc, ocBeH roBa r.rMa ,qo6pe pa3Br.rr co$ryep-. cxopocrra
Ha nocrreAHr4re pasnpo^crpaHeHr4 Bgpcr4a (TMS320c2x ao TMS32Ocbx) Bapvpa
B fpaHrirlr4re or 28,6.1061o 33,0.106 oreparlulr 3a ceKyHAa (MIpS) [13].B Naqecreoro Ha KoMyHr4KauaoHHH rrpoqecopu ce r43rro"rreBar craHAaprHu
16132_6urow npouecopu iNTEL 2BGi3B6 c raKroBa qecrora or 25 go b0'MHz.

.ts^ po.r_ara ua OMK ce r4srroJr3Ba npouecop iBB6 c raKroBa qecrora or 2E
Ao 50 MHz.

II. Mero.qr4Ka Ha o6pa6orNa

B o6rrlur cnyvafi 6uoleAutwscKr,rre cr4rHailv (EMC)
ce pasAeJrflr Ha p.Ba xJraca [14, 15] :

- E4Houepuu 6uoue4zrrrrHcKri cr4fHaJrrz. KrM rosn KJrac Morar Aa 6.nr,ar
orHeceHrz eJreKrpoeHue$anorpavru (EEf), eRoKr{paHu rroreHrluaJrr4 (ElI), e,rrex_
rpoMr{ofp aMrz (EMf), e"rreKrpoKapArzorp aMr{ (E Kf ), eJreKrpooKor,rorp'aMr (EOf),
aprepHa'rlHo Kp:bBHo HaJrflraHe (AKH)' qecrora Ha cbpAer{Hl,If rIyJIc (qcil),
KOX{HO C6npOTrrBJreHne;

- Bropnar x.rrac EMC ca AByMepHure. Kru Hefo ce orHacfr cr4rHalrr4 or
paAr4oJrofHqHr.r npu6opu, peHrfeHoBrz u rouorpascxu llso6paxeHna, yJrrpa-
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gByr(oBLr Hso6paxeHns, TepMot43o6pilKeutzf,: -O6o6rqeHo KT,M Togu Kaac
Aa c1 npfiqrzcrqr Bcr4r{Krz Br,rAoBe BMC, xoirio rzMar AByMepeH xapaKrep.

B nacrorq,ara crarzrfl ce pasfJlelK,qa Meroar,rrra-'sa I{OEC, l<ouro n
AJrexaT 14 Ha ABATa KilACA.

A. Paenosna*atte fta BMC c nonot4ma ua tb
qHanuS

ilprr nocrlnnane Ha czrufl,r't or 8,4 rori ce [p
nr4, cne4 Koero ce H3Btprxla quspon aBroKopeJrauuon'e
aBTOKOpeJrarllroHHr4fl . aHaJrr.i3 e pa3I]O3HaBaHe Ha

LI onpeAeJrrrHe Ha HeroBa,r,a np14HaAJrelKnocr (EEf, EOf,

3yBa B qvSpoe
.lae . ll,e.rra Ha

Qoua na ruyMa
14 Ap.).

CneA
I4CTUHCKHfl

(1)

npeo6p_as_yeauero u3xol1Hr4flr carFraJr,v(ft) npe4craBJrrrRa cy
EMC b(fr) H myM n(k) [16-1s]

x(k):b(k) In(k).

CI,ITH

a-
aHa-
aHa
EMI

HAD,.

pce-

IJljfl,

Ae-

KO

Qun-
IIJIT.
qafl.

Anroxope.naqr,roHHara SyHr<qzn rJa cyMapHr.rs crarsa,ry r(r) ce n
C VDABHCHI,ICTO

r'r'- I

(2) , cr,(i):) x(h)x(k-i),
&:0

Ilprz onpe4eJreHa cloril-rocr Ha aBror(opeJraulroHHara SyHxrlul, xoa
BaIrraBa rrpeABapr.rre,rHo 3aAaAeua crolinocr Cu*, ce npueMa, r{e roBa e
Hlzsr cLIrHaJr, B rrporaneu c.lyuari npo{eAypara npoAbr,rN{aBa.

C"ne4 raro 6a4e pasnosnar EMC rorl ce noAJrafa na uzQpona
IIe,/rTa Fra Koqro e onpeAeJrrrHe Ha HeroBaTa npr4HaA,rregHocT.

E4uoepeueuHo c Qu,rlpar\Lrtrra ce rr3BbprxBa ri cleKTpa!'reH aHaJrr43
rafr,lusupane Ha rtnSopuar\vrflra, Korro ce cbAT,p)Ka B crirHaJra. Tosa e
xoArIMo 3a cJreABarqvfl erarr Ha o6pa6orKara - eKcrrpec-aHaJrvrs Ha Ko
paHr.rre ncuxo0nszoJrorlrqHrz tlapaMerpr,r c qe,T ycraHoBffBaHe Ha 3/Ipa
HrIfl CraTyc Ha acrpoHaBTr,rTe r4 HeroBoTo rrpofHo3r4paHe.

(4)

Aro nanpzMep e
B [bpBt4 fl c,ryuali ce

(5)

68

(3)

E. Qunmpa4un u cneKmpaltetr arla/tus Ha EM

@vnrparlnnra Moxe Aa ce pealrr4supa rro Hr
HarraHa. flpeuuyqecrBeuo B Tegr4 cJryqaa ce [Br]oJr3Bar ABa MeroAa Ha
rparlufl -- qn$poaa Qa"rrpaqzr, peaJrrzsrdpaHa c noMorqra ua qz$poeu
pz c xpaftna rzMrryJrcHa xapaKrepHcrHKa, 14 aAarrrrrBHa qraQpoaa Sz.rnp
MareviarprqecKlrre MoAer'rrz Ha ABara MeroAa ta $unrparil4fl. ca orpa3eH
cJreAHure rBpaSui

b(i): >- lt (tz) x (k-i),
.4
E:0

fi-l
e (i):d (t) - t h (te) x (k -i).1,

ft:0

Heo6xoAravio Aa ce n4enrz$zq,upar o-, 8- rz.rru 6-p
noJryqaBa cJIeAHr4flT o6pas (sa o-prarir,rrz):

N_l
a*(l): , h (k) u(k- i),

.-J
E:U

MA,



(6)

a npvr Bropzf Br4A sr.rflrpaqr,rq:
N-1

e"(i):d"(t) - Z h(k) u(h- i).
h:0

ExcnepniraeHraJrHo Mor{e Aa ce ycraHoBl4 sa KoI{ rufioBe EMC NaNln nu4
$nnrparlua rpn6sa Aa ce H3rroJr3Ba.

Cnexrpa"nuuflr alaJrr43 ce peaJlr.{3l,Ipa Ha 6asara Ha 6tpso npeo6pasysaHue
ua @ypue (En@),

B. Erccnpec-at-LanuJ

Excnpec-au3,r-rr.r3ar ce LisBtpruBa c rloMolqra Ha OMK.
A,nropuruure na o6pa6orKara ce onpeAe,TflT B 3atsHcl{Mocr or Br4F,a ua MeAHITI'IH-

cKI4Te I{Bc,/reABaHHr. llporuosl4paHero Ha 3ApaBoc,'IoBHzfl craryc ce ocbulecr'
BflBa B pea/rHo BpeMe Li rle 3aBrrclr or aJrroputrbMa ua I]OEC.
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Er.urapcxa aKaAeMrrfi Ha HayKure. Bulgarian Academy of Sciences

AeporocvltuecKrl r43cJreABauus s Et,rrapr,ra. 10. Aerospace Qesearch in Bulgaria
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Mero,q Ha AoII'bJIHIaTeJIHara
rrpoMeHJfl4Ba B SaAaqaTa
sa $nnrpaUzn Fra npocrpaHcrBeHl4re
KOOpApTHaTI,I V [apaMerpl,ITt
Ha ABr4)+(eHpre Fra iloABHlI{HH oSerra

Beu4ecttae PaLurcoe, Aueen Xpucmoe

I4ncmumgm sd Koc:vLt4€cKu uscrc1eauttn, EAH

I. Breeaeune

EAua or BTr3Mo)KHocrHTe ga yAoBJIerBopflBaHe Ha
BHCOKOTOIIHOCTHI4Te Hy)KAI4 Ha CCBpeMeHHara KOMyHI{KaUVtr v rpaHcrlopr e
pa3B?ITHeTO Ha MHO|OIIO3T4qI,iOHHLI paAr,IOTeXHIZqeCKI4 HaBI{TaIU4OHHIZ CHCTeMII
(MPHC) [1]. OcHoeeu npo6.ren rpv ycr,B:bplxeHcrBaHe Ha ciblqecrByBalIll4re
u paspa6orKa Ha Hoera MPHC ce rrB.rrBa Iro-Harar:blllHoro rIoBIlIxaBaHe Ha rqx-
Hara roqHocr LI IxyMoycrofiuzeocr.

PeurasaHero Ha ro3LI npo6neu 6es AonbnH[TeJIHH anaparypllu ycJIoxHeHHfl
14 OCKib[rrBaHe Ha cr.rcreMaTa Ce Ocbr{ecTBqBa rlpe3 peaJII4sAUxfl Ha OIITIIMaJIeH
aJrropktrbM sa o6pa6orKa Ha crdrHaJIH, ocHoBaH Ha IIT'JrI{o LIgBJI}IrIaHe Ha LIH-

Qoprraaqunra or paAr.loclzrHaJra. Toqsocma na SznrpaqI4flra Mo)Ke Aa 6tAe no-
BHrrIeHa ga cMerKa Ha IzsrIo,iI3BaHe Ha aJIropIzTMrz c o6eAIEgena cLIHxpoHI43auI{r,
usrroJr3Barrlrr cbBMecrHara zuQopnra:gzrl Ba 3aApb)KKara Ha cI{rHaJIa, -cbAbp)Ka-qa ce e odnunallara H BllB $asara Ha Bl4coKor{ecrorHoro sanuueuHe [2] .

IIde ce cnpeM no-no4po6Ho Ha HeJll4Hefrsara {lunrpaqua [pI'I MHoroMoAaJIHo
arrocreprzopHo pa3rrpeAe/IeHI,Ie [3] . Ct,r,rracHo c reopunra Ha oIIrIaMaJIHara Qu,n-
rpalrafl Ha MapKoBcKIz flpoqecl4 ToqHoro peIxeHI,Ie Ha sa4arrara Ha Qulrpaqun ce

cBeXAa KrJM peKypeHTHIz ypaBHeHI'Iff 3a alocTepuopHaTa IIJIbTHOCT Ha BepOflT-
Hocrra (AnB) Ha Heli3BecrHlzre rlapaMerpv p (/, f). Ho HerlocpeAcrBeHara peaJrrl-
saur4 fl Ha resl4 ypaBHeHriR B rroBer{eTo cryrrau e HeBT,3Mo)Ksa. 3a npz6;tuxeuo
perxaBaHe ca npeAJlo)Kefin pe4uqa MeroAIz, or KoLITo ocHoBeH ocraBa MeroABT Ha

frlrggsu anpoKcrdMaur,rfi, BoAerq KtM aJrfoprrtrvu, 6nusNn Ao pa3[tl4peu $ulrtp
na Kanuas. B sap,aunre I{a o6eAairesa cldHxpolll43ayua 12,51 ro3z MeroA AaBa
uepa6orocnoco6su aJrfoprrrMr4, r:r,r? xaro AIIB nnaa Iz3pa3eH MHoronI4KoB xapaK-
rep. B rosu cnyuaft e4uohuxonara HopMaJrHa rrJrtrHocr Ha BepofrHocrra He Mo)Ke

Aa ocr4fypH yAoBJrerBopr.ireJrHa arrpoKcrrMarrLrfl Ha AIIB. Ero salqo I43no,II3BaHero
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Ha Merora rra falrcoBo npu6flr4xeHne BoAZ KT,M a"rrropzrMrr Ha sr.r.nrpaquapaKrepHa HeeAHO3HaqHOcr.
06rzKnoseuo np14qaFra sa Mr-roforr4KoB14fl xapar(rep na p (t, l,) ce reae

JII4qtlero Ha HTIKaKBa nepr4oArzqHa $l,uxqun or l, n niro4e"rraTe Ha na6,rrro4euuer
cr,o6qeHHero.

La-

I.IA.
LIJIU

qHH

llo-
HU

HHC

oA,
AZM
KlrM

'IMAo6usocr.

5A OTqI4TAHE I{A MHOIOTI4KOBOCTTA UA A|IB MOX(C AA CE NPCA,IOXAT PA3"IIarlpoKcr4Marlun. ouena4Frr4 ca oll]zrare [2,5] 3a usror3BaHe Ha nonuraycoBa i
KcuMarlu r, He4ocrarr,K Ha 'raK6B nolxb,q ce flBflBar foreMr.rrrr 6pofi 

"Heuse

['P^uy9tp" Ha pa3npeAeJIeHI4e H cdreAoBare"tHo cJloxHocrra rra peaJrr.rsaub 12,5) e npeAJroxeHa lr rz3cdreABaFra anpoKczvrauu.rr HaAflB qpe3 npor,r3Be,
Ha faycoBa o6rzearqa r{ repuoAr.rqFro sarrbd'rHesue. B [5, 6] e npeAJrox{eH
HaperreH MeroA Ha pa3Ae,[nr{e Ha 3aApT,xKrire. Toli noseonEBa Aa ce o(or Hflr(or4 ofpaH[rreHkrfl Ha Apyfare MeroArr, pa3f,/reAauu s [2,5]; BoAt4
npocrH a,/rropr4TA4r4, y406ua 3a pea,[r.r3al\vfl u orjrl4rraBa I{Ia ce c ro-ro

2. Oopuy,'rr4poBKa Ha sag'auara

_-Ha |lO c KoopAr4r{arrz X:(x, A, z) ce va6
clIrHa/'IIl o'r rpu VIVI c H3tsecrHtr r(oopAr.rrrarr.r Xn:(it, lih,, zh), l?:
IIpaBot'fb,rrHa KOOpAr.{r{arFra cr4c'reMa. Ha nxo4a Fra npr4ervrHr.rKa Ha
IIaO,IIo.[aBa

(l) €(t):s(t, L(t))+n(t),
3

KbAero s(/, l,(/)) : 
):, 

sn!-fu(f)) e rrorreoeH cnrHa.rr, npeAcraBnqBaul

or cr.rfHaJrflre s,1(/-Iu(},)) or acer<w VlVl:

s o(t -T o(X)):f n(t- Iu(I)) cos [ar6 (t-f o(],))l ;

To(X raHe Ha czrna,ra or k-ru VlVl:L(!)_ Ha fIO or cncreMHoto rpeme;tn(X zu)21112 - 
ptcrnHgo BpeMe Ha saKbcHeH

CITIH
c -- cKopocT Ha CBeTJrHHara;
Xr:(x, V:,^!, \u, A, V$ - Ber(rop Ha cbcrosHuero, BKJrroqBarq Koop
rr.rre Ha fIO u A, a ctulo 7Tr.rTe Ha llU u A, a ctulo Yr:_Vn, V,t- cKopocTHTe Har{BMeHeHLreHa X,)tn(t)_- 6r,'r raycon ruyn (Ei[I) i: xaparcreprirar<rz M{n(t)):O u M{n(t\n(tn(t) - &n: (N/2)6(l).

c xapaKreprdcraKrz M{n(t)}:O u M{n(t)n(t

Btn nexropa na
Ha cKopocrra Vr'no

cbcTosHaero He ce BKJrroqBaT KOOpAr.IHaTaTa Z H Ber.

Bexroprr l, uoxe 4a
{€C, YAOBNCTBOPflBAIII

(3)

72

ltA-

nl-
Pv

H-

(2)

Ha-
A;
r))

bT

0.c'brrlara KoopAuHaTa. flpueuauEt .te. z:const ll Z,
6rAe onucaH qpes raycoB 4ra@yanoneu MapKoBcKr.r r

c14creMara croxacrr4qecKH 4r.rQepeHqua,nur.r y
; -" ,,,A: FAf n1(/),



x: V,a,

V ,: - u"V** n*(t),

(4) !.: vo'

Vy: -uyVy* b(t),
A:Vt,
Vt - -atVt* n{t).

Tyrc n*(t), n_n!t) u _nt(t) ca rregaBucr.rMr.r 6fiII c eAHocrpaHHH cneKrpalrHr nJrbr-
Hocru N", Ny u M.

Marpuqure ua roe$nqneHrrre Ha cHoca a 4asysnnra ca

000000
0Nil12 0 0 0 0

0 0 00 0 0
F- o o o -or o o l' *^:lo o ory,p o o l;

000001
o o o o o -ua

nl(/):[0, n*(t), 0, nr(t), 0, n^(t)];

M{n^(l)n[(l- r)] : Nr5(r).

3. Crqnocr Ha MeroAa

B AaAenus cryuatl MHororlnKoBocrra Ha AFIB p(t, )r) e
o6ycnoeeua or nepr4oAnqHocrra Ha Hoceqara Ha cHrHaJrHTe or lAI4 orHocHo
BpeMeHara Ha Bar{'bcHenvte ToQ") c neproA To:2nlil,o,

BIECXAAI\,IC BEKTOP OT AOIIGflHHTCNHH TTPOMCHilPIBI4 3  CHTHAJIATC OT TPWTCLIVI

T[:(T61, 762, T6s),

KrAero 761, Ts2, I6s ca BpeMeHa Ha gaKbcHeHue Ha Br.lcor(oqecrorHnTe galrbJl-
HeHHfl Ha cr.rtHaJruTe, ueJrbqeHu or VlI4, T. e. BMecro BeKTop l, qe paarne)I(AaMe
BeKrop Ha ctcroffHuero l";:{},', T;}, ttprl roBa rrrxHara rLxAecrBeHocr B r,rBXoA-

Hara saAaqa qe orqereM B anpuopHoro pasrrpeAeJreHze (sa l:0)
(5) Pr,(),, To):&.(1.)6[Td-T(I)],
KbAero Tr(1,):[? (I), G(I), fs(t)], a ctulo H B ypaBHeHrero Ha AHHaMr.IKara

(6) io:q#):# #,
Koero ocmypsBa rrsntJrHeHr,rero Ha ycnoBr{ero T6- (},):qsnsf.

Ot (3) rz (6) cre4na

010000
0 -s, 0 0 0 0

000100

0 0 00 00
0 0 0 s 0Ntl2

IO



(7) tu: T$oi.+ffin(o.
Or Susaunu cto6paxeuus AnB

P(t, 2,., To):P{t(/), To(l) l€6}

BbB BceKr4 MoMeHr or BpeMe rpa6na Aa ctAbpxa aelra-rbyuxqna 6[Tu
HaJIHTILeTO Ha KoqTo oTpa3sBa Ha[IeTo SHaHHe 3a ToBa, qe BbB BceKI,I
or Bp-eM€ e B cr4.rra paBeHcrBoro Tu-111;.

tr4a6vpaue cnoMafareJrHa anpuopna' nJr.brHocr IZ6(1,, Tu), rara
BneTBopSBa ycnoBHeTo

(B) wu[x, Tu:7(].)l:cPo,(],).
IIpa roea ce oKa3Ba BspHo c6ornorrreHr{ero

(e) P(t, X, Ta):cPa(t, i,, Td)6[Td-T(],)1,

Koero ce AoKasBa no MeroAa, onucar e [3]. B (9) p, (1, X, Tu) e A[-lB I

4e,Ialq ua Snarpaqnfl c arpuopHa nrrtrHocr tW6(?") T6), ruo4ur ua cto6ule
(3), (6) u uoAe;r ua H_a6.nro.aesrero (1), (2). B t3l ce 

"furrn.*4u pa3rxupe
TOp Ha C.bCTOflHAeTO tr, Tdl, KbAerO T e BpeMeSaK'bcHeHr4e Ha o6ensaulrr'op Ha c'bcrofHaeTo {r, T6}, K'bAero r e BpeMeSaK'bcHeHr4e Ha o6erzsaula
cLrHaJIa oT eAzHcTBeu kI.Vl, a td e BpeMe3aKbcHeHlde Ha HoceulaTa Ha clt
or cbrqr4fl VlVl. B npoqeca Ha AoraaareJrcrBoro ce npeMr{HaBa KbM HoBr4
MeHJTHBn r, €:rd-r [3J. ts Haur.ra cnyuair ea AoKasBaHe ua (9) ce npo
no CbII{Hf MeTo,[, Ho paSIXHpeHr,flT BeKTop Ha CbCTOsr{HeTo e l,u:{},, Tu
ACTO }., Z T6 CA BEKTOPHH ilPOMCHJI'IBII. HbEUTC T POMCHJIIIBIII, KbM KOHTO I

BGpruBa rrpexoA.br, ca 7, u e:Ta-T(I). Or (9) cneABa ocnoBorroJrafa
BoA, rle sa A|IB P(t, x) Ha rexoAsara' sataqa' Ha Sunrparlun e crp
C'bOTHOIIIeHLIeTO

(l 0) P(t, 1"):cPup, 1,, T(fu).

ZexoAsara BaAarra c ypaBHeHrre Ha Ha6"rrcAeHuero (1), (2) il ypaBHeH
cto6qenuero (3); (4) ce cBexAa K6M FroBa AonbJrHnreJrua' saiaqa. B
ypaBHeHr,re (1), (2) 3a[HcBaMe noso Ha6nroAenue, B Koero BJrnBar
HHre npoMeu;runn Tu:

(1 1) l(t): s(t, )v, T o) + n(t),
3

s(1, 1,, To): J f hlt-Tk(t")lcos[rno(l-T6u],
h=l

K6Ae'ro f hu-fk()'")l e o6ernaula Ha cnfHarra o"t k-ru l4W.
JpaBHeHrrero Ha AnHaMHKara B AOnbJrHr{TeJrHara 3a.u.aqa ce

nue (3), (4), 4onrnHeno c (6).
3a la KoHKDerBRrl na-.' iaAt591r.{qg1zar.rpaMe, (6) u (7), rpn6na Aa HaMepuM BeKropa

BoAHrrre dTk(?,)1il,,r

l.)1,
MCHT

yAo-

BCK-
aHa

npo-
I'vpa

K'b-
Ii3-
Lt3-

JTI{BO

HA

cro

fBflBa y

dTh(?") d(r;(X)+.4)
;r.t : ---dl.t-:

u#: 
l{*-*o1l@-xe)z+(!-!), * (z-z)zl ;

oflt',-,' rl2 * ( t - t o)z * {z - z 
u)z)t 

t2 + t)
d),r

(r2)
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'+:-(y-y)[(x-x)n + (y-y)2 + (z-ze)zl f,:'o'Jo ; .

d1"- r'') dT k(),) 0T k(L) Or o{X) n-t':t, -#i: fr: -ft-:r,
KrrAeTo coso4, cosBa ca Ar.rpeKTopHr4 KocHHycr,r KbM HanpaBJreHnero Ha k-"tuwv\

(r3) a+9: l=r, o, '-9p, o, r, ol.ot\' I" l

Or (7) nonyrraBaMe

(14) io:Fruft+O1axr),

KbAero o1axrl e BeKTop-cTbn6 or rpH eneMeHra;

Fro:4?F,

(r5) o,.:l 3 :-l:::;; 3 :-l:::5; ; I
l0 c-1cos0s 0 c-1cosB3 0 1

3a Aonr,rHlrre.rlHara gaAaqa ypaBHeHuero Ha ArrHaMn:rara uMa B:aAa

(16) iu-- Furu+nr"u(t),

K'bAero l.e:{},r, TI}, nlu(l)={n;(l), 0, 0, 0}.

Matpnqurc Ha Koe Hrluegnlrre Ha cnoca u 4ra@yexrra ca

F io*"rl I u^ io,u*r,

VpaoHeunero ua Sn.rrrpaqr,rfl Ha CrparoHoeuq rpueMa BHAa:

I n io*"ol I tn^ io,u*olo': 
| 0,, io;;;"] *^,:iot*,;io;;;;l

(17) dPd(l'-l" rd) :L6{P6(t, },, Td)}+ lF(t, }', TJ-itr'(/)lPd(t, 1., Td)

c HaqaJIHo ycJroBlre P(0, I, T6): IZ6(1", T6), yAonnereopreaulo (8).
Oneparoprr na @orep - flaanx - Konrrroropon (<DtlK) e

g d{-fi (/, X,d). } s

r.{'}:- 
J, -+5: .+AN^oufii;,

KbAero fru(/, Io):FaLa.

F(t, ?,", Td):(2/&{lQ)s(t,1,, Tu)-*sz(/, }., Tu)},

F(t): I I F(t, )", Td)Pd(t, 1", T)iludTd.

flopa4r.r [epuoAnrrHocrra Ha cr4rHaJra so(t, X, Tan) v ua roecpuq[eHr[Te Ha

f5



(20)

KCAETO

(18) Pd(t, ?,, T6):c1,. j .*o {-0,5[],r-mi, TJ-(m;+ftZ'E)lR-l
h=-6

X F,r- rn;, Te-(m; + ft roE)lr).

VpaeHeuurra Ha paslxnpeHr.rfl Qnlrtp ua Kanlrlas ilMar BHna

(19) *ro:FdI1+R(2/N)[((l)-s(1, m^o)][ds(1, mr,o)/dlai,

K'bAero m;d:{mi, mJ};

# : auR n RFI * Nr,. -RFeR,

I o' io^r.,R:l *;.; : R-'q I' R^'o :Rio,.,
I d: dl

Fr:(2lN)ltds(t, mx)ld),;l'[ds (1, mru)/dl;] | .

Anporcauaquflra Ha AnB P(1, l,) ce no.rryr{aBa or (lg) rz (10)

(21) p(t,)"):ce*(.t,I, T(1.)):c, j .*o {-0,b h.-mi,

T'(t)-(m] + hToE)le-r [t'_ mi, Tr(r)_(m;+AroE)]'].
IIe 9n-p_eaerr{r\{ orleHr(ara Ha MaKcHMaJrHo npanAonoAo6ueI*: m-nx-l {p(1, }")}.

Or (Zi1 cJre.u,Ba, qe Vn:*ur, Vl,:fttyr, V*6-*ro^

l**(t) I ( (

(22) ll:tttl:'u*^ 'l Z .*p f -o,s fx-m*, !-ffiy,a,-ft7r,,r,(x,y,L)
la- (41 ,, n, a ( rI- (

-(markr,Dr |f;;&'&ol-'
r^^,, f;if^|1 rx- ftt11' ))-t/Lv' a'-ntt' T'(x' v' a)

-(mu+kroD,'ll
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(24)

AKo ,,nr.IKonere" Ha AnB p(/, I) ca recH[ orHocHo uefiHara ,,o6nuBau1au
ro (22) npeMr.rHaBa B rpaBnnoro:

I x* (t)l
(2q 

I l* (t) 
| 
: ru*-. {P (t, x, y, A) I T (x, y, A): ma t,4lo E}

lA*(41 *''' o

^,min-llmo (4+tro Er-T(1, tfis, wy, fti.t)l:rn^(i)+t<n le Er:T'F,
K'bAero h': (ft1, kr, kr); kxr:(tri, k;, k!\ e BeKrop Ha crofiuocrnre Ha k,
Konro ce Aocrura er(crpeMyM; T*r-[fl, 4, T;].

Orryx saAarrara ce cBelKAa Ao pemaBaHe Ha cr{creMara

Ti: tn11(t)+ fe;To: c-r [(x*-x1)2 f (y*-yr), +(z-zr)?1't'a L*,

Tl: * o, @ + k; T o 
: c-t l(v* - x r)z + ( y* - y )z * (z - 2 r)z)' t' ! L*

TI:mut@+k;To: c-t [(x* -xs)s* (y*-yt)n+(z-zt)zf't'1- L*

npn Koero ce onpeAenqr Jcn, y* u L*.
flo-yao6en anroprrbM e tlnlrpaqrnfl c fpyrrnpaHe Ha

creneHqara anpoKcr,rMaqun. [Ipu roBa orr{r,rraMe, qe cr{rHaJrbr
or cpaBHlirenno 6aeHo r.rsMeHrrrrlu ce npoqecu X(t) u L(t),
Ha AucKperugarlufl I ca npa6.rlll3nTeJrHo rrocrogHHr{. 3atoea
xeHHe Mo)I(eM Aa cqlrTaMe, qe Ha BceKH TaKTOB nHTepBaJr
HLIero ce npeAcraBn 86B''Br.rAa

E(t)=s(t, x")*n(t), tC(tv, tv+i,
KbAero X":I(1") e crofiuocrra ua napauerbpa B orropHr4Te

IlocreAosareJlHocrra l"o ygoe,nerBopsBa peKypeHrrroro

c HSKaKBO npHO
(tu, tu+r,) sa6lrc

(25) lv+r: Ol'uf n1u,

Ha6,roAegrnra np
sy(.t- 7"u (1.)) eannc
I(OHTO 3a

ToqKLl /v: v f.
ypaBHeHHe

KtAero (D:exp (Ff): L-1{(pI-F)-t} e rpexoAHa Marpnqa na (4) ea epeve.Tt
(nepuoa Ha Ar.rcKperueauua); L-L{...} - o6paruo npeo6pasyeatue Ha.Ilanracl
p - onepaTop Ha Ilan,nac i nL,u- nocJreAoBareJrHocT or HeSaBHcrrvrn raycosH c.rry.f

,rafrnr BeKroprz c MareMarrcr{ecKo oqaKeane M{nl,}:0 u KopeJraqnoHua uarpu{{

Y:M {nr,u,

3a AonrnuureJrHara gaAaqa ypaBHeHflero ua Ha6nrcAeHnero npzAo6tna aa4{

E(t): s (t, ?,.u,)'t n (t), t ((tu, t, st),

KtAero Ii":tli, T["], Tu":T6(t,), ty:vf.
VDasHegr,rero sa cto6uteHr,rero e

(26) fo(v+r) : @6 l,6u f nx"ov,

KGAero (Da:€xP{Fu fl:l-t(pI-Fo)-t}; n^o'. e nocrleAoBareJlHocr or nesaan'f

cr,rMn ray.coen c.lyvaftnr.r BeKropn h c MaTeMarraqecKo oqaKBaHe M{nr"_r}:0 u ro{
penaqHoHHa MaTpr4IIa

77,

T

ff ): f exp {F (r-r)} N1 exp {F'(T-r)} d.r.
I

0



Ya: M {n^uu,

flpz.roxeuo KbM cucreMara
Yu npa al<l r{Mar BnAa

exp{Fo (f-r)} Nr,o exp {q(f-r)}dr.

arrpnopuu ypaBHeHHff (4), (6) r{Bpaonre

7

tfli ,i: IdJ
0

ou:

1 ot,
o @ru

00
00
00
00
0 oiz
o (Dr,

o on,

00 0

00 0

1oe+0
0@nn0
00 1

00 0

0orn0
o(Drno
0(Dnn0

0 000
0 000
0 009
0 000
(DsG000
oso000
@r0 100
Quu010
@nu001

KbACTO

@tr:(1-exp (-u*T))\u", Oee:€Xp (-o*T),
Orn:(1-exp (-anT))lan, @44:exp (_arT),
(Duu:(1-exp (-oa?"))/ua, @66: €xp (-oaf),
(Dt2:(cos uric)(Drr, (Drn:(cos u2lc)@r2 (Dn2:(cos us/c)(Drr,
@7a:(cos Fr/c) (Da+, (Drn:(cos Brlc)@sn, enn:(cos pr/c) (Dsn,

(D76: (D16: @ss: @ro i

Yu:

YrrYrr0000YrrYraYrs
YzrYzr0000YfiVaaYss
0 0 Yaa Ya+ 0 o Ya, Ysa Yas

0 0 Y+, Ys 0 0 Ya, Yna Yas

0 0 0 0 Y66 Yro Yrz Yn, Yrn
0 0 0 0 Yuu Yoo Ye, Yu, Yog

Yzr Yrn Yra Yrs Y% Yro Yzz Yzs Yzg

Yrr Yr, Yru Yu, Y.r Yru Y& Y88 Yrn
Ygr Yn, Yn, Ynn Ynu Ynu Yn, Ys, Yrn

YtJ:Vl, npn (1, ,/:1,9),
V1:N*TBf6, Yp:NrTzl4, Y2s:N*T12,
Yas: NyT3l6, Ya+: NyTzl4, Yaa-NrT f2,
Yos:NaI3/6, Yna: Na,Tzl4, Yea:N^.T\2,
Ytlpaol:(cos c,o/c) Yrr, Yzta+o):(cos aulc)Yrr, Yatr+o):(cosBr/c)
Y+1*1oy :'(cos Bo/c) Y3a, Ys(n+o) : Ysr, Yo(r+o) : Yso,

7B

od



Y1n+o) (/+6): (cos aelc) (cos o,/c) Yrr * (cos Bulc) (cos Br/c) YaB+ Y66

npn (k, 1:1,3).
flpra ueno.reyBaHe Ha faycoBa anpoxcr.IMarlun noJlyqaBaMe

(27) P1(v, l.u,To):c, 2 exp {-0,5p.;-t;, Tl"-(fl"+ft"T0E)l
lt= 

-a

XR;t [x;-f,", T;,-(t;"+,4" ro E)]'].

VpaaHeHvrra Ha paorxr.rpenr,rn Su.rlrbp Ha Kanuau 3a BeKropa Ha orrenKltre
u Kopenaur4oHHaTa nnarpuqa Qu ca

t.

(28) i 4- "y'' i as(' *\--' A61v11y:-A6(v+r1*(2/N)R"n, / 1 

uotr' lqtY+tll l' tgtO-t U,T'61"rtr)ld't,
/, L dxi 1""

t.*,

(2e) Ril1:ftil1+(2/N) 1' f 
as(i' lgE+u) 1' ; 

asti'1qt"+u) 
l ar,'+r \' 

,l L d?"; lL drl l

KbAero iou:(Duulotr*r) eBeKTopHaeKcrpano.[HpaHlzre oqeHKI{i Ru+r:(DauRu(Dlu
* You - KopeJIaIIHoHHa MaTpHqa Ha eKcrpafloJlupaHnre OqeHIcr;

it":{ru, tau}; R,: 
I ,l.rl i l*} ; R{rru)u: R}uru.

Oruurafixu, ue l"u e BeKrop Ha HeeHeprerr{rrHH napaMerprl, T. e.

I a s(r, Tnr.-,r) I'| " qu+''r' l s(l,i61ua1;) d,t^'\,L"el
ro (29) npneMa BHAa 

t . -

(30) ttu+rr:f,0r"+rr*(2/N)R"+r 
"i' 

,rq 
ds(t'Ial'+u) 

4r.
J u^a

lu

CrIeAeaftrn (27), ea aupoxcnMaqvfrra Ha AflB P(v, l"u) ce rofiyqaBa

(31) P(v, 1,"):6tPu(v, 1,", T(1,"))

: cL Z exp {-0,5 [rl-i], T' (i,")-11; u* ku Toe)l R;t
k=-a

Xlrl-11, r"(lQ-(t;"1ft" ?"0 E;1').

Ouesxara Ha BeKTopa Ha c'bcTorHnero no KpLITep[r I{a MaKcHManHoro npaB'
.u,onoAo6ue e



(32)
au

It'

Ar)

Aa ce cql{Ta, qe

KtAero kl e nexrop r-ra croriuocTlrre Ha k, npu
Tl':Ifi, f;, f;] - BeKrop ua xofurnpaHure

or orAenHHre 1414.' i

?l raua saha.qiara ce cBexAa Ao peuaBaHe
roruqHu ua (24)

KOI,ITO CC /IOCTI,IIA CI(C

BpeMeSaAp'b)r(Ku Ha cHrH

I-IA CHCTCMATA VDAB

MYM

NI{TC

aHa-

Ti":To n* ki, To: c-t [(x*,[(x':- x;- rr)t + UI- y r), + (z - 2,.)rl Y'+ AJ,

" (34) Ti,: To 
",1 

hi, T s: s-r l(xi- xr)z -f ( yi,- yr), * (z - zr)zl't' a A. ,

f;,:7dsul ki" To:6-t l(xJ- rr), + ( yi,-yr), + (z-zr)zl,t" I Al,
rpu Koero ce onpeAeJrn,r xi, yI vr Ai,.

flp.ra ronxperr,roarlflfi Ha BerropHoro ypaBHeHue (30) sa MoAena Ha
pnte (4) ce rroJryqaBa cJreAHr,rsr perypeuien aJrropr.rrtM l

3

?u*,: ?u+ or, 7-"+ Z ltn B*,

Vr.,,-@rrV, + t l2pBa,-vfl'vZ
k:1

3

-i"*, :_fr, + o rn?"ut Z f ,o B o,
h=l

80



(35)

3

Z rnoBo'
h-l

3

"+ ,t 
luoBn,

3

)- F^, 8",
.?
h:1

3

fo,(un,t: ?o ru* @rr?rr+Qta7nu-lQruTor+ ) lipBp,
k:r

Vy..,,:Q&Vy..+
vTr

[u1r:Au+ @667t

3o .:@66 7a..*
vTr

Trrz(r+rt: Ttzr+ O8s 4v+ OBI

fn,iu*r1 =- fo,u+ Og f, + (Dn,

7n,+QruTo,+ Z lruBo,
h:l

3

i2,"+@nufo"+ )Ts*Bo,
h=l

K'bICTO

r t h 
: e | ry (,er, T + R^ r* * &t -r R n#. e,. ffi + nr' ry) 

| ^.*,
j:1,9, ft:13,

6 (0 
a-_;P 

d.t: Bc nt B* o: .i Bc p1* Btua,
l-l

fl ,s /l.T'.) 
turit 

d s.0,i,)xo1"-:\faat; Butn:- J n(t)-ffdt.
t

Aro npeue6perHeM npII yMHoxeHlrero rtoA HHrefpana qJleHoBere'

Naurn qecrora 2coo, aspasnre, 3a Bcp1, Btup tpwao6fiear sHAa

tv+l 
.

Bcu,:s,5 t lrof ult_ro!)lf ,lt-r,([)] sin [oo (7oo- ro,)]
JI

ru

I-vf I

Bn:- I,..|
I

I
v+r
f

bcpt:- 1 Sr(f'
.l
t
v

c6A'bp-

cos ['0 (Tno-r*11lat,

6 Aepoxocwr*ecKll lrgcneABaxua a Eanrapxx, l0



xt Ytzx

@r". 1. Crpyxrypna cxeMa Ha Ar.rcKpereH Qr4rrrr,p

t u+L
lrButu- I-.1

t

xL

zk

, U, 
lao 

f n[t-r* (i)] sin [rrro Q -T ou)]

- 
arov 

-!06)l cos [oro 1t-7"*11lat

_^..j3-{:Tp^1u11 cxeMa Ha aJrropr.rrri',r (35), (33), (34) e roKasaHa Ha tpa
IIPHCftIHI4KbT CE CT,CTOH OT TPI4.BPCMCBH AINCKPHMI4HATOPA A KAHAT:y AA @OPVHHa or{eHKr'rre Ha rrapaMerpnre l,n. Bcerr,l KaHaJr 3a OUeHKa Ha napaMe.l,T,p ce c?,clrpt4 yMHoxirdreJrs Tju liz n tr'.r, cynnarop H HucKoqecrorex^Sllnrrp, 6oprucboJBerxlra 0rlenxa. or HsxoAa Ha HrdcKoqecror'Hre sa.rrrpu oqeHK're
A' ,l 61, I dz u 163 IIOCTTTIIBaT Ha BXO.4a Ha CpaBHrrBaIrIO yCrpOtiCrno, KOeTO
BHflBA BPCI\{ESAKbCHEHHflTA. HA O6NNAAIqATA H HOCCqATA HA CI,ITHAJIA OT BCCKI,
u Sopmupa orIeHKa Ti, TL fl no rpaBr.rrroro min-l1 ?u"+t 

" 
fo E"_T 6;, i,:

:3:lfj.agE]:1":^g 1.._"prc'rare./rn 
.. 

"r""p,riua 
peuraBa'ero Ha cucreMa y

HeHHfl (34) t ce rzBBe)KAar xparlnnre orrennn x", y*, A.. il; peay,rrarr4 or
KHTe Ha napaMerpHTe Ce sOpurapar bfnH up, Bp, xonro ce usnoassar nDrz

I{ATIbJIHO CbOTBCTCTBA HA KOHqEI]qL]gTA HA NCCBAOAAJICKOMEPHI{ff METOA
HABHIAUHfl..

. 1.
aHe
{oT

laT
1t

pa-

)l
aB-
eH-
HC-

2l

(t),

82

x* y*' Lr



IIurep'arypa
L KosIparren, B. C., A. O. Koro", .IL H. Ma pxon. MHoponoeuquoH-

HbIe paAnorexHr4qecKrre crrcreMbr (IIrg pe4. npo{r. B. B. IiaeraHona). M., Pa4uo a
cBesb, 1986. 264 c.

2. Tux oHoB, 8. 14., B. H. X apucon. O6r,eguueHHafl cauxpoHr43aurir B paAr.rorex.
HuqecKux cr4creMax, - PaguorexHuxa, 1984, Ns 4.

3. X a p u c o n, B. H. HeruHeiiuas Qnar'rpauur nplr MHoroMoAaJrr,Horlr anocrepr.ropHoM

- pacnpeAeJreHr.rlr. - TexHrzqecKaq xu6epuernxa, 1985, Ne 5
4, Xapl,rcon, B. H., A,U. f, noBJren, A. f. l,ryIrIeHKo.Onrsuanr,uanrfu.nr-

TpatIIrfi KoopAI4Har noABrzx<Horo o6texra. - Pa4r.rorexnuna v ?rreKTpoHr4Ka, 1984,
Ne 10.

5. TuxoHoB, ll. I4., B. H. XapucoB. O6re4unenHafl cr.ruxpoHllsar1rls B orlrr.r-
MaJIbHbIx paALlorexHI.IqecKI.Ix cr4creMax. PagnouexrpoHr.rKa. - B: Hayunbre rpy-
Abr Bbrculrx yqe6Hux saneleHuri Jluroncrofi CCP, 1,983.

6. Xaptlcoe,8. H. CuHres u uccJrenoBaHr{e xapaKTeprrcrrlK o6re4uneHuori crrcreMbr
cl4HxpoHl43arlurr MeroAoM pa3AeleHr4r salep>r{eK. - B: Tes roxn. BHTK ,.rlpo6-
JIeMbI IIoBbIIrIenun r!(p(pexu4BHocrr.r rr KaqecrBa cncreM crzHxponr{3auuu." I(ayuac,
I 982.

T.TuxoHoB,8,V1., B. H. XapucoB. Crarucrnqecxifi auanug u cnures paAr4o-
TexHl4qecKr.l( ycrpoficra r{ cucreM. Vqe6. noco6ue AJrfi BysoB. M., PaAr.ro u cBt3b,
1991. 608 c.

Ilocmnnuta na 30. III. 1993 e,

The additional variable method in the oroble m
of spatial coordinates and parameter,s
of motion filtration of mobile objects

Ventseslaa Rashkou, Ansel Christoa

(Summary)

An algoriihm is developed for opt tiplex sin-
chronization for multi-position r s (MRNS)
and satellite radiotechnical navigatio s are used
for optimum filtration, as well as the ar AVM) and
dala concerning the radiosignals envelope and phase. Using MGNS high accu-
racy is obtained when the mobile objects determine their spatial coordinates
and parameters ol motion. The results are contained in the two synthesized
variants of continuous and discrete filters.
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l-lepcnex rl.,rlvr Ha pasBnrueTo
N I4SilOJI3BAHETO FIA CI4CTEMH
3A ClrbrFrr4KoBr,r cbodu-leHl4fl
vI pa3np'bcKtsaFre E Eunapnn

ItarLrco Qauee

Konumem no not4u u 1anercoc,oo6ryeuun, Co(:un

tr4scnegeauwgra Iro BTrBex{Aanero Ha cflbrrrprl(oBlz cll
3a reJIeKoMyKaqHoHFra r,e"rrr4 B Etnrapna sa[oqBa.f ilpeAlz noeeqe or 20
,{nec 6urapcKoro xopa6onnasatre riHreusueHo r4srroJrsBa crribrHprKoRara
TeMa ,,tr4HMapcar", qpes r(ofro ce ocbrrrecrBflBar re eQouua a re.rerpa$Hz xa AJIH
or Nopa6ure Ao SeMHUTe CraHunr.i z o6parHo. Tenesusfisra rpr.ieMa H r] BA
NPOTPAMI{ NO IXHPOKOJICI-ITOB CIIbTI{IIKOB KAIIAJI OT H 3A APYILI CTPAHU, CBT) aHkl
c MelKAyHapoAFrara opraHa3aU?rn_ _E_nponeftcrli cTrros no paAr4opa3nprcxeaue ( ),

Bpo-

3A
pe3

HaeMaHe HA KaHA[flr or cHcreMara ,,IZHreflcar" ce ocrrrqecrBflBar rrpe3oKea
reaeQonuu H Te",rerpa$ria nprsNu. Ernrapcxara reJreKoMyHrrr(aqaoHHa KoMrl

K14

HT4fl

T-

Ha 1992 r. ZenorsBa ce cnbrHrrKoB Ka[aqrjrer ,,reJr a crrbrHr.rKoBa qrauqufl npes 1998 r.
x(aBaMe seiusd crai{Ur4fl c 4 rpaucnoHAepaTeJI u curHa"n), Koraro ce HsrroJreBar eSer<rueuo.

ocbrqecrBflBa pasrilr4peHlze Ha Mex{A}iHapoAHoro re.neQoHuo o6c,nyxnaue upes
Hrzr(oBa cTaHr{r-rfl, cBbpsBarrla crpaHaTa c Xonaruzs.

M14

t4H14.

cHc-

uy
OT

I{Te,
rpr

T4

aTa
ca

aTe
p30

aTa

rlpr.r usrpax4aHero r.rJrr4 opraHr.i'rrpaHero Ha Haern cro6ul,urennu c
HzC Bb3 OCFIOBA HA KOMYHI,iKAIII{OHHII CII6THI4UII CC OTI{I,ITAIXC, qC B 3ABTTC
HaroBapBaHeTo 3a UeJILITe Ha reneSoHIdflTa [KoHotvII4r{ecKIT llgroaHa ca KaH
noKpllBaxrr4 uafi.-manxo 400 lo 1500 rnn pascroaHr.re [1]. ouenrzaHo e, qe
Tpacera, no-Abdrlrl{ or MI{HHMaJTHATe pa3cToflI]l4fi, eQenrAnnocrra Iqe p
BbScTaHoBflBaHeTO Ha KailprTalroBJro)KellufTa tqe ce ycKoprz.

llpes cne4earrlI4re roAl-rHrr ce oqaKBa pflsKo Aa FrapacHe TbpceHero ].i n
f aHero ua cr,o6tqare,rHu ycilyFu y Hac KaKTo 1Io KorI4 qecrBo, TaKa I{ ro
Lefaulloro cbcl'oflHI{e Ha HaIIaoHaJIHara cto6urplre"nua cacreMa u rzBBbDrrIB
ce noAroroBIKa 3a peaJrrrc arrr4 fl Ha seMHa CraHUrl rr OT ClicreMara ,.zsrelc
lpeArlocraBr<a 3a 3aAOBOd'rfBar-re Fra ocHoBllr4Te Hy)KAH. or.lzrafirn lpor
sa St4erqo HapacrBaHe Ha rpatFrzxa, ce rperreHqea, .re norpedHocrr4Te Ha

MexAyHapoAHa aBTOMar[rrHa reneQouua rIeHTpa,/ra, KoflTo saeaHo c],c seM
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Ta.6rnua 1

I(paerr uextgy-
HapoAeri KoMy-

EI{I(AqI{OHCII
rieHT:bp

Epol'r rauaml

3EMHO
Tpace

CIIT'TIIUI(OE
yqacTT'K

I
2
3
I

5

Baruunrron
MaApr4A
Ilapraxr
JIonAorr
I(ouenxareu

lxl
I xl2
2x12
2x12
4x7

L xlz
1xlz
2x1,2
2x1,2
8x1

65 rauana B0 xauala

cragutdf 3a cgcreMara ,,LIHTercar" La ocl4ryptIT Me)KAyKoHTIdI{eHTa,'IHIzre 14 3a-

naAHoeBponeI?cKI4Te Bpr,3I{14. Ilpe4nz>x4a ce qpe3 CraFIUI4fTa La ce yCTaHOBflT

FraAe)I{,AHa Katla,/Ill C aT,'IaHTI4r]eCK]tfl peIZoH, K'blIeTO Ca OCHOBIIIITe CTpa-HPI -
o6e.Kr Ha 14r{repcc 3a 1.r3rpa)KAar{e Ha BllbsKa. cqaKeauure rorpe6Hoc'ru [5] ca

ocr{oBaHl4e Aa 3alioqHar l{ol'iraKrll c I.IHrepecyBaIIIHre HI4 crpe.Hl{ (ra6,n. 1) sa

n,TaHLIpaHe Ha BP!3KI'ITe C TflX'
A'a.qenara 3'atrBKa or norpedhreJll'ire Ita )rci-Iyrll Ha ,,I4HTe"Icar" c'T

,qaBaHe xle IIo3Bo/'lIZ HOpl\\aJIeIl AocT'5II i{bl\/i BK,']IOqeHI4Te CTpaFII4' I-lO JI

MoxeAaceoKax{e3aApb)KI(aTatspa3BiTueToHaIlponycK-aTe,IlHaTa
r.ra Me)KAyceIrHx\Hara re,resouna cucreua B crpaHara HIz. Ha Qur' I
I43IvreHeHI4eTO Ha IIpOnyCKaTeJIHaTa BT,SMOXHOCT B 3aBI',ICIiMOCT O'I'TI',IIIa Ha BT'Be-

AeHrrTe rroAcacreMr.r, Ni4eTo ,4, e nponycKareJlHa Bb3Mo>KHocr Ha MexAyceJIlIIl-
Ha reJreooHHa cncreMa , A.t - 

rpollycKare yHapoAHa

aBTOMar';qLra reJreooHHa IIeHrpa,'Ia, Ao, To lvie>xAy[IaJ

poAHrr BpT,3KI,I, T, - 
pasFuTl{e c Haerl'I cGO GBe}KAaHe

rfa co6cigeua c'rairUrzg ,,l4Hte,rtcat" cibc cTroTBe'rI{a KoMyTaULIoIlHa qacT B MexAy-

HapoAHa ATI-I.- 
B olpe4eJreHu nepzo/lr4 or BpeMe B iIaAeHLI o6c.nyxnauw sorlvi BbsllliKBar 3a-

rpyArieHl4ff sa AocTbn Ao Me)KA)/HapollHw Bp:.3Ku' 3a nireo4o'lsBaHe Ha "IaKrBA

cr4Tyar3rlpa3BIzrI4 ero ria o6c",ryxnaHero nroxe Aa ce HacoLII'i KT,M BpeMeHHu cibo6'

ulnTe,/rHH cr.icreMr4, yAoBJrerBop flBar]\r4 JIoKaJIHlzre norpe6Hocrlz Ha I4KoHoMHqec']

B5



KI4 AKTUBHI4TC 3OHI4 OT TCTIIEKOMYHT4KAIIHOHHH 
YCJIYTH [6] . OCTqCCTB'BAHe4no 6rpso k3nGJrHHMo 14 BpeMeHHo perxeHue, Tesu cr4creMrr rle no3Bo,,rflrTpelxHa KorvryHr'rKarlr4fl, BpT,sKr4 C UaqrzoHa.nHara crodul"rannri 

"rareMa 
r.r A

;i:pJ: Ii :: : : g:p_1l[1 Hu n ap r rlrop z 6e9 o rp a Hr4 q eHH rr a H a Mex{A ycerr rIIz MeN{AyH ap oAH ara np onycN are.rru a cnoco6Hoci e *o*.", u. a;;;;;;;;;;KI{ c rpyrr4re crpauu ule ce peaJrr{s'par no-6rpso 
" nula".rt o ri aKo roBirleHcupa ro-B,coKara IIeHa Ha ycnyrzre' To npH cbgAaBarllara ce B crpaH."rngu,1<j-:.1y:3".:,::t:y1,rre 6.srar eAHo Harrararrro ce perxeHrre.

(D y uxqu o H an'H ure Bp cs Kr4 u no n rr rr"r. 
t 
l?16;olr;"; # 

-"'""lllrl; 
r" 

"n*ar BuAa, rroKa3aH na rlur. 2, x'nge"ro r e vianora6rp;;;;;";Ha craHqrr_fl,KcMyrarlroHHa qacr (uoxe Aa e B crJcraBa ,a uOoui"nr* uar"pu.ra),' J_crlyx<Baqa a6oHarsa r:ene$ouua ueHrparra, 4 - Bi;;;;-" iluri"o", rr*araIqI4reJrHa cr4creMa (releQouraa, npe4aeaue AaHHrl a r. u.), 5 _ uposn" ,

:l 
y* 

lff::" :?." "H:: ^9_ -.v angi 
1n 

arr H r4 p aArz op en efi n z iu r^u s a s axp aHa orAarerreHri o6.:Tl 7 _ rraex4yHapoAHrj re,rreKoMyHr";ur;;r, ^;;
f-:,91T"orcNrz qzQpoeu cucreMr4. E r.up.^u.a reJreKoMy'r{Kaqr4'HHa KoMBbBex(Aa raKoBa perxeHae sa o6c"nyxnaue Ha 0r."..-uoondr"* ba coQaaruHpenue B crpaHara.

B saeucai,locT oT pa3[OJrOx(eHHero ua norpe6ureJrrzre ce sopMupar 4lu' E4Hara BKrroqBa HellocpeAcrBeHo pasrroJro>r(e'ure norpe6zre.n", noiraT Aa IIOJI3BaT CIliCTeMaT2 
-c nrzfiprnslr 

.' r\vlr

#'i?.T?j."::::T::r:flX,:f f ffiTff"#"ffi ;,,i":':,f ill;iliiiHH JruHHH, rrprKo o6cnymearqu k,r, ,rB.Bar\rt ce c6eArzHar";;; 5;ATU.

-_- ^ -l! un^p aHoro p asBnrr4e Ha HarIr{oHa rrHar a Mex(Ayce"rnqna re.neQouHa

f* 1t:*? i i l-"^"-"A-,T- _g-lT ?{ 
a H e n a_ H eo 6 x oA zMo crr a o r o c t4 r)/ p n B a H e H a M eH?p o'qHoro re,rreKoMyHr{K arlrr oHHO O6c"ryxn aH. 

"r" "o0""*;; 
".;il;""; ;;

:l::# 1""13^?l.l^. Ir-: ^ll I aH alrn3 a s a z xono lnz qecK ar a eQerrzn nocr H a rr
:1i::?,,p^.ltt; 111 _9 

rco dxoAr4 Mo A a ce orrrer" u p 
"r"ro,- 

r; ;;;;; ^;; 
r;-6.;;

#j {iTl:J:T. I, ce or{ aKB a .au u . 
" 
rirr.n 

"o 
;;:;;;;;&;;;;;;";,

l1*"i:::"i.-""i1r:p^ryMrosr4 BHl ycrryru [6]. rropaarz,o"u," 
"u 

np
:3^.#o""^o#u.1n:.:: rorpe6uocrare u-a Qzpuzr-e z s'a o6cnyxBaHe Ha uKoqecKa 

::::..{..:::^: 1"lru.H renexonayHlrKaur4oHeH rpaQuN.
p"':H::::? jl.?.T"lf :f:^.*ffi 

';;r;';;;;,i;'."'"":",HaryckopeH
;;;;;;;;;#;;;;,/u'l;
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He [porpaMr4 Ao MecrHr] l4sJI6qBareJII{,
npeHocHa crrcreMa. Ha Sur. 3 ce npe4
npeAaBare,'rHa craHrrr{s, 2 - tenesusn
AaBare,rr, 4 - npuetto-npeAaBareJlHl{ JI

npeilpeAaBaue, 6 - npHeMHH ycrpolicrn
To 6u cnoco6creaJlo 3a npeo6pasynane
Ba npeAaBaHe nporpaMara Ha I{eurpa
ylpaBJrreMa Mpex{a ua crpanara [2] , r
KOMnJIeKTH rrpl4eMa CaMO CI{rHarTa OT C

npOAr'JIlKeHI4e Ha pyCKaTa TeJIeBHSIzoHH

OqeeraAHo raKoBa pelxeHlae Moxe Aa
HO Ce HyXAae Or TeXHUKO-IiKOHOMZTIeCK
crrcreMara IrIe ce I43noJIsea xanafl Ha I I
19BB r. ua Mex4ynapoAuara paALIoKo
rrer qecrorH14 KaHara'e ueo6xo4unrure s a

Jrbll Ha aHTeHHara c[creMa, o6c,lyx<narq
HO Aa Ce AO6Ae AOCTaT:br{HO HI{BO Ha CHf
B:aIyanHr4 aHreHHI4 ycrpoficrna [3] .

Paseurrze xle ce no,/Iyqu I{ npu cl4c
faHusrzpaHero Ha aH$oprtaqaoHHa cn'b
6nena, a Ha AoKa3BaHe Ha KoHKperHar

B 6rusNlare ToALIHIZ noABI4xHara c
npeoiIeHLI B SaBI{CI4MOCT OT C6CTOflHLIeTO

TeJIHOCT Ha Ir3rpalKAaHe Ha SeMHa cTaH
JreKqr{ 3HaqI4reJIHo o6bryx{BaHero Ha Ko
Ba rrpeArrocraBKl4 3a ocIzrypflBaHe Ha aB

uo o6cryN<eane.
llopa4z pasBHTI4ero Ha HAeI4Te 3a I

HI.IKOBI'I C.ITYX6Z 6C A:KTYAJILI}]1IPAH qEC

xon$epeHuur rlpm 1992 r. [3]. B Navec:

Aa ce np14 eMe cr4 creMara M-sat2, o6c"ry>Ks2[la HflKoJIKo crorl,IuIl xr4JrflL\
norpe6rzrenu e CenepHa AlrepzNa. ,,V|nvapcar-3" npe4nn>I<Aa [,a ce o6xeauarl
MopcKllre, B'b3AytxHIIre z cyXo3eMHLITe TpaHcnoprHrz c,ryx6a qpe3 HsnoJlsnan$

Ha recHH ,tibnlr Ha aIITeHHI{Te Al4arpaMI{
6anga cr4creMa, npeA,'IolKeHa ot ,,Motop

@ur, 3

BT



rv'IeAaHO Ka'o qecroreH pecypc 
''pe3 

lgg2 r. ,u ce flBflBa eAHH 6u.raro[pr4xoA 
^B 

sarpyAHeHara KoM)/HHKarIr.{e.
LII'bTHI4KOBI4TC C:b-O6U{CHU'I U PASNP?,CKBAHETO NPCACTAB,'I'BAT O6lufi

9:l ::t :r-"-y 1^: ::. :g*11y l rur'e,,ouy 
" " 

* r,1H r{re B crp a H ar a. B t, np exrKypeHIrl'iqra c B,'IaKHecToonTLIqHI4Te cucr,emu Te ca 
"uaut"n"t" ;;';;^Hoeure cr4creMl'r sa au$opnraq[oHr{o o6.ryr*"u"e Ha soHr're c:bc 3rrarr'TC"IICKOMYH],IKAIII4OHCH rPArPUr, MPCX(I,ITC C IIAKCTI{A I{OMYTAUH,T 3A NPCAABA

fl ::::" :"".1_1*:tl:.^ -crr-bl' 
Hr4 Ko B rr c.rr yN6 a Mo f ar A a rrr ac r{ ar p a s B z.r, r ero H uHoMI4Kara, KaTo crelreHTa Ha yqacrue Ha crrbrHlIKOBH"U a""riaMll He caMocbxpaHrr' a sFrarjr4Ter'iHo Iqe HapacrBa. o6xsamr Ha Nr.o6nnrlure cpeAcrBNOJISBAIqH CIIbTHAI(OBHTC CI{CTEMH, LIIC PACTC, HAE.NKSAI1KIZ B )KII TPAHCroBapHHrr aBr^orpaHcnopr H Ap.

uKoro 140 crpann no,rseai ycJryrr.rre Ha crr'rHr.iKoBr.rre KoMyHar{aucHcrervlu, Karo loBeqe or 20 crpauu witar cBoIr Harl[oHailr1r4 clrf,.1FlrKoBr4 ,re

Ty:jj"it1?.t].,1r - ]i !-T :! ".KB 
are,r H rz cri creM rr . rro _ u ar arr, u H r{re rrep c n e Kr Hv rrvywrrlt\r nrt',ryo6anzsauutr Ha 

-cucren,Iure 
B cBeroBeH u eeponertcxz uaqa6 cera ce pasr

AaT KaTO e4Fra peaJrHa B:b3Mox<rrocr.
flpoveuzre -e 

[xoHo*azqecr(ara ar(Tr4BHocr B crpaHara Frararar Harla(uara cno6rqHTe,lHa cvcreMa Aa orr{}r.la ,r,eJreKoMyHliKau}roHHHTe 
HyxA.tr 14 Aa

11-: -l]'_"l"prrrror{arIHo Bcuqr<u erreMerrrrr or Mex{AyrrapoAeH 4o a6ouaren rrrp14 ycneuHo pa3B'rr4e 40 lgg5 r. rpn6ea 4a ce peanLrcvpa SeM'a.'a cra
lf-T.j.::'_"r: r_.T1{noFrrr.rHeHrarHr.rre Bpb3Kr. s'ArnaHr ii".rr o pefrroHToraBa r_px6na Aa ce,,r'pcrrr pe'ueH'fl c AopasBur'. nu .".r"r"r1" 

^;;
uwr'r a,,ZHTepcrtbrHuK.,.

,^ " ?:,:*:y.i:"1r:.:l HKoHoMr4qecKW aKrklBHr4,re soHr4 rrre e rorre3Ho cApyHe c Bo,I{equ KoMrIaHrrII , 3a Ia ce pea,rll43rZpaT CIIC.TeMI4 3a JIOKaJIHO O6C,ry

:":1:,yf "+1T: -y:o:":n*ara 
np onycr<are.ns a cnoco6uom H a MeIKA)rcenr

Mpe)Ka. Tona qe 6t4e n:rsri,rox.rio cnea r.r3MeHeHr4e na 3arona ,;;;;arrl;;;;
oTIIAAaHe Ha MoHol]ou'ta B 'I'rx.

Jlureparypa
t. ,II o r< r-e n, A. A., B. M. Il lr p rr H u. Heno.ropne acneKrr,r6exuurx cr4creM cnyTHr,rKoBbIX cegeeri. _ 'paa"o""tgl,

- Hr.re, i987, sbrn. l.
2.

J.

4.

"lI o r l'u H' b' A. cryrHnxoBafl cr,s3b r.{ BerrIaHHe. ffocruxeuua a nepcneKrr.rB
_ . 3apy6exnaa pz71r.r_oanempoulrxa, g, ISSO.

paspa6o.rxu Honux
paAr{oBerqaHne, TeJt

Ifocm'onulta na 8, V, I

5.
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Satelliie ,systems Jo[ communications .

and emission in Bulgaria. Futures
of derrelopment and usage

Tsaruko Tsancu

(Sunrnrary)

This a revierv of the ootentialities of
satellite telecommunication the solution of 

'communication

and TV-emission problems o Rulgaria. Several configurations
have been proposed for tire' atidH isystems architectr-rre.
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DtJrrapcKa axag.eMr,rfl Ha HayKr,rre. Bulgarian Academy of Sciences
AepoxocuuuecKr r,r3cJreABaHras s Erfirapar, 10. Aerospace Research in Bulgaria
Coduq. 1993.Sofia

Cacrenaa 3a c6op vr BvrgyaJra3arla
Ha TeJreMeTpnqHH AaHHH

Burcmop Mapuuoe, Tuurca fpoe)arLoea,
Optruu lJ,eemrcoe

I4ncmumgm Bd KoctrwLecttu uecaelaauun, EAH

flpz npoeKrr.rpaHero Ha HayqHa anaparypa sa
qecKII II3CJIeABaFlaq ocHoBHo Ii3I4cKBaHe ce qBflBa Ha,rIHrIHeTo Ha KoHTpoJI
MepBareJIFIa anaparypa (KZa;' c [oMoulra Ha Koflro Aa Mo)Ke Aa ce I{sBb
rlpoBepKa Ha pa6orocnoco6nocrra Ha Hayr{Hara anaparypa v !\a ce KoHrpo
nplzeMaHero z orpa6oraaHero Ha KoMaHAHre, noryr{aBaHrz or 6opAa na x

peH e3r4K 3a Mr.rxponpoqecop 6502 c qe"[ no-foJrflnro 6:spso4eftcrene u rbBKa
lIp14 paspa6orKara Ha lporpaMHoro ocvfyprBaHe He ce a3r]oJreear o6prn

qecKllfl aI]apar no BpeMe Ha Ha3eMHrrre aBToHoMHr4 Ir KOMrrJreKCHa IZ3I]I4T
B npoqeca ua c:rs4ananero Ha KI4A sa nprz6opa ,,,[,erexrop Ha e,rer(rp

KI4 no,'Iera" (A3li-2E), pa6oreq B cbcraBa Ha r(oM[./reKca HayqHa a[apary
oopAa I{a craHrllrrr or rHna aBroMarr.rrrHa yHrzBepca,rua op6nra,THa cra
(AyOC). 6e oasoa6oreHa cIIcreM a za c6on , or^i^,rr,rtv'tr .oA.r"ArrprrATn(AVOC)., .-6Sp.aspa6oreua cncreMa sa c6op u ywsyanuza\H-tr HareJreMerp
AaHHr4 (CCBA).

B clcrasa i{ ca exrroqeHri:

- [epcoHaJreH MrlKpOKOMnroTbp ;_- AacKerHo ycrporlcreo;
-- 4UCn,reri;

- KoHrpoJrep;

- IlpofpaMHo ocvrypfBaHe.
fiporpalrnre, rroAAbp)Kaqrz pa6orara Ha CCB[, ca HarrucaHr4 Ha

K6A{ noAlpofpaMr.r Ha MoHHTop a, a 6txa c:b3AaAeHr{ co6crseHlr roAu
HalpLIMep ga rrsqacrBaHe Ha eKpar{a, sa uso6pa3flBaHe Ha AaHHHre, sa vgil
He HOMepa Ha npuel{aHr4f TeJreMerpur{eH KaAr,p r] T. H.

Crauquzre or rnna AyOC ca-o6opyanaHH c ABe re,rreMerpr.rqHu cr4
npeAaBalqrz AaHHare or KoMrrJreKca HayqHa altaparypa. Ilnpsara reJreMerp
clzcreMa e paAr.roreJreMerpvqHa (PTC), HapHqaHa orqe qarHa reJreMerpHqHa
TeMa, KoflTo pa6oru c ocdnrpaspa4en Soplrar Ha AaHHrrre. Bcexu reJreMerp
l<a4np cbA:bpx{a 256 re.neuerpHrrHr4 KaHaIra, pa3rrpeAe,leH:a Ha qerrzpr.r ro]
KoMyraropa no 64 xaua,ta. Bropara rereMerpHirHa cr.rcreMa e 3a rexHuqecKo
IIeqaBaHe Ha ocHoBHnfl arrapar (CTO), pa6oreqa c rocJreAoBareneu $opm
AaHr4re - HanpzMep cz'r,Harra DATA INPUT (DIN) ua Snr. 1.
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OcHoeHare sa4aqv, perrraBaHv
or CCB!,, ca:

1. I4spa6preane Ha cr4HxponM-
Iy,IICLITe Ha ilOIKaJIHIdfl KOMyTaTOp
(CZJIK)u raKroBl4re r.rnrny,rrcra (CLOCK),
neo6xognnan sa pa6orara ua 6"rloxose-
Te 3a npeAaBaHe Ha AaHHlrTe oT TecTBa-
nur npz6op. Toea ce r.reBbprxBa B npo-
IIeCa Ha aBToHoMHIZTe I{SIIUTaHVfl-, A
IIp IZ KOMrrJreKCHrr rZ3rrr4T aHIzfl cI{HXpoI,IM-
rryr'icr{Te xt,rvl npz6opa H KEM CCBA
nocrbrrBar or 6opAa Ha KocMr{rrecKrzfl
anapar;

2. 3anuc Ha rrpverr{re AaHHrz B

6yQep or rraMerra Ha KoMrrrorbpa;
3. Busyanusaulrrr Ha nocrtnBarqz- DrEN

Te AaHHI,r or us6pau rereMerpurreH
KaHaJI eAHOBpeMeHHO Ct,C SaII.UCa HM B
naMeTTa Ha KoMnlOTT,pa;

4. 3anuc Ha AaHHHre B6pxy Ar4c- DIN
Kera nplr seo6xoAunnocT oT rro:HaTa-
rr,rrrHa o6pa6orNa kr aHailLre;

5. Tpanc,rrzpane Ha rrprieMaHr4Te
I\aHHu rro cepueH uHrepSeilc RS 232 

DrN _KbM Apyr[ ycrporicrna: MoAeM, nep-
coHa./reH KOMlrOrr,p v Lp.;

6. BusyanusrzpaHe Ha AaHHrz or

.troa**ffi
;toct(=m

DTEN +

npeAr.rrxHr4 3anLrcld.
flpe4en4eHu ca ABa ocHoBHZ BapHaHT2 na pa6ora na CCBA. lltpaunr or

Tflx e B perxuM Ha aBToHOMHt4 I43rrrzraHutr. B ToSr4 cryrrafi czuxpounnnyJrclrTe Ha
Te"[eMerpHqHI4re cI4cTeMI'I u IipI4SHaIILITe 3a pa6ora Ha sarrrzcBalqoro ycrporlcrno
ce HMIlrvpar or CCBI H ce KoHrpor'Il4pa rflxnoro rrpeMr.rHaBaHe rrpe3 vsrrLrrBaHrttr
npu6op.

Br,e eropzn c,nyuaft nprz6opm e cBTrp3aH B cbcraBa sa o6exra u e Bb3MoxHo
eAI.IHcrBeHo Aa ce KoHrpoJrrdpa pa6orara uy.

Ha eNpana Ha Ardc[Jre,fl ce Ha6ilroAana c.ne4uata rzHqopniaqnfl: npr4eMaHr{Te
AaHHH B aHaJroroB znz qz$poa BlrA, HOMep Ha re,rreMerpr4qHr4tr KaA6p, nprieMaH
B MOMeHTa, us6pauara cKopocr ua pa6ora Ha 3alr4cBarqoro ycrpoftc"eo H zH-
Sopuaqun ea na6ntop,aBaHutr xaHa.n.

I(onrpo,repr,T e MoHTI4paH B eAlrH or c,/'roroBere Ha rrepcoH a1r1Lrfl, MrzKpoKoM-
nlorbp. Heroszsr Br,HrrreH Br,rA e rroKasau ua Sur. 2. llpuuuu nHara eJreKTpHqecKa
cxeMa Ha KoHrpo"lepa e AaAeHa n [5] , Tofi e [peAHa3HarIeH 3a Bp:bsKa MexAy
KoMrrrorbpa ri rr3rrr4TB'aH4n nph6op-r e c:bcraBeH or cJre,4Hprre 6,rbxoee:

- aApeceH ,ueuuSparop;

- npofpaMrapyeM rarZuepeH MoAyJr;
znrepQertceH aAarrop (ACIA);
Ha BXOAHO-I4SXOAHI4 CtirHaJrH.

Ao c "o"T:ff+::i ^'5ffi""1""i#;r,:JftT,"";,:6%9il4crplrre Ha nporpaMr{pyeMHf rarll,repeH MoAyJr 8253 ce aApecapar or cx00 lo
Cx06.

^_^IlpglpjMlzpyeMuflr. 
rafnaepen Mo,4yJr pa6orz c ABere reJreMerpr{qHH cr{creMr.r

PTC u cro. rlpz pa6ora c PTc rort $opvrupa cr.rHxpolrvrny.rtcrre cvnK14 Bpe-
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@nr. 2. Brnu;er Br4A Ha r(oHTfor'repa

MeHaTa Fra [poqrzTarre Fra AaT.IFIH're, rocrib|IBarrlH r{],M PTC. Bperr,reTo 7'3a
6upaHe Ha AaAenr4fl KaHaJr ce olpeAerq no +opn4yrara

T (n)-(n+0,5) + ,

K:bAero n e HoMepr,T Ita KaHa,rl a, F 
-qecrorara 

Ha cLIHXpoatvrryngnru,
TO B 3aB14Cr4MOC',f Or Cr(OpOCTra Ha 3air14c ]ra sallrrcBauloTo ys'fp6lzcrno lla

.F:100 Hz npu 3AlI-1,
F:12,5 Hz npra 3All-2,
F:3,725 Hz npu 3An-3. 

I

IIpu pa6ora c:sc CTO raftveptr uspa6orna c[rr]adr 3a pasperxenrze ualnpe-
AAB

685
oop
cLrpaHV xaro Cx10 u Cxii.

po-

IA)
rpa-

nA-

E,rontr ga 6opMripaHe rra BXoAFrr4Te
14 I43xoIHr,r cr4rHarrr. Trrxlrara Sopir,ra e

A4pecuara rJJr4Ha 14 rrruuara r\aHHu Lra
sa tr4C 555An5 w 74L5245.

Pasnpe4e.neHaero Fra aApecHoro rrpocrpancrBo 14 aApecr.rre r-ra BXoAr:
xoAHHre ycrpoficrea Ha Kourpo,'repa Ha CCBA e rroKasano uara6n. I vt ra(
Or rqx ce BLI)KAa , r{e e oczrypeH o6eM IIaMeT B pasMep na 16 rrz.lo6atna s

JIoKaJreH KoMyrarop or PTC w 30 6afira Ha BCeKa Ka.u,:bp no CTO, npeAHasu
sa npu6opa AOII-2E. Houepara r4M ca or 132 to 140 rz or 155 ao 157. Bpervr

a 14 3 xoAHr.ire crzrFr ad'r 14 Qop Mr4p a B)qoAr{a
rroKa3aHa na Qnr. I

KoMnrolbpa ca 6ycpepapaHrz c rro

?I3-
, L.

uy-
Sep sa AaHH:a. B Hero ce 3a[r4 cBar AaHHr.rre or ABaHaAecer TM-xan alra r].a B14

qCHI,I

3a
3arr6JrBaHe ua 6y$epa B pa3/'ruqrlr4Te pelKr4Mrz e roKasar{o sra6n.3. CneA s NAJI-
BaHero Ha 6yQepa ce r43B:bprrrBa 3a.rrr4c Ha Aar:rr{r4Te B:bpx)/ Ar.rcKera, or Ko TC

rfaMorar ga 6ryar Bt,3[por{sBe>r<Aatn, o6pa6oreaHrr H aHalrv.supaHu. flpe4n
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MONITOR

C unrepnperarop

Ey(lep :a lasnn (16 K)

Ipa$nuna crpaurrrla

I AOJIEIIa I
Paenpedeaeuue ua adpecaomo npocmpalcmso

Ta6nuua 2

Pasnpedeteuue ua aDpecuomo npocmtr)aHcftlro sa n.aKor)
c xo dnu I u s x o du u y cmp o itc meo$FFFF

$F800

$D000

$c000

$9600

$8000

$4000

$2000

Bxo4no /usxo.qrlo ycrpoitcroo

T a6luqa 3

Bpeue sa 3anbltnaHe ua 5y$epa

e Bb3MO)KHOCT rrp14 )KeJiar{r4e Ha eKcnepr4MeHTaTOpa TO3r.i eTa[ Aa 6\Ie urHopLrpaH
14 rrpl{eMaHr4re AaHHrz Aa ce Brz3yailvsvpaT HeilpeKr,cHaTo Br,pxy eKpaHa Ha Avrc-
II JIEfl,

CCBI Mox(e ro nporpaMeH rrbr Aa 6r4e NoH$tr rypupaHa Ba pa6ora c rpor{3-
BoJreH 6por? renemerpHqHu ]KaTa[rv (n*u*:256) n l]pu Heo6xoAr.iMocr rrosBoJrflBa
pa6ora c pa3rxr4peHHe Ha olepar?rBHara rraMer Ha KoM[rorbpa,

Onzcasara B crarrr.flra crcreMa sa c6op kr Bru^syalrngaqlrr Ha reileMerpHqHll
AaHHV e pa3pa6orera 14 a3pa6oreHa B I,IKIA-EAH. Tagu cucrenra HaMeprr npr.ro-
)KeHLIe B cbcraBa Ha KZA Kr,M npn6op AO|I-2E, Kofiro or 18. XIL 199l r.
Qyuxquonupa Ha oKo,rro3eMHa op6r4ra Ha 6opAa Ha AyOC-3-A[-ZK, B npoqeca
Ha HacrporlKaTa, aBToHoMHIzre H KoMtl'ieKcHare l43rilrra]HLrF- Ha,rrerare"rrHl{Te 06-
pa3ur{ Ha rrp}I6op AOfl-2E rs rroKa3a BrzcoKa HaAexAHocr n yAo6crBo trpupa6ora.
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flporpalrupyeu rafivrepen uogya

PerNcrrp sa AaHHu

Perncrsp ylpaBJrrBaul

AcuHXpoHeH cepuell allanrop
Peracrr,p 3a AaHHil
Perzcrrp yflpaBJrrrBau{

Perucrlp 4alruu or PTC

gCxl I
$Cx10

Perucrrp cbcroflHue na PTC
(3AfI, nouep na na6nro4anarrr.u
rauan)

$Cx14
gCxlB
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Ilocn'onutta na 15. VIL I

Telemetric data acquisition and visualisatio
system

Victor Marinoa, Tinka Grozdanoaa, Orlin T

(Summary)

Herewith is described adala gathering and visualiz
system for processing of telemetric pre-flight test data of equipment for

HOIZ

Hori

5.

syslem ror processlng oI telemetrlc pre-Illgnt test data oI equlpment lor
arch experiments, mounted on orbital stations type AUOS (Automatic U.
rsal Orbital Station). The system is developed in the Space Research i
tute - BAS and is integrated in the Control Test Equipment of DE
electric field detector, operating on board the AUOS-G-AP:IC in Earth c

The system is used for tuning, autonomous and complex tests of DE
flight equipment.
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Etnrapcr<a aKaAeMr4fl Ha HavKr.{re. Bulgarian Academy of Sciences.
AepoxocnruuecKr.r riocr'reABaurzs s E:rarapur. 10. Aerospace eesearch in Buigaria
CoOuq. I993.Sofia

Cnexrpo MerpuqeH npeaycnJrBareJr
ga Snsnvecxr,r eKcnepnMeHrr4

Medu Acmpgrcoea

I4ucmumtlm sa Koc.44ulecnu uscrteAlaHun, EAH

tr4scne4eanero Ha xapaKrepracrr.rKr4Te Ha rrororrr4 rracrr.rrll4
z'ttu Sorouu c HacKr4 eHepruu ce cBe)KAa Ao rd3MepBaHe Ha cpeAHr.rfl Tor< uilu
perllcrpHpane.Ia_6_pon Ha r.rMnyJrcfire or rzsxoAa Ha Broprir{Hr.r eJreKrpoHHrz
yMHox(nreJru (BEV) . B ,uErepaiypara re3rr ycrportc,rna "i on 

"u"u 
B MHoro

MOAT4QI4KAIIZU 14 NPCACTAB,/IflBAT AATIIHI{I,I 3A H3MCPBAHE HA 9APEACHI4 IIACTI{IUI B
KocMllqecKara rrJra3Ma [1,4] . y scHqKu o6aqe cHrHa.rr:br, t<oftro ce cHeMa Hakrc-
xoAa, r. e._Ha aHoAa na BEV, e_rBbpAe g"rrqQ. Cpeanara crorlnocr Ha saptrhaB
HMrIyJIca. 3.1. u 9T lgpsarxa Ha 10- fi-:- 10- 11 C, pecn. Ha MHHI4 MaJrHr.ifl aHoAeH
rox ,lu: I0- 14.+ 10- 12 A. fosa uanara ltpeABapHreJrHo yclrJrBaHe u SopuupaHeHa cl4rHa/ra c rreJr rro-HararbrrrHa quspoea o6pa6orxa - or6poxeaHe, 3a-
rroMFrflHe Lr [p.

Ha $rzr. 1 e npe4craseHa 6roxoBa cxeMa ua ycrpor?crBo sa pefr4crpr4paHe,ycliJ.I Ha cHrHaJrH, nopoAeHa or 3apeAeHr{ qacruq[ B KocMr4qec-Kara Boro BKJrIoqea: BEV - AarrrHK, xoriro B BaBr4cuMoCT orMoAu a 6rae KaHaJIeH eJIeKTpoHeH yMHoxrr4TeJr c HeroBr4re pas-
HOBHIHOCTI{ UJIU M],1'IKPOKAHAJIHA TI./IACTT4 HA; IIY 

- 
IIPCAYCI4JIBATEJI, XOfirO E

SaBZCI4MOCT OT H3rro,'rsBauua BEV, flo,rspHocrra Ha saxpaHBaHero My r4 [ocra-
BeHIZre nplz r43MepBaHero 3aAaq[ Mox{e li 6.nrc ycn,lnare.r Ha roK, yclr,rrBare,'r Ha
Ha[pe]KeHI'{e' HMIIyJIceH ycI4JIBare[I ILJIII SapsAorIyBcTBI4TeJIeH yclzd]IBaTeJI (3qV).B Hafitvfl c,ryuali Hsnorssar4e 3gV, xortio cnope4 nurephrypuz 4annri 111 

'e

Haa-noAXoAflIII [pI4 BEV c qecrora Ha perrzcrpnpaHr,rre nnrny.trca F n rpanrzirlrre

@ur. 1. EnoKosa cxeMa Ha vcrDor,icrsoro
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BIlcoI(o 6:npso4ericrtsr4e H ao6pa qyBcrBHrernocr. Tona ecrecrBer{o rpor{
or Qopvala lr napaMerpr{re na crfnaJra or r4sxoAa na BEV. Cnopea [il ra

vqa

HATe cI4rHaJrr4 r4Mar Qopuara, rroKasaHa Ha cpur. 3. Toea e ocqr.iJrorpaMa,
np^Iz_pa6ora ua BEV B pe)Kr.iM Ha Hacr.irraHe rz saxpaHBaqo Franpex(eHrr€
3,2 kV.Ilaparraerpzre na clrlraila ca: t, - $pour Ha uuny,uca - 0,1*l
t-2 

-_urnpnHa Ha HMnyr'rca - 0,15-i30 ns, F,nu* - 
qecrora Ha uMny"n

10 kHz - 100 MHz, vt- aMrrJrnryAa A:80 mV, BnNaa ce, qe $pourtr"n

or 100 kHz ao 10 MHz; AIIO - aMfl,turyAeg ArrcKpr4Mr{t{ar.op $opn,ruren; 63 - 6nox sakpaHnaHe,
Op HrHH an Ho cxeMorex 

" 
rus6r, p€rxeHr.re np eAcr aBilflB a rrp H HrrHltHara

Ha 3apt_Aoqy-BcrBl4Ted'IHufl, ycuJrBareJl 14 aMrrJrtiryAn[s Ar4crpr4MrtHarop Qop
Bare/'I (Szr,2). I{e,rra ttpr4 npoeKrr4paHero nnz6opa sa cxeua e nocr].{faH(

nyrca e AocTaTbrrHo cTpbMeH, txLrpkrBa\^a My e MaJrr(a, TaKa qe ycu,/rB
ALIcKpI4Mr4HaropbT rpa6na p,a 6.sgat 6rpeu r,r c MaJrKo saKbcHeFrae, 3a Aa
ce ocbrqecrBflT ycliJrBaue z $opuupaHe Ha IlceKr.I cI4fFIa,r, nopoAeH or n
Hero Ha BapeAeHa qacrr4ua Ha BxoAa Ha BEV.

3apr4ouyncrBHTeJrn14rr ycrrJrBareJr e npoeKTr.ip aH or Ar.icr(perrr.{ eJr(

floH_eJKe_ _sapflAbT Ha r4rvlry/'rca, KaKTo 6ene crroMeHaTo, e npu6nuz
9:19 ]- C_, ro rparr,r Ha qyBcrBureJrlocr Ha ycnJrBarena rpn6na'p,a6:'ge
l0-r4 c. Ho rosa cborBercrBa I-Ia HIzBoro Ha rrivMa Ha cr,BDeMe'rHr.rre rl

cxeMa Ha Br4coKorrecroreH rpaH3r{crop Tz - 2N2369 c ArauauurreH roBap -2n3o3f, xofiro e c Ma,rrbK npoxoAeH Karrarlr4rer Cro:2pF. Taxa lpoexrvt
ocr-IoBHoro ycr4"[BareJrHo crbrra,/ro u:s6fr,rsa crpaHrzr{Hr.rre e$ex.rn npr.r BHcoK

AbJIlKaIqo ce Ha Ka[aqlzrera C"r, ofpaHHqaBaHe cKopocrra Ha I43MeHeH
cr[Harra u np. TaNa rre B [ocreAHa cMerKa 3tIV.qaea eAr{H crpr,MeH ripeAer{ r

Mo)Ke.qa 6r4e ("":40 npz crofiuocru ua o6paruara BptBKa Ra:6,8 ke,
6,8 kQ, CB:47dF z Kv":10 nprz Rn:qu:150 kO; Cr:3,3pF. Cror6,8.kQ, Cr:47pF z ,(n":10 npa Rn:Qu:150 1(Q, Cr:3,3pF. Cror
croftHocrure Ha C, ca 510 pF u 15 pF.ca 510 pF v 15 pF.

B [ssecreH r.rHTepBaJr or BpeMe cJreA [peMr4HaBaHe Ha ocHoBHrrfl r.iMly
aHoAa ua BEV Mofar Ia ce nofBflr noc./rer.rMrrylcrz. Hanpr.iMep ilpn KEV n
IzMnyrcl'rre ca cJreA t-100 nS, a npz MarHr{rHrrfl BEy - 6asnrare ca
KoJrKocrort4u nS, 6rpsure cJreA 20 iS. 3a or,6ponsane caMo ua 4ertcre
LlMlryr'rcri, KaKTo u e a QopurupaHero r4M Br,B nrz4, y4o6eH sa ua$pona o6p
cloMara aMnJrr4TyAHrzrr Ar4cKpr{Mzuarop-QopMr{poBare,/r. I4sno,rseaH e r.r

e cbc saKbcHeHue T"u,.:S ns. Aun.nnryAaTa ruy e U:| V, r. e. Hr,iBOTo Ha
HaJIa e cGBMecrHMo c BxoAHoro HtrBo Ha 3C,II un$poBa JrorlrKa.

Vcrpoficrnoro ce orJrr.rrIaBa c Br4coKo 6r,pso4eficrBr.re, Hr{cKo Hr.rBo Ha
crBeHH lrryMoBe, 4o6pa reMneparypua cra6unuocr r.r npocro cxeMorexHr{q
meFIrIe. To e usflraraHo BGB BaKyyMHa na6oparopua ycraHoBKa c o6evr 7
mB u npe4eJleH BaKyyM Pu:5.1'0-7 Torr c BaKyyMeH arpefar, cbcroqul

xeMa
Hpo-

HA

XOA.
HCTA

ns,
a-
I,IM-

'IT 
U

Aa
Ba-

HTI4'
HO

aHe

He-
I{TC
K3'

rp a-

cut-

Ip_Ti{cfqql{ Karo rrbpBo cl'bnadrro Ha ycr4,rBa,r.enn. B Harnufl. cny\ail e z
2n3o3f (T, Ha Qrzr. 2). llparexana HzcNo Hr4Bo Fra co6crseuv lrynrone (c1
KBaAparr4r{Hfll}4y txy"MoB sapsA e Qgr:0,6.10-10 C, rpr.r HanpexeHr,ieAp
copc Up.:10 V) . Torl e cBbpsaH Karo r{croKoB rroBroprzre,ir 14 ocr4fypflBa

TIOHC

H3II.
crop14 a Ml4Kpocxeuz. IoAxoAgt{o e LIBIIodt3Bar{ero Ha Hr4cKorxva{flIlllr r CBI4

paH

cbrv'iiacyBaue Mexly roJrflMoro tr3xoAHo cbnpornBJreHue Ha BEV rz exoA
)po
cb-

TIPOTI,IB.IICHI,IC HA OCI{OBHOTO YCI,IJIBATCJII{O CTbIIAJIO. IOCNC4HOTO C CAHA KAC

aHo,
qec-

Torli, AbJlxaqu ce Ha co6cteeHrzre KarraUuTerrz rra npexoAHTe Ha rpaH3r{ PZ,
Hanpl,IMep HaMaJrflBaHe na ycr.rd'rBaHero npu Br.rcoKr.r qecrorr{ (eQeNr ua Mu ep),

na
T

Ha ycr4nBaHr4fl, cHrHaJr npu r{ecrortr l"}10 MHz. Koe$uurreHrrJr Ha yc

JIeIJ KoMrraparop (597CA1, Qnr.2). C noreHrlrzoMerbpa P, ce pery"rupa H
ua cpa6ornaHe Ha KoMrraparopa. Ct,nponox4axlr.iflT rrocrer.rMnyJrc e c aMrr,rr A3'
rro-roJlflMa or HLIBoro ua cpa6ornaHe, 14 ce orpg3Ba. Curualtr Ha l43xo,4a Ha @

co6-
pe-

0,25
eoT
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(Dopnaa eJIeKTp r4qecKI.it Ha H3XOtra Ha

TIZI UOHeH r4STOqHHK Ha OCTarAqeH raS c yAapHa ftoHzSaqun rr r4SxoAeH lToK

@ur. 4. Ocqa.lorparrla Ha perrzcrpupaHnre qac-
TIrqa c noMorrlTa,rla orrucaHoro ycrpoficrno

MarHr4ropaspflAHa rroMrra rr4n IGP-500 a n,racrvHqaro-poropna $opearyjvrua
IIoMra rr4n 2 DS 15. L4erurauutrra ca npoBeAeHr4 npr4 piOot""'urffi;n';[':
2.70-6 Torr. I(aro r.rsrorrHuK Ha eHepferaI.Hn fi.oH;6e usnorseun "nnu.ru*6'.r,

9B



/:10-12 A. Esep.r4flra sa fiouureceMeHr
E;:100 eV-:-2 keV.

Ha Sur. 4 e npe4craBeHa ocur4JrorpaMara Ha pefr.rcrpr4paHr4re r{acrr.rupr

-Baryyuuara na6oparopHa ycraHoBKa e zspa6oreHa v ce eKcrrJroarv.pa
ZI(IZ-EAH, K'bAero 6sxa rpoeeAeHrj 14 rl:lr4raHulra.

tsary

Onizcaulisr 6:sps ycrzneareJr sa aK"tr4RHt4 Koc.MZqecKI,I eKclepr4MeHTr4 e pa3
pa6oreu BbB BpT,3Ka c eKcnepr.rMeHr ,.KCAHI4" (wpnruuHa cKopocr r-ra aHoMar'rHa
fronrlsaquq) ro npoeKr AKTZBEH. rroofDaMa ..I4HTEPKCCMOC".fronr.isaqrzn) ro npoeKr AKTZBEH, rpofpaMa,,tr4HTEPKCCMOC"

Ilureparvpa
l. A Ii n 6y"4, M. P., 6. B. noJreHoB. Bropnuno-sneKrpoHHl,re yMuo)Krzrer'u4 or-

KnhTTonn rufl^ u ry 11pI4MeHeHr.re. M., 3HeprOAe4a.r, 1981.

4. Ahu

,';.-ri;il;;;;; tff;t;;""ji.".' ml'r'rup, re8B. 
i

areJIeH Iz Qioptr,trzpoeareJleH TpaKT sa cr4fHaJrr.t, nonyuenu ori
iAFr, 35, 1982, ive 3.

. f. KoBarreHKo, 6. B. fIofieHos. Xapaxre-i
pl.Icru-l<,I4 -KaHaJrbHbrx 3!'reKTpouHbrx yuuo>rurelert c pacrp\rflou rra exoAe. VAK
62 1 .385. B3 1 .

ITocmznuaa no. 21. VL 1991 e.i

Spectrometric pre-amplifier for physical
experiments

Medg Aslrukoaa

(Summary)

formation of f ast .r""il1:"i'3,"*Tl,."t"fin1il'.?it;"$;"';'?i,3filtI,Ii:?L:T #
ticles is presented. High speed of action, low inner noise-level, good tempe-
rature stability and simple scheme configuration have been achieved. There
are shown the device's block scheme, the principal electrical schene, the
graphics of the electrical signal at CE.\{'s (channel electronic multiplier)
output and the registered particles oscillogram.

qpes otropHo Ha[pe)KeHne e o6xeara

laTa Ha pefr.rcrpr4paHr4Te r{acTr.ruu.

: zspa6oreHa v ce eKcrrJroarr.{pa B

rurraHu[Ta. I

' rannlnL{upar{r7 AranAhr/rfpHTr,I a n re-

2. Xop
3. Acr
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cnucaHae ,,I(ocMoc" qe Br.r saIIo3Hae cbc cMe./ru xr4 rrore3rz H MHeH,ufl Ha
3a cllopHI{ BT,rIpocI4 B HayI(aTa, oT KoIrTo ce paxAaT foJIeM[Te oTKp[TI{t,
PCMCHHI,I TCXHOJIOTIII4, C QAUTACUIqHI{ IiACH, C HC[O3HATI{ KbTIICTA OT
IIJIaHera, c x{LrBora, 6utau I(yJITypara Fra xopa, 3a qr{ero crrlqecrByBaHe
IIO,4O3r.rp aJrH.

IICHIT

cbB-
a
KI
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YKA3AH'I' 3AABTOPI4TE

B teMaurqnara nopeAr{qa ,,AepoxocvuuecKr4 n3cJreABarux n Ernrapu" ce
rreqarar opI,In{H?urHLr HafrHrr crarl,Iu or o6lacrrd Ha KocMurrecKara r{ aBrrarll{oHrara rrayKa fi
IIpaKTrrKa.

Vcnonns: Crarr.rrne rpx6naga 66AarnpeAcraBexr{r 2exseuu;rrpana 6rnrapcrcl,
pycKr.r-r.rJrr.r aHr:nuitcwt esnx. ErnrapcKrrre aBTopr.r rpa6ra ga npegcraBrr rr rrpeBoA Ha craruxra,

o O6eurr na crarrura (rrurrovrrreJrHo ra6nIaqure r4 rr.rrepaTypara) ne rpr6na ga
rrpeBurrraBa 15 crangaprnu MarrrrrHonr{cs[ crpasilIfi (30 peqa Ha crpaHuqa, 60 ylapa xa peg) c ([oprtaar
2L0x295.

c Bcsxa crarr,rr rpa6na Aa 6rAe irprrApfxeHa or p$roMe (go 1 crargaprna
crpauuqa) na brnrapcxu u Ha eAr.rH 3arraAen e3nK.

o Nlatepuaru, flpl{err.r 3a neqar unu ny6nurynaHrr B Apyryr r,r3AaHr.rr, Ee ce
[pIIeMaT.

flo4pe-flaue:
o Ha ntpsara crpaqr4qaHa Bc.sKacra'rutlpr6na [a 6rAar nauficaHrr 3arJraBr.rero,

r{MeHara Ha aBTopure r{ a[pecbr Ha lrecropa6orara.
oT a 6r nq u rl r{Jr Io crp arIrlrl, Ta6ruqrreureKcrbr KbM rrJrrocrpaqrrr{Te

rpr6na ga ce flpeficraBrr Ha orAeJrrru crpaHrrqu, Mrctoro rrM B TeKcra [a ce uocoqu B [oJrero Ha
cborBeruara crpaHr{rla. Ha rrp6a Ea rrnrocrparlrirnre (<}oroclr, qeprexr.r, rpaQuxu r{ Ap.) c MoJrr{B ra ce
Harrurrrar 3aur:tBrreroHa crarr,rrra, r,rMeuararra aBTopr.rre,rroMeprr:na <frryparar{Aa ceyKuKe opfienrar[rr:Ta.

. JI Lr r e p a r y p a. I{urzparara lr{Teparypa ce [pe[craBr Ha orAeJreH Jrr.rcr rro
HoMepaqr4r, flo.ffB-flBafiIa ce xpoHoJroruquo B TeKcta. Izlvero ua nbpBr.rrr aBTop ce [aBa c r{HBepcr{r. Cregnar
3arJraBr,rero rra crarfirra,3arJraBllero Ha cnucanuero (c6opnura), ToM, roAr,rHa, KHr.DKKa, crpaulrqa, a rrp]r
rronorpa<fulrre - rpa[, r,r3lareJrcrBo, roAr.rna, crpaHr,rrla,
flprauep:

1. Kpt,cranon, JI., K. CepaQuuos. - Curcanne na EAH, XX, L974, N 2, c. 29.
2. Hecropon, f. Ouguxa Ha Hr.rcKara ftouocQepa. C., EAH, 1969, c. 63.

[pyrr usucnawr:
Mepnure eluHr{lpr 3aAaJ]xr.rreJrro ga 6rgar no CI4.
o Arroplrre npernex,qar eArra KopeKTypa B orrpeAeneuza cpor, [o[ycKar ce caMo

norrpaBKr,r Ha rperxKr{, HanpaBeHr,r npr ua6opa.

r43npaTrT Ha alpec:
Agpec. Arropnre Morar Aa flpelcraBqr fiurruo Marepfiarlz,re cv inu ga ru

CoQur 1000
yr. ,,Mocxoncxa"I& 6
Izlucruryr 3a KocMrrqecKn rascfieAsaHnq - EAH
Pegaxquonna xorerul na,,AepoKocMuqecKr,r r.r3cJreABanlrr B Ernrapur"

I{ena 2O nr,.
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