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THE PROGRAMS, PROJECTS AND CONTRACTS’ STATUS
IN THE SPACE RESEARCH INSTITUTE
AT THE BULGARIAN ACADEMY OF SCIENCES

Petar Getsov

Space Research Institute — Bulgarian Academy of Sciences
e-mail: director@space.bas.bg

It has become a tradition for me to deliver a plenary report at the international scientific conference
organized by the SRI, which appears to render an account of the Institute’s overall activity during the elapsed
one-year period. In our case, this period is characterized most of all by the continuing projects along the
Institute’s traditional lines:

- Space Physics;

- Remote Sensing of the Earth from Space;

- Aerospace Technologies.

The first field boasts quite topical projects, such as: Fototok and JET, implemented jointly with our
colleagues from the SRI-RAS; Shuman, Folna-R and Aurora, implemented jointly with IZMIRAN-RAS. All of
these projects are related with the study of the ionosphere and magnetosphere and the detection of
processes and phenomena related with earthquake forecasting. This field also features a project with the
CNRS dedicated to experimental studies of ionospheric effects above seismic areas by data from the French
satellite DEMETRE and the American satellte DMSP. Works are ongoing successfully under the
Obstanovka Project intended to measure the electric potential of the modules on the International Space
Station with specialists from Russia, Hungary, Poland and more. The test and flying specimens are finished
and final tests are forthcoming before their launching into orbit.

In the field of Astronomy, the Institute participates with 2 projects. Jointly with scientists from USA,
Russia and ltaly, data from the Chandra (NASA) and XMM-Newton (ESA) X-ray Observatories are
processed and theoretical models are developed. The second project is related with studies of accretion
disks which are carried out jointly with our colleagues from the Institute of Astronomy at the RAS. The
Chaos-Solaria Project with the SRI-RAS is continuing for studying non-linear dynamics and chaos in space
plasma.

The Remote Sensing of the Earth research line was well presented during this period by projects
focused on development of models based on space and ground-based observations jointly with specialists
from the Aristotle University, Greece, development of fundamental ecological planning methods using
geoinformation technologies under a contract with the Ministry of Education and Sciences of the Republic of
Bulgaria. The environmental studies along the course of the Mesta River based on space images and
ground-based measurements are also continuing under a contract with the MES. Geological studies and risk
assessment for natural phenomena are carried out under a contract with the Institute of Geology at the RAS.
The applied projects related with monitoring the air pollution of the Town of Stara Zagora and the
development of the project for the water basins in the Toundzha Municipality also contribute greatly to the
implementation of remote sensing methods in favour of the people inhabiting these regions. The project for
studying electromagnetic pollution under the 7" EU FP jointly with specialists from Macedonia, Slovenia and
Croatia is of interest, too.

The Svet Space Greenhouse is being improved under the non-currency exchange program jointly with
specialists from the IMBP-RAN to provide for Bulgaria’s participation in the 500-day ground-based
experiment in preparation of a mission to Mars. Work under the Mioneurolab Project related with Space
Medicine based on the multi-annual experience accumulated on board the Mir Station using the Neurolab-B
equipment is also underway.

The Institute contunues its successful participation in the field of Space Material Science and
Nanotechnologies. SRI is member of the European incubator ESINET. Under European projects (X-Gear,
NAVOBS, I-Stone, NAVOBS+), instruments and other articles of various function are being developed,
based on nanostructures obtained by explosion technologies.

The project for special tribologic materials developed jointly with specialists from Ukraine was admitted
to the SURE Programme under the 6™ EU FP. The SRI participated in the 6™ EU FP also with the Schema
Project aimed at analyzing the processes and phenomena triggering tsunami.



The Resonance Project with the SRI-RAS for complex navigation of high-apogee satellites is ongoing,
too, notwithstanding the certain delay in the deployment of the Galileo Global Navigation System.

One of the most prospective projects of the Institute, BalkanSat, is embarking on its decisive phase
and, provided State funds are allocated, it is going to be the major project in the couple of years ahead. So
far, the major characteristics and parameters of the satellite have been determined as well as the payload.

The reported period is of historical importance to Bulgaria in relation with signing the contract for its
full-member participation in the European Union, which unveils new prospects for Bulgarian science and
space studies in particular. It resulted in significant increase of the SRI's projects under the European
Programmes, as evident from the enclosed Projects List of the Space Research Institute during the Period
2005 - 1007.

Photocurrent — Probe methods for study of the ionosphere: research of polar areas by
data from the Intercosmos-Bulgaria-1300 satellite,
1 | 2006-2008.

St. Chapkanov

Research of ELF/ULF waves in the Earth’s magnetosphere

Processing of all ELF electromagnetic measurements of the Magion-5 satellite and data base
2 | creation including relevant measurements from the Magion-4 satellite as well as ground-based
measurements — contract with the Czech Republic

D.Teodossiev

Blast waves physics in astrophysical objects. Work on the subject done in cooperation with
scientists from USA, Italy and Russia using data from the Chandra (NASA) and XMM-Newton
3 (ESA) X-ray observatories. Theoretical models are also developed.

Sv. Jekov

Contract No. H3-1402/04 with the Ministry of Education and Science, Scientific Research
Fund, on the Topic: Electromagnetic Monitoring of Regions with Enhanced Seismic

4 Activity (Measurement Equipment Installed at the Panagyurishte Geomagnetic Observatory)

B. Boytchev

Chaos-Solaria Project: Study of Non-Linear Dynamics and Chaos in Space Plasma and
Geophysical Processes, 2007-2010

5 | Contract under the Equivalent Non-Currency Exchange between SRI-BAS and SRI-RAS,
Cosmogeophysics Department

St Lukov

Project for Joint Scientific Research on the Topic: Development and Tersting of New
Tribotechnical Materials with Ecologic Antifriction Component, 2006-2009

6 | with the National Academy of Sciences of Ukraine (Equivalent Non-Currency Exchange).

Yu. Simeonova

Implementation of the Work Program of the Third Phase of the Contract K/-1-01 from 2003 of
SRI-BAS with the Ministry of Education and Science under the Space Studies Research Line
7 | for Designing Svet-3 Space Greenhouse on the Topic: Designing of a New Control System
for a Space Greenhouse. Experimental Testing of Mathematical Models of Transfer
Processes in Substrate Media

T. lvaniva

Implementation of Contract with UMBIT-RAS from 2005 on the Greenhouse-Mars Project
under the Bilateral Scientific Collaboration for Fundamental Space Research under Equivalent
Non-Currency Exchange between BAS and RAS until 2010 on the Topic: Study of Some Key
Technologic Problems with Plant Breeding during the 500-Day Ground-Based
Experiment in Moscow for the Purpose of Creating the Biological Unit of the Life-
Provision System during a Manned Mission to Mars — Design of a Principally New

g | llumination Block Based on LEDs

e Simulation of a crew’s mission to mars;

e 6 volunteers will be closed for a period between 500 and 700 days;
e Stock of 5t of food and oxygen and 3 t of water;
e The psycho-physiological stress from continuous isolation will be studied,;
e A greenhouse with area of 3 m2 will be used.
T. lvanova




MIONEUROLAB Project

Study of Weightlessness Effects on the Central Motor Regulation Mechanisms and the
Biophysical Properties of Skeleton Muscles

A program module for grouping of identified camera extrasystoles during continuous 24-hour

9 ECG Record has been developed. A software module for frequency and wave analysis of
cardiac rhythmogram has been developed. A stress-test program module has been developed
accounting for the S-T segment level in an ECG
P.Genov, S.Tanev, Pl.Trendafilov
Under the project Experimental Study of the lonospheric Effects over Seismically Active
Regions by Means of Coordinated Ground Based, Demeter and DMSP Satellite Data
between SRI-BAS and CNRS (Centre National de Recherche Scientifique)- France, a common
data base from DEMETER micro satellite and DMSP (Defense Meteorological Satellite
Program DoD USA) satellites was created in our Institute. While DMSP data set use a

10 | “standard string record” with geophysical and plasma parameters merged to 4s step in
Universal Time (UT), DEMETER probe instruments operate with different time/space resolution
in “burst” and “survey” modes of telemetry. In fact, we created two different types of databases
software addressed to serve these two types of inflow dataset.

L. Bankov
Conducting a Pilot Monitoring Study of the Territory of the Toundzha Municipality Based
on Satellite and GPS Data from August 2006 to September 2006 Inclusive.

11 | Contract No. 76/08/2006 between the Toundzha Municipality and SRI-BAS;

R. Nedkov
Conducting an Internet-Based Monitoring Study of the Atmospheric Pollution in the

1 Region of the Stara Zagora Municipality Based on Satellite and Ground-Based Data.

Contract between the Stara Zagora Municipality and SRI-BAS, 2005-2007,
L. Filipov
I-Stone Project: Creation of new generation tools based on nanotechnologies — EU

13 S. Stavrev
_http://www.navobs.com
X-Gear Project:

Creation of new generation diamond ropes for stone cutting — EU

e The objective of X-Gear is the diffusion and standardisation of novel technologies and
new materials for a new generation of gears characterised by higher accuracy, resistance,
reliability, and tribology properties. In this context, X-GEAR plays a role in the competitiveness
of European industry since it aims to comply with the increasingly tighter requirements being

14 | placed on the gear industry for lighter weight, higher torque transmissions and quieter, more
efficient gear trains.

Manufacturing and design tools and knowledge platform implementing guidelines and best
practices developed in the project, for a wider diffusion of the project results to the IAGs and
their members.

S. Stavrev

http://dappolonia-research.com/xgear

ESINET Project:

15 | Creation of European space sources net — EU
S. Stavrev
NAVOBS Project — FP6:

Creation of firms net for introduce developments in 18 areas of space research.
The NAVOBS ™" programme is an initiative of the European Space Incubator Network
16 (ESINET), supported by the European Business and Innovation Centre Network, the European

Space Agency and the Space Sesearch & Applications Unit of the EC DG Enterprise and
Industry.

S. Stavrev
http://www.navobs.com



http://www.navobs.com/
http://dappolonia-research.com/xgear
http://www.navobs.com/

17

Accretion — Non-linear dynamics of accretion flows in twin stellar systems, 2006-2010 —
Russia

L. Filipov

18

Balkansat — Development of microsatellite platform for scientific research, 2006-2010 —
Russia and Balkan countries

P.Getsov

19

Jet — Space-temporary characteristics of the polar jet in the subauroral area during the
simultaneous observations of the Intercosmos-Bulgaria-1300, ARIEL-3, DE-2 satellites
and Yakutsk ground ionoprobes chain, 2006-2007.

L. Bankov

20

Wave-R - Research of electromagnetic waves and resonance processes of energy
transportation in ionospheric-magnetospheric plasma by the results of high apogee
satellites measurements, 2006-2010.

B. Boytchev

22

Charge-ISS — Charge research of space device with extralarge dimensions —
International Space Station (ISS) in ionospheric plasma interaction, 2006 — 2010 —
Russia, Hungary, Poland etc.

G. Stanev

23

SCHEMA - Scenarios for Hazard-Induced Emergencies Management. Sixth Framework
Programme.

In the autumn of 2007, a contract with more than 12 partners from 9 countries of the
Mediterranean Region will be signed.

P. Getsov, G. Mardirosian, B. Rangelov

24

Designing a Geodatabase Model for the Purposes of Large-Scale Mapping of Land-Use
Conflicts Caused by Mining Industry Using Remote Sensing and Ground-Based Data.
Joint Research Project —N0.P-16*24.04.07 between the Bulgarian Academy of Sciences
and the Aristotle University of Thessaloniki, Greece, 2007-2009.

The major objective of the project is to develop and approbate a geodatabase model for the
purposes of large-scale mapping of land-use conflicts caused by extraction industry using
geoinformation technologies. The designed model will be approbated on the territory of the
land of the Novi Iskur District, Metropolitan Municipality, Bulgaria, and on part of the water-
catchment of the Strouma River, northeast of Thessalonica, Greece.

E. Rumenina

25

Geoecologic Studies of Hazardous Natural Processes Using Remote Sensing and
Ground-Based Methods and Geoinformation Technologies, Contract between the
Institute of Geoecology, Russian Academy of Sciences and SRI - BAS, 2005-2007.

As a result of the Project’s first phase completion, the methods for studying geomorphological
complexes and hazardous natural processes, using geoinformation technologies and drawing
geomorphologic risk maps have. A unified geodatabase model has been designed, including
an aerospace component for studying geomorphological complexes and geoecologic
monitoring of hazardous natural processes.

H. Spiridonov

26

Study of Electromagnetic Emissions. Contract between SRI-BAS and the Research
Centre ,Sonchev Zrak”, Skopje, Macedonia. 2005-2007.

Within the Contract’'s framework studies have been performed of the electromagnetic field
created by power transmission lines and high-frequency communication equipment. With the
participation of specialists from the National Institute of Hygiene, Medical Ecology and
Nutrition, measurements of the electromagnetic field under a 400 kV/50 Hz power transmission
line in the region of the Town of Prilep, Macedonia, have been made and expert assessment
has been provided on the request of the Macedonian judiciary.

G. Mardirossian

10




27

Geoecological Investigation of Natural Hazards and Integral Risk Assessment for the
Needs of Management at a Regional Level. Contract Ne H3 1514/05 between the SRI-BAS
and the Scientific Research Fund at the Ministry of Education and Science, 2005-2008.

The major scientific objective of the contract is to develop methods for a complex study of the
natural hazardous processes taking place within a given territory and drawing a map of the risk
rate for the needs of a territorial unit's sustainable management. The studies are conducted in
the Eastern Rhodopes, in the regions of the Municipalities of Kurdzhali and Dzhebel. Complex
assessment of the Territory in GIS medium will be made and a detailed map of the great
landslide at the Village of General Geshev will be drawn, using aerospace information.

H. Spiridonov

28

Development of Methodical Fundamentals of Landscape-Ecological Planning Using
Geoinformation Technologies. Contract NZ —-No0.1507/05 between the SRI-BAS and the
Scientific Research Fund at the Ministry of Education and Science, 2005-2008.

A GIS model for landscape-ecological planning at a municipal level has been designed and
approbated. Using archive and modern aerial and satellite images featuring spatial resolution
of less than five meters and data obtained from non-conventional information sources, a series
of thematic maps have been drawn reflecting land-use condition and dynamics over a period of
65 years. As a result of the performed monitoring, landscape-ecological plan of the territory will
be elaborated.

E. Rumenina

29

Physico-Geographic Study of the Environment in the Basin of the Mesta River by
Analysis of Remote-Sensing and Ground-Based Data. Contract MY H3-1202 between the
SRI-BAS and the Scientific Research Fund at the Ministry of Education and Science,
2004-2007.

During the Contract’s implementation, an assessment was made of the rate of anthropogenic
transformation of the landscapes in the upper part of the basin of the Mesta River. A complex
of methods was applied for the purpose, the greatest emphasis being placed on remote
sensing methods, landscape and landscape-geochemical methods. To assess landcapes’
heave-metal loading, 115 samples were analyzed to identify the content of 6 elements (Pb, Zn,
Cu, Mn, Cr, Cd). To perform area mapping of the anthropogenized landscapes, aerial photos
were used, subject to preliminary processing to remove geometric deformations caused by
relief and to improve their informativeness.

A. Gikov

30

Studies Related with Integration of GPS and Loran-C to Determine Lateral Location and
Perform Navigation Georeferencee. Project BAS.

On maps in scale 1:100,000 and 1:200,000, the location of the ground-based stations of the
LORAN-C system for the territory of the Republic of Bulgaria was identified. Terrain
measurements are scheduled related with the distribution of the system’s emissions for the
purpose of navigation determination and georeference of movable and stationary ground-
based objects.

N. Georgiev

31

Preliminary Processing of Videospectrometric Data. Project BAS.

Remote sensing system analysis has been made to localize, characterize and minimize the
impact of error sources through preliminary processing of the data for the period from their
acquisition until the information’s receiving. The functional relationship between the radiation
reflected by the studied object and the device’s output signal has been determined.

V. Atanassov

32

Development of Techniques and Instrumentation to Study the Total Content of
Atmospheric Ozone

Work is ongoing related with the design of optical, optico-electronic and electronic-optical
equipment for civil and military use: satellite and ground-based spectrophotometer, collimator,
autocollimator, collimator adjustment stand, sight-target etc.

A major role here plays the equipment for measuring the total content of atmospheric ozone.

J. Jekov
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National System for Telemedicine

Personal Diagnostic Device

Measures the following major physiological parameters:
- EKT | lead-out with record duration of 30 s,

33 - blood saturation with oxygen,
- bodily temperature,
- arterial blood pressure,
- etc.
P. Genov, S. Taney, Pl. Trendafilov
Contract , System for early detection, announcement and localization of rising field and
forest fires and floods on the territory of Republic of Bulgaria”
- Public Agency”Civil Protection”
34 - Aviotechnics-Plovdiv
Finmechanics-Italia
P. Getsov
Modernization of ground system for radiolocation surveillance in the NATO standards
- Ministry of Defence - Republic of Bulgaria
- Bitova Elektronika — V. Tarnovo
35 - EADS
P. Getsov, G. Sotirov, S. Avramov
Within the framework of EU program "SEE-ERA.NET” for finance of mutual scientific projects
at the Western Balkan countries in environment area team of scientists from Bulgaria,
Macedonia, Croatia and Slovenia proposed research project Development of strategy and
36 methodic for EMP monitoring from natural and anthropogenic sources for Western
Balkan area which was approved and financed by agreement “INTAS Ref. Nr 06 - 10374”
P. Getsov, D. Teodosiev, G. Mardirossian, G. Sotirov, E. Roumenina
Center for transfer of aerospace technologies
PHARE project in collaboration with Geographical Institute — BAS, NPP “Cosmos”,
37| New Bulgarian University
P. Getsov, G. Mardirossian, |. Nikolova, O. Petrov, G. Sotirov. E.Rumenina, T. Belichinova
“ESA SURE ANNOUNCEMENT OF OPPORTUNITY - 2006” “Influence of the Space
Environment on the Physical and Tribological Properties of Self-lubricating Composite
38 | Materials”. “ESA SURE AO - 003/24.04.2006"
Yu. Simeonova
7 FP, Space objects protection from solid radiation
39 In collaboration with Valonia Space Logistics, Brussels
S. Stavrev
7 FP, Covering of tools for processing of highcollegate steels
40 In collaboration with D’Appolonia Genua, Italy
S. Stavrev
7 FP, Criogenetic reservoir based on matrix from thermoplastic composition
a1 In collaboration with EADS Astrium, Touluse, France

S. Stavrev
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50 FrOANHU
BBJITAPCKO ACTPOHABTUYECKO APYXXECTBO

Anekcangbp CumeoHoB, EnncaBerta AnekcaHapoBa,
Hapka OaHkoBa, AuMutbp dununos

Bbnrapckoto actpoHaBTMyecko gpyxkectBo (BALl) € OCHOBaHO OT rpyna yYeHW, WHXEHEepU U
cneumannctn B rp.Codma Ha 08.12.1957 r. — gBa Mmeceua cneq u3BexgaHeTo B opbuta Ha [lbpBus
M3KYCTBEH CMbTHUK Ha 3emsTta “CnyTHuk” Ha 04.10.1957 r. Ot pgartata Ha yypegsBaHeTo cu BAL e
[oOpoBoHa, AeMoKpaTuyHa, oOLecTBeHa Hay4yHa opraHmMsauus, YMSTo Len e ga crnomara 3a pasBuUTUETO
Ha KOCMMWYECKUTE M aBWALUMOHHUTE M3CMedBaHMs U npunoxeHute mm genHoctn. OtHavano BA[L e
dopmmpaHa kaTo cekuusa no “ActpoHaBTuka” kbm Codmincknsa aepoknyb Ha [JobpoBonHaTa opraHusaums 3a
cbaencTeme Ha otopaHaTa (0OCO), a no-kbcHo npe3 1963 r. ce OTAENsA KaTo CaMOCTOSATENHA OpraHM3auust
1 cTaBa KOnekTnBeH YneH Ha Cblo3a Ha HayyHuTe paboTHuum (CHP) B Bbnrapus (go 1984 r.).

Mpe3 1958 r. BA[l ctaBa 4neH Ha MexayHapoaHaTa denepaumsa no actpoHasTuka (MA®), a HeMHUAT
npeacepaten — akad. Hukona BoHeB, e n3bpaH 3a BuuenpesngeHt Ha MA® (1961-1963). M3BecTHu
Obnrapcku y4eHn peoBHO y4acTBaT C JOKMaAM U Hay4YHU CbOBLLEHNST B €KEFO4HO NPOBEXAAHUTE KOHTPECH
Ha MA®. TpuHOCHT Ha ObNrapckMTe y4eHu B U3cnegBaHe Ha KOCMUYECKOTO MPOCTPAHCTBO M pe3ynTaTtute
OT opraHmsmpaHuTe HabnogeHns 3a noneta Ha [NbpBUSt 3KYCTBEH CMBTHUK Ha 3emdATa nonyyYaBaT BMCOKA
oueHka OT pbkoBoacTBOTO Ha MA®. 3a TO3M nNpMHOC M CbAEWCTBMETO Ha akag. Hukona BboHeB
pbkoBoAcTBOTO Ha MA® peluaBa 13-MaT KOHrpec aa ce nposede B rp. BapHa (23-30.09.1962 r.). 'ocT Ha
KOHrpeca e BTOpUAT KOCMOHaBT Ha nnaHeTtaTa epmaH TuToB.

3a pencteutenHn YneHose (akagemuumn) Ha MexagyHapogHaTta akagemusi no actpoHaesTuka (MAA) ca
n3bpaHn 8 ObArapckM y4yeHW 3a MNOCTUrHaATW CbLUECTBEHW HayyYHW pe3ynTatM B u3cnegBaHeTo Ha
KOCMMYECKOTO NpOCTpaHCcTBO: akad. Hukona Bowes, akag. Kupun Cepadwumos, akag. Oumutbp Muwwes,
npod. AdH Mutko lorowes, n-k g-p Kupun 3natapes, npod. ATH AnekcaHgbp CMMEOHOB, CT.H.C. A-p
JTbyesap dununos n
CT.H.C. A-p boH4yo BanabaHos.

BA/L cu noctaBs 3a U3NbIIHEHWE CrEAHNTE OCHOBHU 3a4auu:

- fa cbaencTtea 3a opraHusnpaHe n npoeexgaHe Ha un3cnegBaHe Ha KOCMUYECKOTO NMPOCTPaHCTBO U
peanu3npaHe Ha KOCMU4YeCKM NMPOEKTNU Ha OOrOBOPHU N Ha ﬂO6DOBOJ'IHVI Ha4vana;

- Aa nHuunnpa m3non3BaHeTo U BHegpdABaHETO Ha pe3yntatute OT KoCMUYecKuTe mnscneaBaHuAa B
pas3nnyHun obnacTn Ha MKOHOMUKaTa Ha CTpaHaTta,

- [Ja pasnpocTpaHsiBa Hay4YHW 3HAHWUS 38 KOCMUYECKUTE MOCTUXKEHMS Ype3 NEeKTOPUN, KypcoBe, LLKONN
1 upes apyrm popmu.

3a n3nbnHeHne Ha Te3n 3agadn pbKoBOACTBOTO Ha BA[ opraHusmpa KroHoBe, cekumm u knybose B
pasnuyHu cenuuia, B y4ebHN 1 HayyYHU 3aBefeHnsi, B MPON3BOACTBEHN NpeanpusaTia 1 apyri opraHM3aumm B
CTpaHata, B KOMTO U4rieHyBaT YYeHM OT WHXEHEePHO-TEXHUYECKUTE, acTpOHOMUYEcKUTe, U3nKo-
MaTemaTM4eckuTe Hayku, KakTo M OT obnacTra Ha KocMmmuyeckata Guonorvss u meguumHa, KOCMUYECKOTO
npaBso U ApYru, a CbLLO U MIageXu, KOMTO NPOoSsIBSBAT UHTEPEC KbM KOCMOHaBTUKaTa.

Mo wHuumatMBa Ha LleHTpanHoTo pbkoBoacTBO Ha BA[, Ha mMnagexu M Ha agMWHUCTPATUBHU
PBbKOBOAMTENW, B pasfMyHU roaAMHU ce OCHOBaBaT KIMOHOBE, cekummn u knybose Ha BA[] B cnegHuTe rpagoBe:
Codus, Bapha, MNnoegue, JloBeu, Ctapa 3aropa, Benuko TvpHoBO, Am6on, LymeH, XackoBo, TposH,
Kvpaoxanu, Bpaua, bnaroesrpag, Pyce.

C ornep Ha no-HaTaTbLIHOTO YCbBbLPLUEHCTBAHE Ha ynpaeneHmeTo Ha BA[l ce npaBAT n3amMeHeHus B
HEeroBMTe pPbKOBOAHWM opraHu. Ha npoBegeHoTo npe3 1963 r. O6wo cbbpaHue ce npuema NbPBUAT YCTaB
Ha Bbnrapcko actpoHaBTU4ecko apyxectBo ¢ LleHTpanHo pwkoBoactso (LIP) n bropo. LIP onpeaens 6pos
Ha 4yneHoBeTe Ha BopoTo, KOUTO cbrnacHo YcTaBa, Morat u aa He 6bAaTt YneHose Ha LIP. Toau npuHumn
octaBa B cuna go 1975 r., ot korato 3a uneHoBe Ha biopoTo ce m3bupat camo uneHose Ha LIP. Teawn
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opraHu 3a ynpaBneHue Ha BA[l ce 3anassart go 1997 r., korato no pewenue Ha CIC-g.o. bropoTto Ha LIP
cTaBa ManbnHuTtenHo otopo.

Ot ocHoBaBaHeTO cu gocera npeaceparteny Ha bALL ca Gunu:

Akag. Hukona BoHeB (1898-1979 r.), nssecteH 6bnrapckvM ydeH—acTpoHOM, € MbpBUAT nNpeacedaren
Ha BA[ npe3 nepuoga 1957 - 1979 r. Ton e ocHoBaTen Ha LleHTpanHaTa ctaHumsa npu BAH 3a HabntogeHne
Ha M3KYyCTBEHW CMbTHMLM, a CbLLO OCHOBATEN M NpbB AnpekTop Ha CekumsaTa no actpoHomus keM BAH npes
1958 r. n Ha HauuoHanHaTta acTpoHomuyecka obGcepBaTopuss “PoxeH”. Ton pabotm B obnactra Ha
CNbHYEBUTE 3aTbMHEHUSI U n3crneaBaHe Ha JlyHaTa. [lpu3HaHWe 3a HEroBUTE MOCTMKEHUS € HapeYeHUsT
Ha HEroBO MMe IyHEH KpaTep, a Hackopo OTKPUTUAT OT ObNrapckm actpoHomu actepoumg 2005UT12 e
npeasiokeHo Aa HOCU HEFOBOTO UME.

Akaa. Kupun Cepadumor (1932-1993 r.) e npeacepaten Ha BAL npes nepuoga 1979 - 1987 r., a
cbwo n npe3 1990 - 1993 r. Ton e eanH OT OCHoBOMONOXHMUMTE Ha [MporpamaTta "MIHTEPKOCMOC" u
ObIMN TOOVUHW € HEeCMEHSIEM pbKoBOAUTEN Ha Obnrapckata vact oT Ta3u nporpama. OcbliecTBaABan e
Hay4YHOTO PBbKOBOACTBO Ha OBNrapckOTO ydacTme B MpoyyBaHusTa cbC cnbTHUUM "MIHTEPKOCMOC", ¢
Texkn reodmsmyHn paketn "BEPTUKAJT", pbkoBoanTeEN Ha Hay4YHO-TEXHMYECKaTa nporpama 3a noneta Ha
nbpBusa 6Gbnrapckn kKOcMoHaBT 'eopru iBaHoB. Ton 6e HMUMATOP 1 PbKOBOAMTEN Ha ObNrapckoTo yyactue
B kocMmuyeckua npoekT "BbJITAPUA 1300", no konTto npes 1981 r. 65axa n3seneHn B opbuTta ABa CbBETCKO-
Obnrapckn cnbtHuka: "MHTEPKOCMOC-BEBITTAPAA-1300" u  "METEOP-MPUPOLA". Cnep akag.
Jllo6omup KpbcTaHoB, To e Oun noctosiHeH npeactasuten Ha HP Bwnrapua B Komuteta 3a mMupHO
n3nonsesaHe Ha kocMuyeckoTo npoctpaHcTeo (KOMYOC) kem OOH.

eHepan a-p Meopru ViBaHOB, NbpBUAT 6bArapckM KOCMOHaBT, NETAN Ha kKocMuyeckust kopab “Cotos-
33" npe3 1979 r., e npeacegaten Ha BA ot 1987 r. 0o 1990 .

Mpod. AnekcaHabp CumeoHoB e npegceaaten Ha BAL, ot 1993 oo 1997 r. HayyHute My TpygoBe ca
B obnacTtTa Ha MexaHuKkaTta Ha netatennute anapatu (J1A) n onTumMmnaMpaHe Ha TpaekTopuuTe Ha ABWXKEHUE
Ha J1A.

Akag. Oumntbp Muwes (1933-2003 r.) e npeacegaten Ha BAL ot 1997 go 2003 r. Ton e n3BecTeH
CbC CBOUTE TpydoBe B obnacTtra Ha MeToguTe, CUCTEMUTE U anapaTuTe 3a AUCTaHUWOHHW u3cneaBaHns Ha
3emsATa OT KocMoca.

Cnepn 1997 r. ca HanpaBeHn onutu 3a obcebBaHe Ha OPYXKeCTBOTO OT rpyna uyneHose Ha BA[ u
rofissMaTa 4acT OT cpefcTBaTa Ha APYKECTBOTO ca NMPUCBOEHM OT TsX. [Ipy»KeCTBOTO yCTOsiBa Ha ONUTUTE 3a
pasuenneHue n cref npukniovBaHe Ha cbaebHuTe gena npes 2005 r. Ha O6LwoTo generaTcko cbbpaHue Ha
BAL (npoeepeHo Ha 03.12.2005 r.) e n3bpaH YnpasuteneH cbieT (YC), konTo n3bupa npod. MNetwp Meuos
3a HeroB npeaceparern.

BAl oT ocHoBaBaHETO CW [0 OHEC € MOCTUrHam 3HA4YUTENHU YCMexu He camMo B Cb34aBaHETO Ha
KINOHOBE, CeKUuMu n KryboBe 1 yBennyaBaHe OposA Ha YNEHOBETE CU, HO U BbB BCUYKM APYIU HanpasrieHus
Ha cBosiTa gerHocT. OcobeHo 3HauuTenHu ycnexu BAL noctura cneg 1978 r. B obnactta Ha HayyHWUTE
nscnensaHusa. bnarogapeHue Ha akTMBHaTa LEMHOCT Ha CT.H.C. uHX. MeToan BenkoB 6sxa cb3gageHun 7
aTenneta — Hay4yHM 3BeHa kbM BA[l, KOMTO wu3NbNHsABaxa [OroBopu 3a pa3paboTkm Mo 3asBka oOT
MWHUCTEPCTBA, NPeanpuaTUs, HayYHU UHCTUTYTU U Opyrv, B pe3ynTaTt Ha KOeTo KbM HadanoTo Ha 1990 r.
BAL nmawe B HannyHocT 1,2 mnH. nB. [pu ToBa BALl kKOMaHgMpoBaLle CBOM YfeHOBE 3a y4acTue C Hay4Hu
OOKnagu n cbobLLEeHNs B eXXerogHo npoBexgaHnTe KoHrpecn Ha MAD.

YneHoBeTe Ha EA,D, npoeexaaTt HayyYHW uscnegBaHuAaA UM nonyndapm3smpaHe Ha NOCTUXKEeHUATa B

cneaHnTe HanpaBlieHUaA:

- acTpoHoMus;

- KOCMWYECKM CbOOLLEHUS;

- uM3uKka Ha KOCMOCa;

- MexaHWKa Ha KOCMUYeCKuTe noneTy;

- OUCTaHUMOHHM METOAM 3a aepo- M KOCMUYECKN U3creaBaHus Ha 3emaTa;

- KoCMuYecka reogesus;

- KOCMWYECKO YpeOoCTPOEHE;

- aBMauUMOHHa M KocMu4ecka bnonorusa n MeguunHa;

- coumanHo-MKOHOMMYECKM NPOBIeMM Ha KOCMUYECKUTE NONeTH;

- KOCMWYecKa MEeTeopOriorusi;

- MCTOpUA Ha KOCMOHaBTUKaTa U aBnaumaTa.

KaTo Han-akTnBHU CTpykTypu Ha BA[l cneaBa ga ce otbenexar cnegHnTe KIOHOBE M CEKLMM:
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BA[ — knoH JloBeu
OcHoBaH npe3 1957 r. B “3aBoa-14" no nHMumaTmMea Ha eauH oT ocHoBaTenuTe Ha BAL uHx. OumMnuTbp
®dnnMnoB, KOHCTPYKTOP U TEXHONOT NMpY NPOU3BOACTBOTO Ha camornietn “JIA3-7M”.

BAL — knoH Ctapa 3aropa

Ha 13 mapT 1960 r. ce ocHoBaBa cekuus “ActpoHaBTuka” kbM Aepoknyba Ha JOCO, KkbM KOAATO camo
3a efHa rogvHa 3a 4rneHoBe ce 3anuceaTt Hag 800 gywn. Cekunsita ce ornaesiBa OT 3ananeHus “gocosey” u
KkMeT Ha rpaga VopaaH KancamyHos. [Mo-kbCHO npeacedaTeny Ha KroHa ca acTpoHOM AHren BoHoB U
npod. adH Mutko lNoroweB. [enHocTTa Ha knoHa Ha BA[L e TsacHo cBbp3aHa ¢ HAO “KOpwui arapuH”,
KOATO yvacTBa B MeXOyHapoOHM MPOEKTU 3a u3cneaBaHe Ha CMbHYEBO-3EMHUTE Bb3OEeNUCTBUA, KaKTo U B
HabMoAeHNs HAa N3KYCTBEHU CMbTHULM Ha 3emdTa.

BA — knoH BapHa

OcHoBaH npe3 1962 r. oT kanuTaH |-Bu paHr nHx. Bacun Kaparbo3oB, KOWTO € 1 NbpBu NpegcegaTen.
EouH oT Ham-akTuBHUTE KknoHoBe Ha BA[l — HeroBu uneHoBe y4vactBaT B npoekta “UHTEPKOCMOC-
BBbIIAPNA-1300". KnoHbT pasBuMBa akTMBHA OEWHOCT M MO pas3npocTpaHeHWe Ha HayyHW 3HaHus B
obractta Ha KOCMOHaBTMKaTa, OpraHum3vMpa TbpPXXECTBEHM YeCTBaHWS MO MOBOA Ha OTAENHW cbOuTMa u
tobnneun, NnocBeTeHM Ha ycnexnTte Ha BbnrapckaTa 1 cbBeTckaTa/pyckaTta kKocMuyecka Hayka. Tesn ycnexu B
ronsiMa CTeneH ce AbIpKaT Ha oTAageHocTTa Ha MHX. JumuTbp Pununos, KOMTO e npeacenartern Ha KroHa
cnen 1970r..

BAL — knoH AAm6on

OcHoBaH e npe3 1970 r. ¢ nbpBM Npeacenaten MeaHka MapuHoBa, 3am.-npeacegarten Ha OKpbKHUSA
HapogeH cbBeT (OHC) n cnen Hes e Kocta CtosiHOB, cblo 3aM.-npeacenaten Ha OHC. Cnep 1977 .
HacTbMNBa M3BECTHA KpM3a B AEMHOCTTA Ha kroHa Ao 1984 r., korato 3a npeacegaTen e u3bpad gou. VeaH
MwunkoB. [JenHoCTTa Ha KNoHa ce Bb3CTaHOBSBA M TOW CTaBa eauH OT akTMBHUTE KroHoBe Ha BAL c
OpraHusMpaHe u yvyactne B Hay4HU KOHGIEPEHLMN U B NPOEKTU, BKIMHOUMTENHO U C MEXAYHAPOAHO y4yacTue.
UneHoBe Ha Opy>eCTBOTO ca nsHecnun 126 Hay4yHu goknaga un okorno 200 Hay4Ho-obpa3oBaTenHu 6eceam.

BAL — knoH TposiH

OcHoBaH npe3 1980 r. ¢ 200 pegoBHM uneHa c npegcepaten Llovo 3iombGroncku, eguH ot
ocHoBaTenute Ha BA[l. KnoHbT ocHoBaBa knyboBe KbM y4unuiia, 3aBOAM M KbM BOEHHOTO NoferneHve B
rpaga. YneHoBe Ha knyba B 3aBog “Ennmpom” ca m3pabotunu getannum 3a cnbTHuka “YUIHTEPKOCMOC-
BEBbIFAPNA-1300". OCHOBHOTO HanpaBfeHMe Ha [JEeNHOCTTa Ha KroHa € MonynapusvMpaHe Ha
actpoHomuaTa. OT 1997 r. npeacepaten e Hagka JankoBa. Tsa pbkoBoan Kpbxok no actpoHomus 1 LLkona
no actpoHomuss kbM BA]Ll (cb3pageHa npe3 1994 r.), a ot 2004 r. pbkoBoan AcCTpOHOMMYECKATa
ob6cepatopust M. Kennep”. lMpoeexaaT ce Hay4HO-TEXHUYECKU KOH(EPEHLIMM, CPpeLLm C y4eHn B obnacTtTa
Ha acTpoHOMMSATaA U KOCMOHaBTMKaTa, C ObnrapckuTe KOCMOHaBTW, C nucaTtenu, KOHKYpPCWU, U3Noxou no
acTpodoTorpadusi, eKCKyp3um, ekcneamumm, Typuctnieckn noxogm v np. OpraHmaupaHu ca HabnogeHms Ha
KOCMWUYECKU sIBMNEHUs, npegmeT Ha nybnukaumu. [lpaeat ce cdoTomsnoxOu n ¢ nomowta Ha Pyckus
KynTypHO-uHdoOpMaLMoHeH UuUeHTbp B Codwua ce u3gaBaT KHUAMM N0 NPUNOXKHA  aCcTPOHOMMUS.
YcbBbpLUEHCTBAT ce hopMuTe 1 MeToguTe Ha paboTta ¢ y4yeHuuMTe 3a NonynspuanpaHe Ha acTPOHOMUATA,
n3gencTea ce No-HOBa M yCbBbpLUEHCTBaHa TexHuka. [lpe3 2005 r. B ObcepBatopusata e 4ectBaHa 25-
roguwHMHaTa oT cb3gaBaHeTo Ha BAL-knoH TposH. [lpes 2007 r. npoabmkasaT U3SBUTE HA aKTUBUCTUTE
Ha BAL-knoH TposiH B HauMoHanHM KoHdepeHLmn, cBbp3ann ¢ paboTa ¢ geuaTta no actpoHomus. Llenuat
KOMMNieKkC OoT genHocTn kbM LkonaTta no actpoHomusi, Ob6cepBatopusita n basata 3a acTpOHOMMYECKU
HabrnogeHus e cebp3aHa ¢ bAL.

BA[ — knoH UKU-BAH

Owe oT cb3gaBaHeTo Ha [pynaTta no ¢msmka Ha kocmoca kbM [pesvamnyma Ha BAH, npepacHana
npe3 1974 r. B LeHTpanHa nabopatopus 3a KOCMUYECKM M3cnedBaHusi, npeobpasyBaHa B cerallHus
WMHCTUTYT 3a KOCMUYeckn u3crensaHusa npes 1986 r., yyeHWTe B THAX yyacTBaT akTMBHO B OEWHOCTTa U
ynpaeneHueto Ha BA[l. Te ca OCHOBHM U3NMbAHUTENWN HA MOBEYETO KOCMUYECKN NPOEKTW, peanu3npaHn B
Bbnrapus. OT 1996 r. npeacepaten Ha knoHa e A-p mHx. Kpacumup CtosiHOoB, Aybnbop Ha BTOpUSA
6bnrapcku kocmoHaBT AnekcaHabp AnekcaHgpos. Ot 2005 r. npegcenaren e CT.H.c. A-p MNnameH AHrenos.

Cekuus “ Pusuka Ha Kocmoca”

OcHoBaHa e npe3 1969 r. ot akag. K. CepadmmoB egHoBpemeHHO ¢ 'pynarta no ¢msmka Ha Kocmoca,
HenocpeacTBeHo nogyuHeHa Ha MNpeacepnatena Ha BAH akag. J1. KpbcTaHos.
OcCHOBHUTE HanpaBreHUs OT AeMHOCTTa Ha cekuusa “Puaunka Ha Kocmoca” ca:
- TEeOpeTWYHW W eKCnepuMeHTanHW wuscnegBaHWss Ha BUcoKaTa aTmocdepa, wnoHocdepa w
MarHuTocgepa;
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- aHanu3 Ha pesyntatuTe OT KOOpPAMHUPAaHUTE TMpPEeKU U Ha3eMHU KOCMUYECKN EKCMepUMEHTU

“UHTepkocmoc-8, 12 n 14", Texkute reodumsnyHmn paketn “BepTtukan-3” n “BepTukan-4” n cnbTHUKA

““HTEPKOCMOC-BEBJTTAPUA-1300";

- Npekn nsMepBaHUA Ha ekBaTopuanHaTa, CpegHOLMPOTHA N BUCOKOLUMPOTHA NoHoCcdepa;

- npoyyBaHe Ha BEepTUKaNHOTO pasnpeferieHne Ha enekTpoHHaTa W WMOHHAa KOHLUEeHTpauusa n Ha

eneKkTpoHHaTa Temneparypa;

- M3yyaBaHe Bb3LENCTBUATA HA CNBbHYEBUTE pagnaumm U KOCMUYECKUTE NMbYM BbPXY aTMocdeparta Ha

3emsaATa 1 nnaHeTuTe;

- yyacTMe B nogrotoBkata W pabortata Ha [lneHapHuTe KoHrpecu Ha KomuTeTa 3a KOCMUYECKM

nscnegsanuns (KOCIAP) n Ha MA®.

Mpe3 1975 r. BbB BapHa ce nposexga XVIII MNneHapeH koHrpec Ha KOCIIAP, Ha koWTO akag.

K. CepadumoB e n3dpaH B bropoto Ha KOCTIAP, Ha koiTo nocT Ton ocTaBa Ao 1986 r. lNpe3 1977 r. B
Mnoeaus ce nposexaa XV-ta MexayHapoaHa KoHdepeHUus no kocMudeckn nbun. B nepuoaa 1974-1986 r.
B Ctapa 3aropa ce opraHuaupaT Ha BCEKM 2 roavHU MeXOyHapoAHW CEMMHAapW No KOCMuYecka umsunka, a
npe3 1985 1 1990 r. — HaunoHanH1MTe KoHdepeHUnn ¢ MexgyHapoaHo yvactue “Kocmoc-85" n “Kocmoc-90".

Cekuus “[IncTtaHUMOHHU n3cregBaHua Ha 3eMaTa U nnaHeTurte”

OcHoBaHa e npe3 1975 r. ot akag. . Muwes, 3aegHo ¢ obocobsiBaHeTO Ha netata efHOMMEHHa
NOCTOSIHHO AdevcTBalwa paboTHa rpyna Ha “MIHTEPKOCMOC”. ToeBa e Han-mnagata paboTHa rpyna Ha
nporpamata “UHTEPKOCMOC”. BypHOTO pasBUTME HA KOCMWYECKUTE TEXHOMOrMM U YCNEelWwHOTO UM
NPUNoXeHWe 3a Hay4YHW U CTONAHCKWN Lenu goBefoxa A0 YCbBbpLUEHCTBAHE Ha AUCTAHUWOHHUTE MeToaw,
KOeTO Jaje Bb3MOXHOCT 3a pellaBaHe Ha npobnemnTte 3a NpUpogHNTE PECYPCU U EKOMOTUYHUSA KOHTPOST Ha
OKofnHaTa cpefa. Han-ronsiMoTo NOCTMXKEHME Ha Ta3u CEKLMS € MOCTPOSIBAHETO U YCMELUHOTO N3BEeX4aHe Ha
BTOPMS CMbTHUK OT nporpamata “BbJITAPUA-1300", HapeuyeH “METEOP-INMPUPOOA".

Cekuusa “Kocmuuyecku cbooLeHns”

OcHoBaHa e npe3 1970 r. ot npod. K. CepadhmmoB M CT.H.C.uHX. M. BenkoB — aupekTop Ha
HayyHomscnegoBaTenckus MHCTUTYT no cbobweHuata (HUUC-Codums), korato ce B3ema pelleHue Ha
ObpXKaBHO HMBO 3a yvacTue Ha bbnrapusa B MexagyHapogHaTa CMCTEMa U OpraHusaums 3a KOCMUYECKM
Bpb3kn “UHTEPCIYTHUK". TMbpBuAT NpMHOC Ha cekumsaTa ca wuscnefBaHusTa 3a onpefensiHe Ha
ONTUMArIHOTO MECTOMOMOXEHME Ha 3eMHU CTaHUMK 3a Bpb3ka CbC cnbTHUUKM.  KomnnekcbT 3CKB “LUunka”
B [MnaHa nnaHuHa e nnaHupaH npe3 1971-72 r. ¢ ydacTneto Ha konektns ot HUNC-Codma u Ha cT.H.c. J1.
CvbeB, Bcnykn uneHose Ha BALl. YneHoBe Ha cekums “Kocmudeckn cboblieHns” Ypes BAL ocbliecTBaBaT
MHOrOGpOMHM Hay4YHO-NPUITOXHN pa3paboTkn. Camo npes nocnegHute 10 roamMHu ca U3nbiHSABaHW CPELHO
no [Ba LOroBopa Ha roguHa, M3TOYHUK Ha NpUXoAm 3a pmHaHcoBO cTabunuampaHe Ha BAL, kato ocobeHo
ronsiMa e 3acryrata Ha CT.H.c. A-p boHuyo banabaHoB 1 cT.H.c. MHxX. EnncaBeTta AnekcaHgpoBa 3a TOBa.

OCHOBHU HanpaBneHus OT AeNHOCTTa Ha cekuus “KocmMudeckn cbobLeHns” ca:
- ObArorogvllHW  M3crneaBaHUs Ha  BNUSHMETO HA  METEOPOMNOrMYyHUTE  SIBNEHUST  BbpPXY
pa3npoCTPpaHEHNETO Ha PaAMOBbLIIHUTE MO CMbTHUKOBU TPaceTa;
- ydacTMe B nogroToBkata M pabotata Ha CBETOBHMTE PAOUOKOMYHUKALMOHHM KOHMEepeHUMn Ha
MexayHapoaHusi cbio3 no ganekocbobueHms (ITU);
- paspaboTka Ha cTpaTeruns 3a pa3BuTHE Ha KOCMU4ecknTe cbobLleHnst B P Bbenrapus;
- ONTUMU3NPAHEe M peanuanpaHe Ha CMbTHUMKOBUTE pecypcu 3a P bbnrapusi B mexayHapogHuTe
nnaHoBe;
- o00yyeHMe Ha cneumanucTn 3a M3BbPLUBAHE Ha MNPOyYBaHMSA MpPU KOOPAVHAUMSA Ha CMbTHUKOBU
cUCTEMN.

Pesyntatute oT uscnegsaHuaTa ca AOKNaABaHW Ha CUMMO3WYMU C MeXayHapoaHo ydactue (1985 m
1990 r. B kKypopTa “Opyx6a”, BapHa), Ha koHrpecute Ha MA® npes nepuoga 1987-1992 r., KaKTO ¥ Ha Apyrm
mMexgyHapoaHu copymn B Pycus, lNonwa, Yexus n YHrapus, a no-kbcHo Ao 2004 r. u Ha 6bnrapckus
“TENNEKOM”, cnoHcopupaH oT BTK-EAL.

TpsibBa ocobeHo fa ce oTbenexu cvaenctemeTo, koeto BAL nonyyasa oT 1975 r. oT pbKOBOACTBOTO
Ha oTKkpuTusa ToraBa Pycku kynTypHo-uHdopmaumoHeH ueHTbp (PKWL), 3a nposexgaHe Ha cBoute
MEepOonpUsATUS, NOCBETEHN Ha GenexunTu gatm u duneun, CBbpP3aHn C UCTopUSTa HA KOCMOHaBTUKaTa, 3a
CbBMECTHM CbBETCKO/pYCKO-ObNrapcku HayydHu dopymn. Yecto Ha Te3um 4ecTBaHMs roctu ca 6unm
CbBETCKU/PYCKM KOCMOHaBTW, KaTo 3acryrata e u3usano Ha pbkoBoAcTBoTo Ha PKUL. Tpabea ocobeHo oa
CMOMeEHEM OelHoCcTTa B nogkpena Ha BAL Ha MHOroroguLLHUS OMPEKTOP Ha LUeHTbpa EBreHnn TabayHuKoB,
Ha 3aM.-OMPEKTOPUTE MO HAaY4YHO-TEXHMYECKUTE BbBMpOCKM CT.H.c. AnekcaHgbp CeltoB v g-p Hukonan
Mwuxannos.
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Ot 1994 r. BA wn3nuTBa CEpuo3HN (PMHAHCOBU 3aTpPyOHEHWs,, MOCNedBaHU OT pPUONYECKU
npobnemu, n cneqg 6nn3o 9-roguHM YCUWA Ha HEWHUTE Hal-MpefaHyu akTUBHW YNEeHOBE M [MaBHO Ha
npod. AnekcaHgbp CumeoHoB Gelle Bb3cTaHOBeHO eaAnHCTBOTO Ha BA[L. Cnep npoeexpaHe Ha O6Lwo
OTYEeTHO-U360pHO Aeneratcko cbbpaHme Ha 03.12.2005 r. BAL e permuctpupaHo Ha 20.12.2005 r. no HOBUS
3KOJIHL. CwbrnacHo 3akoHa u npueTusa YcraB Ha BAL ApyXecTBOTO € € YnpaBuUTereH CbBET OT 7 YreHa, 3a
npeacepaten Ha konTo Bewwe n3bpaH npod. A-p MeTbp Neuos, gupektop Ha UKN-BAH.

B Hactosweto BA[l aktuBMaupa u paswmpsiBa CBOSiTa OpraHumsalMoHHa CTPyKTypa W Tbpcu
Bb3MOXHOCTM 3a (hMHaHCOBO ykpeneaHe. [Mpe3 m. man 2007 r. ca cb3gageHn ABa HoBu krnoHa Ha BA[ B
rp.Mnosams, kbM cunuana Ha TY-Cocusa u B rp. lNneseH — koM OPCI “UHTEnekT”.

BA moxe pa nrpae cCobLleCTBeHa poNnAaA CbC CBOUTE CTPYKTYypu nNpu pasnpocTpaHeHue Ha
I/IHq)OpMaLI,VIﬂ 3a KOCMUYECKN NPOEKTN M npunaraHe Ha pe3yntaTtute OoT T4X, ocobeHo cpea Mnagute xopa,
Oa noanomara o6yquv|eTo Ha Kagpun B obnacTra Ha KOCMUYECKUTE Wu3cneaBaHusi M TEXHONorMm 3a
M3NbJIHEHNE Ha TEKYLLUN U ObaeLn KOCMUYECKU NpoOEeKTN N aa rm moTunBmpa aa octaHaTt B anrapvm. BAL e
OTBOPEHO 3a HOBU 4YrieHOBE U 3a npeanoxXeHud 3a yd4actme B noaxoadum NnpoekTn n nporpamu.

INutepaTypa

Mwn w e B [., Kocmuyecknte nscnegsaHusa B bwnrapus, Codus, 2004 .
BecTtHuk HapogHa apmus, 6p. 2875 ot 10 gekemspu 1957 r.
Nudopmaumsa ot uneHose Ha BAL.

My6nukaumm B UHTEpHET.

PwONE
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NEW TYPE OF SECONDARY EMISSION RADIOISOTOPE BATTERY
FOR SPACE APPLICATIONS

Vyacheslav Balebanov, Nikolay Erokhin

Space Research Institute — Russian Academy of Sciences

Knroyeenie croea: BmopudHasi 351eKmMpoHHas amuccus, paduousomoriHass bamapesi, mokosasi sqelkKa,
npeobpasosaHue s0epHOU 3HEepauu 8 3/IeKMPUYECKyro, Crol 3MUCCUU, 80/lbMm-aMiepHas Xxapakmepucmuka,
C8EePXMeErIo8bie 3NIEKMPOHbI, 3Hep2emuYecKull Criekmp, akmueHbIl U30MOrHbIU ¢od, NAeHKU

Key words: Secondary electron emission, radioisotope battery, current cell, conversion of nuclear energy to
electric one, emission layer, volt-ampere characteristic, suprathermal electrons, energy spectrum, active isotope layer,
films

AHHOmauusi: PaccmompeHb! ¢bu3udecKkue OCHO8bI HO8020 murna amoMHbix 6amapeli — KOMMaKmHble
8MOPUYHO-IMUCCUOHHbIE  paduUOU30MOrHbIe  UCMOYHUKU MOKa, KOmopble Mo2ym UMemb MHO204YUCIIEHHbIe
rpunoXxeHus, Hanpumep, Os UCMOMb308aHUS HA KOCMUYEeCcKux arnnapamax. [1o meopemudyeckum oueHkam 8 OaHHOU
6amapee K.n.0. npeobpasosaHusi S0epHOU 3HepauU 8 3/IEKMPUYHECKYHO MOXem b6bimb 04YeHb 8bICOKUM 8riomb 0o 30 %.
Kpome mozo oHa umeem 1o cpagHeHur ¢ mpaduyuoOHHbIMU UCMOYHUKaMU moka rpeuMyujecmsa rno eecy, eabapumam,
paboueli memnepamype u be3onacHocmu 8 3Kcriyamayuu. [ns npou3sodcmea makux bamapel Heobxodumo
ompabomamb HO8ble MEXHO02UU U320MO8/IeHUsI COMEH MOKOB8bIX siYeeK, codepxawux memarsnuyeckue u
QuanekmpuyecKkue nneHKU ¢ monuuHamu cri0es rnopsidka 0ecsimKo8 HaHOMempos.

Abstract: It is considered the physical background of new type of atomic batteries — compact secondary emission
radioisotope source of current which will have a number of various applications, for example, for usage at space devices.
According to theoretical estimates, in this source of current the efficiency of the nuclear energy conversion to electric one
may be very high, up to 30 %. Moreover, such battery will has advantages in the comparison with conventional one on
the weight, sizes, the working temperature and on the safety in exploitation. For manufacturing this battery it is necessary
to elaborate the new technology to product hundreds current cells. Each current cell must contain metallic films and
dielectric ones with film thickness about tens nanometers.

BBeneHune

CyliecTByiOLLME KOMMAKTHbIE UCTOYHWUKM 3NEKTPOSHEPTUU B psae MPUMOXKEHUA He YOOBMeTBOPSAT
npeabsBnseMbiM K HAM TpeboBaHUAM BCReAcTBME CReAyLwmuX MPUYMH - HU3KOMO KM, HeLoCTaTOYHOro
cpoka cnyxbbl, BbICOKMX paboymx TemnepaTyp Nnbo no coobparkeHWsiM 3KOMOormyeckom Ge3onacHoCTU.
[MoaToMy BO3HMKAeT HacTosTernbHasi HEOOXOAMMOCTb B CO34aHWM MPUHUUMNMANbHO HOBOMO KOMMAKTHOro
WCTOYHMKA SNEKTPOSHEPIMU, MOLLHOCTb KOTOpPOro Morna 6ul konebatbcs oT MKBT, B crniy4ae NCTOYHUKOB Ang
MEeAMLMHCKMX Lienen, 4o KBT npyn ncnonb3oBaHny B SHEProCMCTEMAX KOCMUYECKUX CTaHLUNA.

MpoBeaeHHble HayyHbiMu rpynnamuv B HHL X®TU (Xapbkos) n KU PAH (Mocksa) paspaboTku
NO3BONSAKT NPEANnOXNTb ANA peanusaumm HOBbIM TN GaTapen - BTOPUYHO-IMUCCUOHHBIV PAgMON30TOMHbIN
ncToyHuk Toka (BOPUWNT), oCHOBaHHbIN HA8 HEepaBHOBECHOW 3IMUCCUW CBEPXTENIIOBbIX 3MIEKTPOHOB. JTOT
MPOLIECC BO3MOXEH NPU NPOXOXAEHMN Yepe3 TOHKME MeTaninyeckue nreHkn ObICTPbIX MOHOB, Hanpumep,
o-4acTuL,  paguaumoHHOro pacnaga M30TOMOB  TPaHCYypaHOBbIX 3NeMeHToB. 3a cyeT  npsMoro
npeobpa3oBaHus SAepHON aHeprum B anekTpuyeckyto BOPUUT-UCToUHUKM Toka ByayT MMETb NOBbILLIEHHbIN
K.n.g. OHM mMoryT paboTaTtb B 3KCTPEMarbHbIX YCIOBUSAX, B YACTHOCTU, Kak CUCTEMA MUHMATIOPHbLIX GaTapen
Ons uenen 60pTOBOro NUTaHUS KocMmuyecknx annapatoB (KA), B TpyQHOOOCTYMHLIX panoHax 3emnu, B
KayecTBe 3KONMOrMYECKN YNCTBIX MICTOYHUKOB 3HEPTUKN OANS KAPAMOCTUMYNATOPOB, B MUKPOSNEKTPOHUKE U Op.
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B ykasaHHbIX MPUIOXEHUAX OHWM OyayT MMEeTb fydlime pabovve XapakTepuUCTUKW, B YACTHOCTM, MO
3(pPEKTUBHOCTH, YOEINBHON SHEPTOEMKOCTU, CPOKY CIY>XObl MO CPABHEHMIO C CYLLECTBYHIOLLMMY aTOMHbIMU
GaTapesamun. WM3rotoBneHMe HOBbLIX WUCTOYHWKOB 3MEKTPO3HEPrMM JacT Takke CTUMYN Ans  pasBuUTus
TexHonormn 21 Beka B 0O6macTu Npou3BOACTBA MHOFOCIOWHBIX JIEKTPUYECKUX CTPYKTYP U3 TOHKMX
MEeTanMyecknx n ONaneKkTpu4eckmx nneHok. NMommmo ynomsiHyThix Bbilwe, BOPUNT-6atapes 6bynoeTt umetb
cnegywolwe npeumyLllectBa Mo CpPaBHEHUIO C CYLECTBYIOWUMW pagvMousoTonHbiMu Hatapesmu: Het
HeobX0AMMOCTM B BbICOKMX TeMnepaTtypax; Hu3koe paboyee HanpsxeHue, BbICOKMI K.N.4. npeobpasoBaHus

KMHETUYECKOIM SHEPrMM OL-4acTul, B anekTpuyectso; BOPUUT B3pbiBO 1 noxapo Ge3onaceH.

®dusmnyeckme ocHoBbl 6aTapen BOPUUT

B ocHoBe paboTtbl 6aTapen BOPUUT 3anoXeHo Mcrnornb3oBaHNME HEPaBHOBECHLIX, CTENEHNMNOAOOHbIX
pacnpegeneHuin 3HepruyHbIX, 3apsbkeHHbIX 4YacTud. OOpasoBaHMe MOLLHOrO XBOCTa CBEPXTEMNSOBbIX
3MEKTPOHOB, MOPOXAAeMbIX MOHM3aumen BewecTtBa amuTTepa 6artapen ockonkamu — AeneHus
paguonsoTonos, NeTawuMX M3 M30TOMHOrO Crnos, no3Bonser BecbMa 3hdekTMBHO npeobpasoBbiBaTh
KMHETMYECKYIO SHEpPrmio 3TUX OCKONKOB B 3nekTpudeckyto. Kpome TOro, kak nokasanu XapbKOBCKME
3KCMEPUMEHTLI, NPWU yKasaHHbIX YCIOBUSIX MPOUCXOOUT CYLLUECTBEHHOE YBEeNU4eHne BTOPUYHON 3IMUCCUM
3NEKTPOHOB 13 MeTanMU4ecKkux 1 AN3NeKTPUYEeCcKUX NreHokK.

dusnyeckas cxema peanusauum BIPUNT coctout B crnegyrowem : GbicTpble anbga-y4actvubl oT
N30TOMHOMO CIOsl, MPOXOAS CUCTEMY OUHApHBIX TOKOBbIX SMEEK, COAEepXallMxX YeTblipe MMeHKUM Kaxaas,
NMopoXaatoT MOHU3ALMIO BELLECTBA MNMNEHOK. 3a cyeT pasHuubl B KO3PMUMEHTAX BTOPUYHON SNEKTPOHHOM
amuccun ( B33 ) 13 nneHok GUHapHOWM AYenkn MMeeT MeCTO 3apsiaka CroeB Apyr OTHOCUTENbHO Apyra Ao
HEeKOTOpOro MoTeHuMana, oOnpeaenseMoro XapakTEPHOW 3HEeprven  3MUTTUPYHOLUMX — SEKTPOHOB.
MapanneneHoe coeguHeHue BMHAPHBLIX A4YEeeK YMHOXaeT TOK B cucTeme C Harpy3kon. [NpegBaputernbHble
TEOPETUYECKME OLIEHKM Y4YaCTHUKOB 3TuX paboT wu npopaboTka TEXHOMOrMYECKUX BO3MOXHOCTEWN
peanusaumm npubopa MNOoKa3bIBaAKOT, YTO MOXHO CO34aTb UCTOYHMK C BbICOKMM K.n.A. (nopsigka 10 % u
bonee), ¢ yoenbHOW 3HEpProeMKkocTbio nopsigka 1kBT/kr. B kayecTBe maTepmana nneHok OMHapHOW S4Yenku
MOTyT CRyXuTb Megb W OGepunnumi ¢ KoapduumeHTamm BTOPUHHON 3SMUCCUM M3 OOHON MNIIEHKM
cooTBeTCTBEHHO 5 u 30 anekTpoHOB Ha ofHy anbda-dactuuy. K.n.g npeobpasoBaHus Bo3pacTaeT C
yBenMyeHnem yncna buHapHbIX g4yeek, pasmellaembix Ha AnvHe npobera GbICTpbIX MOHOB. ONTMManbHas
TOSNLWMHA KaXXA0W MeTannmMyeckon NneHkn 4omkHa BbiTe paBHa 9 EKTUBHON TOMLWUHE COst SMUCCUN.

MepBbIt 3Tan paboT AOMKEH COCTOSATb B CO34aHUM AEMOHCTpaumoHHoro obpasua BOPUNT. 3710
No3BOMUT peanu3oBaTb TEXHOMOMMI0 W3roTOBIEHUS OMHApPHbLIX S4YeeK C BHEOPEHHOW pPaaAMOU30TOMHOM
NPOCIoONKON, uccneaoBatb K.n.g. 1 Apyrue napameTpbl UCTOYHMKA, OLEHUTb pearibHble KOHCTPYKLMOHHbIE
XapaKTepPUCTUKN N BbipaboTaTb NPakTUYECKNEe pekoMeHAaLMM No Co3gaHuIo 3KCNepuMeHTanbHoro obpasua
B3PUWNT Ha Gonblune MowwHOCTK (nopsigka BaTTa). Ha puc. 1 npeactaeneHa cxema gaHHon 6atapewn.

MpuBegeM OPUEHTMPOBOYHbIE MNapaMeTpbl AeMOHCTpauuoHHoro obpasua B3PUUT Ha ocHoBe
n3oTona norioHust >°Po, BKIIOYAIOLLEro OAuH Crol n3oTona: 1) macca usotona m, = 0,1 Mr ; 2) TonwmHa
nsotonHoro cnosa ¢, = 0,01 mkm; 3) nnowagb n3oTonHoro cnosa S, = 10 cM? . AKTUBHOCTb M30TOMHOrO Crost
6ynet paBHa Q, = 1.11 x 10° (a-yactuu/cek ). Mpu 3TOM 3neKTPUYECKas MOLLHOCTb AEMOHCTPALMOHHOMO
obpasua, npu Kk.n.g. npeobpasoBaHua B 1%, bygetr paBHa Pge. = 89 MkBT. HanpspkenHne 6atapeu
onpefensieTcs XxapakTepHON SHepruen aMUTTUPYIOLLMX 3NEKTPOHOB 1 oxugaeTtcs nopsgka 15 B.

OpgHa OuHapHas TokoBasa sderika OGaTapenm cocTouT M3 4-X NNEHOK M30MATOp-Meab-U3onaTop-
Gepuynnuii (B kayecTBe M30NATOPa MOXET CIYXWUTb, Hanpumep, kepamuka). Kaxaasi nneHka uMeeT TONLMHY
lcy = 0,1 MKM T.€. nonHaga TonwmHa GuHapHom s4enkn lg; = 0,4 MkM. C 0QHON CTOPOHBbI OT U30TOMHOMO CrOoS
Ha OnuHe npobera o-4acTuy ynoxurcesa 25 GuHapHbIX sdeek T.e. ¢ obenx cTopoH - 50 wTtyk. PacnonoxeHve
slyeek nokasaHo Ha puc. 1. bes pagnaumoHHON 3alWnThl NOMHAA TOMWMHA KoMMnnekta coctasnseT 20 MKM,
macca He Gonee 140 wmr. YgenoHoe TennosblgeneHve B GuHapHbIX suvenkax Oyaet Pien, = 0,44 Br/cm®.
Oxngaembii NOTOK a-vactuy nopsagka 0.5 yact./cm®. [Ona [ocTMxeHns anekTpudeckonm MowHoctm B 1 mMBT
HeobxoamMMo 13 Takmx kKoMNnekToB ¢ 06Let Mmaccor usotona M, = 1,3 mr.

MpuHUMNUanebHbIM oTNNYMeM npeanaraemoro U3 oT TEpMO3IMUCCUOHHBIX ABMASIETCS UCMOMNb30BaHWE
TOHKUX ({cy < 0.1 MKM) MeTannuyeckux nneHok. bnarogaps aTtomy, NpouUcxoamT CyLLIECTBEHHOE NOBbILLEHWE
npeobpasoBaHne 3HEPrMn HaneTawLWmnxX a-4acTul, B INEKTPUYECKYHD SHEePruio 3a CYET yBeNnu4eHus yucna
3NEKTPOHOB SMUTUPYEMbIX C MOBEPXHOCTU NITEHKN.
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Puc. 1. KoHcmpykmusgHasi cxema amummepa bamapeu BOPUNT

Mpu pacyetax xapakrtepuctuk BOPUNT Heobxoammo 3HaTb ahPeKTUBHYIO TOPMO3HYI CMOCOBHOCTL
aMUTTEpa, COAepKaLLero TOHKUE NIEHKN U3 pas3nuyHbIX MaTepuanoB. Ha puc. 2 gaHbl rpacdmky TOPMO3HOM
CNocoBHOCTM B Criy4ae TOKOBOW SiYEMKM M3 MIEeHOK 30r0Ta U cepebpa (aHanutuyeckue annpoKkcrmaumm
3KCMEPUMEHTANbHbIX [AaHHbIX). 3aTeM Ha puc. 3 MokasaHa BbluMCNeHHas 3ddeEKTUBHAS TOPMO3Hast
CNocobHOCTbL aMuUTTEpa OaTapeun, COCTOSALLEro U3 TOHKMX MIEHOK antoMUHUA N cepebpa paBHOW TOMLUHEI
(aHanuTnyeckasa annpokcumaums). MNMpu atom acpdekTUBHLIN Npober anbda-4yacTvL, B 3MUTTEPE NOKa3aH Ha
puc. 4 (aHanuTMyeckasa annpokcumauus). B 4yacTHoCTK, ansa HadvanbHOW 3Heprum anbda-yactuupl 5,3 MaB
ee npober B TaKOM aMuUTTEpe cocTarnseT 13,7 MKM.

3atem npoBOOUSIOCH TaKkKe MOLENUPOBAHME BOJSbT-aMMEPHON XapaKTEPUCTUKM PagUon30TOMHOWN,
BTOPWUYHO-3MUCCUOHHOW BGaTapen ¢ y4eTOM BHELLUHEN Harpysku ¢ conpoTueneHnemM R npu 3agaHHOM NOTOKe
ObICTPbIX MOHOB 4epe3 amutTep J, (Yact/ c) ons umucra TOKOBbIX siieek amuTTepa Ny Mpy XapakTepHown
3HEPrumn AMUTTUPOBAHHBIX ANIEKTPOHOB & (€ 3apsia ANeKTPoHa).

Mo pesynbTaTam MNpPOBEAEHHbLIX pacyeToB Ha puc. 5 npeactaeneHbl rpadukn (B HOPMUPOBAHHBIX
BeNunuyMHax) paboyero HanpspkeHus (na ogHoOM syenkn 6artapen) y, Toka B Harpyske w -ym(u) v Bolaensaemon
B Harpyske MOLHOCTU W [ Ym (1) 1% B 3aBMCMMOCTM OT BeNMuMHLI GE3pa3MepHOro napameTpa Harpysku
p=(.sc/e2 R J, Np ), KoTOpbIn 06paTHO nponopuMoHaneH ee conpoTuBrieHuto. B pacdetax nonaranocbh
A =10, rge A — NOSHbIN BbIXO4 BTOPUYHOW 3NTIEKTPOHHON 3MUCCUM U3 OQHON BUHAPHOW sYenkn B pacdeTe Ha
OJHY NMPOXOAsALLYIO Yepes S4Yenky anbga-4yactuuy.

Bbinn NpoBeaeHbl Takke YNCNEHHbIE pacyeTbl 3aBUCYMOCTM HOPMUPOBAHHOIO TOKa B HArpy3ke p-Ym(w)
OT HOPMMPOBAHHOIO paboyvero HanpskeHns Yy, . PesynbTat npeacrasneH Ha puc.6.

B cnyyae BbiGopa A = 6 u4YMCNEHHbIMM pacyeTamu OnpederieHbl 3aBUCUMOCTM XapaKTepuUCTUK
Oatapen, a UMeHHO, pabo4vero HanpsHkeHusl, ToKa B Harpyske M BblOensieMon B HEeW MOLYHOCTU OT
napameTpa Harpysku p . PesynbTaTtbl aHanormyHbl N3noXeHHbIM BbiLUe.

Kak BMAHO M3 Nony4eHHbIX rpadoukoB, B PaCCMOTPEHHOW MOLENN C POCTOM COMPOTUBIEHUS Harpy3ku
pabounii noTeHunan Bo3pactaeT, O4HAKO TOK U BbiAensieMasi B Heli MOLLHOCTb yObIBatoT.
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Puc. 2. Topmo3Hble criocobHocmu anroMUHUs u cepebpa Ons anbgha-4acmuy,

Puc. 3. 3¢hghekmusHasi mopmo3Hasi criocobHocmb amMmummepa 6amapeu U3 antoMuHUs u cepebpa Ons anbgha-yacmuy,
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Puc. 4. 3asucumocms npobeza anbgha-yacmuuybl 8 aMummepe bamapeu om ee aHepauu

Puc. 5. pagpuku pabouyezo HarpsxeHusl, moKa 8 Hazpy3ke U ebldesnissieMoll MouwHoCMu om napamempa u
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Puc. 6. 3asucumocmu HOPMUPOBaHHOESO IMOKa 8 Hacpy3Ke Om HOpPMUpPO8aHHO20 pa6oqeeo Haripsi>keHus

3aknoyeHune

PesynbTaTtbl npoBegeHHOro aHanu3a B HacTosiwen paboTe MOXHO BKpaTue CyMMMpoBaTb
cnegyowum obpasom.

1. NpoBeaeH aHanua paboTbl paaMON30TONHON GaTtapen HOBOrO TUMa C NOBbILWEHHbIM K.N.4. NPAMOro
npeobpa3oBaHNs SOEePHON 3HEPrMM B MEKTPUYECKYHD, KOTOPasi BECbMa NepcrneKkTMBHA ANnst KOCMUYECKMX U
APYrUX NPUNOXEHWN.

2. Ins aHanusa 3ameanexHns 1 penakcaumm 6bICTpbIX anba-4acTul, U CBEPXTENOBbIX IEKTPOHOB B
nneHkax paspaboTaHbl annpPoOKCUMAaLMOHHble OpPMyIbl, OMUCbIBAKOLWME TOPMO3Hble CMNOCOGHOCTU
mMatepuanoBs amuTTepa, 3MEKTUBHBLIN Npober WMOHOB renvs, cpedHiol AnuHy ceobogHoro npobera
BTOPMYHbIX 3MeKTPOHOB. OLEeHEeHO MakCcumarnbHOe YMCIO0 BUHaPHBIX S4YEeK B SMUTTEpE.

3. PaccmoTpeHbl Mogenu BOnbT-aMMNepHon XxapakTepucTukn 6Gatapen BIPUUT B TOM uumcne
onpegeneHsl paboyee HanpsXXeHue, TOK HacblWeHMs 1 BbigensemMas B Harpy3ke MOLHOCTb B 3aBUCUMOCTU
OT NapameTpoB CUCTEMBI.

4. PaccMOTpeHbl BO3MOXHOCTUN YBENMYEHNS TOKa 1 ONTUMU3aumMm paboyvmx XxapakTepucTuK BTOPUYHO-
3MWCCUOHHOW pagmonsoTonHon 6atapewn.

PesynbTatbl npoBedeHHbIX WUCCrefoBaHUn ByayT MCNoNb3oBaHbl B YUCNEHHOM MOAENUpoOBaHWe
paboTbl aMUTTEPA, ONTUMMN3ALIMN Er0 XapaKTEPUCTUK U BbipaboTke pekoMmeHaauun no co3gaHuio aMuTTepa.
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AHHOMayusi: PaccMompeHo ynbmpaperisimugucmCKoe YCKOPEHUEe 3apsiXXeHHbIX Yacmuy, 3/1eKmpoMagHUMHbIMU
gosiHaMu KoHe4yHoU ammnnumyOdbl 8 KocMudeckol rnasme (mak HasbigaeMoe CcepthOmpoOHHOE yCKopeHue 3apsidos).
Ucrnonb3ya pensmusucmckue ypagHeHusi 3apsida rony4eHbl uHmeapasnbl 0suxeHusi. [anee 3adaya ceodumcs K
aHanusy HenuHelHo20, HecmayuoHapHo20 ypasHeHUs1 mopoeo rnopsidka 0r1s1 ghasbl 80MHbI HA MpPaekmopuu Yacmuupl,
Komopoe pewaemcs 4qucneHHo. Lenbio pabomsi sensemcs uccrnedosaHue enusHusi dpyaol 3neKkmpomMagHumHou
80/1HbI C omnuyarujelics ¢ha3osoli ckopocmbio Ha 3axeam u rocrnedyrujee yckopeHue 3apsida. [lokasaHo, 4Ymo
enusHUe 8mopol 80JIHbI HECYWECMBEHHO MpU 8bIMOSIHEHUU HEKOMOPLIX ycrosuli Ha UCXOOHbIe napamemps! 3adayu.
Tak cunbHoe yckopeHue 3apsida nepeoll 80fIHOU umeem Mecmo, eC/iu rpu cpasHUMbIX amraumydax 807H pasnudue ux
gazoebix ckopocmeti docmamoyHO 8E1UKO.

Abstract: It is considered the highly relativistic acceleration of charged particles by finite amplitude
electromagnetic wave in space plasmas (so-called the surfatron mechanism of charges acceleration). Using relativistic
equations for accelerated charge the integral motion is obtained. Then the problem considered is reduced to the analysis
of second order nonstationary, nonlinear equation for the wave phase at the particle trajectory which is solved by
numerically. The purpose of this paper is to study the influence of other wave mode with different phase velocity on
charge capture and following acceleration. It is shown that such influence may be negligible if some conditions on
incoming wave parameters are fulfilled. So the strong particle acceleration by electromagnetic wave will occurred if the
wave modes with comparable amplitudes have the phase velocity difference large enough.

BBegeHune

WccnenosaHne MexaHW3MOB (hOPMMPOBaAHUS MOTOKOB YNbTPapensaTUBUCTCKMX 4YacTuy, BXOAUT B
4YNCNO aKTyarbHbIX 3a4a4y acTpoU3MKN U NpeacTaBnseT MHTepec Ans NpobnemMbl reHepaumm KOCMUYECKMX
ny4yenr. OOQHMM U3 rMaBHbIX MEXaHU3MOB (HOPMUPOBAHMUS MOTOKOB YNbTPAPEnaTUBUCTCKUX HYacTuUL ABMNSETCS
cepduUHr 3apsgoB Ha 9NEKTPOMarHUMTHbIX BOSMHaX B KOcMudeckor nnasme [1-4]. Ona oueHok 4ucna
YCKOPEHHbIX YacTul, UX MaKCUMarbHOW 3HEPrMM N SHEPreTUYEeCKUX CMNeKTpoB HeobXoaoum, B YacTHOCTW,
aHanu3 ycrnoBui 3axBaTa 3apsKeHHbIX YacTUL, B PEXUM CUMBHOMO YCKOPEHUs, ah(PeKTUBHOCTU YCKOPEHUS
npu BO30ENCTBUN NAKETOB U3 BOSTH KOHEYHOW aMNnnTyabl.

B HacTosllleM cooOLEHNN W3NOXKEHbI pe3ynbTaTbl 4YUCINEHHbIX pacy4eToB 3axBaTa W CUIIbHOIO
YCKOpEeHUA 3apAanos B MarHMTOaKTUBHOW Nnasme npu BO34ENCTBUN OBYX 3N1EKTPOMarHUTHbIX BOJTH KOHEeYHOM
aMmnnnTyabl. CunTtasn aMmnnntyabl BOJIH 3afaHHbIMM U NOCTOAHHbIMU, a TaKXe Y4YUTbiBad BUXPEBbIE
KOMMOHEHTbLI BOSIHOBbLIX MOMEn U MHTEerpanbl OBMXEHUA OnA YCKOpAeMbIX 3apAXeHHbIX 4acTul 3ajada
cBeeHa K aHanum3y HecTtauunoHapHOoro, HENMHENHOro YpaBHEHUA BTOPOro nopdaka AMccmnaTtuBHOIO tuna
ana q)a3b| I'IepBOI7I BOJTHbl Ha TPaEKTOpUn YacTulbl. BonHbl PacCnpoCTpaHAKTCA nonepek AOoCTaToO4YHO
cnaboro BHELHEro MarHUTHOro nons. AMI'I.I'IMTy,EI,bI BOJTH M MX 4acTOTbl nonaratTca 6nmskumn. YncneHHble
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pacyeTbl NoKasarn, 4To npu COOTBeTCTByIOLLI,eﬁ pa3Huue (ba3OBbIX CKOpOCTeIZ BOJTH BIinAHne BTOpOI?I Moabl
CpaBHUTEJTIbHO HEBEJTUKO U ocnabesaeTt no Mepe yCKOpeHUA 4actuubl, 3axBavyeHHOM nepBoﬁ Mmogon. B atux
yCnoBusAx BlndHne BTOpOIZ MObl Ha TeMn YCKOpPeHNd 3apsana HeCyLleCTBEeHHO.

M3 npoBegeHHoro aHanusa crnegyeT HeobXOAMMOCTb W3YYeHWUsi BO3MOXHbIX MapameTpuHeckux
adbheKkToB, 3aBUCMMOCTM 3axBaTa W MOCHEOYIOLEro YCKOPEHUSs OT BCEW COBOKYMHOCTM WCXOAHbIX
napameTpoB BOJIHOBOro naketa. MoXHO oxuaaTtb, YTO NPU HEKOTOPLIX YCNOBUSIX Hanuyne BTOPON MOAbI
Oynet cnocobcTBOBaTbL CEPGUHTY 3apsiA0B Ha BOSIHAX.

OCHOBHbIe YpaBHEHUA U UX UccrnefoBaHue

C TOYKM 3peHusi MpPeHeOpPEXeHUs HemnMHEerHbIMKM 3ddekTammn AN YCKOPSIOWMX BOMH Oyagem
nonaratb, YTO amnnUTYAbl BOMH 3aMETHO HIDKE XapakTepHOro MoMisi PensTUBUCTCKON HenMHeWHocTH (T.e.
BbINOJTHEHO ycnoBue ¢ = e Eg/ m c o << 1) NOCKOJIbKY 3aXBaT YacTull B PeXMUM CePPOTPOHHOTO YCKOPEHUS

1/2

npoucxoauT B cry4yae c>uyp=u/(l—Bp2) lyetb ¥ = o, t—K X, P, =, t—K,X+ ¢, T=w, t,§=
k; x. Umeem csisb d W, /d 1=1— (B, /B, ) T.e. BEIMOMHSIOTCS COOTHOLLIEHMS]
(1) B=Bp[1-(d¥, /dT)], ¥,=¥, 8+ (a-8)t+7,d¥,/dT=0a(1-N,p,),

N2=Ck2/c02,a=c02/wl,8=k2/k1,Bp1=1/N1.

3neckb N,, N, nokasatenu npenoMmneHns nnasmbl Ha YactoTtax BorH. Mpu B3aumoaencTesuy 3apana ¢

ABYMS BOfTHAMW 3NEKTPOMarH1THbIE Nons 3TUX BoNH 6epem B Buae
(2) Ey=EycosW¥, + Eycos,, E =y, Eysin'¥, +y, Ey,sin't,

H,=N,x, E, sin¥; + N, %, Ey, sin¥,,

roe x, = €y / Y PRk AP / €., » NAPAMETP ) XapaKTePU3yeT HenoTeHUNaribHyto YacTb INIEKTPNHECKOTO NnosiA

BOJHbI, €, , £, KOMNOHEHTbI TEH30pa ANIANEKTPUYECKON MPOHMNLLIAEMOCTI NSiasMbl.
BBoamm Ge3pasmepHble: CKOPOCTb ycKopsiemoro 3apsga B = v / ¢, amnnntyabl BOSH c,=ekEy, mc

o,, 6, =€ Ey,/ mco,.3ametnm, 4To UMEET MECTO COOTHOLIeHWE B, = Bpl[ 1-(d¥, /dt)].

o 2 12 .

BespasmepHbIn MMynbC anekTpoHa paseH p/ mc =y P, raey=1/(1-p ) - penaTMBUCTCKUA

dakTop YacTuubl. Tenepb pPenaTUBUCTCKNE YpaBHEHUS ABWXEHMS 3apsga B none AByX BOSH, pacnpocTpa-
HAOLMXCA B NNas3Me nonepek BHELLHEro MarHUTHOro Norns, UMetoT BUA

d( Y BX )/d‘E =- (01 cosY¥Y; + aos COS‘Pz) - (Gl N4 A1 sin Y+ aoy Ny A2 sin Y, ) By -Up By ,

d (v By)/dt = - (o121 SINWY1 + a 6292 SINY5) + (61 Ny x1 Sin W1 + o 62 No 2 Sin o) By + U By,
(3 d(yB,)/dt=0, yB,=const, Px=Ppr[1—-(d¥,/dT)].

d‘{’zldr=oc(1-N2[3X), d\Plld‘Cz(l'Nlﬁx).

MpuBeoeM Takke BblpaXkeHUs1 AN rMaBHbIX XapakTEePUCTUK BONH Yepes3 cTaHdapTHble napameTpbl
nrnasmbl U = one /0, V = (0pe / co)z, r0e Mpe , Mpe JIEHTMIOPOBCKAA M LMKIOTPOHHAA YacTOTbl 3MEeKTPOHOB.
Takum obpaszoM umeem popmynbl :

_ 2 0.5 0.5 _ _ 2

Bpl—(ul +V1—1) /[(1+U1—V1)'(U1+V1—1)] ,Ul—(DHe/(Dl, Vl—((Dpe/(Dl) .

CrepoBaTtenbHo, V3 = 1 — 2 - uy? - (1- Bp12 Y/I[1-4- T Bp12 -(1- Bp12 )] 05 [1ns BTOPOW BOSHbI
3anucbiBaeMm V, = vy / ol Uu=u /o, N22 =[(1-v, )2 - u22 1/(1- u22 — V, ) Unu BbIpaxas 4yepes vy, U
nony4aem

N =1+vi(o®=vi)/[o® (u+vi—a®)], vi<o®<u®+vi,Bp<1,

X1=(1—V1—U12)/U1V1, X2=a~(a2—vl—u12)/ulvl, 6=G'Bpl/Bp2, BPZ:]'/NZ'

N3 ycnosua By, < 1 (hasoBasi CKOPOCTb BTOPOW MO/bl MeHbLLIE CKOPOCTM CBeTa B Bakyyme) creayet
JOMNyCTUMbIN MHTEpBan U3MeHeHWsa napameTpa o @ Vi < o? < u® + v, . Cuctema ypaBHeHun (3) nveet
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WHTerpanbsl ABUXEHUS
h =y B, =const,

J=y-By+tur Ppr- (Y1-1)-01-9%1-C0Os Y -a o,y cosY, = const.

OTcloga MOXHO MOMYyYuTb BbIPaXKEHWS AN Y-KOMMOHEHTbI CKOPOCTM U PensiTMBUCTCKOTO akTopa
YyacTuubl:

By=[J+UpBpr(t-W1)+01-%1-00SW1+a-0yy2-008SWa]ly,y=(1+h*+r*)%%/(1-B,>)°°

rEJ+Ul'Bpl'(T'l‘Pl)+Gl'X1'COS\P1+a'GZ'X2'COS\PZ.

B utore 13 (3) HaxoauMm ypaBHeHUe Ansa dasbl NepBOr BOSHbI HA TPAEKTOPUM 3apsXKEHHOW YacTulbl

(4) d*¥/d®+A;-(o1-COSWi+a-0,-cos¥,)+A,-S=0,
A1=(BX2—1)/Y'BP1,A2=By Iy Bpr, S=01 %1 (Bx—Nzp)sin ¥y + a0 %2 «(Bx— Nz )-sin ¥, .

Kak Bugum u3 (4), guHamuka 3axBaTa U NOCreayoLwero YCKOpeHusl 3apsigoB BOSIHAaMK ONUCkIBAeTCs
HEeNMHENHbIM, HecTauMoHapHbIM ypaBHeHMeM. [lo3ToMy Ans ero aHanmusa HeobXoaumo MCronb3oBaTb
yucrneHHble pacyeTbl. MockorbKy MMeeTcss HECKONIbkO CBOGOAHLIX MapamMeTpoB 3ajada siBMsieTcs BecbMa
TPYAOEMKOM U HIKE U3MOXKEHbI TOSIbKO HEKOTOPbIE CllyYan U3y4aemMoro npotecca.

B uucneHHbIx pacyeTax nocTynaem crnegywowumm obpasom. 3agaem napamMeTpbl NepBOW MOAbl,
COBCTBEHHO Uy, Pp1, 01 . 3aTeM Bapbupys napameTpbl o, o, noabupaem napameTpbl BTOPOW MOAbl U
NPOBOAMM YUCIIEHHbIE pacyeTbl. M3 dmsmyeckmx COoOBpaXeHUM ACHO, YTO MpU [OCTaTouHO 6oMbLIon
pasHuue has3oBbIX CKOPOCTEN BOMH BTOpas Moda He OydeT npensdATcTBOBaTb 3axBaTy U YCKOPEHUIO YacTuy,
nepBOV MOZOW MOCKOSbKY €e BO3AEeVCTBME HOCUT ObICTPOOCLMINIMPYHOWMIA Xapaktep. B gaHHon pabote
n3y4vaeTcd criydan 3axBaTa B PEXUM CUITbHOIO YCKOPEHMWS NEPBOV MOAOW PENATUBUCTCKOM YacTuubl T.e Npu
h>>1.

PaccmoTtpum BapmaHT 1 BbiOOpa MCXOAHbLIX MapamMeTpoB 3agayn. [ns napameTpoB MepBON MOAbI
6b110 B3aTO Vi = 0.9923526 , u; = 0.2, Bpy = 0.9, vp1 = 1.15471, o, = 0.25404, ¢, = - 0.16301, h = 100, gy(0)
=0, Y1(0) = 1.2, ¢ = =, rAe Oy = y Py . Mo nopory 3axeaTta 3apsiga B PeXuM CUMbHOIO YCKOPEHUsI
npesbilleHne B AaHHOM BapuaHTe coctaeuno 10 % (ana amnnuTyasl nepeon moapl) T.e. 61 = 1.1 6., rAe o,
= U; yp1. Pa3oBas CKOPOCTb BTOPOM MOAbl HMXE CKOPOCTW CBeTa, Hanpumep, npy 3HadeHun napameTtpa o =
1.0036. Torga ans sBTopon moAbl nonyvaem By, = 0.79496, y, = - 0.127123 , v, = 0.98525, u, = 0.19928, o,
=0.5029, 6 = 1.13621, J = 0.2326. AMNUTYLHbIA NapameTp BTOPON Moapbl v = Egy / Eg; Obin B3SIT paBHbIM v
=1.

PacyeTbl nokasanu, 4YTO B paccMaTpuMBaeMoM crfydae BTopas MoAda He NpensaTcTByeT 3axsaTty U
nocriegyoLwemMy ynbTpapensaTUBUCTCKOMY YCKOPEHUIO 3apsiia nepBor BOMNHOW. [ns unnctpaumm Ha puc.l
npueefeH rpacuk ¢asbl nepsor Moabl Wi(t) Ha TpaekTopum YacTuubl, KOTOpbIN noaTeBepxaaeT ato. C
TeyeHnem BpemeHu asa ¥, MeaneHHo CTPEMUTCH K HEKOTOPOMY acMMMTOTUYECKOMY 3HavyeHuu. [nHamuka
KOMMOHEHT MMMNynbca 3apsga U ero pensaTMBUCTCKOro haktopa AaHa Ha puc.2, a KOMMOHEHT CKOpPOCTU
yactuubl Ha puc.3 u puc.4. Kak Bugum, Hambonbllee ycKkopeHne maeT No HanpasfeHU X, KOMMOHEHTa
CKOpOCTWU By BbIXOAMT Ha 6onblUMX BpeMeHax Ha acuMnToTMdeckoe 3HaveHue 1 / yp, @ KOMMOHEeHTa
CKOpPOCTU PB,(t) B CUIy COXpaHeHMs MMybca YacTuLbl BOOSb OCUM CTPEMUTCS K HYTHO.
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Puc. 1. ®asa nepsoli MoObl ¥i(7) mpaekmopuu Yyacmuusl

Puc. 2. [lJuHamuka KOMIOHeHm uMmyrnbca 3apsida U e20 penssmusucmCcKo2o hakmopa

Puc. 3. KomnoHeHma ckopocmu [ Ha 60/bLUX 8peMeHax 8bIXxo0UMm Ha acumnmomudeckoe 3HadeHue 1/ jy,
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Puc. 4. KomrnoHeHma ckopocmu f,(t) cmpemMumcsi K HyJo

Bbinn paccMoTpeHbl 1 gpyrve BapuaHTbl Bbibopa MCXOAHbLIX NapamMeTpoB 3adaun. PacyeTbl nokasanw,
YTO MNPV HanmuMyMM BTOPOW MOAbl C OnpefderieHHbIMKM napamMeTpaMy 3axBaT 3apsida B PeXvM YCKOpeHus
nepBor MOOON MOXET OTCYTCTBOBaThL. B 3TUX cnyyasax cunbHoe BrMsSiIHME BTOPOM MoAbl Obino o6ycnoBneHo
BECbMa Marnown pasHuuen ¢asoBbiX CKOPOCTEN BOSIH M CPaABHUMbIMW aMnnuTygamu mog. Takum obpasom
cepduHr 3apsaoB Ha 3NEKTPOMAarHUTHOM BOJSIHE KOHEYHOW amniuTyde MOXeT He peanusoBaTbCs npwu
HanMyuu BOSTH-CaTENSIMTOB C Manon OTCTPOMKOW OT OCHOBHOM MOAbI MO ¢0a3oBOM CKOPOCTM.

3aknyeHne

B paboTte n3noxeHbl pesynbTaTbl YMCMEHHBIX PacyeToB 3axBaTa WM CUMBHOTO YCKOPEHUS 3apsgoB B
MarHUTOaKTUBHOW Mria3me Mpu BO3O4EWCTBUN ABYX 3MEKTPOMAarHUTHbIX BOJSIH KOHEYHOW amnnutyabl. 3agava
cBefeHa K aHanuay HecTauMOHapHOro, HENMVHEWHOro ypaBHEHUS BTOPOro nopsiaka AUCCUMaTUBHOIO Tuna
Onsa dasbl NepBon BOMHbI Ha TPaeKkTopum 4Yactuubl. BonHbl pacnpocTpaHsaTcs nonepek A0CTaToO4YHO
cnaboro BHELHEro MarHNTHOro nond. AMNNUTYAbl BOSH M UX YacTOThbl NofnaratTcs 6rmskumu.

YncneHHble pacyeTbl nokasanu, YTO Npu COOTBETCTBYIOLLEN pasHuue ()a3oBbiX CKOPOCTEN BOJSH
BMMsSiHNE BTOPOW MOAbl CPaBHUTENBHO HEBENUKO M ocnabeBaeT No Mepe YCKOPEHUS YacTuubl, 3aXBa4eHHON
nepBon Mogon. B aTmx ycnoBuax BAMSHWE BTOPOM MOAbl Ha TEMM YCKOPEHUs 3apsiga HeCyLLeCTBEHHO.
CnepoBaTtenbHO, reHepauusa NOTOKOB YCKOPEHHbIX YacTuL, 3@ CYET MexaHu3ama cepduHra BO3MOXHA 1 Npu
B3aUMOEWNCTBUN 3apsdoB C MaketamMyM U3 BOJIH KOHEYHOW amnnuTyAdbl Mpu YCrOBMM LOCTaTOYHOro
pasgenenunsa ¢asoBbix CKOpocTen Mog B nakete. OgHako nNpy AOCTaToOYHOM 6nM30CTU (ha3oBbIX CKOPOCTEN
BOJTH 3axBaT 3apsia B PEXMM CUMbHOIO YCKOPEHMWS OTCYTCTBYET.

M3 BbINONTHEHHOMO aHanu3a crnegyeT Takke HeobX0OUMOCTb N3YYEHUS BO3MOXHbBIX NapaMeTpUYecKmx
3(PheKTOB, 3ABUCMMOCTU 3axBaTa W MOCMEOYOLEro YCKOPEHUS OT BCEW COBOKYMHOCTM WUCXOOHbIX
napamMeTpoB BOSTHOBOro naketa. MOXHO oOXuaaTb, YTO MPU HEKOTOPbIX YCIOBUAX HanuMyne BTOPOW MOAbI
Oyaet cnocobcTBOBaTHL CEPEUHIY 3apsiA0B Ha BOSHaX.
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Kntoyeenle cnoea: [MpocmpaHcmeeHHbie pacrpedesieHusi 3MeKmpuYeckux rnosel, 2eHepayusi crnupanbHocmu,
ammocegbepHble 8uxpu, NPOGUIU  3MEKMPUYECKo20 rnomeHyuana, obbeMHas mIomHocme 3apsda, npoghunu
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AHHOMauus: OkcriepumeHmarsbHble HabnwodeHUsi ceudemenis.Cmeylom 0 Haauquu 8 UHMEHCUBHbIX
ammoChePHbIX BUXPSIX MPOMSKEHHbIX 3apsKeHHbIX obrnacmell U CUMbHbIX 37EKMPUYECKUX ronel, Komopbie
Heobxo0umo yd4umsbieams fpu ModesiuposaHuu OuHamuku TL| exnroyas eeHepauyuto criupassHocmu. lpu amom Onsi
YUC/IeHHbIX pacyemos mpebyomcs npocmpaHCMEEHHbIe pacrpedenieHust afneKkmpudeckux nonel u nnomHocmel
3apsidos. B Hacmosiwem Ooknade npedcmasrneHbl pe3ynbmambl aHaaumuyeckux annpokcumauyuli HeKomopbix
usmepeHuli 8bICOMHO20 MPOGhUsIS 8epMUKa/IbHO20 MIEKMPUYECKO20 071 8 2p03080U 0brnayHocmu ammocgeps!, Ymo
npedcmassnisiem uHmMepec Onsi YUCIIEHHbIX pacyemoeg ekrada 37eKmMpPUYecKUX CMPYKMyp 6UXPsl 8 eeHepauyur U
ycmoduyugoe noddepkaHue HeOOHOPOOHbIX CriupasibHbIX 8emposbix d8uxeHul. bbina ebinonHeHa oyugposka OaHHbIX
10 8bICOMHOMY NPOGHUIII0 BEPMUKANIbHO20 3/1EKMPUYECKO20 MOJIs, 3ameM MofyYyeHa aHanumudyeckas annpokcumayusi
aKcrepumeHmarbHoU Kpueol 8 Knacce /loKkanu308aHHbIX (hyHKUUU U Ha ee OCHoge orpedesieHbl 8bICOMHbIE Mpoghunu
371EKMPUYECKO020 nomeHyuana u obbemHol rnnomHocmu 3apsida. B obrnacmu mpornocghepsl nepenadbi nomeHyuana
cocmasusnu eenuyuHy nopsidka comeH MaB, a 06bemHble nnomHocmu 3apsida — nopsdka decsimkos HK | m° .

Abstract: The experimental observations manifest an existence inside intensive atmospheric vortexes of
extended charged areas and strong electrical fields, which is necessary to take into account for modeling process of the
tropical cyclone dynamics, including spiral generation. Moreover, in numerical calculations of electric fields spatial
distributions and charges density are required. Analytical approximations, results of some high-altitude profile
measurements of the vertical electrical field in atmosphere storm overcast are presented. It is very interesting for the
numerical calculations of contribution of the vortex electrical structures in generation and steady maintenance of non-
uniform spiral wind movements. The data digitization of high-altitude vertical electric field profile has been made. Then
the experimental curve of analytical approximation in a class of localized functions is received. On that base a high-
altitude profile of electric potential and charge volume distribution are determinated and plotted. The amplitude of the
poten;[ial differences in troposphere are in order of hundreds MeV and charge volume distribution - in order of tens
nC/m=.

CopepxaHue paboTbl

Ha uaydyeHne npupodbl yparaHoB, TarWdyHOB, Tponuuyeckux LuknoHoB (TLl) u ApyrMx KpUsUCHBIX
aTMocepHbIX MPOLIECCOB BO MHOMMX CTpaHax M1pa BblAenseTcsa 3HaunMTeNbHOe KONMYeCcTBO CUM U CPEACTB,
a Ha ycTpaHeHue nocneacTBUiA AaHHbIX CTUXMIHBLIX GeAcTBuUil — elle Gonblue. HecmoTps Ha MMeloLmMincs
nporpecc B obnactu uccnegoBaHus TLl, cuTyauusi ocTaeTcs Oanekoil OT cOo3gaHusl vcuyepnbiBatoLlein
anropuTMMYEcKoi Teopuu, He TOBOPS YXKe O BO3MOXHOCTU BNMSIHUA Ha reHesuc TLL (ero Tpaektopwuio,
apyrve xapaktepuctuku). Kpome Toro, skcnepumMmeHTarnbHble HabniogeHUsl CBUAETENbCTBYIOT O Hanuyum B
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cTpyktype TLl M TOpHago MPOTSXKEHHbIX 3apsPKEHHbIX 0BnacTeld U CUMbHbIX 3MEKTPOMAarHWTHbIX MONen.
CnepoBaTternbHO, BCe XapakTepUCTUKN BUXPEWn Hado paccmaTpmBaTb CaMOCOrIacoBaHHO.

OpHako uvccnepoBaHMsa aTMOCKEPHOro  anekTpuyecTBa BblgeneHbl B OTAenbHyl obnacTb,
paccmaTpvBaeMyto Kak YacTHOe CneacTB/e NOroaHbIX ABMAEHUN.

OTmeTuM, 4TO MUKpodM3Mdeckme npoueccbl B obnakax MoryT 6biTb UHULMMPOBAHLI KOCMWUYECKUM
nsny4veHnem. Tak HECMOTPS HA ManoOCTb NMOTOKA KOCMUYECKUX JTydel Mo CPaBHEHUIO C 3NEKTPOMArHUTHbLIM
nsnydeHnem CornHua (Ha 8 NopsaKOB), OHW UrpatoT BaXKHYH POrb Kak UCTOYHWK MOHM3aLUN Ha BbICOTax OT 3
KM 00 35 KM MOCKOMbKY MNpoayuMpyloT oOpasoBaHWE WMOHOB, BIMSIOWMX Ha 3neKkTpuyeckue CBOWCTBA
aTMocdepbl, 06pa3oBaHMe rpo3oBbix 06NakoB, rnobanbHyl0 anekTpudeckyto uenb. OTMETUM Takke, 4TO
COSTHeYHas akTUBHOCTb MOOYNNPYET NOTOK KOCMUYECKNX JTyYen.

[nga opraHnsauumn YMCNEeHHbIX pacyeToB dNeKTPOrnapoaAMHAMUYECKNX YPaBHEHNIA BUXPSA N YPaBHEHUN
ANs reHepauuy cnupanbHOCTM, HeOOXOAMMO 3HaTb MPOCTPAHCTBEHHbIE pacnpeaernieHns ANeKTPUYecKmX
nonev M MIOTHOCTEN 3apsaoB. OTO MOXHO BbIMOMHUTL C MOMOLLBIO aHaNMTUYECKUX annpoKCcUmaumn
AaHHbIX, MONYYEHHbIX U3 HA3EMHbIX, CAMOSETHBIX M CMYTHUKOBbLIX N3MEPEHW.

Mockonbky Hac uHTepecyeT npexae BCEero KpyrnHomacwTabHas CTpyKTypa ABWXEHWW, MO3TOMY U
NNOTHOCTU 3apsdoB W Mons MOryT 6paTbCA CrmaXeHHbIMW MO HEeKOTOPbIM XapaKTepHbIM Maclutabam.
OpHako MenkomacluTabHas CTpyKTypa, XapakTepusylolas nokanbHble 6bICTPO NynbCUpyoLme U3mMeHeHus
napameTpoB, Tawke OyaeT pAaBaTb YCpedHEHHble HenuHenHble BKMNaAbl B KOPPENsATopbl YpaBHEHUN
ABWXeHNst aTMOCcdepbl U TEM CaMbIM BRUATL HA AUHAMUKY KPYNHOMAacCLUTaOHbIX ABVXEHNN.

B Hactosilwen paboTe Ha OCHOBE WMMEIOLMUXCA 3SKCMEepUMEHTanbHbIX AaHHbIX Oblna BbINOMHEHa
oumndpoBka rpaduyeckoro maTepuana (BepTvkanbHble NPOdUM 3NEKTPUYECcKoro nons) n paspaboTtaHbl
aHanuTM4yeckue annpokcumauun Ans BepTUKamnbHbIX NPOoUNEen 3NEKTPUYECKOro nons nnasMeHHbIX
nogcucteMm  KpynHomacwtabHoro Buxpsa B obnacty BbicoT Ao 16 kM. 3ateM Obinu npoBefeHbl pacyeThbl
BEpPTMKanbHOro Npodumns o6beMHOM NMOTHOCTU AMEKTPUYECKOro 3apsaa U BO3HMKaKOLWMX INEKTPUYECKNX
noTeHumanos.

XapakTtepHble 06beMHble MIIOTHOCTM 3NEKTPUYECKOro 3apsiga B rpo30BOM 06NayHOCTU OKa3anucb B
AvanasoHe OT eAMHWL OO0 OeCATKOB HaHOKYNOH Ha KybuyeckMin MeTp, a BO3HUKaloLwue SneKTpuyeckue
noTeHUManbl MeHsnMMCb B AuanasoHe oT eauHuy o coteH MB. CregyeT 3ameTuTb, YTO OObeMHble
NAOTHOCTW 3SMEKTPUYECKOro 3apsda MOryT BbiTb 6orblLUe Ha OAMH-TPY NOPSAKa BEMWUYMHBI.

Mony4yeHHble pesynbTaTbl MOryT ObiTb WCMNOMb30BaHbl B LENAX MNOCAeayrwmux wuccneaoBaHui
SMNEeKTPOMarHUTHbIX MEXaHW3MOB reHepauuMn BpalweHus 1 (OpPMMPOBAHMSA ChNuparnbHbIX ABWKEHWA B
KpynHomacLUTabHbIX BUXPAX BKIIKOYAas TPONUYeCcKne yparaHbl.

lMpoBoAMMbIE MCCregoBaHUSA BadkHbl AMst NOHMMaHUA Habnwogaemon guHamukn gopmuposaHns TL,
pas3paboTkn MeTOAUK MPOrHO3MPOBaHUSA OMAaCHbLIX MPUPOAHLIX SBMEHUN U TEXHONMOMMA MOHWTOPWHra 30H
TangyHoreHesa, a Takxke A5 Novcka BO3MOXHOCTEN BO3AEVCTBUS Ha pa3BUTME KPUSUCHBIX aTMOCHEPHbIX
npoLeccos.

Mpn MNOCTpOEHUN aHanMTUYECKUX anmnpoKCMMauui AN ANEeKTPUHECKUX XapakTepuCTMK rpo30BON
obnayHocT armocdepbl MCMNOMb30BaNUCh AaHHble W3MEPEHUI 3eKTPUYecKkoro nons B [PO30BOM
obnayHocTu Hag TeppuTopuen CLLA.

Tak Ha puc.1 NpMBEeAEH TUMUYHBIA BEPTUKANbHbIA NPOdUib U3MEPEHHOIO 3fekTpuyeckoro nons E(z)
B obnactu BbicoT z  ( 3,21 + 5,63 ) kM. MakcumarbHble HanpsXXeHHOCTV B aHHOM criydae Obinuv nopsigka
50 kB/m. OTMeTUM cunbHylo mMenkoMaclTabHylo naMeH4MBocTb nons E(z) Ha BepTukanbHbIX MacliTabax
nopsigka oecatkoB meTpoB. [Mpu ouudppoBke rpadmka Ha puc.l ons ydeta mMenkoMaclTabHbIX Bapuaummn
anekTpuyeckoro nomns 6uino ucnone3oBaHo 110 HepaBHOMEPHO pacnpedernieHHbIX Toyek. [paduk nons
Ea(z) no pesynbratam oundpoBKM daH Ha puc.2. AHanuTM4eckasd annpoKCUMauMs 3NEeKTPUYECKOro mnons
nuckanacb B Buae criegytoowero Habopa nokanu3oBaHHbIX (PYHKUMIA: Ea(z) = X, 0On(2), roe gn(2)
noKann3oBaHHbIE B OKPECTHOCTU HEKOTOPbIX BLICOT (DYHKLIMK.

Bcero 6b1n10 ncnonb3oBaHo 11 Takmx yHKUMIA, B YaCTHOCTH,

02(z) = 12,4/ [1 + (10-z — 54,3), 911(2) = X Am / [1 + xm (10-z—cm )7,

roe CyMmMuMpoBaHMe Mo m npoucxoanT B uHtepBane 1 <m <6, A; =4,

A=-3,A3=3,Ac=-43,As=As=25, x1=%2=y3= 200, %4 =36 =300,
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Puc. 1. BepmukarnbHbil npogusib UZMEPEHHO20
anekmpudeckoeo noss E(z) e obnacmu esicom
z (3,21 +5,63) km

Puc. 2. lpagpuk nons Eas(z) no pesynsmamam
oyugpposku

¥s = 100, ¢, =47,7,¢c,=45,06, c3 =45,55, ¢, =53,26,¢c5s =51,5, cs = 52.

B uensax cpaBHeHWs M OeMOHCTpauuMm KadvecTBa annpokcumauun rpaduvkm 3IKCneprMeHTanbHo
namepeHHoro nonsi E(z) n ero aHanuTnyeckonm annpokcumMmaummn E,(z) npegctaenensl Ha puc.3. Kak Bugum, ¢
Yy4eTOM MOrPEeLLHOCTM U3MEPEHUI, MONyYnnocb [OBOMbHO XOpollee COOTBETCTBME KpuBbiX. Ha ocHose
paspaboTaHHOW aHanUTUYECKON annpokcumaumun E,(z) 6binv BblMUCNEHbI BbICOTHBIM Npodunb nepenaga
ANEeKTpUYecKoro noTeHumana v obbemHas MMOTHOCTb JNEKTPUYECKOro 3apsga WCXOAS U3 crnefyrolumx

dopmyn:

=z

Iz = {ldz'Ea(z"}, Ay =-01/367 ) dEals / de |

roe none E namepsietca B keV / m, Bbicota z B km, nepenag noteHuuwana dU(z) B MB, a obbemHas
NNOTHOCTb 3neKkTpuyeckoro 3apsga p(z) B HKn / M. Mpaduku 5U(z) n p(z) npeactaeneHsl Ha puc.4, puc.5
n puc.6. B paccmaTpvBaemMoM crnyvae MakcumarbHasi BenvMumMHa nepenaja afekTpyMyecKkoro noteHuvana
nopsigka 10 MaB, xapaktepHoe 3HadeHMe OObeMHON MITOTHOCTU 3MEKTPMYECKOro 3apsga nopsiaka eaunHuL
HKn / M3 ¢ makcumyMom B BEPXHEW YacTu cnos nopsigka 20 HKn / M®. BaxHO UMeTb B BMAy, 4YTO B rPO30BOW
obnayHocTn HabnogalTcsa 1 ropasfo Gonbwme ( Ha OAMH-TPU NOPsSAKa BenMYMHbLI) 0BbEMHbIE MITOTHOCTM
anekTpuyeckoro 3apsga. OTMeTMM [OCTaTOMHO MfaBHbIM Mpodunb noteHuwana d8U(Z) uM cunbHble
MernkomacLTabHble dnykTyaumm obbeMHOM NOTHOCTU 3apsaaa p(z ).

Puc. 3. OkcnepumeHmarnbHo usmepeHHoe rorne E(z) u Puc. 4. lNepenad nomeHyuana 0U(z) e MB e
€20 aHanumuyeckol annpokcumayuu Ea(z) 3asucumocmu om ebicomsl z 8 km.
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Puc. 5. ObbemHas nmomHoCcmb 311eKMpPUHeCcKo20 Puc. 6. ObbemHas nnomHocmb 371eKmpuUYecKo20
3apsda p(z) e HKnIm® e 3aeucumocmu om 3apsida p(z) 8 HKRIM® & 3asucumocmu om
8bicombl 3.2 <z [kml < 4.4, ebicomb! 4.2 < z [km] < 5.6.

Opyroni cnyyar aHanuTU4YecKon anmnpokcumauuv W3MEPEeHWA 3NEeKTPUYECKoro Mons B AuanasoHe
BbicoT 0,364 < z / km < 15,424 npefactaBneH Hwke Ha puc.7. BbluMCREHHblE Ha OCHOBE MOSTyYEeHHOW
annpoKCUMaLun BbICOTHble Mpodunu nepenaga SMNeKTPUYecKkoro noTeHumana M oBbeMHON MNNOTHOCTU
3MeKTpuyeckoro 3apsija AaHbl Ha puc.8, puc.9, a Ha puc.10 ana BepxHew yacTM obracTv UsmMepeHui.
CornacHo puc.8 B cpefgHel 4acTu 3apsbkeHHOM obracTu nepenag aMnekTpMYecKoro noTeHumnana coctaBui
3HaUUTENbHYI0 BENMWYMHY, nopsaka 240 MB. OTMeTUM Takke CUrbHble nyKTyauum obbeMHOW MIOTHOCTU
aneKTpuyeckoro 3apsaa.

Puc. 7. AHanumudeckasi annpokcumayusi u3ame- Puc. 8. Bbicomubili npochunb nepenada 3snekK-
peHull 3rekmpu4yecKko20 noss 8 duana3oHe mpuyeckoz2o rnomeHyuana e ouanas3oHe
ebicom 0,364 < z [km] < 15,424. ebicom 0< z [km] < 15,424.
Puc. 9. lMpogpunb obbemHol nnomHocmu 3apsida 8 Puc. 10. lNpogpunbe obbemHol nnomHocmu 3apsida 8
OuanasoHe ebicom 0< z [km] < 14. OuanasoHe ebicom 7.5< z [km] < 11.5.
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CHoBa nnasmonogobHasd noacucTemMa BMXpPS  SBMASETCA  CUNbHO  CTPaTUUUUPOBAHHOM C
XapaKkTepHbIMU BepTMKarbHbIMW pa3mepamMuy MOSTOXUTENBHO U OTPULLATENBHO 3apshKEHHBIX CIIOEB B AECATKA
N nepBble COTHM METPOB. AHaNOrMyHble pesynbTaTbl MOMyYeHbl U ANS OPYTUX M3MEPEHUN BepTUKanbHOro
ANEKTPUYECKOro Nofsi B rp030BOM 0611a4yHOCTH, B YaCTHOCTU, aHanUTUYecKne annpokcumaumm E(z) nmetrotcs
ans npoduns nons, nokasaHHoro Ha puc.11 B ananasoHe BbicoT 0,228 <z /km < 11,62 .

Puc. 11. AHanumudeckas annpokcumayus anekmpudeckozo nons E(z) e duana3oHe ebicom
0.228 <z/km < 11,62

3akntovyeHue

B HacTosilem goknage npeacraBneHbl pesynbTaTthl pa3paboTkM aHanMTUYECKNX annpokcMmaumin ons
SKCNnepuMeHTallbHbIX AaHHbIX NO perncTpaunn BepTuKarbHOro 3J1IeKTpn4eCcKoro nonda n Bbl4YUCIEHHbIe Ha UX
OCHOBE BbICOTHbIE MPOMUNN INEKTPUYECKOrO MoTeHUMana M obbeMHOW MIOTHOCTM 3apsifa B rPO30BOWA
obnavHocTu. Pe3ynbTaTthl J@aHHOrO aHanM3a HeobxoauMbl As NOCneayoLwmxX AeTanbHbIX UCCNefoBaHUA No
OVHaMKKe KpynHomacluTabHbIX CrnvparnbHbIX BUXPEN B aTMocdepe BKoYas AanbHenwyr paspaboTky
aHanNMTUYeCKUX  annpoKCMMauui  Anst  Oonpefenslowmnx  XapakTepUCTUMK  MIa3MEHHbIX  MOOCUCTEM
KpynHomacLwiTabHoro Buxps (Bknovas npodunb 3MeKTPUYECKOro noTeHuuana) u UCCrneaoBaHWIo BRMSIHUSA
3aPSHKEHHBIX MMNa3MOMNoZoOHbIX CUCTEM aTtMocdepbl Ha reHepauuwio CnupanbHOCTM U (hopMUMpOBaHuE
HEO4HOPOAHbIX CrMpasbHbIX KPyNMHOMAacLITabHbIX ABMXEHUA. Kpome Toro aTo HeobxoamMmo And passButus
METOAMK YMNCMEHHBIX PACYETOB SHEPreTUYECKNX U ClMpasibHbIX XapakTEPUCTUK MOSIS CKOPOCTU B YCITOBUSX
BO3HWKHOBEHUS CNparibHOBUXPEBOM HEYCTOMYMBOCTM aTMocdepbl.
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Knrodeenle crioea: JOnekmpoMasHUMHasi 6o0/iHa 8 ria3Me, @HeWwHee Maz2HUmHoe [ose, 3axeam 4vacmuy
80JIHOU, YCKOpeHue 3apsi0os, MexaHU3M cepgbuHaa, yrbmpapensmueucmckue 3Hepauu, ¢hasa 60J/IHbl, UHMmezparsl
dsuxxeHuUs1, HeslUHeliHoe ypagHeHuUe, Kpumuydeckasi amraumyoa 6osHbl, MeMr YCKOPeHUsI

Key words: Electromagnetic wave in plasma, external magnetic field, capture of particles by wave, charge
acceleration, highly relativistic energy, wave phase, integral of motion, nonlinear equation, threshold wave amplitude,
energy growth rate

AHHOMayust: AHanumuy4ecku U YUCIIEHHO u3ydeHa OuHaMuka 3axeama u rocriedyroueao yCKopeHUss Yacmuy,
3/1eKMPOMagHUMHOU  80/IHOU KOHEeYHOU ammniaumyObl, pacrnpocmpaHsiiowelcs 6 ria3Me [ornepek 8HeuwHeao
MagHUMHO20 Mofd, C y4emoM 8uxpeeoll KOMMOHEHMb! 07 B0JHbl. AHaniu3 YCKOPEHUS B8bIMO/IHEH Ha OCHO8e
HecmauyuoHapHo20, HeUHeUHO020 ypaeHeHUs 8mopozo nopsioka Orisi ¢hasbl 8O/IHbI HA MPAEKMOopUU 3axea4yeHHO20
3apsida. OnpedeneH Ouarna3oH HayallbHbiX (hba3 60/1Hbl, 8 KOMOPOM Mpoucxodum 3axeam 3apsida 8 pPexum
HeoepaHU4YeHHO20 YCKOPEeHUs. M3ydeHa 3asucuMocmb epaHuy 3amoeo Ouarna3oHa a3 om 8e/luYUHbI 8HEWHe20
Ma2HUmMHO20 nonsa npu ukcuposaHHoU ¢hpasosoli ckopocmu. UccriedoeaHa OuHamuka KOMMOHEHmM uMmyrnbca U
CKOpoCcmu ycKkopsieMoU Yyacmuuypbl.

Abstract: A particles capture and their following acceleration by an electromagnetic wave with finite amplitudes is
studied, where the wave propagates in plasma across an external magnetic field, taking into into account vortex
component of the wave field. The analysis of charge acceleration is performed on the basis of the second order of
nonstationary, nonlinear equation for the wave phase at the trapped particle trajectory. It is determined the range of wave
phases in which the particle capture with their following acceleration takes place. It is studied the dependence of this
range boundaries on the external magnetic field magnitude for the wave phase velocity given. The temporal dynamics of
accelerated particle impulse and its velocity is investigated.

WcecneposaHve npoueccoB hopMUpoOBaHUSA MOTOKOB BbICTPbIX YACTUL, OTHOCUTCS K YNCIY aKTyanbHbIX
3aga4y (PM3NKM KOCMUYECKOW Mna3mMbl U, B YACTHOCTW, npefcTaBnsieT 6onblWon mMHTepec Ans npobnembl
reHepaumm KOCMUYeCkux nyyen B actpodmavke. OOHUM MX MEXaHM3MOB reHepauuu MOTOKOB
PENsiITUBMCTCKUX YacTuy B acTpodumanke HABMSETCS CepduHr 3apsgoB Ha 3NEKTPOMarHUTHBIX BOMHAaX,
KOTOpbIN paccMaTpmBarncs paHee, Hanpumep, B paboTtax [1-4] n peanuayeTcsa Ansg aMmnnmTyAbl BOMHbI BbilLe
HEKOTOPOro MOPOroBOro 3HaveHus. Npu 3ToM NSt KOPPEKTHOWM OLIEHKN KONMYECTBA YCKOPEHHbIX YacTuL, MX
3HEpPreTMYECKNX CNEKTPOB HEODXoAUM AeTanbHbIN aHanms3 yCroBuUii 3axBaTa 3apshKEHHbIX YacTuL B PEXUM
CUIBHOMO YCKOpPEHUs1, onpeaeneHne dnaronpuATHbIX Ans 3axBaTa ¢ya3 BOJSIHbI U CKOPOCTEN 3apagoB. OTu
BOMNPOCLI pacCMOTPEHbl YUCIIEHHO B HacTosiwen paboTe ans cepduHra 3apsigoB Ha 3NEKTPOMarHUTHOM
BOMHE C 3aJaHHOM aMnnuUTyaoNn, pacnpoCTpaHsoWencs B nnasme nonepek BHELIHEro MarHMTHOro nons, ¢
Y4ETOM HEeMNOTEHLMAaNbHOCTN BOSIHOBOrO nond. WCXoaHbIMU  ABASIOTCSA  PENnATUBUCTCKME YpPaBHEHMS
OBWXEHNs1 4YacTuubl, WMEKLWMne wHTerpan ABwkeHus. [anbHenwunin aHanu3 npoBOAMTCA Ha OCHOBE
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HENVHENHOTO ypaBHEHMSI BTOPOro nopsigka Ans ¢asbl BOMHbl HA TPAEKTOPMM YCKOPSEMOW 3apshKEHHOM
YacTuubl.

B paboTte anst Habopa bMKCMpPOBaHHLIX 3HAYeHU (pa3oBOW CKOPOCTU BOJIHbI, MEHBLUMX CKOPOCTU
cBeTa B BaKyyMe, YUCITEHHO MCCneaoBaHa 3aBMCUMOCTb rpaHuny guana3oHa bnaronpuatHbIX (4N 3axBaTta B
PEXVMM CUMBbHOIO YCKOPEHWsl 3apsgoB) HadamnbHbIX a3 OT BeNMYMHbI BHELIHErO MarHWTHOrO Mofs mpu
aMmnnntygax BOJIHbI, OnNU3Knx K I'IOpOFOBOIZ. PaCCMOTpeHa BpeMeHHaa OMHaMUKa KOMMOHEHT CKOPOCTU U
UMmnynbca yckopsiemoro 3apsga. B npegene ynbTpapenATMBUCTCKMX SHEPruin  4acTuubl  U3YYeHbl
aCcMMNTOTUKK ONA ee nMnynbca, TeMna yCKOpeHUa U Apyrmx napameTpoB 3agavu.

PaccmoTpumM pacnpocTpaHeHne SMneKkTPOMarHUTHOM BOSMHbI B XONOAHOM MarHUTOaKTUBHOW nnasme
npeHebperas cnabon avccunauuwen. BHellHee mMarHWTHOe none HanpaeneHo BAOMb ocn z @ Hy = Hy e, ,
MOHOXpPOMaTUyeckass 3neKTpOMarHWTHas BOfHA pacnpoCcTpaHsaeTcsd nonepek MarHUTHOroO nomns  C
anekTpuyeckum nonem Buga E=Re A -exp (i ¥ ), rae ¥ = o t- k x, A — amnnuTyaa.

Ona yoobctBa mocnegyowero M3noXxeHuss BBeAeM crieyrowme ob6o3HayeHus ans 6e3pasmMepHbix
BEJINYMH: U = Ope /0, V = (0pe / w)z’ N =ck/ o, rae ope = € Hg / m ¢ - rupoyactoTa 3feKkTpoHoB nnasmbl, N —
nokasaTerb NPenoMIeHns, wpe = (4 e’ny/ m )1’2— 3NEKTPOHHAsA NIEHIMIOPOBCKAs YacToTa.

PaccmoTpym Tenepb pensTMBUCTCKOE YCKOPEHME 3MEKTPOHOB B Mfia3aMe MOHOXPOMAaTUYeCKOn
3MEeKTPOMarHUTHON BOSHOW pP-nonsipusaunmn, pacnpocTpaHsoLwwenca nonepek MarHutHoro nons Hy . Ons
KOMMOHEHT MOMs BOSMHbI NPUMEM CrieayHoLLmMe BblpaXeHus :

(1) Ex=Eg-cos¥, E,=y-Eo-sin¥, H,=N-y-Eq-sin¥,

raeY =ot—kx, x =¢, /¢ , napaMeTp y XxapakTepuayeT HENOTEHUManbHY YacTb 3NIEKTPUYECKOro nons
BOMHbI, & , & KOMMOHEHTblI TEH30pa AMINEKTPUYECKOMW MNPOHMLAEMOCTM MarHUTOaKTMBHOW MNria3wmbl.
3anuwem pensaTUBUCTCKUE YpPaBHEHUS ABWKEHUS N9 MMMyNbCca YCKOPSEMOro afiekTpoHa p

(2) dp/dt=-eEx—evy(Ho+H;)/c,dp,/dt=-eE,+ev,(Ho+H;)/c,dp,/dt=0.

Taknm obpasom p, = const. [Ins aHanu3a cuctembl ypaBHeHun (1) yoobHo BBecTu GespasmepHbie
nepemMeHHble T = w t, { = k X, 6e3pasmepHble cKOpoCTb B =V / C M amnnuTygy BonHbl 6 = € Eg/ m ¢ o.
3ameTum, uto B, = B, [ 1 — (d¥ / dt ) ], a MnynbC 3nekTpoHa paseH p=mcy B, raey=1/(1 - B> )" -
pPensTUBUCTCKUIN haKTop.

Tenepb penATMBUCTCKME YPaBHEHWS OBMKEHNS SMEKTPOHOB (2) MPUHMMAOT OKOHYaTernbHbIN BUA!

d(ypx)/dt=-ccos¥-(u+aoNysin¥)B,,d(ypy)dt=-cysin?t+(u+ocNysin¥) B,

(3) d(yB,)/dt=0,vypB,=const.

M3 cuctembl ypaBHeHU (3) ANs TeMna yCKOPEHUs YacTuubl Nonyvaem
(4) dyl/dt=-oc(pxcos¥ +y Bysin¥).

Wcnonbays ypasHeHus (3), (4) HaxoauM MHTerpan ABVXEHUS ANs YCKOPSEeMOro 3feKTpoHa

5) J=y-Bytu-Pp:-(¥-1t)-0-y cos¥ =const.

C y4eTom (5) BbINMLLEM BbIpaXXeHWe 4Nt PENATUBUCTCKOrO oakTopa y U KOMMNOHEHTLI CKOPOCTU
3apsaga By

6) y={1+g +[I+oycos¥+upP,(t-¥)1*}2/(1-B2)'?%,
By=[J+u-Bp-(t-¥)+o-y-cos¥]/y.

3aechb g, =y B, = const. AHanu3 yckopeHusi 3apsioB yAo0HO NPOBOAMTL B paMKax BbITEKAOLLEro U3
(3)-(6) HeNMHenHoOro ypaBHeHUs Ans dasbl BOMHbI HA TPAEKTOPUUN 3r1EKTPOHA

(7)  dW/d—[o(1-B) /v Bylcos W -(uBy/yPBy)+[ox By (B—N)/yBy]sin¥=0.
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HavanbHble fAaHHble Ans pelleHust ypasHeHus (7) 6epem B Buge WY(0) = ¥y , ¥, 0) = a.
CooTBeTcTBEHHO UMeeM B,(0) = B, - (1 — o ). BBEAeM KOMMOHEeHTbI 6e3pa3MepHOro UMMynbeca YacTulbl gy =
YyBx=h,9,=vBy=09 0, =y B, . Noporosoe 3HayeHne Ge3pasmMepHON amnnUTyabl BOMHbI onpeaenum
DOPMYNON Cpur = U 7p , TAE Yo = 1/ (1 - B,° )" ? pensTuBucTckuin hakTop yckopsiollen BonHbI. 3axsaT
3apsHKEHHON YacTULbl B PEXMM HEOTPAHNYEHHOIO YCKOPEHUS MPOUCXOAMT NPU aMMnNnTyaax BOMHbI O > Oy, -
HenuHenHoe ypaBHeHue (7) peluanocb YUCNEHHO C YKa3aHHbIMM Bbille HavanbHbIMW AaHHbLIMU.

Ona HaxoxaeHusa guanasoHa HadvanbHbiX a3 ¥Ymin< Yo < Wmax » MPU KOTOPbIX NMPOUCXOAMT 3axBaT
3apsga B PeXMM HEOrpaHUYeHHOro YCKOpPEHWst BOMHOW, dmkcupoBanacb asoBasi CKOPOCTb BOMHbI By
MpUYeM COrMacHO M3MOXeHHOMY Bbllle nonaranocb 0 < B, <1. 3aTem, nNpu 3agaHHON Ha30BOW CKOPOCTU
BOMHbI Bp = [ (Vv + u?-1)/(1+u-v)-(u+v-1)] 12 mensis ©e3pa3MepHyto rMpo4acToTy 3MEKTPOHa U 13
nHtepeana 0 < u < 1 Bbluncnsiem 6e3pasmMepHyt NIOTHOCTL Ma3Mbl V No dhopMyne

vel-[2-u% (1-B°)1/[1+(1-4-u*- B 2+4-u- B') V°]

AmMnuTyga BOMHbI O BbiOMpanacb YyTb BbILE MOPOrOBOrO 3HAYEHUS Oy . 3ATEM YWCIIEHHBIMU
pacyeTamy onpefensinics AuanasoH HavarnbHblX a3, B KOTOPOM MMEN MEeCTO 3axBaT 3apsifa B PEXUM
HeorpaHNYeHHOro YCKOPEHWUSI BOSTHOM, U3yYarnucb BpeMeHHas AMHaMumka dasbl ¥(t), KOMMOHEHT MMMNynbca U
CKOPOCTM 3axXBa4eHHbIX YacTul, pensiTtuBmcTckoro cpaktopa y(t), Temna yckopenus d y / dt . PesynbTathbl
pacyeToB 3TUX XapaKTepPUCTUK NpeacTaBneHbl Ha puc.1-puc.5 npyu manon HagKpUTUYHOCTU AN aminuTyAbl
ycKopsitoLeln BonHbl, korga 0 = 1.1- Oy VI3 pacyeToB criedyeT, YTO Mpy 3adaHHON ha3oBON CKOPOCTU
YCKOPSIOLLIEN BOJIHbI B, C YBEMMYEHMEM BHELLHEro MarHMTHOro nons ( napameTp U ) AvanasoH HayarbHbIX
a3, B KOTOPOM UMEET MECTO 3axBaT 3apsifa B PEXMM HEOrpaHUYEHHOro YCKOPEHUS BONTHOW, pacLunpsieTcs.
OnanasoH HavanbHblX a3 W< ¥o < Whax YBENMWMUMBAETCH, €CnU NpU (PUKCMPOBAHHOM 3HAYEHUU
napameTpa u Bo3pacTaeT (ha3oBasi CKOPOCTb BOMHbI B, . OBHapyxeHa Takke HEeMOHOTOHHOCTb rpaduKoB
Pmin(U) , Pmax(U), Hanbonee cyLiecTBeHHasa ANst CpaBHUTENBHO BONbLUNX 3HAaYeHUI PasoBON CKOPOCTU P .

Puc. 1. ®a3a eosiHbl Ha mpaekmopuu 3apsida

Puc. 3. KomnoHeHma 6espa3mepHoli ckocmu

Puc. 2. KomnoHeHma 6e3pa3mepHol ckocmu 80s1HbI fx(7)
8011HbI B/(7)
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Puc. 4. Komnonerma 6espasmepHol ckocmu Puc. 5. Penamusucmckuil gpakmop »z) U KOMAOHEeHMbI
80/THbI [3(7) 6e3pasmMepHo20 UMIysbca yacmuubl gx(7), gy(7)

YuncneHHble pacyeTbl Mokasanu, Y4To AuMHamuka dasbl BOMHbI HA TPAEKTOPUM YCKOPSIEMOW YacTuubl
BHYTPW AManasoHa GnaronpusiTHbIX Ans yckopeHus ¢as nogobHa, HO npu Bbibope HavanbHOW hasbl U3
cepeavHbl uHTepBana (WYmin , ¥max) amMnnmtyaa konedaxHum ¥(t) CyLLeCTBEHHO MEHbLLE.

3akno4veHune

PesynbTtaTbl NpOBEAEHHOTO BbILLE aHann3a MOXHO CyMMMPOBaThb criegylowmnm obpasom. Bo-nepsbix,
C Yy4€TOM BMXPEBOW KOMMOHEHTbI 3NEKTPUYECKOro MONs BOMHbI, PACNPOCTPaHAIOLWENCS NoNepeKk BHELLHEro
MarHUTHOrO NOfs, UCCrneaoBaH 3axBaT 3apsKeHHbIX YacTuL, CO CKOPOCTbIO, BNM3KoM K dha3oBor CKOPOCTU
BOfMHbI, B PEXWM HEOrPaHUYEHHOro YCKOopeHus (CepduHr 3apsgoB Ha BonHax). Bo-BTOpbIX, YMCREHHbIMU
pacyeTamMn HENUHENHOro ypaBHEHWS Ans pasbl BOMHbI Ha TPAeKTOpMU YCKOPSEMOW YacTuubl U3yYeHbl
YCNoBuMs 3axBaTa 3apsfoB B PEXUM YyNbTPapensaTUBUCTCKOrO YCKOPEHUS B KOCMUYECKOW nnasme, AnHamuka
XapaKkTepucTuk 3apsiga BO BpeMeHW. [lonydeHbl AnanasoHbl M3MEHEHUs HadvarnbHbIX AaHHbIX, B KOTOPbIX
Takoe yCKopeHue nMeeT MecTo.
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Ab6cmpakm: Paccmampusaemcs 3ada4a o repezpynnuposke criymHukos ripoekma PE3OHAHC npu nepexode
om rniepsoli ¢hasbl uccredosgaHull (MpuskeamopuarnbHas obnacmb) ko emopol (AspoparnbHasi obnacms). HalideHb! u
rpoaHanu3upoeaHsbl napamempbl OMUManbHO20 nepexooa.

BBeneHune

Mpoekt PEBOHAHC HanpaBneH Ha nccrnefoBaHue npoLeccoB BO BHYTPEHHEN MarHutTocdepe 3emnu
[1]. Ons pelweHna 3agad npoekta npegnonaraetca B 2012 rogy 3anycTuTb ABa CNyTHUKA Ha cneuuwansHo
nogobpaHHble opbuTbl. B HacTosiee Bpemsi paccmaTpvBaeTcsl BOMpoc 06 MCNonb3oBaHWWM 2-biIX Map
CMYTHUKOB.

Ha nepeoli cmaduu npoekma OCHOBHOE BHMMaHue OygeT yAerneHoO W3Yy4YeHWO PEe30HaHCHbIX
NpoLeccoB B3aMMOLENCTBMSA BOMH M 4acTuy B MpuaKBaTopuanbHoOW obnacTtu, rge Takoe B3avMopenctsme
Hanbonee acpdekTnBHO. [Na M3yYeHUs OMHaAMMKN MPOLECCOB B3aMMOAEUCTBMS HEODXOOAUMbI 4OCTaTOYHO
ONUTENbHbIE N3MEPEHNsi B OAHON CUITOBON Tpybke, copasMepHbIe MO BPEMEHMW C XapaKTePHbIMU BpEMEHaMM
HapacTaHus w/unu ybbiBaHMA Takmx npoueccoB. PeleHvem aTon 3agaym aBnseTcd BblGop opbut co
crneuvanbHO nogobpaHHbIMM nNapameTpamu, MNO3BOMSAILWME HAXOAUTLCA BHYTPU 3apaHee BblOpaHHOW
cunoBou Tpy6kn gonroe Bpemsi. OpOuTbl TaKOro TMNa Ha3BaHbl MAarHUTOCUHXPOHHLIMU opbuTamun. Bo Bpems
asmxeHnst KA no opbute Tpybka cunoBomn NMHMM BpallaeTcs BMecTe ¢ 3eMriel, Kak nokasaHo Ha puc. 1.

Puc. 1

3pechb t, — HavanbHoe nonoxeHne KA B Tpybke cnnoBon nuHuum, t— nonoxeHue KA B Tpybke cunosom
NIMHUN B MOMEHT BpPeMEeHMU ti. XKUpHOW NuHME OTMEeYeHOo paccTosiHne, npovaeHHoe KA Boonb BbiGpaHHoOM
TPyOKM CUMoOBOWM NMUHMKU. PeanbHas opbuTa CnyTHMKA NPOXOAWUT yepe3 TOYKM t, a ABWXKeHWe CryTHMKa Mo
opbuTe MOXHO MpeacTaBuTb, Kak Cynepno3uumio KopoTaumm n asmxeHns KA Boonb BbIGpaHHOWM CUMITOBOM
TpyOkn. Takasi opbmTa No3BONAET NPOBOAUTE AOCTATOYHO ANUTENbHbLIE U3MEPEHUSA BHYTPU OLHOW CUIOBOM
TpyOKn, 4YTO BaxkHO Anst 3agay npoekta PE3BOHAHC. [Ins opbuTkl ¢ nepMogom 8 4acoB BPEMSI HAXOXAEHUS
CNyTHWKOB B Tpybke MOXeT gocturatb 2—2.5 4acoB, YTO CPaBHUMO CO BPEMEHEM Pa3BUTMS NMPOLLECCOB B
aTtom Tpybke (L = 4.5). Annapatbl 6yayT BbIBeOEHbI Ha OpOUTLI TakuM 00pa3oM, YTOObI MPOXOAUTL OOHY U Ty
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e obnactb cunoBon Tpyoku ¢ pasHuuen B 4 yaca. Kpome Toro, B TO BpeMs, KOrga oOgvH annapart nogxoaut
K Hadany cunoBon Tpybku, Opyror B 9TOT MOMEHT OOIDKEH HauYMHaTb BbIXOA M3 NPOTMBOMOMOXKHOIO KOHUA
TPy6KM.

Bo emopoli ¢ha3ze SKCEpUMEHTa OCHOBHOE BHUMaHue OygeT yaensitbCAa  M3YYeHUto
MernkomMaclTabHbiXx M ObICTpoMpoTeKalwmx $BMeHWA B aBpopanbHbix obnacten (AO). [Ons aTux
nccnegoBaHMin  HeobxoauMo COnM3anTb  CNYTHUKM  Mexay CcobOoM [0 pPacCTOsIHUS  HECKOSbKO  ThiCsY
KMNOMETPOB, HO NP 3TOM MX Bpems HaxoxaeHus B AO gormkHO BbiTb MakcumManbeHo. [nga nepexoaa k aTomn
YacTu 3KCcnepumeHTa HeobxoaAMMO BbINOMHUTE OpOUTarnbHbIN MaHeBp M Koppekuumo dasupoBaHua KA.
3apadelt HacTosiLen paboTbl ABMSETCS NMOMCK ONTUMaribHOWM neperpynnupoBkn KA, oTBevaroLero 3agadam
3KCnepuMeHTa.

MeToAab! peweHus

Mepuoa obpalleHnss CNyTHUKOB COCTaBMSIET OKOMO 8 4acoB 1 B NepBoy dhase aKCNepMMEHTa CMYTHUKM
NPOXOAAT aBpopanbHyld obractb B npotuBodase. [Ons nepexoga ko BTOpow dhase aKcrnepuMeHTa
HeoOXxoaMMOo A0OUTbLCS caBuMra no BpeMeHn nNpuMepHo Ha 4 yaca 15 MUHYT. QTOro caBura MoXHO A400OUTbCS
pasHbIMK criocobamm - Hanpumep, 3aTOPMO3UB TONbKO OAMH annapaT Ha 4 Yaca, Unm e yCKOpuB OAMH Ha 3
yaca 1 3aTopMO3uB Apyron Ha 1 yac. [ns pelweHus 3agadm HeobxooumMo MPOMOAENMPOBaThb YCIOBUS, B
KOTOpble nonagaroT annaparbl Mpu pasHbIX KOMOUHALMAX COBUIOB Y HAWTW ONTMMAarbHYO Napy COBWIOB.

B kauvectBe KpuTepus onTMManbHOCTM Obinl BbIOpaH KpuTepun, onpedensemMbll Kak pacCcTosiHue
MexXay NpoeKuMaMmM annapaToB Ha noHocdepy (MarHUTHbIM paccTosHueM mexay KA).

Puc. 2

[eomMarHWTHble NapameTpbl, Heobxooumble AN peleHus 3agayn, ObinM nNpoModenMpoBaHbl C
nomoubto nporpammbl CADR-2 [2], a uHTErpupoBaHme ypaBHEHUIN OBWXKEHWE MPOBOAMIIOCH NMPU MOMOLLM
nporpammbl BA3UC [3].

Ha kaxpgon opbute Obina 3agaHa oOMopHas TOYKa, a 3aTteM Obiu paccumtaHbl reodusndeckme
napamMeTpbl Tak, kak ecrnv Obl annapaTt NPOXoAnn 3Ty TOYKY C ynpexaeHwem unu 3anasgeisaHmem Ha 15, 30,
45 n Tak ganee MUHYT. PacuyeTHbIn nepnoa cocTaBui CyTKU, TO €CTb OKOMO 3 BUTKOB.

Ona kaxgoro annapata nonydunu 35 HabopoB reomanyecknx napameTpoB AN pasHbIX COBWIOB
NpoXoXxaeHnst opbuTtel. B pamkax nony4yeHHON MHOTOMEPHOW MaTpuLbl NapaMeTpoB pacCMOTPeHbI BCE napbl
B3aUMHbIX COBUIOB U ANSA KaXaow napbl paccymMTaHbl 3HaYEHUSA KOHTPOSbHLIX NapameTpoB.

B yacTHOCTM, ANs Kaxgon napbl COBWMIOB OLLEHMBANOCb: BO3MOXHO I MpU Takow KOHdurypauuu
coBMecTHOe HaxoxaeHue B AO; ecnv BO3MOXHO, TO KakoBa €ro ANUTENbHOCTb Ha pasHbIX BUTKaX; Kak
MEHSIIOTCA 3a BpeMsi COBMECTHbIX nNpedbiBaHui B AO reorpacmyeckoe n MarHUTHoe paccTtosHus mexay KA,
a Takxke gpyrue usmyeckne napameTpsbl.

Pe3ynbTaTthl pacyeToB

PesynbTaTbl pac4yeToB NpeAcTaBneHbl Ha pucyHkax 3, 4 u 5. OT BMTKa K BUTKY KapTUHa rony4anach
HeoZHopoaHas!, MO3TOMY ANsl TOro, YToObl MMETb BO3MOXHOCTb CUCTEMATU3NPOBaTb pe3ynbTaThbl, 3Ha4YeHUs!
nccrnenyeMoro napameTpa ycpeaHsnvch 3a Becb uccriegyemblii neprod. Takum ob6pa3oM, Ha TpeXMepHbIX
rpadukax, NpeacTaBneHHbIX B CTaTbe, M0 rOPU3OHTarNbHBIM OCAM OTJIOKEHbI COBUMM BPEMEHMW MPOXOXKAEHUS
KOHTPOIbHOM TOUKM B MUHYTax AJ1sl K&XOO0ro annapaTa, No BepTuUKanbHOM OCU — 3Ha4YeHue uccriegyemon
BEJINYMHBI.
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Ha puc. 3 npvBeaeHbl OLEHKN AN CpeAHEro BpeMeHU 0qHOBPEMEHHOIO NpebbiBaHUs B aBpoparibHbIX
obnacTtax 3a ogHO NpoxoxaeHne. BugHo, YTo HanbonbLUy ANMTENbHOCTL COBMECTHOro npebbiBaHnsa B AO
JaloT Te napbl, rae NepBbIi annapaT 3amMmefrisieTcsi, a BTOPOol yCKopsieTcs.

CpefHes BRPEMA COBMECTHOrD npelbipaHuA
B GERCORANEHOA oZnacTH, ek

: ~""f1‘ﬂ

CpeAr anm
PeaoHadca-1. -
Jac ] Yac

Puc. 3

Ha puc. 4 NpuBeaeHbl 3HAaYEHUS CpedHero MarHUTHOro pPacCTOAHUA TOSbKO ANSA Tex nap, rae ectb
COBMECTHOEe npoxoxaeHue AO. B YEepHbIX obnacTtsx HeT MHTEepeCcyruwmnx Hac nap. BuaHo, 4to 3TN napbl
HepaBHOUEHHbI N CYLLECTBYHOT U bonee 1 MmeHee 6ﬂar0ﬂpMﬂTHble napbl COBUTOB.

[ns TOYHOro KoNMYyecTBeHHOro aHanmsa cutyauumn 3TO0T XKe rpacbvn( MOXXHO npencraBnutb B Buae
npoeKkunn I'IOJ'Iy‘-lGHHOVI NOBEPXHOCTU Ha MJTOCKOCTb C npoBeaAeHHbIMU U3OTTUHUAMMW.

GDEJEJ,HEE MElTHWTHOSZ PaccTarHWE 4NA COBMECTHEIX
MPOXCHAEHWA ABPOPANGHONA 0DNAGTKH, KM

5
COeMr ons IU. -M CaBUr AnA
PazoHaMca-1. PezoHaHca-2,
vag yac

Puc. 4
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Ha puc. 5 npvBegeHa Npoekuust Ha MIIOCKOCTb TPeXMepHOro rpaduka, NpeAcTaBieHHOro Ha puc. 4.
CeeTno-cepble 06facTM COOTBETCTBYIOT MaKkCUMasibHbIM 3HAYEHUsIM; B TEMHbIX TOYKax HaxoasTcs
UHTEepecyloLmMe Hac MUHUMYMBbI.

Puc. 5

EcTb y3kasg nonoca B3auMMHbIX COBWUIOB, AaloLas XOpoLUMe U YyCTONYMBbIE MUHUMArbHbIE 3HAYEHUs;
CYMMapHbI COBUT B 3TOM Criy4yae COCTaBnisieT TOYHO 8 Yacos.

Cposurn anga Pe3oHaHca 1 B 3Tux cniyyasix — ot -1 go +6 waros, To ecTb OT -30 MUMH A0 +3 4acos, u
COOTBeTCTBYOLLME UM caBurn PesoHaHca 2 — oT -8 4o -2 waros, T.e oT -4 [0 -1 yacos.

OpHako Ha pucyHke BMOHbI M 06nacTM ¢ MEHBLUMMW CPEAHUMM 3HAYEHUSIMWU, CYMMApPHbLIA cOBUT Ons
KOTOpbIX He paBeH 8 yacaM. Casuru ons Pe3oHaHca 1 B 9TUX cnyyasax — oT -8 Ao -3 waroB, To ecTb oT -4 10
-1,5 vacos, 1 cooTBeTcTBYlOLWME UM casurn PesoHaHca 2 — oT -1.5 go +4.5 wara, T.€ oT -40 MUHYT a0 2
4acos.

MpyynHa 3TOro HECOOTBETCTBUA OyaeT NpeamMeToM MOoCreayLero aHanusaa.

Pesynbmambl aHaJsiu3a nokasbiBaloT:

B3aMMHble coBurM Ha 4 4Yaca onTuMmarbHbl AN OAHOBPEMEHHOro MNPOXOXAEHUS aBpoparbHOMN
obnactu;

MpeonoxeHHass MeToouKa MOXET OblTb NpUMEHeHa AN MOAENMPOoBaHWs  cuTyauum
MCronb3oBaHueM Gonee CroXHow Modenn MarHUTHOro Nors.

INuTtepatypa:

Demekhov AG,V.Yu Trakhtengerts, MM.Mogilevskyatal Current problems in studies of
magnetospheric cyclotron masers and new space project “RESONANCE”, Adv. Space Res., Vol. 32, No. 3, pp.
355-374, 2003.

FanbnepuH LOU., OH. MoHomapes, BM CuHwuuyuH, MNporpamma-cnpaBodnnk KALP-2, MpenpuHT KA
MP-544, Mocksa, 1980.

M a p nu H Co.. K pacyety gBmxeHus BbicokoanorenHbix WMIC3 B MHepuuanbHOW reoLeHTPUYecKon cucteme
NPSIMOYrONbHbIX KOOPAMHAT CPELHEro PaBHOAEHCTBMS U reoakBaTopa craHgapTHon amoxu J2000, MNpenpuHT
WIMM um. Kengpeiwa PAH, Ne 10, 1994,
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Ab6cmpakm: B cmambe nepeyucrieHbl OCHOBHble mpebosaHus K COBPEMEHHbIM cucmeMaM XpaHeHus U
omobpaxkeHusi 0aHHbIX KOCMUYECKO20 3KCepuMeHma U U3J10XKeH Ofbim nocmpoeHusi makol cucmembi 8 MKU-PAH.

BBegeHue

B coBpeMmeHHbIX YCroBMAX KONMMYECTBO M OOBbEM [OaHHbLIX KOCMWUYECKMX SKCMEPUMMEHTOB  pPe3KO
BO3POCIN, YTO, B YCIOBUAX Pa3BUTUS KOMMBIOTEPHbLIX U TENTEKOMMYHUKALMOHHBIX TEXHOMOMMI MO-HOBOMY
MoCTaBuUNo BOMPOC XPaHEHWs] AaHHbIX KOCMWYECKOro akcnepuMeHTa. Bmecte ¢ Tem, MHorve npobnembl,
TaKMe Kak CKOpPOCTb AOCTAaBKU JAHHbLIX NOTPEOUTENO, EMKOCTb CPEACTB XPaHEHUS AaHHbIX HA COBPEMEHHOM
YPOBHE pa3BUTUS MPaKTUYECKM YCTpaHeHbl, No KpanHen mepe And obbemMoB nHOpMauMM B npoekTax rno
CONHEYHO-3eMHOM bun3uke (3a wucknoveHmeM usobpaxeHun ComnHua). [JocTynHbl Takke CcTaHAapTHble
cpeactsa Bu3yanusauuMu [aHHbIX, YTO yMeHbliaeT obbem paboT no nporpammupoBaHuto. C gpyrom
CTOPOHbI, KONMYECTBO UCCINeAOBaTENEN He YBENMYMITOCH NPONOPLMOHANBHO YBENNYEHNI0 06beMOB AaHHbIX,
YTO MpMBENO K (PaKTUYECKON KOHKYPEHLMM NPOEKTOB 3a pabodyio cuny B Yactu obpaboTku, aHanusa u
WHTepnpeTaumm [OaHHbIX. BONbLWMHCTBO COBPEMEHHbLIX WCCNEAOBaHWUI SBNSIOTCS  KOMMNEKCHbIMU 1
NCNOMb3YIT AaHHbIE HECKOITbKUX NPOEKTOB OAHOBPEMEHHO.

B aToM CBSI3W, COBPEMEHHbLIE APXMBbI OOSMKHbI COOTBETCTBOBATL CrEAYOLWUM KpUTEpUsM, NMOMUMO
CTaHOapTHbIX TpebOoBaHWUI K EMKOCTU U Np.:

1. NHTepdreric OomkeH ObITb [OCTATOMHO MNPOCTbIM Anis yaobCcTBa BbIMOMIHEHUA OTHOCUTENbLHO
HECINOXHbIX 3anpoCcoB, TaK Kak OHW COCTaBnsT abcontoTHoe 6onblWMHCTBO obpaleHun. Onepaummn no
[OCTyny K AaHHbIM [OMKHbl MOAAABaTbCHA OMNpPedeneHHoW aBToMaTtu3aumm B criydae (OopMynMpoBaHMS
NMOBTOPSAIOLLMXCS 3anpocoB. B To >xe Bpems OommkHa ObiTb BO3MOXHA MHTErpaumsi cuctembl B BGonee
CMNOXHble CEpPBUCHI, MO0 akTUBaLUSA LOMNOMHUTENBbHBIX BO3MOXHOCTEWN AN BbINONHEHUS Gonee CroXHbIX
onepauun, Taknx Kak CpaBHEHUE, MHTEPNONAUMS 1 NpeaBapuTENbHbIN OTOOP AaHHbIX.

2. ®opmMaT ¥ onucaHMe [AaHHbIX AOMKHbl OblTb B MakCUmarnbHOW CTeneHu CTaHdapTHbIMU WNn
COBMECTUMbBIMW S Mocreaylolwen UHTerpaumMmM apxvmeBa B cucTemMbl obmeHa OaHHbIMKU (BMPTyanbHble
obcepsaTtopun).

3. lMpousBoacTBeHHble 3aTpaTbl Ha MOAAEep)XaHWe apxuBa W ero MnonosIHeHWEe [OOJKHblI ObITb
MUHUMarnbHbIMK. KenaTtenbHO MakcumanbHO usberatb HeOOGXOAMMOCTU MogudukaumMm nPOrpamMmMHOro
obecneyeHns Npu N3MEHEHNN COCTaBa AaHHbIX.

B pokymeHTax mexpyHapogHoro coobuectBa SPASE [1] nepeuncneHbl OCHOBHblE HanpaBreHusi
OyayLiero pasBuUTUS COBPEMEHHbIX CUCTEM XpaHeHUs! AaHHbiX. [lpegnonaraeTcs, 4YTO TakMe CUCTEMb
OOIMKHbI UMETb BO3MOXXHOCTH:

- BbINOSHATbL MOUCK C UCMONb30BaHNEM PU3NYECKUX €OMHUL, TO €CTb MPUMEHSATH MOUCK MO 3HAYEHUIO
napamMeTpa k Habopy AaHHbIX;

- MMeTb cpefcTBa Ob6beaUHEHUSA CPaBHUMbIX MEPEMEHHBIX M3 pPasHbIX 3KCMEPUMMEHTOB B e€OWHbIN
Habop Ansa ganbHenwen nepeaaym MHCTPYMEHTaM BU3yanusauum 1 aHanmaa;

- OaHHble OOIMKHbI ObITb 3apernmcTpyMpoBaHbl B 0OLLEOOCTYMHbIX KaTamorax W, Takum obpasom,
BXOOUTb B rnobanbHyto ceTb AaHHbIX (OU3NYECKNX IKCNEPUMEHTOB;

- ons Toro 4tobbl B MepcrnekTuBe ObiTb BKMAOYEHHbIMW B TakoW apxuB, AaHHble OOMKHbl ObITb
CHabxeHbl MeTagaHHbIMU.

Cucrtema xpaHeHUA AaHHbIX KOCMU4Yeckoro akcnepumeHta UK PAH

B HacTtosiwee Bpems B IK PAH BegyTcs paboThl MO CO30aHUI0 CUCTEMbBI XpaHEHUS U OTOBpaXkeHus
pes3ynbTatoB KOCMMWYECKOrO 3JKCnepumMmeHTa. Wtorom aTux paboT [OMmKHO cTaTb MOMyyYeHue eamHoro
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3MIEKTPOHHOTO  apxuBa pe3ynbTaToB KOCMWYECKOrO 3KCMEPUMEHTa, OTBEYalLlero COBPEMEHHbBIM
TpeboBaHMNSIM K CUCTEMAM TaKoro xapakrepa.

Ha pnaHHoM aTane apxuB, co3fgaHHbii B IKM PAH BkntovaeT B cebs HECKOMBbKO MOACUCTEM:

1. CtaHgapTHbIA MHTEpdenc K apxmpam OO30PHbIX rpaduKoB, 3apaHee MOCTPOEHHbIX B €4UHOM
dopmaTe No BCEW MPOLOIMKUTENBHOCTU 3KCnepuMeHTa. Takne Habopbl rpacdmkoB ABMAKOTCA CTaHOAPTHBIM
NPOAYKTOM Y npedHa3HayeHbl AN ObICTPOro NpocMoTpa AaHHbIX.

2. Cucrema Aoctyna K AaHHbIM C BO3MOXHOCTbHO BapbUpOBaHMA CrMUUCKa nNpocMaTpuBaeMblX
napameTpoB 1 MHTEPBAroB BpEMEHW, a TaKkke Bbl4auun AaHHbIX B rpaduyeckom 1 Lmdposom dopmarTe.

3. Cuctema DD, paspaboTaHHasi paHee W MO3BOMSIOWAA 3aperMcTpUpOBaHHbLIM MOMb30BaTENSAM
Gonblune BO3MOXHOCTM B oOnpedeneHun copmaToB rpacvkoB M MPOBEAEHUM PasfU4YHbIX onepauun c
OaHHbIMW.

Mopcuctembl 1 M 2 HaxogsaTca B cBOOOAHOM [OCTyne, NpocMaTtpuBaTh WM nofyvyaTb AaHHble MOXET
noOOoN 3aMHTEPECOBaHHbIV Nonb3oBaTerb.

Ba3oBoe nporpammHoe obecneyeHue

B pesynbrate npepBapuTenbHOW MpopaboTKM 3a OCHOBY CUCTEMbI OOCTyna K AaHHbiM (2) 6bin
BblOpaH mHTepdenc CDAWeb, paspabotanHbin HACA, Tak kak OH obecrneuynBaeT Havboriee NpoCTyo U
yOoobHylo B akchnyatauum ¢opMy MOMb30BaTENbCKOrO UWHTEpdernica, a MnporpaMMmbl U YTUMUTHI,
obcnyxuBaroLwmue 3ToT MHTEpAENC, pacnpocTpaHanTcs ceobogHo. Cuctema OCHOBbIBaAeTCs Ha dopmare
CDF[2], wnpoko ncnosnb3yeMoM Afsi XPaHEHUs1 AaHHbIX B CONTHEYHO-3EMHOW hm3mke. DTO aBTOMATUYECKN
obecneynBaeT COBMECTUMOCTb apxXuBa C UHTepderncaMmm 3apybexHbIX LEHTPOB OaHHbIX.

CDF sBnsieTcs camMoOOOKyMEHTUpPOBaHHbIM copmaTtom. Pannbl cogepxat BHYyTpu cebsa BcCio
HeobXOoaMMYyI0 CnpaBoYHYl MHAOPMAUMIO, B TOM 4YUCrne AaHHble Ans nocTpoeHus rpadpuka. OH Takke
obecneunBaeT cxaTue [fOaHHbIX. YTunutel CDAWeb pacnosHaioT cnpaBouHyio uHdOpMaumio U
aBTOMaTU4YecKn onpedensoT opmaT 3anpocoB Ha BXOAE U rpaduKoB U TEKCTOBLIX (DAMfoB Ha BbIXOde.
Takum obpa3om, gobaBneHne HOBbIX HAOOPOB AaHHbLIX B apXvMB CBOAMTCH TOMbKO K NEPeKoaupOBaHWIO B
dopmat CDF 1 ucnpaenexuto B katanore, YTo KapAnHanbHO CHWXKAET 3aTpaThl HA apXMBaLMIO OAHHbIX.

CDAWeb BknoyaeT nomHbii  Habop yTUNUT  uHTepderica nonb3oBaTensi, MO3BOMSOLMX
NpeacTaBnsATb UHOPMaUMO B rpadduieckon U TEKCTOBOM bopme No 3anpocy, BKIHOYAOLWEMY BPEMS U TUN
napameTpa. YTUNuTbl OCHOBaHbI Ha A3blke IDL.

Jlornyeckasn opraHunsauusa AaHHbIX

Camoli KpynHoOM norvdeckon eguHuMUEn OeneHus apxuvBa siBNSeTcs npoekT. B Tekywen sepcum
ucnonb3ytoTca gaHHble npoekta WHTEPBOJ], B ganbHerwemM BO3MOXHbI NOAKIMIOYEHUS OAHHbLIX OPYryx
NPOEKTOB.

B OoupekTopumn Kaxgoro npoekta coaepxatcsa AaHHble ero npoayktos. [Mog npoaykToM noHMMaeTcs
COBOKYMHOCTb MEPEMEHHbIX, NOrMYecKN CBA3aHHbIX Mexay CcobOoH, OMUChIBaOLWMX OAHO dusnveckoe
ABNEHNE, UMELLMX OAMHAKOBOE BPEMEHHOE paspeLleHne 1, BO3MOXHO, OTHOCALLMXCHA K OgHOMY npubopy.
Wtorn pabotbl ogHoro npubopa MoryT ObITb NpeacTaBrneHbl B BUAE HECKOMNbKUX MPOAYKTOB, HO M OAMWH
NPOAYKT MOXET ObITb COCTaBIEH N3 AaHHbLIX HECKOIbKMX NP1OOpPOB.

K kaxgomy npoaykty npunaraloTcs MeTafaHHble, T.e. CTaHOapTU3MpOBaHHasi CrnpaBoYvHas
nHdopmMmauus. Cendac meTagaHHbIE COCTaBMEHbl B COOTBETCTBUM CO cTaHaapTom ISTP, B ganbHeuwem
nnaHMpyeTcsa NpoBecTv ajantauumio nof paspabaTeiBaeMble ctaHaapTel SPASE .

> Web- fostend
UHTEpENC RATenh
Apxus
CDAWEB
CpenctBa
noaaepXaHus Monb3o-
apxvBa RaTenh

Puc. 1. Jloeu4yeckass cmpykmypa apxuea.

dusmnyeckan opraHmsauus gaHHbIX

OC06€eHHOCTbI0 CUCTEMbl XpaHEHUs] daHHbIX ABMSETCS OTCYTCTBME B Hel CpedcTB TpaavLMOHHOM
CYB[. 370 pelueHne YacTo NpUMeEHsIeTCs B Takux cuctemax. MNpuumnHbl Takoro Belibopa crieaytowme:

- KIOYM OaHHbIX B KIAcCUYEeCKOM MOHUMaHWM - 3TO BPeMsl U HasBaHuWe npoaykTa, mMpu 3TOM BCS
MHpOPMaLIMS O HUX COOEPXKUTCS B CTPYKTYPE KaTaroroB U MMeHax ainos.
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- K JA@HHbIM HET HEOBXOANMOCTM NPUMEHATL ONepaLnmM COPTUPOBKMY;

- B CUCTEME HE UCMOSb3YITCHA CIIOXHbIE PENALNOHHbIE 3aMnpochl;

To ecTb Ans (PYHKUMOHMPOBAHWUS CUCTEMBbI OOCTATOYHO, 4TODObI hm3nyeckas CTPyKTypa apxmsa
COOTBETCTBOBAasia ero Norm4yeckon CTpykType. Harnpumep, KOpHEBOM KaTanore apxwBa AOMKHbl fexaTb
katanorn AaHHbIX(DATA) m cnpaBku. BHyTpU Kagoro us HMX — nogkaTtanory, Ha3BaHHble MO MMeEHaMm
npoektoB. B DATA HaxoauTcsa OepeBo KaTanoros, Kaxaas BeTBb KOTOPOro COCTOUT U3 CTAapTOBOro kaTasnora
Ha3BaHHOMo MO MMEHMW NPOAYKTa N BHYTPU Hee Habop ANPEKTOPUIA, Ha3BaHHbLIX MO rogaM U3MEpPEHUN.

=1
Froductl
2324
Cata
Exparcinans
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Puc. 2. Cmpykmypa depesa dupekmopuli

B gupektopuu Catalog Haxoadatcsa cnpaBoyHble hainbl AN NPoayKToB. 3TN hainbl B AanbHenLwem
ncnonb3ylTcsa Ans AguHamMmudeckon reHepauun WEB-cTpaHuubl.

WEB-uHTepdemnc

Ons poctyna k AaHHbIM pa3pabotaH WEB-uHTepdelic, 4OCTYMHbIN N0 aapecy:
http://stdad.iki.rssi.ru:8180/DataBag/.

Mpw Bxoge Ha nepByto CTpaHMUy Nonb3oBaTento npeanaraeTcs BolopaTh, AaHHbIE KAKOro U3 HayYHbIX
KOCMMWYECKMX NPOEKTOB OH MpeanonaraeT UCNoMnb30BaTh, a TaK e BblOpaTb MHTEPECYOWMA TUM Hay4HbIX
n3MepeHun (Yactuupl, BOMHbI U T.M.).

3arem nosiBNsieTcsl NpeanoxeHne BbidopaTb Npubopbl, ydacTByolwmMe B BbIOpaHHOM npoekTe. 34echb
Xe nomnb3oBaTenb MMEEeT BO3MOXHOCTb MOMNyYMTb KpaTkoe onucaHue npubopos, y3HaTb WX Hay4HbIX
PYyKOBOAMTENEN U NEPENTM Ha CTpaHULy ¢ 6onee NoapoBHbIMU ONMCaAHNAMW NPUOOPOB.

M HakoHel nonb3oBaTenb OOMKEH BbIOpaTb WHTEPECYWMA €ero uHTepBan W3MEepeHun, BuA
N3MEPEHUN U XenaeMbld cnocob nonyyeHust pesynbTatoB. [MpeaycMOTpeHbl YeTbipe BapuaHTa BbiBOAA
pes3ynbTaToB :

- rpadpuK N3mepeHui;

- TeKCTOBbIM hann ¢ pesdynbTaTtamu (MNN apxmeB TEKCTOBbLIX hannos). [pegycMoTpeHa BO3MOXHOCTb
nepegayvv gaHHbIX Ansa ganbHeriwern o6paboTkn Ha KOMNbIOTEP NoNb3oBaTENS.

- nonyyexue ncxogHoix CDF-darninos ¢ pesynbTataMmm n3aMepeHuii 3a BbiGpaHHbI Neprmoa BpeMeH;

- cosgaHue channos B dopmate CDF ans BbibGpaHHbIX pexumoB paboTbl NpnbopoB 1 BblGpaHHOro
BPEMEHHOro nHTepBarna.

Tawke Ha 3TOM 3Tane aBTOMATMYECKM 3anoOMUHAKTCHA BblOpaHHbIe nofb3oBaTernieM napameTpbl,
KOTOpble MOXHO BOCCTaHOBUTbL MpW cregyoLwem ceaHce paboTbl C CUCTEMOWN Ha HavanbHOW CTpaHuLe.

BbiBoAabl

B uenom, yctaHoBka nogo6bHoM KOMBMHaALMN CUCTEM XPaHEHWUs! AaHHbIX NO3BOMSET peLnTb npobnemy
apxvMBMPOBaHMA M OOCTyNa K AaHHbIM KOCMWYECKOrO 3KCMEepMMEHTa MO CONHEYHO-3EMHOW TemaTuke Ha
COBPEMEHHOM YPOBHE B YCMOBMUSAX OrPaHUYEHHbIX pecypcoB. B pganbHelwem npepnonaraeTcs NpoBeCTH
3anofHeHne cUCTeMbl BCEMMW AaHHbIMU MPOLLSIbIX 3KCNEPUMEHTOB, HaXo4AWMMUCA cenyac B paspo3HEHHOM
Buage. Tak xe bygeT HeobxoaMmo npoBecTuM paboTbl NPo aganTauum 3MEMEHTOB CUCTEMbl K OBMeHy
AaHHBbIMW B paMKax BUPTyarnbHbIX ob6cepBaTopuin B 4acTu onpegeneHs metagaHHbIX.

INntepartypa:

1. A Space and Solar Physics Data Model from the Space Consortium. http://www.spase-group.org
2. The Common Data Format (CDF). http://cdf.gsfc.nasa.gov
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Abstract: This work could be considered as a final report about the creation of a data base “ICB-1300", as far no
significant changes in the functionality and contents of the base will take place in the nearest future. Thus, description of
the data sets and accessibility rules should be useful for those, who is interested, or concerned, in measurements carried
out on board of this satellite. The measured physical parameters, coupled with approximate estimations, when possible,
of there reliability are described. A catalogue of “quick-look” bitmap graphical outputs, containing all accessible data,
especially for data not included into base, are also described.

Knroyoeu dymu: 6a3u daHHU, CTbMHUKOBU U3MEPBaHUsI

Pe3rome: Tasu paboma mpsibea Oa ce pasanexda Kamo KpaeH om4yem 3a cb30agaHemo Ha 6asa daHHU “VIKb-
1300", mbli Kamo CbWEeCmBEHU MPOMEHU 8 CbObPXaHUemo U (byHKyuoHarHocmma Ha ba3ama He ce ovakea Oa
Hacmwbram npedu npedsudeHume mecmosge. Taka 4e onucaHuemo Ha OaHHume u docmbrHocmma um buxa bunu
rnone3HU 3a eeeHMyarslHusl rosizyeamersi, UHmMepecysauw, ce om u3MepsaHusma MnposedeHU Ha Mmo3U CITbMHUK.
UsmepeHume pusuyHU napamempu, rnpudpyxeHu om npubnuxeHU OUEHKU 3a msxHama 0ocmosepHocm, Kb0emo e
8b3MOXHO, ca ornucaHu 211aeHo 8 rpedxoxdawu pabomu. Tyk ce ornucea Hakpamko pa3pabomeHusm kamasoe om
epacghuku Ha ysinama obpabomeHa uHghopmayus rno npubopu u ceaHcu.

HayyHuat komnnekc “UHtepkocmoc bbrrapus 1300” 6e n3BegeH B opbuta B Ha4anoTo Ha asrycrt

1981r. OT MoHTUpaHUTe Ha Gopaa My npubopu nosedve OT 2/3 GaAXxa oueHeHu kaTto paboTocnocobHu. [1o
HEMOHATHOTO 3acekpeTaABaHe Ha AaHHMTe OT obekTa npe3 1985r. Ton Gelle onpenensiH KaTo eauH OT Ham-
yCnelwHUTe HayyYHW eKCNepuMeHTH, peanuaupaHm no nporpamata WHTepkocmoc. Mma poctartbyHo
OCHOBaHUA ga ce npegnonara, Ye aaHHuTe oT “UKB-1300" BCce olle npeactaBnsaBaT onpefeneH HayyeH
MHTEpPeC 3a u3yvyaBaHe Ha npolecu B MOHocdepaTta, kakTo M 3a pa3paboTka Ha MeToaukM 3a ObaeLum
eKcnepumMeHTH.
ABTOPCKUAT KOMEKTUB CW NOCTaBW 3ajavaTta, OOKOMKOTO € Bb3MOXHO crief nosede oT 20 roguvHu, Aa
n3ampu, cbxpaHu n 06paboTn NbpBUYHaATa TenemeTpudHa uHdopmaumsi ot obekTa. 3a peanvsaunsi Ha Tasm
uen TpsbBawe fa ce pa3pabotm M 3anbiHM C MHMopMaumsi 6asa OaHHW OT M3MepPeHUTe U3NYHK
napameTpu, CbMNpPOBOAEHM C NpecMmeTHaTW opbuTanHu 1 reoduanyHn napameTpu. bsaxa wnsgmpeHu u
CbOpaHn HanuMyHWTe, B CbLUECTBYBAWlMTE KbM MOMEHTa 3BeHa Ha OuBwara UKW, marHutHu neHtw,
kacaewmn Bb-1300, kaTo 4acT OT TAX HE MOXa Aa Ce MpoveTe Mopaau JIOWO KayeCTBO Ha HocuTens,
HenpaBUITHO CbXpaHsBaHe, U Mpean BCUYKO TBbPAE ObNrMs nepuog, npes KoOMTO He ca U3MOon3yBaHu,
BCMNEACTBME Ha KOETO MarHUTHUTE CBOWCTBA Ha (PEPUTHOTO MOKPUTME Ha MEHTUTE CUIMTHO € Hamansano
(rapaHLMOHHNA CPOK HA MarHUTHUTE NeHTn e 6un okono 10r). B kpariHa cmeTka 6sxa Bb3CTaHOBEHM:

- 326 ceaHca 3Al12 — NpoabIMKUTENHOCT Ha uamepsaHe ~ 30MUH,

- 11 ceaHca 3Al2 — NpoABLIMKUTENHOCT Ha u3mepBaHe ~ 15MuH
- 46 ceaHca 3Al13 — NpoABLIMKUTENHOCT Ha u3amepsaHe ~ 100MuH.
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OT T03M GpoWt ceaHcK TakmBa C HenpoveTeHn GrokoBe MHAOPMAaLMSA KaKTo crieaga:
- Jo 3 6noka /0.0 - 0.5%/ - 252 ceaHca

-oT3 po 6 6noka/0.5—-1.0%/-90 ceaHca

-0oT 6 po 12 6noka /1.0 — 3.0%/ - 30 ceaHca

- Hag 12 6noka / Hap 3.0%/ - 23 ceaHca.

Mpn oTnagkata Ha nporpamuTe 3a NbpBUYHA 0OpaboTka Ge ycTaHOBEHa M3KMIOYMTENHO HENpUATHa
cuTyaumsa — TBbpAe ronsdm MpPOLEHT rpeLlku B “npuBgaskaTa no Bpeme” Ha TeneMeTpuyHuTe aHHU, KOeTo
HamnoXu HAKOM NPOMEHM B MbpPBOHAYarnHo 3asBeHus rpadunk Ha AenHOCTUTe B npoekTa. Mo-ToYHOo, Hanoxu
ce Oa ce npoBede NPUOPUTETHO MbNiHA 00paboTka Ha AaHHMTe OT MarHuTomeTbpa WMAI, TbiA kaTo
aHanusa Ha cuTyauusiTa Nokasa, Yye Han-gobpata Bb3MOXHOCT Aa Ce NPOBEpU TOYHOCTTA Ha NpMBHA3KaTa no
BpEME U eBeHTyanHaTta 1 KOpekLusl, e CpaBHsIBaHE Ha N3MEPEHUTE KOMMOHEHTU Ha BEKTOpa Ha MarHUTHOTO
none B opbuTanHarta koopaMHaTHa cMCTEMA, C MOLEITHUTE KOMMOHEHTU HA MONEeTo, OTHECEHN KbM CblliaTa
cuctema. N3bpaHaTa meToamka MO3BOMM, B MOBEYETO Criyyau, Ja ce umaeHTMduuMpa Buaa Ha rpelkara,
JornycHaTa onepaTtopa npv BbBexAaHe Ha AaHHUTe 3a npegBaputenHaTa obpaboTka, U CbOTBETHO Aa ce
Bb3CTaHOBU UCTUHCKOTO 3HA4YeHMEe Ha BPEMETO.

npeCMﬂTaHe M 3anbfBaHe Ha 6asaTa pJaHHM CbC CbNbTCTBYBaLla I'GOCI)VI:WI‘-IHa n
HaBuUraumoHHa VIH(bOpMaLI,VIFl

HaHHuTe 3a cbnbTCcTBALLATA reoU3nyHa 1 HaBUraumoHHa MHOopMaLmsa ca NpecMeTHaTh CbC CThIKa
1 cekyHga v ca rpynupaHm TemMatuyHo B 6 Tabnuum, 3acera BpeMeHeH BapuaHT, Tbi KaTo 3a onpegernsiHe Ha
OKOHYaTEeNHOTO pasnpefeneHme Ha napameTpuTe no Tabnuum we e Heobxogum U3BECTEH NEPUO OT BpeMe
3a pabota ¢ 6asarta 3a onpegensHe Ha agpecuTe um (B CMUCBI B ko Tabnuua ga ce 3apean KOHKpeTeH
napameTbp) C Len onTuMmuanpaHe Ha Obp3ogenctemeTo. VMima ce npenBug, 4e MNOBEYETO COPTyEepHU
NpoayKTW 3a ynpasrneHne Ha 6asn gaHHWM uMmaT BrpageHu cpeacTsa 3a OonTUMu3aums, HO UM € Heobxoaum
N3BECTEH eKcrroaTauMoHeH Nepuog 3a HaTpyrnBaHe Ha CTaTUCTUKA.

3aBbpwieHa e pyTMHHata ob6paboTka Ha BCMYKM [aHHU, HanpaBeH € aHanu3 M e OLEHEHO
KayecTBoTO MM. OBpaboTeHn ca faHHUTE OT BCUYKM NMpUBOpK, 3a KOUTO CbLLECTBYBaxa TEXHUYECKN 3a0aHNS
3a 0bpaboTka, KakTo 1 OHe3n npubopu, onuTn 3a obpaboTkaTa Ha KOUTO ca NPaBEHU B MbPBUTE TOAMHM
crneq W3CTpenBaHeTO Ha CchbTHMKa. Ha npakTnka ToBa O3HayaBa BCWMYKM MNpubOpPWM, OLEHEHM KaTo
PYHKUMOHMPALLM B CbOTBETCTBME C U3UCKBAHWSTA B HOPMATMBHUTE AOKYMeEHTW. [peaBapuTenHuTe OLEHKU
3a Ka4yecTBOTO Ha MHdopMaLmaTa U No-cneunanHo 3a npubopute, 3a KOUTO He 6e M3BECTHO Aa ca NpaBeHU
onutn 3a obpaboTka, ce noTBbpauxa B MnoBeydeTo crydan. Hanpumep, He OGelle M3BEeCTHO ga ca
nyonuKyBaHn unu mM3nons3BaHW AaHHW OT kopenatopa Ha WMECHI, u cnep obpaboTkaTa Ha Te3n OaHHU
OENCTBUTENHO Ce yCTaHOBMXa pefuua HEesCHOTM B MeToAukata Ha ob6paboTka, KaKToO U HeCbOTBETCTBUS
MeXay TEXHWYECKOTO 3afaHue u paspaboTeHuTe crep N3cTpenBaHeTo NporpaMu, Taka Ye AaHHUTE OT TO3U
npubop 3acera HsMa ga ce BkapaT B 0a3arta. [pyra rpyna BbNpoCK, OTHacsALWM ce A0 NpeacTaBUTENHOCT
Ha OTAenHW uamepBaHus B GasaTa, ca CBbp3aHWTE CbC CbINIACOBAHOCTTA Ha COHOOBUTE M3MEPBAHWS.
CoHpaTta Ha JleHrmiop paboTn agekBaTHO, HO MOHHMS YITOBUTEN, KOWTO B AENCTBUTENTHOCT CE CbCTOM OT ABa
npubopa — TpUENeKkTpodeH W YEeTMPUENEKTPOAEH, MPEedOCTaBs pasfVMYyHM 3HAYEeHUS 3a eOuH U Cbly
napameTbp, TOoTanHata WOHHa KOHUeHTpauus. BepodTHata npuunHa € CBbpP3BaHETO Ha YETBLPTUSA
erneKkTpog C kopryca Ha o00eKTa, kaTo MO TakbB Ha4YMH  W3MON3BaHETO Ha MopenHata copmyna 3a
TpuenekTpoaeH ynosuten 3a obpaboTkaTa Ha YETUPUENEKTPOOEH, 3a KONTO HsAMa M3BedeH mMaTteMaTuyeH
Mogen, ce KOMMpomeTMpa, BbMPEKM Ye npoBedeHnTe 1 nybnukyBaHn OT KOMNekTuBa U3crneaBaHus nokasear
CbLLIECTBYBAHETO Ha y4acTbLM MO NPOTEXEHUE Ha opbuTuTe, KbAETO TPUENEKTPOOHNAT MOAEN € NPUIOXUM.
Wmainkn npeasma n HeobuyamHo ronsgmara 3aBUCUMOCT Ha HAKOW M3MEpPBaHWUS OT CUTyauun CrbHLE-CsHKa,
ronesHa 3a HSKOW U3cneaBaHusi, HO B Criydast U3TOYHUK Ha JOMbIHUTENHN TPYOHOCTU, AaHHUTE OT YeTupu-
eneKkTpoaHUsl BapuaHT Ha npubopa ce HyaasT OT AOMbIHUTENHO U3yYyaBaHe M 3acera He ca BbBeOeHu B
baszarta.

Cnea aHanusa Ha nonyYeHaTa B pe3ynTaT Ha nbiiHaTa obpaboTka MHdoOpMauus, OaHHUTE
dopmanHo 6sixa rpynupaHn B TpU MHOXECTBA:

1. oTroBapsiLM Ha anpuopHUTE YCIOBUS 3a BKINoYBaHe B Oa3a ¢ pa3pelleHne 1 cekyHaa.

B Tta3u rpyna nonagat npubopure:

MECTI M3mepuTten Ha KBa3MnoCTOAHHOTO eNeKTPUYHO none

MMAT M3mepuTten Ha MarHMTHOTO none

M63EJ M3mepBaHe Ha MOHHaTa KOHLEeHTpauna

AHENE X, Y, Z enektpoHu c eHeprnsa 1KeV [ paboTtun go ceaHc Ne3366
MECTI lMoTeHuman Ha Koprnyca

MECIT .2-8.4 X, Y, Z Ha MarHuTHO none ¢ yecrota .2-8.4Hz
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Te3n npubopu paboTexa CUHXPOHHO C YecToTaTa Ha TeneMeTpuyHaTa cuctema, paboTunm ca novTK
npes uanoto Bpeme (C msknoyeHne Ha [16) n nHdopmauusaTa MM ce npuema 3a agekeatHa. Ha dur.l e
npeacraBeHa rpaduka Ha gaHHUTe OT npubopa 17 cbBmecTeHn ¢ gaHHM oT M63EJ1. OcBeH cpaBHUTENHO
OobpoTO CbBMageHWe Ha OaHHWTE 3a KOHUEHTpauuuTe — WOHHa W eneKkTpoHHa, Jobpe u3paseHn ca u
CMyLLIEHNsITa B cUrHana Ha 3-enekTpoaHuAT ynosuTen, npeaussukaHu ot pabotata Ha npubop OANET —
nponagaHe B CTOMHOCTUTE Ha MOHHATa KOHUeHTpauus npe3 16 cekyHau. Tyk To3n ¢akT € U3nonseaH 3a
WNCTPaLMa Ha eduMH TUN OT M3TOYHMUMUTE Ha rpelwwkun - B 6asaTa e 3anucaH curHan npu KouTo Tesu
CMYLLIEHWNSI Ca OTCTPaHEHMW.

2. 4YacTU4HO yaoBneTBopABaLlln yCnoBudaTa 3a BKIKO4YBaHe

n7 EnekTpoHHU TeMnepaTtypa 1 KOHLEeHTpauus
MECTT/OHY/en EnektpnyHa koMmnoHeHTa ¢ Yectota oT 0.033 go 13.9 kHz
MECTT/OHY/mr MarHuTtHa komnoHeHTa ¢ YectoTta ot 0.033 go 13.9 kHz
EMO5 CBeTeHe Ha HOLHOTO Hebe / 6 NNHUK

nai VamepBaHe Ha HanpeyHus NoHeH apend

YecTtoTaTta Ha uamepBaHe Ha Tasu rpyna npnbopu He No3BoMsiBa NAbLTHO 3anblfiBaHe Ha CbOTBETHATa
Tabnuua nnu ce HabnogaeaT ronemu uHTepBanu 6e3 gaHHu. OT agpyra cTpaHa, NMopagu CbLEeCTBEHOTO
3HayeHne Ha pdaHuuTe OoT [17 Te TpaAbBa ga Oboat BKNOYEHW, W crnej KaTto Beye € HanpaBeH eauH
KOMnpoMuc, peaHo e un apyrute npubopu ¢ nogobHo nosedeHve fa ca npeactaBeHn. Ha dur.2 ca
npeacTaBeHu A4aHHU OT Npmbop, NpuHagnexawy Ha Tasu rpyna — OHY comntpu enekTpuyecko none.

Que. 1

50



due.2

3. MNpunbopwn, KOUTO He e pa3yMHO Aa ce BKroyaTt B 6asaTa, a umeHo: AHEIE-cnekTpu Ha eneKkTpoHu un

nNpoToHM ¢ eHeprum 0.2-15.0 KeV, KOMTO OCBEH Y€ MMa CbMHEHUSI B TOYHOCTTA Ha KanubpoBkaTa UM,
npeacTaBsaT nHdopMaLms, KOSTO He MOXe [a ce atalumpa KbM Hskoe (DUKCMpaHO BpeMe, a MHTepBsar, npu
TOBa C NPOMeHnuBa AbimkuHa, n npubopa UECII-kopenatop enektpuyHa Y KOMMOHEHTa U MarHuTHa X
KOMMOHEHTA, KOMTO OCBEH 4e € nowo kanubpupaH, gaBa orpomHa no obem nHdopmaums, ¢ koeto 3abaes
cblyecTBeHO paboTtata Ha 6a3arta npu obpbLiaHe KbM CbOTBEeTHaTa Tabnuua, n KoSTO He € ACHO MOXe fun
Aa ce u3nonasea.
Mpun ToBa nMonoxeHwe, 3a ga He ce 3arybu Bb3MOXHOCTTA 3a paboTa, eBeHTyanHO C BCWYKM AaHHW, Ge
cb3fadeHa napanenHa 6asa c pasnuyHM BapuvaHTM Ha rpadmyHo n3obpassBaHe Ha WHdopmauusTa -
rpadouyeH Kartanor, BM3yanuaunpall, OAaHHWTE OT BCWUYKM MpubopW, MpUOPYKEHW OT OCHOBHM FeOoU3UYHU
napameTpu (Ha nNpakTuka Te3u rpacmku Morat ga ce U3nona3BaT AMPEKTHO B Mpe3eHTaumu, OOKagu Wmnm
ny6nvkauun), KOWTO We 6bae Nones3eH Ha eBeHTyarnHus notTpebuten 3a opueHTUpaHe OTHOCHO MPUYUHUTE
3a OTCbCTBMETO Ha JageHa nHgopmauus B 6asaTta.
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Ha ®ur.3 e npeacraBeHa rpaduka Ha Npubop OT Tasu rpyna ¢ Bb3MOXHO Hal-marnko nponagaHe Ha
NHOpMaUMATa, NPU KOWTO NPOABLITKUTENHOCTTA Ha OTAENHOTO M3MepBaHe Bapupa oT 0.3 o 16 cekyHaw.

B 3akntoueHue ga otbenexum, Ye B 6nmsko 6baeLle, crnes yTodHsiBaHe Ha npaBunarta 3a nonseaHe
M OTYMTaHE Ha EBEHTyanHW MpeTeHUMM 3a aBTOPCKM MpaBa OT CTpaHa Ha eKcrepuMeHTaTopu WU
obpaboTtunum, 6asata we 6bae AOCTbMHA, BKIOUYMTENHO B Mpexara.

Pa6oTaTa e cnoHcopupaHa ot gorosop ¢ MOH H3-1309/03
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Abstract: The results from the photocurrent investigation are summarized, mainly from the Langmuir probe
surface, during work time on the satellite “Intercosmos Bulgaria -1300". There is used the data from the probe
instruments worked on board spacecraft. The amplitude estimation of the registered photocurrent is made.

Introduction

The solar irradiance spectrum is main topic interest area for many scientific investigators last years.
There was developed a different programs and were build the instrument structures aimed to better
understanding the observed sun’s processes. The influence of the sun on the spacecraft functioning is one
of the investigated areas. The spectrum of the emitted solar irradiance is directly connected with some
secondary effects like photocurrent form the spacecraft surface. In particular this paper presenting some
calculations to determine where exactly starts the photoeffect from the golden surface. Fig. 1 shows a real
data plot of sun irradiance spectrum [1], [2] and the photoeffect zone — the green one. The information about
“IKB-1300” experiments and used data can be found in [3], [4]. lon density n;, calculated in the range 10 -
10° cm’, is received by the data from trielectrode ion trap with the floating potential outer electrode — curve 1
from Fig. 2. Electron density n is received by the cylindrical Langmuir probe (CLP) — curve 2 with the
registration range of the 5.10° — 3.10° cm™. The CLP is mounted on the boom longer than 1.5 m. There also
was used data from the electric field analyzer — four spherical sensors with the amorphous carbon surface,
placed in the suitable points to measure the electric field vector components.
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Fig.1. Solar irradiance spectrum 1-1000nm and photoeffect zone for the Au.
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The electric field measurements sensors are made from the vitreous carbon and are mounted on the 4
meters long electrically conductive booms. The potential difference measured between one of the electric
field sensor and satellite body — curve 4. In [5] is pointed that, the registration of this potential difference is
depending by the electric field components Ey and Ez values and the correlation coefficient is 0.96. There is
shown the value of the potential (curve 3) [4] of the plasma, calculated by the specific point from the curve of
the I-V characteristics of the cylindrical Langmuir probe instrument. In the [6, 7] can be found many useful
information for the calculation from the solar irradiance spectrum.

Experimental results

On the Fig. 2 and Fig. 3 is shown the curves of the discussed above parameters during orbit 232 and 386.
The thick line in lower part on the Fig.2 corresponds to time, in which satellite was in shade of the Earth. The
main aim of this investigation is to estimate the photocurrent influence on the satellite potential. The potential
difference between probe and satellite body was also direct measured by electrostatic field measurement
instrument - IESP. In the moment of the crossing the terminator Fig. 2 UT=21.04h the electron density n. is
jumping. The reason of the registered increasing of the n. is the photoelectrons from the satellite surface
exposed on the sun radiation which is the reason of the sharply increasing of the electron component of the
plasma. Until this time, in the shadowed part of the orbit electron n. and ion n; densities nearly coincide. At
the same time the satellite potential (curve 3) is negative corresponding to the grounded plasma. This can be
explained with the fact that the plasma in this moment is quasineutral — the curves of the electron and ion
densities coincide, because the speed of the electrons is higher in order than this of the ions. When the
satellite goes on the sun begins the process of photoelectron emission as from the body that from the probe
surface. To provide correct space plasma investigations it is necessary to have equipotential spacecraft
body. This can be achieved by the additional covering of the solar panels with the conducting grid. By this
the satellite body surface increase significantly. The proportion of the conducting surfaces between the
satellite body and cylindrical Langmuir probe is more than 1000 times. This is one of the main reasons to
carry out the correct probe measurements. Moreover on the lighted part of the orbit this proportion
guarantee the negative potential of the CLP surface in reference to the spaceship. This can be observed on
the Fig. 2 curves 3 and 4.
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Fig. 2. Electron and ion densities and satellite body potential measured onboard
“Intercosmos Bulgarial300”.

The analysis of the numerical massive in both events of the shadowing CLP shows approximately
equal data - an average reduction n, is in order:

(1) Panel shadowing - An, = 3.10° cm™
(1)  Terminator effect - An. = 7.10° cm™

The calculated amplitude of the collector's current is possible to estimate by formula:
(2) iy = a.n.ev,S
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where:
a - transparency coefficient of the sensor, n - density in cm?®, e — electron charge, v, - a spacecraft velocity
in cm/s, S - sensor effective surface charges collecting.

(3) i ~105.10"% [cm?.s™] =166.10° [A.cm™]

The collector current of the trielectrode ion trap (in the wide range of the satellite orbit the values of the
electron ne and ion n; densities are approximately equal and it is convenient to be used formula (2). There is
a similar situation at the orbit 232, where shadowing of the probe and the booms from the power panel in the
UT=21.09h can be clearly expressed. The amplitude of the photocurrent from the probe is close to the value
from the expression (3). At the moment UT=20.46h the probe and the boom is shadowing from the satellite
body, the photocurrent is breaking (electron density is dropping) and the plasma potential is again dropping.

The comparison with theoretical result shows noticeable increasing of the photocurrent that probably
is due to the experiments onboard “Intercosmos Bulgaria-1300” was leaded at period of the maximum solar
activity.

On the Fig. 3 is shown the influence of the event - crossing the terminator and going to the sun - on
the electron temperature Te. There can be observed “cold” electrons and this lead to some changes in the
probe characteristics. The processing software give an interpretation like lower temperature, regardless in
fact it is measured two type of electrons with a different energy. There must be mentioned that the Langmuir
model, used to process the characteristics do not suppose the presence of electrons with a big difference in
their energy spectrum, like is in this case.
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Fig. 3. Probe shadowing effect observed onboard “Intercosmos Bulgaria 1300".

Conclusion

The measuring of the electron density ne by the double unsymmetrical probe (satellite body - spherical
electric field probe) leads to the dependence of the parameters of the density ne. and satellite body
potential, which can be seen from the analyzed results.

The photocurrent influence on the satellite potential is weak. This is clearly expressed by the behavior
of the curve 3 on the Fig. 2.

The authors of this paper express the acknowledgements to:
e Research scientist N. Bankov for the placed the processed data at the authors disposal;

e Prof. G.L. Gdalevich for the idea the data for the photocurrent to be used for the sun’s activity
investigation, which will be developed in the next investigations.
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Abstract: The launch of the first satellite of the Earth on October, 4th 1957, whose 50th anniversary mankind
celebrates this year, lays the beginning of the space era. The beginning of the Bulgarian space era dates back to
December, 1st 1972 when was the launch of the Intercosmos-8 satellite with the first scientific equipment for direct
measurement of ionosphere plasma parameters onboard. Thus the foundation of the space research in our country was
laid ranking the small Bulgaria 18th in the list of the space countries. The Intercosmos program for international
collaboration in the field of peaceful study and use of space, created in 1967, gave the Bulgarian scientists an
opportunity to participate. The paper presents a short description of those historical times and the initiation of the
organized participation of Bulgarian scientists in space research that is dated from November, 1st 1969 when the
Scientific Group of Space Physics at the Presidium of the Bulgarian Academy of Sciences later grown into the Space
Research Institute was created. The paper also contains a short description of the first probe instrument P-1 and the
impressions of the authors witnessing the launch. Succeeding achievements of the Bulgarian science and instrument-
building in the field of space physic and other directions of space research are also listed briefly.

Mporpama “ UHTepkocmoc”

Hayanoto Ha ydacTMeto Ha ObMrapckm y4yeHu B KOCMWYECKUTE W3CMEeABaHMSA 3amno4ysa oOlle oT
BPEMETO Ha U3CTPENBaHETO Ha MbPBUSA M3KYCTBEH CMBTHUK Ha 3emsATa, ynsato 50-roguliHuHa Lwe YyecTBame
TbPXXECTBEHO Mpe3 OKTOMBPU Ta3u rogmHa. OpraHMaupaHu ca onTUYHKM HabnogeHus Ha CMbTHMKA U OLLE B
Kpas Ha cblwata 1957 rogmMHa e cb3gageHo BbrrapckoTo acTpOHaBTUYHO OPYXKECTBO, HA4eno ¢ BUOHUSA
O6bnrapcku actpoHom npodecop Hukona BoHes.

Mpe3 60-Te rogMHM HawK y4yeHu, Hadeno ¢ akagemuuute Jlto6ommp KpbctanoB n Kupun Cepadmmon
ot leodmanynua uHctutyT (FO®U) npu BAH, M3BbpLBAT OrpOMHaA Hay4yHO-OpraHM3auWOHHA OENHOCT,
yyacTBalkym akTMBHO B MOArOTOBKAaTa WM Cb3fgaBaHeTO Ha HaumoHanHuMa KOMUTET 3a u3cnegBaHe U
N3MNoM3BaHe Ha KOCMUYECKOTO MPOCTPAHCTBO Y HaC, KaKTO M Ha mexayHapogHuTe nporpamu “Kocmoc” m
“UnTepkocmoc”.

Mpe3 HoemBpu 1965 r. oTroBOpHU npeactaButenu Ha bbnrapusa, FOP, Ky6a, Monronus, Monwa,
PymbHua, CCCP, YHrapmsa u YexocnoBakusa, ce cpeljHaT U onpeaendat OCHOBHUTE HanpasfeHust Ha
CbTPYAHNYECTBOTO CU B M3y4aBaHETO HA KOCMUYECKOTO NPOCTPaHCTBO. Bbpxy ocHoBaTa Ha nocTurHartaTa
JOoroBopeHocT, npe3 anpun 1967 roguHa wustbkHaTute ydeHun J1.KpbctaHoB, K.pote, X. AnTtwynep,
X.Uepes, C.Munotpoeckn, A.Cnbtapy, b.lMetpoB, P.Kepnen un HA.KoxewHuk, pbkoBogMTENN Ha
HauuoHanHMTe KOOPAMHALMOHHW OpraHW Ha CTpaHWTe-ydacTHWYKKW, nognuceat B MockBa KomnnekcHa
Mporpama 3a mexAayHapoAHO CbLTPYAHUYECTBO B U3CNeBaHETO M U3NON3BaHETO Ha KOCMUYECKOTO
NPOCTPaHCTBO 3a MWUPHU Lenu, N3BECTEH HakpaTko kaTo nporpama “UHTepkocmoc”. C nomowita Ha
nporpamarta e npegocTaBeHa Bb3MOXHOCT Ha BCUYKM CTpaHW OT OMBLUMA coumanucTudecku narep ga
yyacTBaT B KOCMUYECKUTE U3CMeABaHus B XeraHaTta OT TAX HaydHa obnacT n CbC CBOSA Hay4yHa anapaTtypa,
KaTo m3nonssat 6e3Bb3Me3gHO pyckaTa KOCMUYecKka TEXHMKA U CbOPBXKEHUS - CMbTHULW, pakeTu, CTapToBK
nnowaaky, TeNeMeTpuyHN CTaHLun 1 np.
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OevHoctta no nporpama “UHTepkocMoc” e u3kounTenHo obwunpHa. OCHOBHUTE  Hay4YHM
HanpaBneHns Ha u3cregBaHusa ca B obnactra Ha kocMudeckaTa buanka, KocMmyeckata MeTeoposiorus,
KOoCMMYeckuTe CbobLLeHNs, KocMmmuyeckata ©Ouonorms 1 MeguuuHa W OUCTaHUMOHHUTE MeTOoAM 3a
nscnegBaHe Ha 3emsiTa OT KocMoca. BbB BCSIKO OT cnomeHaTuTe HanpasneHus ca cb3gageHu MocTosHHO
aencrteawm padotHu rpanu (MAPIN) oT yyeHu 1 cneunanuctu Ha CbTpyaHNYeLLnTe cu cTpann. Ha exerogxu
cecunn Te 06C'b)K,EI,aT Hay4YHU, TEXHUYECKN N opraHn3aloHHN BbNPOCU, CBbP3aHM C NoArotoBkaTta Ha HOBUTE
eKCrepMMeHTM B KOCMOCa, a Taka CblO Ce AoknagBaT HayyHuTe pes3yntatu OT Beye npoBedeHuTe
EeKCNepUMEHTH.

“Kocmuyecko” 3BeHO KbM BAH

HavyanoTo Ha opraHM3MpaHoTo y4acTne Ha GbNrapckMTe y4eHU B KOCMUYECKUTE N3CneaBaHns gatmpa
ot 1 HoemBpu 1969 r., korato kbM [pesngnyma Ha BAH Gelwe cb3gageHa cneumanuanpaHo 3BEHO 3a
pabota B Ta3u obnact - 'pyna no dwmsmka Ha kocmoca (FPK). MNpes 1974 roguHa TPK npepacHa B
LleHTpanHa nabopatopus 3a kocmmyecku macnegsanua (LUJTIKN), a npes 1987 rogmHa — B MIHCTUTYT 3a
kocmuyeckn uscneasaHusa (MKW). Tasm gata — 1 HoemMBpu OHEC ce YecTBa kaTto oduumaneH npasHuk Ha
VKA [1].

MbpBoHavaneH gupektop Ha TOK bGewe akagemuk Jltobommp KpbcTtaHoB, npeaceaaten Ha BAH go
1968 r. Ho npaktuyeckn mgeonor u cv3gaten Ha PK 6e akagemuk Knpun Cepacmmos (1932-1993).
HayyHoTO pbKOBOACTBO B O6Gractta Ha puamkata Ha OKONO3EMHOTO KOCMMYECKO MPOCTPAHCTBO Moexa
N3TbKHATU y4eHn oT cekums “Pusmka Ha noHocdeparta”’ kbm PN Ha BAH - oceeH akag. K. Cepadumos,
npoc. MeaH Kytnes n crt.H.c. Qumntbp CamapmkueB. MHOro BakHO Gelue KOst MO-KOHKpeTHa TeMaTuyHa
obnact 3a npoydBaHe we Obae mM3bpaHa, 3aWO0TO KOCMUYECKUTE WU3CrefBaHWsA y Hac HacTbhBaxa KaTo
eCTeCTBEHO NPOABLIPKEHNE Ha Beye TPaaULIMOHHN HayyHu obnacTu. MloHocdepaTa Ha Bbnrapus 6ele eaHa
OT Haun-npoy4yeHuTe Yactu Ha 6nuskma KocMoc OKOMo HallaTa nraHeTa, ¢ uscnenBaHus ot 3emata  4pes
NoHocepHM cTaHuMM u obcepBaTtopun. B Tasm obnact G6bnrapckata Hayka 6e cbhb3gana CBOS MOLLHA
Wwkona, gobuna ceBeToBHa U3BECTHOCT U CbBCEM 3akOHOMepHO 6e usbpaHa 3a npoy4ysaHusa U oT Kocmoca ¢
anapaTypa, MOHTMpaHa Ha 6opAa Ha CNbTHUUM W pakeTW, KaTto MNPOLABLIKM COOCTBEHWUTE CU HayYHU
Tpaguumn.

HakpaTko KasaHo, Ha4anoTo Ha KocMuyeckata epa B bbnrapusa 6ewwe noctaBeHO ¢ uscnegBaHe
Ha MoHocchepaTa - UIKMHOYMTENHO BakHa OOfacT OT OKOMO3EeMHOTO KOCMMYECKO npocTpaHcteo. OT
NoHocdepaTta, KakTo Ce Hapuia HaenekTpu3UpaHuAT Mnog BIIMSHMETO Ha CITbHYEBUTE b4YM CIOM OT
aTMocdepHaTa 06BMBKa Ha 3emsTa, 3aBUCK [0 ronsiMa CTEMEeH XMBOTBLT Ha HalwaTa nnaHeta. OcHoBHUTE
€HEeprunHN pecypcu 1 USnoTO CM YOBELLIKO ChLueCcTBYBaHe Ha 3emsTa ObimknM Ha CribHUeTo. Ana 3aegHo ¢
XXMBOTBOpHAaTa CU €Heprus, To HX Mpalia U CMbPTOHOCHM PEHTIEHOBU, YNTPaBMONETOBU N KOPMYCKYNSPHA
nbun. CrnegoBaTtenHo, eavH OT rofieMyTe BBLMPOCU Nped CbBpeMeHHaTa Hayka e ga  wuscnegsa Kak
CnbHUETO BNusae BbpXy KNMMara, pekonTtaTta, BbpXy CaMmTe Hac U BCUYKO KOETO HU 3aobukans, T.e. Aa ce
YCTAHOBAT KOHKPETHUTE (popMM 3a MposiBA HA CMbHYEBO-3EMHUTE BPb3KUM B TAXHOTO OrPOMHO
MHoroobpasue.

EkcnepumeHTanHute paboTu, 3anerHanyM B OCHOBaTa Ha CbTPYAHWYECTBOTO MEXAy CTpaHWuTe Mo
nporpamarta “MHTEpPKOCMOC”, Ce OCbLUecTBABaxa MO BpeMe Ha MOoneTuTe Ha ChbTHULUTE CbC CbLIOTO
HauMeHoBaHMe U Ha reodusnyHu paketu “Beptukan” (oo 1500 km). CtaptoBeTe ce wu3BbplUBaxa B
eBponewckaTa JacT Ha Pycus (ToraBawHua CCCP): Ha cibTHMUMTE - OT ceBepHUsa kocMmoapyM “lMneceuk”
Kpan ApxaHrenck, a Ha pakeTuTe - OT KXHUSA Kocmoapym “KanyctuH Ap” kpan Bonrorpag.

MbpBUAT GbNrapckn KocMuvecku npuéop M-1

Cne,u, KaToO MMaxme Hanuue BCUYKU H606XO,EI,I/IMVI npeanocTtaBkM — nporpama, KONEeKTUB U xenaHa
HayyHa obnacT, ocTaBalwe ga Obae cb3gageHa M CbOTBETHATa HayyHa anapartypa, OocurypsiBalla Ha
6bnrapckute yyenn 6asa ¢ gaHHM 1 uHdOpMaumsa 3a co6CTBEHM Hay4HU u3cneasaHus [2]. Manka rpyna ot
WHXEHEePN N TEeXHULW 3amnoyHa NpoeKTUpaHeTo Ha MbpBUst 6bNrapckM kKocMmuyeckun npubop, HapeyeH [1-1.
To3n uctopmyecku nbpBu nNpubop, Gelle npegHasHavyeH 3a OMPEKTHO M3MEepBaHe Ha napamMeTpuTe Ha
noHocdepHaTa nnasma (Temnepatyparta M KOHUEHTpaUMsTa Ha NOHWUTE U eNEKTPOHUTE, KaKTO M MacoBMS
CbCTaB) OKONO CMbTHUKA “MIHTEepkocMOcC-8”. VI3BBbH 3almMTHaTa obLWMBKA HA CMbTHMKA 6s1Xa MOHTMPaHWU Ha
ObMArN WaHMM UUnuHApUYHa coHda Ha JleHrmioop (3a u3amepBaHe Ha €erieKTpOHHaTa KOMMOHEHTa) n 2
chepuryHM NOHHK yrioBuTens (3a NMoHHaTa KoMMNoHeHTa). Ha 6opaa Ha cnbTHMKa “UHTepkocmoc-8" TpsibBalle
Aa bbae m3cTpensHa u anapatypa 3a M3MepBaHe napameTpuTe Ha WoHocdepHaTa nnasma 4vpes gpyru
meToau, paspaboTeHa OT konermte HW oT Yexusa (M3meputen Ha enekTpoHHata Temnepartypa KM-1),
lepmaHuns (paguonpepasaten Mask) n Pycus. EgHoBpemeHHO ¢ pabotata Ha 6opgoBata HaydHa
anapaTypa Ha ChbTHMKa OBLLIMPHY U3CNeABaHUA Ha NapameTpuTe Ha BUcoKaTa aTMocdepa 1 noHocdepaTta
ce nposexaaxa C NoMoLlTa Ha 3eMHU MOHOCMepHM CTaHuuM, pasnonoxeHun B Yexus, YHrapus, MNonwa u
PymbHus.
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Cnen vm3paboTBaHETO Ha BCEKM KOCMMUYECKM Mpubop npeacton da ObAe M3MUMHAT MHOMO AbITHI,
TPYAEH M OTrOBOPEH NMbT Ha m3nuTaHus. B TexHusa xop TpsbBa ga ObAe 4OKa3aHO, Y€ BCUYKM €MNEMEHTU
OTroBapsAT Ha W3KMNIOYMTEITHO BUCOKMUTE M3NCKBaAHUA KbM anapaTypaTa 3a KOCMUYecKn nscnensaHus, ve Ta
paboTn HOpMarHO B CbCTaBa Ha Lenus KOMMMEKC Hay4yHa u crnyxebHa anapaTypa, MOHTMpaHa B TACHOTO
MPOCTPAHCTBO Ha CMbTHUKOBUS KOpMNyc. HanmpexeHnvueTo npy um3nutaHusTa Ha npubopa [1-1 B MOHTaxHO-
nanutatenHuTe kopnycum B MockBa M Ha kocmogpyma, Gewle orpomHo. [eneraumara OT Tpuma mnagm
Obnrapckum KocMmyeckum cneumanuctn (¢ pbkoBoguten H.c. CtedpaH YankbHoB, MHX. TaHa VBaHoBa u
TexHuk eopru Kapamuwes) 6e noanoxeHa Ha CEPUO3HN M3NUTaHWUS, AOKaTO Han-Hakpas 6e nognucaHo ot
BCUYKN OTTOBOPHU MHCTaHLMM 3aKINOYEHUETO, Ye anapaTypaTa ce Jonycka Ao cTapTa.

HowHuaT ctapTt Ha “UHTepkocmMoc-8" B paHHUTE YacoBe Ha 1 gekemBpu 1972 roguHa Gelle HaucTuHa
NMbPBOTO, HO HaMW-Bre4vyaTnsBallo WU CUNHO 3aneyaTaHO B Cb3HAHWETO HW NPOoecUoHanHo u3nuTaHue.
loctuTte Ha kocmogpyMa “Tneceuk” 6sxa MHOro - pyckute ydyenn u cneumanuctn ot MKU-AH CCCP npod.
K.W.M'puHrays n npodp. I".J1.Maanesuny, HawmuTte cTapy Yexcku napTHbopu a-p Masen Tpuxcka, AH Wmunayep
n Kamun Kybat, Hemckute Hu konern g-p XaHc duwep n PariHep Nepui...OcBeH 6bnrapckara rpyna ot crne-
LUnanucTu-y4acTHUUM B edHOMEeceYHaTa npeactapToBa NOAroTOBKa, 3a U3CTPenBaHETO 6Axa NpUCTUrHanmm u
akagemuumte J1. Kpbctanos u K. Cepadumos.

KpucrtanHo unctuart Bb3gyx Ha kocMoapyma OykeanHo Tpentewe. Howra 6elue 3Be3gHa, Mpa3oBuTa,
28 rpagyca nog HynaTa. TawnraTa - oHa3u 6e3kpaiHOCT OT Ope3un u enu - Gewe cnokorHa. banarta, cunHo
OCBeTeHa pakeTa-HOCuUTen Ce M3BUCSBaLLE BUCOKO KbM HebecaTta, C KauHanusa Ha Bbpxa N CMbTHUK No4
3aluMTHaTa OCTPOBBbPXA Kancyrna u orpoOMHUS YepBeH Haanuc "VIHTepkocMmoc” Bbpxy 35-MeTpoBus 1 KOpnyc.
Hwne ouyakBaxme cTapTta B cneumaneH GyHkep, 3awoTo Bubpaummte u WyMbT NO BPEME Ha U3CTPENBaHETO
ca HeBboOOpasmmu. TouyHo B 1 yaca cnep nonyHoLl CUneH B3pMB pas3Tbpcu cTapToBaTa nnowagka. Mog
MOLLHaTa ABYCTENeHHa pakeTa-HOCUTEN JlyMHaxa OrHeHW Mnambuu U TS Noe Harope - oTHayano CbBCEM
6aBHO, KaTO Ye N1 ce NOoANUpaLle Ha OrHEHUTE CU COMa, CeTHe 3a OPOEHU MUrOBE Ce MPeBbpHa B Marska
cBeTewa Tounua. Peepusita Ha HOLWHUSA CTapT cpen OeskpaiHUTE CHEXHW MNPOCTOpM Ha Tawrata e
Heonucyemal

Mepaxme oHeMAnM OT BB3TOr U CU CTUCKAXMe pbLeTe 3a yCrewHWUs CTapT, HO HamnpexXeHueTo He
Oewe oTMuHano. CnegpalumTe HSKONKO Yaca, gokaTto pasbepeM ganu HawmaTt npubop paboTtu B opbuTa,
b6axa moxe 6u “Han-gbnruTe" B XMBOTA HU. Yak Korato pasrbpHaxme MbpBUTE TENEMETPUYHM 3anmucu OT
HayyHaTa anapaTypa Ha ChbTHMKA, BKIHOYEHa Mpu BTOpaTa My obuKomnka okoro 3emsaTa M Buasxme Ha
KHWXHaTa fleHTa nos3HaTuTe HW BOMT-aMMNepPHN XapakTepUCTUKW, Bb3gbXHaxMe YCMOKOEHW - anapaTypaTta
dyHKUMOHMpaLle HopmanHo. Cera Be4e MOXexme 1 ga ce no3apasuM.

Taka Ha 1 pekemBpn 1972 rognHa Bbnrapus ce HapeauM Ha 18-T0 MACTO B CNUCHbKa Ha
"KOCMMYEeCKUTe AbpXaBu', KOUTO nNpPAKO u3BexaaTr CcBOs anapatypa B Kocmoca, cbrnacHo
patnduumMpaHua U OT HallaTa CTpaHa OOroBOp 3a KOCMMYeckaTa OeMHOCT Ha AbpxasuTe (npuet ot OOH
npes3 1968r.). Taka 3ano4yHa “kocMUYeckaTa epa” 3a CTpaHaTa HU 1 Npes3 u3aMmHanute ottorasa 35 roguHu
ObNrapckute y4yeHn yyacTBaxa akTMBHO B CTOTULM WHTEPECHW MPOEKTM B MOYTM BCUYKM obnactu Ha
KOCMUYECKUTE n3cneaBaHus.

MocnepgBanurte NMTbpPBU yCcnexmn

Cnep kaTo npemuHa eydopusata okono [1-1 6axa paspaboTeHn 1 U3CTPensHN oLe Lenu cepumn apyru
6bnrapcku npubopu 3a AMPEKTHO M3creaBaHe Ha MoHocdepaTta M BMCOKaTa aTMocdepa. EnektpoHHuTe
npubopwu M-2 u M-3 netaxa Ha 6opga Ha cnbTHUUMTE “UHTEpKOCMOC-12,14", a apyrM moandukaummn - Ha
reousnyHUTe paketn “BepTtnkan-3,4,6 n 7”. Tean npnbopu 6sixa MmogepHM3npaHu, n3paboteHn m3usano Ha
crneumManuMampaHm UHTEerpanHn cxemu (NekM, HUCKOKOHCYMAaTWBHW, TEPMOYCTOMYMBK), C OPUIMHAmMHM
KOHCTPYKTOPCKU  pelleHus, yBenuyasaliM WHPOPMATUMBHOCTTA W TOYHOCTTA Ha  eKcnepumeHTa.
CobueBpemeHHo PK ce paspacTBalle — KbM Hac ce NpucbeavHuxa crnocobHuTe mnagn ¢usnum - LiBetaH
Haues, JToamun BaHkos, Neoprn CtaHeB 1 OumuTtbp Teogocues, Beye BogelLm B ob6nactra cu yveHu. Te n
Jocera ce 3aHMmaBarT ¢ obpaboTkaTta n nHTepnpeTaumsita Ha nosydYeHuTe oT ObnrapckuTe Npudopu AaHHW K
MMaT 3HauYMTENEH MPUHOC B Cb3faBaHETO Ha MOAEN Ha OKOMO3eMHOTO KOCMUYECKO NpocTpaHcTBo. [1pes
1978 rogunHa Hapep C kOMOuHMpaHusa coHgoB npubop [1-4, Ha aBTOMaTU4HaTa yHMBepcarnHa opbutanHa
ctaHuus (AYOC) — “MoHo3soHa-NHTepkocmoc-19” neTta enektpocotomeTbpa EMO-1, ¢ Bogell CT.H.c. HeHuo
lMeTkoB — cera anpekTop Ha 6a3oBata obcepraTopusa B Ctapa 3aropa.

Han-BbnHyBaWoTo CcbOUTME B KOCMMYECKaTa HU aKTUMBHOCT KbM Kkpad Ha 70-Te roguHm Gelie
noaroToBkaTa Ha HayyHaTa nporpama M CTapTbT Ha NbpBusa Obnrapcku kocmoHaBT [eoprun ViBaHoB, cnefn
KoeTo Bbnrapusa crtaHa wecTtaTta nopea B cBeTa AbpXaBa CbC CBOW KOCMOHABT. [1oneTsT, ocbLecTBeH
Ha 10-12 anpun 1979 roaMHa Ha 6opaa Ha kocmuuveckusi kopab “Coto3-33”", CbBMECTHO C KOCMOHaBTa
Hukanaih PykaBuULWHUKOB, Oelle M3KMOYUTENHO CINOXEH U gpamaTtudeH. [lopagu noBpeda Ha rnaBHMSA
ABUraTen He MoXxa [a ce ocbluecTBM ckayBaHeTo ¢ OpbutanHarta ctaHumsa “CantoT-6" u 6elle nog BbLNpocC
JOpM 3aBpbllaHETO Ha camMmuTe KOCMOHaBTM Ha 3emsaTtal Te nposiBMXa W3KMYUTENEH [Epou3bM,
camoobragaHve 1 U3gpPBXIMBOCT, JOKa3BalkyM 3a MbPBU MbT EKCMEPUMEHTASTHO, Y€ KOCMUYECKUTE KOpabu
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oT Tvna “Coto3” moraT ga ce 3aBbpHaT 6naronony4yHo no 6annuctnyHa opobura.

EQHo oT Haw-3HauMnTe Obnrapcknm HayyYHu MOCTMXKEHMS B obnacTTa Ha KOCMUYECKUTE U3CneaBaHns
bewe nporpamaTa “bbnrapmsa-1300”, ocbliecTBeHa npe3 1981 roguHa, B 4ecT Ha 1300-roguwHnHaTa oT
Cb3daBaHeTO HO Hawarta Abpxasa. bsxa n3BegeHn B opbuTa OBa M3KYCTBEHM CMbTHMKA Ha 3emsTa.
MepBuat cnbTHUK “UK-B-1300" Gelwe nsuano obopyaBaH ¢ KOMMIIEKC OT Gbnrapcka HayyHa anapartypa 3a
nscrneBaHua B obnactrta Ha kocmudeckata dwmsmka. OCBeH TO3M CMbTHUK, M3CTpensiH Ha opbuta ¢
Bvco4ymHa okono 900 kM, nporpamaTa BKMOYBaLle W y4yacTUeTO HU C HaydHa anapaTypa 3a OUCTaHLWUOHHO
nscnegBsaHe Ha 3emsTa OT BTOpW CMbTHUK “MeTeop-npmpoga” Ha no-Hucka opbuta (600 km).

W oBaTa Hay4Hu Komnnekca paboTuxa Hag TpU roamHu, kato gaHHuTe 6sixa 0bpaboTBaHN CbBMECTHO
C JaHHUTe OT ApYrM CNbTHUUM Ha 3emsita U Bsixa NonyyYeHW HOBM Hay4YHW pe3ynTaTv U No3HaHWs. TakbB
MbreH KOMMMEKC OT anapaTtypa 3a M3MepBaHus Ha nsnyeckntTe napameTpu, Kakto Ha Hawma “UK-B-1300",
HAMalle Aopu U Ha amepukaHckusa “[anHamunk Ekcnnopbp”, KOWTO neTewe no cbloTo Bpeme. Ha 21
aekemBpm 1981 r. Ha 6opaa Ha reodusmyHaTa paketa “BepTtukan 10" 6e NOBTOpeH anapaTypHUST CbCTaB Ha
“UK-B-1300" 3a cpaBHABaHe Ha pe3ynTaTuTe.

Mo pgaHHWTE OT BCUMYKM COBTHAUM U pakeTu, WU3CTpensHM no nporpamata “UHTepkocmoc” e
nscnegsaHa rnobanHaTta MoHocepHoO-MarHMTocepHa AMHAMMKA, U3YYEeHM ca MexaHu3MnTe, obycnaesLm
pasnpefeneHneTo Ha KOHUeHTpauusaTa, TemnepaTypata W HeegHOPOAHOCTUTE B MOHocdepata U
Tepmocepara.

PaswunpsiBaHe Ha o6nacTuTe Ha Hay4YHU UHTepecK

Cnepn Te3n NbpBuM rofiemMn ycnexu, 0bnrapckuTe y4eHun ce Hacovmxa U KbM M3cregBaHusl Ha apyruTe
nnaHetm ot CnbH4yeBaTta cuctema. lpe3 1984 - 1986 r., cbBMecTHO ¢ Pycusa n ®paHums, npu BoAeLo
yyacTue Ha Obnrapcknte yyenn, 6e cb3gageHa MHorokaHanHa cuctema TKC, kosito paboTu ycnewHo Ha
bopaa Ha mexgynnaHeTHaTa ctaHums “BEMA” no npoekta “BeHepa-Xanen” 3a uacrnegBaHe CBETEHETO Ha
“onawlkaTta” Ha XaneesaTa KOMeTa.

Mpe3 1988 r. 6e paspaboTeH Npu BogeLlo 6bnrapcko yvyactme, B CbTPYOHUYECTBO C y4eHu oT Pycus u
FepmaHns, 1 MOHTMpaH Ha 6Gopaa Ha MexaynnaHeTHUTe cTaHuum "®oboc - 1" u "doboc - 2" cnoxeH
BMOEOCMNEKTPOMETPUYEH M HaBuraumoHeH komnniekc "®perat”. o npoekta "®oboc" Gaxa nonyyeHu
YHUKanHu nsobpaxeHus Ha nnaHetata Mapc v Ha egnHusa OT cnbTHULMTE My Poboc.

Ha 7 toHn 1988 r. or kocmogpyma B bankoHyp Ha 6Gopga Ha "Coto3 TM-5" norternvMxa Kbm
OpbutanHaTa ctaHuus (OC) MAP BTOpUAT 6bnrapcku KOCMOHaBT AnekcaHAbp AneKkcaHOpoB B ekMnax
C ONUTHUTE pyckn KocMoHaBTK AHatonu ConosboB M Buktop CaBuHMX. 3a TO3n ncropuyecku nonet belle
pa3paboTeHa 06LWKMpHa Hay4yHa nporpama U CbOTBETEH anapaTypeH KOMMIEKC 3a uscnenBaHusi B obnacrra
Ha KocMu4yeckaTa dmsmka, OUCTAHLMOHHUTE u3cneaBaHns Ha 3emsiTa, kocMudecka buonorusa n meguumHa,
MUKpPOrpaBuUTaUUoOHHUTE TexHonornn [3]. BkroyeHn ca geceTkn MHCTUTYLMKM OT cuctemata Ha BAH 1 n3BbH
Hesl, KaTO BOAELL, Hay4YeH MHCTUTYT 3a peanuanpaHeto Ha npoekta “lUunnka“ e MKW. 3a nanbnHeHneTo Ha
Hay4yHaTa nporpama 6bnrapckuTte yyeHu, paspaboTtsaT 15 nacnegoBaTenckm npubopa n nposexagar kbm 50
Hay4HW eKcrnepuMeHTa, MHOrO OT KOMUTO MpoabipkaBaT u cnep obnrapckusa nonet Ha OC MUP c gpyrm
ekunaxn (kato "JionuH" n "Cnektbp-256"). MNpoekTbT "LUMNKa" ce xapakTepuanpa C KOMIMIIEKCHUTE CH,
3agbnboyeHn n3crnegBaHus, Haco4YeHN KbM U3ydyaBaHe Ha pyHOamMeHTanHn Bbnpocu Ha Kocmoca v BnusHu-
€TO My BbpXy 4OBeKa, NMpu KoeTo Osxa M3MNon3BaHM Hal-CbBPEMEHHWUTE MOCTWKEHWS Ha KOMMTbpHaTa
TeXHuKa 1 TexHonornmte. baxa nonyyeHn N3KMYNTENHO MHTEPECHU HOBY AaHHU U pe3ynTaTu.

Ouwe npe3 1982 r. 6sxa 3amucneHn n 6e 3anodHana paborata nNo crapTupanuTe No-KbCHO ronemmu
npoektun kaTto "MHTepbon" n Kocmnuyeckata opanxepua CBET, uunTto HayyHn nporpamm 6s1xa OCbLLECTBEHN
U3KNYMTENHO ycnewHo Yak o 2000 r., NpuKnioYMnM C YHUKanNHW HayyHu pesyntaTu u npocnasunm
ObnrapckuTe yyYeHu.

He cnydaniHo mmeHHo B Bbnrapus Gewe opraHusvpaH (npe3 cespyapu 2002 r.) nNo nvHUSA Ha
KOCIAP Hay4eH cumno3nym c y4acTneTo Ha 120 yyYeHM OT usn CBAT 3a OOCbXOaHe Ha pesyntaTute u
oTbensasBaHe Ha 20-rogulHMHATA OT Ha4yanoTto Ha npoekT "WHTepbon". MexayHapogHaTa KocMmyecka
nporpama B obnacTtra Ha ClbHYEBO-3eMHaTa (h13nka e HacoveHa NPSKo KbM M3y4YaBaHETO Ha Mra3mMeHnTe
npouecu B 3eMHaTa MarHutocgepa. "VMIHtepbon" BkMoYBa 2 OCHOBHM CMbTHMKA, M3BeAeHU Ha opbuta npes
1995 r. 1 1996 r., BCEKM OT KOMTO MMa cybCcnbTHUK. [MbpBUAT € MarHuTocdepHa coHaa, n3BegeHa Ha MHOro
BMCOka opbuta c anorer 200 xwmn. km, KOATO CNyXuM 3a u3ydaBaHe Ha B3aUMOAEWCTBMETO Ha
MarHutocdepata CbC CMbHYEBMS BATbP. BTOpMAT CibTHMK, T. Hap. aBpopanHa CoHAa, € U3CTPensaH Ha
BucoumHa 20 xun. kM. Hag nonapHuTe obnactu 3a u3crnedBaHe Ha MOMSAPHUTE LWanku WM nonsipHarta
noHocepa. OT Gbnrapckute yvyeHu ca pas3paboTeHn pefuua HayvyHM anapaTypu 3a npoBexaaHe Ha
pasnuyHu BUAOBe ekcnepumeHTu, kato "Amen 2", "UMman 3", "Ydeunc”, "Kem 3". N gBaTta cnbTHMKA ca
npegasany YHUKanHu daHHW 3a u3criegBaHute napameTtpu go 2000 r., Kouto B MOMeHTa ce obpaboTteat u
aHanuaupart OT y4eHu oT Hag 20 CTpaHu-y4aCTHUYKKN B NPOEKTa.
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KocmuuyeckaTta opaHxepuss CBET e nbpBata B cBeTa aBToOMaTu3MpaHa cuctema 3a npoBexgaHe
Ha ObArOCPOYHN EKCMEPUMEHTM C pacTeHMs OT U3CTpenBaHeTo N Ha 6opaa Ha mogyn "Kpuctan" Ha 10 toHu
1990 r., oo Kpasi Ha cbuectByBaHeTo Ha OC MUP - 2001 r.[4]. B Hes MHOro mexgyHapogHu eKunaxm
npoBedoxa MO pPasfUYHU Hay4yHU NporpamMu MHOromMeceyHu (06wo 680 AHM) eKCNepUMEHTU C Pasfv4YHM
BMOOBe KynTypu. [lonyyeHn ca yHukanHu pesyntatu B obractta Ha dyHoameHTanHata rpaBuMTauuoHHa
Buonorus. [lokasaHo e, Ye 6e3TernoBHOCTTa He e Npeyka 3a NbfeH LUMKb Ha pa3sButme (0T ceMeHa 3acdaTtu
Ha 6opaa fga ce poadaTt "KocMuyeckn" ceMeHa) U penpoayKTMBHOCT Ha pacTeHudaTa u 4ye Te morat ga 6vaar
M3Mon3BaHu 3a XpaHa 1 NpeyYncTBaHe Ha Bb3dyxa Ha ekMnaxuTe npy ObaewmnTe NPOABIMKUTENHM NONETN Ha
yoBeka (MbpBoOHa4anHo Ao Mapc). [pyrn nHTepecHu pa3paboTkm Ha anapaTypa kayeHa n pabotuna Abnro
Ha OC MWP ca "HeBpona6-B"(1994 r.) 3a dw3monornyecks wuscrneaBaHus Ha ekunaxa u YBY
cnektpomeTbp P-400 (1996 r.) no npoekta "lMpupoga”. Bwnrapckute yyeHu ydacTBaT M B NPOEKTUTE
“KopoHac”, “I'paHaTt”, "AktnBeH", "Anekc”, "Mapc-96", n gp.

N pHec ObnrapckuTe y4yeHM ca TbPCEHU WU XXenaHu NapTHbOPWU, YMUTO MPUHOCU Ca WU3BECTHU U
npusHatu. TexHute pesyntatu ca nybnvkyBaHu B CTOTULM Hay4HU TpydoOBe U MOHOrpadvy B aBTOPUTETHU
Hay4yHU cnmMcaHusl y Hac u B YyxOuHa. [onydeHn ca geceTkM naTteHTU M aBTOPCKM CBMAETENCTBa 3a
n3obpeteHus. Moxe ga ce TBbpAW, Ye OHEC HsMa ronaM MexXAyHapOA4eH MPOEKT, B KOUTO Aa He ca bunu
KaHeHW ga yvactBaT yveHu un cneuymanmctn oT BAH n bbnrapusa. bbnrapcka gosMmMeTpudHa anapartypa Tun
“IMonnH” netn Ha MexayHapoaHaTa KocMuyecka ctaHums owe oT 2001 r., oyakBame MU3CTperiBaHeTo Ha
npnbop M no npoekT “3apagn” 3a nscnegBaHe NpoLecuTe Ha nonspusaumsa Ha NOBbPXHOCTTA W, 4 NpoekTa
Ha BAH ca npuetn n no npoekta SURE Ha EKA. 3anoyHa yyactueto Hu gopu B npoektn ¢ MMBIT-PAH,
CBbp3aHu C norieTta Ha 4oBeka Ha Mapc kato “Mapc-500”" (“OpaHxepes-Mapc” Ha NKW) n “®oboc-IpyHa”
(“IMonnH-®oboc” 3a pagnaumMoHHo coHgupaHe no Tpaceto 3ema-Mapc Ha LJIC3B). bopum ce ga nonyyum
nogkpena u oT AbpxaBaTa M HeobXxoAMMOTO (MHaHCMpaHe, 3a fa CTaHeM acouuvpaH udneH Ha EKA
NMbpBOHAYaNnHO 1 Ja MOXeM a CMe paBHOMpaBeH napTHbOp B npoektute Ha 7Pl Ha EC, kakto u B apyru
NPECTUXHN MeXOYHapOLHU NPOEKTU.
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Abstract: The proposed model generalizes the differential D(E) spectra of galactic (GCR) and anomalous (ACR)
cosmic ray protons and helium nuclei during the 11-year solar cycle. The model takes into account the CR modulation by
the solar wind in the heliosphere. The model solutions are compared with IMAX92, CAPRICE94 and AMS98
measurements. This computed analytical model gives practical possibility for investigation of experimental data from
measurements of galactic cosmic rays and their anomalous component. Modulated energy spectra of galactic cosmic
rays are compared with force field approximation. The differences are in the order of 1.5 %.

1. Introduction

The primary Cosmic Rays (CRs) are mainly composed by protons, alpha-particles and heavier nuclei.
Above 10 GeV, the modulation due to the magnetic field of the heliosphere is negligible and the energy
spectra of cosmic ray nuclei are described by power laws:

1) D(E) = KE 77

with the spectral coefficient y = 2.75 for protons and slightly smaller in magnitude for nuclei. The differential
spectrum is usually given as number of cosmic ray particles passing through a unit area surface in a unit
time from a unit solid angle per energy unit [1]. The unit is particles per m? s str GeV/nucl .

Particles with energy below 20-50 GeV are subject to solar modulation. Here the spectrum deviates
from the power law.

2. Modeling cosmic ray spectra
The observed CR spectrum can be distributed into the following five intervals [2, 3]:

| (E=3.10° — 10" GeV/nucl),

Il (E =3.10° —3.10° GeV/nucl),

Il (E = 30 MeV/nucl —=3.10% GeV/nucl),
IV (E=1- 30 MeV/nucl),

V (E =10 KeV/nucl — 1 MeV/nucl),

where E is the kinetic energy of the particles.

A model for calculation of the cosmic ray proton and helium spectra on the basis of balloon and
satellite measurements in the energy intervals | — IV is proposed in this paper. The empirical model gives a
practical possibility for investigation of experimental data from measurements of galactic cosmic rays and
their anomalous component.

The expression for the differential spectrum (energy range E from 30 MeV to 100 GeV) of the protons
and other groups of cosmic ray nuclei taking into account the anomalous cosmic rays (energy range E from
1 MeV to about 30 MeV) is [4]:
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@) D(E) = DL.S(1+Ej_ﬁ{;[1+ tanh(4 (E ﬂ))]} +

+ xEV{;[l— tanh(4 (E - ﬂ))]}

D, sis local interstellar spectrum. In energies E > 100 GeV the modulation effects are negligible and the main
contribution gives the term Dys. Parameters « and g show the influence of modulation into the galactic
spectrum; x and y are related to modulation on the anomalous cosmic ray spectrum. The unit of differential
intensity D(E) is [part/m’s.ster.MeV/nucl], the energy E is in GeV/nucl.

The first term of Eq. 2 gives the main contribution in the interval between the energies 30 MeV and
1 GeV. The energy range 1.8 MeV to 30 MeV is determined predominantly by the second term. The
members with tanh are smoothing functions [3]. The parameter A = 100. The physical meaning of x (GeV) is
the energy at which the differential spectra of GCR and ACR contribute to the half of their values [5].

Here we present Dy,s with the power law spectra (Eq.1). K, = 25.298 GeV*"°/(s.m’ster.MeV) and , =
2.75 for protons. The used parameters for the alpha particles are K, = 1.145 GeVZ‘%/(S.m2 ster.MeV/nucl)
and y, =2.68 . The normalization constants K, and K, are chosen to match the modulated data near 100
GeV/nucl, where the modulation effect is negligible.

The calculation of parameters «, g, X, y and u is performed by Levenberg-Marquardt algorithm [6],
applied to the special case of least squares. The described programme is realized in algorithmic language
C++,
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Fig. 1. The modelled spectrum D(E) of CR protons for eleven levels of solar activity and measurements:
= IMAX92 [7] and periods near to solar minimum — e CAPRICE94 [8] and A AMS98 [9]. Curve 1 is
related to solar maximum and 11 — to solar minimum.

Differential energy spectra D(E) of primary protons and helium nuclei are shown in Figs.1 and 2 for
solar minimum and maximum for the Earth, respectively. The modeled spectra are compared with the
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measurements for the period near to solar maximum - m IMAX92 [7] and periods near to solar minimum — e
CAPRICE94 [8] and A AMS98 [9, 10].
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Fig. 2. The modeled spectrum D(E) of CR helium nuclei for eleven levels of solar activity and
measurements: m IMAX92 [7] and periods near to solar minimum — e CAPRICE94 [8] and A AMS98
[10]. Curve 1 is related to solar maximum 1989, 2 — to comparatively average level of the solar
activity and 3 — to solar minimum.
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Fig. 3. Differential spectra for He for 2000 (solar maximum) and 2004 year
(near to solar minimum), 27 day averages (SIS data [13])
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Measurements of anomalous cosmic rays, free from contamination of solar and interplanetary particles
at lower energy and free from GCR contamination at higher energies, are best made in the energy interval
from ~5 to 25 MeV/nucl., where the flux is a decreasing function of energy. The stochastic Fermi acceleration
model of Mobius et al. (1982) [11] predicts spectra that resemble steep power laws above 100 MeV/ nucl.
that then bend over near 1 MeV / nucl. [12].

The SIS data [13] (27 day averages) for He from the 103 to 129 day of 2000 and from the 100 to 126
day of 2004 are presented on Fig. 3 for 1 AU. The computated values of the coefficients from Eq.1 for solar
maximum (2000) are x=0.129668, y=2.961969 and near to minimum (2004) are x=31.907868, y=4.212177.

3. Comparison of the modeling galactic cosmic ray spectra with the force field approximation
The force field parameterization of cosmic ray nuclei at 1 AU is given as:

E(E +2E,)

3) D(E,®) = DLls(E+(D)(E+(D)(E+CD+2E )

D (E, @) is differential intensity of cosmic rays and D5 (E+®) is the local interstellar spectra of cosmic ray
nuclei. E is the kinetic energy (in MeV/nucl) of cosmic nuclei with charge number Z and mass number A. This
model has only one parameter - the modulation potential ¢, whose value is given in units of MV. ®=(Ze/A)¢p
and Eo= 938 MeV is the proton’s rest mass energy. The value of Zeg corresponds to the average energy
loss of cosmic rays to reach the heliosphere [12].

We use D for the protons according to Usoskin et al., 2005 [12] and Burger, 2000 [14]:

~ 1.910°P(E)*"
1+0.4866P(E)*”

@ D, (E)

when we compare the modeling cosmic ray spectrum (Eq. 2) with the force field approximation (Eq. 3).
We calculate differential intensities of galactic protons and alpha particles from Eq. 3 at given values
of the modulation potential . The obtained spectra are fitting to Eq. 2 for the proton and alpha particles.
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Fig. 4. Comparison of the spectrum from Eq. 2 for the protons with force field approximation for
three values of the modulation parameter ¢: €350 MeV, m 700 MeV and A 1050 MeV.

The fitting force field model for the galactic protons at three levels of solar activity to Eq. 2 is shown in
Fig. 4. Curve 1 corresponds to ¢ = 1050 MeV, curve 2 to ¢ = 700 MeV and curve 3 to ¢ = 350 MeV. It is
seen from Fig. 4 that the values from force field approximation are well fitted to the values of our empirical
model (Eq. 2).
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The coefficients «, f and the corresponding values of ;(Zn for the three values of parameter ¢ from
Fig. 4 are given in Table 1.

Table 1

Coefficients a, 8 and in for the parameter
¢ =350, 700 and 1050 MeV for the protons

Coeff. ¢ =350 @ =700 ¢ =1050
MeV MeV MeV

a 1.614906 | 2.654086 | 3.559604

B 0.984487 | 1.324410 | 1.550514

Xn 0.128163 | 0.777648 | 0.873369

Fig. 5 shows that the empirical model (Eq. 2) well fits the data from force field approximation (Eq.3) for

the alpha particles for the three values of the modulation parameter ¢ = 350 MeV, 700 MeV and 1050 MeV.
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Fig. 5. Comparison of the spectrum from Eqg. 2 for the alpha particles with force field approximation
for three values of the modulation parameter ¢: €350 MeV, m700 MeV and A 1050 MeV

The values of coefficients «, £ and corresponding values of 4%, for the three values of parameter ¢ for
the curves on Fig. 5 are given in Table 2.

Table 2
Coefficients a, 8 and )(2n for the parameter
@ =350, 700 and 1050 MeV for the alpha particles

Coeff. ¢ =350 @ =700 ¢ = 1050
MeV MeV MeV

a 0.330025 0.650183 0.991097

B 0.742173 0.815748 0.853391

in 0.524989 0.479832 0.593435

The fitted standard deviations for protons and alpha particles are in the range of 1.5%. Therefore D(E)
values from force field approximation are well fitted to the modulation equation (2) for protons and alpha
particles at different modulation levels.
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5. Conclusion

A model for calculation of the cosmic ray spectra on the basis of balloon and satellite measurements is
proposed in this paper. It is taken into account in that model the influence of solar modulation on GCR and
ACR by parameters «, £, x and y. The computed analytical model gives a practical possibility for
investigation of experimental data from measurements of galactic cosmic rays and their anomalous
component during the 11-year solar cycle.

Differential D(E) spectrum (Eg. 2) of galactic and anomalous CR can be used for computation of the
electron production rate profiles in the planetary atmospheres and ionospheres both for middle and high
latitudes at which the ACR component is also taken into account [15]. The electron production rate, together
with the chemical and transport (winds, waves, drifts, electric and magnetic fields, etc.) processes in the
upper atmospheres, determines the ionization — neutralization balance in the ionospheres and the
parameters of the global electric circuits.
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Abstract. This paper presents the total ozone content (TOC) behavior during the solar eclipse observations on 29
March 2006.

The TOC observations were performed in Stara Zagora, Bulgaria by a scanning ultraviolet spectrophotometer
Photon, which measures the direct solar radiation. The detected TOC demonstrates a decrease from 310 DU before the
first contact till 216 DU in the maximum obscuration. Two maxima on either side of the totality also are found.

The course of the different wavelength intensities in the range (300-360) nm is investigated. The measurements
show that the radiation decrease during eclipse (76% max coverage for Stara Zagora) is different for separate
wavelengths i.e. the irradiance at shorter wavelengths is reduced more than at longer wavelengths (limb darkening
effect).

Anapatypa n meToA Ha U3MepBaHe

M3meHeHMeTO Ha BpeMeBUSA XOA4 W CMNeKTpanHua CbCTaB Ha CrbHYeBaTa paguauusa no Bpeme Ha
3aTbMHeHMeTo Ha 29 mapT 2006 r. ce wm3aMmepBawe CbC CKaHupalmsa cnektpodoTomeTbp “POTOH”,
perucTpupay, CnekTpy OT MPSAKOTO CbHYEBO M3nbyBaHe. [aTumkbT € MoHoxpomaTtop Seya-Namioka c
BAnbOHaTa AudpakunmoHHa pelleTka, CBbp3aHa CbC CTbMKOB [ABUratern, 4pe3 KOWTO Ce W3BbpLuBa
CKaHupaHe no crekTbpa B amana3oHa 300-360 nm c paspeweHve 1 nm. CuctemaTta ce ynpasnsiBa OT
MUKPONPOLIECOp M AaHHWUTE Ce 3anuceaT B KOMMIOTbLP. [aTyvkbT € MOHTMpaH Ha CnbHYeBO-credswiara
cuctema Ha 20 cm — Teneckon. ToBa ocurypsiBa BUCOKa TOYHOCT Ha HacO4YBaHETO My WM aBTOMaTU4HOTO
cneneHe Ha CnbHUETO.

3a onpegensiHe Ha obLWOTO cbabpxXaHne Ha o3oHa (OCO) no MormbLLAHETO Ha NPSIKOTO CITbHYEBO
nbYeHne B OMNpederieHn yyacTbLu OT ChnekTbpa u3non3same 3akoHa Ha Bouguer-Lambert. Tont onucea
oTcrnabBaHeTO Ha CIMbHYEBUS NTbY C AbIDKMHA Ha BbMHaTa A MpU HEroBOTO NPeMMHaBaHe Mpe3 3emHarta
aTtmocdepa:

I()\) - IO(A) e -a(A) d sec (z)

Tyk I(A) € WHTEH3UTETbT Ha CIbHYEBOTO WM3MbYBAHE C AbIKMHA A, M3MEpPeH Ha 3eMHaTa
MOBBPXHOCT, lp(A) — CbOTBETHOTO MTbYEHME, M3MEPEHO Ha rpaHuLaTa Ha 3eMHaTa atMocdepa, Z - 3eHUTHOTO
oTcTOsiHME Ha CrbHUeTo, d - gbImkMHATa Ha MbTA Ha CITbHYEBMSA NbY B aTMocdeparta, a(A) — obwmsT
KoedmuMeHT Ha oTcnabBaHe Ha M3NbYBAHETO B aTMocdeparta, KOMTO € CcymMa OT KoedULMEHTUTE Ha
nornblliaHe Ha O030Ha, PEeneeBCKOTO M [-pascenBaHeTo. 3a da ce goBefaT [0 MUHUMYM TpPeLUKUTE,
CBbpP3aHM C HETOYHOTO ONpefernsiHe Ha MOJEKYNAPHOTO pasceriBaHe, HUe usnonasame 25 ABOVKN ObITKUHM
Ha BbJIHW.

Pesyntatu n ob6cbxpaHe

NamepBaHeTo Ha YB pagnauusa n onpegensHeto Ha OCO no Bpeme Ha 3aTbMHeHneTo Ha 29.03.2006
r. 6ewe nposeaeHo B Ctapa 3aropa, kKbAeTo MakcumanHarta dasa Ha MoKpUTME Ha CrbHYEBMA AMCK belue
76% B 12:55 LT (UT + 2) h. 3atbMHeHueTo 3anoyHa B 11:40 LT (| kOHTaKT) n 3aBbplumn B 14:08 LT ( IV
KOHTaKT). Bcuukn mamepBaHus 6sxa HanpaBeHu npu 6e3obnayHo Hebe. B geHs Ha 3aTbMHeHuWeTO Osxa
perucTpupann 42 cnekrbpa OT NPSKOTO CbHYEBO M3nbuBaHe. Kato npumep Ha dur.l ca nokasaHu Tpu
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cnekTbpa: (1) - npean 3aTbMHeHMETO, (2) — B MakcumarnHaTa dasa u (3) — crieql OTKPUBAHETO Ha CITbHYEBUS
OUCK.

Solar eclipse 29.03.2006 - UV spectra
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Wavelentgh, nm

due. 1. [JupekmHu cribHYe8U criekmpu : 1 — npedu 3ambMHeHUemo,
2 — 8 MakcuMasiHama ¢ha3sa, 3 — c/ied 3ambMHEHUemo

Ha cour. 2 ca npegcraBeHN MHTEH3UTETUTE Ha YB NbYeHMeTo B HAKOMNKO ABb/MKMHM Ha BbIHUTE,
namepeHn Ha 29 mapT. Buxaa ce, ye TexHUAT xon obpe n 6e3MHepPLUMOHHO ONMCBa XapakTEPHUTE MOMEHTHU
Ha 3aTbMHEHMETO: Hayano, MakcumanHa dasa u Kkpan. Tbi KaTo ropHaTa KynMuHaums Ha CnbHueTo e 33
MUWUHYTWU Npeau MakcumarnHaTa ¢pasa Ha 3aTbMHEHMETO, TOo3u xof Ha YB manbyBaHeTo e koMOuHauums oT
edekTa Ha 3aTbMHEHMETO U NPOMEHUTE B MHTEH3UTETA HA NMbYEHMETO, NPEAN3BUKAHN OT U3BMEHEHUETO Ha
3eHUTHMA bIbn Ha CnbHLUETO.

29.03.2006 Solar eclipse, UV radiation
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Que. 2. Xod Ha ynmpasuonemosume suHuu 310 nm, 325 nm u 340 nm 110 epeme Ha ClTbHYe80MO
3ambMHeHuUe
Ha 29.03.2006 e.

@ur. 3 nokassa 3a CpaBHEHNE MHTEH3UTETUTE Ha CbLUUTE Te3n NUHUKM Ha 30 MapT 2006 r. (KOHTPOIeH
AeH). Buxaga ce HopManHuAT, 0BUKHOBEH MaKCUMYyM MO BPEME Ha ropHaTta KynMuHaums Ha CnbHueTo.
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Quea. 3. Xod Ha ynmpasuonemosume suHuu 310 nm, 325 nm u 340 nm 8 KOHMpPosIHUsI OeH —
30.03.2006 e.

AHanuM3bT Ha AaHHMTE MOKa3Ba, Ye Mo BpeMe Ha 3aTbMHEHMETO HaManeHWeTO Ha UHTEH3UTeTUTe Ha
pasnnyHUTEe AObIMKMHU Ha BBbNHWTE € pasnuyHo. [lo-cunHoO HamansaeaT Mno-KbCUTe BBbMAHW. ToBa e
npeamn3BMKaHo OT edpekTa Ha NOTbMHEHME Ha Kpas Ha CIbHYEBUSA AUCK, KOWTO e u3buparteneH u ce ycunsa
HaManeHneTo Ha AbIDKUHNUTE Ha BbhHUTe [1, 2].
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Que. 4. [NogedeHue Ha obwomo C'ba'bp)KaHue Ha O30Ha o epemMe Ha CITbH4Ye80IMo 3ambMHEeHUe

Ha 29.03.2006 a.
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Que. 5. [logedeHue Ha 0bw,omo cbObpPKaHUEe Ha 030Ha 10 8peMe Ha
C/TbHYe80MO 3ambMHeHue Ha 11.08.1999 a. [3].

OnpegensiHeto Ha OCO OT u3MEpeHUTe CMeKTpU € HarpaBeHO MO0 MHOrOBBLJ/IHOBUS MeTo[.
Pesyntatute ca nokasaHu Ha cur.4. [bpBaTa aHoManvsa 3anoyvsa BegHara crne nNbpBus KOHTakT. Buxaa ce
efHo psasko nosuweHne Ha OCO c 50 DU. Cnegsa egHO HamarneHue Ha KONnMYeCcTBOTO O30H, KOETO OKOSo
MakcuMmanHaTa pasa Ha 3aTbMHeHneTo e cbe 120 DU no-manko B cpaBHEHWE C TOBa B KOHTPOSHWUS AEH.
BegHara cnen makcumanHaTa dasa OCO 6bp3o HapacTBa u 45 MuHyTU cnef Hest e ¢ 50 DU no-Bucoko oT
KOHTponHusa aeH. Cnepn ToBa MoBWLUEHWE crefBa PSA3KO HamareHwe A0 CTOMHOCTM, 6nusku Ao Te3n oT
KOHTPOMHUA AeH. PernctpypaHunsT TyK Xo4 Ha O30Ha NoYTu cbBnaga C Mnorly4eHoTo OT Hac NoBedeHue Ha
OCO no Bpeme Ha CMbHYEBOTO 3aTbMHeHMe Ha 11.08.1999 r. (dwur.5) [3], a cbllo Taka n ¢ pesynraTute,
nokasaHu oT apyru astopu [4,5].

3aknouyeHune

MonyyeHnTe pe3ynTatM 3a OOWOTO CbAbpPXKaHME Ha 030Ha MOKa3BaT HamaneHWe Ha 030Ha B
MakcumanHaTa asa Ha 3aTbMHeHueTo. Hue npecmsitame OCO OT M3MeEpeHWUTe WHTEH3UTETM Ha
OVPEKTHOTO CITbHYEBO NMbYeHME Ype3 CTaHAapTHUS MeTod Ha AudepeHumanHo nornblaHe. Tyk He cme
otyenu “limb darkening effect”, kakTo 1 NOBMLLEHOTO BNUSIHME Ha Andpy3HaTa paguauus Bbpxy OUPEKTHOTO
nbYeHVMe No Bpeme Ha 3aTbMHeHMeTo. Te3n edekTn TpsibBa Aa ce oTdyeTaT B Obaewute aHanvam Ha
nonyyeHnTe pesyntatv OT M3MepBaHUSATA M Toraea [a Ce TbPCAT MPUUMHWUTE 3a peanHuTe Bapuauuu Ha
OCO no Bpeme Ha CNbHYEBO 3aTbMHEHUE.

3acera B nuTepaTypaTta HsIMa OKOHYaTenHo uanyecko obsiCHEHMEe Ha MonyyYaBaHWTe Bapuauuv B
noeeAeHMeTo Ha 030Ha MO BPEME Ha CIbHYEBO 3aTbMHeHMe. Te MoraT Aa ce ObihKaT Ha pasfuyHu NpUYmHU
— KaKTO OWHaMWYHW, Taka U poToXMMuYHKU. CbLuecTBYBaLLMAT NO BPEME Ha 3aTbMHEHWE TeMnepaTtypeH
rPaAMEeHT OKONO CsHKaTa Cb3fdaBa OUHAMWYHA HeCTabWIHOCT, KOSITO MOXe da MpoMeHn aTtMmocdepHaTa
UMpKynaumsa 1 Taka ga NoBfuvsie Ha Xof4a Ha 030HOBOTO cbabpxaHue. OT gpyra crpaHa, U3MeHeHusiTa B
WHTEH3UTETa Ha YynTpaBuoNieToBaTa paguaumsi, KosTO yyacTBa B Cb3[aBaHETO W paspyllaBaHETO Ha
030HOBUTE MOJEKYNN, MOraT Aa AoBeaaT A0 CbLUECTBEHM BapuaLumn Ha O6LLOTO CbAbpXKaHUE Ha 030Ha.
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Abstract: OmkpueaHemo Ha ece mnogede mnnaHemu u3ebH CrbHYeeama cucmema Oasa Hapacmealyu
8b3MOXHOCMU 3a u3cnedeare u pasbupaHe Ha rpouecume Ha hopMupaHe U e80oUUsi Ha pPasiiuyHu muroge
nnaHemapHu cucmemu, ekmoyumenHo CribHYyeeama cucmema. Ha npakmuka, OuHamMudHUME xapakmepucmuku Ha
MHO20 Om me3u cucmemu ca mebpde pasuyHu om duHamukama Ha rnaHemume om CribHYyegama cucmema. Burpeku
moea, cbuwecmaysam docmambyHo cxodcmea Mexdy fnaHemume om u u3ebH CrbHYyesama cucmema. Llenma Ha
Hacmosiujama paboma e Oa ce uscriedea opbumanHama eeosilouus U ycmoldueocm Ha fnaHemapHa cucmema ¢
omyumaHe Ha 83aumodelicmeuemo ¢ acmepoudeH Mosic 8 cucmemama rocpedcmeom cmaHdapmeH aHanu3 Ha
¢ha3zo080mo npocmparHcmeo.

lMpoBegeHo e m3cnegBaHe Ha opbutanHaTa €BoMLUMa N YCTOMYMBOCT Ha NnaHeTapHW CUCTEMU MpK
OoTYMTaHe Ha B3anMOAENCTBMETO C BbTPELLEH MOSIC OT Manku Tena NoCpeACcTBOM CTaHAApTeH aHanv3 Ha
(hazoBaTa paBHUHa. Hapepn ¢ mkcMpaHuTe To4kM, CbOTBETCTBALLM Ha KennepoBu opbuTtu, CbLLECTBYBAT U
Apyrv OUKCMpaHW TOYKM OKOMO BbTpellHaTa W BbHLIHATa rpaHuua Ha nosica. [poBegeHusT aHanu3
NnoKasBa, 4e BepOATHOCTTa 3a yCTOI7I‘-II/IBO OBVXEeHNEe Ha niaHeTuTe OKOJ10 BbTpellHaTa rpaHuua Ha nosdca e
no-ronamMa OT BEepPOATHOCTTa 3a yCTOVI‘-WIBO OBUXEeHNe OKOJO BbHLIHATa My rpaHuua. I'Ile npoeexnaHe Ha
CbOTBETEH aHanu3 Mo OTHOoLeHWe Ha CnbHYeBaTa cucTeMa CTaBa sicHo, Ye Ou Morno ga ce geduHunpa
€eCTeCTBEH MexaHu3bM Ha opbuTanHa knacudukaums Ha no-ronemmTe obekTn oT nosica Ha Kawnnep, ¢ koeTo
[OCTaTbYyHO HaeXxaHo Aa ce obsicHM nuncaTta Ha Te3n 06ekTn Ha pascTosHue Hag 50 a.e.

OTKprBaHETO Ha Bce noBede nnaHeTn u3sbH CnbHYeBaTa cUCTEMa AaBa HapacTBaLLM Bb3MOXHOCTU
3a nscnefBaHe M pasbvpaHe Ha npouecuTe Ha POPMMPaHE U EBOMIOLMSA HA Pa3fIUYHU TUMNOBE NITaHeTapHU
cuctemu, BkoumMTenHo CnbHyeBaTa cuctema. Cnopep Extrasolar Planets Catalog noHactosiwem ca

AeTekTMpaHu okoro 200 nnaHeT ¢ macu B nHTepeana 0.16 o 17 M ; (M - maca Ha tOnuTep) 1 rmasHm

nonyocu B nHtepsana 0.04 a.e. oo 4.5 a.e. Npu M3KMIOYUTENHO ronsgMa Bapuaums B eKcLeHTpuumuteTuTe.
CrtaBa £ICHO, Ye AVMHAMWYHMTE XapaKTEepUCTUKW Ha MHOrO OT Te3u NnaHeTu ca TBbpAe pasnunyHu OT
AVHaMuKaTa Ha nnaHeTute oT CnbHYeBaTa cuctema.

Bbnpekn TOBa ChblUEeCTByBaT AOCTATbYHO CXOACTBA MexAy nnaHeTuTe oT M M3BbH CnbHYeBaTa
cuctema. [letektnpanu ca, HanpuMmep, NNaHeTn ¢ maca, CbMamMepmnma ¢ macata Ha Konutep, aBmxeLm ce no
Kpbroea opburta c ronsm nepvof. Hewo noBeue, HAKOWM NNaHeTapHW CUCTEMU MpeTeHaMpar Aa MMaT AMCK
OT npax W Marnku 4yactuum, nopagu KoeTo morat fa ce pasrnexgar KaTto Mragu aHanosu Ha nosica Ha
Kynnep B CnbHyeBaTa cuctema. AKO Te3n AWCKOBE ca AOCTaTbyHO MacuBHW, Te Buxa Mornu Aa urpasT
CbLUEeCTBEHa pons Npu onpegensHeTo Ha opbutanHWTe enemMeHTU Ha mnaHeTute. Terquem & Papaloizou
[2002] meMoHCTpupaT MHTEpeceH MexaHW3bM 3a ODSACHsBaHe Ha AMHamukata B OTKpUTUTE MnaHeTapHu
CMCTEMM — MacMBHUTE NfaHeTu ce hopMUpaT BbB BbTPELLHaTa YacT Ha cucTemMaTa 1 ce ABWMXaT Mo Kpbrosu
opbuTtn BCreacTBME Ha MPWAMBHOTO B3auMOAEWNCTBME C AMCKa, A0KaTO crnabo-macvBHWUTE MnaHeTun ce
dopmMupaTt B NO-BbHLWIHATa 4acT Ha cucTemara W B3aumogencTBaT C BbTpewHaTa. [1o To3uM HauwH
eKCLeHTpuuMTETa Ha MacuBHWTE NMaHeTU HapacTBa, KOETO € B CbOTBETCTBME C HabniogeHusTa. Brunpeku
Ye JucKa e Bb3MOXHO Aa 6bae 4acTUYHO onpasHeH 1 NOCTENEHHO Aa cTaBa BCe NO-Marnko MacuBeH, TBbpae
€ Bb3MOXHO ejHa 4acCT OT TAX Aa € ouensana noHacTosweM, NogobHo Ha AcTepouaHusa NosiC U nosica Ha
Kannep B CnbH4eBaTa cuctema u Te3u nosicu MoraT Aa UrpasT BakHa pons B usanaTta AMHamu4Ha uctopus
Ha nraHeTUTe N Ha NNaHeTapHaTa cMcTemMa KaTto LUsno.

lMopaam ToBa e BaHO Ada ce Hanpasu 0b06LleH aHanM3 Ha pelueHnsTa 3a QUHaMUYHUTE CUCTEMU C
OoTYMTaHe Ha B3aMMOOEeWCTBUATa Mexay nnaHeTute u nosicute. MNMogobeH aHanua e u3BbplleH ot Jiang &
Yeh [2003] 3a nosic ¢ nibTHOCT C/r, kbaeTto C e KoHcTaHTa. [Mopaau TBbpAe CHOXHUAT BUO Ha
rpaBuTauMoOHHaTa Cuna Ha nosica, BKMYBALL CMOXHW €NUNTUYHM UHTEerpanu, yaayHo e ga ce u3nonssar
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OMPOCTEHN aHanUTU4YHM POpMynM 3a oueHka Ha cunata. OcHOBEH W3BOA4, KOWTO ce Hamnara, e 4e
BbTPELUHATa YacT Ha Mosica e Mo-yCToMYMBa OT HeroBaTa BbHLUHA 4YacT MO OTHOLUEHME AMHaMMKaTa Ha
nnaHetute. ToBa e KapTuHa, KOATO ce Habnoaaea B AcTepoauHus nosic B CnbHYeBaTa cuctemMa.

Mo cbllecTBo ce uscnensa opbuTanHaTa eBoNoLMSA Ha MNrnaHeTa, KOATO ce ABWXU OKOMNO LieHTpanHa

3Be3fja 1 B3auMOAENCTBa C NosiC OT nnaHeTeaumanu. [odacsT e npbuCTEeHOBMAEH C BbTpeLweH pagnyc rl n

BbHLWeEH paauyc I, . MNapameTpute 3a ObMMKMHa U BpeMe ca Taka M3bpaHu, Yye aa morar fiecHo da 6baat
CpaBHsIBaHW C pa3mepHOCTUTEe B HawaTta CnbHyeBa cuctema. Kakto e gobpe m3BectHo, B CnbH4YeBaTta
cuctema cbluecTByBaT ABa nodca: ACTepouaeH MosIC BbB BbTpellHaTa 4YacT Ha cuctemara, U MNosic Ha
Kavinep BbB BbHLWHaTa YacT. B cnyyasa ynayHo e aa ce nsbepat cneaHute napametpu: 3a I =3 u I, = 6,

3alloTo, MbPBO, KoraTo AbfkuHata e 1 a.e., uHtepeana [ I, I,] obxeala npubnusutenHo obnacTra, 3aeta

oT AcTepouaHus MOsAC; BTOPO, Npu AbrxuHa ot 10 a.e. wuHTepsana [, I,] obxsawa npubnmantenHo
pervoHa Ha nosica Ha Kannep.

lMpuema ce, 4e pasCToOAHMETO MEXAY LEeHTpanHarta 3Be3ga u nnaHetata e I, kato I' e yHKLMA Ha
BpemeTo. CymapHaTa cuna f, gencresawla Bbpxy nnaHeTata, BKMOYBA KOMOWHMPaAHOTO Bb3AENCTBME Ha
3Besgata v nodca. [(paBuTauMoOHHaTa cuna oT ueHTpanHaTta 3se3ga e

m
1) fo=——,
r
KaTo B criydasi cMe rnpuenu, 4e macTta Ha 3sesgarta e 1 u rpaButaymoHHaTa koHcTaHta G = 1.

Ot apyra ctpaHa, rpaButaumoHHata cuna f, oT nosca, perctealla Bbpxy naHeTaTa, € CroXHa
BKIOYBA eNUNTUYHN MHTerpanu. B To3u cnyvar Han-4o6poTo pelleHne e CTOMHOCTTa Ha Tasu cuna ga ce
NPecMeTHe YNCNEHO.

Tbi KaTo NnNaHeTesMManuTe B Mosica Hal-4eCTO ca HepaBHOMEPHO pasnpefeneHun, nnaHetarta Le
M3nMTBa cuna Ha TpUeHe Npu NpeMuHaBaHeTo cu nNpe3 obnactra Ha nosica. Tasu cuna e nponopuuoHarnHa
Ha pagwanHara ckopocT Ha nnadetata dr/dt:

~ dr
2 f =- -,
) . =—ap(r) o

KbAETO o, € KoedULIMEHT Ha TPUEHE, a p € YeCTOTHUSI NPOHUI Ha Mosica.
Tobit kaTo komnoHeHTata 0@/ dt nHa nnaneTapHaTta ckopocT ce WrHopupa B M3pasa 3a cunata Ha
TpueHe, brmoBUAT MOMEHT | nma KOHCepBaTUBEH XapaKTep, 1 cregoBaTesiHo:
(3) mr?dé=ldt.
Tosa 03Ha4aBa, Ye BTOpUSA 3aKoH Ha Kennep e Bce ole BanuaeH TyK u nopagm Toea 6 Moxe aa ce
13ron3ea KaTo He3aBucKMa NPOMEHNMBa.
OsHauasame ¢ U =1/T u ¢ oTuutaHe Ha ypasHeHue (3), uMame:

dr _drdo | dr _ | du

dt dodt mr’dd mde’

YpaBHeHue (2) Moxe aa 6bae 3anncaHo KaTo:

(4)

= | du |dr apl du
5 [ =—qp(r) oY |9r_apldu
®) R ey

Tbn kaTo nNnaHeTata M3nNMTBa cuna Ha TpueHe camMoO B 30HaTa Ha MnodAca, MOXe Oa ce D,erVIHVIpa
CcneaHoTo orpaHn4yeHune:

(6) fo =M.
KbaEeTo
1, axo r <r<r,
() B = :
0, ako r>r, nm r<r,
ypaBHeHI/IeTO Ha ABMXEeHue 3a nnaHertaTta e
1
) mf| =
@® du U u
do’ 12u?
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kbaeto U=1/r, m, | ca cboTBETHO MacaTa W bIMOBMS MOMEHT Ha nnaHetata, f e cymapHarta cunHa,
JelcTBallla BbpXy nraHeTaTa. ToBa ypaBHEHME € B cura, CaMo KoraTto HAMaMme Hanvuue Ha HepaguanHu

cvnn. 3a onucBaHe NOJIOXKEHNETO Ha NiiaHeTaTa U3non3same NoJIAPpHU KoopOuHaTu (r, 0) Tbn kaTo

9) f=f +f, +f_, ypasrenue (8) nobvsa suaa:
du m?> m*f,  afp du
(10) 2 =_U+__2_2—2b_i/20_
déo | [“u lu® dé
CnefoBaTeriHo, ypaBHEHUETO Ha [ABWKEHUEe 3a pasrnexjaHarta cuctema Moxe aa 6bae sanucaHa
BbB BMAA:
du
— =v=h,(u,v)
D qy p £, *
@:_u_ﬂklvu_z-'_kZ _kzu_2= hz(uav)

kopeto k, = a/l, k, =m? /17,

lMocpeacTtBOM nuHeapu3auMoHeH aHanmM3 3a COOCTBEHUTE CTOMHOCTM A, CbOTBETCTBALLM
doUKCUpaHN TOYKM (u*,O) , nonyyaBame:

(12) a_hl — a_hz —A |- a_hl a_hZ -1 (=0,
au |, 0 N | 4.0 N | 0) au |, o)
KbaeTo
K k, f
13 h(uv)=v, hz(u,v):—u—ﬂ(—lzpv)+k2— ALY
u u
CnepoBarenHo, ypaBHeHue (12) pobvea Buaa:
on LY T B CLU' P (CLL™Y IR B
OU |(u. 0) N |(u. 0) N [y 0) U |y, 0)
(14)
12+'8k—2p/1+ 1_2ﬂk_;pv +k2@ =0
u. u’ o OU |, g
fb
kbaeto B =—.
u

KoraTo nnaHeTaTa e n3BbH 30HaTa Ha nosica, KoeTo e B cuna npu ﬁ =0 , MamMe:

oB
(15 A== —1—k2— .
OU |, g
B TakbB crnyyan umame ABa Bb3MOXHU Cnyyas:
. oB
Cnyvan | : MNpn —1— kz— > 0, dbukcmpaHaTa TouKa e TUN ceano;
(u«,0)
. oB
Cnyyvan Il : Mpn —1— kza— < 0, dmkcrpaHaTa ToUKa € TN LEHTBLP.
u
(u«,0)

KoraTo nnaHeTarta ce Hamupa B 3oHaTa Ha nosica, To =1, n cnegosarenHo:
2
2
[ 5 j
(Ux,0) k.o
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16 A= —
(16) 2u? ou
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2 2
Onpepenave A =1—-4| 1+ kzﬁ u-

o0 \ Ko

Cnyyan | : Mpu A<O wumame nBe cobeteeHm croiiHocTn 4, =—axbi mpu a,b>0,

. BbamoxHu ca Tpu cnydas:

dukcupaHaTa Touka e ycTormumsa cnmpana;

Cnyyan Il : Mpu 0 < A <1 nBete co6CTBEHN CTOMHOCTU Ca OTPULIATENHM — (PUKCMpaHaTa TodKa
B Criyyasl € yCTON4MB Bb3er;

Cnyvan lll : Mpn A >1 enHata cobcTBEHa CTOMHOCT € MOMNOXUTENHA, a Apyrata — oTpularenHa
1 cbmkcupaHaTta Tovka € Tun ceano.

3aknoyeHune

PasrnenaHa e Op6VITaJ'IHaTa esonwuma un yCTOIZ‘-II/IBOCT Ha nnaHeTapHU CUCTeMn C OT4YUTaAHE Ha
B3aUMOAENCTBMETO Mexay nnaHeta M nodca nocpenctBOM CTaHAApPTEH aHalind Ha (ba3OBaTa paBHUHA.
Tp;|6Ba aa otbenexum, ye d)MKCI/IpaHVITe TOYKM BbB cbasoBaTa paBHMHa CbOTBETCTBAT HA KPbroBn Op6l/ITI/I B
op6|/|TanHaTa paBHUWHA. KoraTto macaTa Ha TenaTa B nosica e mMarika, 6I/I¢)ypKaLI,VIOHHaTa anarpama € nodvtu
npaea JIMHUA, T.€. UMame KeI'IJ'IepOBl/I 0p6I/ITVI. Korato macata Ha Tenarta B nosica € no-ronsiMa, umame
nose4ye oT eaHa CbVIKCVIpaHVI TOYKKM, KaTO eaHaTa CbOTBETCTBA Ha Kenneposa op6|/|Ta, a gpyrute (bl/IKCI/IpaHVI

TOYKM BUHAr ca 6rm3o unm 4o BbTpeluHus kpait U =1/ 1, nnn oo BbHWHMUS kpai U =1/T, Ha nosca.
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CHAOTIC DYNAMIC OF SATELLITE MOVING ALONG CIRCULAR ORBIT IN THE
GRAVITATIONAL FIELD, INFLUENCED BY MAGNETIC AND TIDAL MOMENTS

Kostadin Sheiretsky’, Plamen Trenchev', Georgi Kirov®
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Abstract: The movement of the satellite round the circular orbit is a known and successfully investigated task
using analytical methods. Adding of the tidal moment as well as reporting of the magnetic field of the satellite could lead
quality different dynamic phenomenon. Simultaneously with the regular decisions could appear a new one describing
stohastic result. During the process, the conditions in which the chaotic movement appeared are defined, in case of non
defined solid as well.

Knroyosu dymu: HebecHa MexaHukKa, HerluHelHa QuHaMuKa, Xaomu4Hu cucmemu.

Pestome: []suxeHuemo Ha CrbMHUK 110 Kpbeoea opbuma e 3adava, cyumada 3a fosHama u ycrneuwHo
uscnedeaHa nocpedcmeom aHanumMuyHu memodu. [JobassHemo Ha MPpUuUeHUs MOMEHM, Kakmo U omyumaHemo Ha
Maz2HUMHOMO roJsie Ha CribmHuKka, Mo2am da dogedam A0 U3HeHad8awWUu Ka4eCmeeHo pasnuyHuU OUHaMUYHU SI8IIEHUS.
Haped c peeynspHume peweHuss mozam 0Oa ce nosyd4am U peweHusi, onuceawju cmoxacmu4yHo rnogedeHue. B
pabomama ca onpedeneHu ycroeusima, npu KoUmo Hacmbiiea Xxaomu4Ho 08uXeHue, 8 cry4all Ha npPou3eosTHO MebpPOo
M0, KaKmo U npu cghepuyHoO msifio.

BLBenenue

,D,I/IHaMI/IKaTa Ha BBbPTEJIMBOTO OBWXEHUE Ha 6J'II/|3Kl/ITe A0 LUEeHTPpariHoOToO TANO CNbTHUUW, B rondama
cTeneH ce onpepgenda orT NpUuiMBHUA MOMEHT. |_|pl/l ycnosume, 4e CKOpPOCTTa Ha BbpTeHEe Ha CMbTHUKaA €
pasyindHa OT CKOPOCTTa Ha HEroBoTo ABWMXEHME OKONO npuBiinyawina LEeHTbP, Bb3HUKBAT /J,eq)opmau,vm no
NOBBbPXHOCTTA Ha CNbTHUKA U Ce o6paayBaT NPpUInNBHA I"bp6l/IU,I/I.

I'IpemeCTBaHeTo Ha npunmBHUTE F'bp6VILI,VI BOAM OO0 npepasnpegerneHne Ha macute Ha T45oTo, a
cnepgoBaTtesiHO U3MeHA U MOMEeHTa Ha NHepLUnA.

Hakowu HebeCHU Tena Ccb3gaBaTt B MNPOCTPaHCTBOTO 3abenexnmun MarHTHum fnoneta.
B3aVIMOﬂ,el7ICTBVI9TO Ha Te3n noJsietTa MoXxe a OKaXxe CbLeCTBeHO BInaHne Ha AMHaMuUKaTa Ha CnbTHUUUTE.

Eﬂ,HOBpeMeHHVITe ,D,GVICTBI/IH Ha FpaBI/ITaLI,I/IOHHI/IFl, I'IpI/IJ'II/IBHI/Iﬂ N MarHUTHNA MOMEHTHU, ce pa3rne>|<p,aT
B cnyqaﬂ Ha paBHI/IHHO B'preHe Ha CNbTHUKA, KOI7ITO € NOCTOAHHO HaMarHnTeH no npOTe>+<eH|/|e Ha eaHa oT
rmaBHUTE OCU Ha enunnconga Cn Ha VIHepLI,I/Iﬂ, HaMl/Ipa ce B HOTOHOBO FpaBVITaLI,I/IOHHO none n gunosnHo none

- U -\ -
c H= —; 3 K.er r K » KbAETO (. € MOAyn Ha NOCTOAHHUA MarHUTEH MOMEHT Ha LieHTparHoTO TAIO,
r

K e OpT Ha BeKTopa Ha MarHUTHUA MOMEHT, ér € OpT Ha paauyc-BeKTopa Ha To4KaTa B NMPOCTPaHCTBOTO, B

KoeTo ce onpefens HanperHatocTTa. OcTa Ha gunona npes UsNoTo BPpEME Ce Hamupa B paBHUHaTa Ha
opbutaTta Ha HebeCcHOTO TANO. YpaBHEHNETO, KOETO ONNCBa NocTaBeHaTa OT Hac 3agjava [2] e
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d’s _do : ) )
1) —+B——+n?sind =3acos ——U |—acos —+U |,
du du 2 2
, 3(A-C)
Kbgeto N° = T A, B,C - rnaBHu MomeHTU Ha uHepuwmsi, 1 = My , ¥ - rpaBuTaLMOHHA KOHCTaHTa,
| e
M - Maca Ha UeHTpaJiHOTO TAlo, & = B , I - MOCTOAHEH MarHUTeH MOMEHT Ha HebecHOTOo T4no, C
)7

nocoka ycropeaHa Ha mMomeHTa Ha uHepumss C, U=0+ @, U- UCTUHCKA aHOManusi, @ - MOCTOSIHHA
VHKNMHAUMA Ha paauyc-BeKTopa Ha rnepurest Ha CMbTHMKOBATa opbuTa Mo OTHOLIEHWE Ha ekBaTopa Ha
nnaHetaTa, 0 = 20, O e bLrLALT 06pasyBaH OT nocokata onpeaeneHa ot C 1 Tekywmsa pagnyc-sexkTop Ha
opbuTaTa.

B cnyyasa, korato cCnbTHUMKBT UMa cdepuyHa dopma, T.e. n? =0, moxe ga BbBeaeM HoBa
NpoMeHnuBa X nocpeacTBOM paBEHCTBOTO

o
X=——"——U.

2 2

B To3u cny4yant ypasHeHue (1) npuema Buaga

d?x dx ) . @’ .
2 + [ —+1|+ SIn X = —sin(x+2u),
@) du? 'B(du j @ 3 ( )

3
>

3afgayaTa, KOSTO CU MocTaBsIME € MOCPEACTBOM aHanvs Ha ypaBHeHusiTa (1) u (2) ga ce onpenensit
yCNoBUsiTa, NPV KOUTO HACTBbMNBa NPexXod OT PEryNsiPHO KbM XaoTUYHO ABVKEHNME.

2
KbOetTo @ =

XaoTtuyeH pexum npu HecchepuyHa cpopma Ha CNbTHUKA

a
Heka HanpaBum 3amsHata NU =7 B ypaBHeHve (1). OsHauaBame ¢ f3, = — n oo =—.
n n
BbBexaame ABe HOBU NpomeHnuBM 77 U @ v cBexaame ypasHeHue (1) oo cuctemarta
S=n,
) . o )
1 =-sino — pn +3a, COS E—H —a, C0S E+€ ,
.1
3 0=—.
n

C touka B cly4yada e o3Ha4yeHa npom3soaHaTa no HoesaTta nNpomMeHnmBea 7 .
Manonseame metoga Ha MenHMKOB, KOWTO MO3BOfsIBA Aa Ce M3crnedBa CTOXacTUYHocTTa B Gnm3ocT Ao
cenapartpucute npu Hann4dme Ha aucunagus. CbrnacHo TeopudaTta [3], BbBeXaa Cce OuCTaHuuATa Ha

Mentmkos D(z, ) nocpeacteom paseHcTeoTO

(4) D(TO’TO)Z_J.fO/\fldT

n T4 onpepgend Xapakrepa Ha AOBWKEHWUETO, B cnyqa|7| 4ye npomMeHaA 3Haka Ch, ToraBa [OBUXEHUETO B
pasrnexgaHarta obnacT e xaoTU4Ho. OnepaTopr N\ ce p,echHMpa CbllaCHO 3aKOoHa

f
foaf = fo fy — fo o, KbAETO f, = ( f“} - (Siz g j "
02 S

f12

0
fll - 5
h =( ]z = B + 3y COS(%—HJ—% cos[%Jﬂgj . 8, = 2arcsin(thz), 7, =

T
Onpepensive € no cnegxust HaunH @ = —+ 0. OkoHuaTenHaTa opma Ha vHTerpana (4) nprvema
n

BUaa
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D(r,ro):j 46, _bay Lcos arcsmthr———e 2 arcsinthz + = +6, [(dr
chr Chr n

J leh?r n
(5)

M3nonssame cBoncTBaTa Ha TPUTOHOMETPUYHUTE beHKLl,VlVl n gocturame ao n3pasa
+o0 +o
4 ¢ da 8,
©  D(r,7,)= j ’621 dr j L cos| —+8, dr—j Lcos| ~+6, [dr.
chr ch’z n ' ch’r n
I/IHTerpVIpaHeTo n3BbpuiBamMme, Kato oT4eTemMm, 4e CcaMO CUMEeTpUdHuUTe q)yHKLl,Vll/l He aHynupart
uHterpana. OkoHyaTenHo uspassT 3a D npuema suaa

—00

4o, S0 1 N 2
0

sh z ch z
2n 2n

Mpu ycnosue D =0wu kato B3emem nog BHUMaHWe dakTta, ue |COS€0|<1 n B, >0, rnasHoTo

7 Dlr,7,))=88 -

yCroBUe 3a Npexopn OT PErynsipHO KbM XaoTUYHO NOBEAEHVE Ha AuHaMMUYHaTa cucTema B3uma copmMara

ﬁ<£ 1+2

a, 2n shi chi
2n 2n

YpaBHeHe (8) mokasBa MpU KakBO OTHOLUEHME Ha ABaTa napameTbpa [, U @; ce oCbluecTBsiBa
npecuyaHe Ha BXodsllaTta v nsxodsiwara cenapartpucu B 6eskpaeH 6poii XOMOKITUHUYHM TOYKM.

(8)

XaoTuueH pexum npu chepuyHa hopma Ha CNbTHUKA

B

Heka HanpaBum 3amsHaTa @U =7 B ypaBHeHue (2). OsHauaBame ¢ f3, =—— ¥ BbBeXAame fise
@

HOBM NpOMeHNMBM 77 U @, kaTo cBeXxaame ypaBHeHuWe (2) 4o cucTemaTa

& _
dr T
dn . 1.
—L =—sins - f,(n7 +1)+ =sin(x + 26),
dr 3
de 1
9 =—.
©) dr @

Msnonssame onucaHata no-rope npoueaypa u gocturame o crnegHata ¢hopma Ha uHTerpana Ha
MenHukoB

w

sm(Zarcsmthr + 2— +0 j
J dr

2
(10) DTTO j ﬂzd +Ich’8;d e

KaTo VI3B'prLIVIM WHTErpMpaHeTo ce JoCcTura Ao pesynraTta

(11) D(r,ro)z(8+27z)/32+8”2 1 1 siné, .

T T
@ 1sh™ ch™
w w

Korato 3HakbT Ha D(r, z’o) Ce MeHu, cenapaTpucuTe ce npecuyar v ABWKEHMETO B JageHaTa obnact
ce siBaABa xaoTunyHo. OT (11) cneasa, Yye ToBa NponsTU4a npu
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12 B < 8z 1 1
©30t(8+27) 7 oy 7

(2} (2}

XaMUNTOHWsIHA Ha gWHaMMYHaTa cucTema, onucBalla OBWXKEHMETO Ha cdepuyeH ChbTHUK Mopg
OEVCTBMETO HA MarHUTeH MOMEHT (B OTCbCTBUE Ha NPUIMBEH MOMEHT), Ce JaBa C u3pasa:

2

[ dx

du
H=-""2

2
3a nogobHN aAMHAMUYHM CUCTEMU € U3BECTHO [4], Ye ce xapakTepmampaT C nosiBata Ha XaoTU4HM 30HU

B obriactTa okoro cenapatpucute. LlenTta H1 e fa OLeHUM LuMprHaTa Ha NoSyYeHUsi CTOXaCTUYEH CIIOoN.
B3umaMe cbOTBETHUTE M3pasu 3a NPOMEHNNBUATE CbOTBETCTBALLM HA CENapaTpPUCHUS cryyan

ta(t-t,)

2
(13) —wZCOSX+%COS(X+2u).

X = 4darctge ,
14 x-+_ @
cha(t-t,)

Heka (E,(p)—) (E, (ﬁ) e n3obpaxkeHune, CBbpP3BallLo NapameTpuTe Npean AeWCTBMETO Ha UMNyrca

Ha CKOpPOCTTa OT4HETEeHO 3a BpeMe paBHO Ha MNOJIOBMH nepuoa. Toraea ToBa M306pa>|<eHMe B ABEH BUO Ce
3anucea Taka

E =E + AE,

_ 2
15 @=¢p-——r=
a)( E ’
3a fa ce oLeHn nokarnHata HeyCTONYMBOCT, ce BbBexaa napameTbpa K
55
(16) k = _(/) —
op
Mpu K >1 Bb3HMKBa NokanHa HeyCTONYMBOCT MO hasara.
B pasrnexaaHvaT OT Hac cryyail, u3pasbT 3a napametbpa K uma Buaa

a7n k= E£|sin 9.
@ |E - E,|

MN3meHeHneTo Ha eHeprudaTa, 3a onpegeneHo Bpeme, Ha HeCMyTeHUA XaMUNTOHUAH, Nnoa ﬂep’lCTBMGTO
Ha CMYLLIEHMETO Ce HaMupa C UHTerpana
2
(18) AE = % '[sin(x +2ukdu .
Au
Heka LEeHTbpa Ha COJIMTOHA € Pa3noJioXXeH B TOYKa tn . ,D,OKOﬂKOTO X;eKCFIOHeHU,VlaﬂHO Hamansasa C
BpemeTo, 3anvceBame uHTerpana (17) BbB Buaa:

2 ©
(19) |AE|=w—J‘Sin(Y+£T+(pnjx;ﬂ, QOl(t—tn)=r, @, =t
3 @ @

-
WNuTerpansT (19) Moxe Aa ce ceefe A0 cnegHata gopma:
17.(_ 2
(20) |AE|=Z Ism X+—7+¢ |dr.
3° @

PeweHuneTo My Ce HamMupa JnecHO, 3auloTO npencrtaBndaBa UHTErpasn Ha MeJ'IHVIKOB-ApHOJ'ID,. Taka
OKOH4aTeJIHO 3a U3MeHEHNEeTO Ha eHeprudaTa ce nojy4yaBa:
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8z '\ @)
3w nw

2
Kato ce usnonssa (17) QaBaMe OLEHKA 3a LUMPMHATA Ha CTOXaCTUYHaTa 30Ha B OKOSIHOCT Ha
cenaparpucure.

(21)  |AE|= sing,|.

exp| — z
167 w

3w Shﬂ

(22) |E-E<

YpaBHeHune (22) nokassa, Ye Makap W ga npeHebperHem MNpUNMBHUA MOMEHT MpU ABUMXKEHUETO Ha
JageH cdepudeH CMbTHUK, HanMUMEeTO Ha MarHUTeH MOMEHT [daBa OCHOBAHUS Ja O4aKBaMe XaoTUYHO
ABVDKEHMWE Npu onpeaeneHn ycroBus.

3aknouyeHue

HanpaBeHuaT aHanua siCHO MokasBa, Ye XaoTUYHOTO [ABMXKEHME € XapaKTepHO M 3a AUHAMUYHU
CUCTEeMMU, pasrnexaaHn KaTo CPaBHUTEITHO NMPOCTM - KPbroBu opbuTK, HaNM4Yne Ha cumeTpum U T.H.. Hanara
Ce U3BOAbLT, Ye HEPEerynspHOTO ABMKEHUE HE € eK30TMKa, a YeCTO CPeLLaHo SIBMIEHWE, KOETO MOXeE Ja ce
HabnogaBa Npu OBMXKEHWETO Ha KocMudecku obekTu. lNMpu onpepeneHn obctosATenctea GakTopu, YNETO
npeHebpereaHe ce cyMTa 3a HECbLLECTBEHO NPW aHanu3a, MoraT KayeCTBEHO [a MPOMEHNAT OBUXEHUETO.
MosHaBaHeTO Ha rpaHUUMTE B NPOCTPaAHCTBOTO Ha NapaMeTpuTe, 3a KOMTO MOXEM Aa TBbpAMM, Ye OadeHo
OBUXeHne oCTaBa perynapHo € OT OrpoOMHO 3Ha4YeHne 3a ABUXXEeHNETO Ha U3KYCTBEHUTE CMbTHULN. oT apyra
CTpaHa, MNOCTaBAHETO Ha NOJOOHM aHanNUTUYHM 3ajadn faBaT obsicHeHMEe Ha peguvua  ,3aragbyHu’
HabntogaTenHn gaHHW Ha eCTecTBeHU HebecHu Tena.

NuTtepaTtypa:

1. Beneukunn B.B. [OBmkeHne NCKyCcCTBEHOrO CNyTHMKA OTHOCMTENBHO LeHTpa macc . Mocksa, Hayka,
1965

2.beneuyukunB.B., A A XeHTo B. BpawarensHoe [BuXeHWe HaMarHU4eHHoro cnytHuka. Mockea,
Hayka, 1980.

3. Lichtenberg A J,MA. Lieberman. Regular and stochastic motion. Springer-Verlag New
York Inc, 1983.
4. 3acnasckun [. CTtoxacTU4YHOCTb AUHamMu4Yecknx cucteM. Mockea, Hayka

80



S ENS 2 007
Third Scientific Conference with International Participation
SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY
27-29 June 2007, Varna, Bulgaria

NONLINEAR DYNAMICAL PROCESSES IN EXTRA-SOLAR PLANETARY SYSTEMS

Plamen Trenchev, Kostadin Sheiretsky, Deyan Gotchev

Space Research Institute — Bulgarian Academy of Sciences
e-mail: ptrenchev@space.bas.bg

Key words: countries nonlinear dynamics, extra-solar systems, secular resonances

Abstract: [JuHamukama Ha cucmemu om mpu uniu rogevye mesia 06UKHOBEHO BK/IHOY8a (hU3UYECKU MPoUeEcU,
U38€CMHU Kamo pe3oHaHcu Ha cpedHomo O8uxeHue U CeKyrnspHu nepmypbayuu. MTbpgume ce nosiesigam, Ko2amo
Odsolika mena umam opbumarnHu nepuodu, YUemo CbOMHOWeHUe Moxe npubnusumernHo da ce npedcmasu Kamo
CbOMHOWeHuUe Ha 08e MasKu yenu yucna. Bmopume ca cbujecmeeH ¢hakmop rpu uscriedeaHe Ha ObrieospemMesama
esosoyusi Ha cucmemama. [JuHamu4yHama egorioyus Ha Hal MosloguHama om Uu38ecmHume rnnaHemume 8 MyJsnmu-
nnaHemapHUme U38bHC/TbHYE8U cucmemu ce OOMUHUPpa Oom CeKynspHume pe3oHaHcu. Hal-yecmo eonemume
eKcyeHmpuyumemu Ha nnaHemapHume opbumu nocmassm no® CbMHEHue rosie3Hocmma Ha mpaduyuoHHama
cekynsapHa meopusi Ha flagpaHx-/lannac npu aHanusa Ha OsuxeHue. Ta3u meopusi Moxe Oa 6bde obobuwieHa 0o
yemebpmu nopsAdbK 8 eKkcueHmpuyumema, cried koemo 0a ce cpasHsea C 4ucrieHume pe3ynmamu. Yacm om
usgodume, 00 KOumoO ce cmuea 8 pe3ynmam Ha me3u cpasHeHus, ca - JlagpaHx-/lannacoeama meopusi Ha
cekynspHama OuHamuka e cnab uHOukamop (UHcmpymeHm) 3a rnpedcka3eaHe Ha CeKyssspHama OuHamuMma Ha
U3BBLHC/TbHYEBU [laHemapHu CcucmeMu, HO € [10fIe3eH UHCMPYyMeHm [1pu [peyu3Homo onpedensiHe Ha

Obnaoepemeeama OuHaMu4yHa €e80/1iyuAa Ha cucmemu om marsiku mersa c op6umu, 6n1usKku 0o Kpbeosume.
Secular Interactions - Basic Theory
Here we outline the basic theory of secular interactions as applied to the planetary systems. Since this

topic has been well studied, the review and the results are brief. .
The equations of motion for eccentricity €, (to the second order in eccentricity and inclination angle) and

argument of periastron (o decouple from those of inclination angle and the ascending node. Following

standard convention (Murray & Dermott 1999), we work with the variables defined by:
1) h,=esin@;, and k; =e, cosam,,
where the subscript i refers to the i-th planet in an N planet system. The basic equations of motion for the
theory can then be written in the form

o LR dk, 1 OR

—=—+3— and =
dt  n;a ok

dt  na’ oh,

where R; is the secular part of the disturbing function, n; is the mean motion of the i-th planet and a; is its

corresponding semi-major axis. To consistent order in this approximation, the relevant terms in the disturbing
function take the form

1
®3) R =na/ {E Ael + D Acee, cos(@, —a, )}
k#i
The physics of these interactions is thus encapsulated in the NxN matrix Aij , where the number N of planets

in the system is usually N = 2 or 3 for the systems observed, to date. The matrix elements can be written in
the form

1 m — GM.
(4) Aii = ni Z;maikaikb;z(aik)ﬁ'sa

and
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In the diagonal matrix elements (eq. [4]) it is included the leading order correction for general relativity (c is

*

c’a,

the speed of light). Although these terms are small, i = <<1, such small corrections to the

eigenfrequencies can be important, especially when the system is near resonance. The quantities ¢; are

defined such that o, =a,/a,(a,/a;) if a <a,(a, <a;). The complementary quantities «; are
. _ . — . -, 1

defined so that @, =a,/a, =, if & <a,,but &, =1 for a, < a,. Finally, the quantities b?, («, ) and

b{?) (e, ) are Laplace coefficients.
With the above definitions, the resulting solution takes the form

©®  hy =) Aysin(it+B), k=D Ajcos(At+f),

where the A, are eigenvalues of the matrix Aij and the Aji are the corresponding eigenvectors. The
phases f; and the normalization of the eigenvectors are determined by the initial conditions, i.e., the values

of eccentricity € and argument of periastron T for each planetat t =0.

Applicationsto Extrasolar Planetary Systems. Eccentricity Distributions and Secular Time Scales

We use the theory of secular interactions to show the relationship between the observed values of
eccentricity and the underlying distribution of eccentricities that characterize the systems. We use
interactions, and their absence, to place new constraints on observed multiple planet systems. We can find
constraints on the possible existence of additional small (terrestrial) planets in these systems by requiring
that any such planets must reside far from a secular resonance. As an application of secular interaction
theory, we use the formalism described above to calculate the variations in eccentricity in a sub-sample of

observed extrasolar planetary systems. The eigenvalues A, for the multiple planet systems calculate and
convert into time scales for a collection of 16 observed multiple planet systems. Most of these multiple planet

systems have secular interaction time scales in the range 10° —lOsyr. These time scales are much longer
than any possible observational baseline (tens of years), but much shorter than the system lifetimes (which
are typically several Gyr). The shortest secular time scale occurs for the GJ 876 system. Although the
dynamics of this system are dominated by the 2:1 resonance between planets “c” and “b”, the secular
interaction time 7 = 4.4 yr gives an excellent estimate of the time scale for dynamical interaction in the
system. Indeed, radial velocity fits to the system must take into account the planet-planet interactions in
order to obtain an acceptable fit.

These secular interaction times are thus long enough that observations can determine the eccentricity
(and longitude of periastron) with high accuracy at the present epoch. Over much longer time scales that are
not observationally accessible, however, the eccentricity (and longitude of periastron) will vary according to
the appropriate secular cycles. As a result, attempts to explain the observed (a, €) plane must take the
possibility of secular variations into account. The effect of secular interactions on the observational
interpretation of these systems is that the measured eccentricity values are a particular sampling of an
underlying distribution. Within the context of leading order secular theory, the distribution of eccentricity is
determined by the above formalism. For each of the observed multiple planet systems considered here
calculates the expected time variations of eccentricity and longitude of periastron according to secular

theory. From this time series were extracted the mean eccentricity<e>, the variance o, of the distribution,

the minimum eccentricity value €_;, and the maximum value €, . The difference between the observed

values and the mean eccentricities averaged over many secular cycles can be substantial (more than a
factor of two). The width of the distribution can also be significant.

For the case of two planet systems, the formalism produces simple analytic expressions for the
parameters of the eccentricity distribution. The distribution itself can be derived by taking the solution of
equation (6) and solving for the eccentricity as a function of time. Since time is distributed uniformly, the
resulting expression can be solved for the corresponding distribution of eccentricity, which can then be
written in the form
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where Aji are the eigenvectors. This form of the eccentricity distribution (for the i-th planet) is valid between
the extremes given by
® e ‘Ajl + 2\ .

max ’ min

The mean value of the distribution can be evaluated from its definition (e) = J'e(dP/de)de and takes the

form
2 A
©) <e>j :;(Ajl-i_Ajz)E(m)’

Where E(M) is the elliptical integral of the second kind (Abramowitz & Stegun, 1970) with parameter

. A A .
m =4(#?. Notice that the parameter M can be negative and hence care must be taken in
AL+ A

evaluating E(M). The corresponding variance of the distribution is given by
4 .
2 2 2 2 2
(10) o2 =A% +A%, —?(Ajl + A, PE)]

For two-planet systems, it has verified that these expressions for the mean, extrema, and variance of the
distribution are in good agreement with those found via sampling of the secular solutions as described
above.

Conclusion

Through dynamical interactions, described here using secular theory, the orbital eccentricities in
multiple planet systems vary over secular time scales. The eccentricities measured by ongoing planet
searches represent the current eccentricity value, which is drawn from a wider distribution of values sampled
by the planet. In other words, the eccentricities in multiple planet systems should not be considered as
particular values, but rather as distributions of values. The widths of these eccentricity distributions can be
substantial and it has verified that secular theory predicts distribution widths that are in good agreement with
direct numerical integration. For the simplest case of two planet systems, the resulting distribution of
eccentricity can be found analytically (egs. [7 — 10]). The time scale for secular eccentricity variations is
typically thousands of, much longer than observational survey time scales (tens of years) and much shorter
than the system lifetimes (few Gyr). Secular interactions can add to our understanding of these forthcoming
multiple planet systems in a variety of ways. In trying to find theoretical explanations for the observed orbital
elements, one must take into account the distributions of eccentricities driven by secular interactions. In
systems with known giant planets, the search for Earths can be guided by studying the forced eccentricity
variations. In other systems, we can deduce the presence or absence of additional (undetected) planets —
or at least constrain their properties — through examination of the properties of the detected planets. Over
longer time spans, secular interactions combine with tidal circularization and energy dissipation processes.
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Abstract: Using the known formulation and properties of Rossby number, we estimate its range of possible
values and we study the relation to the turbulent scales of the accretion disc flow. In this paper, it is shown how the
variable values of Rossby number are associated with two- or three dimensional flow motions. We consider the behavior
of basic equations of accretion disc with the presence of Rossby number. Finally, as a connection with presented
considerations, it is accented on the arising of vortex formations and their dynamics. We show the indirectly influences
on the light curve form of one selected binary star. We perform calculations of Rossby number based on binary star
systems models with accretion disc.

I. Introduction

Fluid motion and hydrodynamic processes are one of the most important investigations in accretion
disc dynamic. We consider that the flow in accretion disc is differentially rotating and in this survey we imply
an additional term having influence on the instability processes. Such term is known as Rossby number
named for Carl-Gustav Rossby, who first explained the large-scale motion in the atmosphere, using the
terms of fluid mechanics.

In our study we use the next definition of Rossby number:

The dimensionless ratio of inertia force to Coriolis force which gives an indication of the importance of
rotation on flow. It is given by:

B v.Vv| v
0~ 2|0 x| T 20Lsing

where V is the speed of fluid flow, Q is the angular velocity or rotation, € is the angle between the
axis of rotation and the direction of fluid motion and L is the horizontal length-scale. The definition is taken
from Blandford (2004).

This number plays a fundamental role to determine the behavior of large-scale astrophysical fluid
dynamics. Large-scale flows are defined as those that are significantly influenced by the star's rotation and
with sufficiently large L for Ro to be order one or less (e.g., flow with sufficiently small Rossby number are in
geostrophyc balance).

Richard (2003) recently proposed a simple model describing the necessary conditions for self-
sustained turbulence in differentially rotating flows, where it can be seen that the energy extraction is directly
proportional to the shear present in the base flow (a classical result for shear flows). He also implies that
there is a critical Rossby number, above which the energy extraction is sufficient to compensate for the
stiffness introduced in the system by the mean rotation:

o
2Q,

where r is the local radius and Qg is the mean rotation.

But, it has to be pointed (as Chagelishvili et al. (2003) also suggested) that the non-linear interactions
(also referred to as turbulent diffusion) do not participate in the energy extraction, but only redistribute it and
counteract the effects of rotation.

In this scenario, once the critical Rossby number has been reach (Richard 2003) and the critical
amplitude is present, the flow can then undergo a transition from its laminar state to a state where non-linear
shear turbulence is developed.
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In the paper of (Morize et al. 2005) it is investigated the decay of initially three-dimensional
homogeneous turbulence in a rotating frame. They found that during the decay, strong cyclonic coherent
vortices emerge, while the Rossby number value decreases below the value of 2 + 0.5.

Several simulations were conducted to examine the nature of balance in rotating stratified turbulence
at different Rossby numbers (McKiver and Dritschel, 2006). They found a significant difference in the
behavior of potential vorticity at low and higher Rossby number. The balance of vorticity decreases with
increasing Rossby number and the structures which appear in the non-balanced field are mostly in small
scale.

In the current survey we use the simplified formulation and expressions to examine the features of
Rossby number and estimate its values in the case of astrophysical accretion flow. We bring to stay here in
three cases of our considerations: A, B, C, presented in a next section.

Il. Calculations and results

It is known that the rotation is able to confine larger scales in a two-dimensional state while efficient
turbulent diffusion is achieved by three-dimensional motions. Typical geophysical rotating flows exhibit both
two-dimensional (at large scales) and three-dimensional (at smaller scales) structures.

Results A

The Rossby number for the mean flow can be rewritten now as:

r

1
(1) Ry=>—7
°"2(, Q)"
where it appears as the ratio of local radius r over the characteristic length scale of the shear, (2 is the
angular velocity again.
We may give the relation with a quantity more often referred to in astrophysics, the epicyclic frequency w:

2
2) fg?=a+Ro

Using this formulation we estimated the range of critical values of Rossby number with the connection
of quantities of frequency and angular velocity. We present the results graphically: Fig 1a and 1b.
We see from the figures that the values of Rossby number are low and it works at limited frequency range.

40
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Fig. 1. Graphic interpretation of simple dependence between @, Q and Ro. In the left panel /fig.1a/ we
used small scale value for Ro calculations. In the right panel /fig.1b/, it is applied higher scale value.
It is seen that the results are in a same range of values

The Rossby number of a turbulent structure of characteristic length scale A4 and rotating with mean
flow velocity U can be approximated by ROlocru/Z/IzQ (known as “turbulent Rossby number”). The

denominator of such expressed Rossby number is twice the rotation experienced by the turbulent structure,
i.e. 2(Q+u/r)=2Q. The numerator is the derivative with respect to the radius of the turnover time, i.e.

ro,Q+r10,Qu/A)=ro,Q+ ru/ﬂ,2 = ru/ﬂ,2 where we have used the relation:

u
(3) zoorarQ
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We can then write, from Eq.(3) and from the condition A <<r that RMOOE R,-

Hence, the ratio of the characteristic turbulent length scale over the local radius writes as:
A R
(4) Z 20

r Ry,

From the last relation, eq. (4), it follows that (for a given Rossby number) the turbulent Rossby number
increases when going to smaller scales along the turbulent cascade. Baroud et al. (2003) have shown that
low Rossby numbers are associated with two-dimensional turbulence whereas higher Rossby numbers are
associated with three-dimensional turbulent structures. This result is consistent with the classic picture of a
turbulent spectrum showing two-dimensional structures at large scales and three-dimensional ones at
smaller scales.

Results B

To obtain the information for the effect of Rossby number we imply its expression in the main
equations related to accretion disc dynamic. We present the results as follows:

We interpolate the dimensionless Rossby number into the Navier-Stokes equations in vector form:

(5) Vv a—V+V.VV:—iVP—Qx(er)—ZQxV+VV2V)
Z‘va‘ ot P

Where, it is used the well known basic denotations as follows: p - is the mass density of the flow;V - is the

velocity of the flow; P - is the pressure; v - is the kinematic viscousity; Q - is the angular velocity; Qx(Qx r)
- is the centrifugal force of the rotating accretion flow; 2Qxv - expresses the Coriolis force;

After implying an implicit differentiation, it is yielded the velocity distribution and its graphic form is in
the figure 1:
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Fig. 2. The distribution shows that at the high values of parameters the dynamical
processes are more intensive in the presence of non-integrated angular velocity

Even at low values, it is obviously that the Rossby number gives rise to velocity variations. This fact
shows us that we should not neglect its presence, when we study the behaviour and dynamics of accretion
disc flow.

Results C

The third result of our study, which we present here, shows the indirect effect of Rossby number on
the shape of light curves.

The variations of Rossby number could be contribute in the process of some vortex formations in the
accretion disc area. Its increment acts as an accelerator of the transition from laminar to turbulent motion of
the flow. As we consider binary star system with accretion disc, we show the light curve of AB And produced
at such unstable states. The shape of light curve gives us information about the strong disturbances with the
suddenly appearing bursts.

The presence of an accretion disc affects on the light curve in two ways: as a source of light and as a
shield of the surface of the part of the companion from the X-ray heating.
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It is detected that in depends of Rossby number the lightcurve produces the variation in its shape. It acts
usually at small value and there is a gradual, broad modulation. Whereas, it begins to see the effects of two-
spiral arm emitting region and the narrow peaks of the brightness. Such lightcurve modulations may
associate with Rossby type of instability
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Fig. 3. Light curve of AB AND binary star. The two figures present the creating of graphic by two
different programs and methods.
1. Using AAVSO data /left panel/. 2. Preparing by program of Kreiner [2004] /right panel/

It is seen in the figures the brightness peaks, result of hard outbursts. The above selected types of

binaries are important for us, because of their high inclination (i ). As it is mention above, this feature is an
indicator for arising of unstable processes, such as wave propagation, structure formation and Rossby type
of instability.

I1l. Conclusion

From an astrophysical point of view, it is important to investigate the turbulence and vorticity
formations as a main transport mechanism of angular momentum in accretion discs.
Based on the properties of differentially rotating flow in the accretion disc area, we emphasized in our
analyses on the presence of special relation between inertial and Coriolis force, known as a Rossby number.
We considered the accretion disc as a hydrodynamical system and we used the base equation of Navier-
Stokes, including Rossby number. The results show the effect of this number on several situations: the effect
over the velocity distribution; the range of Rossby number values which are effective for our astrophysical
study; influence over the variations of light curve of selected binary star.
Remembering that high (resp. low) Rossby number are associated with three-(resp. two-) dimensional
motions, this result is coherent with the classic picture of a turbulent spectrum showing two- dimensional
structures at large scales and three-dimensional ones at smaller scales.
We presented in this survey our common results of the studying problem, without specify the values of the
Rossby number for different phenomena or for a star.

References:

Baroud C.N.,,B.B. Plapp,Sweenney H.L., Z. She.2003, Physics of Fluids, 15. 2091.

Blandford R, Thorne K. 2004, Applications of Classical Physics, Lectures and Courses, Ch.15, California
Institute of Technology, http://www.pma.caltech.edu/Courses/ph136/yr2004/.

Chagelishvili GD.,J.P. Zahn,AG. Tevzadze,JG. Lominadze, 2003, A&A. 402, 401-407

Kreiner J.M., 2004, Acta Astronomica, v. 54, 207-210.

McKiver WJ.,,Dritschel D.G., 2006, Submitted to J. Fluid Mech.

Morize C.,Moisy F,Rabaud M., 2005, Phys. Fluids, 17, 095105.

Richard D., 2003, A&A, 408, 409.

Richard D., 2004, Davis S.S., A&A, v 416, 825-827.

N =

©ONoG AW

87



S ENS 2 007
Third Scientific Conference with International Participation
SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY
27-29 June 2007, Varna, Bulgaria

MODIFICATION EQUATIONS OF DISK FOR MAGNETIC CORONA

Krasimira lankova, Lachezar Filipov

Space Research Institute — Bulgarian Academy of Sciences
e-mail: f7@space.bas.bg,lfilipov@space.bas.bg

Keywords: Accretion disk, advection, MHD

Abstract. In this paper we investigate transform of the magneto-hydrodynamic equations of the hot advection
accretion disk for physical conditions of the corona. We suggest correction in the magnetic viscosity in equations of thin
optical thick disk as a result from form of coefficient am. Discuss the reasons and consequence from change. We
consider how that cans influenced of process to solve of equations.

Introduction

Objects, which we investigate showing greatly energy efficiency:

O Fast variability and jet existing;

O Strong X-ray emission;

Q No blackbody specter;

Q Light polarization;

Q Annihilation Spectral lines; [1].
Such as the close binary systems, ecliptic binaries, active galaxies and quasars. When the system contain
disk, falling on spiral material release part from angular moment together with potential energy for fixed orbit
and radiate in X-ray.
Polarization of radiation and annihilation spectral lines shows presence of magnetic field (MF) in object.
When we have accretion to the star with dipole MF there is development of three type fluxes: disk, corona
and jets [3].
The disk often is approximate to Keplerian. The flow of mater is localizing in equatorial plane. The Plasma is
optical thick and dominates the gas pressure or optical thin plasma and radial pressure close to compact
object [5]. The equilibrium is secure of rotation.
Interaction of disk and MF engender instabilities and generating corona [4]. The flow in the corona backs
from the centre and dominates magnetic pressure. The corona and disk are connected with magnetic loops.
The jets are direct along axis of dipole. They have a precession if the field axis and axis of rotation is not
parallel and have outflow.
MF can be ownership of central star or outward of galaxy. If own MF is situated vertical on plane of disk, then
angular moment will be increase inside to the centre. That effect can be compensating for hot advective
disks on massive black holes, where powerful jets lead away excess moment [4].
Periodical replacement of hard and soft X-ray from such sources is indicated that around disk there is hot
corona. Disk gives soft and the corona hard spectre [5,6]:
a Cold supersonic disk in the close binary systems giving blackbody spectre with T~10"K and no thermal

corona with T~5.10°K;

O  Hot no thermal disk in AGN with T~10""°K and corona with T~5.10"*"?K,
In this paper we transform the equations of the hot advection accretion disk for physical conditions of the
corona.[2] Choose model with ¢ =0. There the resist of radial current create rotation. He is right to hot disks
with low density and radioactive pressure. We can to use that for the corona.

Equations of the corona

We construct non-stationary, non-axisymmetric, one-temperature MHD model of Keplerian accretion disk
with advection in the normal dipole magnetic field of the central object. We select the compact object to be a
black hole. We consider geometrically thin, optical thick disk without self-gravitation. Fluid is incompressible.
Disk is one-temperature, because the PRESENCE magnetic field assistance to effective transference of the
energy from ions to the cooler component. We use pseudo-Newtonian gravitation poetical.
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For a normal dipole field term BB, in equation of motion have role of radial advectlon OHM dissipation
increase the effectiveness of radial accretion to 50%. The dynamical time scale is ~Q™ shorter from thermal
time scale
~ (a + a,)" Q" and cooling is inefficient.

In disk rotation stability can to stop remove of MRI then they begin to growth. If disk have advection she
moved instabilities inside and on this way hold magnetic viscous coefficient a, closely to constant.

We choose a — constant lake as in standard theory, because a is hydrodynamic parameter. Then the basic
system splits. Entropy is not a perimeter of the flow. She is a characteristic of the state. Its behavior is
connected with global stability of disk.

This problem is treat in our previous publications where is present our results. Well be marked that in this
case we consider disk and corona without mutual energetic. The aim of this paper is to adapt equations to
conditions in the corona.

1. v=0=a
2. o(r) =>n(r) => ap(r)
o(r z) =>n(r,z) => day(r,z)
3. Q'=0
g’t0+V(pv) 0 Vv=0 VB=0

@+V.Vv:—in—V@+(i.V)B
p Armp

ot
2
@=V><(VXB)—V><(77V><B) 77:’7_”‘: ¢ @ = GM
t p Ao r—r,
ds _ 2GM
dt =Qmag —Q fq = c?
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Because of peculiar fell of density and quasi-spherical character of the flow the kinetic viscosity from the shift
and corresponding dissipation vanish in corona.

Weakly rotation can not to stabilize instabilities and shackles over magnetic viscose coefficient fall away.
Now resistance is no more parameter of system and she have not to split even in case n=«a,Vv;H .

Then we have

Vx(nVxB)=V[npx(VxB)|=(Vy)x(VxB)+nx(V.VxB)=
= (V.r])x(Vx B)?i UVZB .

Let to see unrolled system by coordinates.
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equations. Opacity will not comfortably form of constant, too.

Change-over z-component of magnetic field By = will be introduce expletive terms in

The big difficulty is not new terms but is in very much variables. We need from other expletive relations to
closed system. Then we can treat corona with rectification model of disk. This is necessity for easily
transition to case disk and corona with total energetic.

Expecting results

Magnetic reconnection [7] is one of basic mechanism connected with structuring of cosmic plasma. We here
focus on physical problem on dynamical self-organization of accretion disc and generation of his corona. For
us is especially importance the model to be comfortable for parallel with other theoretical or observation
results.

We expect the select model to work in corona. Then we can sew in the solution by initial condition from
surface of disc.

Question arise: how much boundary between disc and corona is asperity ?
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Abstract: Sir W. R. Hamilton pleaded first, that the Sciences of the Future, will be Sciences of Time's
Phenomenology!... So, Cosmology of Times and Multitemporal Theory of Relativity are real innovations and evolution of
Hamilton’ prediction for Sciences of Times.

This work shows for first time in the World, (102 years after Einstein's Special Theory of Relativity (STR)),
possibility for Universal Multitemporal Theory, adaptive for Micro-Cosmos, Cosmos and Macro-Cosmos.

There are represented discovery of the Multidimensional Time and paradigms for innovative solutions of three
classic World Problems: FLT (Fermat's Last Theorem); NCP (N-Colors Problem) and RH ({(s) Zeta Riemann’s Function
Hypothesis) as a top secret to Einstein’s “Gesamtfeld”.

Anthropogenesis (from 1D time to N-D-multitemporality) and cosmological challenges of the multidimensional
time, (associated with genius’ imagination of Fermat, Huygens, Hamilton, Newton, Euler, Galois, Gauss, Riemann,
Einstein, Bergson, Bohm, Prigogine, Hawking, Atkin, Kalitzin, etc.), are being analyzed for new cognitions generating.

It's showed that in each exploration of World Space-Time Sciences (as well extra in the phenomenology of:
Cosmology of Times; Multitemporal Theory of Relativity (MTR); Man-Evolution-Cosmos) - important place since 1905
year fills (with Poincare, Einstein and Lorentz) one great bulgarian scientist — Stiliyan Kalitzin - (Creator of Infinitemporal
Theory of Relativity (ITR)) and since 1967 - his son - Professor Nikola St. Kalitzin, that develops brain new MTR, photons
rockets with hyper-light-speed, whose labors are used by Wernher von Braun (NASA), Space USSR Programs, etc.

On the base myself discovered principles and laws of Multidimensional Time & Cosmos, Multitemporal Universe,
(using the scientific labor of Prof. Nikola St. Kalitzin — “Multitemporal Theory of Relativity”), we are consolidating: Special
& General Theory of Relativity; Quantum Mechanics, Physics & Cosmology; SuperString Theory; GUT & Theory of
Everything of one new Universal Multitemporal Cosmology or Cosmology of Times.

The innovative key for enigmas of Grand Unified Theory (GUT) here is physical sense discovery of {(s) Zeta
Riemann Function and Proof-Solution of the Great {(s)-Zeta Riemann’s Hyppotesis [{(s) RH], on the foundation of
“Multitemporal Theory of Relativity” by Prof. Nikola St. Kalitzin - Pioneer and Genius of the World Space Era.

1. MNponor. MynTuTeMnoparnHu KOCMOJIOrUA U TEOPUA Ha OTHOCUTESTHOCTTa

OHec 3a “lvoHepuTe B oOBnagsiBaHeTo Ha Kocmoca” cskalwl BCUYKO € sicHO: oT Kunbanumy un
Linonkoscku po lNogap, ®oH BpayH, Koponsos . U gopu - 3a morbusa “Space Propulsion” Ha lNMoaHkape,
AnHwanH, . Mawnes, K. Tlonos [1-3,6,7,9-11,17,21,23],..., n cturHem o “Cosmos Consortium” Ha
XokuHr[13,17-20,28]... ima obayve egHa HanpaBo ceH3aumoHHa “EHurma Ha Enurmure” - “MTR — N. S.
Kalitsin” [16], Aana HeOBMKHOBEH TNachbK Ha pakeTHUTE Y KOCMUYECKUTE MPOEKTU A0 HUBO, HAAXBBbPNALLO U
“®oToHHUTE pakeTn”, n “Teopuata Ha oTHocuTenHoctTa’, u “MogepHaTta kocmonorusa” [1-3,7,9,11,13,17-
20]... Kot € Hukona Ct. KanuumH 1 3awo HerosaTta “MTR” e Hayano Ha mogepHaTa kocmonorusa n GUT?! —
ToBa 3a MeH kaTo cBOOOAEH YoBeK U y4eH e “Bbnpoc Ha Bvnpocute”, kakto “MNpobnem Ha Npobnemute” e
“XvnotesaTta Ha Puman” [8,22,25-27,30-33]. PeweHns Ha pBeTe 3arafgku ca JafeHun TyK B Kopernauus ¢
pe3yntaTn Ha HobenucTta no gpusmka 3a 2000 rognHa Mavikbn bepu - “Berry-Paradigms” [5]...

BbB BpemMeTo Ha enoxanHu OTKPUTMS U (pu3n4HK Teopwuu, abcosomHa enobasnHa eHusma e
dyHOamMeHTanHata pons B pasBUTUETO Ha KOCMOJIo2usima Ha YHUKanHUsa U TpaHCUeHOEeHTaneH CBeTOBEH
yyeH npogp. Hukona Cm. KanuyuH! EctecTBeHO, HeroBaTa dpeHoOMeHarnHa B CBETOBEH Mawab MoHorpadus
“Multitemporal Theory of Relativity” (MTR) [16] e mornikosa 3Hayuma U mosKosa rpeeb3xoxodawa 3a
8pemMemo cuU 8CUYKU Meopuu Ha KOCMOMOIUMHU yYyeHu, Ye Moxe Aa 6bae usgageHa 3a xanocTt eQUHCTBEHO
cned cMmbpTTa Ha npod. KanuuwH, koeTo e Bener camo 3a ManuuHa ot reHuuTe Ha CeeTa. B pasbupaneTto
CY 3a KocMmyeckaTta usmka u KOCMonorusaTa, u cneunanHo 3a MyamumemropaniHama coeuHocm Ha Ceema
om MUKpo-Kocmoca 0o Makpo-Kkocmoca, KanuyuH onpefeneHo e 3agMmHan BCUYKN Kopuden B CBETOBHATa
Hayka oT AdHuwaliH n ®pudmaH [6,10-11,34] no XokuHe [1-3,13,17-21,24,29], 6e3 ga my 6bAaT oTAageHn un
YacTu4Ka OT TEXHUTE “4ecCT U nodnTaHuA” 1 3acnyeHarta “cnasa u Benuyme”.
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EovH yHMBepcaneH cekpeT 3a KryoBeTe kbM 06eaMHUTENHOTO nore Ha AlHwWanH “Gesamtfeld”,
MTR, PumaHosaTta kocmornorus (RC) n TpaHcueHaeHTanHarta kocMmornorusa Ha BpeMeHata (Transcendental
Cosmology of Times - TCT) e uU3nyecknaT cMUCHN U DUINYHUTE UHTEpnpeTaumy Ha “pegoBeTe Ha
Ovpuxne”, mexay kouto aseta-pyHkumusata £ (S) e Hai-npocrta, HO Hali-BaXHa 3a CBETOBHATa Hayka Ha 21
BEK, B T.4. U noctaBeHuss nog Nel npobnem Ha npobnemunte — Xunotesata Ha Puman [8, 30-33], uneTo
MHOBALMOHHO pELLEHMe C KpaTKo AokasaTtencrteo (innovative solution of £'(S) RH with sort proof), peanHa

antepHaTtmBa Ha Science Fictions Proofs [30, 32], we gam Tyk B LieHTpanHaTa 4acT Ha M3crneaBaHeTo Ha
npobnema “Kocmonorus u MyntutemnoparnHa Teopusi Ha OTHOCUTENHOCTTa”.

Cop Yunam PoybH XamuntbH (W. R. Hamilton) nbpeBu nnegupa, ve “Haykume Ha Bwvdewemo’
(Sciences of the Future) we 6baaT “Hayku 3a gpeHomeHornoeusima Ha Bpememo™ [12]!... Taka, “Kocmornoaus
Ha BpemeHnama” (Cosmology of Times) [1, 2, 3] n MynmumemnopanHama Teopusi Ha OmHocumenHocmma
(MTO) - “Multitemporal Theory of Relativity” (MTR) [16] ca peanHu MHOBaUUN N eCTECTBEHA E€BOJIIOLMS Ha
npeackasaHMeTo Ha XamunTbH 3a “Haykute Ha BpemeHnata” [28] ...

To3sn Tpya, TyK 1 cera, nokasea 3a nbpeu mbm 8 Ceema (102 roanHn cnepn Einstein’s Special Theory
of Relativity (STR)), Bb3MOXHOCTTa 3a cb3aaBaHe Ha Universal Multitemporal Theory (UMT), agantvBHa 3a
Tpuagata Micro-Cosmos, Cosmos, Macro-Cosmos ¢ pasutue Ha “Multitemporal Theory of Relativity”
(MTR) [16] u kmo4Yo8U KOCMOJIO2UYHU MapadueMu, C8bp3aHU C peulasaHe Ha C8emoB8HUME HayyHU
npobnemu — FLT(Fermat's Last Theorem); NCP (N-Colors Problem); { RH ({(s) Riemann’s Hypothesis) [14,
31] u passumue Ha GUT(Grand Unification Theory) [17-20] u Cosmology of Times [1-3].

2. KpVITVIKa Ha CbBpeMeHHaTa KOCMOoJiorma u Ha KOCMOJIOrM4YHnTe Teopun

CepuroseH KpUTMYEH aHanM3 Ha CbBpPeMeHHaTa KOCMOMOrusa 1 Ha MOA4ePHUTE KOCMOMOrMYHN Teopun e
HeBB3MOXeH 6e3 nscnegBaHe aHTponoreHeanca Ha npexoga ot eaHomepHo 1D-Bpeme KbM MHOroMmepHo N-
D Bpeme, acouuaumpaH C reHuManHoTo BbOOpaxeHMe Ha KocmononuTHWUTe yyeHu Fermat, Huygens,
Hamilton, Newton, Euler, Galois, Gauss, Riemann, Einstein, Bergson, Bohm, Prigogine, Hawking, Atkin,
Kalitzin u Jdp., 3a cb3gaBaHe Ha HOBO 3HaHWe, cnefBaikM napagurmMata Ha AWHLWanH, 4e “camo
BbOOpaXkeHNeTo paxaa HOBO 3HaHue"... CbBpeMeHHaTa KOCMOMOrnsi U KOCMOMOTUYHN Teopun npes 21 Bek u
[lI-To xMnagoneTuye wWe HanpaBsaT ABa CbLUECTBEHU Npexoaa:

2.1. Ot KocMorornst Ha paBHOBECHUTE CUCTEMW KbM KOCMOSOMMS Ha HEPaBHOBECHUTE CUCTEMU U OT
KocMornorus Ha MHoromepHoTo lNpocTtBaHcTBO-Bpeme N-Dim-S_T (4D, 5D, ..., 10D, 11D, ..., 27D, ... U T.H.
KOCMOIOrM4HU Teopuu) , Npu KOuTo obade BpeMeTo € eJHOMEPHO — KbM

2.2. KocmonorMss Ha MHOMOMEPHOTO BpemMe W MynTUTemnopanHa KOoCMOSorus, BKoYBawa
MenTuTemnopanHaTa Teopusi Ha OTHoCUTENHocTTa Ha npod. Hukona Ct. KanuuuH.

CbBpEMEHHOTO pasBUTUE HA KOCMOMOrMATa M KOCMOMOrMYHUTE TEopuUM Uma CBOU “Budypkauun” un
“Grekumnn” (KOCMOMOTUYHKU “CIOpekLun” U “MHeKUUn”) n gopyu cBou abCypaHM XONOMOPMHM reHepanusaumm
kato abcypabT, Ye “CBeTbT e xonomopdeH Ha TpumepHaTta 3D cdepa Ha [MoaHkape”, 6e3 cBeTOBHaTa
Hayka fa e pasbpana nsobLio cmuckna Ha HaykaTa B pasbupaHuaTa Ha NoaHkape, Yye “AnHamnyHuat Ceat
Ha BceneHnaTta e 6D CBAT Ha 6-MepHaTa rpyna Ha TpaHcdepeHuunTe”l...[2-3,16,23].

3. CwuHTe3 Ha (hU3NYHM Teopumn B yHUBepcasHa MynTuTeMnoparnHa KoCMoJsiorusi

M3BecTHM ca MHOro OonMTM 3a CUHTE3 Ha (U3MYHM Teopuu 3a obeamHsiBaHe Ha du3mkaTa Ha
MMKpPOKOCMOCa, KOCMOCa M MakpoKoCcMOCa, HO nuncaTta cnopes CBETOBHUTE KanauuteTn BbB usnkaTa 1 B
HayKO3HaHMETO Ha obeauHuTeneH uandyeH yHOameHT, OTMOXM Ha MNpakTuka Cb3gaBaHeTo Ha EguHHa
Teopusa Ha NoneTaTta, 6e3 ga 6bae HamepeHo u 06eaUHUTENHO (PM3NYHO NOMe Ha BCUYKKU NoneTa...

MHoro BaxxHO e Aa 6bae KaTeropM4yHoO nogyepTaHa KOHcTaTauusaTa, Ye BbB BCAKO 6baeLLo npoyysaHe
n passutmne (R&D) Ha CeemosHume Hayku 3a lNpocmpaHcmeo-Bpememo (kaTto Hanpumep mscnensaHe
dheHoMeHonoruaTa n napagurmmte Ha Cosmology of Times; Multitemporal Theory of Relativity (MTR); Man-
Evolution-Cosmos) nma ase “kpanbrbiHu doeHoMeHonornn” — Ha MynmumemnopanHama Kocmoroausi n Ha
TpaHcueHOeHmanHama Kocmonozus [1-3,4,9,16-20,28], 3a koumo MoxeMm Oa KaxeM, 4ye ca “uHeapuaHmHu
OMHOCHO edHa 2eHepariHa epyrna Ha mpaHcuyeHOeHmHocmu Ha [anya’...

MpobnembT Ha MpobnemuTe € B 0OCb3HaBaHe Ha CrneaHuTe ABe KOCMOMOrMYHN NapagurMmu:

3. 1. N3cneaBaHe Ha kakBaTo U Aa 6uno “EBontoumsi Ha BceneHata” e HeBb3MoxHa 6e3 6D passuTtue
Ha “EBOMOLMOHHOTO ypaBHeHue Ha LpboauHrep” [12,30,31], koeTo kaTo NbPBK ONUT € Ppa3BMTO OT aBTopa B
6D EBontounoHHO ypaBHeHue Ha LpboanHrep-bom-MNeTkos [3].

3. 2. Beuuko cbllectBeHo B Kocmoca OT MUKpokocMoca A0 Makpomalwiabute Ha BceneHaTa e
CBBbP3aHO C “TPaHCUEHAEHTHUTE Yucna, MHOXecTBa N yHKUMKn” [1-4,12,22,25-27]. TpaHCcUeHAEeHTHOCTUTE,
KOUTO ca Haw-ronsiMaTta epecT 1 abcypa 3a BCUYKM ToTanutapucTtu B Haykata, dunocodusTa u MNonutukata
He ca NpoCTO “MHOXEeCTBa C MOLLHOCT Ha KOHTUHYYM” B MaTemMaTuyecku CMUCHI. TpaHcueHOEeHTHoCTUTe
[4,14-29] ca noytn “Becuuko BBB BceeneHata” ¢ TpaHcueHOeHTanHa Mspka Ha rpynata Ha BCUYKM
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TPaHCUEHAEHTHU MHOXeCcTBa (HapedyeHa TyK M cera TpaHcueHaeHtanHa mspka Ha Fanya T(I')), skn.

rpynata Ha TpaHCUEeHOEHTHUTE OYHKLNN.

Beue Hag 100 roguHu oT naeara 3a Infinitemporal Theory of Relativity (ITR) Ha KanuumH-balua [16]
(ot reHepauusiTa Ha Poincare, Einstein and Lorentz) u 40-rognHn crnep cb3gaBaHeTo Ha Multitemporal
Theory of Relativity (MTR) ot KanuuuH-CwuH [16], n3BecTeH B KOCMUYECKUTE n3cneasaHus B bbnrapus u no
cBeTa npean BCMYKO KaTo eaumH OT cb3gaTtenute Ha “photons rackets with hyper-light-speed”, yuuto
TPy4OBE Ca U3MON3BaHU 3a pasButue macnepBaHuaTa Ha Kocmoca ot Wernher von Braun (NASA) po
CobBeTckute Kocmudeckum nporpamum (Space USSR Programs), ctaBa Bb3MOXHO [Ja MOTbpPCUMM
aHmporioeeHemu4YHUMe KopeHU Ha KOMI/IeKCHomo U MHo2oMmepHomo epeme [1-3,13,16], BpbLuariku ce 300
roavHn Hasag kbm Onnep u cnep ToBa kbM XamunToH, [ayc, NoaHkape [12,14,23] (Tpuma reHum —
PBKOBOOUNN TPU aCTPOHOMMYECKM obcepBaTopMmn) U pycKo-HEMCKaTa CUHEpreTMyHa MUCHI1, Npecuyalla ce
B KboHUWHrcbepr, MeTTepbypr n MNbOTUHrEH ¢ BbpXxoBe B reHumTe Ha bepHxapa PumaH, Yebuwes, JisnyHos,
KoTenHMKOB — MPOHUKHANM Han-aAbNOOKO B KOMMMEKCHUTE (PYHKUMW U TpaHCUEHAEHTaNHWTE MCTUMHWU 3a
BpemeTo n Kocmocal... [1-4,23-34].

lMbpesama cepuosHa Hay4YHoobocHo8aHa napadusma 8 Ceema 3a cuHme3 Ha bu3UYHU meopuu 8
yHU8epcaJsiHa MyrimumemMropasiHa KOCMoJsio2usi Bbpxy NpuHuunute Ha Y. P. XamunmubH [12] 3a “Hayku Ha n
3a BpeMeHaTta”, pecnektnHo — “Physics of Times” n Multitemporal Theory of Relativity (MTR) e passuTa oT
npod. H. KanuumH B mMoHorpadwmsata my [16] no eamH 6nectsw, HauvH. Tyk we obbpHEM BHUMaHWeE, 4ye
npod. KanvuuH Habndra B 3armaBMeTO M TeKCTa BbpXy napagurmata “multitemporal”’, gokato BbB
dopmynute manonssa obwoTo “infinitemporal’ napagurma, nopagv u3non3eaHe Ha TeOpeTUYeH MOZern B

06Lwms cnnyan ¢ MHOXecTBo oT 6e3bpor Bpemera {t,,n = 456,...,n — o},

Lintnpam pocnoBHO kBMHTECEHUMSITA Ha KanvumH no opurMHana Ha adrmuicks [16], nopagum
ncropuyeckaTta BaXKHOCT Ha To3u Tpya: “Chapter V: - IS THE CP-VIOLATION A MANIFESTATION OF SOME NEW
DIMENSIONS OF THE WORLD? : - I. DIRAC EQUATION FOR SIX-DIMENSIONAL SPACE

According to publications [1] and [2] (3a6. — Bwx [16]) our four-dimensional physical world is only a first
approximation to the true world. According to the same works physical space has the metric

n—o j=3
(1) ds? =D cdti — > dxi (1.1) (where N —> ) and C, < Cg < Cg <...C,, (12),

=4 j=1
C, =C — velocity of light in vacuum,Cg,Cg,C;,...,C,, — characteristic velocities, t, — Einstein's relative time,
t;,t;,t;,...,1,, —are newtimes which play a part in elementary particles physics. The Hamilton-Jacobi equation for a

particle in relativistic mechanics built on the basis of (1) according to [1] and [2] has the form

2 2
Z1(os| & es 2 2
2) = =) |=—1] =mj.c
,Z_;cf ot ,Z; oX, o

S — the action of the material point with the rest mass M, . If we assume that the derivatives of S with respect to

t;, 1, t,,...,1,, are smaller than or at least of the same order as the derivative of 5 with respect to t,, then

equation (2), on the basis of relations (1.2), shows that the influence of the new times of higher indices quickly
diminishes. This explains the fact that our world is in first approximation a four-dimensional world.

For a better understanding of the processes taking place in the world of elementary particles it is
necessary to consider the following approximation: there must be a transition to 5,6,7,..., N —dimensional
spaces”.

C reHnanHa vHTyuumst n obnboko Hay4yHo pa3bupaHe KanuumH ce Bpblua kbM 6e3kpariHUTE penoBe U
noneta Ha nbpBoyuntenute Onnep, Nayc, PumaH, XamnntbH u lNoaHkape [12,22-27], KbM KOUTO OHEC ce
Bpblla n Hobenucta npod. Marken Bepu [11], Tbpcerkn NpeocMuchsiHe Ha NPUHLUMNNTE Ha KBaHTOBaTa
dm3MKka M KBaHTOBaTa MexaHuka... FBHO, 6e3 fOa no3HaBa TpydoBeTe Ha KanuuuH u  dusmnyecku
060CHOBaHOTO MofyyaBaHe Ha “‘random matrix” Ha 6a3aTa Ha 0606LleHNe Ha BBLIHOBUTE ypaBHEHWS Ha
Dirac, 3a kouto B 1955-1956 rogunHa B Tpu nybnuvkaumm KanvumH [16], o6obwaBa ypaBHeHMeTo Ha [dupak B
6-MepHO NpocTpaHCTBO: - “The Dirac equation was generalized for a six-dimensional space” ...

4. AHanus, CUHTe3, peweHna n MHoBaunn Ha MynTuTteMnoparnHata KocMmonorumsa

Cnopep Hsikon nocregHn nHdopmauum, OTHECEHN KbM €4MH OT CBETOBHUTE NMUAEPU U MOAepaTopu
Ha cbBpeMeHHaTta cumauka F. J. Dyson [9], “pesynTatn Ha PamaHygxaH” ca nsnon3saemu 3a MHOBaLMOHHO
pasBuTUE Ha “CynepCcTpyHHUTE Teopun”. ICTUHCKUAT NbT ob6adve e gpyr. —ToBa NPUHLUMIMHO MOXe fa CTaHe
CbC CMefgHOTO MWHMHMTEMNOpanHOo obobweHne, koeTo Boau Ha npaktmka kbm GUT u Theory of
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Everything, C MHOBaALMOHHa I/IH(*)I/IHI/ITeMI'IopaJ'IHa KOMMJIeKCHa MApKa 3a KOCMOJIOMTMYHOTO MPOCTPaHCTBO-
Bpeme:
2 fat 2 2 242 & 2 2 242 H
@) dS°= ZVJ At +i th)—ZVj d(ty; +i°t;), (where n —oo)and S =X +iY
j=4 =t
@ V=V <V, =V, <V, =V,,<...,.<V <V <V, <..,<V, <.., kpgeto

n

V1 :VSH <V2 :st <V3 :VP
— KOMMJIEKCEH CKOPOCTEH BapuauMoHeH pernep Ha Pepma-XamMunToH-
My3vpeB Ha nNoneTto Ha BPEMETO 3a aHM30TPOMHM CpeauM B 0OLMS KBaAHTOBO-MEXaHW4YeH crydai;

Via <V <V, KOMMMEKCHN Bapuauum Ha CKOpoCcTTa Ha cBeTnuHaTta okono velocity of light in vacuum;

V,, V., V...V, 4,

— KOMMJ1EKCHU XapaKTepUCTU4HM CKOPOCTN B MyNnTUTEMNOPASTHOTO NOJie Ha BpeMETO Ha

Kanuuuh-MNysupes, V,,V,.;,...,V,, — KOMNNEKCHN CBPBLXCBETIIMHHW WHAUHUTEMMNOPANHN CKOPOCTU Ha
KanuuvH-3omepdeng-bacos, {, — komnnekcHo penatmeBHo Bpeme Ha AWHwanH (Einstein's complex
relative time), t, =ty >, =t;, >1{; =1, — xomnnekcHn xapakTepucTuyHu BpemeHa Ha MoneTo Ha

BpPEMETO.
Tyk Wwe gagem gokasatencreo (proof), koeTo e caMo 06ekT Ha Bpeme aa ce pasbepe OT CBETOBHUTE

KanauuteTu, Ye e n pelueHmne (solution), 3a pasnuka HanNnUYHUTE €4HO TUMUYHO aHMMINCKO JOKA3aTENCTBO Ha

George Spencer-Brown [32] 1 Ha egHO TUMMYHO KMTaWCKO AokasaTenctBo Ha Shi Kaida [30]. B cneasaium

n3cnenBaHns LLie NoKaseM 3HaYEeHNETO My 3a KOCMOSOrusTa, 3a ousmkaTa 1 3a HaykaTta kaTo Usno....
Hobpe n3BecTHn ca cnegHuTe penauum [8,15,22,25-27,30,32-33]:

G <(s)= Plz_[j(l— ps)1 = g%s . {(l-9)= Plzj(l— ps_l)_l =g%1_s :

kbaeTo p € {P} — MHOXeCTBO Ha npocTuTe Yncna ; n € {N} — MmHoxxecmeo Ha ecmecmeeHume 4ucna.
®)  £(s)=2°7""sin(zs/2).T(1-s)¢ (@A)
7 ¢(-s)=2""7°.cos(ns/2).1(s).L(s)

(8) F(S)F(l— S) = % (7ZS) #0

OTTyK Beye ugBa n ngesTa, n camoTo pelleHne Ha XunotesaTta Ha PumaH, kato 3a aa 6baem Hau-
6nmsko oo hmsmko-maremaTnyeckus anapaT Ha PumaH we gagem 3a npoctota M SCHOTA acUMNTOTUYHO
KpaTKO U AICHO peLLeHne C Knacudeckmst anapar.

JokasaTencTeo Ha Benukata xunoresa Ha PumaH
(Proof — Solution of {RH - {(s) Riemann’s Hypothesis)

Mpu gedmHnTueHoTO 3a £ (S) (MO ycrnosue) P —> o0 1 Nopaam HanM4YMeTo Ha paBeHcTBaTa
(9) 0=4(s)=¢(1-5s) =0, (cneacteme oT dyHKUMOHaNHNTE ypaBHeHus (11), (12), (13))
BEpHM 3a kopeHWTe S B monypasHuHata Re(S)>1/2 ¢ usknouenne Ha nomoca S=1 u BepHu 3a

kopeHute S B nonypasHuHaTa Re(S) <1/2 ¢ wusknouenne Ha nomoca S =0 [15,22,26-27,30,32-33],
nocnefoBaTernHo crieasa, ye aseta-pyHKUMATa Ha PUMaH uMa KopeHu Torasa v camo Toraea, KoraTo:

(10)  Re{lim[g(s)/ S (1-5)]}= Re{limf{[(l— P IA-p)}= Re{“mli{[(lozs‘l)] =1.

MocnepHaTta penaums B (10) aHanUTUYHO M eHO3HaYHO V) —> 00 e paBHOCWINHA Ha cregHaTa
penaums 3a creneHHus nokasarten 25 —1=Re(2s-1)+Im(2s-1), (Vp — o« o1 £(9)):

(11) Re(2s-1) =1, pasHocunHo Ha Re(s) =1/2.
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C toBa Xunotesata Ha PumaH, noctaBmna Ha UHTENEKTYanHN n3anuTaHna 1 npegu3BrkaTencTea
usnaTa YoBeLlka UuBununsaumsi Beve 6nmso Bek 1 nonosuHa (148 roguHun), e gokasaHa.

5. nepCI'IeKTVIBVI, 3akKrnw4veHuda n nasoamn 3a MynturteMnopanHata Kocmonorus

WHTepecHo e fa otbenexum cnegHuTe aHanMTUKO-(OU3NYHN acoumaLlmmn 3a NepcnekTMBEH pasMnchb,
3aKnYeHns 1 U3BOAW, CBbP3aHu C pelueHneTo Ha PumaHoBaTa xunoTesa:

1. YCTOMYMBOTO pasBuTME Ha 3eMHUTE UMBMNIM3auMM € HEBBb3MOXHO 6e3 «Space Propulsions»
n3paseHo B npexoaa kbM “Cosmology of the Times” n kbm “The Time of Cosmology™!...

2. MpuHocbT Ha YebuweB u PumaH, pecnektmBHo Ha Ounnep m [ayc KbM KOCMoOMorumsta u KbMm
Haykute Ha 21 Bek Lie HapacTBa C HapacTBaHe pa3bupaHeTo 3a “ckpuTaTa uanyeckata CbLLHOCT Ha
0bobuweHuTe aseta-dpyHKUMM Ha Onnep-PumaH M TeXHWUTE CbBPEMEHHU TpaHCLEHAEHTanHW NpunoXxeHus
BbB BbPXOBW JOCTWKEHWNS Ha YoBeLLKaTa umBunusaums [4-34], B T.4. “RS of Earth and Cosmos” [3].

3. “BobxBankn” uanvecka BpemeBa M CrekTpanHa AvHamuka B OCHOBHaTa TeopeMma [22] Ha
“mpaHcuyeHdeHmHama apummemuka” Ha Yebuwies n B “ocHoO8Hama meopemMa Ha rnpocmume 4yucna’:

12)  Iim{zO)V/[x/In(X)]}=1wn lim{[FO)V/[x/In(X)]}=1 npu: Xx =
7(X) = F(X) =#{p < X, p— prime}, cvorBetHo 7(X) npu Yebuwes n F(X) npu

Puman
N pecnekTMBHO B A3eTa-(pyHKUMATa Ha PrumaH n B pegoseTte Ha [dupuxne nony4yasame:

@3) inf F{¢(s,x=1,f := fn)}:i)%:i/s:z 1S+ 1s+ 1S+...+ 1S+...
-,/ N "=/ N fl f2 f3 fn
1 o0
=21
n n=1

S

(14) infT{((s,x:l,t::tn)}:i :tls+t25+t3s+...+tns+...=inf{|’}.

Cera Beye MOXeM ga pasBMEM KOMMIIEKCHOTO BpeMe Ha XOKWHF B MHOBALMOHHOTO KOMISIEKCHO
nHdpmHuTemnopanHo speme INf T, na ro cevpxem ¢ ¢ (S)RH v pa Hanpasum “ap6utpax” mexay aseta-

dyHKuMATa Ha PumaH, Yebuwesute TPUTOHOMETPUYHU MOMMHOMW WU XunbepT-TpaHcdopmauuuTe B
YyecToTHaTa obnact. be3bpoi cucTeMHU KNBEPHETUYHN U TEXHOMNOMMYHN NPUIIOXEHUS cneasaT AMPEKTHO OT

CreaHOTO VHOBALMOHHO KOMMMEKCHO XunbepT-npeactassHe Ha nHduHuTemnopanHoto speme INfT

15 infT{(s:=a+ip = tn)}=n§;,tns = 2e“'m”{cos(ﬂ. Int,)+isin(g.Int, )}

Monyuasaiiku B (15) KomnnekceH curHan 3a ¢ (S = a + 1) crasat sicHu u xunoteaute, n Xunbept-

kpuTepuuTe 3a £(S) Ha HoBenucta Mankbn Bepu [11] B MogepHaTa ranka 1 KOCMOSIOTUS.
EQHO BB3MOXHO hmsmyecko obobLueHne Ha pegoseTe Ha [upuxne HM JaBa Bb3MOXHOCT Aa MMame
eHO TPVBMAITHO MOSIOXEHNe Ha UHUHUTEMNOPanHWS Moden Ha KanvumH npu gonyckaHe Ha X = F (V) u
1

TpuswnaneH ckopocter mogen F(y) =argF , nanogo6sieaw, Inf #{f (x)}= l.F(XH) [27] -
n

InV
% -
(16) X =V :V% ="V —e "y B HMHMKOCMONOrMYEH pe  Nonydasame:

_ o iny_yht et WY alnt,+— . .
@0 infSg{saripxvhieg po i " {cos.Int,)+isin(G.Int,)}.

U3Boaum:

1. VlHCbVIHVITeMI'IOpaJ'IHOTO N MynTUTEMNOPAJSIHOTO KOMMJIEKCHO NpeAcTaBAHE Ha BpeMeHaTa U TEXHUTE
MHOromMepHn 0000LeHNs BbB BbBJIHOBU d)YHKLI,VIVI N ypaBHEHUA paskpumBat e€OuHHUA N BCENPOHUKBALL

XapakTep Ha “noneTo Ha BpemeTo” 1 0bsICHsBAT reHepanHo npobrnemuTe: g“(s) RH, N-Colors; N-Body, N-
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dim S-T Continuum [2,8,14,31] 1 MHOXeCTBO akTyanHu npobnemMyu Ha CbBpeMeHHaTa KOCMOMOorvs u
KocMunyecknTe nscnensanus, B T.4. “RS of Earth, Planets and Infinitemporal Cosmos” [3].

2. KomnnekcHoTo BbNHOBO none Ha BpemeTo (15) — domsmyHo o606LuieHne Ha Riemann Zeta Function
n Ha Einstein’s “Gesamtfeld” e obeguHUTENHo norne 3a MMKPOKOCMOCA, KOCMOCa M Makpokocmoca. To e
GesanTepHaTuBeH um3nyeckn n TeopetTmdeH dyHaameHT 3a obeduHeHWe N pas3BUTUE Ha CbBpeMeHHaTa
KocMororus, Teopusta Ha OTHOCUTENHOCTTa, KBaHToBaTa kocmonorusa, GUT u Theory of Everything kato
enemMeHTu 1 etanu B passutueTo Ha Cosmology of Times [1-3] n Multitemporal Theory of Relativity [16].

3. lNpegcTaBeHOTO WMHOBALMOHHO OPUMMHANHO KpaTko UM SCHO [JoKasaTericTBo-pelleHue (Proof-
Solution) Ha noctaeeHus [8,31] nog Nel mexay HayydHuTe npobnemu — Xunotesata Ha PumaH (Riemann
Hypothesis) 3a kopeHuTe Ha PumaHosata gseta-gyHkumst (S (S)RH) ce 6asupa Ha Heonposepxumu

bYHKUMOHANHN ypaBHEHMSI M CbNbTCTBAWM pe3ynTtatn Ha Euler, Gauss, Riemann, Yebuwes, Hurwitz,
Courant, Konmoropos, Rademacher, H. O6pelkos, Jl. Yakanos, . JaHunoB v gp., n uma uanyecku
MyNTUTEMMNOPANHM U KOMIMMEKCHN MHTepnpeTauun, agantmMeHu ¢ Tean Ha Kalitsin & Berry [11,34].
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BE3MNUITIOTEH CAMOJIET- MOAEJIMPAHE U YNPABJIEHUE

Oumutp WopaaHos, Metwbp Meuos

WHecmumym 3a KocMu4ecku u3cnedeaHusi — bwbrieapcka akademusi Ha Haykume

UNMANNED AIRCRAFT- MODELLING AND CONTROL

Dimitar Jordanov, Petar Getsov

Space Research Institute — Bulgarian Academy of Sciences

Pestome: lMpeanoxeH e MeToA 3a NpoOBepka Ha MAeuTe 3a ynpaBreHveTo Ha 6e3nunoTeH camorneT 4ypes
MogenupaHe Ha KOHTypa 3a ynpasneHue. Mogenute ca paspabotenu B “Matlab-Simulink”. MonydyeHn ca pesynrtaTw,
ypes KOMTO Ce WM3SACHABAaT CbLUECTBYBaLLM Npobnemu B KOHTypa 3a yrnpaBrieHVe U3BbH 30HaTa Ha npsika BUAUMOCT U ca
npeanoxeHn crnocobu 3a ocurypsBaHe Ha YCTOWYMBOCT Ha KOHTypa Npu TonsMo 3aKkbCHEHWE B cucTtemarta 3a
OVNCTaHLUMOHHO yrpaBreHue.

B 6bp30 pasBuBallaTa ce obnacTt Ha 6e3nunoTHaTa TEXHUKA YNpaBfEHNETO € eanH OT CepPUO3HUTE
npobnemu, oT KOWTO 3aBUCAT Oe3onacHocTTa Ha O0O0eKkTW, pas3nosioXkeHW B 30HATa Ha noneta wu
M3NbMHEHMETO Ha LeneBuTe 3adaun Ha mucusTa. MogenupaHeTo 3acera € Hal HagexaHus cnocob 3a
npefBapuTeNHO M3ydYaBaHe Ha npobrnemuTe B YNpaBleHWETO W3BbH 30HAaTa Ha npsika BUOUMOCT Ha
camonerTa. [py MogenupaHeTo 1 U3CNeLBaHETO Ha MPOLECUTE B KOHTypa 3a yrnpasrieHne Ha 6e3nunnoTHUs
KOMMIEKC ce NMpvMemMa, Ye B NyHKTa 3a ynpaefieHMe NUoTbT-ornepaTop Mma MHgopmauns Ha MOHUTOP 3a
KpeHa 1 TaHraxa Ha camorieTa NnogobHO Ha aBMOXOPU3OHT B kabuHaTa Ha peaneH caMmoneT u nsobpaxeHue
Ha 3acHeTaTa NOBBLPXHOCT. ToBa npeanonara pasnpefeneHve Ha BHUMMaHMETO Ha nuoTa-onepaTop
noAobHo Ha peaneH noneT. YnpaBrneHMeTo No ABaTa KaHana ce OCbLLUECTBSIBA C OTAENHU PbYKM UMK C eaunH
MaHunynaTop OT TUna “4KOMCTMK” HE3aBMCMMO MO ABa KaHana — efiepoHn 1 KOPMUIO 3a BUCOYUHA. TpeTusT
KaHan — KOPMUMOTO 3a HanpaBIieHne B MONeT € NoBepeH camo Ha aBTonunoTa u paboTu kaTo aemndep Ha
pUcKaHueTo.

MogenvpaH e KOHTYp 3a ynpaBrieHWe C TrOofsiMO 3aKbCHEHWE Ha CurHana KbM camoneta u oT
camorieTa OO NyHKTa 3a ynpaereHune - obwo At=1.4s, koeTo e OnM3Ko A0 AaHHWTe MOCOYEeHU OT Apyru
nscnegosatenu (4) U CbOTBETCTBa Ha YCMNoOBUS Ha MOMEeT W3BbH 30HATa Ha BuAMMOCT. [NpakTukaTa e
yCTaHOBMMA HEYCTOMYMBOCT Ha KOHTYpa 3a PbYHO yrpasrieHWe npu TakmBa NosieTM U onuTuTe 3a TOYHO
nunoTMpaHe 1 gaxe Hameca 3a KOPeKUUn Mo nofnydeHata MHopMaLlmsa oT anapaTta ca ce okasanu onacHM
3a noneta (5). MogenupaHeTo Ha 6e3nMMNoOTHMA KOMMEKC MMa 3a uen Aa cb3gage paborocnocobHa 6asa
3a uscneaBaHe Ha npobrnemuTe B yrnpaBneHMeTo My.

OOwmAT BMA Ha MoZena e nokasaH Ha dur.1l. Bcekn 6nok Mma HAKOMNKO HMBa Ha MOAPOOHOCT.
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Que. 2. Moden Ha nodcucmemama “AIRCRAFT-AUTOPILOT” 3a KOMbOUHUpaH pexxuM Ha yrpaeneHue Ha
anapama c 3 KaHasieH agmornusaom.

OtgenHute 6rokoBe Ha urypute 1 1 2 nmat CnegHOTO 3HaYeHune:

e [logcuctema “AIRCRAFT"- mogenupa noBedeHMETO Ha camorieTa B HagfbXHO M CTPaHMYHO
OBWXEHNe N BPBb3KUTE MeXAy THX, BU3yanusanpa TpaekTopuata n ocurypsiea WHdopmMaums 3a
paboTaTa Ha aBTONWNOTa;

e [loacuctema “DISTURBANS” — cumynupa CMyLLEHUS MO brbfl Ha HaknoHa (KpeH), BbBeXaaHu
ype3 OTKIOHEHME Ha enepoHuTe; nogobHM noacucTeMm ca BbBeOEHM U 3@  bIMTe Ha
pUCKaHMETO U TaHraxa ;

e [logcuctema “PILOT_OPERATOR” mogenupa CEH30MOTOPHUTE AENCTBUSA Ha onepaTopa ;

e OcraHanute 6nokoBe M nogcucTeMu Mogenupat paboTtata Ha asBTonMIIOTa B HaO TbXHUSA
(AUTOPILOT _N) n ctpaHuyHus kaHan (AUTOPILOT _S) Ha ynpaBneHnueTo, a “Transport Delay” —
3aKbCHEHWETO Npu paboTa N3BbH 30HaTa Ha BUAMMOCT.

ABTOMMNOTBLT paboTM MO KPbCTOCAHa CxeMa M € TpuKaHaneH, nporpamvpyeMm OT nyfTa 3a
ynpaBneHue. B kaHana Ha KOpMUITOTO 3a HanpaeneHue B nonet paboTtu kato gemndep Ha puckaHneTo. 3a
aBTOMaTU4YHO ynpasfieHWe Ha camorieTa B XOPU3OHTarHa MiIoCKOCT aBTONMUNOTBLT “rnonyyasa” OoT mogena
nHdopmaums 3a HakmnoH (KpeH), puckaHue, brioBa CKOPOCT Ha HaKMoHa, a 3a aBTOMAaTUYHO ynpasrieHne BbB
BEpTMKanHa niocKOCT aBTONMMMOTBLT paboTn No CMrHamM 3a BMCOYMHATa Ha nofeta, brbfa Ha TaHraxa u
brroBaTta CKOPOCT Ha TaHraxa. TekywuTe napameTpu ce CpaBHABaT C MpoOrpamMHUTE M pasnukarta ce
Hynupa npu paboTa B aBTOMaTMyeH pexum. OpraHuTe 3a ynpasrieHVe Ce 3aBWKBAT OT TPU KOPMMITHU
MaLUWHW, KOUTO Ca U3NBIHUTENHW enekTPOMEeXaHU3MM KakTo Ha aBTOoMuroTa Taka W Ha KoMaHauTe Ha
nunoTa-onepaTtop. OnepatopbT HAMa 3agada ga paboTm C KOPMUIOTO 3a HanpasneHve. B mogena e
peanv3upaHa upesi 3a KOMOMHUPAaH TUN ynpaBneHue, B KOSTO OnepaTopbT 3a KOPEKLMU Ha NofeTa MoXxe
da ce HamecBa B paboTtata Ha aBTonunoTa 6e3 ga ro M3knwyBa. YCMOBHO TakbB PEXMM Ce Hapwuya
"ynpaBneHue u4pe3 aBTonunoTt’ (KOMaHAMTE Ha onepaTopa ce nogaeaT B aBTONWIOTA KaTo 3afafeHu
napameTpu MO KPEH M TaHrax, KOUTO Ce CyMmpaT C NpOorpamHuTe).

ABTONUNOTBLT MOXEe Aa ce nporpamMmmpa no Kypc, HaKroH, TaHrax, BepTuKanHa CKOpocT U BUCOYUHA B
TMNOBM MaHbOBpPU (BUpaxu, 3aBOoU, HAOOp Ha 3adadeHa BMCOYMHA W CHMXXEHME OO0 3aJafeHa BMCOYMHA).
Mogenute Ha onepaTopa B ABaTa KaHana ca enemMeHTapHu W OTyMTaT Haun-BaXHUTe My CBOWCTBaA —
3aKbCHEHVE Ha CEH30MOTOpHaTa peakuusi, 30Ha Ha HEYYBCTBUTENHOCT W yrpaBneHne no eavH napameTbp.
lMpepasaTenHata yHKUMSA Ha MoAena Ha onepatopa 3a ynpaBreHue B 3aTBOPEH KOHTYp e OoT Tuna
W(s) = K.W(,Te'o'35 . Mpn mogenupaHe Ha gencTBuATa Ha onepartopa ce npuvemaT JaHHU OT u3cneaBaHus 3a
nunotnpyemmn camonetn (1), (2), (3). 3akbCHEHNETO U KOEULIMEHTUTE HA YCUNBAHE Ca NPUETU KaTo CPeaHM
CTOMHOCTM - MOCTOSIHHM 3a cuMyrnaumdara. B gencTBuTenHocT Te ca cnyyanHu BenuyuHu. [NposegeHn ca
CYMyraumm 1 ¢ npegeriHin KoeduumMeHTN Ha ycurBaHe Ha nuroTa B pasfuyHn yCroBus 3a KpaTKo BpeMe.

3a oueHka Ha yHKUMOHMpPAHETO Ha Mofena ce KoHTpomnupat 18 napameTpu Ha noneta 4pes
CpeAcTBaTta Ha BM3yanusaums v rpadumka, Kouto npegnara npogykra “Simulink”.

Pe3y11TaTVI OT uscneaBaHeTo Ha 6e3NUNOTHMUA KOMNNEKC

PaboTata ¢ KOMMNIOTBPHUA MOAEN 3a U3cnefoBaTeNnckn Lenu e uenecbobpasHo Aa ctaHe B crneaHust
pea:

1. |_|O AOaHHU 3a 06eKTa 3a ynpaBneHme ce uns4yucngasart npenaBaTenHMTe Yyuyucrna Ha aBTonmmoTa no
erH N TaHraX  CbOTBeTHNTE BbIToOBU CKOpOCTI/I. I'Ipe,u,aBaTenHMTe 4Yumcna Ha aBTonnnoTa ca onpe,ueneHm no
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MeToauKa OoT (3) N ce Kopurmpart no Bnga Ha npexogHuTe npolecun. 3a KOHKPETHNUA MOJENT aBTONMUIOTbT
pa60T|/l Nno cnegHnTe 3aKOHU:

Kopmurno 3a BucouvHa 8%=0.77A9° + 0.44]A98%t + 0.235 ©,”".
A9°=9%9%,,
Som MO>Xe a Cce 3agaBa Mo HAKOMKO HayuHa:
8 san = (1)
9%a5 = 0.16AH (1
8033/1 = 016Vy (m/s)
)

%,aa = f1 (t)-0T nunoTa onepatop

Enepon 8%= 0.75(y -1sa,")+ 0.0045](1°-ya:0)dt + 0.00450,”°
7%5an MOXE /13 Ce 3371aBa N0 HSKOMNKO HaumHa:
Y3an2: f(t)' 0. 0 0
Yaan = 0.6(W -V aan); W aan = f(1);
Ysan°= f,(t)-oT nMnoTa oneparop;

KopmunoTo 3a HanpasneHne paboTu No brroBa CKOPOCT HA PUCKAHUETO 8% = 0.020)y°’S

2. HactporiBa ce 6nok “Subsystem AIRCRAFT_AUTOPILOT” ¢ xapaKTepuUCTUKUTE Ha YCTONYMBOCT U
ynpaBnseMocT 3a obekTa M onpegerneHnTe npegaBaTeriHu 4YMcna 3a aBTOMAaTWYHO YMpaBfeHue OKOJOo
MacoBus LUeHTbp. B cnydas ca 3anoxeHn [daHHM 3a Manbk 6e3nunoTeH camoneT ¢ maca 50kg mpwu
crnegHUTe XapakTepUCTUKK:

Cy*=4.72, Cz’= -0.31, Cz™" = -0.14, m, = -0.13, m,’ =-0.058, m/* =-0.12,

m,” = -8.99, m,”*= -0.66, m," =-0.1, m,"*=-0.11, my" = 0.11, m,%=-4.3,

m,* = -1.09, m,*°= -0.24 , m,*"=-0.07, m,>=-0.01,
S = 2.14m% I, = 5.06m; by, = 0.42m; I, = 21.4 kg.m?; I, = 29.3kg.m?; I, = 12.4kg.m’

BucounHa Ha noneta e ot 10 m go 500 m n ckopocT 100 km/h. CamoneTsT € cnupanHo HeyCTONYNMB.
YecTtoTaTta Ha konebaHus B HaanbxHUs kaHan e okono 0.9 Hz, a OTHOCUTENHUAT KoedULMEHT Ha 3aTUXBaHe
Ha konebaHusTa e 0.83.

3. lNpu wusknoyeHa nporpama Ha aBTOMUIOTA U OTCLCTBME HA 3aKbCHEHWE B MpedaBaHeTo Ha
cUrHanuTe ce HacTpolBa MOAEeNnbT Ha MUMoTa—onepaTtop 3a napupaHe Ha CMYLLEHWS MO KPeH W TaHrax.
LlenTta e oa ce onpegenar KpUTUYHUTE KoedULNEHTN Ha YyCUnNBaHe 3a NunoTa B 30HaTa Ha BUOUMMOCT.

4. Tpn uskniodeHa nporpama Ha aBTONUMOTa U 3aKbCHEHME B NpefaBaHEeTO Ha curHanurte ce
HacTporBa MoOEenbT Ha NUNoTa—onepaTop 3a napuvpaHe Ha CMYLLEeHUs Mo KpeH 1 TaHrax. Llenta e ga ce
onpefenaT KpUTUYHUTE KoeuUMEeHTU Ha yCunBaHe 3a NUMoTa M3BbH 30HaTa Ha npsika BUOUMOCT.

5. MNpu cblaTa HacTporka Ha mMofena ce BKIYBa nporpaMa Ha aBTonumoTa, 3a Aa ce peanuaupa
KOMOVMHMpaH pexuMm Ha ynpaerieHue Npu napvpaHe Ha cMmylleHusiTa. [poBepsiBa ce HanMyuMeTo Wnu
OTCbCTBUETO Ha YCTONYMBOCT.

6. MNMpoBepsBa ce N3NbMHEHNETO Ha KPUBOMNMHEEH MNOMNET OT aBToONMMNOTa, C HAMeca Ha onepartopa 3a
KOpeKkuMn B KOMOWHMpaH pexmnm B 30HaTa Ha BMAMMOCT M U3BBLH 30HaTa Ha BMAMMOCT. AHanuaupa ce
B3aMMOJENCTBMETO Ha MUMOTa C aBTOMUIIOTA M Bb3MOXHOCTUTE 3a PbYHO NUNOTUPAHE M3BBLH 30HaTa C
npsika BUOUMOCT. BbBexaaT ce Kopekuuu B cucTemaTta 3a ynpaBreHue 3a OCUrypsiBaHe Ha YCTOMYUB U
6esonaceH noner.

Ha cur. 3-a n 4-a ca nokasaHun nNpexogHun npouecu crief BbBeAEHU CMYLLEHUS MO KPEH U TaHrax u
napvpaHe Ha CMyLLeHuATa OT ofnepatopa B PEXMM Ha PbYHO yrNpaBfieHME WU YCroOBWUSA Ha MnorfieTa U3BBLH
30HaTa Ha BUAMMOCT, fareye OT onepartopa (3aKkbCHEHUE Ha cUrHanuTe B KOHTypa 3a ynpasneHue 0.7s Ha
Bxoga un 0,7s Ha u3xoga OT onepartopa). ABTONWUMOTBLT € U3KMYEH M ofnepaTtopbT nogaBa KoMaHam
ONPEKTHO Ha KOPMUNHUTE MaLUUHW, pasnonaramkyi ¢ MbiHWMSA Ananas3oH 3a ynpaeneHue. [MunoTbT nonyyasa
CUrHanM Ha MOHUTOpA 3a U3MEHEHMEe Ha KpeHa W TaHraxa B rpagycu M Ha usxoga OT MaHunynatopa
peanusnpa OTKIOHeHWe B rpagycu. Mogenute Ha nunota—onepaTtop MO KPEH M TaHraX ca HaCTPOEeHU C
KoedULUMEHTN Ha ycunsaHe 6rM3Kn 00 KPUTUYHUTE, KOUTO B KOHKpeTHUTE ycnoBusa ca Kip rawax= 0.452; K
wp_kpen—0.38. CuMynupaHuTe npouecu ca Ha rpaHuuata Ha konebatenHa yctomumsocT. [log Tax 3a
CpaBHeHue ca npuBeaeHU CbLUUTE NPEXOAHU MPOLLECH, HO C BKIIOYEH aBTOMUMOT, NPU KOWTO ABWXEHNSATa Ha
nocta 3a ynpasfeHuve ce BbBexaaT OT onepaTtopa KaTo 3ajajeHu napameTpyu no KpPeH U TaHrax B
aBTONWUINOTA - KOMOUHMPAH PeXUM Ha ynpaeneHue “4dpes aBTonunoT” (urypu 3-6, 4-6).
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Que. 3-a. HaknoH Ha camonema npu onum Oa ce napupa CMyweHue om nuaoma npu PbYHO

-4

nunomupaHe ¢ KpumudeH KoegpuuueHm Ha ycuneaHe K ,, ew= 0.452. CmyweHuemo e
ebgedeHo  Mmexdy t=1...4s c KopMmusno 3a HanpasreHue 6 duana3oHa o, =#5° u
npedu3sukea pasknawiaHe Ha camoriema o KpeH. KoHmypbm pabomu npu 3aKkbCHEHUS,
XapakmepHU 3a nosiem u3ebH 30Hama Ha npsika eudumocm. Aemonuiomsbm e
usknroyeH. pouecbm e Ha epaHuuyama Ha KorebamesiHama ycmou4yugocm 3a KOHmypa
3a yrnpasrneHue.

/|

n )
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TR
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due. 3-6. HaknoH Ha camoniema npu onum da ce napupa CMyuweHue 1o KpeH 8 KOMOUHUPaH Pexum

15

om furioma no fpuHyuna "dype3 asmonunom’c koeguyueHm Ha ycunearneK qupom wpen= 0.452
(KkpumuyeH 3a ycrniosusi Ha pbLYHO nuromupaHe). Aemonunomsbm e eKno4eH. KoHmypbm
pabomu npu 3aKbCHEHUSI, XxapakmepHU 3a rnoJjiem u3ebH 30Hama Ha fnpsika eudumocm.
Aemonunombm usnpesapsaw,o napupa konebaHusma. Kpumu4Husm koeguyueHm Ha
nuoma 8 KOMOUHuUpaH pexum e okosio 2.205.

due. 4-a. HopmanHo npemoeapeaHe Ha camosiema rpu onum Oa ce napupa CMyweHue o maHaax om

nusioma ¢ KpumuyeH koeguuueHm Ha ycunsaHe K, manax= 0.38. Aemonunombm e
U3KITIOYeH, 1o/lembm e u3ebH 30Hama Ha euduMocm, 3aKbCHEHUEmMO 8 KOHmypa 3a
ynpaesneHue e 1.4s (no 0.7s Ha exola u usxola e modena Ha nunoma). [Mpouyecbm e Ha
epaHuyama Ha KkonebamesiHa ycmodidugocm.
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®ue. 4-6. HopmanHo npemosapeaHe Ha camonema rnpu onum Oa ce rnapupa CMyuweHuUe Mo maHaax
(8 duanasoHa #0° ) om nusoma 8 KOMOUHUpaH PeXuM C KoeguyueHm Ha ycurneaHe
K nunom_mareax= 0.38, Mo npuruuna “4pe3 asmonunom’. Aemonuinombm e 6KIH0YeH,
nonembm e u3ebH 30Hama Ha euduMOCm, 3aKbLCHEHUEMO 8 KOHMYypa 3a yrpassieHue e
1.4s (no 0.7s Ha exola u u3xoda e Mmodena Ha nunoma-ornepamop). [llpoyecbm e
ycmouiyus. Kpumuy4Husim koegbuyueHm Ha rnunoma 8 KoMOUHUpaH pexum e okosio 0.84.

OTtcbeTBMETO Ha konebaTtenHa HeyCTOMYMBOCT MOKa3Ba NOMOXWUTESNIHaTa Pons Ha aBTonumnoTa U Ha
KOMOMHUPaHMA pexXuM Mo MnpuHUMNa “4pe3 aBToOMMIOT' KaTo eQHO OT CpeAcTBaTa 3a peluaBaHe Ha
npobrnemuTe Ha ynpasBneHWeTo. ABTONWMOTBLT MOpagu ONTMMM3MpaHaTa CTPYKTypa Ha KOMaHgute cu u
6bp3oaencTBMeTO yCnsBa Aa napupa cam CMyLleHusiTa U ocurypsia “no-koMgopTHW” ycnosus 3a paboTa
Ha nunoTta-oneparop.

Hopu npyu MHOro rpybu gencTBusA Ha onepartopa no KpeH (C OTKMIOHEeHWE Ha focTa 3a ynpasfieHue B
[vanasoHa + 45° Mo cuHycouaaneH 3akoH) Mpu KOMBMHMPAH PeXUM Ha ynpaBneHue “4pe3 aBTonumoT”,
camoneTbT ce konebae no kpeH He noseye oT +45°. [lopy ako onepaTopbT 3aABLPXN NOCTa 3a yrpaBreHne
Ha MynTa B KpanHO MONOXeHWe 3a KomaHaa Mo KpeH, caMorieTbT ocTaBa B cTabunuaupaH OT aBTonunoTa
HaknoH oT +45° unn -45°. B pPbYeH pexum Ha NUIoTMpaHe MNpW TakaBa KOMaHOa CcaMoNneTbT Ce BbpPTH
HenpeKbLCHATO OKOMO HadNbXHaTa OC 1 CnMpanoBugHo ce cHkaea. OnepaTopbT B KOMBMHMPAH pexum Ha
yrnpaBneHne M3BbH 30HaTa Ha BUOMMOCT HEe MOXe fa oObpHe camoneTta no rpbb Aopw npu Hanl-rpyou
KOMaHau u rpelkn. ToBa e MHOro BaxkeH paktop Ha 6e3onacHOCTTa Ha noneTta B nonsa Ha ynpasrneHmeTo B
KOMOMHUPaH pexunm no npuHumna “4pes aBTonunoT”.

AHanu3bT Ha ModenupaHuTe cUTyauumn Nokasea, Ye e LenecbobpasHo ga ce BbBeAe orpaHuyveHune 3a
onepaTopa B KaHana 3a ynpasrieHVe No TaHrax 3aLloTo camoneTbT Tpsabsa ga ce npegnasm oT U3nu3aHe Ha
OKOMOKPUTMYHM BIMN Ha aTaka npu rpybu gencrTeusa Ha onepaTtopa C Nnocta 3a ynpasneHue. B kombruHupaH
pPeXunM Ha ynpasfeHve No TaHrax no npuHUMnia “4pes aBToONWMoT”, B PavioH M3BbLH 30HaTa Ha BUAMMOCT,
OCHOBHaTa paboTa B HaAMbXHOTO ynpaBreHne ce M3BbpLUBA OT aBTonNuoTa. 3a KOPEeKUMU No TaHrax Ha
onepatopa ca focTaTbunn + 5°. Tosa npasu GesonaceH noreta M Mo brbn Ha aTaka. AKO onepaTopbT
3a4bpPXXU B KPAMHO MOSIOXEHME NOCTa “No TaHrax-Ha kabpupaHe”, caMoneTbT HE U3Nn3a Ha KPUTUYEH bIbi
Ha aTaka v Ha pa3spyluaBally npeToBapBaHusi. OTKMOHeHue oT -5° Ha NocTa (Ha kabpupaHe) B aBTONMUMIoTa
ce BbBeXAAT KaTo Nporpama 3a yBenuuaBaHe Ha TaHraxa ¢ 5° U AaBaT Bb3MOXHOCT Ha onepaTopa aa
npusefe camoneTta B Habop Ha BUcouYMHA C BepTuKanHa ckopocT oT Vy = 2.5 m/s. Ako onepaTtopbT
npoabmMKNTENHO Bpeme Konebae nocta 3a ynpasneHne no CUHycouaaneH 3akoH B OrpaHnyeHns ananasoH
ot +5°, camoneTbT nosTaps konebanusTa, HO 6e3 Aa M3NM3a Ha KPUTUYHU PEXUMM MO BIbN HA ataka u
npetosapsaHe.

YnpaBneHveTo B KOMOMHMPaH pexum “4pe3 aBTonMIoT" C orpaHnyeHus Ha onepaTtopa obe3onacsia
noneta OT KonebaTenHa HeyCTOWYMBOCT U U3NU3aHe Ha KPUTUYHW PEXUMW, HO NPeasBsBa MHOMO BUCOKU
N3NCKBaHWSA KbM HageXaHocTTa Ha aBTonunoTa. lNMonet 6e3 aBToNUNOT U3BBH 30HaTa Ha Npska BUAMMOCT e
HEBBH3MOXEH.

Upes mopenvipaHe e rnpoBepeHa Bb3MOXHOCT 3a KOpeKuMM Ha fporpaMmvpaHarta TpaekTopus 4pes
KOMaHOu OT onepartopa ¢ onpeaerneHa npoAbIPKUTENHOCT U MOCTOAHHO OTKIMOHEHWE Ha MaHunynaTopa npu
BKIIOYEH aBTONWUMOT (KOMOUHMPaH pexum).

Han-BaxHuAT n3Bog OoT MOAENMpPaHeTo e, Ye 3a TOYHO MUIIOTMPaHEe B PbYEH PEXMM Npu nonetu
U3BBbH 30HaTa Ha BMAMMOCT, NUNOTbLT-OMNEpaTop crneasa Aa Hamanu KoeduuueHTa CM Ha ycurBaHe OKOro
3..4 NbTM No ABaTa KaHana cnpsiMo KoedUUMEHTUTe Ha ycunBaHe Npu NWUoTax B YCNOBUSA Ha npsika
BUOMMOCT, 3a [a ce 3anasu YCTOMYMB KOHTypa 3a pbyHO ynpasneHve. ToBa € MHOro TpyaHa 3ajada 3a
onepartopa, KOWTO e MnueH OT BCfAKakBa Apyra WMHAOpPMauusi, OCBEH WHAMKaUMS 3a KPeH W TaHrax.
MpakTnyeckn e HeBb3MOXHO onepaTopbT 6bP30 Aa ce aganTupa.

Llenecbobpa3Ho e npu noneT u3BbH 30HaTa Ha BUAMMOCT Aa Ce NleTU B KOMOMHMpaH pexuMm Ha
yrpaBreHue KaTto onepaTopbT BbBEXAa CaMO KOPEKLMN CbC 3afbpXaHe Ha flocTa B KpariHW NOMoXeHus 3a
onpeaeneHo BpeMe M fa He ce CTPEMU KbM TOYHO MuIoTUpaHe. TakbB TUN ynpaBneHue ce oka3Ba Han-
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[06po 3a M3MEHeHWe Ha TpaeKTopuATa B XOPWU3OHTamnHa MNMockKoCT, KoraTto MUMOTbT He ce HamecBa 3a
KOpeKkUuM/ B HaOTbXXHOTO ynpaeneHue (Tasu 3adada e noBepeHa camo Ha asTonwunoTa). B TakaBa
NnocTaHOBKa € MNo-LenecbobpasHo OT ornepaTtopa Aa ce Credu He KpeHa W TaHraxa, a TpaekTopusTa Ha
noneta B XOPWU3OHTamnHa MMOCKOCT W [a BbBeXOa KOPEKUMM Ype3 OTKIIOHEHWS Ha MaHunynaTtopa 3a
onpegeneHo Bpeme. KomaHgata oT onepaTopa € C MpoAbIHKUTENHOCT Ha ynpasnsBaluMTe MMMyRcu, B
3aBMCUMOCT OT pesynTara, KOMTo ce criegu Mo BusyanuaupaHata TPaeKkTopus BbpXy kapTa Ha MecTHOCTTa
(N1 no n3obpaxeHMeTo Nomny4yeHo OT KamepuTe Ha Gopaa). MpoBepeHu ca NOAOBHU pPeXumMu B TUMOBM
NPOCTPaHCTBEHN MaHboBpuW. MoaoGeH TUN “NpenporpamvpaHe Ha aBTOMWIoTa OT orepaTtopa’ MNo Kypca e
npeaBUaeHO B CbLUECTBYBalUMTE CbBPEMEHHM aBTOMWMOTM 3a MomnetTu Ha Ge3nuoTHWM camMoneTu WU3BbH
30HaTa Ha npsika BUAMMOCT.

MpoBepeHa e naes 3a ynpasneHue oT NUNoTa-ornepaTop B YCMOBUS Ha MomneT U3BbH 30HaTa Ha npska
BMOMMOCT MO MpUHLUMNA, YCNOBHO HapeyeH “ynpaBrieHMe uYpe3 mogen’, Mpu KOWTO peanHuaT anapar
noBTaps [OBWXEHUSATa Ha Mofen, ynpaensBaH B 3aTBOpPeH KOHTYp 6Ge3 3akbCHeHMe OT onepartopa.
MogenupaHute cuTyauuyu nNOTBbpXAaBaT pPaboTOCMNOCOGHOCTTA Ha TakbB MeETOA4 W pesynTatute ca -
YCTOWUMBO YyNpaBreHue Mnpu BCUYKM YycroBua 6Ge3 MnpoMsHa Ha HaBuUUTE 3a PbYHO MNUMOTUpaHe Ha
onepaTopa.
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A6cmpakm: Aepozpasumempusima U3r1osi38a Kakmo aepo MOPCKU epaguMempu nocmaeeHu Ha crmabunusupaHa
nnamgopma 3a ckanapHama epasumempusi maka u MHC u ocHosHo 6e3nnamgpopmeHama MIHC 3a ckanapHa unu
BEKIMOpHa epasuMempusi, ripu KOSIMOo ce U3ron3eam mpu akcernepomembpa, KOUmo 3amecmeam gpasumemnspa. U 8
0sama criyqasi pa3fenisHemo Ha epasumayuoHHUMe U UHepyuanHume yCKOPeHUs om cucmemMume e CbUecmeeHo 3a
onpederisHe Ha epasumayuoHHOMO fore.

Aepozpasumempusima e ehekmueeH U [puioXum Memod 3a KoMmepcuasnHu u3criedsaHusi C 8ucoKa
pa3denumernHa criocobHOCM Ha MemposiHU 3arnexu. V3uckeaHama moyHocm u pa3denumesiHama crnocobHocm 3a
aepozpasumalyuoHHUmMe usMepsaHusi 3a mbpceHe Ha 8ba/1e8000podu ca cbomeemHo 1 mGal 3a 1 km unu ro- 0obpu.
Tosa skno4yea edHospeMeHHO r1odobpsisaHe Ha moYHocmma u paddenumernHama crocobHoCm Ha usMmepgamerniHume
cucmemu maka 4e mbpceHume rokasaHusi 0a Cbomeemcmeam Ha U3UCK8aHUsima 3a mo4yHocm u pasdenumernHa
criocobHocm.
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Abstract: Aerogravimetry uses air-sea gravimeters placed on a gyrostabilized platform for scalar gravimetry and
also INS and basically SINS for scalar or vector gravimetry which uses three accelerometers replaced the gravimeter. In
both cases the separation between gravitation and inertial accelerations from the systems is important for gravity field
determination.

Aerogravimetry is an effective and practical method for commercial researches with high resolution for petrol
deposites. The request accuracy and resolution for aerogravitation researches is 1 mGal for 1 km or better. This
includes at the same time improving of systems so the research values to correspond of the accuracy and resolution
requirements.

Aepo rpaBumeTpusaTa KOMOMHMPA ABEe HaBUrauMOHHW CUCTEMU 3a U3MEpBaHe Ha rpaBUTaLUOHHOTO
none Ha 6opga Ha nunoTvpyem u GesnunoTeH netateneH anapat (BJIA)- vHepumanHa HaBurauuoHHa
cuctema (MHC) n rnobanHa cnbTHUKOBa HasuraumoHHa cuctema GPS. AeporpasBumeTpusita usnonssa
KakTo aepo-MOpPCKM rpaBUMETPU MOCTaBeHM Ha cTabunuanpaHa nnatdopma 3a ckanapHaTta rpaBuMeTpust
Taka n MHC un ocHoBHO 6e3nnartcdopmerHata MHC 3a ckanapHa vnv BeKTOpHa rpaBMMETPUS], MPU KOSITO ce
n3nonasaT Tpu akcenepomMeTbpa, KOUTO 3amecTBaT rpaBUMeTBLPA.

YcKkopeHusaTa ObimKaly ce Ha ABWKEHMEeTO Ha camorieta ce uaMepBaT CbC CUMrHanu oT rnobanHara
CMbTHMKOBA HaBUrauuMoHHa cuctema GPS. Pasnuknte Mexay usMepeHuTe OBe YCKOpPEHUS Ce ObiDKU Ha
BMWSHMETO Ha rpaBUTaALMOHHOTO none. o- HucKaTa cKOpOCT Ha MorneT BOAW A0 MO- BUCOKa pasgenuTenHa
CNoCOBHOCT Ha CTOMHOCTUTE Ha rPaBUTALMOHHOTO Morfie, KaTo € HeobXxoaMMO CbLLO Aa Ce Noaabpxa HUCKa
BMCOYMHA Ha noner.
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OcHoBHMTEe NpegumcTBa M HepocTatbum Ha MHC n DGPS, kakTo U Ha KOMOWHWpPaAHETO Ha OBeTe
CcMCTEMM ca NMokasaHu B Tabn.l [1] . BcuukuTe HOBM cuctemum, KOUTO ca paspaboTBaHu npes nocrnegHute 15
roouHM ca Ha OCHoBaTa Ha nHTerpupaHeTto Ha MIHC n DGPS.

Tabnuya 1
UHC DGPS
» BwucokoToyHO onpepensHe Ha koopauHatM W | »  BuWCOKOTOYHO onpepensHe Ha
CKOPOCT 3a KpaTbK Nepuof oT Bpeme KOOPAMHATK M CKOPOCT 3a Ab/br Nepuo oT Bpeme
» WHdopmaumsa 3a BucoumHata Ha nonet »  WH(opmauua 3a BucoymHaTa Ha nonet
» HamansaBaHe Ha TOYHOCTTa C BpeMeTo CbC CMYLLEHNS (C M3non3eBaHe Ha MHoro GPS aHTeHn)
» BMWCOKOCKOPOCTHO Ha MoryyYaBaHe Ha u3xogHw | »  [1oCTOsIHHA TOYHOCT, HEMPOMEHSLLA ce
OaHHn BbB BPEMETO
» ABTOHOMHa cucTema »  HuckockopoCTHO Ha nony4aBaHe Ha
» be3 npekbcBaHe no Bpeme Ha pabota npw | U3XOOHW AaHHM
nony4yaBaHe Ha AaHHU » HeaBToHOMHa cucTema
» Bnude ce oT rpaBMTaLMOHHUTE CUrHanm » B1b3MOXHO npekbCBaHe Ha HeMpeKkbCHaToO
cnepeHe Ha gageH obexT
» He ce Bnusie oT rpaBUTaLMOHHM cUrHanm

WUHC/ DGPS

» BuncokoTouyHO onpeaensiHe Ha koopAnHaTH
N CKOpOoCT

» To4Ho onpefensiHe Ha BMCOYMHAaTa Ha
nonet

»  BUCKOKOCKOPOCTHO Mony4aBaHe Ha
OaHHUTEe

» [lonyyaBaHe Ha HaBUrauMOHHW AaHHU NpU
npekbcBaHe Ha curHana ot GPS

» OnpepensiHe 1 KOPEKUMsi HA Bb3MOXHO
NnpekbCBaHe Ha crefeHe Ha JaaeH obekT

» OnpenensaHe Ha rpaBUTaLNOHHUS BEKTOP

Ha ¢wmr.1 ca gageHn mauckBaHMsiTa 3a TOYHOCT W pasgenurerniHa CnocoBHOCT 3a rpaBUTALMOHHM
nsmepsaHusa oT besnnatrgopmeHa MHC (BucoumHa Ha noneta okono 300 m u ckopoct 200 km/h) 3a
pasnuyHMU reoU3NYHN N FreonoXKkn npunoxenns [2] . Msnonseat ce Tpu Tuna uHepuumanHu cUCTeMu 3a
n3MepBaHe Ha rpaBUTALMOHHOTO Morie B MoneT: Oe3nnaTdopmeHa MHepuuanHa HaBurauuoHHa cuctema
BUVHC, gemncupana aByocHa nHepumanHa nnatgopMeHa cucteMa 1 uHepuuanHa HaBuraunoHHa cuctema
MHC cbe ctabunuanpana nnatcopma [3] .
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paBMMeTpUTE NO MPUHLMM Ca MHOrO YyBCTBUTENHWU ypeau, MHOTO CKbMU U MpU n3MepBaHusa Tpsbea
[a ca abCcontoTHO HeMnoaBWXKHW, Mopaan KoeTo e Heobxogumo Te pa 6baar noctaBsHM  Ha
Xunpoctabunuanpanm nnartgopmu. pu TpaHcnopTMpaHe M paboTa C eguH rpaBMMeTbp TpsibBa ga ce
n3bsreart ygapu v ronemy TemnepaTypHu pasnuku. Pasnukute B TemnepatypaTta M HansdraHeto, KakTo U
NPUnNMBHWUTE Bapuauuu, BOAAT 40 Apend Ha rpaBuMeTbpa. OCHOBHUSAT M3TOYHMK HA FPELLKU B MHOMO Cry4vau
€ HeJoCTaTbYyHOTO CcTabunuanpaHe Ha nnatdgopmara.

CamoneTHuAT rpagvMeHToOMeTbp Kato abcontoTeH npubop Moxe fa oTpasv NoamnoBbpPXHOCTHUTE
NbTHOCTHM pa3nuku. pagneHToMeTbpbT GGl Ha koMnaHuaTa Jlokxuiig MapTuH € eauHCTBEHMAT npubop,
KOWTO Ce U3nomnssa npu Ha3eMHU, MOPCKM U CaMONeTHN uamepBaHus. basupa ce Ha ABOMKKU akcenepomeTpu
NnocTaBeHM Ha XOPU3OHTaneH BbPTHLL ce AUCK. TOBa € M HeJOCTaTbKbT, Thil KAaTO ca NPOoM3BEAEHN caMO
HSIKOMNKO FpagueHTOMEeTpU eOMHCTBEHO OT KoMnaHuaTa Jlokxuig MapTuH u3nona3saHu 3a M3MepBaHe OT
bOopaa Ha camorneT 1 Te ca Ha MHOTO BUCOKa LieHa.

3artoBa ot 6opaa Ha camoneT unm xenukontep ¢ BMHC oT nsmepeHaTa rpaButaumoHHa aHoManus
MoraT fa ce U34nCnAT BTOpUTe NPOM3BOAHM Ha rpaBUTaLMOHHNS noTeHumnan Vy, 1 Va,.

BaxeH npuHoc ot nsnonasaHeto Ha MHC 3a rpaBMTaumMOHHN U3MepBaHWs B NOMeT € pasfensaHeTo Ha
rPaBUTALMOHHOTO YCKOPEHME OT MHEpUMarHOTO KaKTO W CUCTEMATUYHWUTE TrpPeLlkU. VHepuuanHoTo
YCKOpEHME MOXE Aa ce OTAenun OT uaMepeHoTo yckopeHue ot MHC ¢ uM3nonssaHe Ha pasnuyHa cuctema
kato GPS. PasgensHeTo Mexay rpaBMTaLMOHHOTO YCKOpeHue K cucTemaTuyHute rpewku ot MHC ce
nocTura C BHACAHETO Ha BbHLWHaA WHopmauua,T.e. ZUPT (Zero velocity update). Ypes nepuogmyHo
cnvpaHe Ha ABMXeLlMsi ce caMoreT, 3a [a Ce KOHTponupaT HEeU3BEeCTHUTE CUCTEMATUYHM TFPELUKA 4vpes3
obpaTHO nogaBaHe KbM cUCTeEMaTta Ha MHAOPMauMs 3a HadanHa CKOpocT. Bbrpeku ye metogbT € Oun
M3MOM3BaH yCrneLwHo B MHOIo cry4vaun, BCe OlLe € HeAOoCTaTbyHO e(PeKTMBEH N JOCTa CKbM 32 KOMEpPCUarnHu
npoyyBaHusa Hag obwunpHM obnactu. To3m MeToq He MOXe [a Ce M3MNo3Ba B 30HM 0COOEHO HEAOCTBLMHM 3a
NPEBO3HN CpeacTBa KaTo MOPCKM 30HW, MYCTMHU unun nnaHuHn. O4eBnAHO APYr HA4YvH 3a onpefensiHe Ha
MHepLManHata CKOpOCT M KOOpAMHATM € C U3MON3BaHeTO Ha MOABMXHW WM CrneuuarnHoO rpaBUTaLUOHHU
nacrneaBaHus ot 6opaa Ha camoner [4] .

CkanapHaTta rpaBumMeTpus M3Mon3Ba OaTyuk 3a onpefensHe Ha cymaTa OT rpaBUTALMOHHUTE U
WHepLuManHuTe yckopeHus Ha 6opga Ha camoneT u BepTuKanHa nosvuMoHupalla cuctema- pagap wnm
nasepeH antumeTbp UM GPS nNpueMHUK, KOSSTO CaMOCTOSTENHO Ada onpedens yckopeHusta. Ha npaktuka
npobrnem e pasgensaHeTo Ha rpaBUTaLMOHHOTO YCKOPEHWE OT HEerpaBUTaLMOHHUTE YCKOPEHUS Ha camorneTa.
Tesn HerpaBUTaLUOHHM YCKOPEHUs MoraTt Aa 6baaT no- rofemMun oT rpaBuUTaLMoHHNA curHan ot 100 go 1000
nbTn. ToBa pasgensHe e Bb3MOXHO CaMO C BUCOKOTOMHM DGPS pgaHHM 3aegHO € noaxogsuwo
HUCKOYEeCTOTHO chunTpupaHe [3] .

M3nonsgaHe Ha MeToda Ha cKanapHata rpaBUMETPUs BKMNOYBa MoOAMUUMPaH aepo-MOPCKU
rpaBumeTbp (La Coste & Romberg, Bell) ¢ aemnémpana asyocHa nnatdopma MOHTMpaHa Ha camoneT
WNN Ha XEeNUKONTbP, OPUEHTMpaH BbB BepTMKanHO HanpasBneHue. CkanapHata rpaBUMeTpus uma
3HauUTEeNHW NPeaMMCTBa MO OTHOLIEHME Ha TOYHOCTTa MNpe3 nocnegHuTe neTHageceT roanHu. Aepo
rpaBuMeTpusaTa U3nonaealla ABYOCHW NnatopMeHM CUCTEMU € CTaHOApTEH MeTof 3a fnofy4YyaBaHe 3a
rpaBUTaALMOHHN M3CredBaHMS C HUCKA WM cpefHa pasgenuteniHa crnocobHocT (oT 6-10 km u noBeue).
Cuctemmn ot TakbB TN ca nogobpsBanm TOYHOCTTA CU OT cpeparta Ha 1990-tte roguHm ot 5 mGal ¢
pasgenutenHa cnocobHocTt 10 km go 2 mGal ¢ pasgenutenHa cnocobHocT 6 km [5] . Moguduumnpannte
MOPCKM rpaBMMeTpu, KOUTO Ce M3MNOM3BaT B Te3n cuctemu BknoysaT La Coste & Romberg, Bell aerospace u
ZLS rpaBumeTpu u ctpyBaT Hag US$ 400 000. Bogewm komnaHum u genapTtameHTu, KOUTO M3nonseat
TakmBa CMCTEMW 3a MpoOyyBaHe ca TakMBa kaTto amepukaHckata Naval Research Laboratory (NRL), Swiss
Federal Institute of Technology, British Antarctic Survey, Geodetic Survey Division of Geomatics Canada,
koMmnaHunTe Carson Services, Inc., EDCON Aero Surveys Inc. n Fugro-LCT.

Opyrn no- cbBpeMEHHM MPUMOXKEHUST HA CKanapHus MeTo4 € M3MNOoN3BaHeTO Ha WHepuuarHa
nnatopmMeHa HaBUraymoHHa cuctema kato ctabunmsaTop 3a OTAENeH AaTyuk M camaTa cuctema 3a
n3mepBaHe B MNOMeT Ha curnaTa Ha TexecTTa [3] . M3anpobBaHeTo Ha MHepuManHa HaBuUralMoHHa cuctema
nnatgopmeH Tun ITC-2 e TectBaHa B the Inertial Technology Center (ITC) B MockBa B CbTpyAHUYECTBO C
YHuBepcuteTa B Kanrapu, KaHaga n Canagrav Research Ltd. noka3ea, 4e Moxe ga ce NOCTUrHE TOYHOCT OT
1 mGal c pasgenuTtenHa cnocobHocT oT 2-3 km [6] . [dpyra TakaBa cuctema e paspaboTeHa oT Sander
Geophysics Ltd. B neproga ot 1990 go 1999 u ce Hapuya AIRGrav. PasxoguTte 3a paspaboTBaHeTo u
MOAUMLMPAHETO Ha TakMBa CMCTEMU OBUKHOBEHO CTpyBa 3HauuTernHo. M gBete cuctemun ca paspaboTeHm
3a KOMepcuarnHu uscnegBaHns Ha aHOManHOTO rPaBUTaALMOHHO MOMe CbC CpedHa M BUCOKa pasgenuTenHa
cnocobHocT ¢ TovHocT oT 0.5-1.5 mGal .

3a pasnuka oT ctabunuanpaHuTe cuctemn npu GesnnatopmeHnTe Hama pusndeckn ctabunmanpaxe
Ha nnatgopmMa. BMmecTo ToBa MHepuuanHuTe gatynum ca npukpeneHn uanyeckn KbM Kopryca Ha camus
caMoreT Taka Yye M3MepBaHWUTE CTOMHOCTWU B KOOpAWHATHaTa cuctema X;Y;Z; CBbp3aHa CbC camornerta ce
npeobpasysat uzuucnutenHo B ¢n¢. lNpegumcteata Ha Ge3nnatdopmeHuTe UHepuuanHu HaBuUraluMoHHM
cuctemn BUHC npen nnatdopmeHnte ca no- Mankusat MM pasmMep, 3axpaHBaHW MOLLHOCTM, OMNpPOCTSABaHe
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Ha cucTemara, OTCbCTBME HA OrPaHUYEHWsi MO bINM Ha 3aBbpTaHe B MPOCTPAHCTBEHOTO MOMOXEHWE Ha
camorieTa, MoBWLIEHA YHMBEPCANHOCT U MPMCNOCcOBMMOCT Ha cucTemMaTa, Bb3MOXHOCT 3a MOCTaBsHE Ha
obekTa Ha noBeve OT eauH uamepsareneH 6nok [7]. NamepBaHusTa nssbpBaHn ¢ BUHC ca cpaBHMMUK C
Te3an Ha aepo-mopcku rpaBumeTbp. OcBeH ToBa 6GesnnaTopmeHuWTe MHepumanHu CUCTEMM FIeCHO ce
KOMMeKkcupaT ¢ OpyrmTe HaBuraumoHH npubopum.

3a nbpBu NbT YHMBepcuTeTbT B Kanrapw, KaHaga npes 1991 usnonasa Aatyvum naMmepsaliy cunara
Ha TexecTta B 6e3nnatcdopmeHn UHC. TakuBa cuctemym ca mankv kaTo pasmep, nogxoswia e 3a
n3crneaBaHe Hag MOPCKM 30HW KaTo HaBUrauMOHHU CUCTEMMW, HE U3UCKBAT OOMbIAHUTENHU MoanduKauumn m
cTpyBa Mexagy US$ 90 000 n 160 000. besnnatcdopmeHata MHC moxe aa onpepens Ha rpaBUTaLMOHHOTO
nore B MOSET C BUCOKAa pasfenuteniHa cnocobHOCT ¢ AOCTUrHe Ha TouyHocT oT 1.5 mGal ¢ pasgenutenHa
cnocobHocT 4 km n 2.5 mGal ¢ pasgenuTenHa cnocobHocT 2.8 km [8] .

Mpe3 1998 ca npoeegeHn 3 noneTtHu Tecta Hag [ucko Ben B MOpCKMTE 30HM MO 3anagHOTo
Kpanbpexve Ha [puiHnaHg 3a npoBexaaHe Ha mamepBaHus ¢ LCR aepo-mMopcku rpaBMMeETbp, €fHa
oesnnatdopmeHa MHC Honeywell LRF Il 3a cpaBHsiBaHe Ha MONy4YeHUTE rpaBUTALMOHHU M3MEpPBaHUS U
efHa Tponka opToroHanHun akcenepometpn QA-3000. BucoumHata Ha nonet e okono 300 m n cpegHaTa
ckopocT Ha noneta e 250 km/h. Hakou OT nonetHute nuHMM ca HanpaBeHu Hag NpPodunn C M3BECTHM
rpaBMTALMOHHN CTOMHOCTM M3MepeHn Ha OGopaa Ha kopab 3a cpaBHsBaHe. [lBa pgBydecToTHu GPS
NpMeMHUKa ca MOHTUpPaHW Ha prosenaxa Ha camoneTa. Pasnvkata mexay MHEPUMOHHOTO YCKOpEeHue U
YCKOpEeHnsiTa OT TOYHOTO No3uumoHnpaHe Ha GPS gaBa TbpCEHOTO YCKOpPEHWe Ha cunaTta Ha TexecTtTa. B
besnnatdopmeHnte MHC 3a um3mepBaHWst Hag MOPCKM 30HM MOXe Aa ce u3nonsesa Tpouvka Q-flex
akcenepoMeTpu, U3MmepBallM YCKOPEHUS MO TpuTe CUM OpTOroHanHu ocu. Tean gatuvum umat gobbp
noTeHuman 3a rpaBuTauUoOHHN U3MEPBAHWS U Ce M3MNON3BaT 3a M3MEPBaHE Ha YCKOPEHUsI OT BCAKAKLB BUA.
3a no- NpoMeHnMBa 1 AMHaAMWYHA cpeja Te ca MHOro noaxodsim 3apagm no- ronemMusaT UM TemnepaTypeH
OmnanasoH 1 ygapHu 1 BUOpaLUMOHHN NapameTpu.

lMokasaHnss OT TpoWkaTa akcenepoMeTpu He ca CHeTu npe3 nbpeusa AeH. [okasaHuata ot LCR
rpaBumetbpa u BUHC ce cdunTtpupaT ¢ HuckodectoTeH puntbp C nepuog 200 s. Pesyntatute oT
NorieTHUTE TECTOBE MOKa3BaT, Ye U3MepeHUTe MokasaHus ca ¢ ToYHocT 2-3 mGal cnen oTcTpaHsiBaHe Ha
NVHENHNTE OTKIMOHEHUS W Tasn CTOMHOCT e 6nM30 OO0 HMBOTO Ha WwyMa obWo M 3a OBeTe CUCTEMMW.
KomOuHupaHeTo Ha apenidoBaTta ctabunHocT Ha LCR rpaBuMeTbpa ¢ BUCOKUSI AMHAMUYEH AnanasoH v no-
BMCOKaTa pasgenutenHa cnocobHoct Ha BUHC 6u 6una ngeanHata aepo rpaBumMeTpuyHa M3MepBaTenHa
cucrtema.

BesnnardopmeHata MHC (BUHC) n GPS cuctemute ce mM3nonseBat CbBMECTHO 3a OnpeaensHe Ha
n3amMepBaHusitTa BbB BPEMETO M MPOCTPAHCTBOTO OT wu3MmepBatenHute gartyuuun. KparnHata uen e
Nnos3HaBaHeTO Ha koopanHaTUTE N BUCOYMHaTa (T.€. OpUeHTauusaTa) Ha usmepBaHmMTe ob6eKTU No OTHOLWEHWE
Ha efHa M3BeCTHa W WK3nNonssBaHa KoopauHaTHa cucTema. 3a CcbXaneHue TOYHOCTTa Ha JaHHuTe 3a
OTHOCUTENHUTE KoopAauHaTu u3mepeHn ot BUHC e mHoro gobpa 3a kpaTbk nepuod OT Bpeme, Ho
npeobrnagasaT AbnronepuoanyHnTe rpewkn  (opendoBete). ToBa o0O3HayaBa, 4Ye € Heobxogumo
n3nona3eaHeTo Ha GPS, kKoATO fa npefocTtaBd TOYHO M3MepBaHe Ha abCONMTHOTO MECTOMOSIOKEHUE U
CKOPOCT Ha camoreTa, ocobeHO 3a AbITblI NEPUOL, OT BPEME.

M3anonseaT ce 1 HAKOJKO MHepumanHu namepsartennm 6noka (inertial measurement units (IMU)), kouto
Aa MoKpMBaT LEenuaAT AManasoH OT N3MepBaTeSIHN XapaKTEPUCTUKM U TOYHOCT U ca NpeacTaBeHN CbOTBETHO
TEXHUTE LeHW, 3a Oa ce Jade Mo- siCHa NpeAcTaBa 3a pPas3BUMTUETO U MPUMOXKEHWUSITA Ha MHepuuanHuTe
HaBUrauMOHHM CMCTEMU 3a MpoyyBaTenHu uenu. MamepsatenHata cuctema (T.Hap. TAG cuctema) e C
npucnocobuma KoHurypaumsa 3a gobaBsHe Ha HOBU AaTyvum M 3a Moauvdmkaunsi 3a HOBU MPUMOXKEHWS.
TakaBa cuctema € yHmBepcarnHa - LUMpPOK AMana3oH 3a pasnnyHmn NPUNOXEHUS U U3NON3BaHe Ha pasnuyHu
n3MmepBaTenHu gatuvum, npucnocobmma - cnocobHOCTTa Ha cuctemarta ga BK4YBa HOBY AaTynum v Apyru
MeTOAM 3a U3MepBaHe U NpeHoCMMa- NOCTaBsAHe Ha cucTemMaTa Ha pasnuyHu NNatdopMu U NpU PasnnuyHun
aTtMocepHu ycrnoBmsa ¢ MUHUMaNHU Moaudukaumm nnn 6e3 naMeHeHns, 3BbpLIBaHe Ha peasniHu NONeTHU
TECTOBE Ha u3MmepBaTenHaTa cuctema 3a MPUNOXEHUs 3a TbPCEeHe M NPOoy4YBaHe Ha METPONHU 3anexwu,
npoBexaaHu Npu pasnuyHu ycnosus [9] .

Cucrtemata mMoxe ga paboTv C pasnuyHM gatyvun no egHo u cbwo Bpeme (GPS npueMHuK +
HAKkonko IMU), kaTto ca gageHu 4 pasnuyHu nNo knacoee u xapakrepuctuku IMU. lNpeam nanonssaHeTo Ha
OaHHU OT MHepumanHute OnokoBe e HeobxoaMMO Te fa ce Kanumbpupar, Tbh KaTto KannbpupaHeTo
HamansiBa OTKINOHEHUSITA B M3MEPBaHNATa Ha gatuvuuTe.

Systron Donner MPK2 - WHepumaneH mamepBaTeneH OMNoK HUCHK Krac C TpU MUKPOMEXaAHUYHU

KBapLIOBU 4aTyvLM Ha bIIIOBa CKOPOCT U TPU CEPBO aKCernepomMeTpu.

iIMAR Navigation iVRU-SSK - Cbwo uvHepuuwaneH 6rok HUCBHK knac mexgy MPK2 mn LN200.
M3nonsesa ce 3a npunoxeHus B peanHo BpeMe WU 3a crabunusmpaHe CbCTOsW, Ce CblWo OT Tpu
MUKPOMEXaHWYHW KBapLOBM JAaTYMLM Ha BIIOBa CKOPOCT U TPU CEPBO akcenepoMeTpu.

Northrop Grumman LN-200 - To3u wuHepumaneH wu3mepBaTeneH O6MOK € C TaKTU4ecKko
npegHasHadeHne 3a ynpaBreHue C TpU BMAKHECTO-ONTUYHWM XMPOCKONa M TpU CEepBO akcenepoMeTbpa.
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M3nonsea ce NpeguMmMHO B OUCTAHUMOHHUTE U3CneaBaHus U e eamH OT KOMMOHEHTUTE Ha HaBUrauMOHHUTE
cuctemu. Manonsea ce Ha Hsikom nnatdopmu kaTto Predator, Global Hawk, catenutiu nnatdopmu.

iMAR Navigation iNAV-FJI-IDEG-001 - CbcTaBeH € OT TpW BWUCOKOTOYHM BITAKHECTO-OMTUYHM
Xupockona u Tpu kBapuoBu Q-flex akcenepomeTbpa. amepBaTenHuTe My XapakTepuCTVMKM FO MpaBsaT
NMOAXOASLL, 32 BCAKaKBU Lienw.

MoneTHn TecToBe ca HanpaBeHn ¢ gBa LN-200 B npogbimkeHne Ha 1 h. CpaBHsiBAaHETO Ha
TpaeKkTopumTe Nokasea, Ye pasnvkaTa B MECTOMOMNOXEHNETO MeXAy ABETe HAaBUraLMOHHWN PELLEHUS MOXE €
B MHTepBana okomno 15 meTtpa. ToBa ce obimku Ha pasnukmte B GPS no3numoHnpaHeTo B pearnHo- BpeMe u
nocneaeawo obpaboTBaHe. M3amepBaHMsATa ca NPOBEAEHW B rpagcka M W3BbHIpagcka cpefa KbAeTo
ycnoBusita 3a GPS u3mepBaHWsi He ca Hal- [oOpuTe MO OTHOLIEHWE Ha BUOMMOCT KbM caTenutuTe,
MHOronb4eBOTO pasnpocTpaHeHue u T.H. [ogpasbupa ce, Ye nocneaBawarta obpaboTka 3a onpeaensiHe Ha
koopauHatute no GPS e no- npeumsHa. Cuctemarta uamepsa AaHHU OT Bceudkute detmpu IMU (LN-200,
Motion Pak 2, iVRU-SSK and iNAV-FJI) 3a cblims noneT. PasnuyHu no Bua gatynum oT pasnmyeH xapakrep
M Krac TOYHOCT MoraT a Ce M3MoM3BarT 3a pasfMyHu eKCnepuMeHTu 1 nacriegsanus [9].

Opyr BapuaHT, KOWTO ce u3non3Ba B Ta3n paboTa e Ja ce U3Mon3BaT HAKOMKO MHepumarnHu
namepearenHn 6noka (inertial measurement units (IMU)), koMTo Oga ca C egHakBuM M3MepBaTeSHU
XapaKTepucTMKM M TOYHOCT. 3a Aa ce m3crnegaT nokasaHus Ha akcernepomeTpu, MOCTABEHW Ha camonerT,
M3BbpLUBALL NOMNET B yKasaHWs AManas3oH OT BUCOYMHM N CKOPOCTU, KaTo OT TSX Ce OTAENAT MHEPLMOHHUTE
CbCTaBKM U OCTaHaT M3MEPBaHUSA Camo 3a rpaBUTALMOHHOTO MOfle ce npegnoriara pelasaHe Ha 3agava,
obpaTHa Ha HaBuraumoHHaTa. B mHepumanHuTe HaBUMrauuMoHHM CUCTEMM OT MOKa3aHWUsl Ha akcenepoMeTpu
ce 0TAenst HOpMarHOTO rpaBUTALMOHHO NoJe, Ype3 HEroB MaTteMaTuyeckn Moden u cref UHTerpMpaHe Ha
WHEPLMOHHUTE CbCTaBALLM Ce ONpeaendaT CKOPOCTM U MECTOMNONOXEeHUe Ha netatenHusa anapat. O6paTHo,
ako pasrnonarame ¢ TO4YHa MHGOPMAaLMS 3a CKOPOCTM U MECTOMONIOXEHUEe Ha netatenHusa anapat (KakBoTo
AaBa usnonasaHeTo Ha GPS B gudepeHumaneH pexmnm Ha paboTta), To Ype3 mateMaTU4eCKn Moden MOXeM
Ja OTOenMM OT MoKa3aHWATa Ha akcenepoMeTpuTe WHEPLMOHHUTE CbCTaBkW, 3a Ja OcCTaHaT camo
rpaBUTaLMOHHN N3MEPBAHMS.

M3nonseBaHe Ha MHOXECTBO aKkcenepoMeTpu npegronara no-HUCKU M3CKBaHMSA 3a TAXHaTa TOYHOCT
npy M3MNon3BaHe Ha MOAXOAsL, MEeTOA 3a OTAeNsdHe Ha MOMe3HWs CUrHam oT rpaBWTaALUOHHOTO More.
CobleBpeMeHHO Hanara NpMBNMYaHETO Ha JaTYMUM 3a ONpPederisiHe Ha brnoBaTa OpUMeHTauus Ha camoneTa,
KakTO M HeOOXOAMMOCTTa OT OTAENsIHE Ha BTOPUS TUMN MHEPLMOHHN CbCTaBSILLW.

TexHnyeckaTa cucTemMa, npedHa3HayeHa Qfa pelwaBa MocTaBeHaTa 3ajaya LWe Hapuyame
rpaBuTauMoHHa uamepsartenHa cuctema (GMS - Gravitation Measurement System) (dour.2).
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B pal7|0Ha Ha npoBexXxgaHunte wuamMmepBaHUA pa6OTl/I Ha3eMHa Kopermpauwia CctaHuuAa C U3BECTHU

reoge3ndeckn KoopgumHatu: WnpuHa Be, ObIDKNHa L B/COYMHA Haa enuncounga h BMCOYMHaA Haa

e’ (S

reonga H e- Mo VIH(bOpMaLI,I/IHTa nosny4yaBsaHa OT HedA N OT NMPUEeMHUK Ha CMbTHUKOBU CUTHAIN, Ha 6opp,a Ha

camMoneT uwe cyuMTame, 4e npe3 UHTepBaniu OT eAHa CeKyHAa Ca U3BEeCTHW cnegHuTe napamMmeTpu Ha
OBVXXeHne Ha LUeHTbpa Ha Maca Ha camMorneTa:

B K 1 L K ,hk (X k Y K Z k ) - FEOAE3NYECKN NONAPHN NN [eKapToBN KOopAMHaTY;
W Ek A Nk W ¢k - VITO4Ha, CeBepHa 1 BepTUkarnHa MbTHI CKOPOCTY;

KaKToO " l//k ’tk - NICTUHCKUM KypC U BpeMe.

Ha 6opaa Ha camoneT (xenvkonTep) ca NOCTaBEHM:
» MPUEMHUK Ha CUrHanu OT Has3eMHa Kopermpatia cTaHums;
» [Ba NpuemHuKa Ha curHanu oT GPS cnbTHMUM, NpuTexasaliM Bb3MOXHOCT 3a paboTa B
andepeHumaneH pexum;
» bnok 3a ynpasrneHue.
Ynpaensigawy 6ok Ha GPS npuemMHuunTe, ynpaensisawy 6nok 3a IMU.

M3xogHute curHanm ot NHEpUManHna wmamepBaTerneH Oonok ca: ‘//"//ae*7*‘9' WCTUHCKN U

XKMPOCKOMUYECKN KYPC, KPEH W TaHrax; axl,ayl,azl, ag,an,ag -NoKasaHnsiTa Ha akcernepomeTpu;

Zv'g, ZUU, ZU; -abCconoTHA YCKOPEHUA, abconoTHU V g ,V n ,Véf N NbTHU W g ,W n ,W é’ CKOPOCTU Ha

LieHTbpa Ha Maca Ha caMorieT CNpsMO 3eMHaTa MOoBbPXHOCT M BepTuKanHaTa ckopocT; h, B, L - koopauHaTtu
Ha camoneTa (BMCOYMHA, Freorp. LWMpUHA U ObIKMHA B HABUraUMOHHa KoopauHaTHa cucTema); asumyT A,

a _a _.a
abComMTHY D@y, Dy N OTHOCUTENHN (D, @y, (D BITIOBU CKOPOCTU Ha OMOPEH HaBUraLUMOHEH

Basuc; abconoTHM a)gl,a);ﬁ‘l, a)?l BIOBM CKOPOCTM Ha camoneT [10].

> Bnok 3a CMHXpOHM3UpaHe No Bpeme.
» WHTepdenceH 6nok 3a usmepsaHe u obpaboTka.
> BaxpaHBaLy 6nok — nogabpXkaHe Ha ynpasnasawmsi 6rok n Ha gaTuvumTe ¢ Heobxoaumara
MOLLIHOCT U1 3axpaHBaHe, HeobxoamMmm 3a namMepBaHeTo u obpaboTkaTa.
» KoHTponep Ha GMS 3a peluaBaHe Ha 3agavara no rpaBMTaLUOHHUTE N3MEPBaHUS.
HaBurauvoHHaTa 3agjava ce pelwaBa OT WHTepdelcHusi 6nok no uHgopmauusta ot DGPS u
nHepumanHus 6rnok, MOHTUpaH B LeHTbpa Ha Maca. [lo To3uM HauyvH Ha Goppa pasnonarame, OCBEH C

CKOPOCTM 1 MECTOMNOMOXEHWe Ha LEHTbpa Ha Maca M C HasuraumoHed 6asuc E£77¢ . HanuumeTo Ha
UHCOPMALWS OT HaseMHaTa CTaHLMS 338 UCTUHCKW Kypc, Npeanosiara W34nUCrsiBAHETO Ha HEroBUsl asuMyT,
CriefoBaTenHo M M3YMCNsBaHe Ha OpueHTaumsiTa My no reogesndeckus penep J1J,J 3 (MaTok, Cesep,

BepTI/IKaﬂa). CI'IpFIMO HaBUraLMOHHNA ©asunc gﬂé/ n n3MepBaHua noctbhnBall OT WHEpUUanHuTe

n3mepBartesnHm OrnokoBe € Bb3MOXHO [a Ce MU34YnCcnaBaT brnuTe Ha KPeH, TaHrax, NCTUHCKN KypC U TEXHUTE
Nnpon3BOaHN. ToBa e Heob6xo0anMO, 3a Oa ce U3BaaAT OT NokasaHuATa Ha akcenepomMeTpute MHEPLUNOHHUTE
CMYLLEHMNA OT BbINOBU CKOPOCTU N BIINOBU YCKOPEHUA Ha CaMoneTa.

lNMokasaHusTa oT axkcenepomeTpuTe B AOMbJIHUTENHUTE ©nokoBe ce c1>6wpa, O6p860TBa N CcpaBHABA B
KOHTponepa Ha GMS c Tas3M OT HaBUrauuoHHWSA KOHTPOIiep. N3uncteHnte OT OUHAMWUYHMU nonpasKku

nokasaHus Ha akcenepomeTpu ce npusexaat kbm J1J,J 3 1 saeqHo ¢ koopanHaTiTe M BpemeTo Ha
N3MepBaHe Ce 3an1cBaT B apX1BMPALLO YCTPOICTBO.

U3Boaun

Aepo rpaBumeTpusaTa KOMOMHMPA ABEe HaBUrauMOHHW CUCTEMU 3a U3MEpBaHe Ha rpaBUTaLUOHHOTO
none Ha 6opga Ha nunoTupyem u 6GesnunoTeH netateneH anapat (BJIA)- vHepumanHa HaBurauuoHHa
cuctema (MHC) n rnobanHa cnbTHUKOBa HaBurauuMoHHa cuctema GPS. AeporpaBumeTpusTa usnonasa
KakTo aepo-MOpPCKM rpaBUMETPU MOCTaBeHM Ha cTabunuanpaHa nnatdopma 3a ckanapHaTta rpaBuMeTpust
Taka n MHC un ocHoBHO 6e3nnartcdopmeHata MHC 3a ckanapHa nnv BeKTOpHa rpaBMMETPUS], MPU KOSITO ce
N3nona3eaT Tpu akcenepomMeTbpa, KOUTO 3amecTBaT rpaBUMeETbpPA.

3a paanuka oT cTabunuampaHmTe cuctemm npm 6e3nnatdhopMeHnTe HamMa pusnyeckn ctabunmampaqHe
Ha nnaTtdopma. Npegnmcteata Ha 6e3nnatdopmeHUTe MHepumanHu HaeBuraunmoHHm cuctemm BVHC npen
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nnatpopmMeHnTe ca no- MankusT MM pasMep, 3axpaHBaHM MOLLHOCTM, OMPOCTSABaHe Ha cucTemarTa,
OTCLCTBME HA OrpaHMYEHMs MO bIMW Ha 3aBbpTaHe B MNPOCTPAHCTBEHOTO MOJIOXKEHWE Ha camoreTa,
NMoBMLLEHA YHUBEPCANIHOCT U NMPUCNOCOBMMOCT Ha cucTeMarta, Bb3MOXHOCT 3a MoCTaBsiHe Ha obekTa Ha
noseye OT eaAvH muamepsareneH 6nok. MamepBaHusaTa nssbpeanm ¢ BUHC ca cpaBHMMM ¢ Te3n Ha aepo-
Mopcku rpaBumeTbp. OcBeH ToBa 6e3nnaTtopMEHUTE MHEpPUMAnHM CUCTEMU NIECHO Ce KOMMJeKkcupar C
OpyruTe HaBuraLMoHHU npubopu.

Morat ga ce wu3nonsBaT HAKOMKO WHepumanHm msamepBaTenHu 6roka, KOUTO [a ca C efHaKBU
n3mMepBaTenHy XapakTepucTUKM W  TOYHOCT. [lpegnonara ce pewaBaHe Ha 3ajadva, obpaTtHa Ha
HaBuraumoHHaTa. AKo pasnonarame ¢ TodHa MHGOPMAaLMA 3a CKOPOCTU U MECTOMOSOXEHNE Ha neTaTenHna
anapaT (KkakBOTO [faBa u3nonssaHeto Ha GPS B pgudepeHumaneH pexum Ha paboTta), To upes
MaTemMaTuyeckn Moaen MOXeM Aa OTAENUM OT NOoKa3aHWsaTa Ha akcenepomMeTpuTe MHEPLIMOHHUTE CbCTaBKu,
3a Ja ocTaHaT caMo rpaBUTaLMOHHN U3mMepBaHus. M3non3BaHe Ha MHOXECTBO akcenepomeTpu npeanonara
MO-HUCKN N3CKBaHUS 3a TsIXHaTa TOMHOCT MPY M3MNOoNn3BaHe Ha NoaxoAsil MeTod 3a OTAeNisiHe Ha More3Hust
curHan oT rpaBMTaLMOHHOTO Morie.

MpegnonaraT ce HAKOM W3NCKBAHUS MpWM MPOBEXOAHETO Ha [MONETHUTE JIMHUK, TbhA KaTo
NnoBMLIABaHETO Ha CKOPOCTTa Ha caMoseTuTe Npean3BukBa 6bp3n N3MEHEHMS Ha cunaTta Ha TexecTTa, npu
KOETO BEpPTUKANHUTE WHEPLMOHHM YCKOPEHWUSI U YCKOPEHMETO Ha curaTta Ha TeXecTTa cTaBaT YeCTOTHO
Hepasgenumu, eTo 3alo Npu NpemMrMHaBaHe Hag 30HaTa Ha Npoy4vBaHe camoneTa TpsbBa Oa ce OBWXKN C
HMCKA CKOPOCT M HUCKA BUCOYMHA, KOUTO [a Ce MOAABPXKAT MOCTOSHHW, KaKTO U B3eMaHe nof BHMMaHue Ha
noaxogswm atMmocdepHu yCrioBus Ha nosner.

Bb3gywHnTte noaBwkHU nnaTtopMyM 3a rpaBUTALMOHHM U3MEPBAHUSA B [OBWMXKEHME BKNO4YBaT
camoneTn, xenukontepu U 6esnunotHu netatenHu anapatu (BITA)- 6e3nnnoTHK camoneTn n 6e3nunoTHU
xenvkontepu. ManckBaHusaTa 3a M3bop Ha AafdeH TUM camosieT 3a MPOBEXAAHe Ha aepo rPaBUMETPUYHMU
n3mepBaHusa TpsibBa Aa OTroBapsiT HAa HAKOMKO M3nckBaHus. MNpeanMcTBO Npu XenukonTepuTe e, Ye morar
Aa NeTAT C HUCKa CKOPOCT U Ha HUCKa BUCOYMHA. XenuKkonTepuTe ca Noaxoasiuy NOABUXKHKU nnaTtdopmu 3a
n3crneaBaHe Npu oTAaneyYeHn U HEAOCTLIMHU 30HU- FONeMU KpanbpeXXHU 30HU, MOPCKM 30HWU oTaanedeHu ot
cywara, npu TypOyneHuusaTa Ha ropeLuy NyCTMHHM YCINOBUSA U T.H Hali- BaXXHWUTE YCNOBWS 3a rpaBUTaLMOHHM
n3mepBaHua oT 6opAaa Ha XenuKonTep ca YyCTOMYMBOCT M CTAabWUIHOCT Ha noneta, MUHUMAaIHU MeXaHWYHM
BMOpauUmm, TOYHOTO NO3ULMOHNPAHE M YCTOMYMBOCT Ha BITUSIHUATA OT XOPU3OHTAsTHUTE YCKOPEHMS.

Be3nnnoTHuTE camoneTn 1 XenuKoNTepwu npeanaraT Ha NeTPOSIHUTE KOMMNaHUM eqHa anTepHaTuBa 3a
nonyyaBaHe Ha aeporeodu3nyHM M3MepBaHUSA MpU U3CredBaHe B MOPCKM 30HM M OTAaneyeHu obnactu.
MaHeBpeHN 1 ¢ yCTONYMBO ABWKEHNE, 6e3NMNOTHMTE XENMKONTEPU Ca OTNIMYHM MOABWXKHKU nnaTdopmn 3a
MOHUTOPWHI NpW NosiBa Ha HedPTEHM NETHA Ha MOPCKaTa MOBBbPXHOCT OT Pa3nvBU N OT TaHKEPU, U3TUYAHUSA
OT HebTONPOBOAMU, KAaKTO 1 CypOB NeTposn OT MOPCKOTO AbHO. MoraT aa ce nunoTupaTt AUCTaHUMOHHO Ype3
TenemeTpusi OT Ha3eMHa CTaHuusa UnuM a MMaTt aBTOHOMHO ynpaBsrieHue ¢ uanonssaHe Ha 6opaosa GPS
HaBuWraLMoHHa cuctema.
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Abstract. The detector of solar Lyman-alpha radiation, manufactured in the Stara Zagora Department of the
Solar-Terrestrial Influences Laboratory (STIL)is designed for rocket measurements. Its basic part is an ionization camera,
filled in with NO. A 60 V power supply is applied to the chamber. The produced photoelectric current from the sensor is
fed to a 2 channels amplifier, providing analog signal.

The characteristics of the Lyman-alpha detector were studied. It passed successfully integration test in the
HotPay | payload, test of the 4 channels (2 data channels and 2 additional ones for the temperature and power supply
monitoring) after connection to the TM with external and internal power, vibration and temperature tests and the results
showed that the so-designed instrument could be used in rocket experiments to measure the Lyman-alpha flux.

From the measurements of the detector, the Lyman-alpha vertical profile can be obtained. The forthcoming
scientific data analysis could include radiative transfer simulations, O, density, atmospheric power and temperature
profiles retrieval as well as co-analysis with other parameters, measured at the same time and study of the processes in
the examined region.

The detector design appertained to ASLAF project (Attenuation of the Solar Lyman-Alpha Flux), a scientific
cooperation between STIL-Bul. Acad. Sci., Stara Zagora Department and the Atmospheric Physics Group at the
Department of Meteorology (MISU), Stockholm University, Sweden. The joint project was part of the rocket experiment
HotPay I, in the ALOMAR eARI Project, EU’s 6th Framework Programme, Andgya Rocket Range, Andenes, Norway
(Project HP11_VeGi).

The project is partly financed by the National Science Fund, Bulgarian Ministry of Education and Science (Project
NoNZ-1515/05).

Introduction. The Lyman-alpha (L,) radiation is of great importance of the atmosphere. It influences
all the processes in the mesosphere and near the mesopause. The object of this paper is to describe an
instrument, the Lyman-alpha detector (ASLAF) designed for measurements of the direct L, radiation
penetrating in the atmosphere, during the HotPay | experiment. The HotPay project is a part of the ALOMAR
(Arctic Lidar Observatory for Middle Atmosphere Research) eARI Project of Andgya Rocket Range (ARR),
Andenes, Norway, through EU’s 6" Framework Programme. Two rocket launches have been envisaged:
HotPay | and Il. Studies of the middle atmosphere in the 60 — 110 km altitude range (HotPay 1) and of the
ionosphere and the aurora up to 300 km height (HotPay Il) have been planned. A number of projects have
been approved for the two rocket launches. The project ASLAF (Attenuation of the Solar Lyman-Alpha Flux)
was one of these projects. It has been approved for the summer launch HotPay | in 2006. ASLAF was a joint
project, based on the scientific cooperation between the Solar-Terrestrial Influences Laboratory (STIL),
Bulgarian Academy of Sciences, Stara Zagora Department and the Atmospheric Physics Group at the
Department of Meteorology (MISU), Stockholm University, Sweden.
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The HotPayl was launched July 1% 2006, with a selected group of European scientific instruments
onboard. The rocket caught unbalance and broke apart the rocket motor/payload section at flighttime about 7
— 8 seconds. The payload fell in the ocean about 80 sec. later. An external investigation was performed by
DNV (Det Norske Veritas). The analyses showed that the joint between the rocket motor and the payload
was weak. But housekeeping systems performed well and TM information was received from all instruments
during the shortened flight. The payload was well balanced. A repetition of the HotPay | rocket experiment
would give a chance to use the newly developed detector and to complete the scientific program.

Peculiarities and importance of the Lyman-alpha radiation, advantages of the rocket
measurements. The basic goal of ASLAF was the measurement of the direct solar L, radiation. The
resonance transition “P-’S of the atomic hydrogen (Lyman-alpha emission) is the strongest and most
conspicuous feature in the solar EUV spectrum. It is one of the main characteristics of the solar radiation
together with F10.7 MHz and, therefore it is the object of regular satellite and rocket measurements
(Chamberlain, 1978; Marov, Kolesnichenko, 1987; Willson, 1990; Woods et al., 1995; Woods et al., 2000).

Due to the favorable circumstance; that the Lyman-alpha wavelength coincides with a minimum of the
O, absorption spectrum, the direct Lyman-alpha radiation penetrates down to altitudes around 70 km for
zenith sun (Woods et al., 1995; Kockarts, 2002).

Due to the relatively high intensity of the L, emission and its comparatively deep penetration in the
earth atmosphere it is the main source of energy deposited in the mesosphere. Therefore, the knowledge of
the L, radiation and its variation is important for many investigations of the middle and upper atmosphere
(Woods, Rottman, 1997; Woods, Tobiska et al., 2000). The L, study leads to a better understanding of the
chemistry in the region mesosphere — low thermosphere, to including new chemical processes and transport
mechanisms in the models. L, influences the atmospheric structure and especially the D-region, allowing the
determination of the H content in the atmosphere (Bishop, 2001; Kockarts, 2002).

Frequent in situ measurements of the L, profile are necessary so as to understand all occurring
processes in detail. For example, the origin and the structure of the noctilucent clouds (NLC), typical for the
summer mesosphere at high latitudes are not yet fully clarified. It has been proposed that these clouds are
the indicators of long-term changes in the upper atmosphere (Thomas, Olivero, 2001). The vertical structure
of NLC, the dynamics, concentration and dimensions of the ice particles inside them are investigated
(Gumbel, Witt, 1998). The generation, the evolution and the eventual sublimation of NLC, taking into account
the influence of the solar L, radiation, have been modeled and their influence on the chemistry of O,, O3 and
H is studied by Murray and Plane (2004). The influence of the mesospheric ionization level, connected with
the changes of the solar L, radiation and the precipitating particles has been studied. The L, change during
the solar cycle together with the increase of methane in the atmosphere leads to long-term changes in the
water vapour content in the mesosphere (Chandra et al., 1997).

The L, attenuation in the earth atmosphere is modeled for different seasons and geographical
latitudes, taking into account different processes: the O, absorption and its temperature and wavelength
dependence, the multi-resonance scattering from atomic hydrogen and the related Doppler effect by
Reddmann and Uhl (2002).

Rocket sounding is the basic method to study the mesosphere and the low thermosphere. The
aerodynamic effects in rocket flights have been modeled and investigated by Gumbel (2001) in order to
avoid errors in rocket in situ measurements, due to perturbations, as a result of the gas flux around the
rocket.

Using rocket observations of the attenuation of the solar L, radiation, registered by ionization
chambers, the pressure, density and temperature in the mesosphere can be derived by traditional methods,
described by Thrane et al. (1974), Thrane, Johannessen (1975), Thrane et al. (1977), Vardavas, Carver
(1984).

The interaction of the Lyman-alpha radiation with the atmospheric constituents ionises the NO
molecules, thus giving rise to the ionospheric D-layer and produces the water vapour photolysis, one of the
main H,O loss processes. The Lyman-alpha radiation transfer depends on the resonance scattering from the
hydrogen atoms in the atmosphere and on the O, absorption. Since the Lyman-alpha extinction in the
atmosphere is a measure for the column density of the oxygen molecules, the atmospheric temperature
profile can be calculated thereof.

The importance of the L, penetration in the thermosphere and mesosphere as a main source of
energy input and its connection with the O, concentration and the temperature as well with all processes in
these regions is known long ago. At the same time, lots of ambiguities in our concepts for the chemical and
physical processes in the mesosphere, low thermosphere and, in particular near the mesopause, have been
found out. Such not fully clarified questions are, for example, the influence of L, on the trace gases, the role
of CO, and CH,4 on the temperature distribution, the origin and structure of NLC and the properties of their
constitutive ice particles (Kockarts, 2002; Thomas, Olivero, 2001; Chandra et al., 1997; Roble, Dickinson,
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1989; Thomas et al., 2003; Von Zahn, 2003). That is why the L, measurements and the study of the middle
atmosphere processes are important features to be investigated.

Principal scheme and functioning of the solar Lyman-alpha detector. The solar Lyman-alpha
detector was designed to record the direct solar radiation flux in the EUV, at the L, wavelength range, from
50-60 to 110 km. After a preliminary agreement, the measuring device was manufactured in the Stara
Zagora Department of STIL. A work model and a flying one were produced. The principal scheme of the
instrument is shown in Fig.1. The EUV solar L, detector had 3 basic parts: sensor, electronics and power
supply. The sensor was an ionization chamber. The electronics included a pre-amplifier and a 2-stage

- amplifier. The ionization chamber was filled with

Pre-amplifier + 2- NO. Its window let pass the radiation that was of

lon chamber stage amplifier interest of us. The working voltage was applied
to the central electrode-collector. The role of the

Data channels other electrode was executed by the chamber

o walls. L, ionized NO and thanks to the existing
Sun radiation ;; potential a weak current was produced. This

i current was amplified many times in the pre-
™ amplifier and passed through the amplifier,

:I— < where it got amplification with different
I coefficient in the different stages (x1 and x10).

L Finally the analog signal was fed to the
4 telemetry as voltage in the range 0-5 V. Two

/ additional channels to monitor the temperature
U, T control and the power supply to the chamber were

Power supply foreseen except the two data channels. The role

_ — of the power supply was to transform and fed the
Fig. 1. Principal scheme of the Lyman-alpha detector needed power supply to the ionization chamber
and the electronics plates.

—_>
—_—
—

lonization chamber. The ionization chamber is the basic element of the L, detector. The principal
structure of similar ionization chambers for the UV region is described, for example, in Stober et al. (1963),
Carver, Mitchel (1964), Masuoka, Takanori (1974), Thrane et al., (1975). In our experiment, an ionization
chamber of the Artech Corporation was used of the same kind as the one which turned to be efficient in the
Thrane experiment (Thrane et al., 1975). The cell was made from copper. Its weight was about 50 g, and its
maximal dimensions were diameter 30 mm, length 36 mm; and full length with the gas-filling tubule (32 mm)
— 68 mm. It was furnished with MgF, window of 8 mm diameter and filled with NO. The spectral sensitivity of
such chambers extends from 105 nm to 135 nm with_a quantum efficiency Q of 40% + 60% for voltages 25V
+ 150V.

The choice of the ionization chamber position was made in accordance with the launch parameters of
HotPayl. It was decided the angle between the chamber and the vertical rocket axis to be 55°, thus
anticipating best illumination from the Sun.

Measurements have been carried out at MISU to specify the properties of the ionization chamber and
to estimate the available power supply and NO pressure. A H lamp was used as La source. The obtained
current through the ionization chamber at different conditions — power supply and pressure at the same La

flux, is shown in Fig.2. The NO pressure, corresponding to

12 ¢ 5 mb optical depth 1, was theoretically evaluated 10 mb. Work
10 : )™ 22mb values U = 60 V and p = 20 mb were chosen. The produced
< g _— ™18 mb Currelnt ?f 6Qb\|/ Wss stablef tfi/v?/rQS cr:]hanges in theI power
R <10mb supply. Possible changes of + in the power supply were
5 6 — agreed. It was estimated, that at pressure 20 mb of the NO
3 4t 6'mb gas 86% of the penetrated Lo radiation in the chamber must
F 1mb be absorbed. At the chosen incident radiation, and U and p

2 ~ ,
values the produced current reached nearly the maximal

0 e possible value.

0 20 40 60 80 100 120 Electronics. The electronics amplifier had to possess
Power supply, V high quality characteristics: high sensitivity, high

amplification coefficient, large dynamic range, high
transformation accuracy and good stability against
temperature changes. The circuitry of the electronic amplifier
is shown in Fig.3.

The current from the ionization chamber passed

Fig.2. Current through the ionization
chamber, registered at different
conditions — power supply and NO
pressure
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through a jointly-fixed low-noise pre-amplifier (Section Al in Fig.3). It was situated close to the ionization

iK3 i chamber in order to avoid the hum

lonization = seeeeee i TMout1  NOises.
chamber iKL: The maximal photoelectric
............... current to measure at the
E— e atmospheric boundary  was
Uﬁ_—' T™MOW2  eyaluated to be 20 nA (Thrane et
e al., 1975). We decided a maximal

measurement current of 15 nA in

* ,» the electronics design. This value

T™T corresponds to the current at the

iy A1 A5 bprder of the atmosphere,
] Filter <« Power 3 ™ Qrgct .Sun, and Q=60% of the
BV < 1 supply_ _ ionization chamber. We assumed
*  that with this value the instrument

L ™V wouldn't reach saturation and

+28V 28V could be calibrated in absolute

Fig. 3. Circuitry of the electronic amplifier. It consists of the following units using simultaneous ,Sate”'te
Sections: Al - pre-amplifier and current-voltage converter; | Measurements of L, outside the
A2 — scaling and correcting amplifier; A3 — amplifies the signal 10 atmosphere.
times; A4 — monitors the ionization chamber power supply; The range 0-15 nA could be
A5 — monitors the temperature. covered by a single channel thanks
to the contemporary electronics
elements. We decided to use 2 channels (2-stage amplifier) in order to register in detail the weaker signals.
The amplifications were x1 for the 15 nA channel(Section A2 in Fig.3) and x10 for the 1.5 nA one (Section
A3 in Fig.3). The two channels worked simultaneously and transferred analog signal in the range 0-5 V to the
TM. A measurement frequency of 1000 Hz was envisaged. Besides, two sub-commutated channels to
monitor the sensor conditions: the power at the chamber (60V+1V) (Section A4 in Fig.3) and the temperature
(Section A5), were included.

Power supply. The power supply satisfied the following requirements: it kept its full work ability at
changes of the internal board power from 20 V to 34 V, the nominal board power being 28 V; ensured
stabilized secondary voltages and currents: +6V/25mA, -6V/ 25mA and +60V(+1V) /1mA; the starting current
amplitude in the board circuit didn't surpass 3 A; ensured galvanic denouement between the board circuit
and the secondary voltages.

ASLAF design and dimensions. Most of the instruments included in the HotPayl project, were
foreseen to be positioned in the nosecone, on the top deck. The Lyman-alpha detector ASLAF was on the
nosecone deck, too.

The mechanics and electronics of the instrument were designed in such a way as it fitted well and
completely in the small remaining free space in the nosecone. The mechanics and electronics design of the
Lyman-alpha detector were made simultaneously and coordinated.

The Lyman-alpha detector ASLAF had complicated form with maximal dimensions 105x60x90 mm
and weight 498 g. Its compactness and low weight make it expedient for rocket measurements. The final
appearance of ASLAF is presented in Fig.4.

According to the final design of ASLAF, the instrument
body was produced from monolithic piece of alluminium,
ensuring maximal strength of the construction. The whole
instrument, including the amplifier and the power supply, was
hold in one box in the purpose to avoid the noise. The box
form was chosen in such way, that the whole free space of
the circle (the upper deck) was used. The ionization chamber
was situated perpendicularly to the neighbour instrument,
under 55° towards the vertical rocket axis. This assured 180°
field of view and the maximal possible illumination by the Sun
at every rocket spin. The components inside the instrument
body were situated in such a way, that the output of the
ionization chamber was connected directly to the entrance of
the electronics amplifier in order to avoid the induced noise.
Fig. 4. Final design of the Lyman-alpha The electronics plates were shielded, grounded and

detector electrically isolated from the instrument body to avoid external
noise. The ionization chamber was isolated from the plates
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shields and the instrument body, too.

A work and a flying model of the Lyman-alpha detector ASLAF were produced. The work model was
used for the first test and calibrations, and conclusions how to improve its parameters were taken. The
decisions were applied to the flying model, and very good results were obtained.

Characteristics of the Lyman-alpha detector. The ionization chamber is sensitive to the incidence
angle of the radiation, the window effective surface being proportional to the cosine of the angle to the Sun.
A maximal output is obtained, when the window is fully illuminated, and the optical axis points straightwards
to the Sun. The dependence of the instrument response on the angle of radiation incidence was studied. The
obtained result is shown in Fig.5. The dependence is symmetric towards the perpendicular to the chamber

window and one and the same for both

L2 + Channel 15 nA channel_s._ It is wider tha_n a Gauss curve. A
_ Tokaipe o Channel 1.5 nA curve, fitting well the obtained dependence was
g 9}/?“ N—Fitting curve constructed as the sum of two Gauss curves
‘® 68 displaced one towards the other:
5 N X
% / vo X\‘ g alx-b)? | g-a(x+h)’
E £ 04 y=
5 / “g\ C
= 0-2 . o
Pl ' W The relative error using this curve for
P 6 ' 2o measurement analysis was obtained. It doesn't
-100 50 0 50 100 exceed 4% up to +50° and 10% up to £70°.

The Lyman-alpha detector response to
the H lamp emission was studied. Linear signal
depending on the emission intensity was
obtained from both channels. The signal ratio
could be considered 10.6 from 30 mV to 4.2 V
in the channel 1.5 nA range.

Emission angle, deg

Fig. 5. Dependence of the measured signal on
the incident radiation angle for both ASLAF channels.
The obtained fitting curve is drawn in.

5 ¢ 6
45 E _ x * F =0.3346x + 0.0105
> “7 b y=3608x+0.0579 . >5[ y o -~
&35 R’ =0.9952 x g f - /
g 7 Channel 1.5 nA sS4t
°© 3 = o r /
; = ; i Ch 115 nA
E F annel 15 n
=2 y=03377x + 0.0057 Sl -
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Fig. 6. Dependence of the measured voltage on the produced electric current for both channels

The dependence of the measured voltage on the flown electric current was linear for both data
channels and constant signal ratio was obtained. The results are shown in Fig.6.

The bias signal was very low: practically O for the 15 nA channel and x100uV for the 1.5 nA channel.

Noise and signal test measurements were implemented and gave very good results. When all
instruments were on board and the internal power was switched on, the noise in channel 15 nA was
practically zero, and the one in channel 1.5 nA was very low, with average value of 2.6 mV, what is near the
sensitivity threshold.

Conclusions. A state-of-the-art instrument - Lyman-alpha detector (ASLAF) to record the attenuation
of the direct Lyman-alpha radiation in the atmosphere was designed and a work model and a flying one were
manufactured. All conditions were carefully considered and the general parameters influencing the
measurements were estimated on the basis of the existing theory as well as on the results of previous
experiments. The mechanics and electronics of the instrument were designed to fit the space allotted on the
upper deck of HotPayl, under the nosecone. It is maximum compact and light. The position and the
operating conditions of the ionization chamber were chosen on the basis of planned experiments and
theoretical estimates. A set of tests were performed in order to study the characteristics of the ionization
chamber and the electronics and their response to the expected signal.

ASLAF passed successfully all tests performed before a rocket launch. All measured characteristics
were within the borders of the expected values and with very good quality. There are two measuring
channels with ranges 1.5 nA and 15 nA, characterized with linearity, constant data ratio between them and
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low noise signal. The two channels monitoring the power supply to the ionization chamber and the
temperature operated well. The power supply to the ionization chamber remained stable, 60V, with
deviations from this value less then 1V.

The device is of very good quality and it is expedient to be used in rocket experiments for measuring
the La flux.
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Abstract: The paper considers the prospects of chaotic and fractal-like signals application in radiocommunication
and radiolocation systems. These signals constitute a new class of signals in modern radio engineering. Their properties
are very interesting but not enough investigated. The paper considers the relation between chaotic and fractal-like
signals and other types of signals and their possible applications in radiocommunication and radiolocation systems.

1. BbBeaeHue

OT Havyanoto Ha OTKpUMBaHe Ha MeToauTe 3a npedaBaHe Ha MHgopMauus MNOCPEeACTBOM
eneKkTpoMarHMTHM (pagmo-) CUrHanu CbLIEeCTBYBa TEHAEHLMS 3@ HENPEKbCHATO YCbBbPLUEHCTBAHE Ha Te3un
MEeTOAM 4Ype3 OTKpMBaHE Ha HOBWU TWUMOBE CUrHanu, pa3paboTBaHe Ha HOBW YCTPOWCTBA 3a reHepupawe,
npegaesaHe, npuemaHe n obpaboTka Ha curHanuTe u np. [JHeC cme CBUOETENW Ha NpunaraHeTo Ha peguua
HOBM TWMOBE CWUrHamM, KOUTO 3HAYMTENIHO Ce OTnMyaBaT MO CBOsATAa CTPyKTypa M CBOWCTBA OT
“TpagvLUMOHHUTE” 1 LUMPOKO U3NOM3yBaHU curHanu. Takmea ca XaoTU4HMTE U PpakTanonofobHN curHanm,
KkouTo B6aXa NpensnioXkeHN B Kpasi HA MUHaNMS U Ha4yaroTo Ha HacTosALMS BEK BefHara crep nosieata Ha
TeopunTe Ha xaoca U Ha dpakTanuTe. BegHara we otbenexum, Ye uscriegBaHeTo Ha CBOWCTBATa M Ha
MeToauTe 3a U3nosnsyBaHe Ha HOBMTE TUMOBE CUrHanM Ce Hammpa B CbBCEM HadarneH CTagui Ha passBuTue.
Bb3HukBa npobnema 3a HamupaHe Ha Bpb3kaTa Ha XaoTUYHUTE U hpaKkTanonodobHUTE CUrHanu ¢ apyrute
TUMNOBE M3BECTHU CUrHanM, a CbLO Taka 3a U3SCHsIBaHEe Ha METOAMTE 3a reHepauusi, 3a BbBEXOaHE U
cHeMaHe Ha WHdopmaumsTa oT Tax 1 np. MNpe3 nocneaHMTe roAMHM TO3W BbMNPOC BCe MO-HACTOWYUBO Ce
obcbxaa B nuTepartypara.

Taka, B pabota [1] ca npeactaBeHu pesyntaTute OT MpakTuyeckata paspaboTka Ha cuctema 3a
pagmMocBpb3ka C M3MNOM3yBaHE Ha XaOTUYHWU CUrHamu, NpPUBEXOAT Ce CbLUO Taka U HAKOM OaHHM 3a Hawl-
BaXHUTE KA4YeCTBEHM XapaKTEPUCTMKN Ha CUCTEMAaTa U 3a CBOWCTBATa Ha CaMWUTE XaOTU4YHW CUrHamM Kato
npeHocutenu Ha wuHdopmaums. Okasea ce, Ye Te3n MeToguM MoraT da ObgaT NMpUoXeHM He camo B
pPaaMoCBBbP30YHUTE, HO U B PAaAMONIOKaLMOHHUTE CUCTEMM, a CbLLO Taka U B paguonokaLuMoHHUTE CUCTEMU C
aKTMBEH OTroBOp.

B HacTosiwms goknaa Hue pasrnexaame Te3n Bb3MOXHOCTM, KakTO MO OTHOLUEHME Ha XaoTUYHUTE
curHanm (XC), Taka 1 no oTHowleHue Ha cpakTanonogobHute curHanu (PriC), kouTo Mmat MHOro ooLm
CBOWCTBa C XaOTU4YHWUTE CUrHaNIM 1 B CbLLOTO BpPeMe ce oTnunyaeat oT Tax. [peaBapuTenHo B goknaga ce
JaBa KpaTka XapaKTepucTuKa Ha pasrnexgaHuTe CUrHamm M ce MnocouvBa TaxXHaTa Bpb3ka C OCTaHanuTe
TUMNOBE U3BECTHWU CUTHAmMM.

2. XapaKTepucTMKa Ha XaOTMYHUTE U Ha ppaKTanonogo6HUTe CUrHanu

Tyk nod xaoTW4HM curHanm e pa3bvpame curHanuTe, Npyu KOUTO 3a NpefaBaHe Ha MHdOopMauusTa
ce M3Mon3yBaT U3TOYHUUM (reHepaTopu) Ha Xaoc, T.e. Ha ENEKTPUYECKU BEMUYMHU — HanpeXeHue, TOK,
HamperHaTocT Ha nore u np., U3MEHsILLM Ce BbB BPEMETO MO 3aKOHa Ha AMHaMU4HMsA xaoc. C ToBa Te3u

120



CUrHanM CbLUECTBEHO Ce OTnu4YaBaT OT TPaaWUMOHHWUTE CWUrHamu, W3nNon3Bally XapMOHWYHM UMK
KBa3nxapMOHUYHKU konebanuda. OT gpyra ctpaHa XaoTWYHWUTE curHanu ca 6nmusku 40 M3BECTHUTE LUYMOBM
U NCeBOOLLYMOBW CUTHAMNW, Npu KOUTO Ce U3MON3yBaT M3TOYHMLM Ha LWYMOBWM (CryYanHu) konebaHus, HO B
CbLLUOTO Bpeme ce oTnvyaBaT OT TAX, NpeaBua cneunduyHuTe OTNNYUSA Ha AMHAMWYHUSA Xaoc OT
cny4vaniHuTe BpemeBu yHKuuM [2].

AHarnornyHo moxem fa onpegenum dpakranonogodbHute curHanu (PrC) kato curHanm, Npu KOMTo 3a
npegaBaHe Ha WHoOpMaumss ce um3nonsyBaT BpeMeBM QYHKUUMKM C dpakTanHm (dpakrtanonogobHm)
ceorictea. C TepmuHa “dopaktanonofobeH” Hue oTnuyaBame peanHute dpakrtanu, MMmalim kpaeH 6pon

MaLLabu oT ngeanHute, npuTexasalum 6e3kpanHo MHOro mawiabu [3]. B Tosa oTHoweHne PIC ca cpogHu ¢
XC, TbM KaTO €OMH XaoTW4YeH CUrHan CblLLO npuTexasa camonogobHu ceoncTtBa [2]. B cbLioTO Bpeme,
obaye OINC cbulecTBeHO ce oTnmnyaBaTt oT XC Han-Bede no ToBa, Ye PIrC nputexasaT CTpPOro onpenenex
3aKOH Ha reHepupaHe W criegoBaTenHo moraT ga ObaaT Bb3npousBexaaHu. ToBa [aBa CbLUECTBEHU
npegmMMmcTBa npy obpaboTkaTa Ha Te3n CUrHamnM, KOATO MOXe MO MPUHUMM Aa ObAe KOXEpPEHTHa, B OTNn4yme
oT obpaboTkata Ha XC. CnegBa ga otbenexum, 4e 3a npakrtnyecko npunoxeHne XC un OrC tpsbea ga
6bpaT B obnactta Ha BY n CBU.

BaxxHa xapaktepuctuka Ha XC u OrIC e TaAxHaTa CBPBbXLUMPOKONEHTOBOCT, T.€. MO CbLUECTBO Te
cnagat kbm cBpbxwmpokoneHnToBute (CLUJM) curHanm, 3a KOMTO OTHOCMTENHaTa LWMPUHA Ha YecToTHaTa
NieHTa oTroBaps Ha ycrnosueTo [4].

(1)  2AF = AR 2,
2(FU + I:L)

kbaeTo Fy, F_- CbOTBETHO, Han-BNCOKA U HAN-HUCKa YECTOTK B CnekTbpa Ha CUrHana.

Kakto e nsBectHo, kbM CLUJ1 curHanu cnagat curHanute 6e3 Hocella — Hanpumep B PJIC, paboTelym
C MHOrO KpaTKOTpaWHW BMOEOUMMYSICU, XapakTepuaupawiy ce C MHOMo LUMPOK cnekTbp. CblueBpeMEHHO
obauye, cnekTpanHOTO pasnpedeneHne Ha Te3n curHanm ce otnuyaBa oError! Bookmark not defined.T
ToBa Ha XC n ®rC un e rpynupaHo B obractta Ha HUCKUTE 4YeCTOTWU, KOETO Cb3fdaBa TPYyOHOCTU MNpwu
N3NbYBaHe N NpMeMaHe Ha Te3u curHanm [4, 5].

CnepoBartenHo, ob6obLwiaBankngq MOXeM HakpaTko paa xapaktepusmpame XC u OIC «kato
CBPBXLUMPOKONIEHTOBM, CBPBXBMCOKOYECTOTHM CUrHamM C KBa3WHENpeKbCcHAT CrnekTbp € 6nuska ao
paBHOMepHaTa crnekTparnHa nabTHOCT.

Ot apyra ctpaHa, o4yeBngHo XC n ®IC morat ga 6baaT xapakrepusmpaHu Kato “CroXHW' curHanu,
T.€. CUrHanM cbC CrnoXxHa cTpykTypa. MNpu ToBa Moxe Aa Obae npocrneneHa onpedeneHa Bpb3ka Ha Tesu
CUTHanM ¢ octaHanuTe TUMOBE CIOXHU curHanu. Tasm Bpb3ka € NocoYeHa HakpaTko Ha dour. 1.

XaoTU4HN U
dopakTanonogodHm
curHanm

v
v v v v

CBPBLUMPOKO- CniyyanHn, CurHann ¢ KBasunHenpekbcHaTH,
nentoen, CBY LWymononobHu HECUHYCO- UMMNYMCHW, KOAMPaHU
curHanm npanHa Hocella

Qdue.l. pr3Ka Ha xaomu4Hume cuzHarsu ¢ Opyau murioge CJ10XKHU cucsHalu

BnusoctTta Ha cBoncteata Ha XC n ®I1C roBopu 3a TACHaTa B3aMMOBpPb3Ka Mexay Tax. ToBa daBa
OCHOBaHWe Te3n CUrHanu ga ce pasrnexaar KaTo ABe pasHOBUOHOCTU Ha eauH obLL, Knac CroXHWM CUrHanm ¢
OVNHaMWYHO-HENWHEHA CTPYKTypa.

3.anI.I10)KeHVIe Ha XaoTU4HUTE N d)paKTaHOI'IO,CI,OGHVITe CUrHanum

a) XaOTU4YHU CUrHanum

TyK We pasrnefame HakpaTko NepcrnekTMBUTE 3a NMPUIIOKEHWE Ha pasrnexgaHuTe TUMoBe CUrHanu B
[Ba BMOa CUCTEeMU — PadMOCBbP30YHN U paamoriokaumnoHHn. Kakto ce otGensasea B [1], NpuUnioxkeHWeTo Ha
XaOTUYHMTE CUrHanu BKIOYBA TPW FMaBHM MOMEHTA: reHepupaHe Ha Xaoc (T.e. Ha XaoTUYHO HamnpexeHue,
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TOK W T.H.), BbBeXOaHe Ha WHpoOpMauusiTa B XaOTUYHUS CUTHanm WU, Ha TPETO MSACTO, WM3BMUYAHE Ha
MHdopmaumsaTa OT TO3W curHam. Te3am Tpy MOMEHTa ca BanuaHW CbLO U 3a MPUIOKEHMETO Ha
pakTtanonofobHuTe curHanu. CobuiectByBaT, obaye, onpeneneHn ocobeHOCTH, KOMTO e pasrnegame
HaKpaTKo MO-HaTaTbK.

B [1] ca npeactaBeHn pesynTatv oT paspaboTkata M M3cregBaHeTO Ha NpeanoxeHarta no-paHo oT
aBTopuTe [6] T.H. “NPAKOXaoTMYHA” paguoCcBbP30YHa cucTema. B Hesa kaTo M3TOYHMK Ha Xaoc ce M3nonayea
TpaHauctopeH CBY reHepaTtop, paboTely B cneumaneH pexuM Ha XaoTu4HU konebaHusa. 3a BbBeXaaHe Ha
MHdopMaumaTa B XaoTMYHMS CUTHam ce u3nondyBa opMUMpaHeTo Ha MOTOK OT XaOoTUYHU WUMMYNCKU
(OTPSA3BUM OT XaOTUYHOTO HarpeXeHue), KOUTO ce MOopynuMpaT MO CbOTBETEH HayuH (Hanpumep, Mo
NOoXeHNe Ha UMMYNCUTE) OT MHPOPMALIMOHHUS CUTHar.

B npvemHaTa cTpaHa Te3an umnyncu ce gemoaynupaT (OeTektMpaT), KOeTo CHemMa mnonesHaTa
MHopMaUnst OT XaoTU4YHUS curHan. CbLIECTBEHOTO TyK €, Ye He Ce M3Mnon3yBa npeobpasyBaHe Ha curHana

no 4yecroTa.

Morat ga 6baaT M3TbKHATK HAKOM HedoCcTaTbLUM Ha Tasu CXema — HanpuMep, MarnkaTta ganeymHa Ha
aencTteue, koeto ce otbensassa oT aBTopuTe Ha [1]. Ha BTOpo MSACTO, CbrnacHoO CTpPyKTypHaTa cxema,
cuctemaTta e npurogeHa 3a pabota C OTAeNHW aHTeHU Ha npefasaHe W npuemMaHe, KoeTo Cb3fasa
onpefdeneHn HeypgobceTea. lNMpunoxeHneTo Ha TO3M METOA 3a Cnydvas Ha AynnekcHa pagvoBpb3ka upes
MHOro BMCOKa YeCcToTa Ha NPEeBKIoYBaHe M HaKbCBaHe Ha MoNie3HNA cUrHamn Moxe Aa ce okaxe 3atpygHeHo
NN HEBB3MOXHO MOpaan UMMYNCHUS XapakTep Ha camus xaotudeH curHan. o npuHumn, obave, Tyk 6u
MOrf0 Ada ce MpUnoXu pasgensHe Mo CNekTbp Ha KaHanuTe Ha M3nbyBaHe W npuemaHe. 3a Tasw uen c
noMowiTa Ha CbOTBETHUM UNTPU OT O6LMA CNekTbp Ha XaoTWYHMA curHan ce wu3ps3BaT Asa
HenpunokpueaLlm ce “noacnekTbpa” — goneH AF_ n ropeH AF, , B KOMTO ce pasnonarat CbOTBETHO KaHanuTe
Ha wu3nbyBaHe M Ha npuemaHe. 3a aboHeHTa Te3n MOACNEKTPM ca pasMeHeHu. B TakbB cnydan
CTPYKTypHaTa cxema Ha cuctemara 3a NnpsikoxaoTudHa pagunocBpb3aka 4obvBa Buaa, nokasaH Ha dur.2.

M3TOYHUK Ha
» Koge
NHgopMaLus Aep A A
MN3TOUHUK Ycunearen Y
Ha XaoTuu. > » Mogynatop [—| Ha mMoLHOCT
kone6aHus dunTbp n3psi3BaLy CBY, ClUN
MpremHuk Ycuneaten, Hemopaynatop MankowymsL,
Ha nHdopma- [* pekomep [4  (meTekTop Ha yonnsaten - o —
ums XaoTu4. uMm.) CBY,CLUN P

due. 2. CmpmeypHa cxema Ha npsikoxaomu4yHa cucmema 3a paduocepb3ka, pabomewa cbC cCb8MecmeHa aHmeHa
Ha u3jib4YeaHe u ripuemaHe

MpunoXeHMeTo Ha MpsIKO-XxaoTMYHATa cxeMa B TUMWYHO PaguoNiokaumoHHM cuctemu, obade, e
CBbP3aHO C HAKOM OCODEHOCTM, KOUTO Lie OTOEenexuMm HakpaTKO TyK. Taka M3Mnon3yBaHETO Ha MNpoCTU
XaOTUYHU MMMYIICU — U3PA3BLN OT XaoTUYEH NPOLIEC 3a paaMosIoKaLMOHHO HabnaeHne Ha 00ekTn e SIBHO
HeuenecbobpasHo, NpeaBug HeobBXxoAMMOCTTa Te3N UMMNYSCU Aa MMaT AOCTaTbyHO ronsgma amnnuTyda 3a
ocurypsiBaHe Ha HeobxogummaTta panedmHa Ha penctBue Ha PJIC. OcBeH ToBa €AWHWYHUTE XaOTUYHM
uMnyncu rybat BakHOTO NMPEAMMCTBO Ha HEMPEKbCHATUS UMM KBA3UHEMPEKbCHAT XaOoTWMYEH CurHam —
HeroBaTa CKpPUTHOCT. ETO 3aWo OT Tasu rnmegHa TOYKa WM3MNOM3yBaHETO Ha NpsikoXaoTMyHaTta cxema e
uenecbobpasHo B pagnonokaunoHHN cUCTEMM, paboTeLLm C OB CIOXHO-CbCTaBHN UMIYTICH.

B cboTBeTCTBME C FOpPHOTO, CTPyKTypHata cxema, Hanpumep Ha PJIC, paboTtelwia cbC CRoXHO-
CbCTaBHU XaOTWUYHM UMMYIICK C HATPynNBaHe, nMa cnegHus sug (dwur.3)
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> Mpouecop .| Kogep
¥ YcuneaTten
Ha MOLLHOCT A
leHepaTop Ha »| VmnynceH » CBY,CLN
XaoTuy. Hanp. mMoaynartop
v —
CurHxpoHusaTop » KomyTtatop
<_
\ 4
NHon- Bugeo- Hekonep n OemoaynaTtop P Mankowymsiy,
KaTop ycunearen cxemasa [ (netektop Ha [T ycunearen
HaTpynBaHe XaoT. UMnyncu) cBY,cun

®uz. 3. CmpykmypHa cxema Ha npsikoxaomuyHa PJIC, pabomewa ¢ Ob/i2u C/OXHO-CbCMagHU XaomuyHU UMIMYJICU C
Hampyneate

6) ¢ppakTanonogo6HU curHanm

Mo NpyHUMN ca Bb3MOXHN MHOXECTBO Pa3HOBUMAHOCTW Ha TE3W CUTHanM — Hanpumep, B 3aBUCUMOCT
OT 3aKOHa, No KoWTo ce reHepupat: OIN1C cbC CNOXHO-CbCTaBHa aMnnNUTyaHa, YeCcToTHa, ha3oBa, MMMyrcHa
W Mp. MoAyrnauus, CUrHanm cbC CrOXHO-CbCTABHO KOAUPaHE U ap.

B cboTBeTCTBME C Ka3aHOTO MNo-rope, reHepauudtra Ha ®I1C oT gageH TMn MoOXe Aa cTaHe no
nporpameH mbT (4pe3 Obp3 MuKponpouecop). BbBexgaHeTo Ha uHdoOpmauusaTa B CUrHamna craBa Mo
nporpaMeH nMbT — Ha onpeaeneH “eTtax”’ B CbLIOTO YCTPOWCTBO, koeTo reHepupa OMC. 3a m3BnuyaHe Ha
nonesHarta nHdopmaLlmsa oT NPUETUS CUrHan OTHOBO Ce U3non3dyBa 6bp3 NporpaMmmpyemM MMUKPOMpPOLLECOPEH
npeobpasyBaTen Ha cnekTbpa. [py ToBa, HAYaNHUAT CNEKTBP Ha CUrHana no MNPUHLMMN MOXe Aa ce N3MeCTK
KaTo ce AemoaynupaT CbOTBETHUTE €TaXM Ha CrOoXHO-CbCTaBHaTa mogynaums. ToBa we poeene Ao
BpemeBa Mopgynauusa (“HakbCBaHE”) Ha CcurHana, OT KOWTO crief ycurneaHe u oBbukHOBeHa amnnuTygHa
aemogynauma ce cHema nonesHarta (Hanpumep, peveBa) nHdopmaums. 3a pasnuka oT MNpsiko-XxaoTuyHaTa
cucTemMa, TyK M3MEeCTEHMS HAa[oMy U CTECHEH MO CMEKTbP CUrHamn MoXxe Aa ce ycunsa ¢ 0OMKHOBEHWN NIEHTOBM
MEXANHHO-YECTOTHU yCunBaTenu, KOeTo NoBuLLaBa MHOrOKpaTHO YyBCTBUTENHOCTTAa Ha cuctemarTa.

Mmaikn npeaBua ropenocoyeHoTo, MOXEM [a CbCTaBMM CTPYKTYpHaTa CcXxeMa Ha npumepHa cuctema
3a paguocsepb3ka ¢ PMNC. Tasu cxema e npeacraseHa Ha cur.4.

AHanornyHo moxe ga 6bae MOoCTpoeHa M CTPYKTypHaTa cxema Ha paauorokauMoHHaTa cuctema ¢
akTmBeH otroBop, manonasawa OrC. MasHo otnnune Ha PJIC ¢ ®IIC e MHoroeTtaxHaTa CTpyKTypa Ha
coHaupaluTe CurHamnu, KosaTo no NpuHUMN AaBa Bb3MOXHOCT 3a MHOrokaHanHa obpaboTka Ha npueTtute
curHanu. B Toea oTHoweHue PJIC ¢ ®INC ca nogobHn Ha mHorokaHanHute PJIC ¢ 4ecToTHO, BpEMEBO WK
KOAOBO pasferneHue Ha kaHanuTte [7].

N3TOYHULM Ha »| WN360p Ha eTax —>
nHdbopmaums > Ha mMoaynauust ¢ ‘
¢ CBY CLn
Mpouecop |,| Moaynatop Ha . »| ycunsaTen Ha
eTaxHa AM CLUI counTbp MOLLIHOCT
v
Maxon 1 YMY1 u TeCHONeHToB Nevopynatop ||
aeTekTop dnnTLP Ha eTaxxHa AM CLUN countbp [«
Wsxon 2 YMY2 u TecHoneHToB |, vy |
neTekTop UnTLP < |
| v |
< __________ -

duz. 4. CmpykmypHa cxema Ha cucmema 3a paduospb3ka ¢ @®IC Ha 6bazama Ha MHoz2oemaxkHa AM
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Ha 6asaTta Ha MOCOYEHOTO MOXEeM [da MOCTPOMM CTPYKTypHaTa CxemMa Ha MpuMepHa MHOrokaHanHa
PNC cbc cnoxHu coHampawm curHanm ¢ Ol cTpykTypa € pas3gensiHe Ha KaHanuTe cref CbOTBEeTHa
npouecopHa o6paboTka 1 CBMBaAHE Ha NPUETUTE UMMYIICU B CbOTBETHU KOMMPECUOHHM ounTtpu (dur.5).

Kogep Ha eTaxa

\ 4

Ycunsaten
Ha MOLLHOCT
CBY, CLUN
CuHxpoHusaTtop »| [Npouecop > MmnynceH > A
moaynartop
v .
KomyTaTtop
4_
HetekTop n HemopynaTop Mankowymsiu
BY1 YMH1 Ha eTaxa ycunsaten
g o (AM, UM) 4| CBY, CLUN
MHaukatop DeTekTopu YMY2 :
-« BY2 o !
«— |
)
4. ........ 4

Que. 5. CmpykmypHa cxema Ha PJIC cbc crnoxHuU coHOupawu umryscu ¢ ¢ppakmanono0obHa 8bmpewHOUMTycHa
modynayusi

4. 3aKkno4veHne

Hal'lpaBEHVIﬂ aHanua Ha Hawn XapaKkrtepHuTte CBOWCTBa Ha HOBWUSA Krac CUrHamMM — XaoTUYHUTE WU
(*)paKTaJ'IOFIOD,OGHVI CuUrHanun gaBa Bb3MOXHOCT Aa Ce HanpaBAT crneaHnTe n3soaun:

1) XaoTuyHuTE 1" (bpaKTaJ'IOI'IO,D,O6HMTe CuUrHanum ce AsABaTt HOB TUM CIIOXHU CUrHanun, KOUTo CbyeTaBaT B
cebe cun €JHOBpPEMEHHO cBOWCTBaTa CBPBbXLWNPOKOJIEHTOBOCT, CBPBbXBUCOKOYECTOTHOCT,
KBa3MHENPEKbCHATOCT Ha CMNeKTbpa 1 np. ToBa ocurypsiBa CbOTBE€THU Ka4eCTBa Ha Te€3n CUrHarim — BUCOKa
3alNTEHOCT Cpelly CMyLeHnd, CKOUTHOCT, BUCOKa I/IH(*)OpMaTVIBHOCT nnp.

2) MNocoyeHnTe NpUMEpPHU CTPYKTYPHU CXEMMU Ha PadMOCBBbP30YHM M PaAMONOKALMOHHMA CUCTEMU MOKa3Ba
NpUHUMNHaTa Bb3MOXHOCT 3a peanusaumsi Ha CUCTEMUTE C M3MNOM3yBaHe Ha XaoTUYHU U (hpakTanonogooHu
curHanu. Tesn cucTeMu Guxa MOrmM Oa HamMepAaT MPUMNOXEeHUe Tam, KbAeTO TEeXHUTE Hali-CblEeCTBEeHM
KayecTBa — BUCOKA 3aLUUTEHOCT Ha MHpOpMaLMATA, MHOTOKAHAMHOCT U Mp. ca OT Hal-roNsMOo 3HaYeHue.
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A6cmpakm: VscrnedsaHa e 8b3MOXHOCMMAa 3a onmuMu3ayusi Ha obWomo enlekmpoMazHUMHO U3fib4yeaHe Ha
yughposu Modysiu om Ha3eMeH apuaHm Ha KOCMUYecKU npubop. MamepeHu ca amniumyoume Ha paduoyecmomHume
CMyweHUs1 Ha yughposume modynu 8 6azoe pabomeH pexxum. 3a ocHosa Ha ONMUMU3aUUOHHUS NPOUEC ca U3ron3saHu
cmoliHocmume Ha HanpeaHamocmma Ha eJ1eKmpu4ecKkomo osne Ha HeekpaHupaHu yugposu Modynu U 3axpaHeaHUusl.
C nomowma Ha pasnuyHu cpedcmea 3a eKpaHupaHe Ha MoOynume e rnocmuasHamo MOHUXEeHUE Ha U3byeHume
emucuu. M3nonseaHume Memoduku U arnapamypa ca 8 cbomeemcmeue C MexO0yHapoOHUme cmaHOapmu 3a
uaMepeaHe Ha efleKmpoMasHUMHa Cb8MeCcmUMOCM Ha KOCMu4YecKku rpubopu. Peaynmamume om onmumu3ayuoHHUs
npouec ca rnokasaHu 8 epaghuyeH sud.

Abstract: The possibility of the full electromagnetic compatibility (EMC) optimizations of the space instrument
ground variant is investigated. The radiofrequency interferences (RFI) amplitudes of the digital units in the main mode
are measured. For the base of the optimizations process is used the measured values of the EMC on unshielded digital
units and power supplies. With the help of the different techniques of the shielding of the digital units is achieved the
lower amplitudes of the RFI emissions. Used methods and equipment are in keeping conformity with the international
standards for the EMC measuring of the space instruments. The obtained results are shown in graphical diagram.

BbuBepgeHue

EnektpomarHutHata CbBMECTMMOCT € e4HO OT OCHOBHUTE W3MCKBaHMSA, Ha KouTo Tpsbea pAa
OTroBapsAT KocMmudeckute npubopwn. MeToamkute W CTaHZapTUTe OTHacAWM ce 3a npoBexaaHe Ha
namepsaHus Ha (EMC) u (RFI) moraT ga 6baat Hamepenu B [1], [2] n [3]. Mo Bpeme Ha ocbluecTBsiBaHE Ha
ekcnepumeHTuTe oT nporpamata “lWunka” - CCOL “30PA” n “Hesponab-B” 6sxa ontumusunpaHm uudgposu
Moaynu u nepudpepHn yctpomctea oT rmegHa Ttodka Ha (EMC) u (RFI). MNpu TaxHoTo uscnegsaHe 6e
3abens3aHo HebnaronpuATHOTO BMMSIHUE BbPXY €reKTpoMarHuTHaTa CbBMECTUMOCT Ha nepudepHute
YCTPOWCTBA, KaTo AUCMNEeN, KnaBuaTypu 1 BbHLUHU NepudepHn yCTPONCTBa, NpucbeanHeHn ¢ kabenu. Yact
OT M3BECTHUTE MOOXOOM 3a MOHMXaBaHe Ha Hedonyctumo BUcoku HuBa Ha (EMC) u (RFI) reHepupaHn ot
uncpoBM MoZynNn 1 nepudpepHM YCTPOMCTBA Ca KOMMIOTbPHA CUMYMauusa Ha enekTpomMarHUTHUTE eMUCUM
[5], [6], onTMMM3aLMa NpU NPOEKTUPaHe TOMOMNOrmaTa Ha MoaynuTe [7] U OKoHYaTenHa onTUMM3aunsa npu
ummMTauma Ha peaneH 6opooBM KOMMMEKC. Hawuvat onuT B peanusaums Ha Kocmudecku npubopwu [4], [8]
nokasa, Ye Ha HuBO nabopaTopeH M TexHonornmyeH obpaseL MOXe [a Ce M3BbPLUM OCHOBHaTa 4acT OT
n3cnenBaHeTo U oNTUMU3aumaTa Ha enekTpoMarHuTHaTa CbBMECTUMOCT.
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MeToau Ha nscnegBaHeTo

BnokoBata cxema Ha CBbp3BaHe Ha aHanuMsMpaHuTe UuUupoBU MOAYNKU, TEXHUTE nepudepHn
YCTPONCTBA M 3axpaHBaHMS ca nokasaHn Ha dur.l, kbAETO M3NOoN3BaHUTE CbKpalweHus ca - ,basos
cbeanHuTeneH uudpos mogyn’ — MDCM, ,KnaBuatypu u nedvatawm yctpowctsa” — KBM u ,Moayn
ancnnen” — DDM. Kakto e BMAHO OT duryparta, nokasaHaTta obLia CTpyKTypa € makcumanHo 6nmska go
peanHuTe 6opdoBU LMAPOBM CUCTEMWU, C LEN MNOCTUraHe Ha MaKCMMarHO KOPEKTHU W3MepBaHus,
nscnegsaHns u ontummsaumss Ha (EMC) u (RFI) Ha KOHKpeTHO pasrnexgaHuTte uMdpoBU MOLYIN.
NacnegBaHo e oOWOTO wm3nbYBaHe Ha CbeAuMHEH W 3axpaHeH 6asoB uudpoB mopgyn (MDCM) c
MUKponpoLecop, kBapuoBu reHepatopu, EPROM, RAM, SRAM. KbM Hero 6sixa MpucbeavHeHn Oucninew,
WUHTepdencnTe Ha aHanoroBMTe BXOQHO-U3XOAHU YCTPOMCTBA, MHTepdencnTe Ha U3NbNHUTENHU MEXaHN3MN
W YCTPOWCTBA, a CbLLO Taka 1 nHTepdencuTe Ha neyartaLlm yCTpomcTBa 1 KnasmaTypu.

BA30B CbEOMHWUTENEH UMoPoB Moayn /LN AUCTIIEN
(MDCM) N1/ (DOM)
r—-——=—=—=—= 'i .......................... .
LIM®OPOB BNOK l : :
HA LEHTPANHUA | | WHTEP®ENCH
NPOLIECOP : OMCINEN 1oy TEA g
| : E :
I I : --------------------------
: . 1], .
i WHTEPOEMCKM 1 |h----N | AHATOTOBA
: N Guna $ BXOOHO-U3XOOHM :
I: HAAHANOTOBWM = [\ % yorpopcTBA-1+n ¢
| i BXOOHO-M3XOAHM : 1 : :
UN®POB BNOKHA | @ ~ YCTPOWCTBA 1 el
NMAMETUTE 2 | ! "sssssscssssansnnannnnnnns . I E E
EPROM, SRAM, I 4 nP UMBAHWUTENHM |
DRAM, FLASH I UHTEPOEACH IKZ27 % yeTPodcTBA
il «knasuatypum |! i L=n 5
I I'IE'~IA'I:ALI.I,I/I | I o o o o o o o o
+3.3V, £5v, +12v, : YCTPOUCTBA I
OBLL; ANG; KOPMYC i1V N KnaBuATyPM U
L e e e e - - MEYATALLY
YCTPOUCTBA
(KBM)
BNIOK HA BTOPUYHUTE
MPEOBPA3YBATENW BJIOK MbPBUYHU
v e 3AXPAHBAHWS U BOPLO,OBM
AKYMYNATOPU
+28V; OBLL; KOPMYC

Que.l. Brok-cxema Ha uscriedsaHama cmpykmypa
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M3BeCTHO €, Ye OCHOBHaTa 4YeCcToTa Ha XapMOHWYHWTE CbCTaBKWM € MPOMOopLIMOHanHa Ha noroBuHaTa
OT NPOABIPKUTENHOCTTA Ha BPEMETO 3a HapacTBaHe (cnagaHe) Ha poHTOBETE Ha curHana [9].

npO(*)I/IJTbT Ha HOpMUTE 3a MaKCUManHo aonycthMarta HanperHatocT Ha eNnekTpu4yecko none B
YecToTHUSA AManasoH 100 -1000MHz [2], moxe ga 6bae onucaH ¢ popmynaTa:

1)
EQP =36 + 19.Ig ﬁ [dBmicroV/m],

KbaeTo Eqp € Jonyctumara HanperHatocT Ha enekTpudeckoto nomne B [dBmicroV/m], a f e yectotata B
[MHZz].

MNogTtuckaHeTo Ha CnekTpn C npomMmeHInnB ﬂpOd)I/IJ'I Hanara wu3non3BaHeTo Ha LWNpoKoanana3oHHU
cpencrtBa 3a NoHMXaBaHe Ha aMnnnTyauTe Ha eMUCUnNTE, KakBUTO Ca pas3fmiMn4yHUTE BUOOBE EKpaHWU.
M3BeCTHO e, Ye [9] 3aTUXBaAHETO MNpu nornbllaHe Ha eKpaH MOXe a ce onuiie C cbopmynaTa:

2) B=0.132t.,/f Gy [dB],

KbOeTo B - 3aTuxBaHeTo npum normnbluaHe Ha ekpaHa B [dB], t - aebenvHaTta Ha ekpaHa B [um], f - yecToTaTa
B [MHz], G - oTHOocuTenHaTa enekTponpoBOANMOCT, @8 W , - OTHOCUTENHaTa MarHuTHa NPOHULAEMOCT.

ExkcnepumeHTanHu pesynrtaTtu

lMpoBeoeHUTe n3aMepBaHMsa ca HanpaBeHM B CbOTBETCTBME C Mpouedypute onucanu B [1], [2], [10].
Ha dour. 2 e npeacraBeH pesynrarbT OT U3MEPBAHETO Ha CNeKTbpa Ha U3NbyeHUTe paguollymose Eqp; Ha
OTBOPEHN HeekpaHupaHun umdposn mogynn MDCM, KBM n DDM B guanasoHa ot 300 MHz go 400MHz.
KakTo ce Bwxaa Ha curypara, Har-BMCOKM aMNiNTyan Ha LyMoBeTe ce HabnogasaT Ha vyectotu oT 345 go
395 MHz. lNpodunbt Ha amnnutyamte Ha ur.3 Eqp, B AnanasoHa 400 MHz go 1000 MHz noka3sa
CPaBHUTESHO MO-HWCKN amnnuTyau cnpamo Egp; - dour.2. Ha yectotn no-sucokn ot 700 MHz, nanbyeHn
lWymMoBEe Ca nNpPeHebpexmmo Marnkm — CbU3MEPUMM CbC COOCTBEHMTE LWYMOBE Ha W3NON3BaHUS
nsmepsarerneH ypeg. [lopagn ToBa nocneasanvte uscnenBaHnsa 6sxa cbecpeaoToveHn B guanasoHa ot 290
no 410 MHz. MamepeHuTe CTOMHOCTU Ha Eqp; 1 Egp, Ha HeekpaHupaHu umdposn mogynm MDCM, KBM wn
DDM ca u3nonsBaHu 3a OCHOBAa Ha OMTUMM3aUMOHHUS npouec. NpoBepeHn Bsixa pasnuMyHU cpeacTsa 3a
nogtuckaHe Ha EMC n RFI, kaTo heputn n HEMarHUTHU eKpaHu ¢ PasnUYHN reoMeTpu4Hn hopmMm 1 odemu,
KaKTo U BNUAHMETO Ha PasCTOAHMETO MeXAy eKkpaHa v nnartkaTta, BUObT M MACTOTO Ha 3a3eMABaHeTO Ha
ekpaHa. BnusHueTto Ha heputnTe n TAXHOTO MECTOMOMNOXEHME € HECBHLLECTBEHO BbpXYy OOLLOTO M3nbyBaHe
Ha OnokoBeTe. WM3cnegBaHeTO Ha enekTpoMarHuTHaTa CbBMECTUMOCT Ha 3axpaHBalims O1ok K
reHepuvpaHuTe OT Hero pagMoLLyMOBe NoKasa, Ye 3axpaHBalmaT 60K He BHAcs CbLUECTBEHUN eMUCUM Hag 6
MHz. ®wur. 4 nokasBa pesyntata OT WM3MEPBAHETO Ha HanperHaTocTTa Ha €eneKkTPU4ecKoTo Mone Ha
N3rbyeHnTe paguoLllyMmoBe Eqps Ha LMAPOBU MOOYNN CbC 3a3emMeH ekpaH Ha MDCM un HeekpaHupaHn KBM
n DDM ot 300 go 400 MHz. Wsnon3saH € eguH NMOCHK, JlOKaneH, HeMarHUTeH ekpaH, CbU3MepuUM C
pasvepute Ha MDCM. Ha ®ur. 5 e nokaszaHa pasnukata B HanperHaTocTTa Ha €neKkTPUYEeCcKOTO Mone Ha

n3nbyeHute paguowymose A Eqp; Ha UMPOBM MOAynu CbC 3a3emeH ekpaH Ha MDCM po 400 MHz,
KbOEeTo :

(3) AEQpl = Eng - EQpl [dBmiCI’OV/m],

AHanuabsT Ha dur.4 n ur.5 nokasea BriowasaHe Ha napameTpuTte Ha RFI. B yecTtoTHMA anManasoH ot
310 pgo 400 MHz npoTUBHO Ha OYaKBaHWATA, U3MbYEHUTE LIYMOBE Ce noBuwasaT cpedHo ¢ 6 [dBmicroV/m],
a Ha oTgenHu YecTtoTu gocTtura go 16 [dBmicroV/my.
dur. 6 nokassa pesynTata OT W3MEPBAHETO Ha HanperHaTocTTa Ha enekTPUYeckoTo rnone Ha
N3nbyeHnTe paamnollymose Eqps Ha LMpoBM Moaynu ¢ HesazeMeH ekpaH Ha MDCM n HeekpaHupaHn KBM
1 DDM ot 300 go 400 MHz, a Ha dur.7 — pasnukata A Eqp,, KbaeTo:

(4) AEQPZ = EQp4 - EQpl [dBmlcrOV/m]
CpasHsaBaiiku npocpunmte Ha A Egp, (ur.7) n A Egp; (dur.5) ce Habniogasa nonoxuteneH edexrt

BbpXy NnapameTpuTte Ha RFl npu He3asemeH ekpaH Ha 6roka MDCM.
EAnH oT gobpute onTMMM3aLMOHHKN pesynTaTu € nokasaH Ha dur. 8. n cur. 9, kbaeTo pasnukaTta A Egp € :
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AEQpa = EQp5 - EQp]_ [dBmlcrOV/m]
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Que. 2. HanpesHamocm Ha efiekmpu4yeckomo
rmone Ha usnb4yeHume paduowymose Egp1 Ha
0OMBOPEHU HeeKkpaHupaHu yugposu MoOynu om
300 MHz do 400 MHz
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due. 4. HanpezsHamocm Ha efieKmpuyecKkomo
rnone Ha u3nb4eHume paduowymose Egpz Ha
yughposu modyrnu cbC 3a3emeH ekpaH Ha MDCM
u HeekpaHupaHu KBM u DDM om 300 MHz do
400 MHz
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®ue. 3. HanpeszHamocm Ha eneKmpu4YyecKomo
rnone Ha u3nb4YeHume paduowymose Egpr Ha
OMBOpPEeHU HeekpaHupaHu uyugposu Molynu om
400 MHz do 1000 MHz
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Que. 5. Pasnuka 8 HanpeeHamocmma Ha
efleKmpuyeckomo  rofie  Ha  U3fibYyeHume
paduowymose A Eqpr Ha yugposu mModynu cbC
3asemeH ekpaH Ha MDCM u HeekpaHupaHu KBM
u DDM om 300 MHz do 400 MHz



Eop [dBmicroV/m]

Egr [dBmicroV/m]
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Qdue. 6. HanpezHamocm Ha enekmpu4yecKkomo Que. 7. Pasnuka 8 HanpesHamocmma Ha
rnone Ha usnmbyeHume paduowymose Eqps Ha efieKmpu4yecKkomo  [one  Ha  U3fib4YeHume
yugbposu modynu ¢ HezaslemMeH ekpaH Ha MDCM paduowymose A Eqp, Ha yugp