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Space, ground-based and model
investigations of lithospheric
movements of Balkan peninsula
and Bulgaria within the framework
of the EUROPROBE project

Nikola Georgiev, Garo Mardirossian,
Miladen Mladenousky, Hernany Spiridonov

Space Research Institule, Bulgorian Academy of Sciences

High accuracy of space technology, the development of
space methods and the resolution of remote sensing imagery, providing pos-
sibility to define the boundaries (faults) of the lithospheric plates and
blocks revealed large perspectives for the different geosciences.

Many projects have been developed giving answers to series of problems
related with global, regional and local geodynamics and the correlation of
these phenomena with the natural ones (seismicity, volcanic activity, etc.).
Recently the possibilily {o establish close relation betwcen international
projects is available. For example the joint project VEGENER-IDEAL is
a combination belween the VEGENER Project (of the European Space Agen-
¢y} and IDEAL (of the Eastern Space Council) [12—16]. :

Together with the European Project, aiming at the investigation of the
regional dynamics of the Eurasian plate versus African, Arabian and Indian
plates, there was initiated another Project EUROPROBE on the terrifory
of the Eastern Space Council countries as well for the detailed investigation
of the local and microlocal dynamics with the aid of complex scientific and
experimental classical and space methods, providing qualitative and quanti-
tative data on European and Asian platforms. Our attention is firmly direc-
ted towards the investigation of one of the most seismically active regions,
. e. the Balkan peninsula and Bulgaria in particular with the help of available
data from classical measurements and future space GPS measurements and
remote sensing imagery. In order to realize these investigations on the Bal-
kan region we have made proposals and would like to consolidate the opinion
of the specialists in the region for the future objectives in studying the geo-
dynamic processes. '



l. Geoteconic and geodynamic situation
of Bulgaria and Balkans

The investigation of the geotectonics and geodyna-
mics of the Bulgarian territory — part of the Balkan segment of the Eurasian
continental region is closely related with the struciure and the development
of the Alpine-Himalayan orogen. With Vardar-Izmir-Ankara ophiolitic su-
ture of the southern orogenic border northward close 1o the stable continental
part Moesian platform it embraces southern and eastern Karpathians, the
Balkanides, Serbian-Massedonian and Rhodopean massives, Strandja Moun-
tain and the Pontides. Seuthward the suture fragmenis of the passive Afri-
can edge are revealed represented by the Dinarides, Halenides, Anatolides
and Tavrides (1, 3, 11, 17]. .

The separate tectonic zones along Bulgarian terrilory are clearly distinguish-
ed with manifested Tault ruptures some of them seismogenic. In order o in-
vestigate the geodynamics on regional scale and the separate neotectonic struc-
tures within the different tectonic zones, ageodynamic test site was selected
(which we named Balkanprobe) along the [Bulgarian territory which crosses
transversly the mentioned tectonic structures. The test site embraces the cen-
tral inland parts of 150-200 kim width starting northward from Danube and
eniding southward with the Bulgarian-Greek border. This provides for conti-
nuation along Greek territory and encompass the European continent till the
Vardar suture southward also encompassing the tectonic zones which are part
of the African continent. Thus the main fault ruptures, crossing the crust
and separating the tectonic zones are adjusted. In some fragments of the fault
structures we deline clearly expressed seisinogenic effects and this is very
typical for the southern Misian and Maritsa deep fault.

Linear and concentric formations obtaitied via aerospace imagery are mar-
ked on the neotectonic map. They reveal substantially new information which
enriches our knowledge oni the neotectonic structure of the Bulgarian terri-
tory. Seme of them transect ihe entire Bulgarian territory and continue along
the adjacent regions of the other Balkan countries. They are identified with
dashed and dotted lines on the map.

Recent geodynamics of the Bulgarian territory is relatively well studied
and is manifested with vertical movemenis mainly [3, 5, 6, 10]. The maximum
values (up to 5,9 mm/year) of vertical movement velocity are expressed in
tectonic zones with most thick crust. Such are the tectonic regions of the Rho-
dopean and Serbo-Massedonian massives, individual Balkan segments (the
Balkan range). Large areas of the Misian platform, the front Balkan range,
Srednogorie, Kraiste, and Strandja are featured with average uplift values -
(up to 2 mm/year). In contrast with the general uplift of the Balkan peninsula
there are some regions with relative sinking that embrace part of the Moesian
platform and Sredna Gora, as well as the eastern Rhodopes [10]. The levelling
lines cross the main fault ruptures of the Bulgarian territory which follow
north-south-ward: Southmoesian, Breznik-Preslav, the Balkan range, Cis-
Balkan range and Maritsa. The elongated zones of the first and last fault comp-
rize the most active well studied regions: Gorna Oryachovitsa and Plovdiv.
They are featured with great frequency and high magnitude earthquakes
M=7,0. !

The complex implementation -of remote sensing, geological, tectonic,
geophysical and geodetic information which is realized along the suggested
test site (Balkanprobe} will enable the investigation of the regional geodyna-




mics of the conflict area befween the Eurasian and the African plates within
the Alpine-Himalayan orogen.

2. Scientific goals and expected results

The suggested program (BALKANPROBE) may be con-
sidered as a continuation of the meridional profile of the EUROPROBE
Program along the Balkans up 1io the Mediterranean sea. The EUROPROBE
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 satellife observations.

The fundamental scientific purposes of the BALKANPROBE Project
are:

a) determination of the recent joint movements of local and microlocal
blocks along the Balkan and Bulgarian transect and namely: between diffe-
rent gecstructural elements in the Balkans -—— Dinarides, Balkanides, Serbian-
?’Eassedonian and Rhodopean massives, which are distinguished by fauit rup-
ures;

b) investigation of the neotectonic structures and the geodynarmic proces-
ses along the Balkans which embrace large seciors of the Alpine-Himalayan
orogen and the Bulgarian ferritory along the iransect starting north-southward
and encompassing the tectonic zone of the Misian platform, the PreBalkan
range, the Balkan range, Sredna Gora mountain and the Rhodopean massive;

¢} control of the inner stability of the regional and local lithospheric blocks
of the Balkan peninsula and Bulgaria; ' :

d) determination of the peripheral deformations of the Balkanides, Ser-
bian-Massedonian and Rhodopean massives;

¢} coniribution via the local BALKANPROBE Project to the regional
VEGENER — IDEAL for the investigation of the dynamic processes in the
Alpine-Himalayan orogenic belt.

; kThe scientific and applicable purposes embrace the following important
HSKS!

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

b) determinalion of the relative movements of the large crustal blocks
in great rifts and fault zones of the orogenic belt which are inieresting for ihe
prediction of shallow focal earthquakes and for the construction and explo-
ration of important structures and complexes.

3. Methodical, technica! patterns.
and scientific strategy

Europrobe 1o a great exient embraces considerable
ferritory of the European continent. Combining the Europrobe {transect
with the VEGENER — IDEAL project this areal is further extended encom-
passing the Karpathian-Baikan region. Based on this large scale we clearly
may group into two groups the investigated objects by areal coverage:

a} investigation of {he continental (for distances 10°-10* km} and regio-
nal (10%-106°* km) dynamics {plale, intraplate and block} with the help of space
techniques;

-
a



b) investigation of the local (10* km) and microlocal {up to 10 km) dy-
namics (between the blocks) in order to reveal the recent differentiated move.
ments of the crust and the corresponding variations of physical and other
fields in the vicinity of the observation station.

The survey of regions marked by @ on the site are realized mainly within
the framework of the VEGENER—IDEAL Project with the aid of third ge-
neration laser equipment and the investigation in point » is made with the
Europrobe project using GPS system and ground-based laser equipment.

Considering the extensive theoretical and model studies made with IDEAL
Project [14, 15, 16] and some results obtained with the VEGENER Project
[12, 13] we shall concentrate mainly on the transecct projecied over the Bul-
garian territory in order to discuss the suggested goats for joint theoretical
and experimental investigation.

8.1. On the possibilities of confemporary remote
sensing applications

) Large resolution capacity provided by remote sen-
stng imagery ensures supplementay reliable” information on the geologi-
cal structures, the neotectonic formations and the fault zones. Considering these
facts alter the complete investigation of the available geological structu-
res and in particular the faults on the Bulgarian territory, maps and schemes
have been drawn in the Remote Sensing Department of the Space Research
Institute in Bulgaria.

Thus available data were analysed with respect to levelling and gravimet-
ric information and four profiles were projected crossing through I and 1T class
levelling points and transecting the main fault zones {Fig. 1}. We proceed in a
similar way determining the triangular chains selected in a way as to start in
the area of Belene and to encompass the region arotind Strazhitsa town and
Chirpan where two immediate measurements of the reference network are avail-
able (Fig. 1). After analysing the networks a transect of 21 chords was identi-
fied. The latter will be determined with GPS measurements. Fig. 2 represerits
the available geomagnetic anomalies and the geophysical stations and seismic
epicenters.

3.2. On using available groundbased data based
on defined geodynamic test siles

As we mentioned before, the determination of the
profile direction of the reference networks are selected in a way as to fol-
low the direction of the meridional beam of the Europrobe transect in order
to obtain natural inclusion of the Batkan profile info the European Project.

The vertical measurements on the Bulgarian territory siarted in 1928
and the first investigations of the vertical crust movemenfs were made since
1929-1932. Particularly interesting resulis were obtained after the Chirpan
earthquake when another measurcment of the state leveliing network was made
and the results were used to analyse the vertical shifts of the fault zone re-
gions |5, 6]. Recenily these analyses resulted in mapping the vertical movement
velocity both for the Bulgarian territory and the Karpathian-Balkan region.

Initially four levelling courses were identified No 1, 2, 8, 4 (Fig. 1) which
cormprize the levelling points of the 1 and 11 rank of the state levelling network.
Throughout the selected courses there are two {o four epochs, where high pre-
cision measurements are made and namely: 1994-1929, 1956-19680, 1975-1976,

6



" 284g? 789
/Fa

“‘-.

/ i
‘d S'b Zagora
i<

—

.
5
_\FOQ
A R
-~ /
‘l J_\\! Iva;lavgrad
<D B gy \7 -ﬁ\“‘
e A J'f —~
= e B et
=]z E—1s . [o3u]s I T i £7

(=l [—]s = 845 | 47 @ 13

Fig. 1. Neoteclonic map and triangular network with plotied levelling lines

1 — faulls, 2 — suggested faulls, 3 — flexures, 4 — overthrust, § — space geological
lineament, 6 — suggesied space lineament, 7 — ring structures, & — number of the
levelling reference, 9 — first class levelling line, /7 — second class levelling line
11 — triangular peint, 12 — distance hetween {riangular points,

13 — number of
the levelling line



?ig_, 2. Map of the magnetic field of Bulgaria and lhe localion of the geophysical observa-
ories :

! — zones of the positive field (2) and the total negative background of the magnetic field
(b); 2—7 regioning of the magnetic anomalies by magmatic age/and metaphorism: 2 — maxi-
ma {a) and minima () reflecting differently magnetized rock types in the Balkan hascment
of the Misian platform; 3 -— maxima related with the magnelized rock formation distribu-
tion in the Wallachian and other melamorphiec complexes {¢) Struma dioritic formation and
(b) Balkan range metamorphites and magmatites: 4 — magnefic maxima rclated with hells
of upper cretaceous intrusions of Central Sredna Gora Mountain {2} and the southern bett
of the Sredna Gora (b); 5§ — positive (@) and negalive (6) magnetic anomalies reflecting the
distributions of upper cretacious volcanites; 6§ — magnetic anomalies related with ihe dis.
tribution of paleogenic and neogenic volcanic types; 7 — boundary tetween structural zo-
nes; & — seismological stations; 9 — earthouake magnitude: a) M=7, b M=8,0=-70,
¢) M=5,0+-6,0 ’

1987. The majorily of data refer {o fransects No I and 2, the substantial
fact being that fransect No 2 is within regions where recently the most active
seismicity is manifested.

Gravimetric measurements arc made in Bulgaria since 1960 and in gene-
ral the delermination is made into the points of the levelling network. This
far two cycles are realized and the third is not yet completed for the entire ter-
rilory of the country. Wilh the help of these data complex analysis will be made
for the vertical and gravity anomalies for the present period and the attention
will be mainly concentrated on regions where the transects cross the fanl}
lineaments.

While vertical movements are subject io detailed studies in Bulgaria,
the horizontal ones due to labour consuming procedures and the specifics of
of the performance of high accuracy angular geodetic measurements just re-



cently entered our practice. This is due to the fact that there are no secondary
measurements of the triangular network along the entire territory, as well
as the fact that the accuracies we obtain with angular measurements only can-
not satisiy the accuracy requiremenis for the investigation of the horizontal
measurements, Considering this it was agreed to accept one chain of triangles,
starting from Nikopol town (t. p. 34) parailel to Danube river up to 1. p. 96
which is located between Russe and Byala (Fig. 1) following alterwards south-
ern direction close to levelling chain No 2. We have immediate repelifive mea-
surements for the regions of Strazhitsa and Chirpan and the areal networks will
be processed. In [9] using data from 1921-1933 and secondary determinations
made in 1956, the first mceasurements of the horizonlal movements in Chir-
pan region were made and the results obtained show an explicil trend in north-
western direction. We dispose of secondary measurements made in 1987 in
Strazhitsa which also provide ground to start analysis and supplementary
interpretation of horisontal movements in this region as well, Undoubtedly
these studies with the aid of information obtained with classical measurcments
will provide for an approximate apriori estimation of the planned GPS mea-
surements of the Balkans as a part of the Europrobe Project. '

During the first stage of the measurements for a given region 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, lhe computation of “normal” and “abnormal” fields and the unification
of all absolute measurements made this far a general absolute geomagnetic
picture of Bulgaria was made for the period 1978-1980 [4). These data provide
grounds to make the respective analyses and to search ior ithe dependence bet-
ween the movement of the lithospheric blocks and the anomalies in the geo-
magnetic field on the research site, i. e. to investigale one of the criteria for
short term earthquake prediction.

The seismicily in Bulgaria is a part of the Alpine-Himalayan Beit seis-
micity. We have observed for the terrilory of Bulgaria a series of strong seis-
mic events and only during this century five macroseismic events occurred with
magnidute of M-—7,0 [18].

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

8.3. On the possibiiity of applying modern avail-
able space {fechnigues, classical equipment and the
methods of the geodynamic investigations

Recent space technology -- laser equipment and GPS
systems reveal great possibilities to the high precision determination of
point location and distance on the earth surface, This could be used in the de-
termination of the lithospheric horizontal movements. The results from GPS
measurements made in Bulgaria during the last two years explicitly show the
possibility fo delermine the joint location of points on the earth surface with
arelative error of the limits of 1G-%-10-7. Wilh 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 af distance between the points of the order of 25-30 km. This allows
to control the geodynamic networks or the basic lines, as well as to investigate

9



the changes in the network point location duc to tectonic or technogenic fac-
tors [7]. In theoretical aspect the methods for the kinematic parameter esti-
mation are defined, based on platetectonic models developed with GPS
measurement data on different epochs [7].

These accuracies allow to apply the GPS systems for measurements August-
September 1991 along the transect over the Bulgarian territory. After these
initial measurements with GPS instruments the resulfs of previous triangular
determination and the new spaceborne ones will be compared in order to pro-
vide initial estimation of the shift vectors for the selected points. This will
enable the obtaining of quantitative estimates reflecting the local and micro-
local geodynamics within the limits of the surveyed region for the period bet-
ween iriangulation and the measurements in 1991, Afterwards we shall make
the following GPS measurements along determined transecl. It may be reaso-
nable to change the transect configuration in order to embrace regions where
higher seismic activity was recorded. Further studies will be done based on
comparison between GPS measurement results of former cycles. The high ac-
curacy of these measurements especially if double frequency GPS receivers
will be used allows to trace the geodynamics of the studied geoteclonic struc-
tures with time discretion of 2-3 years.

The first instrumental registration of crust movement in Bulgaria was
made in 1905. Nowadays 14 seismological stations operate in the country [2].
Since 1980 the National Express Telemetric System for Seismological Infor-
mation operates in Bulgaria.

Fig. 3. Localion of the test site on Brlgarian territory

190



4. Conelusion

: We may consider that the complex of methodologi-
cal, iechnical and organizational support is a serious background to start
initially on the Bulgarian territory and aflerwards on the Balkans a research
activities within the coming 5-10 yecars based on the Europrobe Project. It
is expecled that during the research process large amount and various in
type information will be stored: spaceborne (laser distance meters, GPS-mea-
surements), geophysical {seismie, gravimetric, geomagnetic, meteorologic,
geodetic}), electrooptical and lascr ground-based measurements, classical an-
gular, levelling, gravimelric. The processing and the analysis of all the dala
requires for the eslablishment of advanced informalional system, allowing
for the rational seleclion, the systematization and the storage of the reccived
information. : _

We should mention that the data from the both large projects VEGENER
--IDEAL and EUROPROBE may provide a complex information on the re-
gional, local and microlocal geodynamics.
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KocMuyeckyu, HaseMHH ¥ MOAEAHY H3C/ASABAHUA
na JuTochepHuTe ABMNEHUS Ha DBasxancKus
NOJNyOCTPOB H B Dparapus B paMkuTe

Ha npoexta ,EBponpoG”

Hukoaa Feopeues, Napo Map@upocﬁé,
Maaden Maadenoscku, Xepuanu Cnupudonos

(Peawme)

B crarusra ce ofcwmikfAar ueaute, HNePCHEKTHRHTE H
METOJMTE Ha H3cjeiBaHe HA JBM)KeBHATa Ha Jurtocdepara Ha Bankanute u
BuArapus B cLOTBETCTBHE C TIPOEKTA »Dangaunpot”, KOHTC € I0KHO OTKAOHeHHEe
Ha epponeHCKMs reopuHamuues HpoerT ,EBponpof”.

3a pemasane Ha TE3M 3a[aYH KOMIVICKCHO Ce H3IMOM3BAT AePOKOCMUUECKH,
FeOfe3nyHY, TeopH3UUHU M IeOAOTO-TEKTOHCKH MAaTePHaRd, H3MEePBAaHuA ¥ Ha-
SaogeHust.

Komnsexkcaure H3cneaBanuy ce NPOBEXKAAT 110 ABJMHUIIATA HA T€OAH HAMUYeH
TPaBepC, KOATO NPECHUA HAIIPEUHO OCHOBHHTE TEKTOHCKH S30HH OT TePUTOPHATA HA
Boarapus, a Taka chilto ¥ pasiensiuTe I'M PAsJOMHE HapyiueHHs. Hsixon or
Te3¥ JAHCROKAHMM WMAaT ¥ CeMsMOTeHeH Xapakrtep.

Kpailnara nex Ha npoekTa ,,banxaunpo” e usyyasanero na reofuHaMuxara
Ha TepuropusTa Ha Bankauure u 3a1a4ara iie ce 0CHIHECTBABA NPE3 HACTOAUIOTO
nocaenHo geceruserde wa X X Bex.
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Brarapcka aiajemus us mRaykuce. Bulgarisn Academy of Sciences
Aeporocuuyecyy urcnefvanun B Bearapun, 10, Aerospace Research in Bulgaria
Codua.1993.50fia

M3non3BaHe Ha aHAAUTHYHH METOOU
32 onpepesnsHe Ha opbuture Ha MC3
NPy AHCTAHIIHOHHWTE K3C/eBaHus
Ha 3eMdaTa

Hutora eopeues, Xepuaru Crupudoros

Hucmumym 30 wocsuyecxy  uicaedearnus, BAH

Ouie 8 nbpBHTE FORMHM HA HBHON3BAHE HA W3KYCTBE:
nure HefecHu Teda (M3KYCTBeHHM cmbThuuu Ha 3emara — MIC3, u kocMmHucckd
anaparti — KA) ce yCTAllOBH, ye 33 YCNEWHOTO pemaBane Ha KOCMHUIECKHTE eK-
CHEPHMEHTH € HeoOXONHMO He CaMo anaparypHo OCHTYPsBaHe, HO M ONpefeNsHe
Ha opfutHTe Ha MC3 u KA {dur. 1) ¢ rounocr, ocurypsBsama chLOTBETHHTE H3-
cnensanusi. Tosu GaxT nafe ocHOBAHME IA Ce HACOYAT YCHJIHATA HA MHQFQ yue-
HH ¥ LUeJIH KOJIEKTHBY B paspaloTBalie H YCLBEbPUICHCTBAHE BA PA3/AHYHH METOLU
U TPOrpaMHH NPONYKTH 32 NPOCTPaHCTBEHOTC OUPENe/siie Ha NOJAOKEHHETO HA
VIC3 3a pasnuunn vaTepBanu ot ppeme. [TonacTosuleM ca IpHeTH 3a IPAKTUYeEC-
KO H3MOMA3BAHE [BE WPHHIHUNHO PAsAHYHM TPYOH METOAH, & HMeMiio:

@ur. 1
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. Metonu 3a yuC/eHO WHTCIPHpAlE HA ypABHEHUATA HA JBHKEHUETO HA
HC3; '

2. ApanwrHuNY TEOPDHH 3a CHPCACHANE 1A NBHKeHHeTo Ha WC3.

Kaqem‘BaTa iia KOHTO H Aa € 07 H3TOM3BAHHUTE METONH Qe AUKTYBA OT HAKOQI-
KO raaBii QaKTOpaA - - TOUHOCTTE, ¢ KONTO ¢ Onpenens opGuTara, HeoOGXONHMO-
TO MAMKLHO BPEMC 338 U3UHCJIENNC, NPOIBIIKHTETHOCTTA Ha BDEMERHSI HHTCPBAT
(Bitd, Meceuy, TOHMHH), 3@ KONHTO ce onpejenas ABumKenuero na WMC3.

C ycwnBLpllencrBanetro Ha seMuute M GOPJOBHTE anaparypu, ¢ NOBHILEBa-
HCTO Ha TOYNOCTHTE B onpepenssure u wsmepsann 10 MC3 u or UC3 nayuasanu
O0EKTH, TCORMHAMUYIIN H KOCMHYECKH NPOLECH Ce MOBHINABAXA ChOTBETHO H TOU-
HOCTHUTE B OUDEJICAAHC HA OPOHTUTE, KATO 3a CJIMH HAH APYT CAyYak ce Lpeano-
HHTAXA CHOTBETHO UHCNEHH MM AHAJHTHYIIE METOAHR B 3aBHCHMOCT OT H3CACABAHH-
T¢ O0EKTH, THil KaTO BCEKH AMH OT METOANTE NPHUTEXKABA eIHU HWJIH APYTH MOJ0-
JKUTEJHH KAueCTBa M HEAOCTATBIH. [IpH UHCAEHHTE METOIH MOMKE Jla Ce MOjanar
HenocpeAcTseio Ha EVIM pudepenumranunute ypapHeHUs Ha ABHIKEHHE H 34 CMeET-
Ka Hd No-roMaMoTo H3Pasxoasailc MauHHHO Bpeme ga ce noJTyaar K})ET]‘-'IHH'I'E pe-
IYNTATH, Xap ARTEPHIHp ALy APOCTREHCTBEHOTO NOJOMKEHHE HAa KOCMHYeCKH sl obexT.
Ho ot Tesu AaHIT HC CMe B CLCToAHne 1a HelllpaBHM aHAMHEH Ha BJAHAHHETO Ha en-
HH HJAH ApYyru CMYIEHHSI, an GHAAUTHYUYHHTE METOAH Te3M HelocTarhlin ca Hui-
OerHaTy 34 CMCOTKA lia BpEMETO, HEOGXORHMU 34 H3BeXIaHe H HoJyuaBaHe ma »n3-
pasu 1 QOPMYJIH, C UHATO HOMOIL MOIKE Jia ce [0J1yYar I'PaBHTAIMOHHUTE U He-
rpaBuralHOHHENTE eMyieHus. ChIECTREIIO € B CAYYAsi, 4e MOMKEM Jla aHAAH3HDa-
Me TOMIeMHNlATS HA TE3H CMYLEHHA (PH Pa3/liul{Te BHAOBE CHLTHHIH B 3aBHCH-
MOCT OT TOYHOCTTA, C KOATO TPAGBA Aa Ce ONpCUessiT OpOHTHTE H B 3aBHCHMOCT OT
TAXHOTO Lpe)Ha3liaueHne U 1eJANTC HA uscneipanudra. Taka, AOKATO OPU 1Jo-
68‘-'IHPITC, peri&onaﬂﬂm‘e H JIOKAANATE MeOFUHAMUWUHE UWICASABAHEY ¢ NOMOINTA Ha
HC3 ca neofxonuMa MIOTO BUCOKH TOUHOCTH {OT HMKOMKO CAHTHMETPA JO efHii-
HBA NCHHWMETPA), B TO 38 IbJIH UCPHOAH OF BPEME, TO NpH APYUY H3CACHBAHKA,
KaTQ Hanpumep npH M(:‘.TEOPOJ]OI"H‘{HHTE H3CACABAHWA HAYU IIPpH JHCTANUBCOHHOTO
H3yyapane 11a 3emara (TOYHOCTTA HA OPOHTANIATA ANAPATYPA MOMKC 1A OCHTYDH
TOYHOCUTH OT HAKOAKG HeCotTwy MOTDA HO CTOTHIH HAKW XUASNH MC’Tpa), ONPpencan-
neto na opburara Ha KA se e HeoGXONMMO A4 C& N3BHPIIBA ¢ BLEMOMKHUTE Hali-
BHCOKH TOTHOCTH H 38 NBLJrW HepuHoys oT BpeMe {Twit karo KA Surar Kopuru-
PAaHK ¢ KOMAHAH OT CLOTRETIIHTE neatpose). Mauckpanusta 3a no-vaika toyiocT
AaBAT BLIMOYKHOCT A4 ¢ UAANJA3IRBAT CAMO Te3H KOpeI(L[HH OT CMYNIEHHUATA, KOMTO
e OCHry P AT HCOGKOHI’IM aTda HH TOUHIOCT, ToBa o1 ¢BOH CTpaHa BOAM R0 H3Pa2XOoh-
BdHe Ha 3UAYHTEHHQ NO-MANKDO MalHMITIHG BRCME H KOETO € CBUERCTBEeHO, H3uKe-
JIEHHATd MOTET J4 €& H3BHPINAT ¢ HACTOJNHH KOMIIOTPH,

L Teopemqﬁa GCHOBH H&a AHAJHTHUHHTC METOAH

[He wanpasuM aHain3 Ha KOpPeKUMHTE, KOHTO TpsdRa
Za GbA4T W3NOJ3BAHM TPH CHBLTHHLHTE, NPEAHASHAUCHM 34 AMCTAHIHOHIOTO
M3CAgABaAHE Ha 3eMsTa, KATO INE Ce BE3N0ASBAME OT paspadoTeHard aHaiu-
THYHa reopns [1, 2, 3] na ocHopara Ha 060OIEHHsT acHMETPHYEH METOJ HA JBA
HEllOABUXKEA nenThpa [4]. CuliecTBeoTo Ha oayuenuTe (GoPMYJH [PU TA3H Teo-
pHfl ¢, 4¢ ouig B AudepenniatuuTe YPABHEHNN Ha JBHXKeHHe ca BKJAIOUEHH oc-
HOBIMTC CMYUICHNS OT 30H&NMHHTE XapMoHUKH J, (Benwunmara, kosto e 1000
WHTH [16-TOAAMA OT OCTAHANNTE UJeHORE), a Taka Cblio J4 u wacTuuHo J,, ¢ Koe-
TO 3a pasjnKa OT TPAgHUUOHHO WaNoszpaunara KeruiepoBa opGuta, npu Kos-
TO KOPEKUHHTE OT 30HaNHHM XApMOHAKH HMaT crofiHocetn or 10-%, Tyk maii-ro-
ACMUAT YA OT CMYHIdBauiaTa gynkuud e cne crofinoer 10-%. He e 6es snauenne
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¥ PaKTHT, ue TYK KOpeKIUHTe €2 AajleHy B #BeH B/, KOCTO HY NO3BOJNBA fa M3-
BLPHIHM CBHOTBOTHHTE ONGUKH 112 OTASANNTEe CMYILEHHS OT; 30HaJAHUIC, TeCepas-
HHTE, CEeKTOP&NHUTE, arMocdiepara W OT APYLH (haxkTopu.

lMoayuenure pubepennuantuy ypasuenus [1] ca nancuv B cdepoygna Koop-
IHHATHA CHCTEMA H TCXUMSIT BHH € CACHHHAT:

oW | ., 0k | ..
E.'-‘—‘ (}E‘ra* dz‘{'f‘g;,

2
(1) i % & (1—mn? )0,} + Fs
rﬂ? £z
ait = do  I—n? dm +‘F" '
KbAeTe W e cunoBa Qyikuds Ha NPOMCKAYTHYHOTO ABHMENUE ; /¢ — CMYIHIA-
Ba/a QYHKUUA HA TPABUTAUHOBIMTE CUAM; Fr, Fy, F, ca HErpaRHTalHOUHN CMY-
utendsi; &, 1), @ — KOOpNMHATH B (.@Jeporxrmia KOOPANHATHA CHCTEMA; T € Dery-
A9PU30BANG BpEMe.
Ot napasure {1) ca noayuens dopMmynu, AaBAINY CTORHOCTHTE HA C(HEPOHS-
HHTE KOODAHHATH
il #7 Hid
i [y L . .
{2) £ 2;, a;el, = ‘l b, m= 2 .
i=0 i=0 i—0

CrofiHoCTuTe Ha KOHHUHMEHTHTE M NOAPOSHOTO H CHCTEMATHSUPAHO H3JI0KEHHE
Ha u3ROLUTE ¢ Jajeno B 5]

HSP&SHTE 32 HODEKIHHTE o1 I'PABATAUMOHHKHTE H HerpaBHTAHHOHHUTE CMy-
UleHHY HMAT aHaAOTHYeH CTpOE)}{'

(3) 5= 2, AT, an—z T, o= 2 v,

i=l

Tesu H3Da3W JaBaT BLIMOKIUIOCT 3a OnpeacAnte HA KODEKUUHTE OT CMYUILCHMSETA
HEMOCPLACTBEHO B KOOp}lHHaTH'le Ha TROMOKAYTLYHROTO NBHIKCHHE.

U_le avanAusupame CTOHHOCTHFL, HOHTO Ce nonydyasaT I11PH deBHTd[IHOHHHTe
H HErpaBWTAqUHOHIHTC CMYILCHUT J3a Hafl-H3ROA3BABKTC COBTUIHUKE TpH AHCTaH-
UHOHHY H3CACABaHKS Ha 3cMATa, KaTO M TYK LWIC NpOHeAMpaMe KakTo B [7, 8]

Il Mapasu 3a onpesessHe Ha PaBUTALUOHHUTE
CMyILleHusi KaTo QyHKIuA Ha chepouiuure
KOODAMHATH

FpaBHTﬁuHOHHHTG CMYII.[EHHT{ Feﬁ MOMWe Aa IIpeACTaBHM KaTC
cyMa oT Buja

{4) 11—?{]:1{_324"}_?'1‘,8"“ 1{?1,.5 + 1"_814— Va'

KbACTO CMYHIEHHATA Ca CJ’ICJIHPITQ:}:_?Z Ca OT 30HaANHU XapMONHKH; [:)T,S — a7
TECePANHN W CEKTOPANHH XapMOHukH ; Ry s — OT JlynHo-CAbHUEBHS NOTEHLNAMN;
}?; —— OT HPHAABHHA NOTEHIIHAM, Vﬂ — 0T HoTenndana Ha nDDURIW4aHe Ha aT-
mocdepara.

Hoayuenure uspasy 3a Ry u Ry g MMAT CACHHEA BUA:
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oo é
(5) }_?Z = 2" 21‘ rYr‘i.r“"r“!;"fé—-(rz+I.)-rl(rx-[—211.?)' ‘

=+ p=0

(6) Rig= 2 2 B Yyt namnmto)i _paymie cos m{o—L,,,)

n=4¢ p=0 m=1 |

B (5) 1 (6) ca nanpapeny cnepmute os3nauernus:

I szﬂ = "I’r:rz;/i:f' -'ai [‘Hp ' Qnm = [U{:)(f il !U) -+ A

ey

L - (n—2p)! 5 i
(7) { A”__ 2 (n—m—2p+ i Yo = WS P
T AT TUNT (S L o _(,?H—l—Ep)I.l |
Tn= “}rir{} : jn“ "(:1 Jr!.' ! Ln.ﬂ r “( I)F (H—Q‘U}_Iﬁ:‘:} i
Hadepennupaitun (5), pecn. (6) wo & 7, ®, cbraacHo dopuyna (1), ce no-
AYMABAT Hapasure |

|
oR, oR, 2 IR, |
- k. —f k. & &

(8) Ak_‘%i'ag_" B}:—Z)E(l—‘?ﬁ)ﬁ", DZI___'_T]E B ‘

KplieTo k=7Z; T; S u crofiHoctuTe moApobHo ca npefcTameud B [5]. '
Tyx e ganem camo kpaiinnrte uspasu 3a cMyiwananara byuxuns R, npu npe-
kure Jlyn#o-CanHuess CMyulenus u 3a CMyLaBaiaTa (pyHKuMs Ry 3a xocse-

HETe Jlyn#o-CABHYEBY CMYILEHHS OT ADWIHBHMS TeONCTEHUHAN, 4 HMEHHO ©

9 Rig=R+R) - _;_(f_’ff_Jr _@1)

X [ [— —2—(:;1\!1 2 cosw+ ¥ I—ntsin o+ 2 11)],
)

KLALTO Y= (%’) s = r(l — o8 (,)) i Bi= k%l—(—z'?—)a'
|

Mugexcure [=L mnoan S ce ordacsT cwoTBeTHO 3a cMyIlaBawiure TLA4, |T. €,
L ce ornaca sa Jlynata, a 8§ ce oTmacs sa Cavruero; m, v a, ca macara u
cpelinudaT paguyc Ha JlyHata u Catuaero.

lll. Herpasuranuosay cumymenus xaro (yHKmug
Ha CPEepoOMAHNTE KOOPAHHATH

BeblilHotT HerpaBHTAUMOHHUTE cMymenns Ry, noapobdo
pasrieAany B [5), dopuMase me saumiien Kato anreSpuUHA CYMA OT BUAR:

(10) ﬁm} :ﬁﬁir1+§E£,2 +;é135.3+§5;',4+§53.5'

B [8] ca osnauemu caexmute CMYWEHHS: Ry, , — OT CHIPOTHBNEHUETO HA aT-
Moctepara Ge3 # ¢ OTUMTAHE HA BHCOKATa arMocgepa; Ry, — OT APAKOTO
CBETVIMHHO Raldrane; Ry , — OT OTpaseHoTe oT 3eMfra CBETVMHHO Haharaue;
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RE:’A — OT MArHHTHOTO TIOJIe Ha 3emMaATa; Ry, — OT TOMIHHEOTO MBJIBUBAHE
Ha SeMSATa. ’

Tyx HaMa Aa jazeM K3DA3UTE 92 BCHKO HEPPABYTALHONHO CMYILEHHE, KOKTO
MOraT Aa Ce HaMepsiT B MOCOYEHHTE NYOAUKALUH, Thil XaTO ULATA HA HACTOS-

wara paGoTa € aHAAW3UPAHE HA BAWAHUETO Ha CMYILEHUETO BLPXY ABHMCHUETO
na MC3.

V. Amaaus Ha rpaBUTALHOHHWTE R, W HEIDaBHUTA-
IHCHHUTE Ry, CMYILCHHUS, BAHSEIM BBPXY ABHIKE-
HUETO HA CI'bTHHUKTE 32 JUCTaHIIHOHHOTO M3yda-
BAHE Ha 3CMATA

3a pucranuMouno Hacaenpane na 3emsita MC3 u KA ce
H3BEMAAT Ha OpBHTA, 34 KOATO MOXE [2 NPHCMCM, He € ChC CPENHa BHCOYHHA
ot 300—400 km no 1000 -—1500 km u naxjon Ha OPBHTANHATA paBliMHA OT
i==30° mo {—110°, Tesn yci0Bus ce ABABAT uAR-TIORXO/AINH 34 pasfeadTeNHaTA
CTIOCOBHOCT 1ia fHOPAORATA PAAHO- M dororpadcka auaparypa. Ha raknsa sucoun-
HH Ca M3BEJIEHH TOMAMA J4CT OT CHBETCKMTE CIBTHHLU , KoemMoc, aMep UK AHCKHTE
wra#poc”, ECCA wu cnpruniure or tHna . Jlaapecat — 1, 2, 3.

[Tpu crneTiynKTe lla TAKHBA BHCOUHHH BAHSHHCTO HA atmochepara u rpa-
BHTALKOHIIHTE CMYLICHHA OT 3€MsiTa Ca UYBCTBUTENIHM, (IE2aBUCHMO tHC TIPH Pas-
TIEXAAHATA TEOPUA TOAAME YaCT OT CUJHO BIHSICHIHTE KOEQGHUUCHTH Kato Jg, Jo ¥
Jy ca BRAWYeH B Hayanaute AudepeHUHANHE YpapHenns na jsyxeidero ua FC3.

3a jia ce NOAYHH NO-CHA TEOMETPHYLIA TIPEACTAB 1PH AHANH3A HA OTAENHHTE
BAKHAHKA OT CMYULEHHATE BLPXY TPOCTPAHCTBCHUTE KOORAHHATH U4 CNBTHHKA,
Uie M3pasuy chePOMNIHHTE KOOPAHHATH £, M ¥ © 4pe3 HUIBCCTIIHTE HH ChepHYHH
KOOPAHITATH!

£ e ncespo-reclleHTpHueH paguyc-Bextop ¢ {O<r<Cl);

1 — nceBAc-AekAHHauun 8(0<In=<1); m-—=sinisinu=sing;

® — TICEBRO-PEKTACUEHRIHN O, T. C. U —w v,

HeoGxoiumo e fa ce or6eiexn olue CliMH MOMEHT, 4 UMelHO, 4e 33 ONpeie-
agsero #a 8E(8r), dn(Se), dw{da), 88, &n', dw’' e wHamoA3BAH MOHEN 1a CPaBU-
TauuonnuTe cMylledis GLEM-10, a za armoctepara — CIRA-72. Bez npered-
UMH 38 VHHUBEPCAMHOCT M CNEJ HAUPABEHHTE HPEATIOCTARKH, H3XOMAAUKH OT
npupefieHute dopmyan {5) u (8}, upes uspazure {8) Moxe KA IOJYYHM CHOTBET-
aaTe POPMYAN 33 KOPeRUHUHTE {Kouro ca gancuu B [B]), ¢ uusto noMon; Moxe
A2 HAIPABHM UPeABAPHTCAIIA OUCHKA 34 MAKCHMAMHUTE M MUIMMAaANHTE KOpeK-

HHH OF TPABHTALHOHHKTE Rg M HerpaBuTaiHoNniuTe Rng CMYIIEHUS OpPH Pas-
AHYNNTE BHCOUHHH ff H NAKJOHY { 14 cOBTHHIHTE. KAaKTo Beue CHOMeliaxMe, 1IPH
HUC3 u KA, u3noss3panu 3a AHCTAUNMOUIIO H3CJeiBaHe Ha 3eMyT4, TIEBHMIIATH Ca
HEOOXOAUMY BHCOKH TOUHOCTH B OHNPEeAsinero Ha OpbHrHre, H TO 34 NBATH Hil-
TCpBand OT BpeMe, dakr, KOUTO JaBa OCHOBANNE [a e NPeilUouYHTaT aHaJuTHy-
HUTE TEOPHM, B UHWTO HAYANHE JAUPEPEHUHATHE YDPARLEHHs 12 JBHMKEIHETO A2
Ce CHABPKAT fO BLAIMOMIIOCT NO-TOAAMZ 4act OF CMYIMABALMIHTE KOehHHUHEHTH,
€ KOETO MOMC Hd CC OUPANMUEM HPH OTpelelislie caMO HA I0-CRAIECTBCIUTE KO-
PEKLUHHM OT TeONOTEHUHANA KW HerpasnralHoHHHTE CMYIHEHH.

Or rpadpuxute ua Gur. 2, a u 6, kouto ca u3uucienk ot (B} upu n—4 n
p==1, MOMe A4 ce HABPABAT, CACHIMTC HIBOAU:

1, DynxuuHTe Azlﬁé‘-g:;; u Bz::€2(1-112)-% nopk maknacH {—0°% T. e. 3a

2 Aepoxoccwuueckd Mscaefsanus B Dunarapus, 10 17



—0,5
—1,0

Dur. 2 ‘

CKBATOPDHANHH COBTUALY, HMAT CTONHOCT HyJA HE3aBHCHMO OT BUCOuUHEIATA 1A
cisriiiKa. C/efoBarento CTAaUMOLAPHHTE CNLTHHIM, KOHTO HPEANMLO cel na-
BOJISBAT 34 TEAeBHIHOHHH U TesedOlHd BPH3KH, 4 U 32 RPYIH NO-HHCKH CIILT-
HHUM, BAHAHMCTO HA 2CHANHHTE, CEKTOPHAJSHHTC W TeCePARHUTE CMYIIEHHS
ca ez 3vaueyue. !
2. Qyypknuara Az (cMylieHHsta or souasuure XapMonukm) npn i—30°,
90° u 110° uMa marcuManuy croiHocTy {dur. 2, 6}, xoraro CABTHUKDT Ce HAMHD A
Ha pascrosnue oF eksaropa u=—-90° u 270°, a MunuManny croftocry npu u~=0°
u 180° '
3. Dynxnuara By uMa IMUPOK CHCKTBD HA MAKCHMAJIHH U MHIHMAJINH ¢MY-
menuda {dur, 2, a), KCETO £ eCTeCTReHD ¥ OT H3Muna raekia rTouka. Taka [lIpH
{01 5% po 30° u npu i>>100° MaRCHMAMHHTE CMYIIEHHST C& NOAYUABAT NIPH CACHETE
unTeppank 3a U — ot 60° xo 120° u or 240° 5o 300°, a npw i or 45° 50 90° ce | mo-
JYYAB4T MHHUMAAHHE CTOHHOCTH, Korato u—=>0°, 80°, 180° u 270°, a mMaxcumMalluu
npu u=30% 160°, 210° u 330°,
Ha dur. 3, 4, 5 u 6 ca onpepesena cMynieHusiTa OT M'PABUTALMONHUS JIOTCH-
Ly@ak Ha WeCTTe NapaMeTbhpa, XapagTepHsupauy opbutara, B cavuasg SE(Ar),
3n{AS), dw(Aa), 88', 3n' u Bw' 3a mBa HargoHa Ha opGurara i—45° u i—110°,
excieHTpennter ¢—=0,005 1 BucounHa Ha cuwsTUMKa H, XapaxTepHa 3a CroMeHa-
TaTe CbTHEIM, OT 100 km xo 1500 km. Bss ocuoBa ua noayuenute rpadpuunu
H306DaXeHHs, KOHTO JaBaT BU3YANHA NPEACT4BA 324 H3MEHEIHETO Ha CToHjoC-
THTE Ha CMYILIEUEATA B OTACHHUTE €JMEMCHTH H3 OPOHTATA C M3MCHEHME HA BICO-
yunara ff Ha CHDLTIIHEEA, MOXKe Aa ¢ HallPaBAT CJCAHHTE UIBOJH!:
4. llpn i—=45" xopekuumre B  TCEBAOTEOCUEHTPHYHWS DANHYC-BEKTOP
8&r, s{Art, s} (bur. 3} or cexropanuu ¥ Tecepannu xapmonuku (S, T) umar croi-
Hocty ot 1,8.107° upu H=—100 km u gocrurar xo 9.10-% 3a H—=1500 km, nipu
TOB& TSXHATA CTOMHOCT MHOTO GABHO HaMadsiBa C BHCOUNHHATA, 30HaAHUTE OMY-
imenudA (Z) cpoTBeTHO BapupaT ot 4,2.107%3a H=100km ne 8.10~73a H—=1500 f{m.
B CAYYAEA 34 THOHYIHTE CIRTHHIIW, U3N0A3BaHH pH BUMCTAHUHOHHO HBCHCI{BiE]He
Ha 3emsita, ¢ opbuTaneH uakaon o i=110° emymenusaraor T, Scaor 1,2, 1077
3a H=100 km 5o 3,8.10-7 za H=1500 km {(dur. 4), To-uurepecHu ca |pe-
3YATATHTE OT Z, KOHTO €& YYBCTBUTENHO JIO-MAJKH TIPH TE€3H HAKJOHH H BAPH-
par 3a =100 km =u 1500 km or 7.10-% o 1,4.10-5. Tosa uoxasba, ue HAKJIO-
HHTE Ha CTIBTHHIUTE CHINO OKA3BAT, H TO 3HAUMTC/HN H3MEHElHA B CMYINEHnTa,
Tpﬂﬁsa Aa Ce uMa BPCIBHA, ye Te3M CMYINEHHSI OKa3nar BAMMIIUC B IICEBIO-
TCOLCHTPHYHNWA PAEAUYL-BEKTOD, T. €. MOXC ja IpHEMeM, Je Te3H CMYINEeHHA (iél B
HNOCOKAa Ha Hapupa. CJIC,H,OB&TEJIHO, AKG HE ¢¢ QTHeTAT TE3H KOPCKIHH, HE3aBHCH-
MO e TEXHHTe CTOHHOCTH Ca HYBCTBHTRAHHA H 38 HAKOMKO OGOPOTZI, JAEeHOHONIH A
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UK CENMHLIY MOXKe Aa AOCTHIHAT HFKOMKO CTOTHIM HAY XMANAYH M [0BeuYe KUAO-
MCTPH, TAXHOTO BAHAHHKE e ce OTPasy HA Maiada Ha ONTHKO-MeX aHWYIIOTO CKa-
nupaHo usobpamenue iy GoTorpadekoro uzobpaxkenue. Ilpy panuockanupane-
TO Ha QU3HYECKaTa 3eMHa NOBBPXHOCT, MATHHTHUTE H3YUaBAHMS U APYTH TE3H
CTOHIIOCTH MOMe Ja 1l OKAXaT BAHSHHE BLPXY HOMYYEHHTE pesysrata. Hesa-
BHCHMO OT CBOGPaMEHHATE, KOUTC H3KA2aXMe 34 TC3U CMYINGHHS, TPsfBa 4a OT-
GenieXkuM, Ye 3a HUTEPBAAHN OT HAKOMAKO ofopora Te TpabBa ka ce OTYHTAT.

5. @ur. 5 u § 1aBaT BE3IMOKHOCT A4 OTHETeM H CTOHIIOCTHTE Ha KOPeKUHHTE,
KOHTC BAWAAT BHPXY cepOHAHNTE KOODHUNHATH 7 ¥ ® (NCEBAONEKJAHHALUATA U
pexracuenzuara). TexnuTe CTOAHOCTH ca € CAMH W NOBEUYE NOPAABKA 110-MANKH

OT Kopexnuute B 8§ (Ar) 3a pazaunusnte Bucounmud H or 100 km mo 1500 km u
3a Hakaouenute { 0T 45° mo 110°, karo cvorBerHo Bapupar or Aar g=1,2.10-7
R0 Ady, 5-=7.10~%. CrlnecTBeHOTO €, 4e TAXHOTO BAHAHHE B Ag ¥ A nasa uame-
HEHHA B NPOCTpaHCTBeHOTO nosioxenue va MC3, u B ciiyuass, ako TesH CMyUIeEHS
cc npeireSpersar 32 HIKOAKO 000pOTa WM CEAMHIA, SHXME NOAYHHAH M3MCHCHHSA
B NICEBAOACKMHHAIMATE H PEKTACHEHIHATA OT XANILH KHJIOMETPH, UJIY [O-TOYHC
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OT NOPSAABKA HA HAKOJIKO AECCTKH rpaxyca B O B @, Tesu Heoryerenu rp'Bma-
UHOHHH KOPEKIHK GUXa fiosen Ao cboreeraH TPeyy prTepnperaunn H€a moay-
YEHHTE PE3YJTaTh, OCOUCHO AKO CKAHMPANUATA Ca IPEAUMHO OT P aAWOBHCOTOMED-
HH, MATHATHH ¥ ADYTY H3MEPBaHUs, NPH KOHTO He NoJyuaBame H30GPaMenus,
AAaBamiy BH3Ya/ily NPEHACTABH 34 (PU3UYECKATA 3eMHA NOBBPXHOCT. TyK Mie Of-
Gesicoxum OLHe eAHH QaKT, ue npn i = 110° rpaputanmMonigTe KOPEKIHHE Ca 4yBeT-
BHTENHO NO-MAJKH 1O CTOHHOCT U TAXHOTO H3MEHENHE ¢ H3MeHeHUe Ha BHCOUNEATA
H or 1500 km e wyscrBuTENHO NG-cnabo (hur, 5).

6. Ha dur. 7 u 8 ca npeacrapenn BAMAHAATA Ha FPABHTALMOHINATE CMYIIe-
nus ot Chsuuero u Jlynara (S, L). Bikaa ce, ue BupXy conTHUIMTE, NCTSALULU 112
Bucoynna ao 1000 km, sausiauaTa Ha Te3d CMYHICHMS €A MUHMMANHY M € AON-
XOASIO Aa CE OTUMTAT, KOTaro € HeoDXOAUMAE TOUHOCT OT HAKOJKO ACCETKU caH-
tumerpa jgo l1—2 wmerpa.

W npu Tesu_cmymennsa naii-rosemu ca BIAHAHHATA B [CEBAOTCOLEHTPUHITHS
pauguyc-sexrop r. Taka npu H=-100 km Te ca or nopsaska na 7.10-1° s
68s(Ars), ab 88 (Arl) —2,8.10-1° u crorBerHo focturar npm H=:1500km B
0Es(Ars) — 6,2.10-1 a B SEL{An)Y — 7,8.107% T.e. ToBa €A BAUAHHN | B Ha-

Ai=0 u ca pebumgoet or 2 Ao 8 mm. Bausidus-

HATHUA MOMEHT T= 5 - oe h
Ta B OCTAHANHTE NBe KOOpAMHaTH 1 (8) # ® {¢) ca3HAYUTENHO HO-MaNKy — (DT, 7
u 8. CneoBaresino npu HeoOXOZHMA TOYHOCT B ONPEAEASHETO HA opOHTATA OT
HAKOJIKO CTOTHUH METPA KOPCKLHMMTE OT CPABATAUHOHUUTC CMyHieHHa ot CAbH-
HeTO ¥ JIyHara 3a HepHOA OT AeceT [HW HC € HeoBXxofHMO A4 e OT4YMTaT

7. Ilpn Taka npuerata ToulocT B onpeicdsiue Ha opburtarta sa UC3 u KA
3a H3CAEABAHE HA 3EMATA INC OTOCACKHM, Y€ IPABHTAUMOHHHTC CMYINCHHS OT
THNA 114 NPUIMBHAA NOTeHLMAN, JIOTCHUHANA HA NPHBJAHYAHE HA arMocdepara,
nnaseTuTe o1 CABbHUEBATA CHCTEMA H HA PENATHBUCTKHTE ebeKTH B ABHKEHHETO
na MC3 ge e neofxopumo phLO6MIE A4 ¢C B3MMAT Nof BuuMande. Haxkou or 1e3u
CMYIHEHHS MOTAT A4 UMAT epeRTH NPH CHLTHHLE Sanoun wau M3C ¢ rostemu cibi-
uyeBH GATEPHUU K TOJASIMO TErJso.

8. Efuy o1 BaW-TPYAHO ONpeJefdeMUTe KOPEKIHH, OKasBaly CUAHO BJAUA-
H¥e BbpXy coptaEnNTe po 1000—1500 km, ca nerpasuranmoHHHTE CMYIIeHES,
¥ DPEANMHC BAUSIIKETO 114 arMocepata Ry, ¢, KOHTO 3aBHCAT OT MHOTO (DAKTOP#
B €A TPYRHO NPOTHO3UpYeMH. ToRa BAHAIINC € MIOTO M'OMIAMO 34 HHCKH CIIBTHHIH,
KOETO Ce BMXJAA OT ¢ur. 9, KbIETO BB3 OCHORA 14 HAlPpABEHWTE HSHHCJIGI-1PIH ce
AONYYABAT CTORHOCTH Ha CMyUlenuATa BLE Qysxuunte Fr i, Fu 1, Fo ( Ipa
HHCKH CUBTHHIH, KaKBHTO ofuKHOBeHO ca KA 32 uayyapane Ha Semsita, rojemu-
HAaTa 1a CMyHIgHWATA OT CRIpOTHBACHHE HA aTMOC(t)epaTa € OYTH paBHAa Ha| ToJje-
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MUHATA HA TPABHTALMOHHHTE CMYILIECHHS OT IeONnoTeHHHALA. J_LHHaMHImMﬂT Xa-
paktep Ha atmocdepara, 6hpauTe H3MEHEHHS HA NMABTHOCTTA U, NPeNU3BHKAHH
OT¢ABHYUEBA AKTHBHOCT, MArHUTHH OypH H Ap., ¢'b3JaBaT 3aTPYNAHEHUS TIPH Onpe-
ReRgHATO BA CMVITAHHSTA:OT arMochenara, 4 Chio ¥ HPH CL3JaBdHeTo Ha aJek-



HesaBucumo ue anannante u HSBOJMTE CA HANPABEHH, KaTO ¢ W3NOJ3BAHA
KOHKDETHA 2HANUTHYHA TCOPHA, TODANA KOCTO TONYYRHHTE PeayATaTH He TPsGBa
Ag ce UPeHACAT MEXAHHYECKH 34 BCAKA TEOPHS MM UHC/IEH METOJ, HO TPAGEA Aa ce
OTGCACNKH, Ue MHOTO OT H3BOIUTE A OOLIOBAIM/IHA H MOKe 4 Ce B3eMar OpPEeABUA
HpH o6paboTkara Ha Marepmaia, osmyuasan or GopjoBara anaparypa HEJ] HC3
v KA 3a nucrammmonno H3caenBane Ha 3emsara.
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Use of analytical methods for determining
the orbits of artificial earth satellites
in remote sensing of the Earth

Nicola Georgiev, Hernani Spiridonov

Summary) |

The analytical methods for determining the orbits of [ the
artifical earth satellifes provide potentialities not only for high-frequency
determination of the satellifes’ position but also for performing of some analyses
and drawing of some conclusions about the influence of gravitational and
non-gravitational disturbances on different types of artificial earth satellites.

It is namely these potentialities of the suggested analytical theory that
have been used in the paper where the influcnce of different disturbances upon
satellites for remote sensing of the earth has been analysed. Recommendations
have been made about the disturbances fo be used with a view to securing
the necessary accurateness in the obtained observations processing.
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Approximation of the out-of-focus
intensity distribution for images
having a Gaussian point source
function

Dimitr Dimitrov

Space Research Institute, Bulgarian Academy of Sciences

Introduction

It is well known that long exposure observations through
a randeom turbulent medium by large aperture optical systems do not give
diffraction limited spatial {(angular) resolution. In that case the response func-
tion of the “telescopet-atmosphere” system is not the Airy’s difiraction pattern
but an extended spot which size is one or even two orders of magnitude
larger than the diameter of the Airy’s central spot. In this paper we assume
that the observed point source causes a Gaussian intensity distribution g, {(7)
of the light in the focal plane (x,, o) of the optical system

1 &o ("'{J:\’ X3+ y5y=3S; exp (‘"F(Q)J'QO%)'

where G, is a constant determining the size of the circular spot. Sp=3Sp {co)
is a normalization constant depanding on the total energy fux of the image.
We consider images on the principal optical axis and fuily necglect the distor-
tion effects like coma, astigmatism, etc. We also assume that o, is much
greater than the Airy’s pattern and, consequently, the geometric optics appro-
ximation is a good approdch.

Definition of the problem

Let us denote by (x/, ¥") the input aperture plane and
by (x, y) the out-of-focus plane where the light sensitive detectors are placed.
The origins of the coordinate systems lie on the principal optical axis and the
corresponding coordinate axes are parallel and aligned in the same directions.
We also denote by f and Af the focal length and the distance between
{%q Vo) and (x, ¥), respectively. Further we shall assume that the circular
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input aperture of the optical system has a ceniral screening {(as it is usual for
the large telescopes). Consequently, the area of the input aperture is a [ring
with inner radius r, and outer radius ry Let us denote by h{x, y) the point-
spread function of this out-of-focus optical system, i. e, this is the intensity
distribution in the out-of-focus plane {(x, y) when the system is illuminated by
light rays parallel to the principal axis. According to the accepted geometrical
optics approach, the illuminated area is a ring with inner radius r, and outer
radius r, (r}/f=ra/A f). Obviously, the screened part of the input {output) aper-
ture is characterized by the relations rifty=rfr,=B=const< 1. Therefore,

within a normalizing multiple, % {x, y) is given by

2 };(r_—_\l_xﬁ +y2')= b oif rlﬂ\/xg + 2 <ry;
0 in the other cases,

We shall investigate the distortions caused by the out-of-focus registration
of the intensity distribution g(x, y) conditioned by a point source observed
through a turbulent medium. Supposing that the principle of the linear super-
position is fulfilled, we may write

®) g(N=g(x, y=0)= f /'go(x—e, —mEENdEdn,

where we have taken into account the circalar symmeiry of the image. [t would
be stressed that the coordinates x, W £ and 1 are referred to the out-of-focus
plane, while the coordinates x, and Vo are referred fo the focal plane.

The observed intensity distribution g (% y) may be fitted by a quasi—Ga}us-
sian function

(4) 8r)=g(x, y=0)=Sexp [—x™WyB];
B:(gca)ﬂ (x),

and, generally speaking, we expeet that for this approximation the power rzl is
not a constant and will depend on »{or x, because we investigate the radial
distribution in the direction y=0). It is not difficult to obtain an analytical
-expression for the global behaviour of the power 1(x) if we assume that this
quantity does not vary too fast into the interval {(x—Ax, x+Ax), where Ax=<o.
Taking the natural logarithms from the left and right hand’ sides of the equa-
tion (4) and diiferentiating with respect to x, after some trivial algebra \we
obtain 1] '

(5) n{x}—=0,b [1+x(—§%'*'%)]’ |

where the prime's denote differentiating with respect to x. By means of the
above approximate expression we shall evaluate the giobal (with respect to the
size of the image) changes of the power » which describes the slope of the
intensity distribution g(x). _
Hereafter in this paper we shall consider Oy as a strictly positive quantity
{c,>0) setting also S,=1 for a fixed value of Gy The case g,=0 has a ftri-
vial interpretation: the point-spread function of the turbulent medium ig a
d-function and (in the geometrical optics approach) the out-of-focus intensity
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distribution g(x, y) is a circular ring with a constant nonzero valge. Out of
the ring the intensity is equal to zero. It is useful to introduce polar coordi-
nates p aud 9 |

{6) E=pcosf; nm=opsind.
Substituting (1), (2) and {6) into (3), we cbtain

e anj2
@ alx y;o)ﬁg(x)=fpk(p)f exp[———{f’*‘ﬁ%ﬂﬁ 48dp
L]
a —n,2

- ] " p A (xplo?) exp [—(x2+p%)/2a2] dp,

Fs

where we have denoted by A(xp/o;) the expression

3nf
(8) A{xpfcl)y= f exp{xp cos 8/c3)d0=2r J,(—ixp/cl).

-2

In the above equality J, is the first kind Bessel function of order zero [2,3].
Further we shall use the development of the Bessel function J, in powers of
its argument [2,3]. We find that

(9) Alxplod)=2n X (k1) 2 (xp/20)".

Aed

As can be seen from the numerical values of the first eight terms
(=0, 1,...,7), the above expression shows a fast convergence. In practice, it
is enough to restrict (9) to a partial sum with a maximal value of % cqual to
6--7. The obtained accuracy is sufficient for the considered range of values
of (xpfc?). According to (9), the radial intensity distribution g(x) (7) may be
rewritten in the following way

72

(10) (20~ g(x)= .§‘ (1) [o (7)o [~

4

i

or
— . - __1__ 2 x L2k
(11) @ g =Bo()+ X [(M) (%g) ]Bg(x),
where we have set
(12) Bﬂ(x)=cg{exp [— x:;% J—-exp {_. x;:g_r%_]}

and
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(13) By(x)= f p2+ expf—(x2+ p?)/202] dp =2 {12 exp [—(x2+12)203]

—rikexp [—(x®+rdj2cl|}+2ka2 B, s (x); (R=1,2,...).

4 Differentiating (11} with respect fo x two times, we obfain, correspon-
ingly

(14) @n) g'(x)= B(x)+2’{w(, )”}xﬂk—lsk(x)
+Z [ o

15)  @ulg(x)=Bix)+ Z [%gﬁg o (%)”*J X% B, (x)

260
2% ) o[ 1 %7 .
133 [y oo S ()] o

|

In the above expressions the coefficients B,(x), B;{x), B,{x) and B, {x}
may easily be computed analytically from (12} and (13) by differentiating them
one of two times. For brevily, we shall not write in an explicite manner| these
derivatives,

Having the estimations (ll), (14} and (15), we are able to estimate also
the ratios g'"(x)/g' (x) and g'(x)/g(x). According to (B}, the out-of-focus power
n{x} is cvaluated through the infinite series which may be truncated at
some value of the summation index k.

Numerical evaluation of the intensity |
distribution

With a view to evaluate f{he intensity distribution

g{x) and power n(x} of the out-of-focus point sources, we have p(,rfor-
med numerical evaluations of the series entering into the expressions (11},
{14) and (15) for different meanings of the argument xfoy (1. e., all linear pa-
rameters in the plane (x, y) are measured in units of o,=—1}). It is suffficient
to truncate the infinite series al £#—6. Disregarding of the terms with k=7
leads to noliceable errors only in the case of very strong out-of-focus distor-
tions if x/5,>>3,4+3,6, The degree of the out-of-focus distortions of the images
may be characterized by the inner radius r, instead of the distance Af between
the planes (x,, y,) and (x, y). We have considered three cases of distortions,
which we shall for convenicnce denote as “slight”, “moderate” and “strong”:

{fy “slight” out-of-focus distortions: r/o,=0,50;

(ii) “moderate” out-of-focus distortions: r,/c,=0,86;

(iff) “strong” out-of-focus distortions: r/o,=1,00.

In this case a decrease of the intensily in the ceniral region (relative to
the intensity for little larger radii) is observed. This reduction is caused by
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the central screening of the input aperture (r',=>0). Obviously, in the case
(¢if) the approximation (4) is not more valid when we try to describe the total
(global) intensity distribution g(x). But we still may {ry to use the analy-
tical expression (5) in order to evaluate the power n(x), describing the slope
of the function g(x).

Of course, if r,=0, the out-of-focus distortions absent. Here we remember
that the screening parameter E=ri/r, has a constani value. For a concre-

teness, we have adopted E=0,43. Undoubtedly, if we use other values of E,
the results will qualitatively be the same. Since the parameter §,(o,) is not
specified in this paper, the intensities g(x) are measured in arbitrary units.
We have normalized the out-of-focus infensities in such a way, that the ma-
ximal values of (1/2n)g(x) are equal to 100% (Fig. 1). In this figure the e~1=
36,8% intensity level is indicated by a straight horizontal line. The numbers
above the arrows designate the radii of the smoothed out-of-focus point source
images. It is evident that the intensity drop in the center of the image (x=0)
for “strong” out-of-focus distortions appears when the size of the image is en-
larged about two times in comparison with the precise focused image (r,/c,=0).
Of course, such a large increasing of the sizes of the images cannot remain
unnoticed by the observer even if the images are visually focused.

The out-of-focus values of the power n(x), computed according to (5), are
presented in Fig. 2. For a “slight” distortions n(x) is close to unity (because
the addopted initial distribution g.(x) is a Gaussian one) and only when the
intensity g(x) considerably drops to a low level, n(x) monotonically increases
by ~10 per cent. This behaviour of the power n(x) may be considered as a
typical for enlargements of the images Ac which do not exceed~(1/4)o,. In
the case of “moderate” distortions n(x) strongly deviates from the initial po-
wer n,=1, but in this situation the increasing of the image radius is also large
(Ac~(0,7+-0,8)0,) and cannot remain unnoticed. For “strong™ out-of-focus
distortions our description of the intensity distribution g(x) by the approxi-
mation (4) obviously fails. The power n(x), evaluated by means of (5), is not
a continuous function of its argument x and decomposes into separate bran-
ches with very different (varying) values of n(x) (Fig. 2). As mentioned above,

o (1723000
100
80
60—
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20
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00 . 08 16 74 3.2 40

Fig. 1. Out-of-focus intensity distribution (1/2r)g(x)
for the Gaussian case of precise focused images, The
maximal values are normalized to 100% and ihe num-
bers above the arrows indicate the size of the images at
36, 8% level

! — exact focused image; 2 — wslight”; 3 — “moder-
ate”; 4 — strong” out-of-facus distorted images
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Fig. 2. Out-of-focus power a(x) for the Gaussian case |
of precise locused images. Vertical thin dashed lines |
indicate values of x where n,=0,5 and #ag=4.co, res- |
pectively (the letter”s” denotes “slrong” disfortions). The ‘
other notations are the same as in Fig, |

this case may be excluded as an exiraordinary situation of out-ol-focus images

and, consequently, there is not reason to reject the approximations (4)
{h) at all. |

and

In practice, nearly constant values of the power a(x) may be (J,eter-
mined from the slope of the function S(x) (if g{x), g'{x) and g'’'(x) are already

known from observations)

gy gt i
(16) Sey= [ £ £ g

for n{x)=zconstant (locally). From Fig. 3 it is-evident that if the oul-of—‘iocus

distortions are not very large, the mean value of the power n(x) may be deter-

mined effectively by means of a linear approximation of S{x} (i. e,

S(x)

is a suitable tool for measurement of these disfortions from the experimental

| 1
—t e » K /
o 2nix)—1 % " ! |

Fig. 3. Function S{x)=[2r{x)—1]—%x for the Gaussian
case of precise focused images. Notations are the same
as in Fig. 2
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data). Excluding the “strong” out-of-focus distorfions, we conciude that in
the case of a Gaussian point-spread function of the turbulent medium, the
values of the power n{x) are always increased with an amount which is very
sensitive to the distance between the focal plane (x,, y,) and the plane (x, g),
where the intensity g{x, ¥} is measured.

Conclusions

We have derived analytical expressions deseribing
the out-of-focus intensity distribution arizing from a point source observed
through a turbulent medium. An optical system with central screening
of the input aperture is considered. All computations use the geometri-
cal oplics approach. If oul-of-focus distortions are not too large, it is possible
to approximate this intensity distribution by a quasi-Gaussian curve with
a power n{r} depending on the distance r from the center of the image. If such
images are scanned, for example, by an infinitely long slit diafragm with a
finite width, the measured inteusity distribution will be additionally enlar-
ged, but this smearing out is about {1 --2) per cent [4]. As can be seen from
Fig. 1, the enlargement of the image sizes due to the out-of-focus distortions
may be much more pronounced than the enlargement due fo the scanning.
Conseguently, measuring the behaviour of the power n(r) may give a valuable
information about the degree of ihe out-of-focus distortions of the observed
objects. For example, in the case of astronomical observaiions by ground-
based telescopes, it is sufficient to investigate turbulent star images (as point
sources). It may be shown [1, 5] that for precisely focused {urbulent star
images the power n, is less than unity (despite of that is not a constant}. If
the measured intensity distribution g(r) can be approximated by a quasi-
Gaussian curve (4) with a power n(r) exceeding appreciably unity, this may
be an indication that the images are not precisely focused. Such a method
for evaluation of the out-of-focus effect is possibie to be combined wilh the
usual procedure of minimizing the sizes of the point source images.
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Anpoxkcamauust Ha H3BBLHPOKATHOTO
pasnpeliesieHHe Ha OCBETEHOCTTA

npu uzobpaxennsi, HMallH raycosa (GpyHKIUSA
H& UMIYJCHHS OTKJHUK

Humumzsp Junumpos

Pezwwme

[Ipsero e ¢ymkuuaTra HAa HMIYJACHHA OTKAMK [pH
naGmofesusi Tpes TypOSyaenrsa cpepa ja Obe raycoBa Kpusa go(r) ~

re
exp(— Py ) Axo H3MEDBAHKATA HA HHTEH3UBHOCTTA He ca H3BBPIIECHH BLB [130-
0

KallHara paBHuHa Ha TeecKoTia, TO W30 aUeHOTO pasmpele/ieHne Ha OCBETEHOCTTA
g(r) Moxe fa Gbje aNPOKCUMHEPAHO C KBASHIAYCOBA KpuBa g(r)~exp(—r¥yB),
KBIETO CTEIIRHHHAT 10Ka3ares n 33BHCH oT r. IlokasaHo e, ue TOBA NpUOJIHIKe-
HHE € NOAXGRAUY Omucalige Ha g{r), axo MSBHH(QOKANHHTE H30TAYABAHMUY He
€a MHOTO rosieMH. MasbpuieHy ca JeTAM/IHH aHAMHTHYHY H YHCIEHH H3UHCIeHs
C OFJIER X& Ce oneny #{f} U HEroBOTO OTJIHUHE OT eJHHHIA. BCHUKH OLEHKH ca
H3BDPIIEHH B NPUOG/MUMKEHHETO HA TEOMETPHYHATA ONTHKA.
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ONTHMU3aLUMOHEH aHaAN3 HA TeXHUKO-
€KCIJIOATallHOHHUTE XapaKTepUCTHKU
H4 MEHETPATOPEH aKCeNePOMETHP

33 CEeU3MOJOTHUHHU H3CeNBaHuS

Ha myaHetata Mapc

lapo Mapdupocsn, Hopu Hedeauesa,
Tomac 3dpases™

Muctmumym s kocsuuecky wicacOeanun, BAN
¥ Jabopamopus no cavHsesv-zesny swadeticmeun, BAH

Kakro # npd BcuukH HOBOGIH H3CeABaHHs, ¥ TYyK
EKCNAOATAaHHONIHUTE Bb3MOXKHOCTH M XapaKTePHCTHKH Ha H3NOMASBAHATA ana-
paTypa ompeAendT B KPanHA CMETKA Ka4eCcTBOTO 1ia NOJAYUYEHWTe PE3YATATH
e(EKTUBHOTO H3NBJAHEHHE HA HAYUHATA NPOrpaMa,

[TpeanoxennTe Hayuny 3ajauy 3a U3CAEABAHE Ha NOBLPXHOCTTA M BBLTPEL-
HUR CTpoex Ha naanerara Mapc upes neuwerparopen axceaepomersp [1] morar
Aa ce dOpMyAHpPaT Hafi-ofmo TaKa:

|. BobacranopsBame ua CKOPOCTTA, TEOMCTPHYHUTE H BPEMEBHTC HapaMer-
pu HA TpPacKTOpHATA NPH YAAPa Ua NEHETPATOpa B I'PYHTA ¥ HPOHMKBAHETO MY
B nerc. [losyuenure nanuy nosBonsipar cupefensine HA NPodUA2 HA OCHOBHHTE
GU3NKO-MCXAHMYHY NApaMeTPH 1A MAPCHAHCKUS TPYHT B Awvabouuna. Ouaxpa
Ce¢ H peluiaBaHe HA YHCTO TeXHHYCeCKH ¥ TeXHOJNOUHYHH llpOGJIEMH, CBDhpaaiy C
YCLEDPIUEHCTBEHE KOHCTPYKHUATA H& [EHETPATOPA M METOANKATA HA H3MHOJ-
3BAHETO MYy.

2. Peructpaums 11a BTOPHYHOTO CEUSMHHHO NOJAE B OJU3KATA 30HA, CBBP-
34HO € MEXAHMYHHTE HApYIUGHHS] B CPellarTa M pefdKcanuarTa Ha TOMAHIHATA
anomasnua. [lonyueHnte AaHHU CAYKAT 38 H3ydaBaHe CBOACTBATA 1@ CpefaTa.

3. Perucrpanus Ha MURPOCEHIMU OT €CTECTBEH TPOH3IX0M, KAKTo M 1ia u3-
KYCTBEHO Chb3R8ACHU. BB3 0CiOBa Ha HoNyueHuTe RallHK CE OHPENSNAAT YECTOTIO
BPEMCBHTC X2DAKTCPHCTHKH HA CPENATa K4TO YacT OT OOWaTA XapaKTePHCTHKA
H& NOBBPXHOCTHHA MapCHEHCKH CHOH.

4. Perucrpaunsi Ha eBenryanuu ONU3KH MAapCOTPECEHHS BCAGACTBHE HA
BBTPCUHIHOINIAHOTHK HpH’-IHHH W TEKTOHCKH CHJAHM HJAH OT HNajade Ha Ho-FoJeMu
METEOPUTH, a CBINO M OT HSKYCTBEHM H3TOUHMLM HA CEM3MHUHHM BBAHM, [loay-
UEHHTE CBRACHHS CHYXAl 34 U3yuaBane JMHAMHMKATA HA TJIAHETATA, 34 YTOU-
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HABAHE rDaHHLaTa MEMAY KOPATA W MAHTHATA, 34 U3ACHABAHE FreONOMKKAard
ucropus Ha Mapcu 1. H. |

Hocnepwara dopmyaupana 3agaua CbBCEM HE © NOCJHCHHA MO 3HAYHMOCE.
Ho sa coxanenue, umaiixa npeaBus HOBTApseMOCITa HA MAPCHAHCKUTC MAKDO-
CeHIMHUHH CHOWUTHSH, KAKTO ¥ UPOABKWTENHOCTTA Ha ,MHBOTA" Ha neHetpa-
TOPA, BEDOATHOCTTA OT DCrHCTPAUHS 114 eCTECTBEHH MapCOTPCCCHHS € |HOuTH
HysaeBa., Ocraga ofaue BHIMOKHOCTTA OT Ch3fAABAHE HA M3KYCTREHH MapoTpe-
CeHMI,

Ecrectseno dopmyaupanero nHa Tesw Hayunu 3a8auM Oeue THCHO QOBBp-
38HO C OCHOBHHTE TeXHUKO-CKCIVIOATANHOHIH X4PAKTEPUCTHKH W BLAMOIKHOCTH,
OUEPTAHY OT NpeApapurTenHara pa3palorTKa Ha NENETDATOPHHS AKCeNepoMeTsp
[2]. Or mpyra ctpana, ontumusrpanerTo na Te3W XapaxTepHCTUKH U napaMeTpH
B Npoleca Ha NO-HATaThiiHaTa pa3paCoTKa rapantupa KayecTBeHo H3mbiHeH e
Ha Hayynara nporpama, K4KTo 1aBa Bb3MOXKHOCT M 3a AOUBJIBAHETO H (¢ LeA
lofyuaBage W ia Jpyra HayuHa H TeXHOJOrHIHa uudOpMAaHs.

B [3] e onuncan mosixos sa ontumusupane Ha eRCOFOATANHOHNUTE Xapax-
TEPHCTHRYM 1ia TICUCTPATOpHMS aKeedepoMersp. B crougara pabora ca npencra-
BEHH W TOJYHERUTE 1ibPBY OPHCHTHPOBBYHY PE3YATETH 38 HAKOH OT OCHOBHHTE
EXCNIOATALMONHY XapaKTepHCTHKH 1A CaMst ilenerparop: nwrar H, Ko#ro

Uie HIMHHC NDOHHKBAMATA MY yacT, awadounnata M, 5o KOSITO iie J0CTUrHe,
H BPEMETO ! 24 NPOHMKBANETo, ToBA e HAUPABEHO BB3 OCHORA HA HAH-BEPOAT-
HUTE (PH3UKO-MEXAHUYHH CBOUCTRA 114 TPYHTA H HREKOHU KOUCTPYKTUBHH liapamer-
pu Ha nemerparopa.

Cera crofinocrute 2a H, H 1 £ ¢a OpenusHpany, Kate npH MOAeNHDAaHEeTo
¢a B3eTy nopeye Ha OpoH H C NO-NPEACTABHTENEH AHANA30H lapaMeTpn 11a map-
CHAHCKHA TPYHT, NPHM TOBA He caMo 3a perosuT. Tosa ca npein BCHUKO Koe-
butHenTsT Ha TpHElie (I, o8CMHOTO TEra9 Py, BI'BABT 114 BLTPEUIHO TpleHe )
H KOXesHATa ¢. [AKOM (axTopH, 34 KOHTO HAMAMe NPCACTABUTENHH JAAHHH H
YHETC BJAHAHHE ¢ cAabo, ca ApeHeSperHar.

3a faza Ha ONTUMUSALMOHHNS AHANW3 CA B3eTH OCHOBHHTE YPaBHeHHUs
OT TEOpHATE 34 NPOHUKBAHE HY TBBLPAO TAAC (B CAYYAS XKONYCOOBPA3HO €| BIbA
npu BepXa P=60°) B rpysva {4]. YpapHenuuero, ONHCBANIO CHAATA HA PeaK-
nuaTa 0o HopMmanara F u no Taurentara @ o Aaneno ceyeline OT NPOHHUKBALIA-
Ta yacr, e

fr
() F+Q=(1 +ycoteh) [ 2ntgh(o—p.)xdr,
¢

& yPaBHeHHETO 34 JNBHIKEHHETO HA IIeHeTPaTopa ¢ Maca m €

(2) mH=—(F Q).

CoemebTHOTO peiwenue na (1) u (2) maBa JAHHEHHOTO ypaBHeHHe
(3) Y Ho(H)y=0,(H).

[Tpu Beue npuern reomerpus u KOHCTPYKIHS HA TIeHeTpaTopa KoedUIHEHTHTE
o(H) u ¢,(H) 3aBucsT raasHo or napaMeTpHTe Ha MapCHAHCKHSA TPYHT| # OT
CTATHCTHYEH KOCHRLMENT b, NONYYCH OT NMOJHIOMA, H3PA3ABAN, ARPOKCUMAIIHOH-
HaTa QOPMYAa Ha AMHAMHUHATA KPWBA Na CBHBAHe 14 TPYHTA
{4) Py =5,0.10%1 —5)*-14,7.10%1 — ) +3,

KBALTC P, ¢ HAAATAHETO 14 CHOTBETIUHS €Tafl H& NPOHHKBAHe, B HAYAAHHA MO-
MEHT Py—=pa--povoelg®B, a B caefBamure ¢ p,—=patpate®l, Pewasairn mo-
CTHOKOBO Ype3 uuC/AeH MeTof (4), oupepensivMe b;, JOK&TO CKOPOCTTA HA NPOHHK-
Bane [ crase Hyaa.
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Tosu monen Bu JaBa BLEMOXKHOCT, RADUPANKU C HaH-BepOsTHUTE KOMGH-
HALMK MEXNRY MHHHMATIHTE, CPeAiiHTe H MARCHMANHUTE CTORHOCTH Ha (U3HKO-
MEXAHHUHUTE TlapaMerpy Ha MapCHaHCKusa rpyur [5], A4 onpefenuM nPOliHKBa-

Hero ff, BpeMero I 3a UPOHHKBaHe n yRapHOTO cpnpoTHBIenue . Tyk e B3ero
NPEABHA, Ue NPH MalKH OTKJOHeHHsi CHPSiMO HOPMajata B TouKara ia najase
(=220 u NPH CPABHHTENHO MaJKu H ]’)Zl:%JII[](aTEl:'MEE}K}Ly ALA00uHHATa 1ia
nposukrane /{ u uamunarus nur H e npenebpexumo Manka: HezH.

B raba. | ca jpazenn MHHHMATHHTE, MAKCHMAJAUHTE W NDHETHTE CPELHH
CTOHHQCTH  HA {;)HZ%HK()-M&XEIHH‘H]HTE - napamerpy Ha MapcHaAHCKHA FPYHT,
HATICASBALN [IDH H3YUCACHUATE, - ~ - 0 - 7=

[lpu mopesnpaHero Ha npoueca OCOBEHO FOANMO 3HayeHHe HMA CROPOCTTA
Ha najane Ha neHerparopa BBPXY FPYHTA, T. €. Hataauara CKOPOCT Ha Npo-
HUKBaHe . Ha dur. 1 e nokasana sapucumocrra H—[(v,) npu UpHETH cCpefHH
L‘.'I‘T)H%_I()C'I‘II 34 W1, Py, 0uc H 34 TpH pPa3JiHyHH CTU}‘:IHOCTH Ha Uy.

3apucuMocTTa Ha BPEMEeTO Ha lip()Hl-Ii(B&l-IE ! or nayanauara CROPOLT U, APH
TPH PA3INUHH YPANHYNM KOMOGHHANKK OT CTORHOCTH Ha W, Po, & H ¢ & noxaza-
Ha ra Gur. 2.

YAapHOTO CBHUPOTHBAGHHE, KOETO 1ie HOHECE NEHETPATOPDT, ChHOTBETHO
B anaparypard, MOHTUDAHA B HEro, H—=f{H) 3a tpute rpaHAYHH KOMOUHALAH
OT CTOMHOCTE Ha u, py, O 4 ¢ u npu v, =80 /s, & LIOKa3aHo Ha HuT. 3.

OueBuJIHO @, ue OBEKT HA 2HAJH3A Ca TCX HHKO-EKCILACATAIINOHHIE 11 apaMeTPH,
ROWTO ca pzapmMHc npotuBopeuysd. Or eAHA cTpana, HPOHWKBARETO 11 lO-
roafma AbAGOYMHA H Ha NeHeTparopa U3WUCKBA f0-IOAsSiMa HAYalNHA CKOPOCT
Ha npoHHKBaHe uy. Ho Tasu no-ronama ¢kopoct ofychabs NMO-roqgMo YAZPHO

TaGnuua 1

‘ (L) 3 ITpurcta
Mascoart | Mamarna | Gy
. cTORHQCT
| 3
Koednusear Ha Tprese p 0,25 0,05 0,12
TENSTHOCT Py, gjcm?® 1,8 1,0 1.5
brun Ha BRTpemEC Tpeene 8, ° 35 10 25
Koxesna ¢, kPa 5 0,5 1,
st
mis|v
3 o+
100
2 -
ik
L 1 : 1 + H Vo
1 1 1 L L
02 04 06 08 1.0 1.2 1.4 18 1,8 m O=¢ 20 3¢ 40 50 60 7¢' 80 90 100m/s

@ur. 1. Upaduus Ha sasucHMocTTa H=f{uy) @ur. 2. Tpadukd wa sanucuMoctra F=F{y)
HPH pasivyHi CTOWHOCTH Ha t OpH PE3AHYBEH KOMOHHAIHK OT FPaHHUHH K
I —HR0om/s; 2—80mfs; 3 — 100 m/fs epenun cTOHUOCTE na 1, My, B U ¢

G — MURHMAEHY) D—CcpepuH; e—MaKcyMaTHY
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10

i - 1 B 1 L —1 ...’._..'_. I e | "i -
00802 04 06 08 1,012 1,418 1,8 20 m

®ur. 3. Fpadukn wa sasucumoctra £=f(H)
HDH Dazjuuii  KOMGHIANHY OT Fpanuuny 1

cpepnn cTOHHOCTH Ha p, py,, S ¢ |
@ ~— MaKCHMAJHH, 6 — CPCNHYU] @ -— MHHU-
MaJiin

{YCKOPEHHETO & B UTHOCRTENH] SARHNLE — g) |

Ycropenue [/, Koero n'bK ce OFpAHUYABA OT YAAPOYCTOHUHBOCTTA 114 anapaTy-
para. Or Apyra crpaua oBave, mo-cHANHIT YAap e TIPeRM3BHKA Telephpaire
Ha CCHIMUUHH BLIHH € WO-TOJNNM aMAANTYACH AHAHA30H, KOETO 1HC AAAC Bh3-
MOMHOCT 38 No-eheXTUBHA aMIVINTYANIA M HeCTOTHA perHCTpauus Ha oTpase-
HHTE BLAHK. [To-roNamMoTo Bpeme 3a NPOHHKBAHC { THK rapauTHPa PerHerpamHs]
C N0-TOIAMA DasAe/quTenHa CNOCOBHOCT MO BPeMe Ia NpOLECA HA HpOHHKB%IIIC.
Or rpadurara ua ¢ur. 1 (kpusa 2) ce puxna, ue OpH APHCTHTE CPEJIiK CTo}-
HOCTH HA (QH3HKO-MEXAHHUHWTE XapaKTePHCTHKH Ha MADCHAHCKHS TPYHT H
U==80 m/s 1poHHKRAHETO € OT nopsgeka Ha H—1,2m, Tosa e ﬂOCTa'qu{quo
38 IBIIOCTHOTO NOTHRAHE 112 IICHETPATOPA B IPyHTa. [1pH vy—50 m/s (kpubp ]
BbAGOUMHATA CHINO 1A HPAKTHKA € JOCTATHUHA, HO CAMO NP CPCAHE CTORIOCTH
Ha W, pp, O ¥ ¢, HOK&YC #pH CTOHHOCTH HAaX cpepuuTe /e vegocrarbysa. | Ot
TabJs, 2 ce BuMAA, UYe 34 NO-Maaku Uy, HanpuMep v, =30 m/s, B noseuero iy~
HdH ACHETPATOPHT He OH ce 3abui AOCTaThuHO HAABIGOKO, a naf-BePOATHO ¢
u3oBmoe a e ce 3adue, B Takwe caydalt, oT €3Ha CTPana, Tol 0CTaBa N0 B~
HHE Ha CMyWABAOTO ACHCTBUE HA BATHPA W HOCEHHTE OT HErO YACTHLH, 4 OT
Apyra -— He rapantypa zo6vp MeXanuueH KOHTAKT ¢ rpynta. A ZOGPUAT MC-
XARUYCH KONTAKT C FPYHTa HA CCMSMONPMEMHHKA, B CAyyas na nenerpargpa,
€ HAU-BANKHOTO YCJOBHE 3a NPHEMAIETO H PETHCTPAIMSATA Ha CEK3MRYIIMTE B(bJl-
Hu 0e3 amMmauTyAnH, (AsOBM ¥ YECTOTIH Hakpusgeauns. [lpu v,=100 m's
(dur. I — xpusa 8) cnuo ce nosyuaga gobpa H, Ho Yazu CKOPOCT BOAM O ‘IIC—
NPUCMJ/IHBH YA&PHH YCKOpeUHS. |

Tabrnuma 2
H, m ‘ H, mys?
Bapuaur il Pos |18 & —; P [ T
gjom KPa | y-30 | vp-80 | v,—30 Y80
m/s m/s m/s mys
I 0,25 1,8 13 3,5 1,07 1,58 2,7.108 1,1.1084
It 0,05 1.0 35 5,0 0,55 0,88 3,9.10% 2,6.108
I 0,05 1.0 10 5,0 0,35 1,36 6,1,105 7.0.1 D5i
v 0,05 16 35 0.5 6,39 0,47 7.2.105 2,6.100
v . 0,05 1,0 22 2,0 0.5% 1,1 3,9.108 ],4.IUL'|
VI 012 15 25 1.9 0,35 1,0 8,3.108 1,81106
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Temneparypara na oxonnara cpega ¢ Mioro Bae HApaMCTBP, OT KOHTO
34BHCH DDABMIHOTO (QYHKNMOHHPAHE HA aNapalypara H OCoGEHO HA NHE30-
EACKTPHYHHs npeoGpasysaTen Ha aKkcefepomerspa. [IOpaiM MHOTO MAIKaTa
TOIUIONPOBOAMMOCT H& TMOBBPXHOCTHHSA CT0H Ha Mape (1,6.10~* cal/grad. cm. s)
Aocruramoro go 40°C peHOHOmMHO HaMeHeHHe HA TEMIeparypara BAHsde camo
Hd Hal-TOPHHS 4-—5- CAHTUMETPOB C/IOH, 4 Ce30HHOTO H3MEHEeHHEe — Ha He IIo-
Beye or | m. Crnenosaresino sabur u paboremr Ha H>0,4-+0,6 m, nemerpa-
TOPBT HAMA A3 OBAC U3NONEH HA ZCHOHOULIHTE TEMNEDPATYPHY PASANKH, GO
Taka uAMd Ra GLAC HBMONEH U 112 C30HHATE TEMIEPATYPHH M3MENCIIHs, Thil
HATO NPOLBKHTENHOCITA HA ,)KHBOTA" MY € 3HAUKTETHO HO-MAJKA OT NPOLbA-
HUTEAHOCTTA Ha enuil MApCHAHCKU ceson [6].

Bpemero sa nponuksae f 3aBHCH CPABHUTENHO CHAHO OT IPYHTOBHTE yC-
A0pHs. JIOKATO OTHOWIEITHETO MCMAY CHOTBETHUTE ABJNGOUMHU Heapn 4 Hygyx 22
ABaTa rpanuuin CAydas Ha IPYHTOBH YCIOBUA € Hua Hewa2,5, T0 32 f To e
tmax/tmin >4, Ho eguo cpeano speme or nopsagska t=1-+2 s 61 AAR0 BBIMOKHOCT
34 PETHCTpALns C €AHA A00PA pasieNuTeqHa CHOCOGHOCT HO BpeMe.

Hak-nporusopeuns ¥ waii-neauxaren e BBRPOCHT C YAAPIOTO YCKOPEliHe

H. Ot §ur. 3 u 1abn. 2 ce BHXAA CHANATA 3ABHCUMOCT B Ha f{ or rpyutoBuTE
ycaosus, Buxaa ce omte, ye OpH MaRCHMAaAHY CTOHHOCTH HA o, Py, 0 B ¢ uail-
1e0IarocApHATHATA 32 CAVYES OCBeH HeAOHYCTHMOTO YCKOPeHHe Ha IpAHMIATA
Hd HENPHEMIHBOCTTA € XbAOOUHHATA HA HpOHMKBAHE H. PaszCupa ce, Taxasa
Hall-HeOIArONPUATHA KOMGHHANHS, OT BCHYKE TPYHTOBH NapaMerpu & MajKo
BeposiTHa. Ts ce wamansBa ome noseue mpu yeesivygBaue 6pos Ha HeHETPATO:
puTe Ha 2 wuaum 3.

OCHOBHHAT U3BOA, KaKTO MTPsiGBamie Ka ce OUYAKRBA, €, Ye OCBeH OUEBHIHO
CHJIHOTO BJIHsIHAE HA HAYAJIHATa CKOPOCT Ha NPOHHKBAHE MHOTO TOJSAMO 3HAUCHHE
HMAT M (PUBHKO-MEXAHHUHHTE XapaKTePHCTHKH HA MapCHaHCKHSl FPYHT BBPXY
OCHOBHHTE eKCIJIOATAllHOHHM XapaKTepPHCTHKH Ha NeHeTPaTopHUST aKcesepo-
MeTsp. MMmenHo Henosuapameto pa NO-KOHKPETHH CTOHHOCTH HA TE3H Xapak-
TEPHCTHKH 12 TDYHTA B MACTOTO HA NHEHETPAHHA OrpaHuyasa 0-feTalaAHOTO
H 1I0-TIPeursHo MoAenupane Ha npoueca. OrpaiduyeHys. MABAT ¥ OT BCe Ol
HEOKOHYATEIHNTE CTOHHOCTH A rabapuTHO-MACOBHTE XADAKTePHCTHKH M OT
Hapamerpute ua opOHTATA HA WSKYCTBEH CUBTHHK Ha Mape, OT KOsTO Iig Guae
CHYCHAT TEHETPatopbY,

B SAdKAIYSIHe CMATaME, Ue ellHd HauvaJaHa CKOPOCT Ha IPOHHKBAHE OT IO-
Panbka Ha v,=60 mfs, ofycnassa aBAGOYHHA HA NPOHUKBAHE OT nopsAAbKa
na f{==0,7 m, Bpeme 3a toBa NponnKpage or nopapwvka t=0,8+2,5 s u ypapHo
ycxopende oT uopapwxa 900 g, e npuemnuBa 6a3a 32 10-HATATHIIHOTO TPOHI-
¥apaHe Ha paspaborTkara.
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Optimization technical and operation analysis
of a penetrator accelerometer for seismo]oF;icai
exploration of the planet Mars .

Garo Mardirossian, Dora Nedelcheva, Tomas

Zdravey '
|

|
(Summary)

In some previous works of the authors the tech-
nical characteristics of a peneirating accelercmeter obtained in the initial
developmeni phase have already been presenied. Basic modes and operation
algorythms of the penetrating accelerometer have also been proposed. How-
ever, a more detailed and conerete specification of the accelerometer ope-
ration characteristics calls for furlher study of the peneirator technical and
operation characteristics. |

In this work, the basic scientific problems of the Martian surface and
inner structure exploration using a penctrating accelerometer are specified.
Following the objectives of the proposed scientific program an optimization
analysis has been conducted for determination of the accelerometer technical
and operation characteristics, namely: sensitivily coefficient of the receiver-
transducer unit; parameters of the electronic unit; modes, algorythms, etc.
The results are based on ihe most imporiant penetrator characteristics ob-
tained by theoretical methods, such as: shock acceleration at contact with
the Martian ground, depth of penetration and penetration period. The mo-
delling is based on the peneirator’s most probable values: mass, shocl dyna-
mics characteristics and- ground physical and mechanical parameters.
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Distributed measurement system
in space applications

Doyno Petkou

Spave Research Insiifute, Bulgarian Academy of Sciences

Comptiter-based systems with reference to applica-
tion and problem range may be classified as: digital control systems,
information systems, measurement systems, inform ability control systems,
automated technology control systems, measurement computer systems. Such
systems based on computer science are specified with: common functions such
as data on environment and specified object and respective transmit to com-
puter-aided facilities, real iime data processing in agreement with users de-
fined software. In brief such systems will be examined further on as distri-
buted measurement systems (DMS).

DMS are designed for relatively resiricted class of problems preserving
their reliability throughout the duration of real time transmission. The ap-
plication of DMS for solving determined class of problems, i. e. their specia-
lization may be obtained in several ways: via hardware approach to computer
algorithms for cases when computers cannot satisfy requirements such as ac-
curacy, fast performance, cost and reliability, via general purpose compt-
ters compatible with specific requirements for computing resources, relevant
to given environment, via adequate problem oriented software when using
high technology automated soffware design system. '

Problem

The problems resolved by the DMS methods ref-
lect mote or less the relevance of its operation. This relevance is justi-
fied with the solution of systematic hardware and software problems, sub-
divided into respective hierarchy dependent subproblems. And vice versa
the designer starts from development of elementary problem definition in
order to achieve non alternative solution of the respective subproblem [1].

When applying DMS method to analyze physical processes it applies
the following two simultaneous approaches: the solution of the basic functio-
nal problems and aiming at adequate interpretation of the processes and sup-
plementary — optimizing the pattern of adequate interpretation. Functional
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problems may be subdivided into ranks as each of them is specified with
different algorithms and solution approaches. The first rank solution is cha-
racterized with data asquisition and preliminary signal processing. Thi§ com-
prises analog and digital signal processing, the second rank resolves problems
on preliminary data processing, the third refers io signal processing and optimi-
zes data processing in view of finding functional extreme under defined rest-
riction which is alrcady the subject of applied mathematics and the fourth
level solution applies problems on data presentation relevant to the operator,
i. e. the possibility of taking complete control on processes [2]. '

The secondary problems are hierarchically independent, they are not
subject to informational ranking, and are subdvided into three groups: ex-
panding the operational capacity of ihe host computer efficiency and| high
reliability in diagnostics of all DMS components: and full advantage usage
of the computer facilities [3].

The DMS design process is a multicriterion interactive process. It may
be represented as a combination of two design stages: external (systematic)
and internal (technological). Based on user requirements we define at the ex-
ternal stage the exploration, economic and technical parameters, i. e. we de-
fine the concept of the system. The second {internal) stage includes the solu-
tion of engineering problems related with determined standards. Out of con-
venience we shall divide the requirements to the different DMS elements into
three groups: requirements sensor elements, to computer control units and
to the subject of analysis, Usually the design is made with a priori defined
parameters and characteristics of sensors and analyzed subject. In this| case
it is necessary to define the systematic requirements of the control unit most
imporlant of them being reliability and cost.

This paper shall examine as well the problem of compatibilily beiween
the form of the informational presentation from scnsor to subject. In this case
the control unit will become computer channel processing the compatible
form. This channel will be defined as combination of technical means by which
the sensor signals will be received, processed and transmitted to control [unit
or analyzed subject. In the generalized case this channel represents multi-
pole is shown in Fig, 1.

The expression for the operator is:

(1) Se()=[Ss(0), Sn(n]PxPe,
where Sg(f) — signal source; Sn(t) — noise source; Sc(f) —— signal obtained
with the channel; Py — noise operator; Pc — channel operator:

Various modes of multipole combinations allow for obtaining of vari-
ous channel structures for data processing is shown in Fig. 2.

The operation eof the information signal transmission has the form of:

14

(2} Seltd = {{Ss1(OSN{)[Prni Py Py ; {Ssa(f}SNﬂ(t)]PNQPCQPI\’!z}PmuxPT»
SENSE — Pc, Py T OBJECT i
s S TS L Sl e ——
; [ SN (1) ;
NOISE
Fig. 1. The functional scheme of the étudy measﬁrement system
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Fig. 2. Two channel structure for data processing
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Fig. 3. The measuremenl syslem with centralized data processing
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Fig, 4. The measurement syslem with decentralized data processing

where Py — modilying operator; Pp — multiplexing operator; Piy — in-
terface operator; Pr — iransmission operator. '

These structures have important specifics - - they assume allernative
anatog-to-digital conversion and allow for alternation from controlling to
controtled 'funclion in dependence on the specific requirements. Therefore,
we shall cxamine the possible classificalion under the following structural
signatures: centralized and decentralized signal processing, un-level and multi-
level commutation of channel configuration. The structural scheme corres-
ponding to centralized data processing is shown in Fig. 3.

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

(3) e SC(tE}'—_-Efl[s-ﬁ(t)Pint]Pﬁmx PM PT;
where ¢, shows that there is a subset of n independent signal sources or ope-
rators; Prx — operator corresponding to a given channel in discrete time

interval. Since the system is reversible and may be written for the output
informalional flow:

{4} {‘uSi(t)—'SC(t{)PT P:r{nuxépint-
The case of decentralized or distributed data processing is shown in Fig. 4.
This analysis of the structures did not treal the problems of commuta-

tion control and processing algorithms, etc. In fact, various structures exist
which may be reduced to the above menlioned ones [4].
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Conclusion ‘

A system for space application in obtaining planqllary
surface image was developed based on DMS method in the Space Resefflrch
Institute at the Bulgarian Academy of Sciences.
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Pasnpeflesenn BHOOPMAIHORHO-H3Me pBATENHHA
CHCTEMHM, H3NOJA3BAIK B KOCMUIYECKUTE
H3CJMeJBAKUA |

Hotino Hemros

(Peawome |

Pasnpepenennre nHQOPMALHOHHO-U3MELBATENHY CHOTEMH ca
HPEANAsHaUeHH 34 OTHOCHTEINNO TECCH KJaC 38/104H B KOCMHYCCKUTE HACeABAHNM, Xa-
PAKTEDHIUP ALY C€ C NOCTOSIHCTBO B TEUCHHUE HA IKMINEHHS HHKDA 14 Soprosiure
cuctenn. CTPYKTYDHPAHETO 1ia Te3H Dasnpejeliehn B paSOTHOTO APpOCTPAaNCTBO
HSMEPBATCAHY CHACTEMHM KbM peIiaBalieTc Ha KAjeH KJAac 3af4ud, T, o. cnena-
MHSANAATA, € NOCTUINATO B pafoTaTa o PA3/MYHH HAWMHHE: upe3 anaparypia
PEATHSAUNA HA HIUHCAMTRAHATE aTOPHTMH B CJAyYauTe, KOTaTO CTaHAAPTH-
SHPAHUTE KOMILIOTPH HE OTIOBAPSIT 110 XapAKTEPHCTHKK HA HOCTABEHHTE 1LEJIH:
Upes H3HQJI3BaHe HA CTAHAAPTHH YHDABAABAlLM KOMIKTDH W ChijlaBane Ha cre-
LHAAHIHDAHH TIONCHCTEMHE 38 OOMEH Ha JAHHH, MAKCHEMAIHO npuCAHKaBaAlH
C& N0 U3UCKBANWATA HA paborHara cpela; upes paspaboTBame Ha MareMaTHyec-
KO R TIpOrPaMHO OCHTYPsiBaHe 3@ YNPAaBJAABAIATE KOMIHOTPH C PA3/iHdHE TIPO-
G/eMHA OPHEHTALMS NPH H3NCAIBAHETO Ha BUCOKOABTOMATH3UD AN TeXBHUSOKH
H TIPOTPaMiH CPEACTBA 34 FeHePHPane Ha NPOrPAMHE TNPORYKTH.
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Mopenua onieHka Ha yJaTpaBHOJETOB
O30HOMETPHUYEH CI'BTHHUKOB
eKCIIePUMEHT

Hopomes Hearnosu

Hucmumym sa wocsmuyecnu  wacaedeaing, FAH

MO,[leJ]HaTa ouUeHKa H B'bl'lp()(l’b'l' 34 QHTHMIEJAHC nJga-
I-IHpaHE Hd CNBETHHEOBHTE O30HOMETPHUHE eKCHePHMEHTH ca THCHO CB'bpS&I{I{
¢ TIOBHIUA&B 3L HH(bOpMElTHBHOCTTa Ha OBOHOMETPH‘{HHTC HICJICABAHHIT. Hp'ﬂ
fiJaHHpaHe Ha TaKkHBa excnepnmeu’r}i e HEOGXOI[HMO oT ()6€KTHBHHTC NAaHHH 14
5‘b)le HIBJCULH A MaKCHMENHD IoA¢3Ha l-iH(i]OpMHI[,Hﬁ. OIIHT’E)T oK a3Ba, ue caMo
YCBBBPUICHCTBANCTO HA METOAMTe 11a o0paforTka HAMa Ja rapaHTHpa liafexAHa
HHTCPHP&T&ILHH Ha GKCI]EPHMEHTHJIIIHTQ AaHUWA NHH TIQMOHMECHHE, e TE HE CLABD-
MaT AOCTarbyHO uuopMmanys 3a obexTa Ha uscaegipade. Heofxopumo e ycb-
BbPUICHCTBAHO (USHYHO ¥ MATCMATHYHO  MOAEJHpaHe Ha eKcnepHMEeHTHTe 3a
OnPEAENAiHE HA O30HHHA NPodUJI, NPHACKEMO 32 CIATHHKOBW H3MEPBAHUA.
32 030HOMLTPHYHE H3cjaefBauus B obaacrra 0,250—0,340 pm ua #BHUHTE
Ha NOIIBLIAlE HA 030HA e HeoOXCAHMO 1a Ce OTdere CAeiHOTO ChLolpaeHHe:
34 BBAHKM C NO-KbCH ABJMHHH (X<Z0,2092 pm) cApHUYeBOTO H3MBYBAHE CR Pas-
ceiiBa B CAOLBETE HA 3TMOCCbepaTa, paSHOJIO}KEHI{ Han MaKCHMywMa Ha& 030HHara
KOHUEHTPAUHA, H He TPOHHKBA lipe3 03CHHHA ciaoli. B Tosn cayuali efHOKpaTHO
pPascesiHOTC H3NBUBAHE KLM CIBTHHKA, T. €. B HAKUP, 34 36HUTEH Brbd Ha CABH-
uzero 8, ¥ ABJKMHA HA BbAHATA A ce 3anucBa ¢ U3pasa [4]

() 9, Og)=FoW){- (1 +c05%0,)

f Bx(:‘f)exp{ (1 f-sec 0o} (kU (2 j Bufz )dz’ )}

Kplleto Fo{X) e BwHIeH 3a atmochepara notoK Ha CasHuero; Ba(z) — xoeds-
HHEeHT Ha pejeeBCcKO pazcciiBane; {/{z) — xoamnuecTBO 030H B armocdepeH CTHa0
Ha BHCOUYHHAE Z; 2 — BUCOYUHA HA armoctbeped cTwA0, eAHA CTROKA HAX 2, foy, —
KoeHUHEHT Ha HOLABHIZHe Ha 030HAa.

3a pLJHH € T4KaBa ABJAMNHHA, TIPH KOATO HaN6UBaHETO IIPOHHKRA npes
o08HuA caoft {A<20,292 um), cMATamMe, Ye e HenBXORHMO A2 Ce OTUHTAT MHOTO-
KPATIOTO 4epO30Jio pascefiBaHe @ OTPAXKEHHETO OT NOAMOMKHATA TOBBLPXHOCT.
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Ouesnppo 2anauara TEBHPAC MHOTO (@ YCJAOKHABA OT OTUHTAHC Ha INpOLe-
CHTE Ha MHOTOKDATHO pasCeiiBale B CC BHACH TBBLPAE TFOARMA Heonpeaeﬁemcr
OT UEOOXOJMMOCTTA Ha Ce OTUHTAT aCPO30JTHOTO CBCTOAUHNE 113 aTMocdepara
¥ anGesioTo Ra NOXACMKHATA HOBBPXHOCT. B BDPDL3KA C TC3H ChINECTBEHH | HERO-
CTATRUM 118 yATDABHOJNCTOBHS MCTOA € BL3MOXHO AA CC Rb3CTAHOBH O30 HHHST
HPOPHA ¢ fofpa TOWNOCT caMo 38 BHCOYHHE 2230 kn.

[Ipn pemapane na npoGema sa varemMaTunoTo MosieTupaiie 34 BHCPUUHA
naf 25— 30 km nnpno H3BBPUMXMC OlleHKa 113 FPanyi}Te Ha OpHOAHKeHHeTO,
OMHCANO ¢ ypasienue (1), 32 paznnuny CPORIOCTY HA 3EHUTHAT L0LA Ha CIbH-
Lero By, 3a 1eara 8sxa HeoGXOLHME MOAENHA OUCHKH Ha Pefuna npougcH —
MHOTOKPATHO pascelipaile W OTDAXENHE 114 HOAJAONKHATA MOBLPXIIOCT,

Karo msnonssame ouehkwure Ha BAMSHHETO [5] Ha mnocouennte PaxropH,
MOKCM & HZUDARHM CACHHMTE . USBOAH:

1. 3a npousponiia reomerpus Ha peinaGasara safaua MHOTOKPATHUTE pas-
cefianus 3a %<0, uym He npesuinanar 1%:

2. B wudrepnana 0,30— 0,31 HiN ¢ HeoOXONHMO Ha CC OTHHTA BTOPUEHOTO
pasceiizane. OTYHTAHETO MY MoMKe Ja CTABA C MOMOINTA HA npubausuTeara me-
TOMuKa, Npepackena u obocnosana B [5).

B [5] Bausnnero na acposonnoto pascedtBaile e OLEHEHO N0 OCTAP AN Moze,
H3UCKRAIN AKTyanu3upafe.

KonuuecTeens oilenku Ha BAHSHWETO Ha LOMAOKHATA HOBbBPXHOCT |CHILO
HE Ca IIpejiBHieHH, '

Bor Bpm3Ka ¢ TOBA pasraexiame criciyaanuTe OUENKH Ha BAHAHHCTO Ha
aCPORONINOTC pascehBale ¥ OTPAXENHETO Ha NOJJ0KIATA HOBLPXIOCT 34 Kbi-
TOBBJHOBH  yNTPABUOACTOBY U3MEPRAHMsl B HeTHpu karada: A—0,300 pm;
Ay==0,302 pm, Xy=0,305 pm, *,==0,310 Wi, CTPUKTHO H NeTABJiC paspa-
Gorenn or asropmre {I--3]. Ciaep CHHTe3Upale Ha NaHUHTE 3a TPH II0JOMXKe-
aust fia Coabonero (8==15°, 45°, 75° B 7a6a. 1 ca gamenu rpedik¥re {B| Npo-
LEHTH]}, CBBP3ANK C HEOTUTAHCTO HA EEPO30JANOTO Pascelizane ¥ OTPAKCHHETO
Ha NOMJIOKHATA IOBBPXHOCT 34 TPH PA3AHulié CTCHHOCTH 1a anbenoro a.

Or pesynrarure B raba. | cieasa, ue Hal-roJgaMA TPEIIKa BHACAT HEOTUH-
TAHCTO 112 2EPO3OMUTE H OTPAKEHMETO Ha NOAAOXKHAETA NOBLPXHOCT, Tasy rpewn-
Ka ce nabaiofasa npH Ha¥-AbATOBBINOBUS OT BCHUKM DPAsINCKAAIH KAH2TH
Ay Tipu rosemu Bucounnn Ha CabHuero (9= 15°), Hpu rtora mnuszwero Ha gepo-
SOMATE M Ha NOMAGKHATA NOBRPXIOCT A0 TOJAMA CTEHEH Ce KOMUeUCHPal B3a-
uMito, Buxaa ce, ye npu cHNIO NOMBTHABAHC HA aTMocbepara BAUdnMETO Ha
HOANOMHATA UOBLDXIIOCT HdXKe B ABJTOBLNNOBHTE KAHAMH IE C& OTYHTA BBHOO-
ue (Mopen 1i1). 3a 6,=:15" upu A--0,300 um 1PH rosemu CTOHHOCTH HA as-
Genoro HAa HOANOKHATA TOBBPXIIOCT {MOACH I, a—1) rpewnxara gocrura no 5%:.
Hpu cunno novuvranna armocthepa (vopea 111, OpH POH3BOSHO G} TPElIKaTa
CHINO & OKoa0 5Y%.

CaepoBarenino npd  AUCTAHIHOHHM O30HOMETPUYHH EKCNEPUMEHTH | UpH
B,=15" e kenarequo aga ce H3loAsyear BLAiH ¢ A<0,300 pm.

3a 6,—45" Tasu rpansna ¢C BANLA AO 0,302 pm.

34 senuTnute BroH Ha CHLHNETO € TOACMEA CTONHOCTH {0—=75%) 3a nucrau-
IHOHHE M3MEPBAaHHs MOIAT DAaKTUYECKH ia Ce W3NOA3BAT {(KaKTO Cce BUIK[lA4 OT
Tabs. 1} neHukH PAsTeMANK Kadalk sa u3MmepBaiie, Ge2 Ja ce OTYUTAT CBOH-
CTBaTa 1A 4epo30awTe % NOAAGKHATA TIOBLDXHOCT, |

Bb3 ocHOBAa 18 MPOBEnEHATA MOAENHA OHEHKA M OGCKTHBHHTC O30HOME-
TpuuHE Aamin {5] onpenensMe yCAORUATA 3a LpecMsTANe B PASLAEKKAHATA
YATPABHOMETOBA OOMNACT HA CHEKThLPa:

I. B unvepsasa 0,260-—0,300 pm ce orumTa camo €ANOKPaTHOTO | pas-
ceiiBane;
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Tabnanuwoma 1

*
= E Bp = 15° By = 45° J by =75°
=5 a8 o
2|8 g |
o
£ é 5: 7\«1 k‘:} Kg ' 7\-.1 )\._‘ ?\az | l_; l; ‘ ?\.1 Hon Ir ;\-3 } kd
I a= 0 O 0 0 0 O 0 0 0 0 0 0
4=01 051 1,1 43 78 018 042 24 54 2.10-¢ 5.10-3 8.10-2 0,50
a=1 52 {2 48 88 19 43 26 53 210-2 5.10-% 0,77 5,0
a=0 091 1,6 54 86 018 0,51 051 7,01 06 065 070 089
11 a=01 09t 1,6 51 80 0I8 051 051 69 062 065 070 089
a=1 039 073 1,9 21 012 033 033 47 062 065 070 0389
a=0 49 " 10 31 45 1,7 38 38 39 067 088 1,1 36
11 a=0149 10 31 45 L7 38 38 39 067 088 11 3.6
a=t 49 10 31 45 1,7 38 38 39 067 088 i1 38

* Paananmonsu Mogmeni: I — aTMmocdiepa Ges acposomn; Il — cunno 3ammpeena aiMocdepa,
HETIPO3PAYHA ¢ NMpUIEMAA puaAMOocT D=5 km (Monen 1987 [6]) # ¢ ornTatecka MIFsTHOCT HA ACPOIOITH-
Te mpr A=—0,300 pm, pasna wa 1,6; HI—cumio HeTpospausa armocdepa ¢ aepozoNEe pasnpeie-
Jenue raxro npm I, Ho ¢ kondurypupann crnoene: TPONOCHEpeH (Zmayx =2 km, Ny =10NM), cTpa-
Tocheper (2m,,=20 km, Nimgx=10 NM), xsnero NM ¢ xommeHrpanmsra =z acpo30Ni 00 MO-
zen [6] B ceoTReTHOTO HUBO. ONTHYECKATA TTBTHOCT HA ACPO3ONIHTE € 4,2 npw nuso A=0,300 nm,

2. B uwrepsana 0,300—0,310 pmn NpHOANSHTCAHO €€ OTYHTA BTOPUHHOTO
pazcefinaue;

3. B 3aBHCHMOCT OT CTORHOCTTA HA 3EHUTHHUS CIBHYER B H3MEPRAHWATA Ad
Ce HSBBPIIBAT B TO3H CHEKTPAICH AHANA30H, B KOKTO MOTaT Na 6LAAT npeneGper-
laTH 8ePO30JIHOTO pa3CceHBaHe W OTPAKEHMETO 1A NOAACKIATA MOBLPXIOCT,

Heobxomumo e npu ciegpamu vscaensauss MOAENHATA QUENKA jd €C Ha-
BLpIUKH B RO-IUpOK AHanaszod — oT 0,100 po 0,400 um, 3a ocurypsaBane ua
LIOB THN COBTHHKOBU 03OIIOMCTPH‘{HH EKCNEPHMEHTH, 3aneryajgH B CBE’FOBH&TE[
iporpaMa 3a H3CICABAHE HA aTMochepiHs O30H.
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UV-radiation ozone safellite measurements
modelling

Horotea [vanova

Summary)

In the present work inatematics of ozone profile inversion
has been described.

On the basis of satellite ozone measurements of total ozone content in
the atmosphere and vertical ozone distribution, some conclusions, as well
as recommendations for the optimization of UV-radiation ozone space research,
are drawn. Backscaitered UV-earth radiance satellite modelling is given. Using
different albedo characteristics a new describing of UV-radiation ozone sa-
tellite measurements modelling has been discussed.
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Cucrema, ocurypsipaula pa3BUTHETO
Ha BHUCWK pacTeHMs, GyHKIHOHUDAIA
Ha opOuranua cranums ,Mup”

Tana Hearnosa

Hucmumym sa Kecsuweckt uacaedsanug, BAH

Kocmuueckara opamxepusn ,JCBETY, upoexrupana
n3pagorena B MHCTHTYTa 32 KOCMHHECKM H3C/IeiBauus B DBwarapns, ¢ cd-
cTeMa, OCHTYDABAUlA HeOOXOAMMHTE TEXHHYECKH M TEXHOJOTHUHH YC/OBHS
38 pasBuTHe na pacteHusnta B GesrersiosnocT. Tsi Ge MONTAPAHA B TEXHONOTHY-
ausi Moays ,Kpucran®, rofrro sa 10, VI. 1990 r. yeneiuso ce cTHKOBa KbM €AHH
OT CTpaHHYHHTE BB3NH Ha opGuatanuus Komuseke ,Mup-Ksanr-Colos”. IIbppute
ABa mecena pafora na GOpAa Jlokaszaxa eeKTHBIOCTTA HA B3ETHTE TEXHHHECKH
peulelins — DOAYYHXA ce II'bDBHTE 3€/NGHUYKOBH pacTeHHd, Kar0 YC/JCBHATA
HA pasBUTHETO UM 0sixa CJeAeHH upe3 TeleMerpHuHa cucreMa. Macaepsaunsra
Ha BbpHaTuTe OT eKHitaxa GHONOrHunH ofpasuy NOKa3axa, 4e Te e c¢ OTHYaBaT
3HAUMTEAHO OT OTIJIEAAHHTE TIPH 3CMIIH YCJOBHH.

Ce3RaBaHeTO 1A GHOJAOTO-TEXHHUECKH NPOEKT HE KOCMHYECKa OPAHKEepHs
& HIKJAIOUATENHO CA0XIIA HaydHa 3afada — TPAbBa 1a ce OChUIECTBABAT H3MEp-
BaHETO M TOYHOTO Pery/npaHe HA HApaMCTPHTE HA CPeiaTa, NEOOXOIHMH Ca M
CTICIMANHN MeTOAH 32 ylipanjenre Ha OHOJOTHYHHS IIPOUEC, CBBP3ANH C eKCL-
TPEMAMIHTe YCJOBHA H2 KOCMUYCCKUS 1oNieT {PeRH BCHYKO GesTelZOBHOCTTA).
Ocpest ToBa TpalBanle A4 CE OCHTYPAT yCMOBHS 3a TMOAYYaBAHETO HA HAKOJIKO
noclefloBarTeNly BereTailuu. De Halesnszana oOmHpHA nporpama 3a n3padoT-
BaHe HA anaparypa 33 NPEABADUTE/NHH HAYUHH CKCICDHMEHTH ¥ H3CJAEABAHHA.

[Tporpama 3a peryjupaHe Ha NPOCKTE
xocMuyecka opanxepus ,CBET“

1. Coanagenute Ase Jabopatopui yeranoBka (JIYKOC-1/2)
dyHKnHORHpaxa HaKoAKo ropuns (1984—1987) B cpeuuanna  KIAHHHYAA
KaMepa B DbArapusi W B TPEHAMOP HA OPOHTANHHS OTCEK B Pycus, aa
Ja ce eKCNepUMEHTHpa ePEKTHBHOCTTA HA Pa3AMYHHTE KOHCTPYRTUBHH M TeX-
HOMOTHUHY pelleHusl M A4 ce yTOUlM LporpaMara 34 pabota HA KOMDIOTHPA B
IIZBHHTE OOpaslu.
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2. C wnowomra a UPCABAPHTEIHEs eRcuepument ,CybBerpar®, HPOBR/AECH
na opbutanna cranuus ,Canor-7¢ or KOocMOoHaBTHTe CaBUHHX M Hexanubexos
opes Jastoro Ha 1985 r., 6axa mscaeapany XUAPOAHHAMHYHATE CBOWCTDA 1A
XpannTCAHaTa cpefa — cyberpara ,Baaganun®, s yenopus na GesrernosHocT.
Pesyararure nocaymuxa sa HOAGOD U2 OUTHMAaNieH GPAKLHONEn ChCTAR lia Fyé—
CTparTa (TFONeMMHA HA TPAHVAUTC) W 32 USLHTAUUS 1A LaTYHKa 32 M3MCPBaHe
Ra Baaxiocrra my [3].

3. Ha paspaGovenus 8 UKW, BAH raasen obpazen {I'O-2) 6axa nposeje-
HH DECYPCHH OHOJOTO-TCXUHUECKM H3IUTAHHA B Pycus (1988--1989 r.)|cne
M 03 PACTOHUst, DO3YATATHTE OT KOUTO HOCAYHKHMXa 34 aHaANM3 Ha pasnpejeie-
IMETO HA (DUINUECKHTE LaDaMeTPH BBE GuroTpoinara Kamepa, sa yTouHsBane
1a HEOOXOMHMHTE KODOKLHU B HporpaMara 3a ylupaBACHHE 11d KOMIIOTLpPHATA
cucTema [4].

4. Ha wuspaGoreunre’ psa seraresuy obpasena (J10-1, 2) opamxepus
ZCBETY Gaxa nposegenu BCHHKH NpHEMHO-ApERaBaTe/ilih H3NHTAHNA B Elt'b.ﬂ-
rapust w Pyeus, xaro eguuusrt or rsx Ge H3CTPEeAdll B ChCTABA HA KOMIIEKCH
diiaparypa, MOHTHpaHa Ha GOPpAa HA TeXHOMNOTHYLHUS Moy Kpucran®,

Yenorust 3a npopexaane na EKCNEePUMEHT
Ha 6oppra

Kocwuueckara opamkepus ,CBET* 6e pasioncepBu-
Pava or paGoTemure B opfura or 13, II. 1990 T. gocMosasts A, Banaujinn
n A. Conosros. Ha 15. VI, 1990 r. 6s1xa ACMOHTHDAHH OT KODPNyCa HA OTCOKR
HAMHD AMATE €& B TPAHCHOPTHO NONOMKCHHE BJAOK 33 OCBET/ICHHE {(itopagy uyn-
JHHBOCTTA MY) ¥ BEPETAUHOHEH CLA CDC cyberpar (nmopams TemecTra My} u Gsxa
HOCTABEHH B KaMepaTa 3a OrTJeMNaHe 1a PacTCHWITA B paboTHOTO MM 1I0/I0-
xenne. Baxa crenmnenn xaGeanre, CBBP3BAWH MH ¢ (MIOKA 32 ABTOMATHYUO
YHPABJEHHC, s3aXpaHRan or GOpAOBOTO Halpexerine 27V, u npenapaiiu
HEOOXORHMATA WHPODMAHHA Ha 3eMiTA 10 TeICMETPHYNIATA cucrema “TMS.

OBuwsr By ra xocwiueckara opamkepus ,CBETY 38CAHO C OTTICRAHMTE
B JI€St DACTeHHA Ce BMKNA 1A $ur. 1. Tosa e 1. Hap. ,raasen obpazen”, HieH-
THUCH € JETATCHHHTE, B KOMTO JBC TOAMHA TPENH CrapTa ce upoBexyuaxa pyix-
uoitainy HW3nuTanus, Jlannure, NOJIYyYCHH TIC BpEMe Ha UpPeABapHTENHNHTE
CKCIEDUMENTH, NOCAYHKHUXA 34 CpABHEHNE ¢ TESH, NOMYYEHH B KOCMHYECKH Ye-
108U, Bascyo e xamepara sa orrremuane ua pacTennnTa, a B/ifABO — GAOKET
34 ymnpasnenue, ;

Cien neanoto wsnnanesue na HHCTPDYKUHATA 38 MOHTAMXKa KOCMOHABTHTE
C8 BKJAKUHMIHK Hpm‘pamam 34 aBTOMATHYHA HpoBepKa [a NP aBAAHOCTTA My,
33 HAKONKO MHHYTH 4BTOMATUUHO ce OHHNBAT BCHUKH HI3MEPUTCIY YUDaBJIsi-
Balid CHCTeMH, mpoBepspa Ce Janu dynku#cnupar, TecTosara TPOBEPKE, €
peMuHaNa ,0e3 sabefexku” U € BRIOUSHS IpOrpaMara 3a sapexxjane na xa-
CeTard Che cyberpara ¢ HeoGXOLUMOTO KOJIHICCTRO BoJa. Kacerara e pasjiesneHa
114 IB€ HesaBuCHMU efna or Apyra nososuuxi K1 u K2. Cemenara na uogSpa-
HUTE PAaCTHTeN HY Kyarypu (mpu ITbPBHS eTall PeNHYKH M KHTARCKO aedie) ce
SACAMAAT B 4X 2 pefa ¢ HomomTa Ha CHeHHaNHH yeTpoficTBa (34 C'bXp&HeH;HE
H OpHeHTalus),

HMsnoassanuar za xpanuTesnHa cpepa cyberpar ,Banxanun® na 3e0AHTHA
OCHOBA € 000raTen ¢ MUHepaSHH CONH, 34 Na OCHTYPH UODMANIQ OTRICKAAHE
18 3—-4 Bereraumy wa seqeHuyuy. Cnejl 70Ba TPOLYKTUBHOCTTA CE CHUIKABA
PA3KO, KaT0 na necerata Bercrauusi npouyKuuata € 7-—10% or KOH’I'pOJIHaT!EL
Hopaan Huckara BAATCEMHOLT 1A I'PaHyNHTe Ha CyGeTpara neoBXofumMara BEco ka
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@ur. |. ChuMKa Ha GopAoBAaTR CHCTEMa HA KOCMHUECKA OpaHIKEPHS
CBET*
i

BaaKHOCT (0KOM0 90%) 32 nokwvasaie va ceMenara ce OCHFYDSIBA C UOJANBHUUA-
POpPMONIOBH (BUTHAH, OGBUTH TIBTHO OKOIO TPHOKMTE Ha XHAPOCHLTEMATA, 34-
XpaHsaHa OT Bojna iomna, HobGpoto aepupanie {060rarspase Ha KOPCHOBUTC
CHCTCMH € KHCHNODOR} CC OCBEICCTBSBA OT KOMOPECOp M TphOHA CHCreMa, MOH-
THpana B cyberpara. Creuute Ha xacerara ca uepdopHpany, sa Ka ce nopotpu
BL3AYXOOOMEHLT, 38 Aa ce M3GerHar H3MAPeHHITA CaMO OTTOPC H 34COMSIBAIETO
i HOBLPXUOCTHHS caod ua cyberpara. KOHCTpyKRuuATA Ha BErcralMOHHHUS
CbA € paspaCoTeHa CNCHUATN0 B PE3YATAT Ua NPOABIANKHTCINH H3ICACABANHA
i1, 2].

Kacerara cne cyGerpara u tps6iuTe CHCTEMH Ce ABHIKAT CBOGONHO 110 peacH
{KaTo yexMenKe) B KaMepara 28 oTFAEuAIe Ha pacrenuara {KOP). Caeg mon-
THPAHETO 1 DUKCHDAHETO U C& BKIIOUBAT H3NDBINHTEANHTE MEXANUIMHA HA XUAPO-
AEPOCHUCTEMaTa (fIOMIla, KOMNPECOP W BEHTHA) M €JeKTPOHHATA WIMEPHTCAD-
YUPaBAgBaILE CHCTEMA, DA3NOJOMCIY 1Ta AkHoTo Ha KOP. B FODUATA yacT 1a
KOP e mournpan 6aoxwr 3a ocseracuue (BO), xolro mowxe Aa ec HPEeMECTBE
BEPTHKAINO 1 Aa ce (urcupa B pasnuunu nosuitun. B BO ca pasnoaomenn
12 magorabapuriin JAYMUHECHERTHH JAaMIM (CUEIAaHo NMPOH3BCACTBO), OCHTY-
PHBalll MAKCHMATHATE OCBETEHOCT HA DACTCHHATA B PA3AMUHH CTanuy Ha pas-
BUTHE, He no-mManko ot 12 000 lx. Ipogbamureancerra #a ,pens e 18 h, a
Ha ,HomTa” — 8 h. Beniuaaropsr ocurypssa oxXJaxalc Ua AaMOHTE H JIBU-
xenue la su3ayxa 8 KOP ene ckopoer ua prafiymmus norek a0 0,3 m/s.

KOP e Gosuucan oTBBTpPe ¢ paspaboTclia 3a Heara CRETOOTP AXKATCNIA
6os1, B KOATO JINMCBAT 3a0PAHCHH 38 OPOHTANHESI OGHTAEM OTCEK XHMMUHECKH
enementn. JIse or crenute na KOP ce orapsr, Karo cinara ¢ ipozpavsa, 3a
A& ce 06CayXKBA CHOKOHIO KaMepata o1 ONCPaTopa ¢ ARE Pwle (IIPH 5ACANHANe
Ha ceMeHaty, UpH B3eMAlC HA ONHTHH 06PasiH H APYIY Manunyaauu) - - bur. 2.
B KOP c¢a pasnonoxenn Aarduuure sa KOHTPOJHPAUE Ha 11apaMCTPUTe 11a cpe-
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Pur, 2. Boemane na ofpasui OT Kamcpata 3a OTTAGKIAIE HA pacres
HUA B KOCMHYCCKaTa opaikepnn JCBETY

Aara 3a OThAeNalie Ha PacTeHHsATA —- TeMICPATYPATA H BAAKHOCTTA H
JyXa ¥ cyBetpara {B pasiMiiE 30HH), KAKTO U 24 Ccaefienc na pabortata (B
BAHE H H3KJHO‘~IBBHC} HA OCBETACHHETD, BEHTUAATGPE, DoMoara o KOMHpI

Baoksr 2a ynpasaenue (BY) npuema H obpaforsa uudopManis or

a4 BB3-
KJ1104-
ecopa.
Aar-

SHUHTE, KaT0 OCbUeCT8ABA VIIPaBAEHHETO HA BCHUKH H3NDDhANUTEAUH CHCTEMH

{ocBetHTeniia, oxJafjutenna M HaUOWTEdHA) [0 OlPeAedCHH, NPEABAp

TeJgO

SAJOMENH NPOFpaMy H B 38BHCHMOCT OT TCRYILATA HH{iJOpMEILI}IH. CIICU,H 11134~

pana MHKDONPpOUeCOpHAa CHCTEMa OCHIYPsiBA BHCOKA CTeleH [1a aBTOMATE

3a0ua

Ha BCHUKH NDOLECH B DasdAHUIIHTE MPOrPamMH H BBIMOMIIOCT 32 BHIYaAEH KOH-
TPON ¥ PLYHO YVIPHBAEHHE OT oneparopa KOCMOHABT £ NOMOINTA Ha H}’TTT Ch{
CBETOAHOAY HHAKKATODH W JaBHIIH, MOHTHDHHH Ha JJRIEBATA CTpEﬂ.II-I& Ha

BY {¢ur. 1). B Sypepua namer Ha u3Xona i1a MEKPOIPONECOpiIaTa CHCTEMA KbM
reseMerpuunara cucrema {TMS) ce narpynsa wndopMaunHaTa 3a 1NOCASLHOTO
EEeHOHOIIHC HA TEKYHIHTE NaDPaMeTPH B KaMepaTa 34 OTTJCKEANe Ha DacTEeHHATA

{perucTpupaHu Ha Bceku 4 h). Tesu fanHHM Cce HINPAILAT TPU NDTH LHEE
BpeMe Ha HPSAKA PafHoBPB3Ka CbC cTavnug ,Mup" u ce npuemar B g
3a ymnpasnerue Ha noaera — MMBIT, Mockra. CnenManno npHropes:
leara anaparypa (mepcouaned goMnioTnp Jflpapen 8M“) npuema u Hal

HO 110
HTBPA
T4 32
pynea

B JHCKeTa IIOCACKOBATENHHUTE TCAEMETPHYHH KaAPH 34 1IeJHH CKCICPHMEHT,

KaTO MOXe Ja TH BUSYVANH3HDA Ha MOHHMTOPA HAHM Jia Td paszleyarBa Ha
Tepa {ur. 3).

B rabn. 1 e npelcraBen TeneMeTpUyNNAT Kagbp Ha CAHO RCHOHOIMME
Abpa npes 4 yaca) ot paforara na opawxepusn ,,CBET cne cnengure 03n4

npuH-

{6 Ka-
UeHnA

Ha usmepBanute napamerpu: TBI ¢ remneparypara Ha BXOAsmYs Bb3AYX;

TB2 — remneparypara uHa sw3gyxa 8 KOP; BB — paaxuoctra ua B
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@ur. 3. KouTpoauoHanurateanara anaparypa

Taénuua 1

Teaeuempitten kadnp 30 eOua denouswite oW pabammna i KocHuYeCKama opdancepua ZCRETY

Ne i 2 3 4 5 6
Heti 4 4 4 4 4 4
TBi, °C 20 20 20 20 20 20
TB2,°C 23 23 23 23 23 23
BE, % 74 74 75 74 74 74
TCH, °C 26 27 27 28 28 28
TC2, °C 27 .28 29 29 29 29
BCI, 2. 1/2 85766 80775 9671 69759 86176 7165
BCI, % 344 63[75 79/72 78/82 99/9% 91/68 7219C
BC2, % 142 85/99 8075 97/71 94/59 86/76 7165
BC2, % 3f4 95/83 81799 7883 71798 59768 72191
PBI, nosu 2 {3 0 3 )] 1
PB2, noau 0 o 1] 0 3 i
IO, min 240 240 240 240 0 0

B KOP; TCl — remneparypara ua cyberpata » Kl; TC2 — romueparypara
Ha cyberpara B K2; BCl -- saaxnocrra na cyGerpara s K1; BC2 — Baax-
HOCTTa Ha cyGerpata B K2, PBIU - - pasxon na somara 8 Kl; PB2 -— pasxon
na pofara B K2; HIIO — npofmaxureiocr na aenst 8 muuyrd. Baaswocrra
Ha cyferpara ¢e W3MepBa Ha BCeKM KPLIbd yac (4 APYTHTE UapAMETPH HA BCEKH
4 Haca) ¥ TEACMCTPHYHHAT Kaibp CHLABLPIKA CHOTBETHO UeTHPH CTOHHOCTH Ha
BCI, 2 (1/2; 3/4).

Ocpen T0Ba € paspaGoTelia HPOTPaMa 34 asroMarHuna oGpabOTKa W NPeA-
CTaBsive [a OTAENHHTE NapaverpH b Tabauuen uAH rpaHues BHY B DasfiHuHH
maiabu va spemero (wacose mng aHu). Tosa 1t03BOAABA ONEPATHBHA OUCHKA

4 Acporoucmnvyecry wachesBauns 8 Brarapas, 10 49



Ha CBHCTOSINUETO Ha GOpAA, HaMeca B YUPABJASHHETO NIPH NEOOXOAUMOCT U
CHABA HOKJIOUHTOAHO MHOTO HayuHusl aHafH3 Ha pesyJararure.

Pesynaratu OT NppBUA eTall Ha eKCHEPUMEHTA
¢ opamxepus ,CBET*

Ha 16. VI. 1990 r. 6e craprupana pabGorHara

y«TIE‘

npo-

rpama ([Ipor. 3) — aBromMarvuHe yNpaBAeHHe HA OpaHKEPHATA, OCHIYDPABAILQ
HeOOXOAMMHTE YCJOBHA 34 NOKbJABAHE, PACTEX U PA3BUTHE HA MOCETUTE ceyMeHa.
OLL[(‘) IO BpeMe Ha H3NBJHeHHeTO Ha nporpaMara sa NePBOHAYAMHO OBJIAHHS-

Bane (lIpor. 2) OGsixa 3abensisand CepHOSHH DPA3NHUMS B MOKA3aHHATA HA

AAT-

YRUHTe, H3MepBaiin  BiaxnocTTa Ha cyGerpara (BCl m BC2) ma Gopna

una LCBET-4%, u B 1a3e

HHA

a. excrnepument ,CBET-2% [okaro

100 nposefen na 26, 111: 1990 1

o]
o

KoauuecTBO BOAA (30 nosu

o
L=

40 100% BraxuHoCT oule Nipegu i

Brnawkoct, %

rpamara {0 h) — dur, 4,

AOrAbIaHeTo Ha BAarara Ot
Bpewme, h crpatTa B JI0KATO  ZAaTuHll

npu OOCNeAHES  EHCTePHMCHT,

., ce

nocrura go BCI, BC2 okoso
40%, nopMmanuc 3a MOJANEHOTO

1o

12 ml — 360 ml), npu Gopuosug
(16, VI. 1990 r.} ce crura po

3TH-

YaHETO HaBDEMeTpPacHeTo nanpo-

Tlo

BCAKA BEPOATHOCT B $e3TerJoB-
= HOCT CCpHO3HO C¢& 3arTpyApspa
cys-

HTE,

pasnoMOXCHH Ao PHTHAA, NIOKa-

3BAT BHCOKYW CTOHIIOCTH Ha

BJld-

JKHOCTTA M 1€ €€ MOMABA BOAE,
cy6eTpathT CH OCTaBa CcyX. |o3H

& eheKT e SCHO H3pasel H B (
Balli¥Te JHH OT paﬁo'raTa a0

Jel-
paii-
HMEPHATA CNCK CTAPTUPAHET) Ha

190 Tpor. 3. B nazemuus o6pasen

i OPOALJIKEBA HITCHIHBHOTO |

peryaupanoto wuso ot 70%
Sopuostisi ,,CBET-4" nokasan

ol ;’CH-U/L\@_GA orlg @B Ha BC] u BC2 ca muoro sue

Bnamuoot, ¥,

- o o000, ~00vqBC2 a NOCTHLIHAATA BOMA € Aafelu
26 _\ HEOOXONHMOTCO KOAMULCTRO.
—O\%;j‘w Oneparupnarta Tpyua, o

Gl WP e e pamia ce B H¥I] — Mockrg
0 4 8 12 16 29 B3esla pelelue Na nPEKpari
Bi-~mg, h TOMATHYHOTO YOpanJeiiie Ha
xuocrra BCi, BC2 or na

®ur. 4, TpadHKM Da HIMEPCHATA BAENKHOCT 14 IHMTe M jga ce ApeMHHe

cyberpara or jarudumre B(CI, BC2, monrhpanm p ;
JBeTE TOJYKACCTH HA BETTANHMOHRKA CbA mpy 1Ipo- HPOIPAMIIOTO. ", OB/ AXEABALIB:

Io-

qor AapaHe Ha BOAZ N0 AOCTHUTAHE HA

4B

HATa
DKH,

ion

AMHd-

, De
ap-
BJa-
TUR-
KM
Ho

rpama 2 #a Goppoe (4) L CBET-4 n nasemen {6y [PH PaHOBDB3KEATA C CKHIIAKA

LLCBET-2" crcmepusicnt ga 22, VI. 1990 r. crapa n
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4e pacTeHudTd ca NOKLAHAnu ¥ Ge NOBRUTHATO CaMO HHBOTO HA peryJiupasde.
[Tpes caesBamute JIH 3aN04HA HOPMANHOTO TIOEMAHE HA BOAA M OBJAKHABE-
He Ha cyGcTpara, a pacTeHHATa Ce paspHBaxa jobpe, MakKap ¥ H30CTaBAMLH
HO aza B CpaBHENNE C HA3EMHHTE,

Ha 29-us aen wact ot pacrenusrta 6axa ofpanu ¥ XepSapuaupaliy, a §a THax-
110 MSCTO 3acajcHH HOBH ceMena. Ha B4-ua Jeil npu 3aBpBULAHETO CH ERHNANKEBT
ZoHece CRexo oOpaHu OHONOrMYHH OOpazlH B OTAHYIO ChcToAnue. Te Osxa
H3CJAEABANM Olie I1d MAOLIAZKAra 32 npHseMsnade. Mopdosoruudure UM xapak-
TEPUCTUKHE €4 HODMaAHH, 10 ce 2afefassar 3aaeake Ha pactexa (1109ty 2 1bTH)
U ypelipuaBaHe Ha CBJLDKAHUCTO HA CYXQ BEHIeCTBO, 32 HBLPBH OBT (AXa Mo-
JAyyeny KOpeHOIIoA: (TPYAKY) 11a PEIHYKH B YCJIOBHATA HA MHUKPOTPaBUTAUHATA.

Buonoryusara wacr Ha exchepeMenta ¢ OCHUIECTGEHA OT CHEHHANHCTH
ua Mucruryra no dussonorua Ha pacteHusta npn BAH, xouto ce 3aexa ¢ nog-
Gopa Ha COPTOBeTE pacTeliMs ¥ CbCTABA A XpaHWTeNHara CPeia, KakTo #H ¢
OligKa Ha GHOJMOrUYHATE HM KayecTBa.

ITposenen e aganus Ha AWHaMHKATa HA H3MEHEHHe HA NapaMeTpuTe Ha cpe-
Iara no BPpeMe Ha eKClepHMenTa, Kare e oTfensizaHo, ue pacTeHusira ca ¢ Ha-
MHpanW B OMarolpHSATHH TEMNEPaTYPHH ycnoRust (¢ HSKJIOUEHHE Ha AEPHOLA
oT 35-070 Zo 37-0T0 AEUOHOLIME), HO Pas3NpeActelleTs Ha BOAATA HC CE € OCb-
MCCTBABANO KAKTO B HaseMiH ychoBu#a. [0 BpeMe Ha ULPBHA eTan of dyHK-
[HOHHpaneTo cd Ha GopAa cucremute Ha opamxepus ,CBETY, ocurypssamu
PasBHTHETO Ha BHCUIM DACTELHS B YCJOBMATA na opburanHa craHuus ,Mup®,
noxasaxa HapexpaHa paboTa M JoKazaxa ePEKTUBHOCTTA Ha B3ETHTE TeXIHYEC-
KH pelieH#us.
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Higher plants growth support systern used
on space station “Mir”

Tanjo [vanova

Summary)

The “SVET” greenhouse-designed and developed in
the Space Research Institute at the Bulgarian Academy of Sciences is a
system ensuring the most necessary -technical and technological conditions
for higher plants growing-in weightlessness. It has been mounted in the YCrys-
tal” technological module which docked suecessiully to one of the lateral|units
of the “Mir-Kvant-Soyuz” orbilal complex on 10. V1. 1990, The first two months
of onboard operation proved the effectiveness of the technical solutions —
the first vegetables have been obtained, as the development conditions have
been observed by telemetry, The study of the brought back biclogical| sam-
ples demonstrated that {hey don’t differ very much from the earth’plants.
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Brarapcua akafemun na Haykate. Bulgarian Academy of Sciences
Aepoxoeupuecku uacnefsatua B Bearapua. 10, Aerospace Research in Bulgavia
Cogus.1993.Solia

dusuyecKky IPeAnoCTaBKH
Ha BakyymHata Tpubosorus

I0auxa Cumeorosa

Hucmumpn 3a socsuqecky uacredsanus, BAH

Tlpobaemute ua TtprbodornuyuTe HpouecH (Tpuene,
W3HOCBAlle W CMa3BaHe) BhB BAKYYM BBR3INMKHAXEZ HO CHUIECTBO TPH ChH3ZABaHE
14 MHPBHTE H3KYCTBEUH COLTHULUM Ha 3JeMsTa M Ca CBBP3AHH ¢ HU3Y4aBaHETO
¥ M3TOM3BAHETO HA KOCMHUYECKOTO TupocTpaHcrpo. [lopajs ToBa KoCMHueCKarTa
TPUOGAOTHA HCCTO € HAPHUAHA BaKyyMHa TPHOOMOTHS.

Exnra o1 nelHHTe ChIMECTBEHH 38[a4d € A4 OCHIYDH HafeKAHA eKCIoara-
HMA Ha TPHenHTe €IeMeHTH B CPEla ChC CAMHO HaMafeHa NALTHOCT, ofenueHa
N0 OTHOWIEHHE HA KHCHOPOA W BJara {l], KLASTO KOHBEKHHOHHOTO OXNAXJaHE
U TPAIHIHOHHOTC C(Ma3Bale OTCLCTBar [2].

PasBriueTo Ha NPEUH3HHTE BAKYYMHH TEXUOJOTHH H TeXHHKZ PasludpH
06JacTTa Ha UPHACKeuHe HA KOCMHYecKara TPUOOJOTHA M s HANPABH aKTyanHa
H B z2eMuH ycroBusi. EyxcliHeBHata npakTuuyecka AeHHOCT Ha WHPOK KPbr Che-
HUANUCTH — MEXanuipg, TCXHOJO3H, KOUCTPYKTOpH U Ap., Kacae HefiHara cre-
nuduka. Usxoxaalixy or nuaTepeca KoM Tazn obNACT, B CTATHATA Ce IPaBH OIUT
Aa Ce OuepTasiT UAKOH clennduuid XapaKTepHCTHKH Ha padorelnara BbB Ba-
KYYM TPHUOOABOHKA H C¢ AHAAH3UPAT USKOH (hM3MUYECKH RPEANCCT4BKA la Ba-
Kyymuara TpHOGIOIKA.

TpuGosornutinte NPOUECH BLB BaKyyM Ca TBbPJe CAOXKHH W HECAHO3HAUHH,
¢ TMPEACTaBy, H3rpajeild npeiuMio ¢erHoMcHoMoruuio. OCHOBHHTE napaMerpu
CE ONpPEAessT eKCIEPUMCHTANIO, 4 XapaKTCPUHTe 3ABHCHMOCTH IHOCAT eMIHpU-
yen xapaxrep. Taxa nanpuMep clopef efHa 07 HaR-pazNpOCTPAlCHUTE H
NOCTHTHAAY 3MAUWTENHO PA3BHTHE TEOPHM — MOJeKY/Ino-MEXaHuuHara, Koe-
GHUHENTHT Ha TpueHe f ce olupeleas, Karo c¢ OTYHTAT AeOpMUDAHETO IIa Ma-
TepHana M TPEOfONABANSTO HA MOJCKYJHHTE BPD3KH B 30HATA Ha KOHTAKTA {3].

) f'—‘-%—l—b-l—(),%(-f—)%,

keiero T ONpeCAeNA CUAaTa Ha aiXe3HOHNATA BPB3K2 NDH CPs3Balie HA TNO-Me-
kxun marepuan, HB ¢ tBbploctTa Ha no-mexus marepuan, & —- KOeQUIHEHTBT,
OTHUTEH, BPB3KATa MEMAY 4aXe3unTa U HaTOBApPBalCTO B KOWTaKTa, h_H r
CBCTBQTHO Ca )1'5;’!60‘-1}"11131'3 U pajuyCeT Ha BHCApADaWe lia MHUKDOHCDABHO-
CTHTE, :
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Tasu yecro msmoaspana GOpMysa HPH TPHEHETO BBB BAKYYM & HEHI0-
xuMa. TA He OTUHTA HIMEHCHUCTO HA CLCTOAHUETO HA TPHEIHTe NOBBPXHOCTH
u 11a pafotnara cpefla, HapacTBAHETO 114 A[XCIWATA W HA MJacTuunara JAedop-
Mallis, KaKTO M NPOMEHHTE NPH [a30BaTa IPOBOAHMMOCT HA KOHTAKTLIATA | XJa-
Buna [4]. OnuTwer DOKassa, de TPUBOUPOLECHTE BLB BAKYYM €4 MHOIO 4)BCT-
BUTENANH KbM COOCTBEHOTO Ta30CTAENNHC HA MATEPHANHTC H copﬁunm&iume
IpOlieCH B KOHTAKTIIaTa 30HA., Topa Hamara Celyaiu3npad HOAXOA TIpH Ompe-
pensie na TpubonornynuTe moxazaTesu. Taxka nampumep Ker)HuHem“:hT Ha
TPpHCHE Ce onpejens B YOJIOBHATA HA BHUCOK HAH CBPBXBUCOK BAKYYM H Hero-
Bata CTOBHOCT HANBULIABA TA3H HPH TPHCHETO HA BB3AYX, KAKTO 10KasBal no-
couenMre B Tala. | cTORNOCTH Ha HAKOW HINON3BAHH B NPAKTHKATA Marepuaiy
[5, 6].

Or excuepumenrute crefBa, Ue npu BCsika paboTelna BbB Bakyym TPHGo-
ABOHKA HMA KPHTHUYHO [afsATaHe HA OCTATBYHHS a3 B 30HATA Ha KOUTAKTA,
NpH KOCTO TPHEHETO M HM3HOCBAHETO 31AUHTENHO HapactBar. To ce oipexesns
no dopmyaara '

@) Pop=Py+Pr,

KBAETO Py € HANATaHETO HA OCTATHUHMUS FA3 BEB BAKYYMHATA CHCTEMA, Pr—
HafAraHCTO B KOHTAKTHATA 30HA B OpOHECa HA TPHEHe, 3aBHCCIHO OT rasooTae-
AAHETO H OT NPOBOAUMOCTTA HA KOHTAKTHAaTa XJAabhHa. 3dBUCH o OT CTPYK-
Typara H OT TeXHOJOTHATA H& B3aMMONCUCTBAILUTE MATEDHANHK, OT TPUbONOTHY-
HUSL DeXMM, OT KOHCTPYKIHMsTA Ha TPpUOOBL3eAa # Ap. lIpu pabora Ha CHHMEH
Jlarep BHE BAKYYM TOBA HalAraHe HalpHMEp MOXe Ja cc onpescau ¢ Hapasa [7)

@) P—9,4 , 10—t ZhaMD) X1 be)
? 1 . B ,

KBHAETO 2 € OposT Ha ChUMHTE, A — NAPaMETbPhT, OTUUTALL PeanHara mam%rmm
Ha HOBLDXIHOCTTa Ha CBUMYMTE, ¢ — LIBJADT HA KOHTAKTZ HA CHUMUTE ¢ Ka-
Haka, 0 — KoeUIMENTT Ha axkoMopauus, M — mosieKy/auara vaca Ha 14a3a,
T — Temneparypara na rasa 8 K ¥ n — CKODOCTTa Ha BbDTEHE Ha BRTPEIHASA
IpBeTeH {06OPOTH B MHIIYTA). 34BHCUMOCTTA € eMUHpHYHa H NO3BOMABA A CC
Ollelld BJAUSHHCTO Ha paCoTHara cpeia (Baxyyma) BBPXY paGoTocnocobuocTTa

Ha .n arepa ¥ [apa HU3BeCTiA BBIMOMHOCT 34 KOHCTRYKTHBHC ONTHMHSHpAaHE Ha
TPuBOBB3EAa, HIXOMAAAKH OT TOBY, ue P.<IP,,. 3a KOCMUYECKOTO yPELOCIpoe-
HE TO3W BHOPOC € AKTYAJel, Th#! Karo H3NOA3BAHHTE CHUMEHH Jarepu 4ecTo
Tadonuua 1
Koehnouent Ha Koedumuent na
TpHEHE Tpuene
TpuGoneoiixa E—— ————|| Tpuboasoiika
BLINYX | BakyyM BB3OYX | BaKyym
Fe—Fe 0,3 1,0 Ta—Ta 0,2 09
Fe — Pb 0.9 0,4 Mo — Mo 1.0 2[5
Cromaua — uepbxaacMa CTOMAHA 0,5 2.9 Cr —Cr 0,6 3.0
Hepuixnaema ¢TOMaBa — alyMBHUH 04 03 W—W 8,2 1,4
Hepexmaema ¢TOMaNA — MECHET 0.4 0,8 Au— Ay 0.6 4.5
Cromana [IX-15 — men 0,7 1,0 Sn—38n 1,0 1,0
MeCHAr — MeCHHT 0.4 o7 Pb—Pb 1,0 1,9
Bepunmes Gpons — Hepanues Gpous 4,7 1,1 Metan — rednen 0,03—0,04 0,04
Al— AT / 0,8 1,6— 4,2 Meran — nonranmy 1,0 1,9
Cu—Cu ©05—1,0 4,8=21,0 Cu—MoS, 02 0,07
Cu— Ni 0.6 1,5—20 Cu—W 03 0/6
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ca HOAJIOXEHH HA NPOABJKHUTEAa patoTa BLB BAKYYM [IPH CTPOTHTE H3HCKBA™
HHS 2a HaAeXANOCT M ABJATOTPAEHHOCT,

Wzuocsatero na TPHEIHTC NORBPXIOCTH 3aBHCH OT CTENeHTa Ha BakyyMa
[8]. Excucpumentanio ca ycranopenn Tpu ofiactv na sausuue. [InpBata ce
OTHacs 34 T. uap. ,00aact ma caabo paspexaanc” (Ao 10 Pa}, npn Kogro OKnC-
HHTE CAOCBE BLPXY KOHTAKTYBaNHTE HOBLPXTIOCTH HUMat PEIIABALITO Jraieirve.
Ilpu mropara (go 1 [Pa) ¢ xapaxTeplic TOB4, Y& OKHCHTC 3alOUBaT Ra e paspy-
mansar HeoSparumo. [1pu Tperara nacTbinBa T. HAp. ,AfanTalldd Ha TpHEIara
ABOHEKA", TpU KONTO HRilacBaneTo caabo ce apomensi. Hauwanoro na razu ofuact
¢ CHOPHO nopajyl sAUsiHCTO Ha TA3COTACAANCTO H 114 CLCTaBa 18 OCTaThHHHA
ra: B KONTAKTHATA XMa0HHA, HA CLCTOAHHETO HA NMOBLPAHOCTUTE, Ha TCXHOMAO-
rHATA 112 B3aMMOAeHCTBANIMTE Matepuand u fxpyra [2].

Hagar onur nokazsa, Ue XapakTepbT HA BAHAHHE HA CTENCHT? Ha Baky-
yMa BLPXY KOoedHIWenTa Ha TPHCIE HMa aNaloruucH xapaxkrep. 1oBa ce BHEA2
Ha ¢Hr. 1, KLAETO ¢ TIoKasana 34BHCHMOCTTA Ha HYCKOBUS TOK HA JBHrarens,
H]’J()HODIIHOI!BJICH Ha KOC@HILHEIIT& Ha TpHene, o7 CTelneHTA Ha BAKYyMa [IPH cy-
X0 Tpucue B TPHOOABOAKA OT CHCTCMATa ,Bafl—BTYAKA" OPH BBPTENHRO-BB3-
BpaTHO NBHmCHWE cbe ckopoct 17,5%s |9]. Bansr ¢ Haupased 0T anyMHIINEBa
CHaaB, 4 BTYJKaTa oT 6])0(]53‘

flposenute NpH B3auMOAEHCTBALIHTE TOBBPXHOCTH TYK 3anouBar sabede-
wumo caer 5 Pa, a apanraunsara B Tpubonsofikata cael 5.101 Pa, Kpusara /
OTPA3ABA UPOMEHHMTC NPE2 IBPBHs NCH OT paGoTara fa TpulOABO#KATA BLB Ba-
KyyM -~ OT BKJIOWBANCTO Uia ABHFaTesl # IyCKaUeTO HA BAaKyyMHATA CHCTeMa
A0 TIONYHABAHETO HA BHCOK BaKyyM. TyR Ce PerucTpupar HafAATaAHETo B CHUCTe-
mata (PPa) # NYCKOBUAT TOK a ABHraTend B ABETE KPAHHH IOROXCHAA Ha pe-
BepeHpane mocokaTa Ha JpHxenuero. Hapaersanero na TOKa, XapakTepHO 34
CKCINOATALHATA BLE BAKyyM, MOXe fAa ORLJe OTHCCCHO KbM HAPACTBAHCTO HA
AAXe3dsATa BCASNLTBHE W3IHOCBAHCTO HA OKHCHTE H 118 Tazopard ﬂeCOpﬁHHH oT
TpUemyTe NoBppXioetd. [lo chHiecTBO XapakTep®bT HA Task KpURA 0Tpasfana
Tpure ofAACTY HA BAUSHUC HA BAKYYMa KaTO padoTHa cpefia v e ClenudHuCcH 32
BaKkyymiiaTa TprROOJAOrHA.

-
0D L T — DopeEd fei
CReQ RpecTol 2 — BropW AeH
BhE BAKYYM 3 — TRETH AGH
3
2

400 - A

MyGros TaR HE ABMFATeNR, mA

200

(PR VST T TN AN VY X 1V S SN SN I 1708 0 NN SO (T 8 0V AN OO 'V W TN TN AN 0 DA A V£ B T S

108, 104 703 102 10 1 101 © 102 102
Bawyym, Pa

tar. 1. 3a3BHCHMOCT Ha HYCKOBHA TOK Ha QBdraTesfis o7 CTCMSHTA Ha BAKYYMA B CHOTeMATE
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XapaxkTepsT Ha TasH 3aBHCHMOCT pes CICABaluTe AW Ha cKenNoanaius
BLE BAKYYM {KPUBHTC 2 W 3) s3HAUBTEdNO Cco upowcus, TlpupaGoteanero B| Koil-
TARTA 1IPOAD/KABA W TOKBT 1A MBUTATEAS, pecr, KOCDHOHEHTHT Ha TpHCHE,
Cabo ce npomelrs,

Egexttr na wsuucrnane ua B3AUMOACACTBAIINTE NOBLPXICCTH, THIMYEN
3@ BakyywMuara tpubonaoran, ¢ nobpe MapazcH cied IpeXparasane Ha JEHMKe-
UHHETO W OPECTOST na TPHEONBOHKATA BLE BaxyyM. KosanuecTsen uapas na 1osa
€ SMAIATCIHOTO HAPACTBAIE Ua CTAPTOBATA CTONHOCT ita NYCKOBHS TOK Ha| KBH-
rarest, Hpomsaxairemiiocrra ira HPCCTOA BLE BAKYYM MEXNY JHUTC Ha| exe-
wioarauua e 12 uwaca.

HNoxasanara ua dur, 1 3apucumoct ce HAPHYA BAKYYMHA XapakrepHCTHKa
na rpubonponecnte [10] u kakTo nokasnar EKCUCPUMCIITHTE, BCHKA TPHOONBOH-
Ka npurexana csoHte cneilmuuuy ocobemoctu. Ts ce ONPELeNs eKCIepUMC-
T&INO W HIpac onpeieneiia posas
IPH QKAYCCTBSIBAKE HA B3IAUMONLEH-
CTBAILHTE Tesa Karo TPMBORDLICA.
Nasa Beavoxuoct 3a nporuogupa-
e Ha 11eroBOTO NOBCAGIHHE | NpH
NpoaALMAKATE T PAboTa B YCIQBHS-
TA Ha BHCOK BaKyyu.

Baxyymnara tpubonorus [karo
HacT  OT  uhLBpeMeHlara TpPHOOJIO-
PMY[a HAYKA Dazracikpa NpoMeHu-
T& B KOHTAKTA 1A B3auMOHelCTBa-
UMTe Tesda Karo cAmxiio (usidec-
KO 0OpazyBalye, napuyano ,1pero
THAOS, Che cnenpuuliy  enoiicTsa,
UPOH3THIAINKN 0T caMara paborua
cpena. OTCLerBHETO Ha cmazka u
HA KOHBCKNHOINO OXJaMAALe |yBe-
JMMABAT TeMITepaTyPaTa B 301414 12
Kouracra. Tosa cTHuyiupa maac-
THUliaTa  JedopManna,  ajxesHara,
Accopbuyara n gugpysusra B Npu-
HORBLRXHOCTHHTE cnoese, Beaguer-
BHEC  HA  H3IDOCBAIETO OKHCHTE U
aacopGUAoHIETE CTPYKTYPH ce pai-
pyuragar neobparuyo. Tperoro ra-
JO NPOMENsT  NpUpoAaTa CH npH
B3ARMOACHCTRHETO Ha M3UHCTElIMTE
(IOBCHUATINTE) NOBBLPXHOCTH, UPH KO-
eTe ce HabAIcLaBarT npeHoc Ha| ma-
TEPHET, BWBIHHKBAHE HA uem[[oae

ifa ganHpade, navuano ud , CTHK-cAun"
efewr w o qope oGpasypane ua Cry-
AeHa 34BAPKA H OJOKHAPAle Ha JBU-
HEIHCTO B KOHTAKTa [1, 2, 9, 10].
Ha dur. 2 garo wuawcrpanus ca
IOKA3AUA  OEHTPOBE la 3aiupaie,
®ur. 2. Lewtpose 1a aamupane mopxy — BBAIHKHALH APK (_:3;;{0 ITpHeI—:{fﬂ BB
IMaTd MOBLPXHOCT g epgeMenTH OT 'I'111I‘150250§}- _BHC(.?K baxyym (i0 (pd) b TpHbo-

Apofixa, onucana g [9].

Ka, paborema Bhy pycox BAKYVM B PEIHM Ha _
cyxo Tpuene [9) Cuenndmuxara Ha TpUBONpOLe-
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CHTe BbB BaKyym, ofycoBeHa oT (PH3WKaTa Ua NOBBPXHOCTTE, OT ocobeno-
CTHTe 114 cpenard JAKOHOMEPHOCTUTE HA BB&II’]MO;‘IC}Y{CTBHETO GOCTARAT HNPpe]
HacaenoBateante caA0uu npodremu. Hanpumep nopSopst va marepuanure 3a
TpuGOABOHKY 3a pafoTa BBB BAKYYM H3HCKBA NpeENu3iH H3CASABAHWA HA Tpue-
Hara NOBLPXHOLT CLC ChBpeMeniy (PU3ndeckKH METOAH 34 aHaNK3, H3yyasaie Ha
AHHAMWKATA Ha Fa3QoTHeAAHeTe B 30HATA Hd KOHTAKTA, CHYETAHH B KOHTDOA
BbDXY OCHOBRHTE TpuOONOKA3aTeNu B YCAOBHATA HA BHCOK BakyyM, TosH
KOMINEKCEH TOAXOJl C HAAOKHTEACH IPH ChCTaBAne ita TPUOOBDBANN, mpejHa-
3HaYCHH 3a Npoab/KUTedna pafora 8 Kocsoca,

Harpyunannar excnepusmentasiceil oNuT, BRAOYHTENHO H OF HAIH H3CJRA-
BallMA, NO3BOAABRA AA Ce HAUpUaBAT HAKOQH H3BoJH o7 'ﬂO*OﬁH[ XApaKTep.

!, Herpanuunousuoro npoTHuane Ha TPHGONPONECHTE BBB BaKyyM H 3Ha-
UHTEAHOTO H3menenne Ha TpuOONOKasaresnnTe BLB BPEMETO HanaraT npepsa-
PHTEHHO OXE!paKTCpI'ISI’IpaHe Hd MatepualtHTe B CHMYJIHpatla BaAKYyYMHa cpeld,
6au3xka Ao paBorTnara.

2. TpuGosvannre 3a paGora BbB BAKYYM C& HYMAAAT OT CKCNEPHMEHTATHO
ONpefesiHe BLB BAKYYM HA CieludHYHHTS DUIHKO-MEXAHWYHHM XapAKTED HCTH-
K1, orpasasanid OOILWTE 3aKOHOMEPHOCTH BBB BAKYyMA4ara TPHUGOAOLHS, a
CHUIC M lIa KOHWKPETHH oCOBeHOCTH, IIPOH3THUAIUY OT OnpeRenelin (haktopH.

3. TpuGoaornuiinte U3CHEABAHHS BLB BHCOK BAKYYM, CBHYETAHM C Jpe-
HM3HY QH3HYECKH alajSM3H Ha MATEPHAAWTC H Ha CPCAATa, TO3BOJISIBAT H3yYa-
Balie Ua PeaNHATa (U3HYECKA TOBLPXHOCT U 1A TPOLCCHTE, (JOPMHpAMM Tpe-
TOTO TAAO B EKCTREMHAMHH YCJIOBHN.
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Physical  prerequisites of vacuum tribalogy

Yulika Simeonovn

Summary)

: Some specific peculiarities and physical and| me-
chanical characteristics in the field of vacuum fribology are discussed.| Exs
periment is conducted for analysis of some physical prerequisites, concerning
objects’ interaction contact surface in vacuum as a complex physical |for-
mation (third body), determined by the working environment.
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Some peculiarities of the biosignals
digital processing in space using the
"ZORA™ system for data acquisition
and processing

Roumen Nedkov, Svetozar Simeonov, Stejan Tanev

Space Researck [nstitute, Bulgarian Academy of Scietces

The present work is dedicated to the assessment of
a problem that is of primary importance for the space and ground-based mis-
sions, 1. e. — to the human organism as a complex biosystem and focus of
all projects for space exploration and utilization. This problem is not to be
solved without the automatic digital systems for data acquisition and pro-
cessing for study of the psychophysiological status and working ability va-
riation mechanisms in closed ecosystems characterized by processes dynamics
during space missions of varying duration 1, 2].

The fundamental problem for the processes dynamics study of that com-
plex biosystem — the human organism -— in long-term space missions (over
30 days) is solved using a closed technological circuit of the functional model
synthesis, as shown on Fig. 1. The studies include theoretical and enginecring

Health condition

Biosystem — AUSTRONAUT |
Mission
prophylaxis
Preliminary '
medical conirol Austronaut’s bheaith
I ! condition prognaostics
|___| Preliminary I
prophylaxis Mission
medical control

Space mission

Fig. 1. General functional model of a medical conirel and prophylaxis lechnology for long-
term space missions '



fnodel]ing of the obtained biosignals using automatic responding DAPDS
1, 2, 6].

The first step for the solution of that problem is the Bulgarian auto-
matic on-board multicormputer system for data acquisition and processing
"ZORA”. The DAPDS “ZORA” is the nucleus and the instrument for the
realization of a new technology of complex medical analysis connected with
the problem of the working ability and the psychophysiological status of the
astronauis in space missions of varying duratio ‘

The essence of the new technology is the following: in real time W'dee

and during space missions of varying duration 1o study the processes| and
mechanisms of the astronauts’ psychophysiological status and working
ability deviations for i{he purpose of their health status assessment and
prognostics,
A complex test program is developed including the following experiments;
—“LABYRINTH” — Analysis of the ocular-vestibular inferactions dis-
tortion mechanisms and development that follow into ihe group of the space
motor disease. An assessment is made of the optokinetic and vestibular stimu-
lation during vestibular and ocular-motor malfunctions.
—"STATOKINETICS” — Study of the mechanisms of posture control,
the characteristics of the various groups of motions and the locomotory | affe-
rention with the occurrence of dislocations.
—"POTENTIAL” — Study of the muscular libres membranc slimulation
vector.
—*LEISURE TIME”, “QUESTIONARY” — Study of the astronauts’
individual psychophysiological adaptation to space flight conditions and the
readaptalion processes. An assessment of the psychophiysiological statug and
ain improvement of 1he mechanisms to keep up that status are made.
The synthesised {unctional model of that technology for complex medical
analysis during space missions is shown on Fig. 2. The contribution in this

Medical Investigation Realisation

| sopP |—y wem
Data i
Experiments ' Technical
3 SDAP i
realisation «Zora” | support
|
TPIRT, DM, ACl4 [ Real time ctrl
Experi- it i |
Neuro- Potential weglation
physiological Autonomy I
investigations L i
ARvHath - Technological
Statokinetics Experimental parameters
methods

Experimental methods

Psycho- Experiments | Games

physiological - i = -
investigations Inquiry

Fig. 2. General functional model of complex medical investigalions technology
SDAP — system for dala acquisition and processing: TP — telemetric porf; RT - real
time; DM — data memory: AC — automatic control; SDP — secondary data procéssing;
WCM — work capability  monitoring ‘




case 1s the use of ail expert filtration in determining the source and character
of the biosignal in real $ime and automatically |1, 2, 8]

The biosignals carry information for the complex processes taking place
in the human biosystem and their processing is specilic. The need of automatic
digital processing from clinical point of view arises from the further impro-
vement of the reliability and quality of the obtained results.

The advantages ol the aulomatic digital signal processing are well known
and have been the subject of numerous monographs and publications {3, 4, 8].
F“he biosignals are efficiently processed using ihe digital methods and systems
6, 7, 8].

The automatic biosignals processing allows the guick estimation of a
large volume of bioinformation applied further in the biopotentials processing
(ECG, miograms — MG, ocugrams — EOC, EEG, ete.).

The use of digital biosignals processing methods eliminates the phase
distortions characteristic for the analog systems. Thus, high precision and
objectiveness of the diagnostics is reached.

Using the linear systems theory ihe requirement for lack of distortions
in the processed input signal can be presented analytically as follows:

(1) H(j2nf) = |H(j2n])le —ier) = Kp—i2nlty

where the phase characterislic @(2nf) is linear, hence the output signal delay
compared to the input is constant and the amplification K remains unchanged
in the given f[requency line.

An analog multiplexor, a tracing and storage circuif and an analog-lo-
digit converter “ADC™ are used for the biosignals digital processing, obtained
[rom sensors, converting physical quantities. The biosignals thus converted
into digits are inserted into the input of a multicomputer system (MCS) where
their actual processing takes place [I, 2, 6, 8]. .

In that case a blocking discretization wilh signal mean value is used in
the convertion. .

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

&Tp

2) Bary=~ f (B,
.H'D—t .
where k_k;rb is the input ADC signal and t is the mean interval. Ty is the dis-

cretization period.
Using a function of the following lype:

1 i M08
) Wos @) _{ 0 if |>05+
for the input ADC signal x(f)
(4) 3O =[xl Wos: 0] 3 8¢ —nTo)

Hz=—o00

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

© TFLA0] = [ X() 28 emnt]| « Fp 3 8(p-nFo),
{6) X ()= X(Nsin(nfry/(nfr))e—ir

where TF [x(#)] is the Fourier discrete conversion, X{f) is real spectrum, and
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Xi(f) is the real spectrum after processing. From (6) it is that the spectrum
amplitude module has changed sin(zft)/(nft) times while the phase is p=n/t.

The error ¢ for the x(f) spectrum is:

_ X(n=x(H sinmftr .
(7) B_T_‘_I_T lh.

In that case in order to minimize the error it is necessary to follow the con-
ditions, namely:

(8) [sin(xfz)/(xfr)] =0,999,
) p=nfr<Ag, Ap=1°+5°,

The solution of that equations shows that §—+/Tp the coefficient of
fullness be smaller or equal to 0,05 while the amplitude error is 0,1% and the
phase error is 2%.

When the mean interval is approaching zero the amplitude error and the
phase error are decreasing. As the frequency of the input signal is low (for the
miogram fma:= 1kHz, fmin=2Hz and for the oculogram fmax=25 Hz, fmin=0,1 Hz)
and the conversion period Teomy=10 ps is several times smaller, the conversion
error is minimal and [practicaliy negligible [1, 2, 6, 8].

Some methods of processing give considerable effect, very favourable
for diagnostics.

a) under low frequency filtration (f=40-+50 Hz) the muscular tremour
noise level is lower;

b) ulllader line filtration at the pre-determined frequencies the EEG rhythms
are a;, pPy.

The necessary frequencies are observed against the background of noise
that depends on the potential variations and the neurons activity, as those
signals pass a great distance from the source to the electrodes. It is necessary
to obtain the image of Fourier of the autocorrelation function.

This method is not frequently used as there are no specific calculation
methods for determining in real time the correlation function.

The only method of comparison of two EMG is the visual. It takes a two-
three year’s period for a specialist to master the comparison methods using
the Catalogue of the real EMG and be able to find out the similarities and
diiferences between a real EMG and those in the catalog.

For the solution of that problem a minimal expert system is used con-
sisting of data about some characteristic functions given in table form de-
scribing the model biosignals and some of their characteristics necessary for
the expert filtration, the express on-board processing and the secondary ground
processing.

That allows the discrimination of the human factor in the results assess-
ment and leads to higher objectivity of the estimation. At the same time the
decision-taking period is shortened.

That fact determines the importance of the new technology for study
of the processes taking place in the complex biosystem — the human being —
in space environment.

Using that new technology on board the “Mir” orbital station in varyng
in duration space missions (up to 10 days — the Bulgarian-Soviet and Soviet-
Afghanistan missions and up to and over 30 — Soviet missions) [1, 2] definite
results have been obtained.

The development of medical space laboratory with distributed resources is
advisable as a distributed expert system on the basis of automatized systems
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for responding data acquisition and processing and remote sensors for hoi-
signals regisiration.

Such a minilaboratory in space cnvironmeni will be used for obfaining
results that are vital for the long-term space missions {c. g. Tlights o Mars).
In the case in order to solve the above mentioned problem a number of ana-
lysis are necessary io be conducted for ihe scientific problems, as follows:

I. Modelling and development of automatic responding DAPDS and
technologies supplying measurement and evaluation of a number of parame-
ters of the bio- and phychophysiological status under varying ecosystems;

2. Development of modifications of ground-based technological equip-
ment for early diagnostics of the bio- and phsychophysiological status caused
by deterioration of the ecological parameters;

3. Study of the mechanisms influencing the change rate of the human
bio- and psychophysiological status.

Above all it is necessary to know in details the problems occurring in
the reactions of the human organism under the infiuence of the new factors
and ecoenvironment.

The studies will contribuie to the determination of the impact of various
ecosystems on the mechanisms and rate of change of the bio- and psychophysio-
logical status of the human being under the conditions of various ccosystems
for the purposc of short and long lerm prognostics of the health status,
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Hsakou ocobenoctn Ha uuposara obpaborka
Ha OHOCHTHAJHTE NpH H3NOJ3BaHe Ha CHCTeMaTa
aa cbop n obpaborka na aaunn ,30PAY

Pymen Hedxoe, Ceemoszap Cumeonoe, Cmonn Tanee

(Peswwme)

B craruara ca wussomenw HAKOH OCOGEHOCTH Ha W3-
NoJ3BaHUTE B cHCTeMara 3a ¢6op W obpaborka na aannu (CCOM) ,,30PA" npuu-
IHNH H MeToAH Ha uudposa obpaborka na curuaan. Pasraenann ca KOHKperuu
MATEMATHYECKH MOAeaH, MeToAH 3a uHpoBa o6paboTKa U TAXHOTO NPHJIOKeHHE
B KocMHueckH ycaopus. Hanpasenu ca M3poan 3a nepcnekTHBHTE HA Pa3BuTHE
na CCOJl xato eaeMeHTH HA KOCMHHYECKH MelHKO-GHodoruunu jaaGoparopuu.




Beanrapera awagemun wa waywwre. Bulgarian Academy of Seciences
Aepowocuuueciu wacaeppanng v Bwarapua. 16, Aecrospace Rescarch in Bulgaria
Codust. 1993.50fia

Cucrema 3a unresiextyandHa uudposa
obpaboTka Ha OHOMEIMIMHCKH
CUTHalH B KOCMHYECKH YCJIOBHS

Pymern Hedkos

Hucmumym 30 wockuseccy  uscaefeonug, BAM

I. Buneepenue

IMpobaemure, cebpaany ¢ U3CAENBAHE, KOHTPOJA H MPO-
FHORHPAHE Ha 3[PAaBOCAOBHOTO CLCTOAIME HA ACTPOHABTHTE, Cd4 AKTYANHA 34
BCAKA KOCMMYECKR EKCHeNULHA HEIaBHCHMO OT HeHIOTO BPEMETpHCHE.

3a peinanave ha TE3N 3a4aYM HA KOCMHUECKATA MEJHLMIA ce HANara Ad
Ce H3UOM3BAT HOBH MO-ChbBBPIHCHH HHCTPYMEHTH, KAKBHTO CA MCTOHHTE H CHC-
TEMHTE 32 UHPPOBa 06paBorka na GuomMeaumHekH eurnann {(LIOBC).

B tacu Hacoka ca Hanpapewn nupsu yemeurtHd cThaku [1—5), [Toaoxuren-
HHTe DeayNTaTH OT Te3M I'LPBH ONHTH LABAT OCHOBANME 42 C& WAlPAEBH U3BOJ,
4c e HeOOXOLMMO Nia ce NPOALMNKAT H3caeBanusTa B obaacrra ua LLOBC.

Henta na Tesn H3CHCABAHHS Ca YCBBLPIIEUCTBAIE HA CLIECTBYBALUTE
M Chb3jaBade H& HOBH NOKOMeHHS cucTemn 3a LLODBC za pafotd B KocMuuecky
YCI0BHS,

Fa Qasara na pesyaratdre oT anpofupaneto Ha IPEAJNOMCUHTE CHCTEMH
34 LOBC u uauckpanasTa KbM TAX 32 paboTa B YCNOBMA HA MHKPOTDABUTALHs1
Npyu NPOBEKHAHE HA MEAHLHIICKH H3CJCHBANHA MOrar Ja ce obo0mwar CaciHuTe
HACOKH 34 TAXHOTO TO-HATATBIIHO PasBHTHE,

— Edexrupuc cuvBmecrasane na npouecure #a HOBC u cumsonnara obpa-
f0oTKa ¢ neat CH3xABaAHE HA NOKOJEHMs HHTeJekTyannu cucremu 3a [LOBC.

~ Hsnoaspane na HUHPOBH CHIHAIHH IPOLECOPH C XaPBApACKA CTPYKTYp4
3a yBe/UYABAHE HA H3UNCAHWTEAHATA MOIHOCT H pafoTa B pEXHM HA PEafHo
BpeMe Ha cHcremHTe 3a 1JOBC.

~— EKcHpecHa Baiufalusi HA PEIYATATHTE OT MeJHUHHCKHTC H3CNeRBAHHS
B yCAORMSATA 1A KOCMUYECKHsT moJeT. [[MarHOCTHKA, KQUTPO, M NpOTHO3UpaHe
Ha 3APABOCAOBHOTO CbCTOSIHHC HA aCTPOHABTHTE B peaiio BpeMe,

5 Aepoxocuuuecky uscnenmanua B BuArapusm, 10 65



II. Apxurekrypa ua cucremara |

A. Apxumekmypru NPURGUAK HQ OpEaRUIALLS Ha
unmeneximyaanama cucmema sa IH[OBC

AnafussT Ha pC3yATATUTE OT U3IOJA3Bane Ha CHOTEMH
3a HOBC npu xocMMYecky MeAHIMHCKH H3CaeABaliisi NOKA3BA, 4e B apxurex-
Typara 11a BTODOTC NOKOJCHHE CHCTeMu (MHTesReKTYalusu cucTeMu sa LIOBQC)
TpfBa Aa GbAat oTpasens ciCHHHTE ocobeHocTH [5—7): |

— 3a mocTHaHe HA BHCOKA CKOPOCT Ha o0paforkara ipH MaKCHMalHH [a-
pamerpu Iia GHOMHGOPMALIMOHHNS NIOTOK € 1eo0X0AUMO Beekd Moy 3a LIOBC
na 6bie aBTOHOMCIH,

— Bpwskara MeXAY OTACJHHTE MOAYJIA 1ia CHCTEMATa He Tp#bBa A3 34BUCH
or anropursma sa LOBC. '

— Ofmedst Ha uadopmanunTa mexpy moayante sa 1JOBC, aHanorpBus
unrep@eic ¥ 0GCHYXBAIHA MUKPOKOMIKTHD CC OCBIUECTBABA ¢ MOMOIUTA Ha
KOMY HHKAUMOHHHA IIPOLCCOPH, KOMTO PaGoTsT NOA YNPaBACHHETO HA [J1aBHus
MOHMTOD Ha CHeTeMara. [ThbpBHAT KOMYHMKALHOHCH NPOUECOp CAYXKH 3a ynpa-
BaeHue na ofmena mexny mopyaurc 3a IIOBC u usrtousnka na wadopmanns
{Ouonaryunure). Tof ce ynpapAfABa OT BTOPHS KOMYHHKANHOHCH nponecop,
T. e. OoT AMchcuepa na mupara sa HOBC (AIIIOBC).

Bropusit xoMyHuKanuonen nposgcop ynpaplissa ofMeHa Ha HHOPMALLS-
Ta no perpeirsa una (BLULOBC), kosto cBbp3sa oTaeannte Moaydin 3a LOBC.

— BB3MOMKHOCT 32 PASBHTHC M YCHBLPIUIGHCTBAHE HA CcUCTeMara NpH MH-
HEMANHO (MOAYJINO) H3MCHEHHE Ua XapAyepa H codryepa.

L. Cmpyxmypa na apxumexmypoma

CrpyxTypHaTa cXeMa HaZ CHCTeMara 32 WOTEAeKTYa Ha

HOBC {(cucrema sa IJOBC — Bropo noxosenwe) e moxagana sa gur. .

ApxuTeKTypara € NOCTpOeHa Ha OCHOBATA HA NPUNHHANTE, KOMTO Ca H3-
aoxend B T. A, Kouxperuo toBa o3Hauapa, 4e ceé OCBLICCTRABA pasfiecfAle Ha
HNGOpMAHONHUTE TIOTOUM CHOPER TeXHUst 08eM M CKOpOCT. Peasiuzupa cel ia-
paneana [HODBC, kosto edexTupHO € cwBMCCTEHZ ChC cuMBoJiiata obpaborka.

B npenacKenara aPpXUTEKTYPa Te3M LCHH €A NMOCTHUTHAaTH, KaTo ca H3[I0J-
3BaHM OTHeNHH MOnyau {anapatuyu K nporpamuu) za 1JOBC, cumBosua oli-pa-
forKa ¥ edexTHBHY eleMeHTY 34 BPH3Ka M OCMEH Ha uaQOpMAlHaTa MeXAY TAX.

B kauecTBoTO Ha cBbpspaumy enementd mexay LLOBC u CHMBOJIHaTa‘Oﬁ-
paGorka e wumsnoassau JIIIOBC. Tolt ynpaegssiBa KoMyHHKauHWTE MEMKIY
orpeannre mopynu ra [HOBC, nutepdefica Ha 06caAyXBainusi MUKPOKOMITIOTHD
{MOMK) u nerosara paGoTa He 3aBMCH OT afiroputoma ua LIOBC u aaroputhMa
iia cuMmpoagara odpabotra.

B apxurexrypara Ha cucreMara ca Hsnosassanu oceM mopyaa 3a 1OBC
¥ efnH obcayMBam MEKpoKoMmorsp {OMK).

B Monynure 3a LIOBC ce peanusupa koupe#leped pexuM Ha oﬁpaﬁr{ma
Ha fazara Ha UMPOBUTE CHIHANHM POUCCOPH ¢ XapBapicKa CTPYKTYpA. |

|
B. Anapamsu o npozpamiy cpedcmsa Ha CHcmemama

B gauecrsoto Ha moayam za LIOBC morar na ce | us-

NO3BAT DA3IMUHYM LMBPOBH CHIHAMNY NPOLECOPH ¢ XapBapicKa CTRPYKTYpA.
VispecTHH ca pasauunu Takusa, karo DSPEE200, TMS320C2x, TMS32003x,
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|Bnoaarunum (61)]
) i R
{Aanoros urrepdeiic (AW)|

~ . i,

A 1 | I R

u Komyhuxaugoren npouecop (KM)1 I
I

o

B

c

Knz

NOMK OMK

Dur. |, CrpyxTypHa CXema Ha CHCTEMATa
MIIOBC — wmoxyn 3a uudpopa 06padorka na GHOMELHLHICKE CHE-
Hamn, HMOMK — wumrepdefic Ha ofcnyxsamivs  MHKPOKOMEIOTBp,
OMK — o6eaymxsamn, Mukpokommiorsp, ClII ha OMK — cHeremna -
Ha Ha OMK, BIIIIOBC — prprpewsa cucreMua muHa 3a uudposa

obpafiorka Ha cHrHaJH

TMS320C5x, T9506, VSP (LEUTRON VISION), INMOS T800/805 nrau
IMST414/425 [8—13].

B pasnuunn wzcnensanus, kngeto ce usmonazpa IIOBC, Hafi-uecto ce us-
nosasa HppoB curaaner npouecop (HCIT or auraudickus npesoy wa Digital Sig-
nal Processor — DSP) or Tuna TMS320CxxX, npoK3BoAcTBo ua dupMara Texas
Insiruments,

Tosn npouecop e NMOAXOAMIN, 3aUIOTO 34 HEFO CHIECTBYBAT paapaborena
nepudepus K uHTepdeiic, ocBeH TOBA HMa ZoGpe passuT codryep. CKopocrra
Ha nochepnure pasnpocrpanenu sepeun (TMS320C2x mo TMS320CHx) sapupa
B rpanuunte or 28,6.10° no 33,0.10% onepanuu sa ceryuga (MIPS) [13].

B KauecTBOTO Ha KOMYHHKAIMOLNM NMPOHECOPH Ce U3NOA3BAT CTAHNAPTHH
16/32 6urosy nponecopu iNTEL 286/386 ¢ Taxroba uectora ot 25 go 50 MHz.

B poasrta na OMK ce uznonssa mpouecop i386 ¢ takrosa uectora oT 25
Ao 50 MHz.

II. Meronuka ua ofpatorka

B obuwsa caysai Guomeauumuackure cursand (BMC)
Ce paspenar Ha kBa kiaca [14, 15}

— EnsoMepiin GHOMERHUHMHCKH cHPHan#, K'bM TO3H KIac MOTaT na GhAAT
OTHCCeRE enekTpoenuedanorpavu (EET), esokupanu norennuann (EI), enex-
TpoMuorpamy {(EMF), caexrpoxapanorpamu (EKID), eaexrpooxosorpamu (EOT),
apTepranto KppBHO Hansrave (AKH), aecrora Ha cwpgpeunua myac {UCII),
KOMHO CHLIPOTHBJCHHE;

—- Bropusar xnac BMC ca gsymepuure. KoM Hero ce ornacst CHrHadd OT
pannosoruyHn ApuGopY, PEHTreHOBH H TOMOTDAQCKH M3o0pasenud, yaATpa-
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3BYKOBH H300paMeHHA, TepPMOU30OpameHus. -O60BEHD KbM TO3H KJaac Morar
Aa ce HPHYHCAAT BCHuKW Bujose BMC, KOMTO pmar gByMepen Xxapaxrep. '

B nacrosmara cratna ce pasraemaa derognka’za [JOBC, xouto upuna-
AReKaT W Ha [BATA Kaaca. ¢ 3 '

A. Pasnosrasare ua 5MC ¢ novowma ra k0pesayiionen
GHAALD ‘ ) '

Ilpn, noerensauie Ha curoan or DBJI to#t ¢e npeoBpa-
3yBa B UHODPOB BHJ, Ce KORTO ¢ HIBLPLUIRA {HGPOB aBTOKOPENafHONeH aHa-
anz. lleAta Ha aBTOKOpeNaNMOHHMS . 4HANUS € pa3lo3HaB4HE HA CHIHANA Ha
¢oua Ha wryma W olipejesisiie HA Heropara npuuagaexnoct {EET, EOI‘,‘EMI‘
H Ap.}.

Cren npeolpasyBaHeTo H3IXORHMAT CHTHAN  x{k) TpeACTaRAsIBA CyMa OT
uctuuckus BMC b(R) u mym n{k) [16—18] '

(1) x{k}-=b(k) +nlk).
ABTOKOpEAALHOHUATA DYUKUHS Ha CyMapuuds CHIHAA x{i) ce npescTans
€ YD4BHEHHETO
N -1

) _ Cxx(i)——Zx(k)x(k—i).
k0

Ilpu ompepenena CTOHHOCT Ha aBTOKOPEAALUOHHATA yHKLNS, KOATO Hai-
BHIlaEa NIPEABADHTEJHO 3ajancHa CTOHHOCT Cun, CC IIpHEME, Y€ TOBA € Thpee-
HUAT CHTHAA, B NPOTHBCH cAyvall NMPOUeAypata NPOABJAKARA,

Caen xaro Gpje paznosuar BMC, Toi ce noanara sa uudposa GUATPAnus,
HenTa Ha KOATO € onpejensiHe Ha Herosara HNPHUAANCIKHOCT,

EpnoBpemMedto ¢ GUATpAUUATA € U3BLPHIBA U CHEKTDaJeH aHANH3 C Je-
TaRAUIHpANe HA MHEODMAnMATa, KOATO ce CBALPXKA B curaana, ToBa e Heol-
XOMHMO 3a CACABAINHA eTall Ha o0paforKara — eKcupec-alajus Ha KOHTPOJIH-
PaHHTe NCHXODHIKONOTUUHHA 11apaMCTPH ¢ Liesi YCTAHOBABAHE HA 3/ipaBOC/IOB-
HHH CTaTye Ha ACTPOHABTHTE H HErCBOTO HPOTHO3HWP A,

B. Puampayus u chexmpuaasen awaaus wg BMC

Quatpauxsta MOME Ja C€ DeANH3upa HO HAKOJIKO
naunya. [Ipeumyimnecreeno B Tesn c/iydyau ce H3NOA3BAT [BA METOHdA na |QHJ-
Tpauua — HuppoBa QuUATPanHs, peanHsupana ¢ NOMOWITZ Ha HH(POBH (ANAT-
P4 C KpaHHa MMRYACHA XAPaKTCPHCTHKA, W alanrdsua unbpopa QUITpALES,
MaremarnueckuTe MOZCIU Ha ARATa MeTORA HA QUATPALHS ca OTPa3eHH CBC
CAEHHTE U3PasH:

N~—1
@) biey= 37k (k) 5 (h—i),
IPE:']4‘\"——1
@) ey =d ()= X h{F)x (k—0).
k=0

Axo Hanpumep e HeoOXOLMMO Aa Ce HAGHTHUQUUMDAT -, B- HAn S-pHTMH,
B TBPBHA Cayyall Ce TOAYYaBa CAENHUAT 06pa3 {32 a-DUTMH):

N-1
(53 a*{i)= E’h (k) w{k—1i),
£=-0
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a4 Hnpy¥ BTODHA BHA @)HJ]‘F‘{)BII,HHI
M1

6) eals) =dali) = 7 h k) a (k= i).
fe=0

Excnepumentanno moxke Jia ce yeraioed 3a xom tunose BMC xaxkvB BHJ
tuntpanus Tpalra Aa ce H2MOA3BA.

CrexTpaniuar aHajiua ce peaiusupa Ha Gasara "a O6bp3c npeodpasyBanne
na Oypue (BIIG).

B. Ercnpec-anaaus

Ekcapec-anaiusnT CC u3BbpBa ¢ nomouira Ha OMK.
AATOPUTMHTE HA O6paboTKAETA CC ONPEAeAAT B 3ABHCHMOCT OT BHAA Ha MCHHIHH-
ckuTe uacAenpanna. [lporuosupanero HA 34D ABOCJOBHUHA (TATYC C@ OCBHINECT-
BiBA B peaNio BpeMe M He 3asucy oT aaropurema na JOBC.

Jlurtepatypa

I. Hotanos, A H. u ap. — Kocuuuecias OGHOMOTHA 4 ABHAKOCMMUECKAn MEANLUHA,
1991, Ne 4, 26—30.

2. ® op, A. BocupdaTHe u pacnosHapaHKe ofpaszos. M., Mamsunoctpoenne, 1985, 98—
108, 113—1292, 212216

3 Hegwros, P J. u ap. — Kocvuveckan OHOROTHS M aBHaKOCMHYCCKAf% MeAHiLRHA,
1991, Ne 5, B6--59.

4, Nedkov, R., S.Simeonov, S Tanev, — AepOKocMHUSCKH H3CACHABAHKA B
Brarvapra, Me 10 {mof necuar).

5 Baesckuii P. M — Kocumuueckas Huon0THA M aslfaKOCMUYecKas meguuuHa, 1991,
Mo 4, 2126,

6. Tace, B. K. 1 ap. — Tpynn HicrutyTa MHMKenSpOR MO SACKTPOHURKE # DANMO3AEKTPO-
nuke. Iepeson ¢ aura. (Procecdings of the IEEE, 1987, 75, No 8, 120-136), 1987,
75, 120—136.

7. News Letlers — LEUTRON VISION, 1991, No 10, 6-12.

8 Xuwavwewn, . H w gp. — Tpyast Huctdryra uunCHEpOB NO 5AEKTPOIHKE H pafHo-

snexTponure. llepesor ¢ aurA. {Proceedings of the IEEE, 1987, 75, No 8, 52-
80), 1987, 75. 5260,

9. Kyusbcauob, M. u gp. — Tpyam HuacTyTyra HNMCRCDOB MO SJMEKTPOHHKE M pajHO-
saekrponnxe. Tlepeson ¢ aurn. {Proccedings of the IEEE, 1987, 73, No 9, 8-28),
1987, 75, B8—28.

10. Cyraa, M. u up. — Tpyaw MHCTHTYTa WHWeHepOB N0 SNEKPOHHKE H pPafRCSAKTPO-
nuge. [lepesoa c aura. (Proceedings of the [EEE, 1987, 78, No 9, 2829}, 1987,
75 2829,

1. Digital Signal Processing Application with the TMS320 Family. Texas Instrumentis.
Signal Processing Series, Prentice Hall, 1988-1991, i-3.

12. Image Processing with LEUTRON VISION -— more than 10 years of experience. Pro-
duct Calalog, 1991, 18—20.

13. Texas Instrumenls TMS320C5x DSP. Preview Bullelin — Printed in USA, 1980, 1-7.

14, Kanuenanyu B.u ap lledpopue drasTps u X UpuMenenue. M., Sueproatomus-
Aav, 1983, 295307,
15. il arac, YU, Boizpanpbie nOTeni{naas MO3T2 8 HOPMe W natomoru#. M., Map, 1972,

16, Maxc, X. Meroaw u reXxuuira o6paloTHY CHTIAROR UPY QHIHYECKHX HIMEPEHHHX.
M., Mup, 1, 1983, 203---210.

17. Ma ke, K. McToAu # TeXHuKa o0paboTEH CUTHANOL NPH (QUIHYECKHX HIMEPLHRAX.
M., Mup, 2, 1983, 160—164,

i18. hae i’isx }é'r, P. BricTphic aaloputvel uudpoecil obpalorkn curkagos. M., Mup, 1989,
18—31.

Hocmenuae na 7. IV, 1993 .

69




System for intelligent digital biosignal
processing on space board

Roumen Nedkov

Summary

In the article the problems of digital biosignal
cessing (DBSP) on space board are examined. As an instrument for re

tion of DBSP an intelligent system is proposed. In this system the digita
the symbol processing are distinguished.

The proposed intelligent system is a new generation system.
I
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MeTon Ha AONMBLJHUTEAHATA
NpOMeH/IMBa B 3a4ayara

3a duaTpanus Ha NPOCTPAHCTBEHUTE
KOOPJANHATH U TIaPAMETPUTE

HA IBUKEHUE HA TOABUKHU OOeKTH

Benuecaas Pawros, Ancen Xpucmos

Hucmumym 36 xoctiusecxu uscaedsanusr, DAH

1. Bueepenue

E,U‘Ha oT CLIMOXHOCTHTE 3a YﬂOBHeTBOpﬂBBHO HAa
BHCOWOTOUIIOCTHHTE HYXAW 1ia C'beCMeHHaTa KOM}'HHK&ILH}{ H ’!‘pailCl’[OpT e
PAZBHTHETO Ha MHOTQIIOIHIIHOHHHA IJH)IHUTEXHH‘IGCKH HABHUTAUMOHIH CHCTEMH
(MPHC) [!]. Ochnoser npofsieM HpW YCHLBBPIICICTBEHE HE CBICCTBYBAHTE
u pazpaborka na unopw MPHC ce apsBa 1i0-1aTaTRIHOTO HOBHUIABAIIE Ha TAX-
Hara TOUHOCT H WYMOYCTOAUHUBOCT,

Pemiapanero Ha To34 npofaemM Ges AONBANHTENHH anaparypHH YCACKHERHA
H OCKDBIABANG H4 CHCTGMATE CE OCHIIECTRABA Upe3 pCanu3alluss Ha ONTUMANIEH
ANTOPHTHM 34 00paforka Ha CHIriand, OCHOBai Ha NTLJAHO H3BAHYANC HA uH-
dopmanysTa 0T panuocHriana., TouHocTTa na QUATPaUKATA MOxe Xa ObAe 110-
BHIIEHA 324 CMETKAa 114 H3NOJA3BAHEe Ha airopuTMu ¢ ofeAHHEeHA CUHXPOHM3ANUS,
H3MWISBAHIH CBEBMECTHATA HH(IJOpMaL[HH 34 SEIB,p'b}KKaTa Ha CHIrHamna, C’bIH:I}}Ka'
nia ce B O6BYBAILATA ¥ BHB (A34TA 1142 BHCOKOUECTOTHOTO 3afihbaHeHue [2].

Hle ce cnpem no-oApobio Ha HenHleRiaTa QUATPAIMA NPH MIOTOMOAATHO
aueeTepHOPHO pasupencacnue [3]. CpriacHo ¢ TEOPHATA Ha ONTHMANHATA QHI-
Tpanyds HAa MAPKOBCKY [IPOLIECH TOYHOTC PEILeHUC HA 3ajiauata Ha QHATPAHUS Ce
CBEXAA KBM PCKYDEHTHH YDaBHEHHS 33 anocTepHOpHATa IIBTHOCT HA BepoAT-
nocrra {ATIB) ua nenssectHuTe Napamerph p (¢, A). Ho HenocpeacTeenara peanu-
34lHA HA Te3M ypaBHEeHHA D HOBEYETO CJIyYaH e AeBhaMOXKHA., 3a NpHONUKEHO
pemaBch Cé HpQ,IEJlO)KCHH pe,uHU,a MeTOLU, OT KDUTO OLHOBEH OCTaBa MeTOABT Ha
raycona 8'HpOI{CI'IMaLlHH, BO,IKEUJ, KbM alropHTMY, GAHM3KH 210 pasumpeli Q)HJTT'BP
na Kaawmain, B sapaqure ua ofepnuesa cunxpounsanus [2,5] Tosu metol fasa
Hepadorocnocobuy aaropuTMu, Thil karo ATIB uMa uzpascn MIOTOHHKOB Xapak-
tep. B rose cayuad efoNHKOBATA HOPMANGA TILTUIOCT HA BEPOSITHOCTTA HE MOKE
D& OCUTYPH yAoBJeTBOpuUTeina anpoxcumanus Ha Al1B. Eto saiip usnonssaiero
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a MeToa Ha raycopo npuCNHIKEHWE BOAM KLM aATOPUTMH Ha GHITpaNHS ¢ Xa-
paxTeplia Heeujl03HAUHOCT.

OGUKIOBEHO NPHUUIA 34 MHOTOHHKOBHS xapakrep ua p {f, A) ce sBaABY Ha-
MIHHHETO HA HAKAKBa NePUOAXULIA DYHKUHS OT A B MOAEJHTe HA 1aBAI0ACHHETO WK
crodilieHuero,

34 oTumrane na Muoronaxopocrta na ATIB mMoxke a4 ce MPEHMOXKAT PARTHYHM
anpoxeumaunu. Ouesnann ca onurute [2,5] 3a u3nodssane Ha NOJIHFAyCOBA anpo-
kcumaihsi. Hepocrarnk na Takss HOAX0] CC SIBSIBAT FOJCMHST Gpoi nemseffnm
TapamMCcTpH ila pasnpefie/iente H CACROBATAHO CAMKHOCTTA HAa DeANU3aLMsITa.
B [2,5] e npensioskera u nacaensana anpoxcuMalnsa na ATIB upes npoussejenue
Ha TdycoBa OGRMBAING M NEPHORWUHO Raubinenue, B [5, 6] ¢ 1pe ANIOKEH NOAXOA,
Hapeqel MeTo/| Ha pasheasiie ha saapbkkute. Tolk nospodsnga Aa ce ocBOGORKUM
OT HSKORM OrDAHHYCHHA HA APYIHTE METORM, pasraefad B [2,5]; Bopu KBM
NPOCTH AATOPUTMH, YROOHH 3a PCANU3AUHa ¥ OT/NHUABA HIH Ce C Ho-TolsMa
COITHOCT.

[1pu rncespopanexomepen meron sagauara ce cBeXAa KBM ONTHMAIHO ofipe-
JeJisiie Ha KOOPAWHATHTE Ha [OABHIKHHUA 00eKT (TTO) no wabmonenneto Ha ;cnr-
HalMTe B YCJIOBHA Ha HMIYMOBE ¢ OTUHTAHE HAJHYHETO Ha pascwriaacypale Ha 'Bpe-
METO Hd OlIIOPHIA reHeparop Ha NoABHKHEA 06eKT OTHOCHO BPeMero Ha CHHXPOH-
HHTE€ H3TOUHMLH Ha H3avuBane (MM). '

2. PopmysaupoBKa Ha zajayata

Ha NO ¢ xoopuunare X-=:(x, y, 2} ce wHabaonasar
curnagy ot rpu MM ¢ uzsectun goopaunars X,—(x, gm 20}, £—=1, 2,13 B
ApaBOLIbAHA  KOOPAMNATNA cucrema. Ha Bxofia Ha npuemimixa na 110 ce
Had. onasa

{1 Ey=s{t, MOY+n(d),

KbReTo S{¢, MI)) = Z §,(f—T4{ )} e noneseH CWrHaJ, NpeACTABABAUL CyMa
fo=c1
OT cHTHAMHTE S${f—T,(A)) ot Beexn MM :

2} SpE— To(R) =filt— T,(M)) cos [wo (¢ — T,(AD] 5
Tyh)=1,(X)+A e Bpeme Ha npucturase Ha curgana or k-tu UU;
) — paschbraacyBane Ha ckanara Ha [TO oT CUCTEMHOTO Bpeme

T X) =071 (x—2,)2+ (¥ =32+ (2— 2,2 — ucTHaHO BpeMe Ha 3aKbCHEHME HA
curHana or k-tu MM ;
¢ -—— CKOPOCT Ha CBEeTAHHATA; _
A={x, Vo ¥, Vi A, Va) — BeKTOD Ha CBCTOAHHETO, BKJMICUBALL KOOpIHHa-
ture Ha IO uw A, a ¢bmo V,, Vs Va — cxopoCTHTE HA H3MEHEHHE HR X, ¥ H A ;
n{¢) — Gan raycos wym (BI') ¢ xapakrepucTuxy M{n(E)} =0 u M{n(E)n{t+7)}
={(N2)8(¢).
BB BEKTOpa HAa CBETOSHMETO He Ce BKAIOUBAT KOOPAMHATATE 2 M BEKTOPBT
Ha ckopoCTTa 1/, "no cbimara xoopAuHara. [IpHemame, ye z=const u V,=0.
Bexroper A MOMe da 6bse omucan upes TayCoB MHPYSHOHEH MapKOBCKH fpo-
LeC, YAOBJAESTBOPABALL CHCTEMATa C(TOXACTHYECKH JH(EpeHfUankEH ypaBHeHH:

3) h=FA+m{f),
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x=V,

Vx =—u, Vx + ﬂx(t),

@ LG
Vy=—u,V,+nff),
A: Vﬂ:

Va= —0aVa +na(f).

Tyx nff), ny(t) u na(f) ca nesamucumu BUL ¢ emocTpanum coexTpanud nABT-
Hocta N, N, B M.

Matpuuute Ha xoeduudenTHTe KA CHoCA u ANdYSUETA &

1 @ 0 0 0 } g o 0 0 ¢ 0
0 —a, 0 0 0 0 0O N2 0 0 0 0
0 g 0 1 © 0 0 g 0 0 0
F= » Nl-‘: : s
0 0 0 —a, 0 0 0 0 ON2 0 O
0 o 0 0 0 1 0 ¢c o 0 g 0
0 0 0 0 0 —ea 0 0 0 g O N2

n{#y=1{0, #.(). 0. n{f) 0, na(d)l;
M{m(Oni(t—1)} = Nad(z).

3. ChIIROCT HA METoha

B nmagenwsas cayyaii MHoromukomocTTa Ha AllB p(f, A) e
ofyc/aoBseHa OT MEPHOAHYHOCTTa Ha Hocedjara Ha curHaaurte ot MM otHocho
BpeMeHaTa Ha 3aKbCHeHHMe 7T,(A} ¢ mepuon T,=2mfw,

Bobeexpame BeKTOp OT ACHBANUTENHN NPOMERAVBY 33 CHrHanuTe oT TpuTe M

Ti={(Tq1» Taa Tuahr

KBLeT0 T4y, Tap T4z €4 BpeMeHa Ha 3aKbCHEHHE HA BUCOKOUSCTOTHUTE 3aIbJ-
HeHRd H& CHTHAaJHTE, H3NbueHH oT KM, T. e, BMeCTo BeKTop XA ILe pasriexiame
BeKTOp HA CbCTosiEueTo Aj={A%, T}, Mpyu TOBa TAXHATA TL¥AECTBEHOCT B USXOJ-

Harta sajiaya ile oTYeTeM B AUPHOPHOTO pasmpepenende {3a £=0)
(5 Poc (4 To) =Py, (M) 3 T4 —T(A)],
kbaero THA)={T (A}, T4(A), Ta(A), a cBHlO ¥ B ypaBHEHHeTO Ha AWHAMHKATA

: _arm__:ﬂ{_k}_ ah
(6) Td'_ dF T E’

KOETO OCHIYpfBa HanbaHEeRueTo Ha ycaosuero Ty— T{(h)=const,
Ot (3) u {6) caenpa
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L BT(R) AT
%) Ty = SREA T (e,

Or dusnysu cbvobpamenus AlB

BBB BCEKM MOMEHT OT Bpeme Tpabsa Aa CBAbpxA pAenra-Qyaxuns §T,—T(R)],
HAJHYRETO HA KOATO OTPA3ABA HANIETO SHAHWME 3& TOBA, 9¢ BBB BCEKH MOMERT
OT BpEMEe ¢ B cuia paBeHcTBOTe T,==T(A).

Vasbnpame cnomaratenna anpmopna manrHOCT Wik, T,), Taka ue Aa yjio-
BIETBOPABA YCAOBHETO

(8) Wd[l> Td:T(?")]“CP pr (1‘)
[Ipu ToBa Ce OKa3Ba BAPHO CHOTHOLIEHUETO
&) P(t, &, Tg)=cPy{t, &, THR[Ty— TR,

KOeTO €€ A0Kassa no Merofla, onkcad B [3] B {9) Py (¢, A, T,) ¢ AlIB 3a sa-
RayaTa ua QUATPAMA C anpHOPHA MABTHOCT Wik, T,), Monea na ¢»00UIEHHETO
{3}, (6) u monen na mabmoznesncro (1), {2), B 3] ce pasraexia pasilHpeH Bex-
TOp Ha CBHCTOSHHETO {T, T4}, KBALTO T € BpeMe3aKbCHEHHE Ha OGBURAN[ATA Ha
curHana or enuncrsed MY, a v, e BpemesakbcueHMe Ua HoCeUlaTa MA CHIHalA
or comust VIVl B npoueca ma 10Ka3aTescTBOTO ce NPEMdHaBa K'bM HOBH| [po-
MEHJHMBH T, £=1,—7 [3]. B namma cayvait 3a foxassane Ha {9) ce npouefupa
N0 CHUAA METOX, HO Da3[IUPCHUAT BEKTOD Ha CbCTOSHHMETO € Ay={A, T,}, ¥b-
ReTO A # Ty €4 BekTODHE Tpomenansd, HOBuTE NPOMEHJHMBH, K'BM KOMTO (€ H3-
BbpIIBA NPexoAbT, ca A B £=Ty,—T(X). Ot (9) crensa oCcHOBOIOAATAMAT H3-
BOA, ue 3a AIIB P(f, &) na usxonnara 3ajasa Ha OUJATPAUH? e Cnpaseiauso
CBHOTHOMIEHHETD

(10) P, My=cP,[t, A, (W)

Maxonusara sajava ¢ ypaBHeHHe Ha #aXioneHHETO {1), (2) u yparuexsue =Ha
cpobwenneto (3); (4) ce cBewaa wmM HOBZ JOmbJNMTENHA Sanaua. BmecTo
ypasreHue (1), (2) samuceame HoOBO HAGMIONEHMC, B KOGTO BJAH3AT ﬂonwmlhw.fl-
HHTE NPOMeHJnEH Ty

(11) EB)=5(t, A, To)+nld),
s{f, A Ty) = 2’ Falt— T cos [ou(f— T aals !

KBIeTo flf—T,L)] e o6pupama na curnana ot &-ru WM. :
YPasleHueTo Ha NHHAMHKaT2 B LONBJAHUTENHATA 3aiaya Ce fBBA ypABHE-
Hue (3), (4), nonoaneno ¢ {B).
3a na xouxperusupame (6) u (7), TpAGBA Na HAMEPHM BEKTOpa OT MpoH3~
BOARHTE 07 A}/ IAT '

!
W A Xy+4A) a[_c'_((x—xk)g_‘_{'_(y-—yk)zil-(z_zk)z)lﬂ ra]

T T T |
2 3T, (3) =35 cosa |
ar= ) [P (=9 + 2] =t
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oF {A} 7 cosB )
5 =—(I—Ile—x%)" + (y—9s) + (2~ zk)gl A
oT, () . OT (M) aT,(h) 0T, (A) o

oA T oV T TV, T oV, T

KBIETO COS WU, COSHB, €2 AUPEKTOPHH KOCHAYCH K'bM HanpaBieHueTo Ha &-tu MU

(13) ag;i“ = | 2%, o, © 0,1, 0].
T (7) nonyuasame
(14) Td: Frat +0ax1y
xblete Oy € BeKTOP-CTBAS OT TPH eNeMeHTd;
FTd_aT(X)F

T

, 0 c¢lcosm; O ¢ lcosBy O 1
(15) Fra=[0 clcosa, 0 c~lcosB, O 1
0 clcosuy; O etcosBy O 1

3a pONBbAHMTENHATA 3a7aua YPABHEHHETO HA JMHAaMHKATa uMa BRAA
(16} A= Fyhy+ “?ud(t),
kbaeTo Al={AT, Ti}, n{d(t)={n§(t), 0, 0, 0L

MatpunuTe na Koe[bmunem‘;rre Ha cHoca ¥ AudysHaTa ca

Ny, O(fsxs;
0(3)(6) O(axs

F O(ax 3

F, =
¢ FTd 0(3><3}

¥ paBheHueTo Ha cbnm‘pauns Ha CTPaTOHOBWY [IpHUEMa BHJA:
0Pt M T,)

(i7) — 5= LafPolt, % TR HIFE M T)—FOIPLL 2 To)
¢ mauaano ycnoue PO, A, Ty)= W (A, T4), yrosaersopsasame {8},
Oneparoptr Ha Poxep — [laanx — Koamoropos (PTIK) e
id{f;\_ & ).} ) 9 . 3
Lfj=— » & © 1 oy G
¢ ;2 T3 MZ:: Yoy "ok, By

kbReTo o (f A= Fhg
At % T)=QIN]EDste, To) 5%t %, T}
F(ty= [ F({t, A, TPt, ¥, Ta)drdT,.

[Topajik mepuoAWMHOCTTZ HA CHIHEAA Si{f, A, T4,) ¥ HAa Koe(HUHEHTHTE Ha
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oneparopa Ha P®IIK no npomennusure T, caensa CTPOTa MEPHOHYHOCT Ha
ATB, r. e. Py(t, M, T)=Py(t, A, Ty+ T,ET), knrero E=(1, 1, 1]. l
Muoronukosusit Xapaxrep AeCHO c¢ OTUMTA M e HOCTATLUHO Ja ce onue
HOpMajiHaTa IMILTHOCT HA BEPOITHOCTTA HA eJHA ,I'bp6uua“ Ha Pz, M Ty), a
nocne TMEPHOLMYHO 1A C& npuniara ToBa omuMcaHuwe 3a uaaata AlB. '
Wsnonsypaiikn merosa Ha raycosa anpokchmaups, noJyvyaBame

% |
(18) Py(t, &y Toy=cy, D exp{—0,5[AT—n, Ti—{(mj+~2T,E)JR~*

k= o
XA —my, Ti—(m]+&TE)7}.
YpaBHeHUATA HA PasIHperus bunrep va Kaaman umar suna
(19) ma, = Feka + RE/N)EE)— s, m )] [9s(4, ma )j0R],

KBReTo my ={m;, m}};

(20) S =FR+RF+Ni —RF,R
KDhOETO .
R, Ri\.Td i
RZ RT!LRTG y R?L'rd :RTGM |

Fo= (2IN)0s (¢, ms YiOMT {05 (8, 1. )/or7) . |
Anpoxcumanuata Ha AlB P(f, A} ce noayuasa o7 (18) u (1% ‘

v

@n P(t,M)=cPy(t A TW)=c, Y exp {—05[W—n,

Kk=—o0
T (M) —(mj + EToE) R~ "— ml, TT(A)—(mI+ AT, E)). |
|

Mle onpenesuM omeHKATZ Ha MAKCHMAAHO npasaonogobue
M=max—1{P(¢, M)}
A

Ot (21} caexea, ue V;:mvx, V;:mi,y, Vi=my, o

X5 () . |
22) Y O wmax—t{ 3 exp{ —05{x—m, y—n, A—ma, T (x, v, A) |
LG R ot - |
Ry Ruy Ra|™
—(My+ AT E)] [ Ry, Ryy Ryn | [x—m,, y—tty, A—ms, T'(x, ¥, A)
R, Ray Ras
— (g + kT E)T g ;
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Axo ,nukosere® a AIIB P(f, &) ca Tecun OTHOCHO HeilHaTa ,06BHBANIAY,
TO (22) npemrHaBa B NPABUAGTO:

x*(2)
(23 y*{H =max* (Pt x, ¥, AY| T(x, ¥, A)=my+ kT, E}
AR ()| =¥

wmm‘1 f iy () + KT, ET—T{Z, my, my, ma)|=m, () +¥* Ty ET="T*,
KBEETO kT (k1 ko, R3)y K¥T=(&], &, &;) & BexTop na cTofHoCTHTe HA K, npu
KOMTO Ce pocTara excrpemym; T*"=(T7, T;, T;}
OTTyk 3azavyara Ce CBEXAA AC PEIUABAHE HA CHCTEMATa

Ti=may O+ 8 To=cHx*—x, 2+ (y*— 3 P+ {2—2, P 7+ A%,
@4) | Ti=mag ()&, To=c7 (6 — 22l +{5* = 902 + (e —2)°] "+ A%,

Ty= as (£) + & To= =3 [(6* — xeP +(y* —VsP+ (e — 21" + A%,
npE KoeTo ce onpefeast x¥, y* u A%

[To-ynoben anropursM & duaTpanus ¢ rpyndpaHe Ha HaGMOAEHHATE NpH
CTeneHvara anpoxcumauns, 11pu 1oBa oTunTaMe, we curHanwT Sy (f— 7, ())} saBucH
OT CpaBHHTE/HO GaBKO uamensin ce nporecd X {f) u A(f), xouto 3a MHTEpBana
HE AUCKpeTHsauMs 7 ca npefiHsHTedHO [OCTOSHHH: 3aTOBa ¢ HAKAKBO NPHOJIH-

MeHHe MOWeM fla CYMTaMe, 4e Ha BCeKH TaxToB uHTepBaa {f, fv+1) nabmoje-
HHETO Ce [PeACTaBd BbLB BHAA

EB)=s(t, M)Fn(®) telby tn),

KBAETC Ay=XA({f,) @ CTOKHOCTTA ua nApPaMeTLPa B ONOPHUTE TOUKK £,—=vT.
[locnenosaTennocTra Ay yNOBJAETBODARA DEKYDEHTHOTO YPaBHEHHE

(25) lv-!—i b (I}lu + n.?bvt

kpaero P=exp (FT)=L"1{(pl—F)~'} e npexogna Marpuua Ha {4) 3a Bpeme -7

{nepuon Ha Auckperusaums); L—1{...} — ofparHo mpeoSpasysaune Ha Jlamaac;

p — onepaTop Ha Jlanaac; 1, — NOCAELOBATENHOCT OT HESABHCHMHU [AYCOBH CTY-
v

yafinK BeKTOpY ¢ MaTeMaTHyecko ouaxsane M {m, }=0 m xopenauusoHHa maTpHua
v
T

Y=M{m , n}}= fexp {F{T—2)} Ny, exp {F*(T—7)} du.

o
3a BONBAHUTENHATE 3afauad YpABHEHHETO Ha HaﬁJHOILEHHETO npuﬂ.oﬁnaa BUAa
é (},‘): N (t; ldv}"i‘ n (ﬂ? H E (tv: tu-‘»l);

¥bjero AL, ={A%, T, } Tav=Ts(4), &H=vT.
¥YpapHeHHETO Ha CHLOOLICHHETO €

(26) Adgva1y = Pu ?"d\!"l—n}\.d\-'!

xpaero Oy=exp{Fy T}=L"1{{pl—F;)}; M, € MOCAeAOBATENHOCT OT HEBaBH-
CHMH TaycoBH CAYYaHHYM BEKTOPH M ¢ MaTEMATHYeCKO OUaKBaHe M{mdv}=0 H KO-
pe/ailHOHHA MATpPHUa
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7
Ta=Mins 7 Y [ expiFy(T—0} Na exp (F5(T—)jdr
1]

[Ipunoseno wbM CucTeMaTa anpuopsn ypaswerns (4), (6) m3pasure Ha @,
u ¥ mpu al<] wmar Bupa

1 &, 60 006 0 0 0
0 G 00 00 00 0 |
00 1 @ 00 00 g

00 0®, 00 00 0

D=[0 0 00 1 @ 0 0 0,

00 00 0 @, 00 0

0 Oy O @y 0 By 1 0 O

0 By 0 @y 0 g 0 1 0

0 By 0 @y 0 @y 0 0 1

KBIETO
Dpp=(l—exp (—o,)/a,, Dgg=exp{(—0a, 7 )
Dy =(1—exp (—a, 7)o,  Dy=exp (—a,7),
Ggg=(1—exp(—aaT))/ua, Ogs=exp {—aaT),
Do ={C0S 0y/C} Dy, Dy =(c08 Upfc) Dyy Dy ={COS Ba/C) Py,
Dgy=(c08 B1/0) Qgp, Pyy =(CO8By/c) Oy, Dy, =(cos B/} Dy
D= Vg5 = Dgy = Dy

o ¥ 0 0 0 0 ¥, ¥, ¥,
o ¥ 0 0 0 0 Wy W ¥y
0 0 Wae Wy O 0 W Poy Wi
0 0 We ¥y 0 0 ¥, W Yy

TSI TQB ?93 \Pf}{ -‘{'{95 ?96 TQ’? ‘PQS IPSEJ

KBACTO ¥y=¥, npu {/, j=1,9),
Pu=N,T%6, ¥i=N,T?4, ¥p=N,T/2,
Vo= N, TH6, W= N,T%4, W, =N,T/2,
Wis=NaT%6, Wyom NaT%d, We=NaT/2, |
Fre16=(Co80,/0) Fr1, Waniy=(CO8 0/C) Prgr  Papnisy=(C0S By/c) Wi,
Faeroy=(c08 Bp/e) ¥ar,  Fstar0r= Yo Forrey=Pser |
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Fiaroy t46)7 = (€08 0gfC) {COS 0,/C) Wy + (08 /) (€08 By/) Pp+ Fis
npu (&, 1=1,3).
[lpu namonsymsaHC HA CayCOBa ANDOKCHMAnus# noJNyvyasame
(27) Pyv, hn Ty=c; Y exp{—05[1—ht, T: —(T7,+4 T, E)]

)
h=—we

XR; pr—Ay, T, —(T5,+ 4 T,E)'}

v

Ypaguenugra nHa pasupenud duarbp Ha Kaamas 33 BeKTOPZ Ha OUCHKHTE
¥ KopeaamuonHata marpHna R, ca

f\-'-I-I o~
" - ( a8t Ky 1) 1° -
(28) Aaw+1) = A1) +{2/NV) Ry f [7;;:” l By —s (¢ Aawrn)] e,
3 d
i S gy T T 0SE Tqsny)”
R (b)) Har 1)
(29) A ey J o | ||

W

KBAETO Ay Bay Aaws1) € BEKTOP HA EKCTPANOAUPAHUTC oueHkd ; Ry 1=y RyDiv
+ ¥4, — KopeNaildoHHA MATPHUA HA eHCTPANCAHPAHHTE OLEHKH;

» N Ry i R(md)v

?l'-(rl\F:{Kv’ Td\,}; Rv—': .....,......-..é.,...,.,........ 5 R(R'Td)yz ’;‘3\.'

Rry | Rry d'v

dv i d

OrTuuralixy, ¥e A, € BEKTOP HA HEEHepreTHUYHH NApaMeTpH, T. €.

[B&M

a 7&.; i\ S(f, ?\'d{v-{—l)) df«‘-‘@'o,

Te (28) npuema suka
¢
R - vht 38t Fgpiny)
(30} Aaprr ) = Aagy+(2/NV) Ry f E(t) ———— dt.

oA]

3
v

Chnegpatixu (27), sa anpoxcumauudata #a AlB P(v, A,) ce noayyasa
(31  Pv, M)=c1 Py(v vy TW)
—o; D) exp{—05[n—Az T (M)— (T, +& TLE) Ry

k=0

S Pa—AL T )= (T3, + v T EyJ)-

Ouesxara Ha BEKTOpA HA C'BCTOFHHUETO N0 KPHTEDHA HA MAKCHMANHOTO HpaB-
nonogobue e
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it

K= max—1{p (v, 1)},
A

% ", ‘
32) |y :max;‘{ 21 exp [—0,5 (Xv—Xvs Vo— Y, Ay—A,, T (%6 Yo A
Fetp By U=—o l

v

Rxx\, ny\, 'Q.t’-\v —=t
‘(T(:v = kTﬂ E)) R}:yv ir\)yyv Ryﬁ (xv‘—“;w yv ‘—‘}v, Ay—'&r’ TT (Xy, yv, Av)

v

R_:..—Av Ry:’.\\’ RL\AV

—(T5,—4 Ty E))"'I}; Ve =Vai V3 =V s Va,=Va,:

[lpu Techn ,nukose* na AIIB P(v, A,) oTHOCHO Hefinata ,06BHBALLAS MOKe
Aa ce cuura, e

uat
(33) V|~ 1|}in_1 | Ty, -k To E"—T (v, yy, Ay)| = Tdr—l—k: ToEi=T;
@ v
A |
|
KBReTO K| e BeKTOp na cTOHHOCTHTE Ha k, [IPH KOHTO C& ROCTHra EKCTPEMYM
|

TU=[T}, T, Tj] — BeKTOp Ha KOPHTMpaHUTE BpEMESALPBIKKH Ha CHPHAMHTE
oT oTgeasure MU, e

W Taka sapavara ce ceewna mo peiiaBalie Ha CHCTEMATa yPaBHCHHA, aHa-
JorkuHi na (24) |

Th=Tawt b, To=et (5= P+ {3 — 9P+ (e —2,)] P A,
(34) Ty= Tanvt 3 To=c™ [(x)— x4V —ya) + (2—2gPI" A,
To=Tast ks, To=c (K — 02+ (Y, —9a) + (— 2P 7+ A5, |
IPM KOETO Ce Ompefensr x., y. u Al '

[lpu koHxpeTHsauus HAa BeXTOpHOTO ypaBHenue {30) sa MojAeaa ma nap}.«me’p
pure (4) ce nmoayuaBa CHENHHAT DEKYPEHTEH AJTOPUTEM :

3
Xyl :xv"i‘(bm va"f‘ 2 Ty B_k»
Fe=2

3
Ve . =Das Ve, T 2 o By

xv-i—l
k=1

3
yv+1:yv+®34vyv+ ZrSkBk! I

A=1
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3
Vyv+1 =Dy Vyv+ Z P B

A=l
(35) Bopi =8+ OV + F Tox Bay
!
N R 3
VA\:H = Bgg Vav—f- Z Ty By
=1
N R R 3
Tarry=Taret+ Qo V; +0y Vyv"' Dqy Vau—l- Z Top By
x=1
R ~ - 3
T Avi 3= Tao+ (Dsﬁ va‘i‘ Oy, Vyv‘i‘(pas; VAU‘F 2? | By,
Pl
. . . 3
Trl w4ty — Td sv- (DQ-: va“[‘(pgg Vyv+ (D% VA\»+ 2 r“}k Bm
k=i
KbJETO

05 B L p AT 2T at,0)
rfk=(2fN)(Rh % 1Ry Rt R SA )

1T, ‘fo?ar +Rw 5T

A

d=~d
j=19, &=13,
It(\P-I-l ]
B,=— [‘ (t} dt = Bck-{-Bm,,-ZBckﬁBmk,
2\-"
rv-l-l {v+l
a8 A g5, (t,
B.c,,,:—f s, (£, Aq) (—“2dt Bty - — n{t) _, R at.
¢

¢
v

Axo npeneSperseM NpY YMHOXEHHETO TOA HHTErpaja ufeHoBeTe, ChABP-
xaly wectora 2w, uspaskre 3a Bey, But, npujiodupar BHAA

3‘v-b- i

Bey=05 [ {mm = Ty ()] £y 16— T, (%)) sin [0 (Tgs— Tar)
£z

L

3f [t-T,(~ N
] 2SO o o Py Ty

& Aepoxocmugecxy uscheRBauuf B Dnnrapus, 10
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or R 3 'a.&“%}i_;) i oy By B By —
T IF | ' .0)0,
£ Vi 2y Jt? lgd X W2, 2y Loped Ty e pﬁ
i
AL pasHABa-

Vi) KLU0 YETPOM-

Mayncnuren wa’
Zy e qCTHO

koopauHaTute 1a M

4 Vi Ks

T T —

A v & y’-‘—"ﬂgqucnl.ﬁﬁn
.

T O

e VEVE

®ur. I. Crpyktypsa cxema Ha AucKpereir huATHpR

xv+1
Buy= [ na){mofk{ehn@n sin [ (¢ — T)]

)

_ ShIE-T, ()]

= cos [0, (f—T gs)] } dt.

Crpyxrypuara cxema na anropurbu (35), (33), (34) e noxasama Ha ur. 1.
[puemansT ce cbCTou 0T Tpu BpeMenn NACKPHMYHATODE N KaHaTH 33 (popMupane
Ha OnengiTe Ha napameTpuTe Av. Beexn xanas sa oneHxa na napamernp ce ChCTOH OT
TPU YMHOXHTEAA 17y, I'jp M Ty, cyMaTop H nucKOueCTOTEH (GWITLD, dbopmupamn
¢boTBeTHATA OuUeHKa, OT H3X0AA HA HUCKOYECTOTHUTE dbuntpu oucuxure X, 3,
A, Tg, Ty v Ty3 nocTLOBAT HA BXOJA Ha CPaBHABAIHG YCTPOHCTRO, KOETO (pa-
BHABZ BPEME3AKBCHEHHATd HA OOBMBAIATA ¥ HOCEI[aTa HZ CHrHaxa oT Beexu WU

* * & . - = e~ e b
u dopMupa ouerxu Ty Ty T3 no fpasuasTo min—-*| Ty + K, ToE—T{(xs, 3, A
&

=Ty +ky ToE'=T,. B ususcautens ce H3BBPOIBA DeUIaBaHeTO Ha CHCTEMa ypan-
HeHun {34) u ce usBemAaT xpaiHHTe OHEHKHM x°, ¥°, A”. Ilo pesyaTaty ot olel-
KHTE 12 MapaMeTpuTe ce POPMUDAT 'BIVH Gy, B, KOWTC CC H3NOASBAT NIPH HaymnC-
aenne wa Ty, npoussoimara wa curnana ds, (¢, K)ot u KoepHuHeHTHTE Dy,
Dy, Do, Dy, Dy, @y HA TIPEXojHATA martpuna @, )

B npuemunka ce ochimecrsaBa oueska Ha BpEMEBOTO pascwraacysane A (f),
KOJTO CJell TOBA Ce M3NOJ3BA 3a (uATpauHa Ha KOOpAuHATHTE X (£), y(#). Tosa
HaU'BJHO CBOTBETCTBA HA KOHUEAUWATA HA NCEBLOJAANEKOMEPHHA MeTol | Ha
HABHTr LU,
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The additional variable method in the problem
of spatial coordinates and parameters
of moticn filtration of mobile objects

Venisesiav Rashkov, Angel Christov

(Summary)

An algorithm is developed for optimum signal processing with multiplex sin-
chronization for multi-position radiotechnical navigation systems {MRNS)}
and satellite radiotechnical navigation (SRNS). Statistical methods are used
for optimwm filiration, as well as the additional variable method (AVM} and
data concerning the radiosignals enveiope and phase. Using MGNS high accu-
racy is obtained when the mobile objects delermine their  spatial coordinates
and parameters of motion. The results are contained in ihe two synthesmed
variants of continuous and discrete filters.
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[fepcnextuBu wa passutuero
¥ H3I0J3BAHETO HA CHCTEMH
33 CI'bTHUKOBH CHOOUIEHNS

H pasnpbCKBaHe B bharapus

Lianko anes

Konumem no now u Gasexocwobuenus, Codus

M3CJTE,I[BE]HHHTEI QO BBEBEXAANSTO HA CORTHHKOBH CHC!’PEMH
34 TeNEKOMYKAUNOUHH e/ B Brarapun sanousar npegy mosede or 20 rofdusH.
Huee 6narapekoro KopaBonnapake HHTCH3HBIIO H3N0A3BA cnmm«mosara|cnc—
Tema  Mumapcar®, upes xoaro ce ocriuecTeapar Tefeon iy U TeAerpadH KaHaniu
0T KopabuTe A0 3eMiluTe CTaHuwu M obparno. Tenesususta npHeMa u npejana
IPOrpaMy 0 WHPOKOJEHTOR CHBTHHKOB Kalian OT ¥ 34 APYTH CTPauH, CBhPRani
€ MexNlyHapoanara opragusainus Espoirelicky ¢hiog no pajHopasnprcksane (EBUY, -
Ha. KOHTO DBwirapus e unen or 1992 r. M3nodsea ce COBTHHKOB KAlAMHTET ,,Ei“.spo-
TeicaT”, 3a KOHTO (e H3rpajieNa CIBTHHKOBa Cranlua npes 1993 r. |

[o nacrosumem nne npurexasame semsa crauiug ¢ 4 TpaHCLHOHAEpa (2 3a
TeACGOHEH U 2 34 TEICBUZHOHEH CHEHAM), KOHTO Ce H3NOA3BAT eheKTHEHO. Upes
HaeMaHe Ha Kawajsd or cucremara ,Murencar” ce ocvuiecTBABAT npezoKeaHCKH
TeRe(OHIK M TeaerpadHi BPB3KHU. Dh/rapcKaTa TeJCKOMYHHKALHOHHA KOMIAHWS
OCBUIECTBSABR PasiUMpeHHe HA MEXJAYUAPOAHOTO TesethOHHO ofCAYKBAHE UPE3 QIbT-
HUKOBA CTaHLEA, CBLP3BANE CTPAHaTa ¢ XOMaHLusA.

Hpu usrpaxzanero Win opraunsupaneTo Ha HAeTH CHOGHIUTENNN cHCTeMH ¥
HAC B2 OCHOBA HA KOMYUMKAHMOHIH CHBTHHIH Ce OTUKTALLE, 96 B 3aBHCHMOCT OT
HAaTOBAPBAHETO 34 UCJANTE HA TeACQOHUNTA HKONOMWYECKY H3TOMHH ¢4 KaHalluTe,
noxkpusaut Ha#-maako 400 go 1500 xm pascrosnue [1]. Ouesuguo e, ue|npn
TPACETA, TO-ABATH OT MUHHMAINUTE DascTosdHHs, edeKTHBHOCTTA Iie pacre H
BBICTAHOBHBANETO 13 KANHUTANOBAOKCIINATA IHE €& YCKOpPH.

Tpes crienBangure rofuum ce OYAKBa PAIKO Aa HAPACHC THPCEIETO H TIPELIa-
TaHeTo 1a CHLOOWHTEHM YCAYTH ¥V HAC KAKTO TI0 KONHYECTBO, TAKA U 110 BHJIOBE.
CerawnoTo ChCTOANAe HA HALMOHANHATA CHOCHIHTE/IA CHOTEMA i HBDLPIIBAILATA
C¢ NOArOTOBKA 3a DLANHRAUYA HA 38MHA CTAHIUA OT cueTeMara ,Muresncar! ca
NPEANOCTABKA 34 3aA0BOMNABAHE HA OCHOBHUTe nyxam., OruuTaliku npornozute
32 Obllelo HapacTBaHe HA TPadUKa, ce TpelieHABa, Ue NOTPeBHOCTHTE Ha 6bpao
PasBUBAaHIHA CC fuziiec Morar pa ¢e YHROBACTBODHT 4pe3 BLBEMUAHETC HA HOBa
MENAYHAPOAHE ABTOMATHUHA Tede@oHHA UEHTPANA, KOSTO 3aefHO ChC 3eMHATa
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Tabauua 1

P
TWpags vedry- Bpofi kanamt

Na HAPOEH KOMY- >
HELRHITOHCEH 3eMHO CIGTHRLOB
1EHTBP TPace YHACTLE
1 BainuHrIon 11 1x12
2 Manpun txi2 1x12
3 Hapmx 212 2x12
4 HNowupon A 2x12
5 Kouneuxaren 4x1 &x1

635 kauana B0 xauanzs

CTANLUHSA 34 cacTemara ,VoTencar” a2 oCHTYPST MEXAYKOUTHHEHTAMHHTE H 34-
najnocponefickure 8pL3kd. [IpeABrskjia ce 4pes CraHiiMATa Jia e yCTaHOBAT
HALCHIHN KAHAAH € 4TJAAHTHUCCKWS DErHOH, XLASTO €3 OCHOBIHTE Crpani —
0BEKT 1A MHIEpeC 23 HArpaxaane pa sphska., Ouakpanyte HOTPECHOCTH [B] ca
OCHOBAHWE A3 32R0UI1aT KOHTAKTH C HHTEPECYRAWMHTE UH CTPAHH (raba. 1) 24
{LIAHKpAHE 1A BPL3KHTE C TAX.

Janenara sasiska of noTpefuTeaute na yeayrs ga Vnreacar” cael yrabpK-
HABAHC H1e MO3BOAR HOPMAJEN AOCTHI KbM BKIOUEHUTE CTPaHy, 10 JHMUTHD alla
MOXe 5a & OKMXKe 33iPTKKATAd B PASBYTHETO HA HPOIYCKATeIHaTa crioco0HOCT
HA MCHAYCETHIHATA TeaeOna CHCTCMa B cTpanarta He. Ha ¢ur. I e moxasaHo
H3MEHEHKETO Ha NPOTIYCKATCAHATA BL3MOMHOCT B 3dBMCUMOCT OT THIA Ha BLBEE-
NEHHUTC NOACHCTEMH, KBNETO A, C TIPONYCKATENHA BHIMONKIOLT 1A MEXAYCEIHI-
Ha TesedioHna cucrema, A, - - UPONYCKATSNIHE BBH3MOMKHOCT HA MEXAyHapOAHa
apToMaTHYna Tedetolina uenrpata, 4y, Ty — H3XOJHO CBCTOTHHE HA MEXAYHA-
POAHM BPB3KH, T; -~ PA3BUTHE C HACTH enobunrenny Kanann, T, — BhBEKAAHE
ua cofcTBena crasums MHTCACAT" chC CHOTBETHA KOMYTALUHOHHA WACcT B MEXKNY-
naponra ATL,

B onpescienu nepuojit OT Bpeme B jazeH# OBC/IYIKBARA 30HR BH3HUKBAT 3a-
TPYAHEIMS 33 NOCTBI A0 MEKAYHAPOAHH BPB3KA. 3a HPEOAOANBANE Ha TAKHBA
CUTY ailHH PA3BUTHETO 113 OOCAYIKBAHETO MOMKe JHa Ce HACOUH KDLM BPEMEHIH eh0ob-
IIUTEN K CHCTEMH, YACBASTBOPARAINH JOKAAUHTE NOTPEOHOCTH Ha HKOHOMHUEC-

Al|

I
I

Gur. 1
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KH AKTHBHHTE 30HH OT TeACKOMYHHKALHONHH yeiyru [6]. Ocmuec’rBﬂBaHH: Karo
€AHO OBP30 HIMBJAKUMO H BPCMEHHO PCLICHNE, TE3H CHCTEMH Hie HO3BOJSBAT Bh-
TPEliia KOMYHUK AN, BPBSKH ¢ HAUMOHANHATA CHOBIHTONNE CHOTOMA 1 IHpeKT-
H¥ BPDIKH CBC 38/PPAHNYHY TapTHROPY §e3 OTPAHMYCHUATA 112 MCXKIYCeNIUIRaTa
H MEXIYHAPOLHATA NPONYCKATEAHE CIOCOGHOCT B MOMEHTA, CHBTHUKOBUTE BPDL3-
KH C IPYruTe CTpAHY e Ce pealH3upar no-6Lp30 H HANeMIHO U AKO TOBA KOM-
RCHCUDA N0-BUCOKATA lieHA 11A YCMYTHTE, TO NpH Cb3flaBainara ce B cTpaHara of-
CTAHOBKA TAKHBA CHCTEMH e OBAAT efHO Hafaramo ce pelleHHe. _

DYHKIHOHANHUTE BPH3KY B JOKATHHTE CHOGIHTENHN CUCTCMM MOTAT KA
HMAar BuNa, NOKA3aH Ha Qur. 2, xujiero [ e Maniorabapyrua semiza cranuus, 2 —
KOMyTalHWOHHA wacT (MOXe Ja e B ChCTaRa HA afonarHara uentpana), J— o6-
CryxBaila afonaTha Tenedonya UCHTpana, 4 — BPB3KM ¢ HalHoHakliata iC’E:OG-
IATeNIHA cucTeMa (TenedOHAd, npeiaRane RAHHY H T, .}, 5 — BpB3KYM 34 0O-
CIyxBanuTe aloHATH, 6§ — MaNOKaHANHH Panuopesieliny JIMHHY 32 3axpanBane
Ha oriancuenn O0CKTH, 7 -— MCHAYHAPOKHY TEACKOMY HUK aliHOHH K Bp'%:?;KH,
8 — onTHUECKU UUDPOBK CHCTEMH. BriTapcKara TeReKOMYHEKALMOHE KOMIIAHHUs]
BLEEX]A TakoBa perieHue 33 OGCAyXKBaHE HA GH3HeC-aGoHATHTE sa Cotus ¢ pas-
IIHPEHYUE B CTpaHara, '

B sasucumoct o1 pasnonomenero na norpebutenure ce GopMupar ipe| rpy-
nu. Efuara paousa Henocpencrseno Pa3HONOKEeHHTC noTpebHTeaH, KOHT) Mo-
Far A2 IoN3BaT CHCTEMaTa C AHPEKTHO BKJIOYBane, a BTOpaTa — OTXaJ6ueio
PASTIONIONKERATE NOTPEOUTENH, KOUTO THONYYABAT BPB3KHTE CH 4pes pagHopeei-
HH JHHHH, DPAKO OOCAYKBAIH WA ABHABANH Ce CheHHHTENNH 34 MeCTHHTe
ATIL.

Iaaudpanoro passwTve na manponaisata MeXAycenumiga Tenedouna Mpe-
K@ MOXKE Ja I0Befie KO OTHAflaHe HA HeoGXOHHMOCTTA OT OCHTYPABAHE HA MEKJY-
HAPOANOTO TEJIEKOMY UK AUMOHHO OGCHAYKBAHE CHC COGCTBCHT 3EMITH cTanuuy za
CI'bTHHKOBH RDBIKH. [IpH aHAMH3A HA UKOHOMUUECKATA elcKTHBHOCT Ha Apeilia-
FAHOTO pellielue e HeOOXOIUMO NA C& oTaeTe BPEMETC, 32 KOETO TO Lie Ophe Ha-
nos2BaHe. B 3asucuMoct ot Tora ce lloAy4aBa H BP1H3aKa Che cebecTofHOCTTA HA
yeayrute. Moxe 1a ce 0YaKBa eAHA 3HAUWTEAHO [I0-BUCOKA ceSecToBUOCT, 4 oT-
Tam H N0-BHCOKA Tapuda Ha TO3U BHL yCAYTH [6]. TTopaau ToBa Te ca npuJIOKUMH
38 SafoBOnsBalie Ha NOTPCGHOCTHTE Ha QUpMUTE B 32 OOy MBAHE HA HKOHOMH-
HECKH 30HH y HAC ¢ 2KTHBEH TeReKOMYUHK aluMONCH TPaHK.

B renesmanonuoto pasnpwexpaie CBINOC MOFaT 4a ce HoA3BaT yCKOPEHH pe-
LeHKs, 00e3UedaBalin MIOTORPOrD AMHOCT CBC CHLTIMKOBA cHcTeMa 3a NojaBa-

A : .
Masozafiapumag e A
AN CTREHULR = =) =
Komymauuoku Afonamua
cucImeanu MAASCDOMIE . H
4 A ushmpann |
Hauuveannn s — A
Chotiuumeana — S
CUTITIAD — ¥
T
| y
T L
-9 P "
_&. ﬁ'm:rm lentsny )
LTI TTTTTTTTT
A 5 0 N A T a E 5
dbur, 2
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He UPOrpaMK A0 MECTHW H3ABUBATCAH, HEOOXBAHATU B 3eMHA pasTpeenuTenna
npenocra cucrema. Ha our. 3 ce npeanara ¢IHO TAKOBA pelieHHe, KbAeTo [ e
pefiapare/iia CTaHius, 2 — TeNeBH3HOHHO CTYAHO, 3 — CUBTHHKOB opemnpe-
NaBareNi, 4 — NPUCMO-NPEAABATCNHY JOKAIHH KOMIUIEKCH, § — mporpaMu 3a
npenpenasaie, 6 — TpHEMHH YCTPOHCTBA 3a IIPOTPaMK, H3IBUBAHN OT CIBTHAIH. |
To 6u cuocofernaso 3a NpeobpasyRanc Ha JOCETAUIHATE JIOKaAHH H3JIBUBATENH |
3a mpcaaBaHe nporpamara Ha llentpasnara pycka TeJeBH3HA B LEHTPaTHO
yipaBasemMa Mpexa Ha crpauara [2], ThH Karo cera BCeKH OT H3TpajeHuTe
KOMIIJICKTH NpUeMa CaMo CHTHana ot CIIBTHHEA W IO CLIECTBO HPEECTHBHF{BHT:
NPOALIIKEHHE HA DYCKATA TeJeBH3UOHHA Mpema Ha Objarapcka TepuTopud. |

QOuepHARO TAKOBa PLILEHES MOXE 1A C& PeANHSHPA ¢ HaeT CHBLTHHKOB Kanal,
110 Ce HYIKjde OT TeX HHKO-WKOHOMHYeCKa 060CHOBKA. B mpoueca Ha passuTie Ha
cucTeMara me ce Hanonsna kanan ua 11 GHz, kbsjaero B choTBercTBye ¢ TAaHd OT)|
1088 r. Ha MexpyHapoaHata paguoKOH(pePeHIHs CTpAnaTa HH UMa 3ajeTeHt
T HeCTOTHH KAHANA'C HeoBXOAUMMHTE 3alUTHH OTHOLIEeH! . Thil Karo e npeiBuien
Ji'bY HE AlITeniiara cucreMa, OﬁCJIY)KBaHL caMo Hamara crpaHa, To HiaMa Ja e pr}l-i
HO 14 ce [oBHe RoCTaThyHo HHBO HA CHTHANA 34 NPUEMAaHe ¢ KONEeKTHBHH H HHAH-|
BUAYANBU aHTeHHH yCTpolictBa [3]. .

PasBHTHC M CC NOJAYYM W TPH CHCTEMH 3a MpeiaBaHe Ha JlaHHW, KaTo Op-
TAHU3UPAHCTO HA HHCE!ODMEIIIHOHH& CINGTHHKOBA CHCTEMA HE € TeXHHUeCKH IPOo-
GaeM, a nia AOKAa3BaHe na KOHKPETHATd MKOHOMHYECKA epeKTHBHOCT. -

B SAu3KuTe FoAMIE TIOABHXKEATA CILTHHKOBA cayzKba y Hac Tpabea 1a ce
npecHeny B 3aBHCHMOCT OT ChCTOSHUCTO HA TPapUKa W HKOHOMHYECKATa ChCTOs
TEJNOCT HA H3TpaXIaHe Ha 3eMila CTaHlus B cucreMa SHAumapcar. Tosa me 06-
ASKYH 3HAUMTENHO O6CAYXBAaHETO 11a KOPAGOIIABAHETO, 4 3ae[HO C TOBA Ch3jla-
Ba OPCANCCTABKH 34 OCHTYPABANE HA aBHanuATa B ObEme ¢ TeeKOMYHHKAIHOH-
Ho OBCHYIKBAIC.

[Mopapi pasBUTHETO HA HAeuTe 2a ri06anHO 06CayKBaHE C NOJBHIKAH CIIBT-
HAKORH CNYXOH 6¢ axTyaauzupaH uwcCTOTHHAT pecype ot (CBeroBHA DPajiio-
koihepenuua npes 1992 r. {3]. B xauectBoTO HA KOHTHHEHTAMHO PENICHHE MOXKE
na ce InpHeMe CHCTCMATA M-sat2, ofcayxpaiia HAKOJIRO CTOTHUH XHASALHK
norpeSutenn B Cepeplia Awmepuka. ,Miumapear-3* npeapuxpa a2 ce ofxsanar
MOPCKHTE, BB3AYMHATC ¥ CYXO3CMHHTE TPAHCTMOPTHH CAYyXOH upes H3NOA3BAHC
Ha TeCHW JbUH Ha adrcnuure juarpamu. OuagBaHoTo pasBuTHE HA BTOPA IJIO-
Sanpa cucTeMa, TPEUNOKENA oT ,MoTOpONA" C HHCKOJETANH CIBTHALY, Ge pas:
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Ti€AaHO KaTo YecToTeH pecype npes 1992 r. u ce sigsgna enun GilaroupusiTel Ma-

XOll B 3aTPYAUEHATA KOMYHUK AL M,
CIVbTHHKOBUTE CHOGHICHHS H pasipnCKBAHeTO NHPEACTABJIABAT OOWHMPHA H
Grp3opasBuBAIA CC O0RACT Ha TENCKOMY HHKAUHHTE B cTpanara. Buupexn| Kou-
KYPEHIHATA C BAAKHECTOONTHUUNTE CHCTEMU T€ C2 HC3AMENUMH 32 MOMEHT 4,
Hoswure cucrevu sa HEQOPMARKMOHHO 0BCIYKBANE HA 30HUTE ObC 3HATHTERSN
TEACKOMYHUKBUHOHEH TPahHK, MPEKHTE C JIAKETHA KOMYTanus 3a upejapalie Ha
AQUHH Y TIOABHXKHHATE CHBTHHKOBH CAYROM MOTAT A4 THACHAT Da3BHTHETO 18| HKO-
HOMMKATA, KaT0 CTEUEHTA HA YH4CTHE HA CHBTHHKOBHTC CHCTEMH HE caMo 1ie ce
ChXpald, & snauntendo mie Hapacrsa. O6XBarbt Ha MOGHAHUTE CPERCTRA, Ha-
HONSBALH CIILTHHKOBUTE CHCTEMM, LHE DACTE, HABAMIARKA B I TPaHCHOPTa,
TOBADHHS  aBTOTPAHCIOPT M AP.
Oxono 140 crpanm noaszsar YCAYTUTC HA COBTHHKOBHTE KOMYNHKAUHOHHK
CHCTEMH, KaTO moReye O 20 Crpaiiy uMar CBOM HALHOHANIH CI'PTHUKOBH TeJjeKo-
MyRHKALHONHH |t pasnppeksatenin cueremu. [To-HaTarpmiinte TIEPCIeKTHRY 34
rA0BaAH3a0Ks HA CHCTEMHTE B CRETOBEN U eBponelcky Manial cera ce pasriyiex-
BaT K&ro eXia peaﬂﬁa BB3MOMKHOCT. |
[pomennre B mxonomuueckara axtusuocr 5 CTpAIATA HANATAT NIATMOHA-
HaTa CLOCIUKTCNHA CUCTEMA Jia OTHHTA TeCKOMY HUK ALUUOHHATE HYXAH U Aa|pas-
BHBA IPOACPHHOHANHO BCUYKH eASMEHTH OT MEXEVIIADONEH B0 aboHareH 1aH.
Ilpw yenemo paspurue go 1995 r. TpAGBa Aa Ce peasu3upa aeMuara CTaHHKS
JHnTencar 3a MexpykonTHHEHTARHHTE BPpDL3KH B ATaanTHueckHs peruon. Ho-
TOorasa TPAGBA A4 e THPEST PeHicHHH C IOPa3BUTHE B4 CUCTEMHTE Ha (raH-
nusira JMuTEpCnnTHAKY,
3a 06CnyKBAHE 12 HKOHOMUYCCKH AKTHBHITE 30HH Ll € NOJIe3HO CAPYIKABA-
HE C BOJCUM KOMHAHHWH, 34 & C¢ Peanu3upar cHCTEMU 38 JOKaJIG oécnymslaue,
OCHTYPABAIN HeOOXOAUMAETA UPOIYCKATENHA CHOCOBHOCT Ha MeXAYCeNHIHATA
Mpexa, Tosa e 5nie BLAMOIKHO CMIER H3MelleHHe HA 32KOHa 3a ChOOHIEHHSTA U
oTHajgake Ha MOHONOAZ B THX.
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Satellite systems for communications
and emission in Bulgaria. Futures
of development and usage

Tsanko Tsanev

(Summar vy}

This article presents a review of the potentialities of
satellile lelecommunication technologies for the solution of communication
and TV-emission problems on the territory of Bulgaria. Several configurations
have been proposed for the mobile communication systems architecture.

H

89
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Cucrema 3a c6op u Bu3yaIu3aLMs
HA TeJEeMETPUYHU JaHHH

Buxmop Mapunoe, Tunka I'posdanoea,
Opaun L{gemxos

Hucmumym 3 xocsuvecky wscaedsanun, BAH

Hpu udpockrupaucro Ha Hayuwa anaparypa sa KOCMM-
HECKH H3CACABAHMS OCHOBLO W3HCKBAHC Ce ABsBA HANHUHETO HA KOITPOAHONS-
Mepsarcnna anaparypa (KHA), ¢ novomnra na Kosito Jia MOXKC Ja ce HIBBDIIBA
NPOBepKaA Ha paboTocnocofHOCTTA 1A HAYYHATA ANAPATYPA ¥ 14 ce KOHTPOJupar
IpHeMancTo ¥ oTpaboTBaneto Ha KOoMAauAHTe, TOJyY4aBany OT GOPA4 HA KOCMH-
HECKHSI aNapar 1o BpeMe Ha HA3eMHATE ABTOHOMHH M KOMAMAEKCHH H3THTAHHSL.

B npoueca ua cu3nasanero va KHA 3a nputopa , Jetextop na efIeKTpIIyec-
xu mosdera’ (IDI1-2), paGoreu B cvCTaBA Ha KoMIMeKca HayuHa anapatypa na
fopaa Ha CTaHIMS OTF THNE aBTOMATHYNA YHUBCPCANHA OPGHTANHA CTANHASA
(A¥YQOC), 6c paspaGotcHa eucTemMa 3a cGop M BU3YaAHSALUs HA TEACMCTDHYHY
Aaggun (CCBJ).

B cnerasa ki ca BrAoucHH:

— fepcoHaleH MHKPOKOMIIOTHD)

—— BHUCKETHO YCTpoOHRCTBO;

— RUCIe#;

—- ROHTPOJACDH;

— TPOFPaMIIc OCHIYpsIBAle, ,

Ilporpamure, nopAspxkamy patorata na CCBJ, ca manucauu Ha aceMOie-
PCH €3HK 3a MuKponpouecop 6502 ¢ ues no-rosnsmo EppsofeiicTBAE ¥ I'HBKABOCT,
[Ipu paspaBorkara Ha HPOTPaMIIOTO OCHFYpPsBAHE HE CC H3MOM3BAT OOPBILEHA
KBM OORHPOTPAMH Ha MOHHTOPAE, a Ofixa Ch3fafieHy COBCTBCHU UOXNPOIpPAMH,
HANPHMED 34 H3UMCTBAHE HA CKpama, 3a H300pa3siBaHe Ha NAHHHTE, 34 M3NHUCBA-
He HOMCD& Ha fipueManug TeaeMerpuyell Kaibhp H T. H.

Cranunure or Tung AYVOC ca of0opyABaHH C JiBe TCAEMETDHUIIH CHCTEMH,
NpeAaBaiiy JawHuTe OT KOMIJIEKCA 1ayuHa aiapartypa. [IbpeaTta TeneMerpHuHa
cucreMa € papuoredeMerpuuna (PTC), napruasa onie nNiaTHA TeAEMETPHYHA CHC-
TeMa, KOATC pabotH ¢ océmpaspAAcH gopmar Ha ganrkTe. Beexu TemeMerppuen
Kapsp CbALPKA 206 TeNeMeTpHUIIM Kanand, pasmupeledeiid a 4eTHDY JAOKAJNHU
Komyraropa o 64 xanana. Bropara Tefcmerpuusa CHCTEMA € 32 TEXHKBUECKO 06e3-
nevanade ua ocHoBhua anapar {CTQ), paorema ¢ nochegoparesicl GopMar Ha
AaHRTe — Haupumep curaaia DATA INPUT (DIN) wa dur. 1. '
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OcnoBrute  3ajaud, penlaBauy
ot CCB_JE, ca: CNNK
1. HaspaGorBane Ha CHHXPOHM- ],
NyJgcATe HA JIOKAQNHHA KOMYTATop
{CHJIK) 1 TakroBuTe rMuyscu (CLOCK),
HeoOXoRMMH 32 padorata Ha GNOKOBe-
Te 3a IpefaBaile Ha JaHHUTE OT TECTBA- m
uus npudop. ToBa ce U3BLPIIBA B nipo-  VLOK
ngca Ha AapTOHOMIIMTE HIUHTAaHHHA, A SEQCK —
DY KOMIICKCHE USTINT aHusA CHHXPOHM-
nysAcuTe KM mOpubopa u xem CCBJL
OOCTBOBAT OT GOPAA HA KOCMUYECKHS DTEN +
anapar; |‘

7:10_!}._5 oy
T=80 ms

+4Y

2. 3an#c Ha mpuerture KAUHH B
fydep oT mamMerTa Ha KOMIIOTHDA; ﬂ

3. Buayanusalius Ha DOCTBIBAMH-  DTEN
T€ JanHyd OT u30pan TeAeMeTpHUeH
KaHafl ©AHOBDEMENHO C3HC 330HCA HM B
naMeTTa a KoMOloThpa;

4. 3anuc Ha AAUBHTE BLPXY IHC- DIN +
KeTa npu HeoOXQAHMOCT OT TO-HATa- K )

THLIoHA oBpadoTKa H aHANu3; .

5. Tpancaupane na npueMmanure
Banuy #O cepuell uaTepdetic RS 232 BIN — [ l( )

KBM JIDYTH YCTPOHCTBa: MOAEM, IIep-
COHAMEH KOMITEGTBP H Jp.; Gur. 1. Popma Ha curnanute

6. Buszyafusupalie na HAHEH OT
Npenuiing  3aiicH.

[lpepsupeny ca ABa CCHOBHY BapHafitg wHa patora na CCBM. Mepeusat o1
T5HX € B DEXHM HA ABTOHOMIN H3TNHTAHAA. B Toau cAyvall CHHXPOMMIYACHTC HA
TEMNEMETRHUYHKTE CHCTEMH H NDHSBAUWTE 35 paﬁo‘ra iia 3allHCBAOTD y{‘.’FpDI‘:ICTBO
ce nuutnpar ot CCBJL 1 ce KOHTPOMNP 2 TAXIHOTO IPEMHIIABANE HPE3 HAHTBAKNS
npugop.

BB Bropus cayuali npubopst e CBLP3aH B CBCTABA 113 O0CKTA i © BBIMOXKHC
eAMHCTBCHO Jla ce KOHIPO/uDa pabotara my.

Ha cxpaiia na ancnaen ce uabnonasa ciiopHaTa HEGOPMALHA: fpHeManHTe
JAHHY B anajorcs WAH HHOPOB BHA, HOMEp Ha TeJleMeTpHUHMA Kalbp, liplemal
B MowmeHTa, ugbpanara CkOPOCT Mta pafoTa Ha 3aNUCBANOTO YCTPOKCTBO M HH-
¢Gopmanys 2a paOAIOLABAHHS Kaliaj.

KoutposephT e MOUTHPAH B ¢JiHH OT CJCTOBETe HA TepCcoHANHEA MUKDOKOM-
moTsp. Heroust Bhiied BUJ € nokasan Ha Gur. 2. Ilpunnunuara efeKTpayecKad
CX€Ma Ha xourpodepa e Aapena B [6]. Toil e npeAHasHaueH 3a BPDH3IKA MEXAY
KOMTIOTLPA ¥ H3NHTBaHHA TPHOOD 4 e CheTaBel OT GASLHHUTE GAOKOBE!

— dapeced Aemugparop;

— NpOoTpaMHpyeM TafiMepen Mopyda;

— ACHHXPOHeH cepHeH wuuTepdeticen amanrop (ACIA);

— GJOK 3a (OPMHDAHE HA BXOHHO-H3XOALM CHCHANH.

Anpecunsr pemupparop pasnpegeis appecnoTo npocrpanctso ot Cx(00
Ao CxFF, KbJlero x e HOMEPHT Ha ¢10Ta, B KOHTO € MOCTaBeH KoHTpoJepsT. Pe-
FHCTPHTE Ha NporpaMupyeMusi tafimepel Mopya 8253 ce appecupar or Cx00 mo
Cx06. :

INporpamupyemusT TafiMepen Mogya paboTu ¢ ABETe TeNeMeTPHEHH CHCTEMU
PTC u CTO. Ipu padora ¢ PTC ro#t dopmupa cunxpouMuyacure CHJIK u Bpe-

7= 100}1?
I" T=100 ms
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®ur. 2. Benmer BHJ H2 KONTPOICHA

MEHATa a4 NpouuTane 1a jaunure, nmocrvnsaul Koy PTC. Bpemero T 3a crpo-

Gupaic Ha JAJCHHA Kallad ce onpereas no GopMydaTa
= 1
T{n)—{n 0,3} -

KBASTO 11 € HOMEDDT 14 Kanada, F — 4Jectorara Ha cCHHXPOHMOYACHTE,
TO B 3a8BHCHMOCT OT CKOPOCTTA 1ia 3a81IMC 11a 2anicBainoTo yorpoicrso na P

F=100 Hz apn 3AJT1-1,

F-=12,5 Hz npu 3AIL-2,

£:=3,125 Hz nupu 3ATI-3.

[Tpu padora ebe CTO TaitvepnbT HapaBoTBa CHLliAN 33 PA3pelielive ua
AasaHero Ha jaunu (DTEN), a cpmo raxa uspaborsa u CHUJIK.

[Ipennasnauennero Ha acHHXPOHHHSI cepueH HHTepdeiicen agantop (A
6850 e na npueme panuute 3a CTO, a npu aBTOHOMHN H3IUTAHHST OCBEH TOBA
GopbT moJIyuaBa oT HEro yupasaspaiin 6atitose. Peruwerpure na ACIA ca
capabd xaro Cxld u Cxli.

BiioknT 3a GopMHDaie HA BXOAIUTE W H3XOANUTE CHTHAMH DOPMUPE BX
¥ H3XOAWH curnand, Taxuara dopma e nokasana na ¢ur. 1.

ARpecHara WwHig ¥ IMEIATA AANTIH HA KOMIIOTEPA ca Oyhepup ai ¢ oM
na MC bbbAIIS n 74L8245.

PasiipeneficHueTe Ha aupecloTo HPOCTPANCTBO U 4APCCHTC HA BXOAIL
XOAHHATE YCTpoficTsa ua kourpodepa na CCBII e nokazano na tada. 1 u 126
Ot tax ce BuxNa , ye e ocurypen obeM uamer B pasvep na 16 kuaoBafita 3
dep 3a RaHuu. B Hero ce 3auHCRaT faudnTe OT ABaHafeceT TM-xanana Han
noganed komyrarop or PTC u 30 Gafira #a scexu xagwup no CTO, npefiiazug
sa nputopa O3II-2E. Howmepara um ca ot 132 jio 140 u ot 155 o 157, Bpewe
sanbiBate Ha Gyepd B pazIHUNIMTC PEXUMHE e Tiokazano B Taba, 3, Chep 34
BaHeTo 114 Oygepd ce H3BBPLIIBA 3aNKC 114 JAHHHTE BLPXY AHCKETd, OT KoM
Morar Aa GpAaT BL3Npousee}ygany, ofpaloTBany ¥ anaiuszupasu. [Ipensi
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Tabanua | Tabneua 2

Pasapedeeiuie v aopeciomo npocmpancmes  Pasapededentie Ha GOPecHoIND RPOCHPANCIIGO 3G HAKOU
— SFEEE 0wt [HI X0 YCRIPORCWEa

MONITOR S -
$F300 BxonHo [M3XOBHO ¥CTPOKCTHD Anpecs

BASIC #HrepnpeTaTop — - —— S—
$D000 TIporpaMupyem TalliMepes MOy

Anpecu Ha BXOATY [ MIXOIHN Peructip 3a nanuu Eg;gtggigé
CTpoiicTRa . :
_y_ _DML 1 | sco0 PerucTsp ynpabnasang $Cx03
DOS N vl i
B - _ CHHXPDOHEH cepHen ajlantop
$9600 Peructhp 3a nawan ) $Cx11
porpama Perucrnp ynpasnseaur $Cx10
s seese——sesagl §20000 7 T N
Bydep 3a uanns (16 K) Per¥icTsp ganiu o1 PTC QCx08
- S4000 Sk T
r . Perretsp cnetostue na PTC $Cx0C
paduya cTpaunna i (3AX, womep Ba HAGMmODARANYUS |
L 1 82000 Kanan)
-
TaGuonuua 3 Vnpaenenue na paborara ua CTO
Pazpeurcuue 3Cx14
%zfe_me 3 3anmsa§ffr _H(i_ éygﬁep_a_ 3abpana $Cx18
T™M Bpeme
3ATI-2 149"
P |0
| 3ATL-3 7170
| I
|
' CTO 55

e Bb3MOKHOCT NPH MeJaHue Ha CKCICPHMCHTATOD A TO3U ¢ran A4 Oble HIHOPHD ad
H HpHeMAaHWTe JIAHHH Ja Ce BH3YAJH3UPAT HETPCKBCHATO BLP XY CKpaHa HA HHC-
nJfed.

CCBIL moxe 1o nporpaMes HET a 6B4e ROUGUIYPHPaAHA 3a paCoTa ¢ POHE-
BOJiEH OPOH TeNeMeTPHUUHU KAUANK (fimsx =256} # IIPH HEOOXOAHMOCT NO3BOIABA
pafoTa C paginupeiide Ha ONepaTuBHATA [aMer 1d KOMOITBPA.

Onucadara B crardara cHeTeMa 3a cf0p W BU3YAAH3ALMSA (1A TEACMETPHIHH
JaHHY ¢ paspaborena K uzpadorena B8 MKM-BAH, Tasu cucrema Hamepy npusio-
XenHe B cberasa Ha KUA xem mpudop AII-2E, ko#ro or 18, XII. 1991 r.
dyaKnMonHpa Ha oxoAozeMilia opbuta Ha Oopsia na AYOC-3-ATI-MIK. B npoucca
Ha HE!CTpOI;IKaTEi, ABTOHOMHHTE H KOMIVICKCHWTC W3NHTAHUA HA JeTareqHuTe of-
pasuu ua npubop I211-2E 14 noxaza BRCOKA HARCXKANOCT B YROGCTBO 1pH padoTa.
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[osmenuase na 15, VI, 1992 2,

Telemetric data acquisition and visualisation
system

Victor Marinov, Tinka Grozdanova, Orlin Tsvetkov

Summary)

Herewith is described a data gathering and visualization

system for processing of telemetric pre-flight test data of equipment for rese-
arch experiments, mounted on orbital stations type AUOS {Automatic Unive-
rsat Orbital Station). The system is developed in the Space Research Insti-
tute — BAS and is integrated in {he Control Test Equipment of DEP-2E
electric field detector, operating on board the AUOS-G-AP-IC in Earth orbit.
The system is used for tuning, autonomous and complex tests of DEP-2E
flight equipment.
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CrekTpoMeTpUYeH NpemyCu/iBaTes
32 (DU3NYECKU EKCEPUMEHTH

Medu Acmpyxosa

Hucmumuym sa xocsmusnecku gacaedegnun, LHAH

HM3cnespanero Ha XapakTepHCTHKUTC 114 TIOTOLH YACTHILH
WI¥ DOTOHH ¢ HUCKH eHePTHE Ce CBEN(A IO M3MepBale Ha CPEALAS TOK HAH
berdcrpupane va OpOsi 112 WMNYJACHTE OT H3XOJA HA BTOPHUHH EJAEKTPOHHHU
ymaoxureny (BEY). B auteparypara TcsH ycTpoficTBa ca ONMCAHM B MHOTG
MOJH(QHKALHY M LPENCTaBJABAT JNATYUUUH 34 H3MCDBAHE HA 3aDEENH UACTHIUH B
KocMuueckara maasma [1,4]. V. Bcuukn ofaye CArHanbT, KOHTO Ce CHeMA 11a u3-
X0la, T. e. Ha aHopa na BEY, e tBwpae cnab. Cpennara cTofinoct Iia 3apsijd B
BMIynca Qep € o7 mopagbKa Ha 10~ +-10-11 C, pecn. H& MUHHMAAHHUSA alOJEH
TOK {,=10-*=10-12 A Topa naaara HPeABApPHTENIQ YCHABAHe H GOpMHpaHe
Ha chrHafa ¢ HesA mno-4ararbHiga HuGposa 06paboTKa — oOT6posBaue, 3a-
noMisiHE H 1P,

Ha dur. 1 ¢ npeycrapena 610KoBa cxema Ha YCTPOUCTBO 32 PETUCTPUpAHE,
yCHABaHE U (pOpMHUpAaHe HA CUFHA/H, NODONEHH OT 3apelely YacTHIH B KOCMHAYEC-
¥ata miasma. YerpoicTporo BrAwuBa: BEY — AaTusk, KOHTO B 33BHCUMOCT OT
MOJI(DUKALUSTE MOKe 12 BhAE KaHAACH eAEKTPOHCH YMHOXKHATEN C HOTOBHTE Pas-
IIOBYAHOCTH UK MHKpOKauaa lla O0JaCTHHA, Iy — npepycuasaren, KOHTO B
SABHCHMOCT OT HanonsBauun BEY, nonspHOCTTa Ha 3axpaHBaHeTo My M IOCTa-
BeHHTE IIPH M3MEPBAHETO 3a4Aa4H MOMKe Jia Obie yCHJBATe) BA TOK, YCHABATeN Ha
Hanpexeine, UMIYJICeH YCHABATCA HAHX 3apsouyBCTBHTeNeH younisared (3UY).
B nammns cayuaht usnosssavie 3UY, ro#to cuHoper nmTeparypuu jianue [1] e
Ha#-noaxoksm npu BEY ¢ uecrora Ha perucTpupaHyTe uMnyAcH F B TpaHuiiTe

v [ A _
BEY (34Y) ARe. —— [lIL

B3

@ur. 1. Bnoxopa cxema Ha yerpolicteoTo
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or 100 kHz a0 10 MHz;, AI® — amumsmrynes JUCKPHMHHATOP bopMHpOBA-
ren; B3 — Gnok saxpaubane. 3

Opurunanuo cxeMoTeXHuuliopELIHHE TIPEACTABANBA UPUHHMIHATE (XeMa
Ha 3apsAQUYBCTRHTENIHUA YCUABATEN H aMIVIHTYAHM A BHCKPHMEHATOD GOPMEPO-
Baten (pur. 2). llesra npyu GpoeKTUPAHETO K H3BOPA HA CXeMa € NOCTUTaHero Ha
BHCOKO OBp3oaciicrBie H HROGpa yyBCrBuresnnoct. TOBA eCTECTBEHO NpoOUITHHA
OT OpMara ¥ napaMeTpuTe Ha CUrHana or usxofa Ha BEY. Cnopen {1] uaxog-
HHTe CHIHAJM ¥MaT (opMara, noxazana Ha ¢ur. 3. Tora e ocunnorpama, ciera
npu paGora na BEY B pexuM Ha nacuniae ¥ 3axpaHBauio unanpexcuuel/, =
3,2 kV. Tlapamerpure na cyuruana ca: {, — GpoutT Ha umnyaea — 0,1 +10 ns,
f, — mupnua wa uMaynca — 0,15+30 ns, Fpx — Y€CTOTA 1A MMRYJACA —
10 kHz — 100 MHz, u amnanryza A—30 mV. Bmxaa ce, ue GPOHTHT HA UM-
NyAca € BoCTaThYlio CTPLMCI, MUPHHATA MY € MaJka, TAaKa Ye yCUABATOIAT H
ARCKDHMHHATOPDBT TPAOBA Aa ObaT OBP3H U € MAAKO 3aKBCHEHME, 33 Aa MOXKeE A
Ce OCBIUCCTBAT ycunsane ¥ GopMupale Ha BCCKH CHUHAN, TIOPOACH OT HOCThLIIBA-
HeTo iia sapeleda yacTvHa Ha BXojla na BEY.

3apﬂﬂ0q}’BCTBHTOJ}I{HHT YCHJI‘BEIT@JI ¢ IIPOEKTHPAH OT AUCKPeTHH eJeMeHTH"
INonexke 3apanpT na mMnyaca, KakTo Oeiic CTOMEHATO, € NPHSHUSHTENHO
Q-=10-1C, 70 nparsT Ha YYBCTBHTEANOCT 1A YCUABATEN s TPAGBA A2 6hLe TOHE
10=* C. Ho 10B4 choTBETCIBa Ha MMBOTO HA WIYyMA HA CbBPEMEHHHTE TDAHIH-
CTOpH M MHKpocxemd, [TOAXORNIHO € H3HOA3BANLTO HA HUCKOUIYMAHIY TOJIeBH
TPRUIMCTOPH KATO NBPBO CTBHOAKO HA ychiparedss, B mawius cIyyail ¢ usbpan
2T1303F (T, ua ¢ur. 2). IlpnTexapa HUCKO HHBO Ha COOCTBENH WIYMOBE {CPELHO-
KBapparuyHUAT MY IBYMOB 3apiaf ¢ {p—=0,6.107" C, npu Hanpexetne apeiin—
copc Ups==10 V}. Tof e cBLp3an KaTo MCTOKOR NOBTOPHTEN M OCHTYpPSIBA OGO
CBIAACYBAHC MEXAY FOAMOTO H3XOJHO CHOPOTHRAeHue na BEY u BXORHOTO b-
POTHBJAEHAE Ha QCHOBHOTO YCHABATCAUC cThuat0. [locneHoTo € efina KacKaaua
CXeMa Ha BUCOKOYeCTOTeH Tpausucrop 7, — ZN2365 ¢ nuuamnuen rosap — T, —
2T1303T, kofiTo ¢ ¢ MaxbK HPOXOAcH Kananuter Cn,=-2pF. Taka npoekTupaHo,
OCHOBHOTO YCUJABATENHO CTHIAN0O U3GATBA CTPAUNUNNTE eEKTH HPU BHCOKH yec-
TOTH, AbJAXAIMN Ce Ha cobeTBeHuTE KaillaiuTeTH Ha NRCeXeluTe Ha TpaHchTopa,
HANIPHMED DaMaNABaHe Ha YCHJABAHETC NPH BHCOKH uectotH {edext va Mujep),
AEbMMalo Ce Ha KAalauuTeTa Ccﬁ, orpanydapaie CKOpPoCITa Ha H3MeHeHHe Ha
curana u np. Taka ue B nocseana cmerka 3HUY fasa ejMH CTpLMeH npejied PPoOHT
Hd YCHABAHMA curuad npH uvecroTH f>10 MHz. Koebunuentnr #a ycunpane
moke fa Gepe Ky.—40 npwu crofivocry sHa obparuara Bpu3ka R, —=6,8 kQ, Ry;—=
6.8 kQ, Cy=47pF n Ky=10 npu R,—=R;=150 kQ, C,=3,3pF. CnorserHo
crofifoctute Ha C, ca 510 pF u 15 pF.

B ussecren unTepsast T Bpeme CAes DPEeMHiaBaHE Ha OCHOBHHA HMIYJC HA
asofla Ha BEY worar fa ce nosiest nochaenmiyiacy. Haupumep npu KEY nocne-
uMnyacute ca eaef Tt~ 100 nS, a upu marnuraus BEY — Basuute ca ciej He-
KOBKOCTOTHH nS, 6vpaute chey 20 nS. 3a o1BposiBaie camo #a KeHCTBUTENHUTE
HMIYJCH, KAKTO M 34 (JOPMUPANeTO KM BEB Buji, yho0eH 3a uudpona o6paborka,
COOMAra aMAAUTYANHAT AHCKPUMHHATOpR-QupMupoBaren, Hanoassan ¢ uuTEIDA-
aex komnaparop (597CAlL, dur. 2). C noresunomMerspa P ce perynupa HHBOTO
Ha ¢paboTBane Ha KOMNaparopa. ChUPOROKAAMHAT NOCASHMIYIIC € ¢ AMIVIHTYAE,
HG-TOASIMA OT HUBOTO Ha cpaCorBatie, 4 ce oTpaapa, CHrHAADT Ha naxofa Ha AI®
€ CBC 3AKBCHEHHE Ta,,—=3 Ns. Ammaurygara my e U—1 V, 1, e. HHBOTO 112 CHT-
Halla € CBBMECTHMO ¢ BXOAHOTO HuBO Ha 3CJI nudpora noruka.

YerpoficTBOTO Ce OTJIHYABA ¢ BUCOKO GBP30ACHCTBHe, HHCKO HHBO Ha cob-
CTBEHH LIYMOBe, hofpa TeMneparypHa cTa0MJFHOCT U IPOCTO CXEMOTEXHUYHO pe-
menne, To e usnuTano DLR BAKyyMHa J1abopatopHa ycraHoBKa ¢ obem ¥V =0,25
m® u upepefient Bakyym P,=5.10-7 Torr ¢ BakyyMeH arperar, cbCTOANI Ce OT

g6
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@ur. 3. PopMa Ha emeKTPUUCCKEA CHTHAT Ha uixope na KEV

mvV | U

@ur. 4. Geuugorpadia #a perdeTpupasnTe wac-
THUR € HOMOMTa Ha ONHCAHOTO YeTpoHcTsO

MarnyrTopaspantia nowna tun 1GP-500 w maactuuaro-poTepia GopBaKyyMia
noMua THiT 2 DS 15, Msuuranusra ca upoBelicHH Upu paboTeH BaKyyM Pras

2.10-% Torr. Karo u3aToynyK HA CUCPreTHYHH HOHH G¢ WIHOASBAH K/AACHUYCKH
TUI HOHCH W3TOUHHMK HA OCTATBYECH a3 ¢ VEAPHA HOHM3AUMN H H3XOHCH | TOK

o8



I=10-1 A Eneprusta Ha HoluTe cC MCHH YPE3 OUOPIIO UANPEIKEHUC B 0OXBATA
E, =100 eV +2 keV.
Ha ¢ur. 4 e npegcrapela oClMAOTpaMaTa Ha PETHCTPHPANIUTE HacTHHY,
Baxkyymuara naboparopua ycranosBka e H3paloTeHa M Ce eKCHAO4THPa B
WKH-BAH, xwiero 6sxa 0poBelleHd B H3NHTALUATA. '
OnucanusT 6'bp3 YCUaRaTen 34 AKTHBOM KOCMAULCKH CKCIEpPHMENTH e pas-
padaoteil BLB Bpbska ¢ excnepument (JKCAHU" (kputuuina ckopoct Ha anomaasa
fonnsanna) no npoexkr AKTHMBEH, nporpama ,MHTEPKOCMOC

Jlurepatypa

i.Abatyun M. P, B. B Iloaenon Bropuuno-aAcRrporiblc YMUOKHTERH OT-
KPRTOrO THOA ¥ HX Npdaenenue. M., 3weprowzpar, 1981, :
Xopopuuw I, ¥V, X #a#u Hekyeerso cxemoTexmuky, M., Mwup, 1983
Aerpyrona, M. Yeunnatened u (bopmnpoaaunen TPAKT 34 CHCNAAH, TOJYQEHH OT
KEY. — Hoxnapw BAH, 35, 1982, MNe 3. :
Adudynng M, P, B.T. Koga.,xeuxn L, B. Honeuon Kapare-
pucmxu KARANLHBIX ISKTPOIIBX YMUMKATCHCH ¢ pacTpyfoM ia sxone. YK
21.385.831.

i

focmoneag ne 24, VI 1997 2.

Spectrometric pre-amplifier for physical
experiments

Medy Astrukova

Summary)

The scheme of a device for receiving, amplification and
formation of fast clectrical signals engendered by space plasma charged par-
ticles is presented. High speed of aclion, 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 elecirical scheme, the
graphics of the electrical signal at CEM's {(channel elecironic multiplier)
output and the registercd particles oscillogram.



Cnucanue , Kocmoc" mie By 3ancanae ¢be cMein XUNGTesH U MHEHHA Ha yueny
32 CIIOPHH BBUDOCH B HAYKATa, OT KOHTO Ce PaX/IaT rO/IEMHTE OTKPUTHS, Ch( CBbB-
PEMEHHM TEXHOJIOFHH, ¢ (PAHTACTHYHY MAEH, ¢ HENO3HATH KbTYeTa OT HALIATZ

NAZHET#, C XKHBOTA, OUTA ¥ KYATYPATa Ha XOPa, 32 YUETO CHINECTBYBARE HE CTe i
TORO3HP &Iy,
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HEHRTAT OPHIMHANHEM HEYMHM CTATHH OT ODRACTTA Ha KOCMMMCCKATA M ABHAUMOHHATA HAYKE H

PaXTHKA.

VYenonms: CraTunTe TpA0Ba Ra ObOAT IPSACTABCHH B 2 eX3CMIUTApa Ha OB aArapekar,
DYCKH HIH aHI‘ﬂHﬁCK}{ €3HEK. B'bnrapcmc dBTOPH TpﬁﬁBa pit: 4 HpCJICTaBﬂ'I‘ H DNREBON HA CTATHATA.

+ OfeMBT Ha CTATHRTE {BRITIOMHTENHO TaBNHIMTE M IHTEPATYPATa ) He TpAbBa Aa
npesuiliaba 15 cTaHJapTHH MANMHOMKCHH cTpaus {30 pefa Ha cTpakyna, 63 ynapa wa pen) ¢ dopMaT
210x295.

s Beaka craTiA TpabBa na Oble NpHOPYXKeHa OT pe3zioMe {fo 1 craHpaprHa
CTpaHMIA} Ha GEATADCKM H Ha SAHH 32MIA/CH C3HK.

o MaTepuany, MPHETH 3a NedaT WM NyONUKYBAaHM B OPYTH H3JaHMA, He ce
npHenMaT.

ITogpexaane:

» Ha r'bpBaTa CTpaHMIE Ha BCAKA CTaTHA TpAOBa Ba HbAAT HANKMCAHY 3ATTaBHETO,
HMEHaTa Ha aBTOPHTE H agpechT Ha MecTopaboTara,

»TabRAHEOY ¥ HNIOCTDANKY TabIUIKTE B TEKCTHT Kb HIIOCTPRUHHTE
Tpalsa Oa ce NpefcTABAT Ha OTHSMHM CTPaHUIM. MACTOTO MM B TEKCTa Jia ¢& [IOCOYH B HOAETO HA
CbOTBETHaTa cTpaHuua. Ha ropba Ha mmocTpaunuTe {QOTOCH, YepTeXH, rpadixi H Ip.} ¢ MONHE fa Ce
HAIBONAT 3aTAABACTO HA CTATHATA, HMEHATa Ha aRTOPHTE, HOMEDRT Ha HHIyDaTa H 1A CE YKaRe OPHeHTAIMATA.

eJluTeparTypa [IuTHpanaTa AHTCpaTYpa o€ NPEACTABA Ha OTAENEH JIHCT 110
HOMEPALIHI, IOSBABAIIA C& XPOHOMOTHYHG B TEKCTa. MIMETO Ha TBPBUA RBTOD CC JlaRa ¢ HHBepcusa. CnegBaT
3araBHETO HA CTATHATA, 3arNaBHETO Ha cnucanHeTo {chopriKa), TOM, TOAMEA, KHAKKA, CTPAHUIA, & IDH
MOHOrpadiuTe — Fpall, H30aTeICTBO, POJTHHA, CTPAHUIA.
TIpumep:
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+ ARTOPHTE IIpErNERAT €HA KOPEKTYPa B onpeAeneHis cpok, Jomyckart ce camo
[OTpaBKi Ha TPELIKH, HallpaseH! IpH Habopa.

AApec. ABTOPHTE MOTAT Jid HNPERCTHEAT NHYHO MaBTCPHANHTE € WM ha T'H
H3UPATAT Ha alipee;
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