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dopma 1. CBegeHnsa o NpoekTe

1.1. Ha3BaHue npoekTa

Ha pyCCKOM A3blke

KomMnnekcHble nccrnegoBaHnsa NCTOYHUKOB BbICOKOSHEPTMYHBIX YacTul, 1 molHoro YKB nsnyyenns B
3MNeKTPUYECKN aKTUBHOWM aTMocdepe Ha OCHOBE Ha3eMHbIX U CMYTHUKOBbLIX HabniogeHun

Ha aHrMUMNCKOM A3blKe

Comprehensive research of high-energy particles sources and powerful VHF radiation in

electrically active atmosphere based on ground-based measurements and satellite observations

1.2. NpuopnTeTHOE HanpaBreHne pas3BUTUS HAYKN, TEXHOMNOMUA U TEXHUKUN B

Poccunckon ®egepaumn, Kputndeckas TEXHOMNOMMS:
YkasblBaeTcs cornacHo nepeyHto (Ykas Mpeangenta Poccuiickon Pepepauun ot 7 niona 2011 roaa Ne899) B cnyyae, ecnm

TemaTtuka npoekTa MOXeT OblTb OTHECEHA K OOHOMY M3 NMPUOPUTETHLIX HAaNpPaBneHWI, a Takke BHECTU BKMa B pa3BuTue
KpuTudecknx TexHonornin Poccuiickon depepaumu.

6. PaunoHansHoe npupoaononb3oBaHme.
19. TexHonorMm MOHUTOPMHIa 1 NPOrHO3NPOBAHMS COCTOSIHUS OKpY»KatoLe cpeap,
npeaoTBpaLleHnst U NIMKBUOALUN ee 3arpsi3HeHNS.

1.3. KntoueBble cnoBa (npuBoautcst He 6onee 15 TepMUHOB)

Ha PYyCCKOM $i3blke

YCKOpPEHUE 3apsKEHHBIX YacTuL; paguonsnyyeHne rpo3oBbiX pa3psaos;
BbICOKO3HEpPrMyHble npoLecchl B aTMocdepe, KOpoTkMe BHYTpMobniadHble paspsaabl
Ha aHrNUNCKOM SA3blKe

acceleration of charged particles; radio emission from lightning; high energy

processes in the atmosphere; compact intracloud discharges

1.4. AHHOTauus npoekta (o6bemMoM He Gornee 2 CTp.; B TOM YMCrie KpaTKo —

AKTyalibHOCTb N Hay4YHad HOBVI3Ha)
OanHas nHdopmaumsa MoxXeT BbiTb onybrnmkoBaHa Ha cavTe PoHaa B UHOPMALMOHHO-KOMMYHUKALMOHHON ceTn «IHTepHeT».

Ha PYCCKOM A3bIKe

Llenbto AaHHOro npoekTa siBnseTcs n3yvyeHme MexaHmsMoB hoOpMUPOBaHUSA aTMOCHEPHBLIX MCTOYHUKOB
3HEpPrnyHbIX YacTuL, 1 MOLLHOMO BbICOKOYACTOTHOrO (3NEKTPOMarHMTHOr0) U3ryyYyeHns u nocTpoeHue
Mogenen Ha OCHOBE AaHHbIX Ha3eMHbIX U CNYTHUKOBbLIX HabnogeHui. [NpoekT TecHo cBA3aH ¢ PU3NKON
BbICOKUX 3HEPIUI B 3MEKTPUYECKN aKTUBHOW HUXHEN aTMOcepe U C BbICOKOSHEPTMYHBIMU NpoLeccamu,
06yCnoBNEHHbIMN MOMHMEBBLIM pa3psgom. OxugaeTcs, YTo B pesynbTaTe peanv3aunm 4aHHOro npoekTa
OyaeT JOCTUrHYT CyLLECTBEHHBIN MPOrpecc Mo psify HepaspeLlEHHbIX B HACTOALLUI MOMEHT Npobrem
BbICOKOSHEPIMYHBIX MPOLECCOoB B atMocdepe, Takmx Kak:

- npupoaa n MexaHuam opMUpPOBaHUSA Ha3eMHbIX FPO30BbIX NpeBbiweHni (Thunderstorm Ground
Enhancements, TGE [Chilingarian et al., 2010, 2011]) — ycuneHnsi NOTOKOB PENATUBUCTCKMUX ANEKTPOHOB,

rammMma-KBaHTOB U HENTPOHOB, KOPPENMPOBAHHbLIX C FPO30BON 0OMaYHOCTLIO, C
XapaKTepHON ANUTENbHOCTLIO 4O HECKONMbKNX MUHYT;
— MeXaHn3Mbl reHepauun ramMma-Benbilek B 3eMHon atmocdepe (Terrestrial Gamma-ray

Flashes, TGF) n nx cBa3b ¢ Ha3eMHbIMU FPO30BbIMU NPEBbLILLEHUSMUA,
- npupoaa CBEPXMOLLIHbIX KOPOTKUX BCMECKOB BbICOKOYACTOTHOro manyveHusa (Narrow Bipolar Event,

NBE) ¢ MCTOYHMKaMM, pacrnonoXeHHbIMU B 3eMHOW Tponocdepe; MexaHnam (OpMUPOBaHNSA BCNIECKOB
Pa3NnNYHbIX TUNOB, MHTEpNnpeTauna HakoneHHbIX K HacToAweMy BpeMeHU CNMYTHUKOBbLIX JaHHbIX]

— CBSI3b CBEPXMOLLHbIX KOPOTKMX BCMIIECKOB BbICOKOYACTOTHOIO U3fyYEHUs C ramma-
BCNblWKamun atmocdepHoro npoucxoxaeHus (TGF), koTopble permcTpupytoTcs
opbuTanbHbIMM PEHTIEHOBCKUMW TENEeCcKonamMm, U Ha3eMHbIMWU FPO30BbIMU MPEBbILLEHUSMU
(TGE), KoTOpble pernMcTpupytoTcs Ha3eMHbIMM CETAMW OETEKTOPOB 3fIEMEHTaPHbIX YacTuL;

- pM3NYECKMEe MEXaHN3Mbl PEHTTEHOBCKOrO U3MyYeHst Ninaepa MOSHUM, POSlb PEHTTEHOBCKMX Nydeil B
pacnpocTpaHeH MOSTHEBOTO Pa3paaa, MeXaH3M reHepaLm OTHOCUTESIbHO CTaLMOHaPHbIX MOTOKOB
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PEHTreHOBCKNX J'Iy‘-lel7l rpo3oBbiMUA obnakamu.

[loCTUXXeHNe NoCTaBMEHHbIX Lienen npeanonaraeT peweHne B paMKax npoeKkTa paga

B3aNMMOCBA3aHHbIX SKCNepMMeHTarbHbIX 1 TEOPETUYECKNX 3adad, Cpean KOTOPbIX:
— JKCNepunmMeHTalibHOE nccrieagoBsaHne NnoToKOB PENTATUBUCTCKUX 3JTEKTPOHOB, raMMa-KBaHTOB U

HENTPOHOB, KOPPENMPOBaHHLIX C FPO30BOM 0bnavyHoCTLI0, Ha 6a3e nabopaTtopun ASEC (EpeBaHckuii
PU3NYECKUIN UHCTUTYT, ApMEHUS); aHanM3 BNNSHUS SNEKTPUYECKON CTPYKTYPbl FPO30BOro obnaka Ha
NPOCTPaHCTBEHHO-BPEMEHHYIO CTPYKTYPY M CMEKTP MOTOKOB 3HEPIUYHbIX YacTuL;

— co3gaHne Ha3eMHOM CTaHUUN perncTpauum LMPOKOMONOCHOMO 351IEKTPOMarHUTHOroO
N3ry4YeHns rpo30BON aKTUBHOCTU C BbICOKMM YaCTOTHbIM, BPEMEHHbBIM Y MPOCTPAHCTBEHHbLIM
paspeLwieHnem (YKB nHtepgepomeTp, 40 4 aHTEHH); pa3paboTka MOBUnNbLHON BEpCUM
NHTepdepomeTpa A5 COBMECTHON paboThbl C HAaYy4YHbIM KOMMnekcom nabopatopum ASEC;

— NOCTPOEHME TEOPUM HA3EMHbIX FPO30BbLIX MPEBLILLEHNIA, BKINOYAIOLLEN YCIOBUS

pasBUTUA NUBHA PENATUBUCTCKUX yOEraroLwmx afekTpoHOB, OO bSICHEHNE NPONCXOXKAEHMS
aTMocepHbIX HEMTPOHOB K nNpocTupatowweroca Ao 100 MaB aHepreTnyeckoro cnekTpa
raMmmMa-KBaHTOB NPWU HA3eMHbIX U CMYTHUKOBbLIX HAbNIOAEHUSAX;

- pa3spaboTka KONMYEeCTBEHHbIX MOAENEN ramma-BChbILLEK aTMOCHEPHOIO NPOUCXOXAEHUSA Ha

OCHOBE Ha3eMHbIX HabaeHN MOTOKOB PENSATUBMUCTCKMX SNIEKTPOHOB, raMMa-KBaHTOB, HEMTPOHOB U
LLUMPOKOMOJSIOCHOIO 3fIEKTPOMArHUTHOrO M3nyd4eHnst B 06r1acTi rpo30BO aKTUBHOCTY;

— YCTaHOBJ1€HNE CBA3U SJ'IeKTpVI‘—IeCKOIZ aKTMBHOCTWK B N(pO30BOM 06na|<e, B TOM 4ucne
BHYTprobnayHbIX (BKMOYast KOMNAKTHbIE) pa3psiaoB 1 pas3psgoB obnako—3emns ¢
BbICOKOQHeprnyHbiMn npoueccamu (TGE, TGF) Ha ocHOBe aHanmsa gaHHbIX ClYyTHUKOBOW
1N Ha3eMHOW perncTtpauumm n3ny4eHmna B LUI/IpOKOI7I noJioce 4acTorT,

— aHanus n cuctemaTmnsauns pesynbTaToB HabN4EHNI MOLLHbBIX BCMIECKOB BbICOKOYACTOTHOIO
N3ny4YyeHust oT obracTten rpo3oBOM aKTUBHOCTU, NMOJTYYEHHLIX Ha CNyTHUKe «Ynbuc-M» 3a nepuog c
2012 no 2014 roa, ¢ opraHusaumen cooTBeTCTBYOWEeN 6a3bl 4aHHbIX; CTAaTUCTUYECKUA aHanm3
CBONCTB MOP(OMOrMyeckn CXoXmnx cobbITUA, BbISCHEHME CTEMNEHN KOPPENSsILMM BCNNECKOB
BbICOKOYACTOTHOMO M3fy4eHusi C aTMOCHEPHbBIMU raMmMa-BCrblLLKaAMW;

- pa3paboTka KOnM4yeCTBEHHOrO ONUCAHUS PErMCTPUPYEMBIX MOLLHBLIX KOPOTKMX BCMECKOB
BbICOKOYACTOTHOIO 3M1EKTPOMArHUTHOTO M3Ny4YEHUS, B TOM YUCTIE C LLIYMOBbBIM AUCKPETHBIM CMIEKTPOM.
HacTtosawuin npoekT 06 beaUHUT yCUnus TPEX Hay4YHbIX KONNeKTMBoB 13 Poccuun n Apmenun (UM PAH, KU
PAH n Ep®W), nmetowwmx 60nbLLON OMNbIT U BO3MOXHOCTU ANS PELLEeHNs CNOXHbIX 3aga4 U3NKM BbICOKMX
3HEprn n atMocepHOro razoBoro paspsiga. AKTyanbHOCTb NPOEKTa onpeaenseTcs BbibpaHHbIMU
obbekTamu uccnefoBaHust, NPUPOAA KOTOPbIX SBMSAETCA OTKPbITHIM BONPOCOM MOCNEAHNE HECKONBKO
OECATUNETUIA: 3TO BCMbILWKM raMMa-uanyyeHunst B 3emHon atmocdepe (TGF), HegaBHO OTKpbITbIE
y4YacCTHMKaMu NpoeKkTa Ha3eMHble rpo3oBble npesbilleHnsl (TGE) n CBEpXMOLLHbIE BCMECKM
BbICOKOYACTOTHOrO M3nyyeHus (NBE), UICTOUYHUKM 1 MEXAHU3MbI FeHepaLMn KOTOPbIX HEU3BECTHbI NGO
M3BECTHbl BECbMa NPUONMKEHHO. HayyHas HOBM3Ha NpoeKTa, Npexae BCero, onpeaensieTcst BO3MOXHOCTbIO
KOMMITEKCHBIX 9KCNEPUMEHTarbHbIX UCCNEeAOBaHWI YKadaHHbIX 0ObEKTOB C NCMOMb30BaHMEM CYLLECTBYHOLLEN
WHGPACTPYKTYpbl YHMKarbHOW ropHon nabopaTtopmun ASEC, pacnonaratoLlen ceTsiMm 4eTEKTOPOB
3apPSPKEHHBIX U HEWTPArbHbIX YacTuUL, CEHCOPaMU 3NEKTPUYECKOTO U MarHUTHOMO NMOJSIEV U aBTOMATUYECKUMU
MeTeocTaHUMsiMU. Ha ocHOBe Mony4YeHHbIX AaHHbIX, B YaCTHOCTK, ByaeT npoaHanuaMpoBaHa OTMeYeHHasi B
psine paboT CBA3b HAa3EMHbIX FPO30BbIX NPEBLILLEHNIA N OCOBEHHOCTEN 3NEKTPUYECKOW CTPYKTYPbI FPO30BOIO
obnaka. [letanbHbli aHanM3 NOTOKOB BTOPUYHbBIX KOCMUYECKMX Nydei NO3BONUT caenaTh BbIBOA O
MexaHu3Me popMMPOBaHMS BCrbILLEK FAaMMa-U3ny4eHns B 3eMHOW aTMocdepe, B YHaCTHOCTU O Hanu4um
No3NTPOHHOW 06paTHOM CBA3N Npu POPMUPOBAHUM NTAaBUHBI yOeratLmux snekTpoHoB. Kpome Toro, B pamkax
npoekKTa NnaHMpyeTcsa co3faTh LWMPOKONONocHbIN YKB nHTepdepomeTp, AaHHbIE KOTOPOro NO3BOMST
ONpefenuTb BaXHble NapaMeTpbl SNEKTPUYECKON akTUBHOCTM B IPO30BOM obniake, CUHXPOHHOW C

BbICOKO3HEPIMYHbIMU NPOLIECCaMMN.
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BaxHbIM NpenmMyLLLEeCTBOM NPOeKTa Takke ABNAETCS BO3MOXHOCTb UCMOMb30BaTh AaHHbIE CMYTHUKOBBIX
HabNaEHNI BbICOKOYACTOTHOMO U3Ny4eHms TPonocgepHbIX MCTOYHUKOB, MOMYYEHHbIe
MUKPOCMYTHUKOM «Yunbuc-M» 3a nepmog ¢ 2012 no 2014 rogpl (yKasaHHbIA CNYTHUK ObiN pa3paboTaH u
co3aH npu HernocpeacTBEHHOM y4acTuMM aBTOPOB NpoekTa B MIHCTUTYTe KOCMUYEeCKNX nccrnefoBaHum
PAH). OgHoi n3 oco6eHHOCTEN NOMYyYEHHbIX CMYTHUKOBBIX OAHHbLIX ABMSIETCA perncTpauns KOpoTkux,
MOLLHBIX BcnneckoB OBY nanyyeHusa ¢ onutenbHOCTbIO 1-3 MKC, XapakTepuayoLLmMxcst AMCKPETHOM No
BPEMEHM N YacToTe CTPYKTYpo. B psige cnyyaes Takne Bennecku opmupytot napsbl. [NogobHelie
BCMJIECKM M3NYy4YeHMs paHee Habnaanncb U Ha MHOCTPAHHbIX CMYTHUKOBLIX MUCCUSIX (B YACTHOCTH, Ha
cnyTHuke FORTE) 1 cBA3bIBan“cb ¢ KOMMNAKTHbIMW BHYTPMOGIaYHbIMK paspsgamu. OgHako gaTymkamu
MUKPOCMYTHUKa «4unbuc-M» Gbin 3aperncTpnpoBaH HOBbIN, paHee He UCCeaOoBaHHbIA TUM
BbICOKOYACTOTHOroO paanousnyyeHnss atmocdepbl, KOTOPOE MMEET LLYMOBOW ANCKPETHbIA XapakTep u
He Bcerga BO3HMKaeT nocrne MOoMnHMeBOro paspsiia unu npealwecTtsyet emy. [JUCKpeTHbIN XapakTep
HabnNgaeEMOro M3nyyYeH1st BO BPEMEHHOWM N YacTOTHOM 06nacTsax NO3BONsiET NPUMEHUTL AN
NOCTPOEHUSA ANEKTPOOUHAMNYECKNX MOeNeN ero UCTOYHUKOB MeTOoabl dhpakTarnbHOro OnncaHms
CYLLIECTBEHHO HEPABHOBECHbIX OUCCUMNATUBHbBIX CUCTEM, OCHOBaHHbIE Ha DyHOAMEHTasIbHbIX
3aKOHOMEPHOCTSIX U YHMBEpPCarbHbIX CLUEHapusax Ux KonnekTmsHon aAnHammku. CoctoaTensHOCTb
dpakTanbHOM MEeTOA0MNOrMM NPOAEMOHCTPUPOBaHA y4aCcTHUKaMM NPOEKTa Ha Taknx OU3NYECKNX
06bekTax, Kak AUHaAMMKA 3apsKEHHbBIX YaCcTUL, B CUCTEMAX CO CIIOXKHOW reOMeTpUein, pe3oHaHCHbIe
obnacTtun B XBOCTE 3eMHOM MarHUTocdepsl, rpo30Bas akTUBHOCTL U ANEKTPUYECKne pa3psaibl B BEPXHEWN
aTtMmocdepe, npocavymBaHne XnOKoCTU CKBO3b MPYHTbI CO CIIOXHOW peosfiornen, CEMCMUYHOCTb U Ap.
Takmum obpa3som, npeanaraemMbiili NPOEKT NO3BONUT 0O bEAMHUTL SKCMEPUMEHTANbHbLIE AaHHbIE,
NONy4YeHHbIE B X0 Ha3eMHbIX W CMYTHUKOBLIX 3KCNEPUMEHTOB, C TEOPETUYECKMMU UCCNESOBaHUAMU
MOLLHbIX NMPUPOAHbIX NCTOYHUKOB 3HEPIMYHBLIX YacTuL U BbicOkovacToTHoro YKB nanyveHus B
aTtmocepe.

Ha aHIMUNCKOM A3bIKe

The aim of this project is to study atmospheric sources of energetic particles and powerful
high-frequency radiation and build models based on ground-based and satellite observations.
The project is closely related to high-energy physics in the electrically active and the lower
atmosphere with high-energy processes, caused by lightning discharge. It is expected that as a
result of this project, significant progress on a number of unresolved problems at the moment
of high energy processes in the atmosphere will be achieved, such as:

- The nature and mechanism of formation of Thunderstorm Ground Enhancements (TGE
[Chilingarian et al, 2010, 2011]. TGE is a gain of relativistic electron fluxes of gamma rays and
neutrons, correlated with thunderstorm clouds, with a typical duration of several minutes;

- Mechanisms for the generation of Terrestrial Gamma-ray Flashes (TGF) and their
relationship to Thunderstorm Ground Enhancements;

- The nature of super-short bursts of high-frequency (VHF) radiation (Narrow Bipolar Event,
NBE) from sources located in the Earth's troposphere; the mechanism of formation of

different types of bursts, interpretation collected up to the moment satellite data;

- Relation of super-short bursts of high-frequency radiation from TGF, which are recorded orbiting
X-ray telescopes and TGE, which recorded ground-based networks of particle detectors;

- The physical mechanisms of X-ray radiation of the lightning leader, the role of X-rays in the spread of the

lightning discharge, the generation mechanism of a relatively steady stream of X-rays thunderclouds.

Achieving these goals requires a decision in the framework of a series of inter-related
experimental and theoretical problems, including:

- Experimental study of relativistic electron fluxes of gamma rays and neutrons, correlated with
thunderstorm clouds, on the basis of ASEC Laboratory (Yerevan Physics Institute, Armenia); analysis of
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the influence of the electric structure of thunderstorm clouds in the space-time structure
and the range of fluxes of energetic particles;

- Development of the ground-based station aimed to register broadband electromagnetic
radiation from cloud discharges with high frequency, temporal and spatial resolution (VHF
interferometer consisting with up to 4 antennas); the development of a mobile version of
the interferometer to work with ASEC scientific laboratory complex;

- Development of the theory of Thunderstorm Ground Enhancements, including the
conditions of development of the shower of relativistic runaway electrons, explanation

of the origin of atmospheric neutrons and extending up to 100 MeV energy spectrum

of gamma rays with ground and satellite observations;

- Development of quantitative models of gamma-ray bursts of atmospheric origin on the
basis of ground-based observations of the relativistic electron fluxes, gamma rays,

neutrons and broadband electromagnetic radiation in the area of thunderstorm activity;
- Association of the electrical activity in the thundercloud, including intracloud (including compact)

discharges and cloud-to-ground discharges with high-energy processes (TGE, TGF), based on the
analysis of satellite and ground-based data in a broad band of frequencies;

- Analysis and systematization of the results of observations of intense bursts of high-frequency
radiation from thunderstorm activity areas detected aboard the satellite "Chibis-M" for the
period from 2012 to 2014, with the organization of the relevant database; Statistical analysis of
the properties of morphologically similar event, determination of the degree of correlation
bursts of high-frequency radiation from atmospheric gamma-ray flashes;

- Development of a quantitative description of the registered powerful short bursts of
high-frequency electromagnetic radiation, including noise discrete spectrum.

This project will bring together three research teams from Russia and Armenia (Space Research Institute of
RAS, Institute of Apllied Physics of RAS and Yerevan Physics Institute), with extensive experience and
capabilities to solve complex problems in high energy physics and atmospheric gas discharge.

Relevance of the project is determined by the selected objects of study, the nature of which is open to
question the past few decades: it is a flash of gamma radiation in the Earth's atmosphere (TGF),
recently discovered by project participants Thunderstorm Ground Enhancements (TGE) and super
bursts of high-frequency radiation (NBE), sources and mechanisms the generation of which is unknown
or known very approximately. The scientific novelty of the project is primarily determined by the ability of
complex experimental studies of these objects using the existing infrastructure of ASEC unique
mountain labs, disposing networks detectors of charged and neutral particles, sensors of electric and
magnetic fields, and automatic weather stations. Based on these results, in particular, it will be analyzed
in a number of works marked by the connection of ground lightning elevation and features an electric
structure of a thundercloud. A detailed analysis of fluxes of secondary cosmic rays will make a
conclusion on the mechanism of formation of gamma-ray bursts in the Earth's atmosphere, in particular
the existence of positron feedback in the formation of an avalanche of runaway electrons. In addition,
the project is planned to create a broadband VHF interferometer which data will determine the important
parameters of the electrical activity in the thundercloud, synchronous with the high-energy processes.

An important advantage of the project is the ability to use data of tropospheric high-frequency radiation
sources obtained by microsatellite "Chibis-M" during campaign 2012 to 2014. The satellite was designed
and developed with the direct participation of the Institute of Space Research. One of the main phenomenon
discovered in the satellite data was short and intense bursts of VHF radiation with a duration of 1-3
microseconds, characterized by a discrete time and frequency structure. In some cases, such bursts formed
pairs. Such radiation bursts previously observed on foreign satellite missions (in particular, the satellite
FORTE) and were associated with compact intracloud discharges. However, sensors installed aboard
microsatellite "Chibis-M" registered a new, previously unexplored type of high-
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frequency radio waves of the atmosphere, which has a noise discrete in nature and did not always
occur after the lightning discharge, or preceded it. The discrete nature of the observed emission in
the time and frequency domains allows you to apply for development its sources of electrodynamic
models of fractal techniques to describe essentially nonequilibrium dissipative systems, based on
the fundamental and universal laws of scenarios of collective dynamics. Consistency fractal
methodology demonstrated by the project participants to physical objects such as the dynamics of
charged particles in systems with complex geometry, the resonance region in the wake of the
Earth's magnetosphere, thunderstorm activity and electrical discharges in the upper atmosphere,
the leakage of fluid through the soil with a complex rheology, seismicity and others.

Thus, the proposed project will bring together the experimental data obtained in the
course of terrestrial and satellite experiments, theoretical studies of powerful natural
sources of high-energy particles and VHF radiation in the atmosphere.

1.5. Oxungaemble pesynbTaTtbl U UX 3HAYUMOCTb (ykasblBaloTCs OXMUAaeMble
pe3ynbTaTtbl 1 X HAy4YHad n 06Ll_l,eCTBeHHaFI 3HA4YNMOCTb (OLl,eHKa COOTBETCTBUA
3arniaHnMpoBaHHbLIX pe3yJsibTaToB MUPOBOMY YPOBHHKO MCCﬂeD,OBaHMVI, BO3MOXXHOCTb
NPaKTU4EeCKOro Ncnosib3oBaHMA 3anjiaHMpPOBaHHbIX PE3YyJibTaTOB NPOEKTAa B 3KOHOMUKE U
counanbHon cepe))

OanHas nHdopmaumsa MoxXeT BbiTb onybnmkoBaHa Ha cavTe PoHaa B UHOPMALMOHHO-KOMMYHUKALMOHHON ceTn «/HTepHeT».
Ha PYCCKOM A3bIKe

lMonyyeHHble B paMKax NpoeKTa pesynbTaThl NO3BONAT OTBETUTL Ha pPAS KNHOYEBbLIX BOMPOCOB
COBPEMEHHON TEOpUN aTMOCKHEPHOIO INEKTPUYECTBA, B HACTHOCTM 3HAUUTENTbHO NPOABUHYTHCH B
CO34aHUN agekBaTHbIX MOAENEN LUMPOKOro Kiacca paspsagHbliX SBNEHUN B rpO30BbIX 00fakax n B
BbISICHEHN NX CBSA3U C BbICOKOIHEPIMYHBbIMUM Npoueccamu B aTMocepe. Kpome Toro, nonyvyeHHble
B X0[4€ peanusaunm npoekTa pesynbTaTbl MOryT OKasaTbCs BaXXHbIMU C TOYKU 3peHUs
npeackasaHus yCroBuin BOSHMKHOBEHUS 1 CBONCTB OMNacHbIX (B YaCTHOCTU, ANl BO34YLLUHbLIX CY4OB)
BCINJTECKOB CBEPXMOLLHOIO BbLICOKOYACTOTHOMO U3Ny4YeHus B Auanas3oHe 40 HECKOITbKNX COTEH
mMerarepu, Ha NOPSIAOK BENMWYUHbBI NPEBLILLAKLWNX N0 aMANNTyae COOTBETCTBYOLLIEE U3ITyYeHne oT
00bIYHbIX pa3psgoB 0bnako-3emns.

B pamkax npoekta npeanonaraeTcs pelwnTb psia B3aMOCBS3aHHbIX 3a4a4y U

nony4nTb cregylowme OCHOBHbIE pe3ynbTaThl:

1) npoBeCTn geTanbHOE SKCNEPUMEHTANbHOE UCCNea0oBaHNE HAa3EMHbIX TPO30BbIX NPEBbLILLEHNN

— ONVTENbHbIX MOTOKOB PENATUBUCTCKUX INIEKTPOHOB, raMMa-KBaHTOB M HEMTPOHOB,
KOppenupoBaHHbIX C rpo3oBon 0611ayHOCTL0, Ha 6ase nabopatopum ASEC (EpeBaHckuii
PM3NYECKUIN UHCTUTYT, APMEHUS); BbIICHUTL BIUAHNE 3NEKTPUYECKON CTPYKTYpPbl FPO30BOro
obnaka, B 4aCTHOCTU HWXHero nonoxutensHoro cnosi (Low Paositive Charge Region, LPCR) Ha
NPOCTPaHCTBEHHO-BPEMEHHYHO CTPYKTYPY M CMEKTP NOTOKOB BTOPUYHBIX SHEPTUYHBIX YaCTuL;

2) paspaboTaTb, Co34aTbh U NPOTECTUPOBATL HA3EMHYIO CTAHLIMIO LLIMPOKOMOIOCHOW MHOTOMYHKTOBOM
pervcTpaLmmn anekTPOMarHUTHOroO N3yyYeHust rPO30BON aKTUBHOCTU C BbICOKUM YaCTOTHbIM,
BPEMEHHbIM U NMPOCTPaHCTBEHHbIM pa3pelleHeM (YKB nHtepcdepomeTp); paspaboTtate 1 co3gatb
MOOWIBbHYIO BEPCUIO MHTEpPdEpPOMETpa Anst COBMECTHOM paboThl C HAay4YHbIM KOMMIIEKCOM flabopaTopun
ASEC; obecneuntb paboTy cTaHUMn 1 co3gaTb 6a3y AaHHbIX pe3ynbTaToB HabnwaeHun;

3) NOCTPOUTbL TEOPUIO HA3EMHbIX FPO30BbIX MPEBLILLIEHNI, BKIHOYAKOLLYO YCNOBUS Pa3BUTUS
NNBHSA PENATUBUCTCKMX YHerarLmx anekTpoHOB, O6bACHEHNE NMPOUCXOXAEHMS
aTMocepHbIX HEMTPOHOB U nNpocTupatoweroca Ao 100 MaB aHepreTnyeckoro cnekTpa
raMMa-KBaHTOB MPU HA3EMHbIX U CNYTHUKOBbLIX HABMOAEHUAX;

4) pa3pa60TaTb KOJTIMYECTBEHHYIO MOAEeslb perncTpmpyembiX Ha CnyTHUKaxX ramMma-BCrbilLUEK

aTMOC(EPHOr0 NMPOUCXOXAEHUS HA OCHOBE HA3eMHbIX HABNAEHUA ONUTENbHbLIX MOTOKOB
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PENATUBUNCTCKNUX 3NNTEKTPOHOB, raMMa-KBaHTOB, HeVITpOHOB N LLNPOKOMOJI0CHOIro

ANEKTPOMAarHMTHOro n3ny4eHuma FpO3OBOl7I adKTUBHOCTMN,
5) NnpoaHanManpoBaTb U CUCTEMATU3NPOBATL Pe3ynbTaTbl HABMOAEHUA MOLLHBLIX KOPOTKUX

BCMMECKOB BbICOKOYACTOTHOIO M3MyyYeHus 0b6racTen rpo30BoM aKTMBHOCTU, NOMyYeHHbIE Ha CMYTHUKE
«YHunbunc-M» 3a nepuog c 2012 no 2014 rog, ¢ opraHu3aunen cooTBeTCTBYOLWEN 6a3bl AaHHbIX;
NPOBECTN CTAaTUCTMYECKNA aHann3 CBOMCTB MOPMOMNOrMYECKMN CXOXKMX CODbITUI, ; BLIACHUTb
3aBNCUMOCTb XapaKTEPUCTUK KOPOTKNX TPOMOCHEPHbIX BCMIIECKOB BbICOKOYACTOTHOMO M3My4YeHus OT
MX reorpadn4ecKknx KOOpAMHaT, a Takke OT YPOBHSA foKanbHOW TPOnocdepHOM KOHBEKLUMN; BbIACHUTD
CTeneHb KOppensuum BCNeCcKoB C raMMa-BCrblLLKamMu atTMocdepHoro npouncxoxaeHus (TGF);

6) KONMYECTBEHHO ONMUCAaTb XapaKTEPUCTUKN PErMCTPUPYEMbIX Ha CMYTHUKAX MOLLHbIX KOPOTKMX
BCMECKOB BbICOKOYACTOTHOIO 3NIEKTPOMArHUTHOrO U3MyyYeHusl, B TOM YACHE C LWYMOBbLIM AUCKPETHBLIM
CMEKTPOM, Ha OCHOBe (hbpaKkTanbHO-OUCCUNATUBHOM MOAENM KOMNAKTHBIX BHYTPMOGNAYHbIX paspsaos
(Compact Intracloud Discharge, CID [WyauH, DasbigeHko, 2015; [asbigeHko, NyauH,
2016]); Ha oCHOBe JaHHbIX CNYTHUKOBOW perucTtpaumm nanydeHus KBP onpegenuts
XapakTepHble pasmepbl ¥ BpeMeHa X1U3HU NMpoBOoASALLUX KaHanoB paspdaaa, AUHaMuky
AneKTpu4yeckmx 3apsaaoB B pa3psaae 1 3aBMCUMOCTb NPOBOAVMMOCTM KaHarnoB paspsaga oT
npoTeKatoLlero no HUM Toka; corfacoBaTtb pesynbTaTbl PACYETOB C JAaHHBLIMU CMYTHUKOBOM
pernctpauumn nap TpaHcnmoHocdepHbix nMnynbcoB (Transionospheric Pulse Pair, TIPP);
7) yCTaHOBUTb B3aUMOCBA3b KOMMAKTHbIX pa3psgoB C BbICOKOIHEPTNMYHLIMW NpoLeccamm
(TGE, TGF) Ha ocHOBe aHanm3a gaHHbIX CNYTHUKOBOMW U Ha3eMHOW perucTpaumm

n3ny4yeHna B LLII/IpOKOVI nonoce 4acToT.
Mo YPOBHIO HAYy4HbIX 3ada4dy, MeTO40B MOoAenMMpoBaHNA U MaCLLITa6y KCNepUMeHTallbHbIX

uccregoBaHui, BKIOYAOLWMX CMYTHUKOBYIO U HA3EMHYH0 PErMCTPaLmio MOTOKOB BbICOKOSHEPTUYHbIX
YacT1L, 1 U3Ny4YeHNsi CBEPXMOLLIHBIX aTMOCKEPHbIX NCTOYHMKOB BbICOKOYACTOTHOIO U3ITy4eHMUs,
npeanaraemMbli MPOEKT ABMASETCA YHUKaNbHbIM U COOTBETCTBYET MUPOBOMY YPOBHIO UCCMNEAOBaHUN B
obnacTtn n3MKKN BLICOKMX IHEPruin B aTMocdepe, yaenss ocoboe BHUMaHME CBA3N
BbICOKO3HeprnyHbix npoueccoB (TGE, TGF) ¢ anekTpnyeckon akTMBHOCTBIO U CTPYKTYPOM rPO30BbIX
obnakoB. PelueHve NocTaBnNeHHbIX B MpoOeKTe 3aad, C O4HOW CTOPOHbI, MO3BOMWUT OTBETUTb Ha BONPOC
0 MexaHu3amax )OpMMpPOBaHMSA N B3aUMOCBS3N HA3EMHbIX FPO30BbIX NPEBLILLIEHUIA, FaMMa-BCMbILLEK B
3eMHON aTtMocdepe N ANEKTPUYECKUX NPOLIECCOB B rPO30BLIX 0bnakax, a ¢ Apyron — NoCTpouTb
pa3BUTbIE KONMYECTBEHHbIE MOAENN CBEPXMOLLHBIX KOPOTKMX BCMIIECKOB 3NIEKTPOMAarHUTHOrO
nanyyeHns (NBE) Ha OCHOBE LLMPOKOMONOCHbBIX CMYTHUKOBbBIX U Ha3eMHbIX HabnogeHuA.

Ha aHrMUINCKOM A3blKe

The results obtained in the framework of the project will answer a number of key issues of the
modern theory of atmospheric electricity, in particular, significant progress will be achieved in
the creation of adequate models of a wide class of discharge phenomena in thunderclouds and
clarification of their relationship with the high-energy processes in the atmosphere. Also
obtained in the course of the project results may be important in terms of predicting and
properties of the natural bursts of dangerous (especially for aircraft and their passengers) of X-
ray and VHF radiation in the range of up to several hundred megahertz, an order of magnitude
greater than the amplitude of the corresponding radiation from ordinary discharges cloud-to-
ground. The project will solve a number of interrelated tasks and obtain the following results:
1) detailed experimental study of Thunderstorm Ground Enhancements- long fluxes of
relativistic electrons, gamma rays and neutrons, correlated with storm clouds, on the

basis of ASEC Laboratory (Yerevan Physics Institute, Armenia); to find out the effect of
the electrical structure of a thundercloud, in particular the Low Positive Charge Region in
the space-time structure and the range of the secondary streams of energetic particles;

2) to develop, build and test the ground station broadband multicast registration of electromagnetic
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radiation storm activity with high frequency, temporal and spatial resolution (VHF interferometer);

to develop and create a mobile version of the interferometer to work with ASEC scientific

laboratory complex; provide work stations and create a database of observations;

3) to construct a theory of lightning ground elevations, including the conditions of relativistic
runaway electron shower, explanation of the origin of atmospheric neutrons and extending up
to 100 MeV energy spectrum of gamma rays with ground and satellite observations;

4) to develop a quantitative model of the satellites detected gamma-ray bursts of atmospheric
origin on the basis of long-term ground-based observations of the relativistic electron fluxes,
gamma rays, neutrons and broadband electromagnetic radiation storm activity;

5) to analyze and systematize observations powerful short bursts of high-frequency radiation areas of
thunderstorm activity obtained on the satellite "Chibis-M" for the period from 2012 to 2014, with the
organization of the relevant database; a statistical analysis of the properties of morphologically similar
event; clarify the dependence of the characteristics of tropospheric short bursts of high-frequency

radiation from their geographical coordinates, as well as on the level of local tropospheric convection;
determine the degree of correlation with the bursts of gamma bursts of atmospheric origin (TGF);

6) to quantitatively describe the characteristics detected by satellites powerful short bursts of high-
frequency electromagnetic radiation, including noise discrete spectrum on the basis of fractal-
dissipative models of compact intracloud discharge (Compact Intracloud Discharge, CID [ludin,
Davydenko, 2015; Davydenko, ludin, 2016 ]); on the basis of satellite radiation data measurements
of CIDs determine the characteristic dimensions of the lifetimes of the conductive discharge
channel, the dynamics of electric charges in the discharge, and the dependence of the discharge
channel conductance of the current flowing through it; calculation results agree with the data of the
satellite registration pairs transionospheric pulses (Transionospheric Pulse Pair, TIPP);

7) to establish a relationship compact intracloud discharge with high-energy processes (TGE,
TGF) by analyzing satellite and terrestrial data recording radiation in a wide frequency band.

In terms of scientific objectives, methods of modeling and scale experimental studies, including satellite and
ground-based recording streams of high-energy particles and radiation of super-atmospheric sources of
high-frequency radiation, the proposed project is unique and corresponds to the world level of research in
the field of high energy physics in the atmosphere, with special emphasis on communication high- processes
(TGE, TGF) with electrical activity and structure of the storm clouds. The solution of the project aims, on the
one hand, allows to answer the question about the mechanisms of formation and relationship of TGE,
gamma-ray bursts in the Earth's atmosphere, and electrical processes in thunderstorm clouds, and on the
other - to build a quantitative model of super-short bursts of electromagnetic VHF radiation on the basis of
broadband satellite and ground-based observations.

4.7. MNMpepnaraemMmble METOAbI U NOAXOAbI, 06LWMIA NNaH paboTbl HA BECb CPOK
BbIMNOJIHEHUA NPOEKTa N OXngaemMble pe3yribTaThbl (O6'beMOM HE MeHee 2 CTp.; B

TOM YUCIE YKa3blBAOTCA OXUOAaeMble KOHKPETHbIE pe3ynbTaThl N0 rogam; obLmnin nnaH

aaeTcs ¢ pa3buBKkon No rogam)
Ha PYyCCKOM 5i3blKe

B ocHOBe 3KCnepMMeEHTarnbHOM YacTu NPOEKTa NEXUT OpraHn3aLmsi CUHXPOHM30BaHHbIX HEMPEPbIBHbIX
HabnoaeHUI MOTOKOB SHEPTUYHLIX YacTuL, U raMMa-KBaHTOB, MHOFOMYHKTOBOW perncrpauum
LUIMPOKOMOSIOCHOTO 3IEKTPOMAarHMTHOTO PaaMon3yyYeHns U KBasuCTaTUYECKOro 3f1eKTPMYECKOro nons
rpo30BbIX 06MAKOB U METEOPOIIONMYECKMX NAapaMeTpoB atMocdepbl Ha AparalLKux BbICOKOrOPHbIX
cTaHuusix. Mo AaHHBIM U3MEPEHUIA MOTOKOB 3apPShKEHHBIX Y HEMTPanbHbIX YacTul npeanonaraeTcs
BOCCTaHOBMEHUE UX IHEPTETUYECKUX CNEKTPOB. Mpy aHanu3e AaHHbIX 0coGoe BHUMaHWe GyaeT yaeneHo
Ha3eMHbIM rPO30BbIM MPEBbILLEHNUSIM C LIENbo COCTaBMEHMsl KOMMMIEKCHOTO KaTarnora ykasaHHbIX coObITui
C MaKcuMarbHO NOJSHbIM NpeACTaBNeHNEM Pe3yrbTaTOB KOMMMEKCHBIX CUHXPOHHBIX 3MepeHuid. Ha
OCHOBE JaHHOro kaTtanora 6yaeT npoBeAEH aHann3 MHOTOMEPHBIX KOPPEnsLmiAi XxapakTepuctuk TGE,
LUIMPOKOMONIOCHOMO Paanon3nyyYeHusi MONTHUEBBIX Pa3psiAOB U KBA3UCTaTUYECKUX SIIEKTPUYECKMX NOMEN
rPO30BbIX U 3MEKTPUPULIMPOBaHHLIX 0BaKoB.



[na peanunsaLmm MHOrONYHKTOBOW perncTpaLmm LUIMPOKONOMOCHOIO 3NeKTPOMarHUTHOrO pagmMounsnyyeHns
rpo3oBbiX 0611akoB ANs UccrnefoBaHnsi NPOCTPAHCTBEHHO-BPEMEHHbLIX U3MEHEHUIN B 3NIEKTPUYECKON
CTPYKTYpe rpo3oBoro obnaka 6yget ucnonb3oBaHa mobunsHas Bepcus wmpokononocHoro YKB
UHTepdepomMeTpa, MakeTHbIN obpaseL, KoToporo co3aaH B CnewunansHOM KOHCTpyKTopckom Bopo MK PAH
(r. Tapyca, Kanyxckasi obnacte). B paspaboTaHHOM MakeTe nsnyyeHvue npuHMmMaeTcs Ha 4 OQMHAKOBbIE
NaccuBHbIE NPOCTPAHCTBEHHO-PA3HECEHHbIE AUMNONbHbIE AHTEHHbI, KOTOPbIE MO3BONAIT BbIYUCINTE a3UMYT
1 BO3BbILLEHWNE M3Ny4atloLLlero anemMeHTa MonHun. CurHan, NnocTynaroLmii Ha OAHY M3 aHTEHH, UCNONb3yeTcH
Ansi BblpaboTKu Tpurrepa cobbiTUA aHanorM4Ho Tomy, Kak 310 ObINo caenaHo B paguovacToTHOM
aHanuaaTope Ha 6opTy MUKpocnyTHUKa «4nbuc-M». Bo nsbexxaHne BNMsiHMSA BHEMOJIOCHbLIX NOMeX (Tene- n
pagmnocTaHumi Ha yacTtoTax Bbeiwe 100 n Hwke 1 MI'u) Ha npubop GyaeT ycTaHOBMNEH cneunanbHbIi
TBEPOOTENbHLIN UNbTP, 06nagaoLWwmnn BbICOKON N3bupaTenbHOCTbI0. AHANoroBo-Lmndgposom
npeobpasoBaternb UMdpoBoro 6roka 6yaeT pyHKUMOHMPOBaTh Ha YacToTe nopsgka 250 MIy, vto
obecneunTt BbICOKOE BpeEMEHHOE pa3pelleHne nHtepdepomeTpa. O6bem namsaT NO3BOMANT 3annCbiBaTb
peanusauumn ¢ gnutenbHocTbio 40 150 mc.

PeleHune 3agay gaHHoro npoekTa onvpaeTcsa Ha 06paboTKy AaHHbIX M3MEPEHUI 3NEKTPOMarHUTHOro Nong B
Xo4e CnyTHUKOBOWM muccnmn «4nbunc-M» B o4eHb LUMPOKOM AnanasoHe 4acToT, oT ramma- o BY n OHY
nsnyyenusi. C Hay4HOM TOYKM 3peHmns Hanbonee acpdekTnBHBIM Npubopom Ha BopTy «Hnbnca-M» okasancs
pagmoyacToTHbIn aHanm3aTtop (PYA), B koTopom Bbina peanv3oBaHa TpUrrepHasi cxema AeTeKTUpOoBaHuWs
MOIHMeBoro paspsiga. 3a 32 mecsiua pabotbl PYA nm 6bino getektupoBaHo okono 500 cobbITHiA.
OcobeHHOCTU cxeMbl BbipaboTkn Tpurrepa PYA npveenu K TOMy, YTO OCHOBHbLIM NMPUPOAHBLIM SBMEHNEM,
3anevyaTnieHHbIM Ha Kagpax BpeEMEHHOW pasBepTKy, OKka3anucb napbl TPAHCUMOHOCKEPHBIX UMMYNBLCOB
BbICOKOYACTOTHOro uanyyenus (TIPPS), MICTOYHUKOM KOTOPbIX ABMASIKOTCS KOMMAKTHbIE BHYTPUOGIayHbie
paspsagbl. Ha ocHoBaHum BxogsALwmx B 6a3y AaHHbIX cOBbITMI ByayT NonyyYeHbl KapTbl pacnpeaeneHnst
Hanbornee NHTEHCUBHBIX FPO30BbIX PANOHOB, XapakTepHble NapaMeTpbl HAbNAaeMbIX MOSHWUIA, a Takke
onpeferneHbl XapakTepHble BbICOTblI MICTOYHMKOB KOMMAaKTHbIX pa3psaoB. Kpome Toro, OyaeT yctaHoBneHa
Koppensumsa uctodHmko TIPPs n Habnogaemblx ramma-Berbllek 3eMHOro npovcxoxaenus (TGF).
CraTuctmnyeckme uccrnegoBaHue yxxe 3apeructpupoBaHHbix TGF 6yayT npoBefeHbl AN NOAyYeHns nux
HecMeLleHHbIX (PeHOMEHOoorM4YeckUx NnapaMeTpoB, TakUX Kak YacToTa NosiIBNEeHUd, ANUTenNbHOCTb, hopma
UMMynbca, Hanuyne ANUTEeNbHON KOMMOHEHThI. [ns oueHKkn BNnaHUSA npubopHbIX adpdekTos npu
pernctpaumm TGF u husmyecknx xapakrepmuctmk Hanbonee mowwHelx TGF GyaeT BbIMOMHEHO
MoJenMpoBaHue B3aMMoOencTBMS raMma-KkBaHTOB ¢ gaTynkamu metogom MoHTte-Kapso. [na ontumusaunm
noucka u knaccucdukauun TGF 6yayT nccnegoBaHbl MeToabl UX
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oBHapy»xeHWs Npu Manon CTaTUCTMKE U C NMOMOLLIbIO BEVBIETHOIO aHanmaa.

OcHoBoW npegnaraemoro noaxoaa K onvcaHuio anekTpoaAnHaMUKN MOMHUEBBIX Pa3psoB SBMSOTCA
MeToAbl pakTansLHOro MoAenNMpPoBaHusl, NOCTPOEHHbIE Ha PyHAAMEHTanbHbIX 3aKOHOMEPHOCTSAX U
YyHUBEpCanbHbIX CLIEHApUSX KONMNEKTUBHON ANHAMUKM OUCCUNaTUBHBIX cucteM. CornacHo AaHHbIM
HaTYPHbIX U3MEPEHUI AUHAMUKE SNEKTPUYECKOW CTPYKTYPbl MOMHMEBOrO pas3psaaa, a Takke ero
3N1EKTPOMArHUTHOrO MU3ryyeHnsi obnagaeT CBOMCTBOM YHMBEPCANBbHOIO CKernuHra (camonogobust), 4to
NposiBNAETCS B CUNBbHON, CnajatoLlein No CTeneHHOMY 3aKOHY KOppensauumn perucTpupyemblx BEMUYKH.
370 no3BonseT paccmaTpuBaTh ANEKTPUYECKUIA pa3psia Kak CUCTEMY C CaMOOPraHU30BaHHOM
KPUTUYHOCTBIO U MCMONb30BaTh A9 €ro MOAENUPOBaHUSA COBPEMEHHbIE METOAbI (PpaKTarbHOM
reomMeTpum u ppaktanbHoro aHannsa. CumMTaeTcs, YTO MOMHUEBLIN pa3psaa HaxoanTcs B6nu3m nopora
NepKoNAUMOHHOro ha3oBoro nepexona, KOTopbl B OTNMYME OT 0ObIYHBIX (TEPMOANHAMMUYECKMX)
da3oBbIX NpeBpaLleHnii XapakTepmayeTcs reoMeTpuYecKnMmn CBOMCTBaMm opakTanbHbIX KracTepos,
06pa3oBaHHbIX (POPMUPYIOLLUMUCS NpY pa3psiae NpoBoasALLMMY KaHanaMmu. dopMupoBaHue m
9BOSMIOLMIO BHYTPMOBNAYHbIX 3MEKTPUYECKMX paspsaoB npegnonaraeTcd OnucbiBaTe B pamkax
opurMHanbHOro noaxoaa, paspaboTaHHOro y4acTHMKaMM NPOeKTa U paccMaTpuBaloLLero pa3psia kak
AVHAMUYECKYI0 MepapXmnyecKyto CTPYKTYpY NPOBOASALLUX KaHaMNoB B cpeae C NPOCTPaHCTBEHHO-
HeOoOHOPOAHbIM pacnpeneneHnemM NNOTHOCTU 3apsaaa U HaNPsPKEHHOCTM anekTpuyeckoro nons. Mpu
9TOM KaXKaOoMY Y3ry NPOCTPaHCTBEHHOW PeLETKN B 0b6nacTn pacyéTa COOTBETCTBYET HAKOMMEHHbIN B
AaHHOM 3rieMeHTapHOM OOBbEME ANEKTPUYECKMI 3apsid, AMHAMMKA KOTOPOro onpeaensieTcs CTPYKTypon
3aBUCALLUX OT ANCKPETHOrO BPEMEHMU 3MNEKTPUYECKNX CBA3EN (KaHanoB paspsaga) Mexay aneMeHTamu.
BepoATHOCTb BO3HMKHOBEHWSI MPOBOASALLMX CBS3EN 3aBUCUT OT HAMNPSXKEHHOCTM SMEKTPUYECKOro nong,
a Takxke OT TvMna u NONAPHOCTY pa3psiaa, ONnpeaensoWnxX KpUTMYecKoe none 1 none ero MHuyuaumm.
XapakTepHbIi pa3mep afieMeHTapHON SYENKU U LWar AUCKPETHOrO BPEMEHM B MOAENN TakxKe 3aBUCAT OT
TUNa paspsga v onpegensioTcsi CKOpoCTbH ero pacnpoctpaHeHns. CamocornacoBaHHoOe onucaHve
AVNHaMUKK 3NIEKTPMYECKOro 3apsaa Ha KaxaoMm Liare MoaensHoro BpemMeHn npegnonaraeT pelleHme
ypaBHeHus [NyaccoHa Ans BCeX aneMeHTapHbIX SYeek M pacyéTt Toka ANd KaXdon napbl CBA3aHHbIX
A4eek ¢ y4ETOM NPOBOAMMOCTM KaHarna paspsagaa, adhdekTMBHON EMKOCTU AYENKN U BHELLHErO
SNEKTPUYECKOro Nnons, Npu 3ToM NPOBOAUMOCTb KaHana 3aBMCUT OT CUIbl NPOTEKAOLLEro No KaHany
TOKa. YKaszaHHOe npeacTaBreHne paspsga, haktnyecku, npeacraenset cobor e MHCTBEHHYHO
BO3MOXXHOCTb ONMUCAHWS €ro 3BOSOLIMM, NOCKOMbKY TPAAWLMOHHBIE paCYEThI B TAKON TPEXMEPHOMN
CMCTEME OKa3bIBalOTCS Ype3BblYaNHO TPYAOEMKMMU U HE OMMUCHIBAIOT PAA KIHOYEBbLIX 0COGEHHOCTEN
paccMmaTpuBaemMoro siBreHns (B 4acTHOCTUW, AUccunauuio 1 BeTBNeHne chopMmMpoBaBLLMXCS U
BO3HUKHOBEHMWE HOBbIX 9M1EMEHTOB pa3psiaa). ANeKTpoMarHMTHoe rnomne BHyTpnobnayHoro paspsaga
onpefensaeTca AMHAMUKOW 3NEKTPUYECKNX 3apsifoB B (POPMUPYHOLLIMXCS MPOBOASALLUX KaHanax.
NCTOYHMKOM BbICOKOYACTOTHOM KOMMOHEHTbI 3MIEKTPOMarHUTHOIO N3MNy4yeHnsa ABNATCA KOPOTKNe
MMMYNbCbl TOKa NPU POPMUPOBAHMM INEKTPUYECKUX CBA3EN MEXOY COCEaHUMM Avenkamu. MNapameTpol
Takux UMMNynNbCOB MOTYT MEHATLCS B LUMPOKOM AMana3oHe 3HAYEeHU 1 3aBUCAT OT Tuna
paccMmaTpuBaeMoro paspsia 1 XxapakTepucTuK NPoOBOASALLEro KaHana. Hnsko4yacTtoTHoe n3nyyeHve
pa3psigoB 00yCrnoBneHO CpaBHUTENBHO Bonee AONrOXMBYLLIMMU U KPYMHOMACLUTaOHBIMW UCTOYHMKaMMU,
BKIMHOYAOLLMMM HECKOSBbKO COCEAHMX NPOBOASLLMX CETMEHTOB.

BaxHble 0COGEHHOCTU CTPYKTYpPbI 351eKTPUYecKoro nonsi B obnake MoryT 6blTb onpeaeneHbl No AaHHbIM
Ha3eMHbIX U3MEPEHUIA NOTOKOB YacTuL, U3 ob6nacTu cunbHoro nons. Takow aHanua 6ygeT ocHoBaH Ha
MOAenu paspsga ¢ penaTuBMCTCKon obpaTHom ceasbio (Relativistic Feedback Discharge, RFD), cocTosiwen
B crneaytowem. Kaxabl BbICOKOSHEPTUYHBIN «yberatoLuminys anekTpoH cnocobeH cTankmBaTbCsl ¢ aToMamu,
co3/aBasi HOBble YCKOPSIOLLMECS 3NEKTPOHbI, (DOPMUPYIOLLNE NAaBUHBI PENATUBUCTCKMX «yberatoLmnx»»
3MNeKTPOHOB. YUET adpdpekTa yberaHms NpUBOAMNT K NMOHDKEHNIO HAMPSXKEHHOCTUN 3NEKTPUYECKOro nons,
HeobGxoaMMoro Ans Npo6os, Ha nopsiaok BenuymHbl. Mogens RFD yunTbiBaeT BO3MOXHOCTb perynsiumm
WHTEHCMBHOCTM PasMHOXEHWS 3NIEKTPOHOB 3a CYET y4acTusi B
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peakumnsax nNo3nTPOHOB U BbICOKO3HEPIMYHbIX KBAHTOB. B pamkax npoekta bygeT paccMoTpeHa cuctema
ypaBHeHMWI, on1cbiBatowas ekt obpaTHON CBSA3U B pa3BUTMM NaBuH. byaeT onpeaeneHo BnvsiHue
XapaKTEPUCTMK NPOLLECCOB Ha Pe3yrbTUPYIOLLYIO CTPYKTYPY SMNEKTPUYECKOro NoMs U 3HadYeHne
HaNpPsPKEHHOCTM Nonsi, Heobxoaumoe ANA nogaep)KaHns KBasucTaumoHapHoro paspaga. OgHum us
BO3MOXHbIX NpunoxeHun mogenn RFD aBnsieTcst aHanm3 pacnpeaeneHns nons 1 3apsga B obnake, B
YaCTHOCTU, XapaKTEPUCTMK HUXKHEN NONOXUTENBHO 3apskeHHon obnactn (LPCR), urpatowen BaxHyro
pornb B MHMUMauun paspsiga oonako—3emns. B pamkax mogenvn RFD npeanonaraetcs npoBecTu
OLeHKM BbicOThl U 3apsga LPCR ncxoas 13 akcnepumeHTanbHbIX AaHHbIX A9 HANpsKEHHOCTH
3NEeKTPUYECKOrO NOSIS U NOTOKA SHEPIMYHbIX YaCcTUL, Ha MOBEPXHOCTU 3eMin.

O6wwmin nnaH paboTbl HA BECb CPOK BbINOSTHEHMSI MPOEKTA MOXHO NPeACTaBUTbL B BUAE
nnadHosB Ha 2017, 2018 n 2019 roabl.

Mnan pabot Ha 2017 roga:

1) npoBeneHNE CUHXPOHN30BAHHbBIX HEMPEPbLIBHbLIX HAONAEHNA NOTOKOB 3HEPTUYHbIX
YyacTul U raMMa-KBaHTOB, KBa3MCTaTUYECKOrO 3fIEKTPUYECKOrO NOSIsi r(PO30BbIX 061akos U
MeTeopOoorMyecknx napameTpoB atmocdepbl Ha AparaLkux BbICOKOFOPHbIX CTaHLUUSAX;

ornpeneneHne aHepreTUYeCcKnX CNEKTPOB 3apsXKEHHbIX N HenTparbHbIX YacTtuy, TGE;
2) paspaboTka cuctemMaTnaMpoBaHHOM 6a3bl AaHHbIX pe3yrbTaToB HAONAEHWIA BbICOKOYACTOTHOIO

n3ny4eHms obnacremn rpo3oBoN akTUBHOCTU, MOMYYEHHbIE CNYTHUKOM «4Hubuc-M» 3a nepuog ¢ 2012 no
2014 rof; cTaTUCTUYECKUI aHanM3 CBOMCTB MOPAOSIOMMYECKN CXOXNX COOLITUI, N3yveHne
3aBUCMMOCTU XapakTepUCTUK BCMIIECKOB BbICOKOYACTOTHOIO U3NyYeHUs OT reorpadpuyecknx koopanHat
WCTOYHUKA M YPOBHS NIOKanbHOM TponocepHON KOHBEKLUW; UCCIefOBaHNe CTENEHN KOppensumm
KOMMaKTHbIX pa3psgoB C raMMa-BCrbILWKaMU 3€MHOMO NMPOUCXOXOEHWS,

3) pa3paboTka 3CKM3HOro npoekTa MOOUMBHOW CTaHUMM HA3eMHOW LUMPOKOMOSIOCHON perncrpaumm
3NEKTPOMarHMTHOro uany4deHusi rpososont aktuHocTn (YKB uHTepdepomeTpa), obecneumBatoLLen
BbICOKOE 4aCTOTHOE, BPEMEHHOE U MPOCTPAHCTBEHHOE pa3peLleHne MOJTHUEBBIX pa3psaos;

4) pa3paboTka MOLENW LLUMPOKOMOSIOCHOIO SM1IEKTPOMAarHMTHOrO M3nydYeHns Ha npeaBapuTeNnbHON

N OCHOBHOW CTaamsix KOPOTKOro BHYTPMOOIa4YHOro paspsaa, y4MTbiBatoLen Hannmume

OJUTENbHBIX LYMOBbLIX BLICOKOYACTOTHLIX CUTHANOB, CUHXPOHHBLIX C TIPPS;

5) oueHKa BrUSAHUA MHCTPYMeHTanbHbIX 3deKkToB (Mpexae Bcero «MEPTBOro» BpeMeHN) B

akcnepumenTax RHESSI, GBM/Fermi, SPI/INTEGRAL; onpegeneHue ctatuctmyeckoe ncecnegosaHve
AaHHbIX perncTpauumn raMMa-BchnbilLek 3€MHOMO NPOUCX0oXAeHUs (N0 AaHHbIM acTPOU3NYECKMX
nabopartopun RHESSI 1 GBM/Fermi) ans onpeaeneHust napaMeTpoB pasnuyHbix rpynn TGF;

6) nogroTtoBka nybnukawumm n roqoBoro otyeTa.

Oxunpaemble B 2017 rogy pesynbTathbi:
1) cosgaHue 6a3bl AaHHbIX CUHXPOHN30BaHHbLIX HEMPEPbIBHbIX HAbNOAEHNN MOTOKOB 3HEPTNYHbIX

YacTtuy 1 raMmma-KBaHTOB, KBa3NCTaTU4YECKOIro 3J1IEKTPUYECKOro nosd rpo3oBbiX obnakoB U
MeTeOopOoJSIorm4eCKnXx napameTpoB aTMOCCbepr Ha Aparaukmx BbICOKOIOpHbIX CTaHUUAX, BKIo4Yaa

OaHHble NO 3HepreTUu4eCKNM CnekTpam 3apsAa>KeHHbIX U HeVITpaHbeIX HyacTtuy, TGE;

2) cosgaHue 6a3bl 4aHHbIX HAabN4EHMI BLICOKOYACTOTHOIO M3ny4eHnsa obnacten rpo3oBom
aKTUBHOCTM CNyTHUKOM «Hnbuc-M» 3a nepuog ¢ 2012 no 2014 rof; BbIICHEHWE CBA3UN MEXAY
XapaKTepucTMKkaMm BCMNECKOB BbICOKOYACTOTHOMO U3ry4yeHusi, reorpaconyeckumm
KoopAuHaTaMu UCTOYHUKA N YPOBHEM NOKarbHOM TPONocdepHON KOHBEKLMN; BbISICHEHNE
CTeneHn KoOppensunm KOMNakTHbIX paspsagoB C raMMa-BCnbIlWKaMyM 3eMHOMO NPOUCXOXOEHNS;
3) TEXHNYECKMNE pelleHna passyinyHbiX BapuaHTOB MOGUNbHOM CTaHuUuunun Ha3eMHomn LLII/IpOKOI'IOJ'IOCHOVI
perncTpaumm aneKTpoOMarHMTHOro n3ny4eHus rpo3oBon aktueHocTu (YKB nHtepdepomeTpa);

4) NoCTpoeHne Moaesnn LWNPOKOMOJIOCHOTO 3J1EKTPOMAarHMTHOIo U3ny4yeHna Ha npep,BapMTeanoﬁ 7]
OCHOBHOM cTaamnax KoOpoTKoro BHyTpMOﬁﬂaHHOFO paspana, y‘-IMTbIBaEOLLI,eVI ocobeHHoCTU MOp(bOJ'IOI'MM
BCMI1ECKOB BbICOKOYACTOTHOIO M3Ny4YEeHUS, 3aperMcTpupoBaHHbIX Ha CnyTHUKE «Ynbunc-M,
MHTEepnpeTauuna Ha6mop,ae|v|b|x ONUTENbHbIX LWYMOBbLIX BbICOKOYaCTOTHbLIX CUrHarnoB, CUHXPOHHbIX C

TIPPs;
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5) onpefeneHve BNUAHUSA UHCTPYMeEHTarnbHbIX addekToB (Mpexae BCero T.H. MEPTBOrO BPEMEHM)

B akcnepumeHtax RHESSI, GBM/Fermi, SPI/INTEGRAL; onpeaeneHne napameTpoB pasfnyHbIX
rpynn TGF no gaHHbIM acTpoduandeckux nabopatopuin RHESSI n GBM/Fermi.

6) paspaboTka KOHUEeNuun 1 getanbHON CTPYKTYpbl B6/10Ka MHOrOKaHanbHOM «ObICTPOMN»
3NEKTPOHMKM, UCMNONb3yloLEero 4-kaHanbHbIn Lmdposon ocumnnorpad (PicoScope 5244B
C YacTOTOWN gMcKpeTusauumn 25 MMNNnMoHoB BbIGOPOK B cekyHAay); pa3paboTka
mMaTemaTtmyeckoro obecneyeHnsi npnbopa «myRio» dupmbl «National Instruments» gns
yrnpaBneHus, CUHXpPOHU3aunn, opMmnpOBaHNSA TPUITEPOB N 3aNnUCK BPEMEHHbIX PSAOB;
7)nogrotoBka 2-x AoKMagoB Ans npeactaBneHust Ha OceHHen ceccun AMepUKaHCKOro
reodmsndeckoro cotosa (New Orleans, Louisiana, USA).

Mnan pabot Ha 2018 roa:

1) nogrotoBka 1 NpoBeAeHNE CUHXPOHHON C N3MEPEHMUSIMU NOTOKOB BbICOKOIHEPTUYHbIX
YacTul U raMma-u3sy4yeHus LULMPOKOMONOCHOW perncTpaumm anekTpoMarHMTHOro
N3rly4eHnsi rPO30BOM aKTUBHOCTU B YCNOBUAX Aparaukux BbICOKOFOPHbIX CTaHLNIA C
NCMNonb30BaHMEM CO34aHHOIo B paMkax npoekta MmobunsHoro YKB nHrepgepomeTpa;
aHanusa Koppensumm LWMPOKMX aTMOCAEPHbIX 1 06S1aYHbIX IMBHEN SHEPIUYHbIX YacTul,;
2)U3roTOBIIEHNE W YCTaHOBKA Ha Aparaukux BbICOKOrOpPHbIX CTaHUMsX 6510KkoB
MHOrOKaHanbHON «BbICTPON» 3NIEKTPOHUKMU;

3) MogenMpoBaHMe Ha3eMHbIX FPO30BbIX NPEBbILWEHMI ¢ nomoLlbio kogoB GEANT4 n CORSIKA;
aHanua popmmpoBaHns TGE B pamkax mogenu paspsga ¢ pensTMBUCTCKOM 0OpaTHOW CBA3bIO;
4) nccnegoBaHue BANAHUA aCUMMETPUN CBONCTB MOMOXUTENBHbLIX U OTpULaTENbHbIX
CTPUMEPHbLIX pa3psaoB Ha npeasaputenbHon ctagum CID Ha cBoMCTBa pasBUTbIX
BMNONAPHbBIX CTPUMEPHLIX CTPYKTYP U XapaKTEPUCTUKN U3NYy4YEHNA HA OCHOBHOW CTaguun
KOMMaKTHOro paspsga; conoctaBneHme CrnyTHUKOBbIX JaHHbIX U pe3ynbTaToB PacYETOB
BCMNJiecka BbICOKOYACTOTHOIO N3Ny4eHUs KOMNaKTHbIX pa3psaos;

5) aHanm3 kpynHomacLTabHON NPOCTPaHCTBEHHOW SNEKTPUYECKON CTPYKTYPbI

rPO30BbIX N ANEKTPUPULMPOBAHHBIX 06NakoB Ha Aparaukmx BbICOKOTOPHbIX CTaHLMSX

Ha OCHOBE UX LUMPOKOMOSOCHOr0 31EKTPOMArHUTHOMO M3My4YeHUs N AaHHbIX U3MEPEHUI
NPOCTPaHCTBEHHO-PA3HECEHHbIX AATYMKOB 3NIEKTPOCTATUYECKOro Nnons;

6) bopMmpoBaHNe COBMECTHOM 6a3bl U3MEPEHMIN MOTOKOB SHEPTUYHbIX YacCTULL, LUIMPOKOMONTOCHOMO
3NEeKTPOMarHUTHOro M KBasnCTaTUYECKOro Nosen, a Takke MeTeoposiorMyeckmx napamMeTpos
aTMocdepbl MPY HA3EMHbIX TPO30BbIX NMPEBbLILLEHUSX B YCNOBUAX AparaLlkux BbICOKOTOPHbLIX CTaHLMIA;
7) nogroToBKa nybnvkauuMi M rogoBoro otyera.

Oxunpaemble B 2018 roagy pesynbTaThl:

1) pononHeHune 6a3sbl AaHHbIX HEMPEepPbIBHbIX HAGMOAEHWIA NOTOKOB 3HEPTNYHbLIX YacTul, U
raMMa-KBaHTOB, KBA3UCTaTUYECKOrO 3NEKTPUYECKOrO NOMs rPO30BbIX 06/1aKoB U
METEeOoPOsIorMYecknx napaMeTpoB atMocdepbl pe3ynbTaTtaMy CUHXPOHHbLIX M3MEPEHNIA

LLIMPOKOMOSOCHOIO 3M1EKTPOMArHUTHOIO M3ry4YeHns rpo3oBoro obnaka;
2) cosgaHune mogenen TGE, ocHoBaHHbIX Ha Teopun yberaroLimx 3NeKTpoHOB U Mogudmkaumm

3HepreTUYecKMX CrMeKTPOB SNEKTPOHOB KOCMUYECKOrO U3NyYeHUs; BbIBOA O BO3MOXHOCTM
nHTepnpeTauun TGE B pamkax MoZenn paspsaa c pensTUBUCTCKON 0bpaTHOI CBSA3bIO;

3) onpeaeneHne napameTpoB ypakTanbHONM MOAENY KOMMNAKTHOrO pa3psaa, npu KOTopbIX
MOLLHOCTb W CNEKTP PaCcYETHOroO BbICOKOYACTOTHOMO N3Iy4eHMUs1 COOTBETCTBYET JaHHbIM
HabnaeHU Ha cnyTHUKE «4nbuc-M»; nHTepnpeTauus pasnmyHbiX TUMNOB BPEMEHHON
CTPYKTYpPbl 3aperMcTpupoBaHHbIX BCMECKOB BbICOKOYACTOTHOIO N3NyyYeHus;

4) onnucaHne 3NeKTPUYECKnX pa3pagos 1 KpynHoOMacLTabHOM 3NeKTpUYEeCKon CTPYKTYpbI
rPO30BbIX U ANEKTPUPULMPOBAHHBIX 06M1aKkoB Ha Aparauknx BbICOKOrOPHbIX CTaHUMAX NO
AAHHBbIM MHOIOMYHKTOBOW perucTpaumm LUMPOKONOSIOCHOIO 3f1IEKTPOMAarHUTHOMO
N3Ny4YeHnst N KBa3MCTaTUYECKOro INEKTPUYECKOro Noss;
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Mnan pabot Ha 2019 roa:

1) BblgeneHne n aHanms KoppenmpoBaHHbIX COObITUIA NPU COBMECTHOW permctpaumm
TGE v WMpOKOMNONOCHOro 3M1EeKTPOMArHUTHOIoO U3nyyYeHns rpo3oBoro unum
aneKkTpmncmuMpoBaHHOro obnaka; aHanm3 B3anMOCBS3N HAa3eMHbIX MPO30BbIX
NPEeBbILEHUI U 3NEKTPUYECKON aKTUBHOCTM B rPO30BbLIX 0bnakax;

2) KOPPENALUMOHHBLIN aHann3 BPeMEHHOW CTPYKTYPbl AAaHHbIX AETEKTOPOB 3apXKEHHbIX
yacTuu, raMMma- N peHTTeHOBCKOIo U3My4YeHnNs, LWMPOKOMONOCHOIO 3r1eKTPOMarHUTHOro
N3NYyYEeHNs1 C MUKPOCEKYHOHbIM BPEMEHHbIM pa3peLLeHNEM;

3) hopmmpoBaHne COBMECTHON 6a3bl M3MEPEHU NOTOKOB AHEPTUYHBLIX YaCcTUL, rama-
N3Iy4eHUsi, LUMPOKOMOSIOCHOIO 3SIEKTPOMArHMTHOIO U KBa3nCTaTUYeCKOro rnosnen, a Takke
MEeTeopOSIorMyecknx napamMeTpoB aTtMocdepbl MPU Ha3eMHbIX FPO30BbIX NPEBbILLEHUSIX B

ycnosusax Aparaukunx BbICOKOrOPHbIX CTaHLNUMN;
4) nccnegoBaHme BO3MOXHOCTEN U MexaHn3moB oopmupoBaHns TGF B pamkax pa3paboTaHHOM

dpakTanbHOM Moaenu KOMNaKTHbIX paspsaoB; aHanu3 ocobeHHocTeln opMMpPOBaHUS
anarpammbl HaNPaBNEHHOCTU KOMMNAKTHbIX pa3psgoB pasfMyHON NoNspHOCTY;
5)nogrotoBka nyGnvkawumim 1 UITOFOBOro OT4YeTa Mo NpPoekTy.

Oxunpaemble pesynbTaThl:
1) pononHeHune 6a3bl AaHHbIX HENPEPbIBHLIX HAGMIOAEHWI NMOTOKOB SHEPTUYHbBIX YACTUL, U FaMMa-KBaHTOB,

KBa3nCTaTU4YECKOIo 3JIEKTPUYECKOIro noJiAd 1 LWNPOKOMOJIOCHOIo 3J1IEKTPOMarHMTHOro n3ny4yeHuma rpo30BbiX
obnakoB pe3ynbtataMn CUHXPOHHbIX M3MepeHI/II7I B onTu4yeckom n YP anana3oHax;

2) BbIBO4 O CTeneHu KOoppensuunm MOSIHMEBOW M 3NEeKTPUYECKOM aKTUMBHOCTU B

rPO30BbIX N ANEKTPUPULNPOBAHHBIX 06nakax U Ha3eMHbIX FPO30BbIX MPEBLILLIEHWI;

3) NOCTpPOEHUEe TEOPUM HAa3EMHBbIX MPO30BbLIX NPEBbLILLEHWI, BKIOYAOLLEN YCIOBUS pa3BUTUS
NNBHSA PENATUBUCTCKMX yOerarLmx afieKTpoHOB B IpO30BOM obriake ¢ onpeaenéHHom
3NEKTPUYECKON CTPYKTYpON, o6bsacHeHe npocTupatowerocst Ao 100 MaB sHepreTmnyeckoro
CnekTpa raMmMa-kBaHTOB N NPOUCXOXAEHNA aTMOCHEPHbBIX HEUTPOHOB;

4) nocTpoeHue mogenn (opmMmpoBaHns anarpaMmmbl HanpasieHHOCTH
BbICOKOYACTOTHOIO U3ny4yeHns KOMMNaKTHbIX pa3psagoB, cornacyrowascsa ¢ AaHHbIMU
CMYTHMKOBOW perncrpaunm nap TpaHCUOHOCKEPHbIX MMMYNbLCOB; BbIBOA O
BO3MOXXHOCTU (POPMNPOBAHNA raMMa-BCrbILLEK MPU KOMNAKTHbIX pa3psaax.

Ha aHIMUNCKOM AA3bIKe

The basis of the experimental part of the project is the organization of continuous observations synchronized
streams of energetic particles and gamma rays, multicast registration broadband electromagnetic radio
waves and quasi-static electric fields of thunderclouds and meteorological parameters of the atmosphere on
the Aragats mountain stations. According to the measurements of flows of charged and neutral particles it is
supposed to restore their energy spectra. Data analysis will focus on ground lightning exceedances for the
purpose of drawing up comprehensive catalog of these events with the most complete representation of
integrated synchronous measurements. On the basis of this catalog will be conducted analysis of
multidimensional correlation characteristics of TGE, broadband radio emission from lightning discharges and
quasi-static electric fields and storm clouds electrified.

To implement multicast registration broadband electromagnetic radio waves storm clouds for the study of
spatial and temporal variations in the electrical structure of a thundercloud will use the mobile version of
broadband VHF interferometer model sample which was created in the Special Design Bureau of IKI (Tarusa,
Kaluga region). In the developed layout radiation is received by 4 identical passive space-spaced dipole
antennas, which allow us to calculate the azimuth and elevation of a radiating element of lightning. The signal
from one antenna is used to generate the trigger events the same way as it was done in the radio frequency
analyzer on board microsatellite "Chibis-M." To avoid the influence of band interference
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(television and radio stations at frequencies above 100 and below 1 MHz) on the device will be
equipped with a special solid-state filter with high selectivity. Analog-to-digital converter digital unit will
operate at a frequency of about 250 MHz, which will provide high time resolution of the interferometer.
The amount of memory enables you to record the implementation of a duration of 150 ms.

Meeting the challenges of this project relies on the processing of electromagnetic field measurements
during the satellite mission "Chibis-M" in a very wide range of frequencies, from gamma to HF and VLF
radiation. From a scientific point of view, the most effective instrument on board "Chibisa-M" was a radio
frequency analyzer (RFA), which was implemented flip-flop detecting the lightning discharge. Over the
32 months of the RFA they had detected 500 events. Features of the trigger generating circuit RFA led
to the fact that the basic natural phenomenon, pictured on the timebase frames were couples
transionospheric pulses of high-frequency radiation (TIPPs), the source of which are compact intracloud
level. On the basis of entering into a database of events will be obtained maps of the distribution of the
most intense storm areas, the characteristic parameters of lightning observed and identified specific
sources of compact discharge height. There will also be a correlation TIPPs sources and observed
gamma-ray bursts terrestrial origin (TGF). The statistical study of TGF already registered will be held for
their unbiased phenomenological parameters, such as frequency of occurrence, duration, pulse shape,
the presence of long-term components. To assess the effect of instrument registering TGF effects and
physical characteristics most potent TGF simulation of gamma rays is arranged sensors Monte Carlo
method. To optimize the search and classification methods for their detection will be examined at a low
TGF statistics and using wavelet analysis.

The basis of the proposed approach to the description of electrodynamics of lightning discharges are the
methods of fractal simulation built on the fundamental and universal laws of scenarios collective dynamics of
dissipative systems. According to the dynamics of in-situ measurements of the electric structure of the
lightning discharge and its electromagnetic radiation has the property of universal scaling (self-similarity),
which manifests itself in a strong, decreasing power law correlation values recorded. This allows us to
consider an electric discharge as a system with self-organized criticality and the use of modern methods of
fractal geometry and fractal analysis for its modeling. It is believed that the lightning discharge is near the
percolation threshold of the phase transition, which is in contrast to conventional (thermodynamic) phase
transformation is characterized by the geometric properties of fractal clusters formed conducting channels
are formed during discharge. Formation and evolution of electric discharges intracloud supposed to describe
under the original approach developed by the project participants, and considering the category as a dynamic
hierarchical structure of the conducting channels in a medium with a spatially inhomogeneous distribution of
the charge density and electric field strength. In this case each node spatial lattice in the calculation
corresponds to the accumulated volume of the elementary electric charge, which is determined by the
dynamics of the structure depending on the time discrete electrical connections (discharge channel) between
the elements. The likelihood of conducting relations depends on the electric field, and the type of discharge
and polarity determining critical field and the field of its initiation. The characteristic size of the unit cell and
discrete time step in the model are also dependent on the type of discharge and defined by the rate of its
spread. Self-consistent description of the dynamics of the electric charge on each model time step involves
the solution of Poisson's equation for all of the unit cells and the current calculation for each pair of connected
cells in view of the discharge channel conductivity, effective capacity of the cell and the external electric field,
and the conductivity of the channel depends on the strength flowing through the channel current. This
representation of the discharge, in fact, represents a unique opportunity to describe its evolution, since
conventional calculations in a three-dimensional system are extremely time consuming and does not
describe some of the key features of the phenomenon (eg, dissipation and branching of mature and
emerging new category of elements). Electromagnetic field intracloud discharge is determined by the
dynamics of the electric charges in the conducting channels are formed. The source of high-frequency
components of the electromagnetic radiation are short current pulses during the formation of the electrical
connections between adjacent cells. Parameters such pulses may vary over a wide range and depend on the
type
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and the conductive discharge reporting channel characteristics. Low-frequency radiation
discharges due to the relatively more long-lived and large-scale sources, including several
adjacent conductive segments.

Important features of the structure of the electric field in the cloud can be determined according to
ground-based measurements of particle fluxes of the strong field. This analysis will be based on the
discharge model with relativistic feedback (Relativistic Feedback Discharge, RFD), consisting of the
following. Each high-energy "runaway" electron can collide with the atoms, creating new accelerated
electrons forming an avalanche of relativistic "runaway" electrons. Accounting for the effect of runaway
leads to a decrease of the electric field required for the breakdown, one order of magnitude. RFD model
takes into account the possibility of regulating the intensity of electron multiplication by participating in
the reactions of high energy positrons and photons. The project will consider a system of equations
describing the feedback effect in the development of avalanches. the impact of the characteristics of
the processes will be determined on the resultant structure of the electric field and the value of the field
strength necessary to maintain a quasi-stationary discharge. One possible model RFD application is
the analysis of the field and charge distribution in the cloud, in particular, the characteristics of the
bottom of the positively charged region (LPCR), which plays an important role in the initiation of cloud-
to-ground discharge. As part of the RFD model it is supposed to hold the height of the evaluation and
charge LPCR basis of experimental data for the electric field strength and the flow of energetic particles
at the Earth's surface.

The general plan of work for the entire duration of the project can be presented in the
form of plans for 2017, 2018 and 2019.

The work plan for 2017:

1) conducting continuous observations synchronized streams of energetic particles and gamma rays,

a quasi-static electric field of thunder clouds and meteorological parameters of the atmosphere on the
Aragats mountain stations; determining energy spectra of charged and neutral particles TGE;

2) the development of a systematic database of the results of the high radiation areas of thunderstorm
activity observations received satellite "Chibis-M" for the period from 2012 to 2014; Statistical analysis of the
properties of morphologically similar event, depending on the study characteristics of bursts of high-
frequency radiation from the geographical coordinates of the source and level of local tropospheric
convection; study the degree of correlation with the compact discharge gamma flares of terrestrial origin;

3) development of conceptual design of the mobile station registration terrestrial

broadband electromagnetic radiation storm activity (VHF interferometer), which provides

a high frequency, the temporal and spatial resolution of the lightning discharges;

4) development of a model of broadband electromagnetic radiation at a preliminary stage
and the main short intracloud discharge, taking into account the existence of long-term
noise of high-frequency signals, synchronized with TIPPs;

5)assessment of the impact of instrumental effects (primarily the "dead" time) in
experiments RHESSI, GBM / Fermi, SPI / INTEGRAL,; definition of statistical research
data gamma-ray bursts terrestrial origin (according to the astrophysical laboratories
RHESSI and GBM / Fermi) to determine the parameters of different TGF groups;

6) the preparation and publication of the annual report.

Expected results in 2017:

1) creation of a database synchronized continuous observations of energetic particle
fluxes and gamma rays, a quasi-static electric field of thunder clouds and meteorological
parameters of the atmosphere on the Aragats mountain stations, including data on the
energy spectra of charged and neutral particles TGE;

2) creation of a data base of high-frequency radiation observation areas of thunderstorm activity a satellite
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"Chibis-M" for the period from 2012 to 2014; clarification of the connection between the
characteristics of the high-frequency bursts of radiation, the geographical coordinates of
the source and level of local tropospheric convection; determination of the degree of
correlation with the compact discharge gamma flares of terrestrial origin;

3)the technical solutions of various embodiments of the mobile station terrestrial
broadband registration of electromagnetic radiation storm activity (VHF interferometer);
4) construction of a model of broadband electromagnetic radiation at a preliminary stage
and the main short intracloud discharge, taking into account the morphology of bursts of
high-frequency radiation, registered on the satellite "Chibis-M"; interpretation of the
observed long-term noise of high-frequency signals, synchronized with TIPPs;

5)to determine the effect of instrumental effects (especially the so-called dead time) in
experiments RHESSI, GBM / Fermi, SPI / INTEGRAL,; determination of the parameters of
various groups of TGF according astrophysical laboratories RHESSI and GBM / Fermi.

6) the development of the concept and the detailed structure of a multi-channel "fast" electronic unit
that uses a 4-channel digital storage oscilloscope (PicoScope 5244B with a sampling rate of 25 million
samples per second); development of a software instrument «myRio» company «National
Instruments» for control, synchronization, and triggers the formation of recording time series;
7)Preparation of 2 reports for submission to the Autumn Session of the American
Geophysical Union (New Orleans, Louisiana, USA).

The work plan for 2018:

1) the preparation and conduct of synchronous measurements with high-energy particle fluxes
and gamma radiation registration broadband electromagnetic radiation storm activity in the
conditions of Aragats high-altitude stations using established within mobile VHF interferometer
project; Correlation analysis of extensive air showers and cloud of energetic particles;

2) manufacture and installation of high-altitude Aragats station blocks multichannel “fast" electronics;
3) modeling of ground lightning exceedances using GEANT4 CORSIKA and codes; TGE
analysis of the formation within the discharge model with relativistic feedback;

4) study of the effect of the asymmetry of properties of positive and negative streamer
discharge at a preliminary stage in the CID property developed bipolar streamer structures and
characteristics of the radiation on the main stage of the compact discharge; comparison of
satellite data and the results of calculations of high-frequency radiation spike compact bits;
5)analysis of the large-scale spatial structure of the electric and electrified storm clouds
on Aragats mountain stations based on their broadband electromagnetic radiation and
measurement data spatially spaced electrostatic field sensors;

6) formation of a joint database of measurements of energetic particle fluxes and
broadband electromagnetic quasi-static fields, as well as meteorological parameters of
the atmosphere at ground lightning excesses under Aragats high-altitude stations;

7) preparation and publication of the annual report.

Expected results in 2018:

1) complement the database of continuous observations of energetic particle fluxes and gamma rays,

a quasi-static electric field of thunder clouds and meteorological parameters of the atmosphere results
of simultaneous measurement of broadband electromagnetic radiation of a thundercloud;

2)the creation of TGE models based on the theory of runaway electrons and modification
of the energy spectra of cosmic ray electrons; concluded that TGE interpretation possible

within the discharge model with relativistic feedback;
3) determination of the fractal parameters of the model of the compact category, where the power and

range of high-frequency radiation calculation is consistent with observations on the satellite "Chibis-M";

interpretation of various types of temporary structures for the bursts of high-frequency radiation;
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4) description of the electrical discharges and the large-scale structure of the electric
and electrified storm clouds on Aragats mountain stations according to multicast
registration broadband electromagnetic radiation and quasi-static electric field,;

The work plan for 2019:

1) selection and analysis of correlated events at the joint registration of TGE and
broadband electromagnetic radiation or lightning electrified clouds; analysis of the
relationship of land elevation and storm of electrical activity in thunderclouds;

2) correlation analysis of the temporal structure of the data of the charged particle detectors,
gamma and X-ray, broadband electromagnetic radiation with microsecond time resolution;

3) the formation of a joint database of measurements of energetic particle fluxes, gamma-

radiation, electromagnetic and broadband quasi-static fields, as well as meteorological

parameters of the atmosphere at ground lightning excesses under Aragats high-altitude stations;

4) research capabilities and mechanisms of TGF in the framework developed by the fractal model of
compact discharge; analysis of the characteristics of compact beamforming bits of different polarity;

5) preparation and publication of the final project report.

Expected results:

1) addition of energetic particles of continuous observations database streams and gamma
rays, a quasi-static electric field and broadband electromagnetic radiation storm clouds
results of simultaneous measurements in optical and ultraviolet ranges;

2)the conclusion of the degree of correlation of lightning and electrical activity in
thunderclouds and electrified clouds and lightning ground elevation;

3) construction of the theory of lightning ground elevations, including the conditions of
development of the shower of relativistic runaway electrons in a thunderstorm cloud with a
certain electrical structure, explanation of extending up to 100 MeV energy spectrum of
gamma rays and neutrons atmospheric origin;

4) construction of a model beam forming compact high-frequency radiation discharges,
consistent with the data of satellite registration pairs transionospheric pulses (TIPP); conclusion
about the possibility of formation of gamma-ray bursts with the compact intracloud discharges.

4.8. Imetowmiics y Hay4HOro KOMMeKTUBa Hay4HbIi 3af4en no npoekTy (ykasbisaTcs
nosny4YeHHble paHee pesynbTaThl, pa3paboTaHHble NPorpaMmbl U METOAbI)

1) Mony4yeHbl n o6paboTaHbl pe3ynbTaThl perMcTpaumnym Ha3eMHbIX rPO30BbIX NpeBbilweHnn (TGE) Ha
Aparaukunx BbICOKOropHbIX cTaHumsax 3a 2009-2015 rogbl. B paboTtax, onybnukoBaHHbix B 2010-2016 rogax,
noapobHO MccnenyrTcs criydyan rpo30BOMAKTMBHOCTU, KOTOPbIE COMPOBOXAANMMCE YCUNEHNEM MOTOKOB
raMMa-KBaHTOB, 3IEKTPOHOB N HENTPOHOB. [pn 3TOM pasHble TUMbl AfIEMEHTaPHbIX YacTuL OQHOBPEMEHHO
U3MepAnNncb N NAEHTUPULMPOBANNCH C MOMOLLLIO PasfNYHbIX JETEKTOPOB N YCTAaHOBOK

C pa3HbIMU 3HepreTnyeckumun noporamun. K BakHeNWUM JOCTUXKEHUAM Hay4YHOro
KONrieKkTMBa 3a nocrneaHue rogbl MOXHO OTHECTU crieyloLme:

— BMepBble 3aperncTpmpoBaHbl 06aYvHble IMBHU YacTUL, UHULMMPOBaHHbIE yberatowmmm
9NEKTPOHaMN B CUSbHbIX ANIEKTPUYECKMX MOMSX FPO30BbIX 061aKoB;

— BMepBble U3MepeHbl 3HepreTUYecKne cnekTpbl 3nekTpoHos npu TGE;

- paspaboTtaHa mogenb TGE C y4€TOM CROXHOW 3MEKTPUYECKOWN CTPYKTYpbl FPO30BOro
06na|<a; — MOCTPOEHbl MoAeNin 3HepreTn4eCKnx CrnekTpoB IJIEKTPOHOB U raMmma-KBaHTOB

npy pasnUYHbIX 3HAYEHUAX HaNPs>KEHHOCTU aTMOCEEPHOro ANEeKTPUYECKoro nons;

— BrepsBble BblABUHYTaA rmnote3a O TOM, 4TO Ha6m0,qu|/|e BbICOKO3HEPIrn4yHbIX raMmMa-KBaHTOB CBA3aHO

C MogudurKaumnen SHepreTUYeckUx CNekTPoB BTOPUYHBIX KOCMUYECKUX JTyven;
- I'IpOBe,EI,éH I/IC‘-IepI'IbIBaIOUJ,I/IVI aHanma pe3yribTaTtoB 3KCNepunMeHTOB, B KOTOPbIX pernctpmnpoBarnincCb

3agaBka Ne 17-12-01439 CtpaHuua 54 n3 64



MOTOKN HEWTPOHOB, C TOYKWN 3PEHUS PasfMYHbIX MHTeprnpeTaummmx opMUpoBaHus; ¢ y4éToM
AaHHbIX OpYrnX yCTaHOBOK cAeNnaHbl CyLLleCTBEHHbIE BbIBOAbI OTHOCUTENBHO MeXaHM3Ma
BO3HWKHOBEHUS HENTPOHOB 1 raMma-nsnyyeHns BO BpeMs rpO30BOMAKTUBHOCTMU;

— BblENEHbI U MpoaHanuanMpoBaHkl criydau, koraa TGE pe3ko npepbiBanuck MOMHUEBBLIM Pa3psifoMm.
2) Mo pesynbTataM Ha3eMHbIX U 6anMOHHbBIX U3MEPEHMNIN ANEKTPOCTATUYECKOrO NOs, a Takke
paguonokaLnoHHOro 30HANPOBAHUSA MOCTPOEHbI MOAENM KPYNHOMACLUTaOHOW 3NEKTPUYECKOW CTPYKTYpbI
FPO30BbIX obnakoB pas3sin4HOro Tmna, B TOM 4YnUcne rpo30BblX KOHIIIoMepaTtoB (Me3OMaCLIJTa6HbIX
KOHBEKTUBHbIX CVICTeM) N TUMNYHBIX PaBHUHHbBIX TPO30BbIX obnakoB ¢ obnactamu 6blCTp0[7I n Meﬂ,]‘leHHOVI
KoHBeKUun. NpeanoxeH anropuTmM BOCCTAaHOBMNEHWS SNEKTPUYECKON CTPYKTYPbl rPO30BOro obnaka, B
YaCTHOCTU pachnpeaeneHna TOKOB pa3aeneHna 3apaaoB 1 npoBOANMMOCTU, U XapakKTepUCTUK pa3p4an0B no
OaHHbIM MHOI’OI'IyHKTOBOVI perncrTpaunn Nnpn3emMHOro 3yIEKTpnUYeCcKoro noss.

3) ccnepoBaHa gMHammnka KpynHOMacLUTaOHbIX NEPEXOAHbIX TOKOB, TEKYLLMX B

aTtMmocepe nocrie MonHUEBLIX pa3psaaoB. B pamkax akcManbHO-CUMMETPUYHOM

YUCNEHHOW MOAENWN, NOCTPOEHHOW B NPUONMXKEHNN KBA3UINEKTPOCTATUKN, BbIYUCIIEHDI
aneKTpu4ecKne nosis U TOKM Nocre MOSHUEBBIX paspsaoB pasnuyHoro tuna. Pesynertathl
Moenu noaTeBepXaeHbl AaHHbIMU KOMMNITEKCHOMO 3KCnepuMeHTa no npsamMomy n3mMepeHuto
MeJSIEHHON KOMMOHEHTbI 3NIEKTPUYECKOrO MO B HATYPHbIX YCITOBUSIX.

4) MNocTpoeHa TpEXxMepHas MOAENb NOMeN U TOKOB, BO3HUKAKOLLMX B aTMoccepe ¢ aHU30TPOMNHOM
HEeOAHOPOAHOW NPOBOAMMOCTLIO BCNEACTBME OOUHOYHOrO BHYTpMOGnadHoro paspsga nubo paspsaga
obnako—3emnsi. Mogenb OCHOBaHa Ha YMCIIEHHOM peELLEHNN ypaBHeHMI MakcBenna meToaom
KOHEYHbIX pa3HOCTel BO BpeMEHHOW 06riacTv No3BonsieT B paMKax e4MHOro nogxona onncatb Kak
COOTBETCTBYHLLMI CTaAMN BO3BPATHOIO yaapa 3MeKTPOMarHUTHbIA MMMYIbC, Tak U MNOCeayoLLYHO
KBa3uCTaTUYECKYO penakcaumuio BO3MYLLEHWSI NPOCTPaHCTBEHHOrO 3apsaaa. lNpoaHanuanpoBaHa
3aBMCMMOCTb (POPMbI 3NEKTPOMArHUTHOrO UMMYSbCa M NOCNEeOYOLWEro BCMecka KBa3ncTaTUYeCckoro
3MNEeKTPUYECKOro Norisi OT MPOCTPaHCTBEHHO-BPEMEHHbIX MapamMeTpoB PaspsaHOro TOKa, BO3MYLLEHNS
3MNeKTPUYECKO NPOBOAMMOCTI BHYTPU FPO30BOro obnaka, aHn3oTponuv NpoBOAUMOCTM BEPXHUX CIOEB
aTmocdepbl U paccTosiHUSI 4O MOMHUEBOTO pa3psiaa. [TokazaHa BO3MOXHOCTb OnpeaensiTb OCHOBHbIE
napameTpbl KOMMOHEHT pPa3psiAHOro Toka M3 COMOCTaBMNEHUS pe3yrbTaToB PacYETOB C AaHHBIMM
HabnAeHNIA SNEKTPOMArHUTHOMO U KBA3MCTaTUYECKOro MOne.

5) PaspaboTaHa HoBasi MoAernb MONTHMEBOIO pa3psifia B rpo30BOM obnake, yunTbiBaloLLas
BEPOSAITHOCTHOE AerieHre 1 BUNonspHy0 CTPYKTYPY NMAEepHOro KaHana, OqHOBPEMEHHbIA poCT
pasnuyHbIX (NMUOepHbIX) BETBEN pa3psaaa, KOHEYHOE SMEKTPUYECKOE MNone B KaHane MOMHUU 1
AVHaMUKy ero npoBoaMMocTu. Mogenb Bbina npuMeHeHa s onncaHus pasBuTUS MOMTHUEBDIX
paspsigoB pasnMyYHOro Tuna B obnakax ¢ TUMMYHOWM 3NEKTPUYECKOM CTPYKTYPO M NO3BONMIIa y4eCTb
BNIUSIHNE HKHErO cnos nonoxutenoHoro 3apsaga (LPCR) Ha Tun n aBonioumio MOSIHMEBOTO pa3psaa.
6) NpeanoxeHa HoBas MOAENb KOMMNAKTHOrO BHYTpMobnavHoro paspsaa (CID), paccmaTpuBatoLLas ero
KaK pe3ynbTaT B3aMmMOoOeNCTBUS OBYX OMNONAPHBIX CTPMMEPHBIX CTPYKTYP, (DOPMUPYIOLLUXCS B
CUINbHOM HEOOQHOPOAHOM 3MEKTPUYECKOM Nore rpo3oBoro obnaka Ha NnpeaBapuTensHON cTagun
paspsiga. Hauano ocHoBHol ctagumn CID cOOTBETCTBYET BO3HUKHOBEHMWIO NEKTPUYECKON CBA3M MEXy
pasBUTLIMWU CTPUMEPHBIMU CTPYKTYPaMu, B pe3yribTaTe Yero HaKoMMeHHbIA Ha CMEXHbIX KOHLIaxX
CTPYKTYP SMEKTPUYECKNA 3apsa HENTPanuM3yeTcs 3a BpeMsi, MHOrO MeHbLUee AfIMTeSNTIbHOCTU
npeasaputenbHon ctaguu. Npy 3ToM NapameTpbl BO3HUKAKOLLErO UMMYMbCca TOKa XOPOLLUO COrnacytTcs
C M3BECTHbLIMU OLIEHKaMK TOKa KOMMAKTHOro BHYTpMOGnayHoro pa3psaa, a opM1pYOLLMIACA BCINECK
BbICOKOYACTOTHOrO U3Mny4eHns COOTBETCTBYET pe3ynbTaTam CnyTHUKOBLIX HabnwoaeHuin CID.

7) PaspaboTaH 1 co3gaH makeT wupokononocHoro YKB nHtepgepomeTtpa, coctoawmm ns 3
NMaCCUBHbIX OUMOSbHbIX aHTEHH U OQHOM aHTeHHbl Tuna T2FD, nogknio4YeHHON K
pagvo4acTOTHOMY aHanu3aTtopy, NO3BONAKLWMIA NPOBOANTL N3MEPEHUS B aBTOMAaTUYECKOM
pexume; paspaboTaH NporpaMMHbIA KOMMSEKC ANs aHanm3a AaHHbiX YKB nHtepdepomeTpa.
8) I'Ipose,qub| npegBaputeribHble MoAeslbHble pacyeTbl «y6eraH|/|;|» ONIeKTpOHOB And Q)I/ISI/IL-IGCKVIX
YCIOBUI, XapaKTepPHbIX A1s AparauKux BbICOKOFOPHbIX CTaHLMI; HadaTa paboTa no MmoaepHusaumm
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YUCNEeHHOro Koga, y4yntbiBaroLwero reHepaunto cBODOOAHbIX ANNEKTPOHOB C 3HEPINAMUA
OT HEeCKOJ1bKMUX KUIMO- 40 MEeralaneKkTpoHBOJIbT.
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4.9. NepeyeHb 0b6opyaoBaHNs, MaTepmnanos, MHPOPMALMOHHbLIX U APYrMX
pPeCcypCcoB, UMEILLIMXCS Y HAaYYHOro KOJfeKTUBa A1 BbINOHEHUS NPOeKTa (B TOM
yuncrie — onMcbIBaeTcs HEOBXOAMMOCTb VX UCMOMb30BAHKA ANA peanusauumn npoekTa)

1) TexHnyeckas NHPaCTPYKTypa BbICOKOTOPHbLIX Hay4HbIX cTaHuun Aparauy n Hop Amoepa EpeBaHckoro
dusndeckoro nHcTuTyTa (Ep®UN) coctont N3 KanuTanbHbLIX 30aHU, pacnonoXeHHbiX Ha BelcoTe 3200 1 2000
M, B KOTOPbIX HAXOAATCHA 3KCNEPUMEHTanbHbIE 3anbl, 3HepreTM4yeckoe 06opygoBaHue, CTONOBbIE, KOMHAThI
ANsi NPOXMBaHMA NepcoHana, NekuMoHHbIe 3arnbl. Ha ctaHumio Aparay nponoXxeHa NuHUA arekTponepesaym
¢ HanpskeHveMm 35 kB, BCce akcneprMeHTanbHble YCTaHOBKM 060pyaoBaHbl UICTOYHUKaMu GecnepebonHoro
NUTaHWS; Ha CTaHUMSIX YCTaHOBMEHbI AN3eNb-reHepaTopbl U eMKOCTU A8 XPaHEHUS roptoYero.
ABTOMOOMWIBHBIN NapK COCTaBNSAT aBTOMOOWM BbICOKOW NPOXOANMOCTU U
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TPaHCNOPT Ha ryceHn4yHoM xoay. [na nepefadn JaHHbIX C 9KCNepUMeHTarbHbIX YCTaHOBOK
MCNONb3YTCA pagnomMmoaemMbl U MOOUMbHAS CBA3b C MOMOLLbIO CreunanbHO YCTaHOBMEHHbIX
CcTaHuuMn KomnaHum «bunanH». Benay cypoBbIX KIMMaTUYECKNX yCrnosuim NpoBOANTCH
perynsapHbi peMOHT 06beKTOB MHGPaCcTPyKTypbl. B OTaeneHum kocMuyecknx nyyven EpoeU,
KOTOpOE MPOBOAMUT Hay4Hble PaboTbl Ha CTaHUMSAX, UMEIOTCSH NHXEHEPHO-TEXHUYECKNE
Kaapbl, OCYLLLECTBAIOLLNE IKCNITyaTaumio nmetoerocs obopygosaHus.

Hay4yHas nHppacTpykTypa CTaHLUMI COCTOUT U3 CETEN AETEKTOPOB 3NIEMEHTAPHbIX YacTul,
PErMCTPUPYHIOLLMX NOTOKM 3aPSKEHHbBIX M HEWTPArbHbIX YAacTUL, U UX 3HEPTUM (CLMHTUNNSITOPDI,
kpucTtannel Nal, Csl, nponopumoHarnbHble CHETYUKM). DNEKTPUUECKNE U MArHUTHBIE MO N3MEPSITCA
ceHcopamu cmpmbl «Boltek» (USA) 1 npnbopamm JNIbBOBCKOro LIEHTPa KOCMUYECKNX UCCreL0BaHUN.
CoBpeMeHHast ANeKTPOHVKa PermcTpupyeT Koppensiumm namMmepeHuii pasHoobpasHbIX 4ETEKTOPOB,
obecneymBatoT 3anMcb KOppensauni 1 BolaeneHms omanvecknx codbITUIA 3agaHHON KOHGUIypaumm un
CUHXPOHU3ALMIO U3MEPEHUI C HAHOCEKYHAHON TOYHOCThLIO (LUmMdpoBon ocuunorpad PicoScope 5244B
C YacToTou AuckpeTmnsaLmumn 25 MMnnmoHoB BLIGOPOK B cekyHay 1 6nok «myRio» dpmpmbl «National
Instruments» n ap.). BpemeHHble pagbl n3mepeHuin ¢ BpemeHem nHTerpuposaHms 50 mc, 1 ¢ n 1 MuH
nocTynatoT Ha cepBepa Ep®U B pexxrme peanbHOro ppemMeHn u OCTYMHbI Nofib3oBaTensm yepes web-
nHTepgenc ADEI ¢ pasBuUTbIMM BO3MOXHOCTAMWN MHOrOMEpPHOW Bu3yanusaumu. Miugopmaumsi ¢ 6asbl
AaHHbIX MHOFOKpaTHO AybnupyeTcsa ans obecneveHnst Kak COXpaHHOCTU, Tak M NMOCTOSIHHOrO JOCTyna.
Bcero nogaepxuaetcsa okono 500 kaHanoB nHopmauumu ¢ AparaLkux yCTaHOBOK, 00bem
exxegHeBHON nHdopmauum 4OCTUraeT AECATKOB rrabant.

2) lupokononocHein YKB nHtepdepomeTp, pasBepHyThir B I. Tapyca (Kanyxckast obnactb) Ha
6ase CKb UK PAH. NHTepdepomeTp npeacraBnseT cobon 4 ogMHakoBble MacCUBHbIE
ANNOSNbHbIE aHTEHHbI, pa3HecCeHHble Ha paccTosiHMe nopsaka 10 MeTpoB Mexay aHTeHHamn 1-2 n
2-3. PacctogHue mexay aHTeHHamun 2 1 4 cocTaBngaeT nopsiaka COTHU MeTPOB. AHTEHHbI 1, 2 1 3
COCTaBrAOT KOPOTKyt0 6a3y nHTepgepomeTpa u NO3BONSAIT BbIYUCIUTL a3MMYT U BO3BbILLEHWE
(yron HakrnoHa) UCTOYHMKA n3nydeHus. AHTEeHHa 4 cocTaBnsaeT AnnHHY 6a3y C aHTeHHOM 2 1
Heobxoanma AN NoBbILWEHNA TOYHOCTU onpeaeneHns KoopanHaT B TPEXMEPHOM MPOCTPaHCTBE.
Bce aHTeHHbI NOAKMOYEHBI K MporpaMmMHo-annapaTtHoMy 610Ky, BbINOMHSOLWEMY POSb
MHOroKaHanbHOro pagno4acToTHOro aHanuaaTopa, Yepes koakcmanbHble kabenu. CurHan,
NOCTYNaKLWMUN Ha OAHY U3 aHTEHH, UCMOMb3yeTcsa AN BbipaboTkn TpuUrrepa cobbITUSE aHANOrMyHo
TOMYy, Kak 310 6bINI0 caenaHo B pagno4acToTHOM aHanusatope Ha 60pTy MUKpoCnyTHUKa «4mbuc-
M. OBbeM namAT NO3BOMSET 3anUcbiBaTb Kaapbl ANUTENbLHOCTLI0 Ao 150 mc. 3agaven yana
Tpurrepa cobbITnA SBRSETCS BblAeNeHne MUKPOCEKYHOHOMO LWMPOKOMOMOCHOMO UMnyrbca Ha poHe
nomex n bopMmpoBaHMe KOMaHAbl Ha 3anucb Kagpa NaMsiTu BCEX aHTEHH, NpuyYeM B Kaap
NULLIETCH KakK npegbicTopust cobbITUSA, Tak U NnocrnegoBaBLwnin 3a Tpurrepom YKB curHan.

3) BoiuncnutensHoin komnnekc KW PAH (knactep). Ha gaHHbIM MOMEHT OOCTYMHO B
KPYrnoCcyTOYHOM pexume 24 BblMUCINTENbHBIX Y3na.

4) ina y4aCcTHUKOB rpaHTa ByaeT JOCTynHa Bcs Heobxoanmasi HppacTpykTypa
CneuuanbHOro KOHCTpyKkTOopckoro 6topo Kocmmnyeckoro npnbopoctpoeHus KN PAH,
Heobxogumasa aons otTnagku u ucnbitTaHnin mobunsHomn sepcmun YKB nHtepdepomeTpa.

4.10. MNnaH paboTbl Ha NepBbIli rof BbIMNOMHEHMS NMPOEKTA (B TOM 4uche
yKa3blBaloTCS 3anaHUPOBaHHbIE KOMAHAMPOBKM MO NPOEKTY)
Ha PYCCKOM 5i3blke

Mnan pabot Ha 2017 roa:
1) npoBeaeHNe CUHXPOHU3OBAHHLIX HEMPEPbLIBHBIX HAOMOAEHUIN MOTOKOB 3HEPTMYHBLIX YaCTULL U

raMmmMa-KBaHTOB, KBa3MCTATUYECKOrO SNEKTPUYECKOrO NOIs rpO30BbIX 061aKOB 1 METEOPONOTNMYECKNX
napameTpoB aTMocdepbl Ha Aparauknx BbICOKOrOPHbIX CTaHLUUSIX; onpeaeneHne aHepreTu4eckmx
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CMEeKTPOB 3apsiKeHHbIX U HenTpanbHblxX Yactuy, TGE;

2) pa3paboTka cucTemaTu3MpoBaHHON 6a3bl AaHHbIX pe3ynbTaToB HAbNOAEHWIN BbICOKOYACTOTHOMO
n3nyyeHns obnacTten rpo30BON akTUBHOCTU, MONyYEHHblEe CMYTHUKOM «4nbuc-M» 3a nepuog ¢ 2012 no
2014 rop; cTaTUCTUYECKUA aHanu3 CBOMCTB MOPEOSIOMMYECKN CXOXKUX COOLITUI, U3yveHue
3aBUCMMOCTM XapaKTEPUCTMK BCMIIECKOB BbICOKOYACTOTHOIO M3MyYeHUst OT reorpadnyecknx koopamHat
WCTOYHMKA W YPOBHS NTOKArNbHON TPONOCHEPHOIN KOHBEKLIMU; UCCREAOBaHNE CTEMNEHN KOppensaumm
KOMMNaKTHbIX pa3psifoB C raMMa-BCrbILKaMy 3€MHOTO MPOUCXOXKAEHWS;

3) paspaboTka MOBUIBHON cTaHuum Ha3eMHOM LLIMPOKONONOCHOM perncrpawmm
3MNeKTPOMarHMTHOIO MU3rydeHus rpo3oBon akTneHocTu (YKB uHTepdepomeTpa), obecneunsaroLlem
BbICOKOE YaCTOTHOE, BPEMEHHOE M NMPOCTPAHCTBEHHOE pa3peLleHne MOSTHUEBbBIX Pa3psiaos;

4) pa3pa60TKa mMoaenn LWnpOKOMNOJTIOCHOIo 3J1IEKTPOMarHUMTHOro n3ny4eHund Ha npe,qBapMTeanon n
OCHOBHOWM CTaanax KOpoTKoro BHyTpVI06J'Ia‘-IHOFO paspaaa, y‘-IVITbIBaI-OLLI,eVI Hannyne annterbHbIX

LLYMOBbIX BbICOKO4YaCTOTHbIX CUITHanoB, CUHXPOHHbIX C TpaHC-I/IOHOCCbeprIMVI napamm nmnynbCoB;

5) oLeHKa BNMAHUSA MHCTPYMEHTarbHbIX 3deKTOB (Npexae BCEro «MEPTBOro» BPEMEHN) B
akcnepumeHTax RHESSI, GBM/Fermi, SPI/INTEGRAL; ctatuctnyeckoe nccregoBaHne gaHHbIX
perncTpaumm raMmMa-BCrblLLEK 3eMHOro NPOUCXOXAEHUS (N0 AAaHHBIM acTPOPU3NYECKNX
nabopatopuin RHESSI n GBM/Fermi) ansa onpegenenns napameTpoB pasnuyHbix rpynn TGF.
lMnaHupyemble KOMaHOUPOBKKN Y4aCTHUKOB NpoekTa B 2017 roay:

1)komaHgupoBaHue pykoBoauTenss npoekta B MockBsy n HwxHun Hosropog Aans
KoopauHauumm paboT no npoekKTy;

2)y4yactne 5 4enosek B KOH(pepeHuun Thunderstorms and Elementary Particle
Acceleration (TEPA-2017, EpeBaH, ApmeHus);

3) komaHgmpoBka 2 yernosek B YHusepcuteT ®nopuabl (Florida University, Gainesville, Florida,
USA) onst obmeHa onbITom No co3gaHuto cetn YKB feTekTopoB MOMHNEBBLIX pa3psaos;
4)noesgka 3 YyenoBek Ha Aparaukme BbICOKOrOpHble CTaHLMK AN COBMECTHOM paboThbl U
obcyxaeHus pesynbTaTos;

5)yyactne 3 venosek B OceHHen ceccum AMEPUKAHCKOro reomnsanyeckoro corosa
(New Orleans, Louisiana, USA).

Ha aHrMUINCKOM A3blKe

The work plan for 2017:
1) conducting continuous observations synchronized fluxes of energetic particles and gamma rays,

a quasi-static electric field of thunder clouds and meteorological parameters of the atmosphere on
the Aragats mountain stations; determining energy spectra of charged and neutral particles in TGE;

2) the development of a systematic database of the results of the high radiation areas of thunderstorm
activity observations received satellite "Chibis-M" for the period from 2012 to 2014; Statistical analysis of the
properties of morphologically similar event, depending on the study characteristics of bursts of high-
frequency radiation from the geographical coordinates of the source and level of local tropospheric
convection; study the degree of correlation with the compact discharge gamma flares of terrestrial origin;

3) Development of a mobile station of a terrestrial broadband registration of
electromagnetic radiation storm activity (VHF interferometer), which provides a high
frequency, the temporal and spatial resolution of the lightning discharges;

4) development of a model of broadband electromagnetic radiation at a preliminary stage
and the main short intracloud discharge, taking into account the existence of long-term
high-frequency noise signals, synchronized with the trans-ionospheric pulse pairs;
5)assessment of the impact of instrumental effects (primarily the "dead" time) in
experiments RHESSI, GBM / Fermi, SPI1 / INTEGRAL, Statistical Analysis of the data of
gamma-ray bursts terrestrial origin (according RHESSI and GBM / Fermi astrophysical
laboratories) to determine the parameters of different TGF groups.
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Planned trips participants of the project in 2017:

1)business trip of the project manager from Moscow to Nizhny Novgorod for the
coordination of the project;

2) participation of 5 people in the conference Thunderstorms and Elementary Particle
Acceleration (TEPA-2017, Yerevan, Armenia);

3) business trip for 2 people, University of Florida (Florida University, Gainesville, Florida, USA)
to share experiences on the establishment of a network of detectors VHF lightning discharges;
4)business trip of 3 people to Aragats high-altitude stations for collaboration and
discussion of the results;

5) participation of 3 persons in the autumn meeting of the American Geophysical Union
(New Orleans, Louisiana, USA).

4.11. NnaHMpyemMoe Ha nepBbli rog cogepkaHme paboTbl KaXX40ro OCHOBHOMO
UCNONHUTENS NPoeKTa (BKkNtovasa pykoBogMTensa Npoekra)

YnnuHrapsiH AwoT: obuiee pykoBoACTBO MPOEKTOM, COCTaBIIEHME NNaHOB pabouunx rpynm,
cornacoBaHue CPOKOB UCMNOMHEHNS; 06paboTka MHOrOMEpPHbIX AaHHbIX ¢ Aparaukmnx
YCTaHOBOK; COCTaBlneHue TexHM4Yeckoro 3agaHnsa Ha HaHOCEKYHOHYI0 3NEKTPOHUKY;
noaroToBka 4OKMao0B HA MeXAyHapoaHble KOHdepeHLUNN, HanucaHne ctaTen.

WyouH OmuTtpuin Uropesud: nocTpoeHmne MMKpohmanyeckomn mogenm npoCcTpaHCTBEHHO-
pacnpeaenéHHon MHMUMaLmMm MenkoMaclUTabHbIX pa3psiaoB B 06nacTax CUbHOMo Nons B
rpo3oBbIX obrakax, MOAENMPOBAHNE SNEKTPOANHAMMUKM NPpeaBapuUTENbHOM CTagum
KOMMNaKTHOro paspsija ¢ y4€ToM acTadpeTHON NPOBOAUMOCTM aHcamMbnsa MenkoMacLTabHbIX
pas3psaoB B pamKax MexaHu3ma HanpasfeHHON NepKonsaumm; aHanua ycrnoBun
dopmMMpoBaHNSA NPOTSXKEHHBLIX MPOBOASALLMX KITacTepoB, onucaHne dpakTanbHOW TOKOBOW
CUCTEMbI KOMNAKTHOroO paspsaga. Yyactve B HanncaHum ctaten n otyera.

HaBbigeHko CtaHmncnas CtaHMcnaBoBuY: pa3paboTka Mogernv anekTpoMarHUTHOIO N3ny4yeHus
KOMMaKTHOro paspsiga Npu Hanuyun onMTenbHON cTagmm MenkomacLuTabHon paspsaHomn
aKTUBHOCTU B rpO30BOM obriake; MHTepnpeTauus CnyTHUKOBbLIX HABMOAEHNA ONUTENBHON
LLYMOBOW KOMMOHEHTbI BbICOKOYACTOTHOIO U3My4eHUs1 KOMNAaKTHbIX paspsgoB, CUHXPOHHOM C
napamu TpaHCUOHOCMEPHbBIX MMNYMBCOB, B paMKax MexaHu3Ma Knacrep-knactepHoun arperaumm
NpoBOAALLNX pa3pAdHbIX CTPYKTYP. YyacTne B HanucaHum ctaten u otyeta.

HonroHocos Makcum CepreeBud: pa3paboTka MOOGUNBbHOM CTaHLMN HA3EMHOW LUMPOKOMOSIOCHOW
pernctpawmm aNeKTpoOMarHUTHOro nany4vyeHus rpo3oson aktnsHoctTn (YKB nHtepdepomeTpa), a Takke
naketa mateMaTU4YeCKMX NporpaMmm, obecneymBatoLLmMx o6paboTKy NOMyYeHHbIX AaHHbIX; YUCIEHHOE
MOZEeNMpoBaHMe Ha3eMHbIX FPO30BbIX NPEBbLILLIEHWIA; aHanM3 opmmpoBaHust TGE B pamkax Mmogenu
paspsga Cc pensiTMBUCTCKON 0BpaTHOWM CBA3bH; OLEHKA BNUSHWUS MHCTPYMEHTanbHbIX 3(eKTOB B
KOCMUYECKUX IKCMEPUMEHTAX; CTAaTUCTUUECKOE UCCreaoBaHMe AaHHbIX perncTpaumm raMMma-Benblek
3EeMHOr0 MPOUCXOXAEHNSA ANS onpeaeneHns napaMmeTpoB pasnuyHbix rpynn TGF. Yyactve B
NOAroTOBKE OOKMAg0B Ha MexXayHapoaHble KoHepeHUMn, B HaNMcaHn1 ctaTten n otyeTa.

4.12. O)KI/I,D,aeMbIe B KOHLE nepBoro roga KOHKpeTHble Hay4Hbl€ pe3ylibTaThbl
(cbopma N3NoXeHna OOoJNKHa AaTb BO3MOXHOCTbL NMPOBECTU 3KCMNEPTU3Y pPeE3YIbTaTOB U
OUEeHUTb CTeNneHb BbINOJIHEHNA 3aABJIEHHOIO B NMPOEKTE niaHa pa6OTbI).

Ha PYyCCKOM A3bIKe

1) Basa faHHbIX CUHXPOHN30BAHHbIX HEMPEPBIBHLIX HAOMIOAEHWUIA NOTOKOB SHEPrMYHbIX YacTUL, U raMMa-
KBaHTOB, KBA3UCTaTUYECKOrO SMEKTPUYECKOrO NOMs rpo30BbIX 061akoB U METEOPONIOrMYECKMX NapamMeTpoB

aTMOC(bepbl Ha Aparau,KMX BbICOKOIOpHbIX CTaHUMAX, BKIOYadA AaHHbIe MO 3HepretTn4eCcknm
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CreKTpaMm 3apsKeHHbIX N HenTparnbHbIX YacTuy, TGE;

2) 6a3a gaHHbIX HabN4EHUA BbICOKOYACTOTHOrO U3nyyYeHnst obnactern rpo30BoN akTUBHOCTU
cnyTHuKoMm «Ynbuc-M» 3a nepmog ¢ 2012 no 2014 roa; BbIAICHEHNE CBA3N MeXAY
XapakTepuCcTuKamMm BCNI1ECKOB BbICOKOYACTOTHOIO U3NyyYeHusi, reorpadymyeckumm
KoopamHaTaMn UCTOYHMKA N YPOBHEM FOKaNbHOW TPONoCcqEePHON KOHBEKLNN; BbISICHEHNE
CTeneHu KoOppensaLmMm KOMNaKkTHbIX pa3psaoB C raMma-BCrbILLKaAMY 3€MHOMO NPOUCXOXAEHWS;
3) MobunbHas CTaHuu4 Ha3eMHOM LLINPOKOMOSOCHON pernctpauuu

3NEKTPOMarHUTHOIo N3ny4vyeHus rpo3oBon aktneHocTn (YKB nHtepdepomeTp);
4) MoAerslb LUMPOKOMNOJI0CHOIO 3JIEKTPOMAarHnMTHOro n3rny4eHna Ha npep,BapMTeanon N OCHOBHOM cTagnax

KOPOTKOro BHYTPMOGNIayHoro paspsaa, yuntbiBatLLlass 0COBEeHHOCTM MOPGONOrnm BCNEeCcKoB
BbICOKOYACTOTHOIO U3NyYeHusl, 3apermcTpUpOBaHHbIX Ha CNYTHUKE «4nbuc-M»; nHTepnpeTaums
Ha6J‘IIO,EI,aeMbIX AONMNTENDbHbIX LHYMOBbIX BbICOKOYAaCTOTHbIX CUTHarnoB, CUHXPOHHbIX C TIPPs;

5) onpeaeneHune BrMSHUA MHCTPYMEHTarbHbIX 3eKTOB (Npexae Bcero T.H. MEPTBOro BpEMEHM)
B akcnepumeHTtax RHESSI, GBM/Fermi, SPI/INTEGRAL; onpegeneHne napameTpoB pasfMyHbIX
rpynn TGF no gaHHbIM acTpoduandecknx nabopatopun RHESSI n GBM/Fermi;

6) KoHUenums 1 getanbHasa CTpykTypa 6roka MHOrokaHanbHOM «BbICTPOM» 3NEKTPOHUKM;
7) nybnukaumm no TemMe NpoekTa B XXypHarne ¢ BbICOKMM MMMaKT-paKTopomMm; 2 goknaga Ha
OceHHen ceccum AmepukaHckoro reoguamyeckoro cotosa (New Orleans, Louisiana, USA).

Ha aHIMUNUCKOM AA3bIKe

1) The database is synchronized continuous observations of energetic particle fluxes and gamma rays,
a quasi-static electric field of thunder clouds and meteorological parameters of the atmosphere on the
Aragats mountain stations, including data on the energy spectra of charged and neutral particles TGE;
2) High-frequency radiation observation data base with areas of thunderstorm activity detected
by satellite "Chibis-M" for the period from 2012 to 2014, clarification of the connection between
the characteristics of the high-frequency bursts of radiation, the geographical coordinates of
the source and level of local tropospheric convection; determination of the degree of correlation
with the compact discharge gamma flares of terrestrial origin;

3) the mobile station registration terrestrial broadband electromagnetic radiation storm
activity (VHF interferometer);

4)a model of broadband electromagnetic radiation at a preliminary stage and the main
short intracloud discharge, taking into account the peculiarities of the morphology of
bursts of high-frequency radiation, registered on the satellite "Chibis-M"; interpretation of
the observed long-term noise of high-frequency signals, synchronized with TIPPs;

5)to determine the effect of instrumental effects (especially the so-called dead time) in
experiments RHESSI, GBM / Fermi, SPI / INTEGRAL,; determination of the parameters of
various groups of TGF according astrophysical laboratories RHESSI and GBM / Fermi;

6) the concept and the detailed structure of a multi-unit "fast" electronics;

7) publication on the project in a journal with high impact factor; two reports at the autumn
session of the American Geophysical Union (New Orleans, Louisiana, USA).

4.13. NepeyeHb nnaHupyembix K npuobpeTeHunto 3a cyeT rpaHTa obopyaoBaHus,
MaTepuanos, MHPOPMALMOHHBIX U APYrMX pecypCcoB ANs BbIMNOMIHEHNA NpoeKkTa (B
TOM 4uCIie — onncbliBaeTcsd HGOGXO,EI,VIMOCTI: MX UCMNoJ1b30BaHUA Ona peann3auunm npoeKTa)

Ocumnnorpadg AKUIM-76404D (kntoyeBon anemeHT YKB nHtepgpepomeTpa,

npeanaraemoro B JaHHOM NpoeKTe Onda nayvdyeHud MOJHMEBOW aKTl/IBHOCTI/I) 2 Wr.
National Instruments myRIO-1900 (kntoueBown anemeHT YKB nHrepdepomeTpa, y4acTByeT B

cbope gaHHbIX, NpeanaraeMoro B AaHHOM MPOEKTE ANS U3y4eHUA MOMHMEBOW aKTUBHOCTW) 2 LWUT.
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Hoytbyk Lenovo ThinkPad T450 - Heo6xoanm onst paboTbl B MONEBbIX YCNOBUSAX, 2 LUT.
MpuHTep HP LaserJet Pro M426dw - Heobxoamm ansa opraHnsaumm 6ymaxHoro
AOKyMeHTO6opOoTa 1 NOArOTOBKM OTYETOB, 1 LWT.

BHeLWwHWN xxecTknn gmck 2 Wr (4ns XxpaHeHnsa n nepeHoca NonyYeHHbIX AaHHbIX)
PacxogHble kaHuenspckue matepuana (Gymara ona npuHTepa, KapTpuaxu Ans NpuHTepoB U T.4.)

4.14. ®ann ¢ gonosiHUTesbHOM nHpopmauuen 1

C rpadhmkamu, doTorpadunsamm, pucyHkamm n MHon nHgopmaumen o cogepxanum npoekta. B popmare pdf, go 3 M6.
TekcT B channax ¢ AONOAHUTENBHOM MHpopMaLMen JOMKEH NPMBOAMTBLCS HA PYCCKOM sA3blke. [lepeBof Ha aHrMUACKUI
A3blKk TpebyeTcs B TOM cnyyae, ecnv 3asiBUTenb OLEHNBAET AaHHYI0 MHpOpMaLMIO CyLLECTBEHHOW AN aKcnepTa.

4.15. ®ann ¢ gononNHUTENBbHOW MHopMaunen 2 (ecnv MHopmaumm, NPMBEAEHHOM

B (panne 1 okaxeTcs He4OCTaTO4YHO)
C rpadhmkamu, doTorpadunsamm, pucyHkamm n MHon nHgopmaumen o cogepxaHum npoekrta. B popmare pdf, go 3 M6.

Moannch pykoBoauTENs NpPoeKTa /A.A. YvnuHrapsan/




