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[1] arXiv:2406.18637 [pd, htmi, other]
Rapid Mid-Infrared Spectral-Timing with JWST. I. The prototypical black hole X-ray Binary GRS 1915+105 during a MIR-bright and X-ray-obscured state
P. Gandhi (Univ. Southampton), E.S. Borowski, J. Byrom, Rl. Hynes, T.J. Maccarone, AW. Shaw, O.K. Adegoke, D. Altamirano, M.C. Baglio, Y. Bhargava, C.T. Britt, D.A.H. Buckley, D.J.K. Buisson, P. Casella, N. Castro Segura, PA. Charles, J.M. Corral-Santana, V.S. Dhillon, R
Fender, A. GUrpide, C.0. Heinke, A.B. Igl, C. Knigge, S. Markoff, G. Mastroserio, M.L. McCollough, M. Middleton, ..M. Miller, J.C.A. Miller-Jones, S.E. Motta, J.A. Paice, D.D. Pawar, R.M. Plotkin, P. Pradhan, M.E. Ressler, D.M. Russell, T.D. Russel, P. Santos-Sanz, T. Shahbaz, G.R.
Sivakoff, D. Steeghs, A.J. Tetarenko, J.A. Tomsick, FM. Vincentelli, M. George, M. Gurwell, R. Rao
Comments: Dedicated to the memory of our colleague, Tomaso Belloni. Submitted 2024 June 21; Comments welcome

Subjects: High Energy ; Solar and Stellar ssiro-ph.SR)
We present mid-infrared (MIR) Himing of ical Galactic mi GRS 1915+105. The source was observed with the Mid-Infrared Instrument (MIRI) onboard JWST in June 2023 at a MIR luminosity L(MlRHuqas) ergfs exceeding past IR levels by about a factor of 10. By
contrast, the X-ray flux is much fainter than the historical average, in the source's now-persistent ‘obscured” state. The MIRI low-resolution spectrum shows a plethora of emission lines, th drogen Pfund (Pf) series and higher. Low amplitude (~1%)
but highly significant peak-to-peak photometic variabilfy is found on timescales of ~1,000 s. The brightest Pi{6-5) emission line lags the continuum. Though diffcult to i . this lag i with light-travel timescales across |I|e outer accretion disc or with expected recombination

timescales inferred from emission line diagnostics. Using the emission line s a bolometric indicator suggests a moderate (~5-30% E ic accretion rate. Mult moniloring shows that JWST caught the sourcs close in-lime to unprecadentedly bright MIR and radio long-term flaring.
Assuming a thermal bremssirahlung origin for the MIRI continuum suggests an unsustainably high mass-loss rate during this time unless the wind remains bound, though other possible origins cannot be ruled out. PAH features previously detected with Spitzer are now less clear in the MIRI data, arguing for
possible destruction of dust in the interim. These resls provide a preview of new paramter space for exploring MIR spectra-iming in XRBs and other variable cosmic sources on rapid timescales.

[2] arXiv:2406.18663 [pdf, html, other]
Enhanced particle acceleration in a pulsar wind interacting with a companion
Valentina Richard Romei, Benoit Cerutti
Comments: 11 pages, 11 figures, acceptad for publication in Astronomy and Astrophysics
Subjects: High Energy Astrophysical Phenomena (astro-ph.HE)

Pulsar winds have been shown to be preferred sites of particle acceleration and high-energy radiation. Numerous studies have been dto better ize th of such relativisti ink systems. However, many pulsars are found in binary systems and there are currently
0 ab iniio models availabls that would include both the pulsar magnetosphere and the wind of the puisar in ntsraction with a spherical companion. We investigate th interaction between a pulsar wind and a companion (o probe the rearrangement of the pulsar wind, assess whethar it leads to an enhancement
of particle acceleration, and predict the high-energy radiative signature that stems from this interaction. We perform two-dii le-in-cell simulations of an inclined pulsar surrounded by a spherical, unmagnetized, perfectly cnnauamg companion settled n its wind. We find that the presence
ofthe companion significantly aiers the stucture of the wind. When the companion lies beyond the fast magnetosonic paint, @ shack is established and the perursations are advected in 2 cons behind the companion. W observe an rticle fon due to forced asthe

current sheet reaches the companion surface. Hence, high-energy synchrotron radiation is also amplified. The orbital light curves display two broad peaks reaching up to 14 times the high-energy pulsed flux emitted by an isolated pulsar Thsse i with the growth nfme companion
size and with the decrease of the pulsar-companion separation. The present study suggests that a pulsar wind interacting with a companion induces a significant enhancement of high-energy radiation that takes the form of an orbital-modulated hollow cone of emission, which should be detectable by galactic-
plane surveys, possibly with long-period radio transient counterparts.
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OTYET O PABOTE
¢ 1986 mo 1969r.r. npod. anbmepa A.M.

PaspatoraH Horuit kxype "Hocmmuueckue nyun" mms rpynn T8-03 ,04.
Homui 1uxn "HeroTopwe wompocH snepHoit duauky u acrpobuauxu™
s rpynna E-3 $IKI.

SapeplieHH JBE UACTHM #3 TpeX HOBOI'O yueCGHOrO MUCOGUR MO spepHolt
Pusuxe mna crypenror §-rors A,& w HexoTopwx Fpynn (He no mpodmuro
Hame# cneyuansHocTH) f-ra "TV |

Ilpoponxan urenne kypcor "AmepHas uzuka™ (norox 26), "OcHomw
(uaurn snemeHTapHuX uacTuy" commecTHo ¢ mor. JoGpeuomssm D.II.
(norox A9), AB). "OcHomu spepHoli uauku (morox A9), "Hocmuuec—
kue nyuu? (T8), "Heroropue monpocu smepeolt fuamxu" (BIKI).

BucTynnerxe nepel, aGuTypHEHTAMM, NEKLMM 1O NPOPDAMME WKONBHOTO
yHupepcuTera KpacHoreapnelicxoro p-xa r. Mocksu.

Kyparop, pegeoCodiges ptvapatiiol (v10)

Hanpamnenns HayuHo! mesTenbHOCTA:

~ BOCMHUECKOE IaMMa-usiyueHwe (ramma-acTpoHOMuS)
sarepuaeTcs NMOAroTOBKA Tereckorna "I'auma-I", nepmoro skcnepu-
MEHT& [0 MU3YUEHWD XWHeHUATOro raMMa-usnyueHus.

= BHCOKOBHEPI'WUHHEe URCTHLH 3RXPAUEHHHE R DAfMALMOHHOM NOACe

3emny. Mccnemoranne 3ADPANOBOrO, 3HEPIETHUECKOTO NUTU-YTHOBOTO
pacnpesienesus, KODPPeNALHs CBA3U. :

155129,

A.M. Tanbnep ABnAETCA aBTOPOM y4ebHbIX Nocobun no agepHomn
dU3MKE N KOCMUYECKUM NIy4aM, HEOAHOKPATHO neyaTasn CTaTby B
Hay4YHO-NONYAAPHbIX KYpPHanax.

MOCKOBCKUM
/’4 M UHXEHEPHO-®U3NYECKUA MHCTUT
(2ocydapcmeenHbIt yHUepcumem)
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A.M. Nansnep
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Mockea 2002

KOCMOHABTHKA,
ACTPOHOMHS

MOANUCHAR HAYYHO-NONYNAPHAA CEPUA

A.M.lanbnep,
b.U.Jlyykos
HEOBbIYHbIU
ACTPOHOMUWYECKUN
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EARTH RADIATION BELT
A M. GALPER

Current conceptions on
the nature and main char-
acteristics of the Earth's
radiation belt is outlined.
This belt is a natural for-
mation situated close to
the Earth. It confines
enormous fluxes of
charged particle (elec-
trons and protons). Some
recent scientific results
pertaining to belt compo-
sition and dynamics are
presented. These resuits
were obtained with the
help of Earth satellites
and orbital stations.
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[1paKTUKa

ANnNomHbIN NPOEKT BbiNoAHANCA B 1953-1954 rr. B
NHcTnTyTe Pnsmkm ApmaHckon Akagemmn Hayk (r.
EpeBaH).

HayuyHbiM pykoBoanTens: Aptemuin MicaakoBuy AIMXaHAH.

MecTo paboTbl: IKCnepnmeHTanbHaa 6asza NHcTUTyTa
®un3unkm Ha rope Aparay, (3300 m Hag ypoBHEM MOpPSA).




[locne NpaKkTUKK

ManaaLwmnii Hay4HbI coTpYAHUK Pusmnyeckoro nHctutyta AH ApmsaHckoi CCP (1954-1955)

N3 BOCMOMUWHAHUMN:

[ILTH ATpath B TEHANC H2 IU101MANIKY VIHCTE e
(Eme yazce 8 MUDH, 5 soMBOro Hayawics
IIEM MOMM JocTHACHHEM GLU1 THTYN Yemnnona OH

A noka ...  noasnanca y Hero (npum. A.U. AnnxaHsiHa) YacoB B AeBATb-AECATb YTPa, Koraa ot
otnpasnanca 8 PUAH. K yacy AHA OH BO3BpPaALLANCA N Mbl LWIAN UFPATb B TEHHMUC HA N1OWAAKY
NHcTntyTa dmsmyeckmx npobnem. (Eweé yyacb 8 MUOU, A HEMHOro Hay4mnca sTom urpe, n

caMbiM BonbLIMM MOUM AocTuXReHnem bbin TuTyn yemnmoHa ®UAH 1960 r.)



[1paKTUKa

NHxkeHep InekTpodusmyeckon nabopatopum AH (nosaHee
NNabopaTtopuu BbicoKnx sHeprnn, O6beAUHEHHDBIA MHCTUTYT
A0epHbIX nccnegoBaHui, r. [lybHa, 1956-1959)

A.CoAnexcauns, A.ll. Anzxanam, I,H,Bepeueen, i.il.Tansnep,
BT Kzpeanon-Yrpowos, I,M,Korenko, 1.A.Kyazn,
F.Ml Kyaueuos, I.ll.lepaou,

PEOHOBM NY3LPLKOBASL KAMEPA OFLENON 570 JNTPOD *)

\

Jenmexu, XOCTUTHYyTHe Da nocreXike roxu B 06nacT¥ Zccrexsa-
- 'HxA B3axMoZelCTBMI YacTHI| BHCOROK OHEPTMM ¥ DacnagHuX
CBOICTR HECTAOXMBHHX YaCTHL BO MHOrOM 0073ans mnporpeccy B
Kauepnoj! Texuxke. B Hacrosmee Bpeus B NaCOPATOPXAX BCero
uMpa OTMEYAGTCA TEHACHIMA K yBeAWYEmuD pasuepoB ny3HPBKOBIX
Kauep, 410 N63RoAAET eako MOAHATH GIYEKTEBHOCTE PerkCTpANLY
PeIK#X NpOLeccoB, YCKODKTH HakomieHxe AOHRNX ‘np% OAMHAKOBHX '
30TpaTax BpeweH ¥ TOMYWHTH SHAUATENBHO Goxce GOTGTYD xngop-
Manub 0 cBolicTBAX MI-yuaeMuXx ABNEHZN. '
Co3zaHye My3WDBKOBHX Kaumep CONbmXX PA3MepoB BeTpevaeT
PAEL TexizueckxX TpyAnocrefl; kak manpruep, npoGneuy GHCTPOTO
cOpoco % MOZAuY BHCOKOTO XQBAEHAS, MPOVHOCTH CTEKOXA, OCBC-
menza u Jororpajupopanus padoyero ofsewa. Teu He uenee npe-
~ OXOMeHye OTAX TDYRKOCTEH HCAXKOM ONPaBALBACTCH, MOCKOABKY
B cxablofl cTenenx paclnpn;rcu KPYr ROCTYNRHX K3£Y4YeHuD

Apnenuil,
B Hactosmell padoTe OMMCMBAETCA Kamepa ofsexou 570 Axt-

poB, sanonmennas cuecsd gpeona-I2 z fpeona-I3 ( puc.I)s
. off_xonfepesuyu no yCKOPUTEAsM K
Lonoxena na uexﬁgnapom ﬁe"g fgﬁg“r, y

C 1959 r. — acnmpaHT MU®PU, HayuyHbIN PYKOBOAUTE b, B TO BPEMSA AOLEHT et s
B. I. Kupnnnos-YrptomoB; NPOA0KAET BECTU Hay4Hyto paboty B OUAU




[1paKTUKa

MNepBblK UMKA paboT (1959 — 1966 rT.)

BrnepBsble 6b1210 NOKa3aHO, YTO B HEJIENTOHHbIX pacnagax
[IONTOXMBYLLEro KaoHa BbINoAHAeTcA npasuao AT=1/2.
JKCNepuMeHTa/IbHO A0KAa3aHO CyLecTBOBaHMeE pacnaaa
HEMTPaNbHOro KaOHa Ha TPU HEUTPAIbHbIX MMOHA.

[onro Bpemsa pesynbTaTbl ObI/IN BKIKOYEHDBI B USBECTHbIN
CNPaBOYHUK O INemMeHTapHbIX Yactmuax PDG.




KaHanaaTckaa aucceprauyma

6y

B 1964 roay Oxenmc —
KpOHWH 1 Ban o |

lipu odoyxuiemm npouecca pererepamm K = 1830108 (CuaTle
duty 13 BNL 06Hapy W, § 2) yxasunaiocs, WO NpH CpeRHeM MMIYAE0e Kj - Me30H0B
Xnnu pacnag K, Ha oxouio 350 ¢ 400 Hon/o perenepamMa HO LOECT CONDOBORIATEC
- BHAMEHM MATYIECA HAw=
NBa MUOHa. poxyicrmer - Me30oHA. IIpH MAKCHIATLHOM

sevesupx K5 -esonon, pasaos 600 Hen/o, pomnemte I - me=
SOHG H& HYIJIOHe CTAHMOBATOS SHEPIeTHYECKH BOSMORHIM, X074 N
1980 . o0TaeTos B 50 pas Memd@@ DepOsTHHM, JeM perenepeimd Ges

pomieHAs 7 - weBOHA. OjuAK0, pereHspamid BA BHYTDILTICPHEX

HYRIOHEX COCTARIR? HECOIBNYRD AN 0F udipaKMORHON X Fpamse-
. 10oTOMy wcao S50 caenye?
0 + e yBeJUruTH elle B HECKOIEKO pas. Ilpi oOpacoTHe SKCHCPUMeHTAIb=
Yo @'ﬂ- jl— 1r HOT'O MaTepuana Giio Hafiteno I28 coduTaft, MHTEPIPETHPOBAHHHX
gax paomax  Ki— T*¥ . Yammumas, w0 ofijentuBROCTS
permoTpalym |- - KBamPoB OF pacmana K, — JT AU
W ~ 0yd, MOXHO yTBODELATH, U470 M3 46 orodpammix \ - codwruil
0 BIeKTPOHHO-IO3UTPOHHOR uapoil He Comee 0,1 Cayuaes MAEHO
005a0HATS ITPONeccoM pereHepaymt K = mMesona ¢ QUHODDEMEHHEM
pomenmen - Mesona, Tawmi 0Opasom, 9TOT NPONSCO HpamTH-
YeoyH HE Zae® BRANA B OTOCDAHHHS COCLTHS.

Hobenesckas npemus

B 1964 r. 3awmuleHa KaHaAnAaTCKaa gucceprauma Ha Temy « HenentoHHble

») paonan Ko~ +CV ,
pacnagpl LONTOXKMBYLLErO HeNTpaibHoro K,0 —me3oHa».

OJSKTPOH WL LIOSHTPOH, possnumtt 3 pacmage K~ 13 +V
MOZeT PaccesTsed HA MAMl YroX O HaJyYeHNeM TODMOSHOIO |~ =
mmumoxmumodmr-mn;m



[MpenoaaBaTenbCcKan Kapbepa

XAPAKTEPYICTVIKA

J'II‘ .t_;\, " <
JlolienTa Ka B ORCnepaMeHTanbHoll amepHoft Tnsnrm
mm?e %XJIBH?IPA Rpmmm lionceeruua,

Ton.lansnep A.M.,1931 roxa pomnenns, eepefi, wien KICC ¢ IS62r,
o0pasonaHue BHcliee, B 1954 oxowunn ¢ orarunen Mocropcrmii opreHa
Tpyronoro (pacHoro SHAMOHM WHIcHEpHO-IM3MYeCku# MICTATYT. locae
OROHUAHMS WHCTATYTA PACOTAN MAANUNM HAYYHEM COTPYIHAROM /HCTATyTA
dmanwn AH Ape.CCP, a satem ¢ I956r. mo I959r, - nuzenepow B 06ne-
INHEHHOM NHOTHTYTC AMEPHMX nccnejorauail,

B I959r, Oun mpuHsT B acnupantypy 1dM. Tocne oxonuamms acmm—
TYDH pacoTan B IIpocnemHoli sadopaTopuy Insukn YacTnil BHCORUR
Hepraii npn xatenpe IKCNEPEMeHPANLHON anepHoX dmamru I1GH B romzoc-
; TH CTApEEro amzenepa, C IYVG4r, paGoraeT Ha Toll =e Katenpe B IOAR-
foet © . BOCTR CTApUOTO NDENOTABATENA,[3aTeM NONSHTA I 8all.3aB,RaTenpof.
B I964r. A.N.lanbuep 5auTil GAaCCepTALAD Ha CONCKAHNE YUEHO., CTele—

HE RaHANATa TUSAKO-MATEMATNUCCKAX HAYR, & B I973r. NOKTOpa '#3MR0-
~$3TEMATHYCCKUX HAYR,

Tos.Tansnep A,l, S81A€TCH BUCOKOKRAANTEINDOBAHHEY NDENOZARA= Bce ocTaBwumecs rogbl ABNAETCA npenogaBatesem B MUANDU
Tenen. Haunmag ¢ 19590, BemeT NpAKTHUECKRE SAHATAA CO CTYICHTAME,
DPYROBOIUT YUeCHO=-NCCACHOPATENBCKON patoTol, MMILIOMHEY TPOSKTADODA=
HOeu, SONee NECH TN JeT UuPaeT JCKUNA N0 ANeDHOl JWSNKS Ha CTADIUX
Rypcex [axyJbTeTOR ABTOMATHKHN, (M3NKOTEXHEYSCKOM, HA (AKyIbTaTe 07 1964 12 1966
NOBIMICHRAS KEaunfuraimn npenogasatenei, OH SRISETCH COARTODOM yISG=— . .
{7 HOro 1IOCOOWs MO HypCYy OCHOB SNEPHON THSMKN M TEXRUKAL]PYROBOLAT

Lp crazépayi § acumpaRTamd. 0% ero pyROBONCTEOM TP &C Ta ZaNATH-

JB FQHTANATOREE INCCepTaind,

Hapaiy ¢ NOBCENHEBHOF Mejiaroruyeckoil NeaTenbHOCTED T.l'axpmsp 12 1966 03 1975 ﬂ.o |-||e HT
AJM.Bene? ONRBMYm RAYUHO=HCCISNOBATENLCEYD Dpa . 0B gangeros

CHeLRANNCTOM BHCOROM xmmggnnggalmn ?ogmxag'm .fmsgl xﬁcn‘;gwecmg Jyael

7 aCTPO'MSNKR BHCORNX DHEpral 1 gy( onuT OTHeNoM B [IpoCaeyHoil Ja-

GopaTopnx “mSmKW YacTml BHCOXUR JReprmii. PESyABTATH HAYUHO=-HCOAENO= d)
mgae.nsgm paGoT HEOMUOKPATHO XO! HE paa.unmg:mﬂay*mm 03 1975 rl po eCCOp

Ch
KOH)SDEHINAX B Hame!l OTpaHe N 32 pyoexou.[lneer A7 meuaTHuX padoT.
A, Tanpnep sipaseTcs WwaeHoy [JayuHoro coseta AH CCCP mo KOMILIGKCHOM -
tn) npoGaere "Kocmmueckme Jyum", WieHom Oopo Hayanoro coeeta AH CCCP
fr. no "Eream™iochepHoii acTPOROMAR" M mpPSNCenaTeNer IamMa-CeXuna STOI0
coeeTa. )

Top.lanbnep A.ll, QRTNEHO yUYACTEYET B OGMECTEEHHO]! XM3HM NHCTA=-
Cord TYTa, FRIASCH WICHOM ROMMNCCHN NAPTHOMA NO NPOREDKe NeATeNLHEOCTA
~ . AMNHNCTDALING , TPONATaHIACTOM 1 KypaTopoM.] B I973r, orowwma Yrusep-
CATET Naprenarma-jlenmpnama npa KiICC . B wacTosmee BpeMA MDOXoN AT
yuely Ha TpeTheM Kypce YyHMBEpCuUTETa.
i o

Harpawien Monanso "3a_noGnccTHul TPYX B osnavenosamae 100 aeTus
Gigr €0 nHe pomneHas B.i.Jenana" ;™

P B I974r. RIEH .4 HA: um 3HaxoM "loflexuTens couuanncTA-
’11—-,5 7~ Hecxoro copenn%gpam 1973 rgﬁg“’.' = o4
[V 24

\Z &
/JF'MCC" XapaxrepueTura AsHa i NpencTaml

Crapwwuin npenogaBaTens

oper [P, 7
B.Kanodamrun.

£

/ PEKTOP MHCTUTYTA
W’j’ﬁ\\ CEKPETAPH TIAPTKONA 0.YepHumeB, oot

NIPEICEJATEID T.lleTpora.
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Cepua npnbopos AHHa (8 aksemnnapos)

AHHa-IV

Mpunbopbl AHHa-I U AHHa-IV no3sBonsanu
PErnMcTpUpPOBaTb TOIbKO rAMMaA-KBaHTbI.

Mpnbopbl AHHa-II paboTann B ABYyX pexmmax:
pPerncTpaumm raMma-KBaHTOB U pPermcTpaumm
3N1E€KTPOHOB M MO3UTPOHOB.

AHHa-II



Cepua npnbopos AHHa (MaAeHTUPUKALMA cOObITUI)

[NpoxogAlan Yyactmuya

ApepHoe B3anmoaencreme

lenbra-yactuua

3I'IEKTpOMa FTHUTHbIN KaCKka/j,




Cepua npnbopoB AHHA (bannOHHbIE U3MeEpPEHUS)




Cepua npmnbopos AHHa (KamuaTKka)




Mpubop AHHa-IIl (ramma-Teneckon)

OBSERVATION OF v QUANTA WITH ENERGY LARGER THAN 100 Me? FROM THE RADIO SOURCE
30120
5.4, Volobuev, A.M. Gal'per, V.G. Kirillov-Ugryumov, B.I. Luchkov, and
Tu.V. Ozerov
Moscow Engineering Fhysics Institute
Submitted 23 November 1970
ZhETF Pis. Red. 13, No. 1, 43 - 46 (5 January 19371)

The satellites "Kosmos-251" and "Kosmos-264" were equipped with an
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instrument recording ¥y guanta with energy ET > 100 MeV. The instrument con-

stituted a ¥ telescope of two seintlllation ecounters and one directlonal Ceren-—
kov ecounter, with a lead converter with thickness of 1 radiative unlt of length.
The instrument was calibrated with cosmlc-ray muons at sea lewel and with elec-
trons of energy 100 - 1500 MeV in electron accelerators. The differential area
of the Instrument was 90 cm® and the "viewlng" angle was 28 = 35°. The cal-
culated geometrical factor for an isotropic flux iz 22 em?-sr. Two instruments
of the same type were used In the flights. The table lists data on the satel-
lites on which the v telescopes were mounted.

Orbit in- Altitude, km

No. Satellite Launching date cligatinn# ger;;g .
e * max min
1 Kosmos=-251 31 Oet. 1968 65 Bo.1 a71a 200
[amma-Teneckon AHHa-IlIl pernctpuposan 2 Kosmos-264 23 Jan. 1969 70 8.7 330 220
ramma-KBaHTbl € s3Hepruen ot 100 MaB
(Kocmoc-251, Kocmoc-264, Kocmoc-280) 3C 120 — nepBoe HabaAEHWE FaMMa-M31yYeHNs OT

BHErasakTuyeckoro obvekKra

Pagnoranaktuka 3C 120 naum
Markarian 1506.

OCHOBHbIE XapaKTEPUCTUKU: Z ~
0.033, paccrtoaHne ~ 142 MnK

CerogHa c nomoLLblo ramma-teneckona Fermi-LAT ot
MCTOYHMKa 0OHapy»XeHOo nsnyyeHme c sHepruen go 10 3B.




[loKTOpCKaAa amncceprauma

MIHNCTEPCTBO BHCUEI'O ¥ CPRAHLTO CIEUMARBHOID

QLPAZOBAI COCP B 1964 r. 3awunieHa AOKTOPCKana aucceprauma Ha temy «MccnepgosaHune
Hooxosoxmil 0pacna 1pyA00r0 pacoro ‘mauemm 3N1EeKTPOHHO-GOTOHHOM KOMMNOHEHTbI KOCMUYECKUX Iy4elr Ha rpaHuue atmochepbi».
HHEOHOPHO=]HIUYeCKIN nngTaATyT

a) B oRenepmuenTe Ha UC: "Hocuoc=251" sapersctpuposaso

p20uTOYROE NAR HE0TPONBHM QOHOM raMua~-BSiyqeHME. seJNYdHA BI0H-

Y8, BUYHCICHRAR TDPEMA POUANNENMM CTOCOGaMM,cOcTaBAmer 2,1+0,5;
TASBNEP APKAJIMY MOUCEERIY 1,79+0,50 w I,68+0,56, T.e. npepusaer ypooms (OHa Ba 3,5 cral-
MpYEUX OTEIOHENHS. /IOCTENERHOE BOIDACTARMO HEJAUMAN RI0LYOUNOTO
l0%oRa rauyg-KDANTOR [O MEPE EPOMEUGNEA 3 NPOCIPANOTSC MAQCKICTH
0Ny CAyTHRR) YKGIUBRET HA £0,4T0 1OTOX HCXOAKT HS AUCKPETHOFO
Wroquuxa, [NTEHCABHOCTS NEPBMHOTO NOTOKA FAMMA-KBANTOD COCTAD™

ey ~(3.5).IU-4__£5§!1_—- .

cu™ COR
6) 5 c3nem ¢ TOM,Y?0 00JACTE HA nedecHOl chepe, OTKYAA

0TOK raMA-KBAHTOB orpaHsyesa Koop=

Jmccepranud HA COWCRZHUG yUeHOH CTENCHH
AOETOPA (U3HKO-BATCHATUNOCKAX HAYE Woraw o= (3,645,002 % &= (449)%, puorazaxo mpoXIONe"

Wperngepuposan meourounlt 0
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Mpnbopbl Enexa

CnekTtpomeTpbl EJTEHA-®

1979 rog : CANIOT-6 Kpome dyHAaMeHTaNbHbIX HAayYHbIX Pe3y1bTaToB
1982 rog, : CAJIIOT-7 6b11M U3MepeHbl GOHOBbIE YC/I0BUA BO BCEX
[BakAbl NPOBOANANCH KOMMIEKCHbIE SKCMEPUMEHTbI, B X0 SNEMEHTaX OPBUTANbHOM CTAHLMN.

KOTOPbIX UOEHTUYHDbIE I'IpM60pr pa60TanM ogHOBpPEeMEHHO Ha
Op6MTal'IbHOI7I CTaHUUU N BbICOTHOM a3pOCTaTe.



[amma-obcepBaTtopma lamma-1

COBMECTHbI COBETCKO-PPaAHLY3CKMI NPOEKT NO UCCcneaoBaHMIo Heba B ramma-amana3oHe.
MepBble naen Bo3HMKAN B 1960-x rogax, koraa actpodpusnyeckas obcepsatopusn
NJaHMPOBA/aCb Kak YacTb 6onbwon opbutanbHoM ctaHuMn. B Hayane 70-x rogos
cbopmmpoBanacb KoHuenuua ctaHummn Cantot n Mup, Kocmuyeckoro kopabna Cotos.

PaboTa Hag Hay4YHbIMU MHCTPYMeHTamm Ha CantoT Havanacb B 1972 roay, ppaHLUy3CcKue
MHCTUTYTbI MOAKIOYUAUCH K NPOEKTY B 1974 roay. DCKU3HbIN NpoeKT 3awmtnam B 1978
rosy, a Npon3BOACTBO Hayanocb B 1979.
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MnaHbl 661K NnepecmoTpeHbl B 1982 roay, Koraa BbIACHMAOCH, YTO Bce cTpoAauwmeca «Coto3bl»
6yayT HY*KHbI Ana paboT co ctaHunen «Mwup». 3anyck coctoanca B 1990 roay.
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3a Bpemsa paboTbl NpoBoAMAUCL HAabAOAEHUNA 33 Nybcapamu B KpaboBuaHom
TYMAHHOCTU, TYMaHHOCTU Bena, cuctemax Jlebeap X-3 u lfepkynec X-1 n apyrumm.
Teneckon ucnonb3oBanca ansa HabnogeHMA 3a COTHEYHbIMM BCMbILLKAMMU U
KOCMUYECKMMMN JTy4aMM B 3€MHOM MarHutocdepe.

BcnomoraTenbHblit peHTreHoBCKM Teneckon «lynbcap X-2»NpoBoAna 0AgHOBPEMEHHbIE C
HabatogeHnamm «famma-1», uamepas NPOPUAN MMNYILCOB PEHTIEHOBCKMX NY/1bCAPOB.



NccnepgoBaHumAa K 1993-1995 rogam

Bropon umkn pabot (1967 — 1993 rT.): SN€KTPOHbLI U

no3nTpoHbl B OKI1.

BnepBble B pe3ynbTaTe 3KCNepuUMeHTaIbHbIX U3MepPeHUin
6b11n 06HapYKEeHbI BbICOKO3HEPTIUYHbIE (C aHepruen
BbllLIE HECKO/IbKMX AecATKoB MaB) 3axBayeHHble
MarHUTHbIM NoJIEM 3EM/IN 3/IEKTPOHbI U MO3UTPOHBbI.

NccnepoBaHbl aHepreTMyeckme n NPoCTPaHCTBEHHO-
yrnosbleé XapaKTePUCTUKUN NMOTOKOB 3JIEKTPOHOB U
NO3UTPOHOB HA a3POCTATHbIX BbICOTAX M B OKOJIO3EMHOM

npoctpaHcTBe (anbbeaHan 1 3axBayeHHasA KOMMNOHEHTbI).

Tpetun umkn pabot (1968 — 1993 rr.): ramma-acTpoHOMMUA

BnepBble 0OHapY»KEHO ramma-usny4yeHume ot
BHEras1akTUYeCKoro MCTOYHMKA.

BnepBble 06Hapy*KEHO NepuoamMYecKoe BbICOKOIHEPreTUYHOEe
raMmma-usnyyeHue ot ABONHOM cuctembl Jlebeapb X-3,
MOKa3aHO, YTO OH e ABASETCA UCTOYHUKOM KOCMUYECKUX
Jly4yen BbICOKOM IHEPTUN.

Ob6HapyrKeHbl BapnaLunmm MHTEHCUBHOCTU, SHEPTETUYECKUX
CMEKTPOB U KPMBOM CBETUMOCTU OAHOIO U3 aKTUBHbIX
nynecapos MNapyc X-1.

Bnepsble 3aperncTtpmpoBaHbl raMMa-BCN/IECKM, B KOTOPbIX
HabAANNCE IMHUN U3Ty4eHnA BO3OYKAEHHOIO XKenesa, YTo
OTparKaeT reHeTUYECKYo CBA3b rAMMa-u3ny4yeHusa n CUHTe3a
TAXEbIX 9N1€MEHTOB.

Uccneposanma nposoguance Ha MC3 cepun «Kocmocr», NC3 cepuun «MeTeop», cTaHumnax «Cantot», NTUAOTUPYEMOM

Komnnekce « MUP», opbutanbHon obcepBatopum «flamma-1».



®dun3mka ConHua n reodmsnka

YetBépTbin UMK paboT (1985 — 1993 rr.): ConHue u reodusmnka

BnepBble 06HapYy*KEHO raMma-n3Ny4eHns CONHEYHbIX BCMbILWEK ¢ 3Hepruen bonee 1 MB. U3mepeHHblie BpeMeHHoe U
saHepreTUYeckoe pacnpeaenieHne NOTOKOB raMMa-mU3/ydeHma NpamMbl 06pasom CBMAETENbCTBOBAIN O CYLLLECTBOBAHUMN
OANTENbHBIX (A0 AECATKOB MUHYT) MEXaHM3MOB YCKOPEHUA YacTuUL, A0 SHEPTUM B COTHM M3B.

Bnepsble NOKa3aHO, YTO CYLLECTBYET KOPPENALMOHHAA CBA3b MeXay CEMCMUNYECKUMMU npoueccamu Ha 3emne u
BPEMEHHbIMU XapaKTEPUCTUKAMM NOTOKOB BbICOKOIHEPIreTUYHbIX YacTUL, pagnauMoHHOro noaca 3emsu. Ha6mo,c|,ar0Tc;|, B
YaCTHOCTHU, «BbICbIMAaHUNA» YaCTUL, U3 NOACa, onepexarLwne OCHOBHOM vYAap 3eMNETPACEHNA U BbICTyNaOLWME, TEM CaMbiM,
B KayeCTBe KPaTKOCPOYHOro npeasecTHuKa. [pegnoxeH BO3MOXHbI MEXaHU3M: pe30oHaHCHOEe BBaMMO,EI,emCTBI/Ie
YAbTPaHU3Ko4YacToTHOro MW CEMCMUNYECKOTO NPOUCXOXKAEHUA C YaCTULAMMN PAJNALUOHHOIO NoAca 3emM/n.



dun3mka ConHua n reodmsnka

Y ,

7

Yucio 3emnerpsicennii (M>4) YuCIio BCIUIECKOB YaCTHIL

B bICbIMAaHMA YaCTU LII (6on e 3 CTa lea pTH bIX .1_ R _— A (kxaramor ANSS, CIIIA) (axcnepument «APTHA», KA «Pecypc-JK1»)

Poccun

160 4

OTK/IOHEHWIA) nNocne npefBecTHUKA
3emnetpaceHmsa M =9 (05:46:23 UT)

ANSS| -l

140 4
120

100

Longitude 100°

331 Latitude 3.3° SV (b) 801 5
nnnnnn 60
2.5t 2
404
1.5 20 14 TS
05 03 & 6 8 w0 12 1 16 °T 246 10 12 14 16
1 1 L Mapt 2011, nesn Mapt 2011, nesn
50200 50400 50600 50800
10r
Longitude 275° (©) Strong earthquakes (EQs) are one of the most destructive natural hazards, claiming
sl TanteedR el countless deaths and economic losses. In recent years, with the development of satellite
observations, new possibilities for earthquake prediction have arisen. Some space experi-
6L ments have found that electromagnetic signals are observed during earthquakes, and these
signals cover a wide range of phenomena, including electromagnetic wave interference,
4 magnetic and electric field anomalies, and energetic particle precipitation. By studyin
these signals, scientists aim to unlock the potential for early earthquake detection and
s L prediction [1-4].
It is necessary to mention a number of satellite experiments, the MARIYA, MARIYA-2,
DEMETER, PET/SAMPEX, POES, ARINA, and CSES, which aim to study electron bursts
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and the geophysical effects causing them. In the late 1980s, Voronov S.A. analyzed the data
of the MARIA experiment for the first time and reported the correlation between short-term
Remote Sens. 2023 energetic particle bursts in near-Earth space and the EQ activity [5].




Poccumncko-UtanbaHckaa Muccusa

PUM -1

HUHA 1 & 2 — n3mepeHune NoTOKOB AAep U
M30TOMNOB OT NPOTOHOB A0 YKefe3a C
sHepramm 4o 100 M3B/H. B OKO/103eMHOM
NPOCTPAHCTBE (ranakTUYecKmne, CoONHEYHbIe,
pPaaMaLMOHHbIM NoAac, ansbeo,

PUM -2

PAMELA — npeun3noHHble M3MepeHma NOTOKOB
3/IEKTPOHOB, NO3UTPOHOB, NETKMUX AZEP N M30TOMOB
L | BbICOKMX 3HEPIMit B OKOJIO3EMHOM MPOCTPaHCTBE

; _4 " (ranakTuyecKkmne, ConHeyHble, PaamaLoHHbIN NOAC,
anbbeno).

HUHA-1&2 PAMELA

aHOMa/ibHble).

|

1995-1996-1997-1998-1999-2000-2001-2002-2003-2004-2005-2006-2007-2008-2009-2010 -2011-2012-2013-2014-2015-2016-2017
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SILEYE-1

SilEye — perncrpauma cMibHO MOHU3UPYIOLLMX YaCTULL, NMPOXOAALLMX Yepes rnas3a (pyTuHy)
KOCMOHaBTOB C 0bpa3oBaHMem cnaboi cBeToBOM BCMbIWKKM (cTaHumMmn MNP n MKC).
Ha ¢oTo: kocmoHasT C.B. ABaees ¢ Hay4yHoM annapaTtypol SilEye BO Bpems namepeHui.

SILEYE-2



JKcnepumeHTbl SilEye

OTanumnTenbHo ocobeHHOCTbIO paanaLMoHHOro GoHa B YCA0BUAX
KOCMMYECKOro nosieTa ABASETCA HaIMYne CUIbHOMOHU3UPYHOLLMX YacTuUL,
KOTOpble Bbi3bIBAtOT ABNEHME POCPEHOB - OLLYLLEHNA HEOXKMUOAHHOIO
NnoABAEHME CBETOBbIX BCMbILEK, BO3HUKAOLWMX B IN1a3aX KOCMOHABTOB BO BpeMs
opbuTanbHbIX NONETOB.

1X 1Y Fe 2X2Y Fe 3X 3Y

JleTeKTopbl YCTaHOBAEHbI HA 3aTbIZIOYHOM YacCTuU
ronosbl C.B. ABaeesa. Ha nnMue KocmoHaBTa
MaCKa-UHOMKATOP CBETOBbIX BCMAbILLEK B r/1a3ax.
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3.0 cm Bnepsble B NPaKTMKe KOCMUYECKUX nccneaoBaHui 6binm

> CO34aHbl MHOTOC/IOMHbIM CTPUMOBbLIN MOAYNPOBOAHUKOBbIN
AETEKTOP 3aPAXKEHHbIX YacTuL, 1 610K perncTpaumm CBETOBbIX
Bcnbiwek (PCB).




JdKkcnepmumeHTbl HUHA

ﬂ.eTeKTop HUHA HUHA Ha KA Pecypc-01 No4:

KpemHuesasa «Badna» 6x6 cm2, 380 MKM Mepuop ~ 100 muH.

ToNWwMHOM ¢ 16 cTpunamu 3.6 MM LWLMPUHOMN B BbicoTa ~ 840 KM

X-Y NpoeKumAX. 5 HaknoHeHue 98.7 rpaga.
e 32 «Badan» crpynnupoBaHbl B 16 niockocten Macca 2500 Kr

Ha yganeHuu 1.4 cm.

* boKOBaA N HUXKHAA CUCTEMDI aHTMCOBﬂaAEHMﬁ. 3aI'IyCI-(' 10 Nons 1998

Kocmoapom banKkoHyp

Bec npnbopa — 30 Kr OKoHyaHune muccuu: 13 anpensa 1999.

HWUHA-2 Ha KA MUTA:

MNepuopn ~ 100 muH.
BbicoTa ~ 400 Km
HaknoHeHue 87.3 rpaga.
Macca 170 kr

3anyck: 14 Uwona 2000
Kocmogpom lMneceuk

OKoH4YaHue muccun: 15 asrycra 2001.




JdKcnepumeHT PAMELA

O6HapyXeH U36bITOK NO3UTPOHOB B raJlaKTUYECKMX KOCMUYECKUX ydaXx
(Nature 2009, V.458, P.607)
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«AHOManbHbIM 3dPekT TAMEJTA» OTMeYeH, KaK Bblaatoleecs 4OCTUKEHME MUPOBOM HayKM B 061aCTn GU3MKK NO
AaHHbIM AMepuKaHcKoro MHcTutyTa dnsunku (The American Institute of Physics).



JdKcnepumeHT PAMELA

O6Hapy»XeH u3bbITOK aHTUNPOTOHOB B ra/IaKTUYECKMX KOCMUUYECKUX NTydax
(JETP Letters, 2012 & Phys. Reports, 2014)
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JKkcnepumeHT PAMELA

1. U3yuyeHune CBOMCTB rMNOTETUUYECKUX YACTUL, KTEMHON» MaTepuUMn.
"  M3MEpPEHO OTHOLWEHME NOTOKOB raaKTUYECKMX MO3UTPOHOB K CYMMAPHOMY NMOTOKY 3/IEKTPOHOB M MO3UTPOHOB B ANANA30HE SHEPrni
1.5-300 N3B (aHomanbHbIN 3¢ PekT akcnepumeHTa «[MAMEJTA»);
" W3MEepPEHO OTHOLLUEHME NOTOKOB raakTUYECKUX aHTUMPOTOHOB M NPOTOHOB B Anana3oHe aHeprun ot 0.08 ao 350 3B;
"  M3MepeHbl SHepreTUYecKkne CNEKTPbI ralakTUYECKMX NO3SUTPOHOB M aHTUNPOTOHOB B YKa3aHHbIX Bblle IHEepPreTMYecKnx gmanasoHax.

2. XapaKTepUCTUKMU ralakKTUUECKUX KOCMUYECKUX NIyYen :
" M3MEepeHbl IHEpPreTUYeCcKne CneKkTPbl 3/IEKTPOHOB U NO3UTPOHOB;
" KM3MepeHbl IHEepreTMYeckne CneKkTpbl MPOTOHOB U NETKUX SAep BNAOTb A0 YI/Iepoaa;
"  YCTAaHOB/IEH BEPXHUM NPeaen Ha NOTOKU aHTUSAAEP TAMKENee aHTUNPOTOHOB B ra/lakTUYECKMX KOCMUYECKUX NyYaX.

3. ®Pu3unKa pagmaumMoHHOro nosaca 3emnu:
" OTKPbITO CYLLECTBOBAHME 3aXBa4YE€HHbIX aHTUNPOTOHOB B PaANALLMOHHOM NosAce 3eMAn U USMEPEH NX SHEPTETUYECKUIN CNEKTP B
AnanasoHe sHeprun ot 80 MaB ao 1 '3B;
" M3MepeHbl SHepreTnyeckme CneKkTpbl NPOTOHOB B PpaAMaLMOHHOM NnoAce 3eMaun B LWMPOKOM AMana3oHe reOMarHUTHbIX WNPOT B
nHTepsane sHeprunit ot 0.1 go 5 MNB.

4. ConHeyHo-3eMHble CBA3U:
"  M3MEepEeHbl SHepPreTUYeckne CnekTpbl NPOTOHOB, AAEpP reNns, SNEKTPOHOB U MO3UTPOHOB HU3KUX SHEPrui (conHevyHas moaynauns);
" M3MepPEHbI SHEpPreTnYecKmne CnekTpbl NPOTOHOB, YCKOPEHHbIX BO BPpEMA aKTUBHbIX npoueccos Ha ConHue.
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BocnommnHaHuma o Hay4YHOM pyKOBOAUTENE

C rogamu a BcTpeyvanca ¢ A.U. AainxaHAHOM BCE pexKe U pexxe.
CBos paboTta, cOb6CTBEHHbIE TPYAHOCTU MONHOCTLIO NOMOTUAN
BCE MOE BpemaA.

Mpowno 20 net co gHA cmepTn A.U. AnnxaHAHA, N MHe
KaKeTcs, 4TO cemyac A gymato o HEm bonblue, yem B
nocnegHue rogbl ero *Xu3Hu. A NOCToOAHHO Kopto cebs 3a To,
YTO U3-3a ... COOCTBEHHOMN MOI0A0CTU, @ MOXKET ObITb U
HeA0CTaTKa YMa, He CMOr BOBPEMA OLEHUTb C KeM CBeNa
MeHA cyabba ...




Pagunoteneckon MUPUst um. A.M. lanbnepa 8 HUAY MUDU

Kpoiwa kopnyca H/IK (makcumym 46 aHMeHH)
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CepsepHas - . | LUenmp o6pabomrku daHHsix,
cepeepl cepeep2 | VIHPOPMABUOHHBIU Y o 1iumym 10 komnbromepos, NpoeKT ABAAeTCA CTYAEHYECKOW MHMLMATUMBOM

."a*"”z. 2 RAID-maccuea + 6 MBI

Mpeactasnaet cobon pagnonHTepdpepomeTp,

06begNHAIWMNNA MHOXKECTBO HEOONbLUMX AaHTEHH.
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