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Muccusa Kennep (2009-2013)

115 KBagpaTHbIX rpasycos.

Ha 15 mapta 2020r roga
http://exoplanet.eu/catalog/

4214 planets /

3123 planetary systems /

688 multiple planet systems

50% MeHbLUe 2 pa3mepoB 3eMin,
B TOM 4uC/ie - B 30He 0buTaHuA



http://exoplanet.eu/catalog/

— Mercury’s Orbit

JE'Eabitab:e Zone

W Proxima b Orbit

Magsa:

Luminosity:

Rotation pariod:

lemperature:

Pariod: 11.186 days

Minimum mass: 1.27 Earth massas

0.12 golar masses
0.00155 zolar luminosities
B3 days

2800 Celsius

DCistance to Earth: 4.23 light-years

CnekTpasibHbIn Knacc M5




/ NNaHeT 3eMHOoro Tmna B O,D,HOI‘/JI cucteme!

CpaBHeHUWe pa3MmepoB

e,f,g - B 30HEe 0OuUTaHuA, IOnutep | TRAPPIST-1
HO OOMTaEMbIX NJIAHET MOXET ObITb 1 O0/IbLLE

39,5 cB. roga ot ConHua

TRAPPIST-1 System

CnekTpasibHbIn Knacc M8
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Prevalence of Earth-size planets orbiting Sun-like stars

Erik A. Petigura, Andrew W. Howard, and Geoffrey W. Marcy
www.pnas.org/cgi/doi/10.1073/pnas.1319909110 (2013)
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OCHOBHbIe pe3ynbraTtbl:
(22+ 8)% GK-3Be3g umetoT nnaHety 1+2M_ B 30He oouTaHus (M/4+4)F

PaccTosiHne 00 6nvxailleli nnaHeTbl 3eMHOro TUna B 30He o6uTaHnsa GK-3seabl < 12 cB.net



http://phl.upr.edu/projects/habitable-exoplanets-catalog

Planetary Habitability' LaBo
University of Puerto Rico at Areidi'li'b'f

phl.upr.edu

MAPPING THE HABITABLE UNIVERSE _
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T The catalog will be updated soon with new planets from Rodriguez et al. (2020) and Feng et

al. (2020).

Data
Opportunities

Centers
i | Current Number of Potentially Habitable Exoplanets
Subterran Terran Superterran
(Mars-size) (Earth-size) [SUP:F Soaibolils Total
Neptunes)

Main Projects | 1 20 3 4 5 5

Habitable Exoplanet subterran = 0.1 — 0.5 M or 0.4 — 0.8 Re, terran = 0.5 — 5 Mg or 0.8 — 1.5 Re, SUPerterran = 5 — 10 Mg or 1.5 — 2.5 Re. Mg = Earth
Visible Paleo-Earth

masses, and Rg = Earth radii.



SETI kak HayuyHasa npobnema

e B NanakTnke nmeetcsa He MmeHee 10 mnpA. nnaHeT 3eMHOro Tmna
B 30He 06MTaHUSA (MOXET ObITb M MHOTO 60/1bLLE)

e XK13Hb A0/MKHA ObITb OYEHb PACNPOCTPAHEHHbLIM SIBIEHUEM —
3K300monorusa

e >XM3Hb MOXeT gocturatb pasbl pasyma — SETI

e PewieHune npobnemsl SETI ecTb 0gMH 13 Hanbonee adppekTUBHbIX
CnocoboB pellueHns 3agaymn 3Kk3061onorum

SETI KaKk o0LWeKynbTypHaa npooiema

e OOBLEKT nNoncka n pyTyponorna Kak Metos,

e B. LLIBapumaH: «Llenb Mmex3Be3aHbIX nepeaay OTHIOAb He Mosly4YeHne HOBbIX
3HaHUN Temu, KTo ux nepepaert ... Noatomy npobnema SETI HeoTaennma

=4 OT Npo6semMbl CaMOCO3HaHMA BHE3EMHbIM MHTE/1/IEKTOM CBOEWN CYLLHOCTMH,
‘\-‘ v OT €ro eHHOCTHbIX YCTaHOBOK U ero ueneun.»
G\ (Mownck BHE3EeMHbIX UMBUAn3aunii - npobnema actpodu3snkn Uin KynsTypbl

B. llIsapumaH B Lienom?) [o/mkHbl N1 Mbl caMmu nepegasatb?

e He onaceH /M KOHTaKT C BHE3eMHbIMU LIII/IBI/U'II/ISaLl,I/IFlMI/I?



[MTapagokc Pepmu

(ACTPOCOLMOMOrNYECKNI Napaaoke)

CunbHasa dpopma:
[TloyemMy OHU elle He 30ecCb?

Cnabasa popma popma:
[Toyemy nx He BUAHO N HE C/bILLIHO?

UTO 3TO 3HA4YUT AN14a HaCc?



CKOJIbKO KOMMYHUKaTUBHbIX UuBUAn3aunin B Fanaktmke?
dopmyna Apenka.

N = C x L

NC =R, Xax L

f\f(; = R* X (.fpnefi.fz'.fc) X L
E\IC — Rsk X (fpnefi.fz'.fcfm) X L

R, ~ 10 (B rox)
a < 0.1
Ne <10x 0.1 x L = L |B rogax]

NO 5 L ®p3aHK [perik

Kputuka dpopmynbl peika:

dopmyna [peika onncbiBaeT CyLLIECTBEHHO CTaLMOHAPHY0 CUTYyaLuto
CKopocCTb 3Be31006pa3oBaHNA CyLLIECTBEHHO MEHAETCHA BO BPEMEHM
HenunHenHble aBneHns



[Mlepuog aHTY3na3mMa
(1959-1980)
CETI (Communication with...)



1959 r. - ctatba KOKKOHU 1 MoppucoHa B Nature

Giuseppe Cocconi Philip Morrison
director of the Proton Synchrotron Professor of physics at the
at CERN in Geneva Massachusetts Institute of Technology (MIT).

Manhattan Project during World War Il

6th ICRC : 1959, Moscow, USSR



1959 r. - ctTatba KOKKOHU 1 MoppucoHa B Nature

SEARCHING FOR INTERSTELLAR COMMUNICATIONS
By GIUSEPPE COCCONI* and PHILIP MORR'SCNY

Cornell University, Ithaca, New York

O theories yet exist which enable a reliable

estimate of the probabilities of (1) planot
formation ; (2} origin of life ; (3) evolution of societies
possessing advanced scientific capabilities. In the
absence of such theories, our environment suggests
that stars of the main sequence with a lifetime of
many billions of years can possess planets, that of a
small set of such planets two (Earth and very prob-
ably Mars) support life, that life on one such planet
includes a society recently capable of considerable
scientific investigation. The lifetime of such societies
is not known ; but it scems unwarranted to deny
that among such societies some might maintain
themselves for times very long compared to the time
of human history, perhaps for times comparable with
geological time. It follows, then, that near some star
rather like the Sun there are civilizations with
scientific mterests and with technical possibilities
much greater than those now available to us.

* Now on leave at CERN, Geneva,

1+ Now on leave at the Tmperial College of Science and Technology,
London, 8. W.7.

To the beings of such a society, our Sun must
appear as & likely site for the evolution of & new
society. It is highly probable that for a long time
they will have been expecting the development of
science near the Sun. We shall assume that long ago
they established a channel of communication that
would one day become known to us, and that they
look forward patiently to the answering signals from
the Sun which would make known to them that a new
society has entered the community of intelligence.
What sort of a channel would it be ?

The Optimum Channel

Interstellar communication across the galactic
plasma without dispersion in direction and flight-time
is practical, so far as we know, only with electro-
magnetic waves.

Since the object of those who operate the source
is to find a newly evolved society, we rmay presume
that the channel used will be one that places a
minimum burden of frequency and angular discrimi-

© 1959 Nature Publishing Group



LUymbl dooHa n nuHuA Bogopoga 1420 My, (21 cwm)
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Puc. 1. Cnexkrp 1miyMOB BHE TMPEIEJOB

3eMHON arMmocpeppl: ————— B Ha-

NpaBJAeHHH HA TEHTP, — — — — ~—— B
HaNpaBJCHHHU HA 10410C | anakTHKH.

H.C. KapaauwieB. Nepegaya nHdpopmaLum BHE3EMHbIM LIMBUTN3ALIUAM.
BHe3eMHbIe unBunusaumn. Tpyabl coBelaHua. bropakaH 20-23 masa 1964 .
N3-Bo Akag. Hayk ApmsHckon CCP, EpeaH, 1965



LUymbl poHa u nuHKA Bogopoaa 1420 My, (21 cm)
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Nocund Camynnosuu LLIKNoBCKum

«Mpupopna», Ne7, 1960
BO3MOXHa /i CBA3b C pa3yMHbIMU cylLlecTBaMU APYIrux niaaHeT?

1962 - 2006 (7 n3pgaHvin, aHrNnMinckoe nagaHne B coaBTopcTee ¢ Kapsiom CaraHom)
BceneHHas, XXU3Hb, pasym

-

INTELLIGENT LIFE

IN THE UNIVERSE
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1960 r. - npoekT O3ma, PpP3HK Apenk

O3ma

21 cm

Tay Kuta - 12 cB. net
[5 aK30n1aHeT, MOLLHbIA NblINEBOK AUCK]
AncunoH dpungaHa - 10.5 net
[2 aK30MNaHeTbl Ha BbITAHYTbLIX OpouTax]

150 yacoB Hab6aEHNIA

O3ma Il 1973-1976

650 GnmxkanLwmnx 3Be3m,

dpaHK Jpeiik u 1960-1980 r.
Teneckon NpuH BaHk, 26 Mm(?)
1960 ~40 nporpamm, okosno 1000 3Be3g,

HECKO/IbKO rasniakTuk
O630p BCcero Heba HeHarnpaB/1EHHbIMU
aHTeHHamn B CCCP



NMocnaHue Apecun6o - 16 Hoa6pa 1974 roaa

Hans Freudenthal: Lincos: Design of a Language for Cosmic Intercourse.
North-Holland, Amsterdam. 1960

K wapoBomy ckonneHunto M13 (25 TolIc. CB. NeT)
BonHa 12.6 cm (2.38 I'Tw)

ckopocTb 10 6ut/c

marpuya 23x73 = 1679 out

yacTtoTHaa moaynauma £75 'y

Papguoteneckon + nnaHeTHbIn pagap 0.5 MBT



MepBble coBelaHnA N KOHepeHUnn

1961 r. CoBewjaHue B N'pUH B3HK
®. Openk, K. KokkoHn, ®. MoppucoH, K. CaraH, M. KanbBuH (Ho6. Jlayp.) ...

1964 r. NepBOe Bcecolo3Hoe coBelaHne nNo npoodseme
"BHe3eMHble uuBunusaumun" (bropakaH)

B.A. AMbapuymsH, A.b. 3enbaosuy, B.A. KotensHukos, B.C. Tpouukui,
C.3. XaukuH, WN.C. WknoBcKkum, ...

1971 r. (5-11 ceHTAOPA)
NMepBas coBeTCKO-aMepUuKaHCcKasa KOH(hepeHUusa no npoodneme CETI
(BropakaHCKnUii CUMNO3UyM).

B.A. AM6apuymsH, H.C. Kapaalwos, B.C. Tpouuknia, .C. LLIKNoBCKniA,
B.J1. T'mu36ypr (Ho6. Nayp.), C.A. KannaH, B.E. MapkapsiH, M.A. Mapos,
M.J1. Tep-MukaansH, FO.H. Mapuncknia, K. CaraH, ®. ipeik, . MOppuUCoH,
Y. TayHc (H0G. Jlayp.), ®. fancoH, ®. Kpuk (Hoo. Jlayp.) ...

http://decl.sinp.msu.ru/~panov/BooksFromMe.html



Nocud Camyunosuu LLUIKNOBCKUN: K KOHLY MepBOro nepuoaa.
O BO3MOXHON YHUKaJIbHOCTU pa3yMHON XXU3HN BO BceneHHOM
«Bonpocbl dmnococpun». — 1978, Ne9.

© BOAMOMHOM VHHKAJIBHOCTH
PA3YMHOM KH3HK BO BCEJIEHHOHN

Exsa am He Bepyuiell TeHjenuuell B pPABBHTHH
KOHUENIHH MHOMECTEeHHOCTH of0HTaeMBIX MHPOB B3a
nociefHee CTOJNETHE SBJIAETCH CHCTEMATHUECKO® COK-
pawerue dUCIa KOCMHUYECHHX OoOBeKTOB, paccmar-
PHBABIINUXCS KAK BO3SMOMXHOE IPDHCTAHHIIE HH3HH.
Hu:xe 6ymeT moxasaHo, YTO 5Ta TeHAEHIHA IIPOROJ-
JKaeT PA3BHBATECA H B HacTodllee BpeMd.

IIpe:xae Bcero 3aMeTHM, UYTO NOAJIMHHO HayYHELH
wonaxon k obcy:xmaemolfi mpobGreme CTajn BO3MOMKEH
TONMBKO BO BTOPOi mosoBHHe Hamero Bexa. HMMeHHO
B 3T0 BpeMs pa3BepHYyJIachk «BTOpas PeBOJIOIHA» B
acTpOHOMUY, O3HAMEHOBABIIAACH OCOIPOMHBIM KOJIM-
_ YECTBOM OTKPEITHI, CYL[ECTBEHHO M3MEHHBIIHX HAIIH
npecTaBierEus o BeenenHoil. IlocremenHo cTanm BEI-
PHEOBHIBATBCH KOHTYPH! 3SBOJIOLHOHEUDYIOULeil, pas-
BEBAKINENHCH 0T HpocToro K cioxHoMy Beenemmoii.
B gacTHOCTH, CephE3HEE yCHeXH OBIIM SOCTHIHYTH B
MOHUMAHWA NPOHCXORIAEHENSA B3Be3J M HX HBOJIIOIIWH.
Beijaomuecs yeOexXy pajguoacTPOHOMHM CTHMYJIHDO-
BaSH HAEI O BOBMOKHOCTH YCTAHOBJIEHHS MEK3BEs-
Hoii pagmoceasm. OTa HAed B IOCHefHHMe TOJHL cTaja,
MeKATyil, OCHOBHOH B npobGieMe BHE3eMHEIX IIMBHUIM-
panuii. BHABHIach TeHAEHUMS nOdMeHAmMbs 00LIYIO
npobiaeMy MHOKECTBEHHOCTH 00HTaeMEIX MHDPOB IIPO-
GameMoil ¢643u ¢ BHE3EeMHBEIMH LWBHIMIANUAMY, YTO,
KOHEYHO, IPHHIHNINAIbEQ HeBepHo. [[pyrumM BEjalo-
IHEMCH JOCTHXXEeHHEeM HaYHKH 34 HOCHEeAHIOI YeTBEePTh
CTOJIeTHSA, OKA3ABIIMM cephesHoe BIMAHME Ha obCymx-
maeMyio npofremy, ObBLIO OPCHHKHOBEHHE B TalHy
HACNEACTBEHHOCTH I BOBHHKHOBEHWE OHOJIOrHM HAa
MoJieRynapHoM ypoBHe. TodsKo mociae 5Toro oxasa-
JTOCE BO3BMOYXHBIM KOPPEeKTHO IIOCTABHTE BOIIPOC O
BOZHHKHOBEHNY JKH3HE Ha 3eMJe, BOIPOC, KOTOPHIH
IoKa elle ocraercs Oes oTBeTAa.

H&KOHEH, MHHYBOIN¢ WeTBEPTE BeKa O03HAMEHOBa-
JMCh HAYamoM KOCMHYeckoi™phl B HCTODHE UeIoBe-
YecTBA U NIEPBHIMU WIATAMM B OCBOCHHH OJIHIKHEro
KOCMHYECKOro OpoCTpaHCTBa. Bosuurna u IIoJy4duiaa
6ypHOe pa3BHTHE KOCMHYecKas TexHoJorus., Hocmoc
BJACTHO BTOPICA B MUDOOMYINEeHHe BCeX murTenxeil

166

1. PaCI'IpOCTpaHeHHOCTb NnjaHeT o4eHb MaJla.

2. - «EcTecTBeHHON» TpaekTopuei nobom
LUMBUIN3aLUN ABMSAETCHA KOCMUYeckas
aKcnaHcusa (No KpanHen mepe nHoraa)

- Bpemsa ocBoeHua 'anaktuku ~10 MnH. net

- JO/mKHbI 6bITb UMBUAN3ALNN CTapLUe 3E€MHOM

- Cneabl aeAaTenbHOCTU (cBEpX)UMBUNN3aLUNA
OO/DKHbI HabNKAaTLCA, HO UX HET

- Tak Kak H14ero He 06HapyXeHo, To
3eMHOW pa3yM NMpakTU4ecKn YHUKasEeH,
BHE3EeMHbIX UMBUIN3aLUA HET BOOOLLe

3. MvnepTpodmpoBaHHbIA pasym Homo Sapiens
AB/IAETCA NMPU3HAKOM 3BO/TIOLMOHHOIO TynuKa

AcTpocouunoniormyeckuii napagokc

Cnabasa dhopmynupoBka: Cnefbl AeATE/IbHOCTU

pasyma B KOCMOCE A0/HKHbI HabaaTbes,
HO He HabaatTCA

CunbHasa dopmynupoBkKa: VIHonnaHeTsiHE A0/1XKHbI
O6bITb B CO/THEYHOWN CUCTEME, HO UX HET
(napagokc ®epmn)



LLikana KappaweBa

MNepepadya MHDOPMaLUK BHE3EMHbLIMU LIMBUAN3ALUSIMNA,
AXK. 1964. T. 41. Bein. 2. C. 282-287.

LUuBununsaumum tuna l
JHepreTuyeckme pecypchbl Ha naaHeTapHOM
YpOBHe.
NHJhopmaLMoHHble Nepegayn Ha ocTpoHanpas/1eHHOM U
Y3KOMOJ/I0OCHOM f1yye (pagmo- nam onTU4eckom)
Y3KOMOMOCHbIN CUTHAST «MPUBJIEYEHNS BHUMAHNA»

LuBunusaunum tuna ll
DHepreTnyeckne pecypcol Ha ypoBHe
POANTENLCKOWN 3BE3/bl
BceHanpaBneHHble LWMPOKOMNO/I0CHbIE MasiKy,
aCTPOVHXEHEPHbIE KOHCTPYKLU M
(cdoepsb! JancoHa)

LUunsunusaumm tuna lll
OHEepreTnyeckne pecypesl Ha ypoBHe
POANTENBCKOI raflaKTUKm H.C. Kapgalles
«Kocmunyeckume yygeca»




BTopou nepuop -
opraHn3auuoHHO-MeToaANYECKUN
1980-2015

CETI - SETI



e KpynHble opraHnsauumn
e KpynHble NPoeKTbl

e Cucremarnyeckum otkas locypapcrsa
domHaHCcnpoBaTb nccriegoBaHUS
NMpo6nembl ¢ PUHaAaHCUPOBAHNEM U3
YACTHbIX MICTOYHUKOB



SETI Institute (CLLA) 1984 r
Jill Tarter

NMpoekT Phoenix
(TpaguunoHHaa meToauKa,
OAVNHOYHble HabNaeHus
OANHOUYHbLIX 3BE3).

C 1995 no Mapt 2004.
durHaHCUpPYeTCA U3 YaCTHbIX UCTOYHUKOB.
3yyeHo 1,000 6nnskmux ConHuenonobHbIX 3Be3M.

64-meter Parkes radio telescope in Australia,
43 m radio telescope in Green Bank, West Virginia,
300 m radio telescope at the Arecibo Observatory

annn Jppoyai
(dxoan doctep)
«KOHTaKT»




HeoGXxoa4MMOCTb MHOrosly4yeBbIX
N (Mnn) 0G30PHbLIX CUCTEM

Knaccuyeckue paamnotesneckonsl No3BoOASOT
B /110601 MOMEHT BpeMeHU Habnoaathb
TONIbKO OAHY 3Be3.y.

KangnaoatoB SETI ~1 munnunoH (cdpepa 1 Knc)

[nga noncka MOLLHbIX MaskoB LMBUIN3aLUMIA
Il (nnm I1l) TMNa ogMHO4YHOro HabnaeHs
3Be3[ - KaHOAMAaToB AOCTAaTOUYHO

[1na noncka unsmnnusauuin | Tmna ogMHOYHOE
HabitoaeHne 3Be3abl - 3TO C/INLWKOM Maso,
Tak Kak oTpuuaTesibHbIN pe3ynbrar He
naeT MHgopmMauum o kKaHgmnaaTe.




Allen Telescope Array (ATA) - 350 3epkasino 6 m, ¢ 2001 r.

Atanbl ATA-42, ATA-98, ATA-206, ATA-350.

O1ana ATA-42 3anyuleH 11 okta6pa 2007 (nepBbii CBET).
OKOoHYaHMe MOHTaxXKa U Hanagkn ana 42 3epkas - noHb 2014
[MpoeKT naeT TPyAHO (OeHer HeT)

ATA-42

ATA-350 array:
Up to 32 separate beams,
Continuous frequency
coverage over
0.5 GHz to 10 GHz,
Four simultaneously
available 600-MHz bands

ATA-350

0O630p 1,000,000 ¢ gocTato4yHON YYBCTBUTENLHOCTLIO A1 0OHAPYXXEHWS
n3nyyatesnid ypoBHA ApecnOCKoro njaHeTHoro pagapa
B o6nactu go 1000 ce.net B gnanasoHe ot 1 ao 10 'y



Table 1: Array performance and key science projects

Beam size Srms Speed

Array Status (arcsec) (m)y) (degzs™)

Key science

FiG55: 5 GHz Continuum
Dish construction complete; commissioning in progress with 32 survey, Galactic Plane
ATA-42 |, . . 245 x 118 0.54 0.02
input, dual polarization (64 total inputs) correlator. Molecular Spectroscopy,

SETI Galactic Center Survey

ATHIXST Trial Surveys, HI
Stellar Outflows Survey,
SETI Targeted Survey: 100
stars

ATA-98 | Awaiting results ATA-42 for funding 120 x 80 0.2 0.11

ATHIXS, Map The
Magnetized Galactic ISM,
Pulsar Timing Array, Deep
continuum and transient
surveys, SETI Targeted
surveys

ATA-206 TBD 75 %X 65 0.11 0.44

ATHIXS, Map The
Magnetized Galactic ISM,
Pulsar Timing Array Deep
continuum and transient
surveys, SETI Targeted

ATA-350 TBD 77 %66 0.065 1.40

surveys

Note. Beam size and continuum sensitivity (Syms are estimated for a 6 minute, 100 MHz continuum snapshot observation at transit of a source at
40* declination at a wavelength of 21 cm. Speed is given for a survey at 21 cm observations with a bandwidth of 100 MHz that reaches 1 mJy rms.

TATHIXS is an all-sky deep HI extragalactic HI survey.



ATA-42
11 okTa6pa 2007 .

ATA-350 (npoekKT)

NN+1

2B{N log,(F)(100Ps) + ( ) x 4(8OPs)) = 44 PetaOPs per second



SETI League (MexayHapogHas opraHmsauusa) 1994 r.

H. Paul Shuch

OcHoBaHa B 1994 r. B OTBET Ha OTKas3
KoHrpecca CLUA B oHaHcupoBaHum
nporpammbl SETI NASA

NMpoekT Argus

5,000 manbIx pagnoTeneckonos No BCeMy Mupy
PuHaHCNpoBaHNe OTCYTCTBYET NOJIHOCTbIO -
Ha COOGCTBEHHbIE cpeacTBa yHaCTHUKOB

1995: First Light, radio telescope prototype

1996: ARGUS Launch (5 operational stations)

1996: First candidate signal analyzed
2000: 100 stations and 1x All-Sky coverage
2020: 24/7 All-Sky coverage achieved

H. Paul Shuch

B 1969-1972 0630p BCcero Heba HeHanpas/IEHHbIMU
aHTeHHamu 6b1n nposeneH B CCCP
(B.C. Tpouukuii, H.C. KapgalueB)

aes ncnosnb3oBaHus 601bLWOro uncna
MasbIX pagnuoTesnieckonos (2 m)
AN NMOKPbITUA BCero Heba bbiia
pa3paboTtaHa B.C.Tpouukum B 1980-X
ans cuctembl «O630p»:
He Obl/1a peanin3oBaHa n3-3a OTCYTCTBUS
domHaHCcHpoBaHuA.




KnrouyeBble 0COOEHHOCTMU: Line Amplifier

. Bia§ Tee Microwave Receiver
e {optional) TF Gl {optional)
PaunoTeneckorbl U3roToB/EHbI .
A
N3 nepeaenaHHbix TV-Tapenok a{%’;ﬁ%\
1.3-1.7 GHz Waterhole frequency coverage o ‘ e
Sensitivity of 107*° Watts/m?; for
10 HZ bInS positioning. parabolic reflector
Audio cable — Control cabhle —
J_!\mafeur SETI St_atiun . "
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[Mo-Bngmnmomy, npoekt ARGUS

He OyaeT peanm3oBaH
Ypanocb yctaHoBUTbL He 6osiee 200-300 Tapenok.
[1pOEKT CBEPHYT.



SERENDIP

Search for Extraterrestrial Radio Emissions from Nearby Developed Intelligent Populations

Dan Werthimer, Cornel University

Pro Bandwidth Resolution Number of Date /
g (MH2) (Hz) Channels Location
1979-1982
SERENDIP | 0.1 1000 100 Hat Creek &
Goldstone
1986-1990
SERENDIP I 0.065 I 64K Green Bank,
Arecibo
SERENDIP Il 12 0.6 4M |992'!996
Arecibo
SERENDIP IV 100 0.6 168M [998'?006
Arecibo
2009-
SERENDIPV 300 1.5 2G Arecibo

Dan Werthimer

[aHHble obpabaTbiBaloTCH
B nporpamMmme

SETI@home




SETI@home

1994-95, David Gedye - ngesa n nposepka
1999 - npoekKT 3anyLleH n padboTaer

David Gedye
=18] x|
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mailto:SETI@home

HayuHo-KynbTypHbIu ueHTp SETI (HKL, SETI) - 1992 r.

YypexaeH:
- Poccumckon Akagemmnein KocmoHaBTuky nm. K.3.Luonkosckoro — PAKL]

- locypapcTtBeHHbIM AcTpoHOMUYeckum HcTuTyToM nM. MN.K.LLUTepH6epra (FAKLL)
- AcTpokocmuyeckum LleHTpom Poccuiickon Akagemun Hayk (AKL, PUAH).

- HayyHbim CoBeTom no ActpoHomunun PAH

Pykosoautenn HKL, SETI

O6HoeneHus || Hoeoctu || Ccuunkn || Agpec | KoHTakTbl

SETI wnu CETI?

Oetu u SETI

Cratbun

Kou EHUWK, CUHMNOINYMEL

CemMuHapLI

WMHhopMaumoHHblid _ GonneteHb
HKLL SETI

HMTEEG Vpa Ha pYCCKOM A3bIKe

Wctopusa

0[![3““33 WKW U Tpynns! SETI

AE)(HB

AHOMANLHLIE ABNEHWA

Cekuusa «Mouckn BHe3eMHbIX
LivBunusaumnii» HCA PAH

Russian SETI

SETI= Search for Extra Terrestrial
Intelligence

Mowck BHesemHoro Pasyma

[aHHas CTpaHuLa COAepKUT MATEPUaIIbl, OTHOCALLMECH K
neAaTensHocT B obnact SETI 8 CCCP v Poccun. MaTtepuansl
[aloTcA B OCHOBHOM Ha PYCCKOM A3blke B koguposke KOIB-r. YacTs
MaTepUanoB AaETCA Ha aHITIMACKOM A3bIKe.

MaTepuansl NoAroToBNeHb! Hay4Ho-KyNsTypHbIM LeHTpomM SETI
npu AkageMui KOCMOHaBTAKNA UM.K.3.LIM0/IKOBCKOTO 1 cekunel
"MOMCKN KOCMWHECKNX CUTHANOB WCKYCCTBEHHOTO MPONCXOKAEHWA
(SETI)" npu CoBeTe N0 paguoacTpoHoMuK Pocclidckoil Akafemuu
Hayk (HbIHE - CeKLWa "TONCKK BHE3EMHbIX LMBAM3ALMIA" Hay4Horo
CoBeTa no acTpoHomun PAH).

B nepBbix pasgenax NpUBOAUTCA MHDOPMALLMA No MCTopun SETI
8 CCCP 1 PoCCMM, CNWMCOK OCHOBHBIX MyGNWKALWIA, 4aHHbe 08
opraiusaunax u rpynnax SETI.

B pasgene "Tekylwe MaTepranb!”, HapAagy ¢ HOBOCTAMM,
pasMeLLaroTca NOCTYNUBLLKWE K HaM cTatel no SETL. 310t pasgen
nepuoguieckd 0BHOBNAETCA, & NPEKHUE CTATHA W MHCDOPMALIVA O
npoLleany KOH(epeHUnAX NepesodaTea B pa3gen "Apxus”.
MaTtepuansl U3 pasgena "HoBocTU" TAKKE NEPEBOAATCA B "ApXMB".

c 1992 no 2012 - J1.M. 'mHgnnuc
c 2012 - A.4. lNaHoB

ht

N1.M. T'mHgnnuc

tp://Infml.sai.msu.ru/SETI/koi/




Hao6noaeHna B Poccun nocne 1990

Mporpamma «3oanak», 1999-2006, PATAH-600 - /1.H. dunmnnosa
HecKo/ibKO AeCATKOB Gnmxanumnx 3ses3q

N\

OnTtnyeckoe SETI. 9kcnepumeHT «MAHUA» - [.M.beckuH

"
-
.

(Hauyar B. LLBapymaHom)

BETA CAO, CASLEO (ApreHTuHa) B. LUB‘;SM,V.&H

OO6bLEKTbI C HEOObLIYHBLIMU XapakTepPUCTUKaMN, B YACTHOCTH,
He umetroLlme crnekTpasbHbIX MHUIA: POKOCHI,
6enble kKapnnkn DC-Tnna

MoUCK aCTPONHXXEHEPHbIX KOHCTPYKUWA (cthepsbl AaicoHa) - :
AKL, ®VAH, H.C. Kapaalues .M. BeckuH
98 kaHgupaTos, 40 oTtoxaecTBreHbl (gaHHble IRAS, 1983)
BnucaHo B nporpammy «MunimmeTpoHa»
BnucaHo B nporpammy PT-70 «Cydopar»
(+ Nouck HanpaB/fieHHbIX CUTHaO0B)

N.M. TwHaunuc. SETI B CCCP n Poccuw. ﬂ
http://Infm1.sai.msu.ru/SETI/koi/articles/Img%20seti%20poisk/7.1.htm#7.6. H.C. Kapgalues




Mini-MegaTORTORA, Special Astrophysical Observatory RAN

e Automatic nine-channel telescope e Real-time analysis

e Field angle 900 square degrees
e Time resolution 0.1 sec

Grigory

Bfes_kiﬁn




RATAN-600 SETI program, since 2015
Special Astrophysical Observatory RAN +
Skobeltsyn Institute of Nuclear Physics, MSU

Alexander
Panov




ACTPO®HU3HYECKHH BIOJIJIETEHD, 2019, mom 74, N 2, c. 252—264

V/IK 524.82:520.27,; 524.88

HABJIOAEHHUSA 110 ITPOI'PAMME SETI HA TEJIECKOIIE PATAH-600 B
2015 U 2016 T'T.

© 2019 A. 1. Maunos'*, H. H. Bypcos?, T. M. Beckun?3, A. K. 9pkenos?,
JI. H. ®uaunnosa’?, B. B ®duaunnos?, JI. M. Tunanaunc®, H C. Kappawes®,
A. A KyILpﬂUJOBaZ E. C. Crapukos®, JIxk. Buacon’, JI. A. lyctuabuuk®
"Hayurno-uccaedosamenvckutl uncmumym sodeproti husuxu um. /1. B. Ckobeavysvina Mockoscko2o
eocydapcemeserro2o ynusepcumema um. M. B. Jlomornocosa, Mocksa, 119991 Poccus
2Cneyuarvras acmpogusuueckas obecepsamopus PAH, Husxcnuil Apxols, 369167 Poccust
SKasanckuii (Ilpusosncckuil) eocyoapemsennoiii ynusepcumem, Kasano, 420008 Poccust

"Hayuno-kysomyproui yenmp SETI, Poccuiickas akademus kocmonasmuru un. K. 3. L{uoakosckoeo, Mocksa,
119991 Poccus

Tocydapcemeennsiil acmponomuueckutl unemumym um. I1. K. [lImeprbepea Mockoscko2o eocydapcmsenno2o
yrusepcumema um. M. B. Jlomornocosa, Mocksa, 119991 Poccus

S Acmpokocmuuneckuti yenmp Dusuveckoeo urncmumyma un. I1. H. Jle6edesa PAH, Mocksa, 117997 Poccus
7Hpoefcm SETI@ HOME, Hbfo—[/?opz{, 14009 ClIIA

8Teav-Asusckuii ynusepcumem, Teav-Asus, 69978 Hapauao
[Toctynuaa B penakuuio 11 nekabpsi 2018 rona; nocse nopadbotku 15 anpens 2019 rona; npunsita K nyébaukauuu 15 anpens 2019 rona



METI

Messaging to Extra-Terrestrial Intelligence
A.Jl. 3anueB

Dr. METI -
Hay4HbIN
pyKkoBoAMUTEsb

npoektoB METI
A.J1. 3anmuesB
(MHCTUTYT
PagUOTEXHUKU U
3N1eKTPOHUKN PAH)

Ecnn B KOCMOCe eCTb nlb UumMBuansaynn-"nckarenn”

N HET umBUM3auun-"mn3nyyarenen”, 1o BceneHHas
MOJTYUT N NOOble NOUCKU NOMNPOCTY NULLIEHbI BCAKOro CMbicna...
«"onoc BceneHHOW YCNbIWUT NIULIb TOT,

KTO npeoaosieBaeT eé Mo/vyaHue»...



Cosmic Call 1 - 1999
(4 ceaHca M3nyyeHUsa K OKPeCcTHbIM 3BEé34aM CO/THEYHOrO TMNa)

[detckoe nocnaHue - 2001
(6 ceaHCOB M3/1y4YeHNS K OKPEeCTHbIM 3BE3aaM CO/THEYHOIO Tuna)

Cosmic Call 2 - 2003
(5 ceaHCOB U3/Ty4YEHMA K OKPECTHLIM 3BE34aM CO/IHEYHOrO TUNA)

A Message From Earth 2008 (AMFE)
(1 ceaHc n3nyyeHus K 3eesne Nmse 581)



Cosmic Call 1,2

CpeacTtsa Ha nporpammy 06a pasa 6b111 NoslyyeHbl OT YaCTHbIX NTNL, —
MOMMMO Hay4HOM YacTu COOOLLEHNS B KOCMOC Ha KOMMEPYECKO OCHOBE
nepefaBasiMCb COOBOLLEHNA BCEX XenarLmx

EBnaTtopuickmin PT-70

K 9-n pasnnyHbiM 3Be34am

MepBada yacTtb - KpaTkaa aHUMK/IONeaua YeNnoBEeYEeCKUX 3HAHUN
21 cTpaHnubl, 127x127 6ut
Camas nepsasg cTpaHuLa NocBsLleHa Yncnam,
BTOpas — apndoMeTn4ecKnm ornepaumnsm,
TPETbA — 3KCMOHEHUMA/TbHOW 3anucu.
Ha nocneaywouwmx ctpaHmuax pasmeLleHsbl
cBeleHNs1 Mo aCTPOHOMMUK, Buonorunu,
reorpadouu, KOCMOJ10TUMN.

BTopas 4YacTb - YaCcTHble NnucbMa (Bcero okono 50000) Fr— it
— OCTaHOBUCb 1 CKaXun «npuseT». Maiikn, 27 net, CLUA PT-70, EBnatopus
— XXusute ponro n cyactnmeo. [xaa, 68 net, BennkoobputaHma

— Moemy 6paty, nane n mame s xenarw cyactbs. Kogu, 9 net, CLUA

— bpasnnmna — yemnuoH! XXynuno, 34 roga, bpasnnua

— BblI He oaHWn. Bacunwnia, 29 net, Poccus
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AeTtckoe nocnaHue (The Teen Age Message, TAM)

L]
SRR CEEI R H O AFCEpRpeT-
::I-l-:"T-:'.lTll-:'ll'l. Kopcramnra Henpepaanian |-|.'|L
e L LEATRET]
CprKTypa no%naHMH III“?::-'I'I- CHCyToTRYeT AHANOFOB AN Likich peoman
N3 TpeX HacTteun "
- "

Lo T MR I L]

L ETRL ST Lt Lk I

i CHTILSA ' -

I ]
CeaHC 1 2 3 4 5 6
ITaTa 2001 Apr. 29 CeHT. 3 | CeHT. 3 CeHT. 3 CeHT. 4 CeHT.4
3Be3ma HD 197076 |HD 50692 |[HD 95128 HD 126053 |HD 76151 |HD 193664
Hagamo, UT+3 21:00 10:30 11:30 12:55 10:50 11:50
Konen, UT+3 23:17 11:15 12:18 13:27 11:40 12:42
Momzocts, 126 96 96 96 96 96
KBt
CKOpOCTE
B 100 500 500 500 500 500
- YadCTH,

OHUT/CceK




TepMeH-BOKC KOHLUEpPT:
Naena B. LLiIBapuyMaHa nepeagaBaTb My3blKy U UTPbI
UYTOObI NpeacTaBUTb BHYTPEHHNN MUP YesioBeKa

Komno3sntop E.lawmnHa Ha cTtuxmn M.HO.JlepmoHTOBa "BbIXOXY OAVH A Ha Aopory".

JTroasur BaH BeTtxoBeH. "®uHan gessaton cnumdoHnn Ha cnosa oabl Lnnnepa "K pagoctn™.
NoraH CebacTtbsH bax. "Tokkara v pyra pe MnHop".

AHTOHMO BuBansan. "BpemeHa roga. Mapt. Annerpo.”

C.B.PaxmaHuHOB. "Bokasns".

AnekcaHap OonbCknia. "icnosiHeHne xenaHuin',

Bnaaumunp NaHuybepr "Anble napyca'.



LindopoBan yactb nocsiaHms

oMmonema




TeKCT B BUge KapTUHKU

J0paECTEYNATE, HaWW Focrmuyeck e gpyseal Dear fnends from the Univerzel
MEl, QETH NNaHETEI 2EMNA, OTNRAENAEH Batd 3TO [ToCcnaHKe., We are the children from the E arth planet, zending thiz Mezzage
JHaliTe, Bkl HE 0gMHOKK B0 BoenenHol. [pegnarastd Bard bo pow, YWWe want pou to know, that vou are not alone in the Lo
apuykay. [ anakTHES, B KOTOpoHE kel C Batdd MBS - HAL verge. We affer to be your fiends. The Galasy, where you and
QS Jor. Mel HaseiBaer ee b neuHeii [NyTe. we [ive, 1z our common Home. We named it the il \wWay',
JEerNA BpallasTCA BOKpYr SEES0kEl N0 MedeHW ConHue. Ha The E arth planet 1z moving around the star named Sun. The
HALLERA NAAHETE, NOKPRMONA BOLOM M CYWed, ofkTakT MHor planet itzelf 1z covered by ocean and land. There are marny
HMBRIY CYLWECTE, HO TONBKD NHIOM COS0ANM TEXHUYECKYHD creatures iving on our planet; but only people have created a
LB NS LMD, techholagical civilization.
MEl #UESM CEMBAMM POOMTENM M GETH, JeTy noGar Mrpare. We live in families: parentz and children. Children like to play.
Ml ®OTHM NOKAZATE Edbd HALM MMPEIL, PUCYHEW, MYSBIEL. We would ke to show you our games, dravings, muszic. The
Henoeek wMEeT okano 80 neT. Hard, 0eTar, nHMWyLde &To I | duration of our ife 12 about B0 pears. While writing thiz Mezzage,
MNocnaHuwe, celivac ot 13 oo 18 neT. 1 mMel HA0eercA s |~ are from 13 to 18 years old. So, we hope ba recerse pour
A0#13ThCA EAWErD OTBETA. ANTWET.
4 nionel pasHelE EYAETYPRL ASEIEM W pEAMIMM. H Hac mHOMo Feople have many culturez, languages and religions. People
HAYYHEIY W TEXHUYECK WY AOCTHHEHWE, HO Y4eHBE ME08pend have reached the technical progress, but scientists have alzo
OPYHMHE, KOTOPOE MOKET YHUMTOHMTE #M3HE Ha Jerne. irvented horible weapons, which may destrop the life on our
Hawa nnaHeta npekpacHa, Ho GoneHa. Haww npodnetel - 3T Earth.
EOMHEI, HAPYWEHHSA S KOADMMA, MCTOWEHKE NPHMPOLHE!Y Cur planet iz very beautiful, but it iz il Our problems are wars,
pecypcoB. Ho Mel BEPMM, YTO CHHOMEN NPE00ONETE 3TH ecology, exhausztion of natural resources. But we hope we zhall
NpoGnetel M BCE NHOM Ha Jetne GuayT cYacT HEL. overcome theze problems and all peaple on Earth will be happy!
MBI ¥OTIM YSHETE 0 BAC, OTEETETE HaM M el GYIEr OYEHE We would like to leam about voul Pleaze, reply. We would be
pagel A enaed Bar tdpa W godpal very glad. We wish you peace and love.

HeTi 3erdnu, agrycT-ceHTAcpe 2007 rog,. The children from the Earth, August-September, 2007




CnoBapb
o6pas3oB

Heti = Children

fiv

Fogurenu = Parents

Yenoeet. = b an

KEXAXy

Miogu = People

five:

Ceraen = Family

[anakTHEa = Galasy

Jerdna = Earth

X

Mpupona = Mature

LS

CanHue = Sun

Haord = Houze

o] L]

o

Mrpa = Game

OTnpaenATe
MNocnaHke = Send
b ezzage




A Message from Earth (AMFE) - 9 okTta6pa 2008

Mepepaya Kk cucteme Gliese 581,
501 coobueHne, oTobpaHHOE MO KOHKYPCY.
[1pocBeTuTENbCKas nporpamma
Npea npegnoxeHa Oli Madgett us RDF Digital,
Coo06LLeHne oTnpas/ieHo No PyKOBOACTBOM

A.J1. 3anuyesa n3 EBnaropuimckon obcepBaTopum

/ \ =
|I s —. '.II g ; — c..:‘-r o o
| |/+".?"‘e‘??-\‘c |
) ) PT-70, EBnatopud
\EA. g

— —— i 1.0

JD 2453 152.0(26 May 2004CE, 12:00:000 UT) Distance from star (AU)
Each grid s quare 0.06 AU = 0.06 AU
Planets andstar not to s cale

Cuctema Gliese 581, 22 cB.net



Pe3ynbrartbl



[lBe cTpaTerum NOMCKa CUrHasoB:

1. L|,I/IBI/II'II/I3aLI,I/II/I | TMNa: Ma/10MOLLHbIE Y3KOIMNOJ/1I0CHblIE CUTHAJIbI -
[1a HenpepbIBHOrO 06/1yyeHust 10° 3B8e3/] MOLHOCTbIO
no 1 MBT B nyuke Bcero Hy>xHo 1TBT.

Ho Hy>XHO (1 MOXHO) 06nyyaTth 10° 3Be3n!
ToNbKO cKaHnpoBaHue!

Hapno nckarb KOpOTKME MOHOXpPOMAaTUYECKME CUTHA/IbI B CllydaliHoe
BpPeEMS B C/ly4alHOM MecCTe.

3nusoanyeckne NPocayLLIMBaHUS 3Be3/-KaHanaaToB:
Ecnun noBe3eT, MOXHO OGHAPYXWUTb CUTHas1, HO B YEM
3aK/1I0YaETCS Hay4Hblil pe3ynbtaT paboTbl, €C/IM CUTHaN He HanaeH?

2. Umsunmsaumm Il v 1l Tna: NnoUCcK MOLLHLIX MasKoOB U aCTPOUHXEHEPUH.

[MpocnywmneaHne gce2o Heba ANMTENBHOE BPEMSA
HeHarnpas/lIeHHbIMW (BCeHanpaB/eHHbIMWN) aHTEHHaMN.
Ecnu curHan He o6HapyXXeH, TO Hay4HbI pe3y/bTar -
orpaHM4YeHne Ha MOLLHOCTb CUTHas1a CBEPXY B 3aBUCUMOCTWN OT PacCTOSHUSA
C pacTywmm orpaHUYeHrnemM Ha nepuog nosropa

ACTpOI/IH)KeHeprIe KOHCTPYKUUWN OO0JDKHbI ObITb BUAOHbI MOCTOAHHO.

Kocmunueckue vygeca.



1970-1972, CCCP
B.C. Tpouykuii (HmxHuii HoBropoa) — cosnageHus (102 Bt/m?, 60 cek)
H.C. KappgaweB (MockBa) - coBnageHus + aucnepcuoHHas sagepxka

(10** BT/IM?, MeHee CeKyHAbl)

Pe3ynbrar:
e Ha pacctosHum 6nmxe 1 Knc

cavcases HET 30TPOMHbLIX MASKOB C
M"}M‘ sHeprueii 6onee 1.5x10%x
B MMMy/IbCE C NEPUOOM

MNOBTOPOB MeEHEE CYyTOK-MeCHLa.

MM“M"WM}L" SHeprua cubHON COTHEYHOU
BCMbILLKK

Fig. 3. Serics of rectangular pulses coinciding at two points. 200 TbIC. neT aHepronoTpebneHuns
Ha 3emne
10 BT/m? .
Y3KoHanpaB/ieHHbIN MasiK -
1.5x10°°Mx/10° = 1.5Xx10°°x



Kocmuueckum ctor ceHa - Aipeuik u (unmn) Taprtep

Oraiickas
paauoobcepBaToOpUs
N N
" 11010 03MA 11010
110® O3I1A 110®
/ {10° Sy L3 “Cepennun®
114 Bpaiian u|, 4
]02 _{:PenpaMaH 102
] 10 “ . o -4 2 ‘ _/: 3 10
Crapreinc AL ok
1072 _ N T 1072
1032 Foposuu LA L 10%%2
o 10“2: g™ 2 m’: ™
0 T 1210730 a$“16 0T 1210720 ot
100 100 10 e 100 100 10 Wy
Yacrora, ['Tu a Yacrora, ['Tu 7]

Puc. 1.9.6. a) KocMu4eckuit cTOr ceHa;
6) Kocmuueckui cTor, NpoBeAEHHbIE MOUCKH

e Ha KapTHKe OTCYTCTBYIOT MHOTME NapaMeTpbl, B YaCTHOCTU - BPEMS

e [bxun TapTtep: K 1981 r. o6cnepoana 10 (?) uacTb NpocTpaHCTBa Noncka

e 3HauMTeNbHasA YacTb NPOCTPaAHCTBA MOUCKa Ucc/iefoBaHa HeHanpas/IeHHbIMY
aHTEHHaMW — 3TOr0 HET Ha KapTuHKe



NTor nepBbIX ABYX Nepnonos
1959-1980 n 1980-2017
nccneposaHus no npooéneme SETI

e LinBnnusauun Il u lll TMNa HET B bnmxanLuen
OKpecTHOCTM MacliTaba 1 knc (?77?)

o LlnBnnnzaymn lll Tuna HeT 1 B 6nmxanumnx ranaktnkax (???)

e [1po umBmnmnsaumm | Tmna ckasarb HeMb3s HUYETO.
HeobxoanmMo npoao/mKkaTb NOUCKN

e [1po umBmnmnsaumm Il TMna Ha paccToAHNAX
CYLLLeCTBEHHO 60/MbLLUINX 1 KNC cKa3aTb Hefb3s HUYero.
HeobxoanmMo npoao/mkaTb NOUCKM

Mwudp SETI: YyeHble nckaamn-uckaaum, n HUKOro He Hawluu.
[MO3TOMY N HET HUKAKMX BHE3EMHbIX LIUBUTN3ALINNA.

PeasibHOCTb: MNMOUCKM BHE3EMHbIX UMBUIN3aUUA ddakTUYecku elle
He HauyaTbl, N He BbILWY N3 MeToanYeckon doassbl.
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PaguocurHan SHGb02+14a

SETI@home, Apecn6o
MapT 2003 roga
ICTOUHNK Habaasnca Tpy pal3a ooLLel

ONNTENIbHOCTBLIO OKOJ10 1 MUHYTHI Ha
yacTtoTe 1420 MI'y

ﬁ* SETIdhoma Gaussian Candidate
e S cooigpe e SHGb02+14a

2 Matching E andidate SHGbOZ+14a
= S6Te09

0212419 Event [0 18589533
nd by magenbrot & Found by jafiwam &=

Approximate Location: * Approximate Location: *
BA: 2 hour BA: 2 hours

Freguency:

mt= [T 1420241185 Hz e 1420241203 Hz
Within-event Graphs: Within-event Graphs:

Comparison Graphs for Candidate SHGL02+14a

B HanpaBneHUn npruema oTCyTCTBYIOT 3BE34bl B npenenax 1000 cBeToOBbLIX NeT

YacToTa curHana MeHsIeTcs C O4eHb BbICOKOW CKOPOCTLIO: OT 8 no 37 lu/c.
«[NnaHeTta» Bpawaercsa noytn B 40 pa3 bbicTpee, yem 3emns.

[Mpyn NnepBNYHOM 0BHapPYXXEHUM CUTHaUu1a, KabKablid pa3 ero yacrtora
cooTBeTcTBOBasia 1420 MI'U, B TO BPEMSA KaK CUTHas1 C U3MEHSIOLLIENCS
4acTOTOW OO/MKEH OOHAPYXMBaTbLCA Ha pPa3HbIX YacToTax
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CurHan MOXeT ObITb HEM3BECTHbLIM KOCMUYECKUM SIB/IEHUEM,
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BreakThrough Initiatives, since 2015



BREAKTHROUGH ABOUT BOARD AREWE ALONE? NEWS EVENTS CONTACTS  search

https://breakthroughinitiatives.org/
We are here.
Circling one star among hundreds of billions, in one galaxy among a hundred billion more, in a Universe that is vast and expanding ever faster — perhaps

toward infinity. In the granular details of daily life, it's easy to forget that we live in a place of astonishing grandeur and mystery.

The Breakthrough Initiatives are a program of scientific and technological exploration, probing the big questions of life in the Universe: Are we alone? Are
there habitable worlds in our galactic neighborhood? Can we make the great leap to the stars? And can we think and act together - as one world in the

cosmos?

More...

LISTEN WATCH STARSHOT MESSAGE




- BREAKTHROUGH
Breakthrough Listen INITIATIVES

Very sensitive, excellent frequency coverage...

Milner, Worden, Siemion et al. 2016

[lepBble n3BecTund
BbI3BaU1M NE€CCUMU3M...

iWEEN HANS IELESLOPE (N4R.3%




BREAKTHROUGH ABOUT BOARD AREWEALONE? NEWS EVENTS CONTACTS  search
IS LEADERS TELESCOPES OPEN DATA

OPEN DATA ARCHIVE

Breakthrough Listen data are stored in technical formats that require specialized software to analyze, and file sizes can be several gigabytes. Before downloading
files from our public archive, we recommend you familiarize yourself with how the data are stored. A good place to start is with the educational materials

provided by Berkeley SETI Research Center.

Access analysis results and description from The Breakthrough Listen Search for Advanced Life: 1.1-1.9 GHz observations of 692 Nearby 5tars.

A beta interface with additional search options is also available at seti.berkeley.edu/opendata.

SEARCH FORM
Project All Projects -
File type All File Types i

Sky coordinates:

Right Ascension {in degrees) +/-
Declination (in degrees) +/-
Time {in MJD} +/-
Center Frequency (in MHz) +/-

Target Name

SEARCH

https://breakthroughinitiatives.org/opendatasearch



Breakthrough Listen: Data Release 2 - February 2020

Overview - Public Data Release 2 - February 2020
Since the Public Data Release 1 in April 2019 we have doubled the amount of data available from our archive.

This release includes the following data sets:

e Over 400 hours of galactic plane observations (along with observations of the Large and Small Magellanic Clouds, as well as the Fornax
cluser) using the Parkes multibeam receiver - there is a sky map showing the telescope pointings in this release

e Earth transit zone data used in the analysis described in

e Observations of Comet Borisov using the L/S/C/X band receivers at Green Bank.

e C band observations of the galactic center taken at Green Bank.

e Additional observational cadences of nearby stars, beyond those used in the analysis depicted in Price, et al. (2020), that were recorded
using the L/S band receivers at Green Bank.

We invite the public to read the two papers accompanying the data release and the scientific analysis, and for those with technical skills, to
download some of the datasets, to explore them, and to perform their own analyses.

Much of our software is publicly available, including blimpy, a tool for loading filterbank, hdf5, and raw format data files, and turboSET], a tool for
performing Doppler drift searches.

For detailed information about the various data formats we use, along with current standards and conventions, please see the paper: "The
Breakthrough Listen Search for Intelligent Life: Public Data, Formats, Reduction and Archiving" - Lebofsky, et al.

BERKELEY SETI
RESEARCH CEMTER,

Background Photo by Jenya Chernoff

http://seti.berkeley.edu/bldr2/
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The Breakthrough Listen Search for Intelligent Life:
Observations of 1327 Nearby Stars over 1.10-3.45 GHz
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BREAKTHROUGH LISTEN 1.10-3.45 GHZ OBSERVATIONS 5

DEJ2000

GBT L+5S
PKS 10cm

RAJ2000

Figure 1. Distribution of observed sources in equatorial coordinates, taken from the 1702-star sample of Isaacson et al. (2017).
Sources observed with Green Bank at both L-band and S-band are plotted in purple; sources only observed at L-band are
plotted with red crosses; sources only observed at S-band are plotted with yellow squares; and sources observed with Parkes at
10cm are plotted with aqua diamonds.

5(T) + 5(B) + 5(T) + 5(B) + 5(T) + 5(B) = 15 min (Target) + 15 min (Background)
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The Breakthrough Listen Search for Intelligent Life: A 3.95-8.00 GHz Search for Radio Technosignatures in the Restricted
Earth Transit Zone

SOFIA Z. SHEIKH,' ANDREW SIEMION,> > J. EMILI0 ENRIQUEZ,** DANNY C. PRICE,*> HOWARD ISAACSON,” MATT LEBOFSKY,”
VISHAL GAJJAR,” AND PAUL KALAS®*®

L Department of Astronomy & Astrophysics and Center for Exoplanets and Habitable Worlds
325 Davey Laboratory, The Pennsvlvania State University, University Park, PA, 16802, USA
Department of Astronomy, University of California, Berkeley, 501 Campbell Hall 3411, Berkeley, CA, 94720, USA
* Department of Astrophysics/IMAPP, Radboud University, P.O. Box 9010, NL-6500 GL Nijmegen, The Netherlands
SETI Institute, Carl Sagan Center, 189 Bernardo Ave., Mountain View CA 94043, USA
3 Centre for Astrophysics & Supercomputing, Swinburne University of Technology, Hawthorn, VIC 3122, Australia
b Institute of Astrophysics, FORTH, GR-71110 Heraklion, Greece

ABSTRACT

We report on a search for artificial narrowband signals of 20 stars within the restricted Earth Transit Zone
as a part of the ten-year Breakthrough Listen (BL) search for extraterrestrial intelligence. The restricted Earth
Transit Zone is the region of the sky from which an observer would see the Earth transit the Sun with an
impact parameter of less than 0.5. This region of the sky is geometrically unique, providing a potential way
for an extraterrestrial intelligence to discover the Solar System. The targets were nearby (7—143 pc) and the
search covered an electromagnetic frequency range of 3.95-8.00 GHz. We used the Robert C. Byrd Green
Bank Telescope to perform these observations with the standard BL. data recorder. We searched these data for
artificial narrowband (~Hz) signals with Doppler drift rates of +20 Hz s'. We found one set of potential
candidate signals on the target HIP 109656 which was then found to be consistent with known properties of
anthropogenic radio frequency interference. We find no evidence for radio technosignatures from extraterrestrial
intelligence in our observations. The observing campaign achieved a minimum detectable flux which would
have allowed detections of emissions that were 107 to (.88 times as powerful as the signaling capability of the
Arecibo radar transmitter, for the nearest and furthest stars respectively. We conclude that at least 8% of the
systems in the restricted Earth Transit Zone within 150 pc do not possess the type of transmitters searched in
this survey. To our knowledge, this is the first targeted search for extraterrestrial intelligence of the restricted
Earth Transit Zone. All data used in this paper are publicly available via the Breakthrough Listen Public Data




Table 1. The list of 20 targets observed in this work.

ID RA (hr) Dec (deg) Distance (pc)  jira (mas)  ppe (mas) Vmag. Sp. Type E(I{l;[;:’}"" EI(I;E"”
HIP 3765  004823.0 +051650.2  7.43507) 000 755.6 -1141.8 5747  K2.5V® 47 0.002
HIP 95417 1924342 -220343.8 27.6284"007¢  .230.8 -451.6  10.899"  K8V© 653 0.033
HIP 64688 13 1530.8 -080318.5  40.7145%) 1500 49.5 58.7 8.06° G5V° 1417 0.071
HIP 34271 0706 16.8 +224000.6 43.1941%) 500 -92.4 -78.8 8.39¢ G2Vv° 1595 0.080
HIP 33497 0657 46.3 42253332  44.6959') 1314 -144.2 -142.0 7.75% GO0¢ 1708 0.086
HIP 15381 03 1820.0 +181017.8 47.4030%) 1504 -83.1 -103.8 7.5407 GO0¢ 1921 0.096
HIP 9607 020333.0 +123505.0 47.6268%) 00 377.3 -55.7 13.475°  K7V* 1939 0.097
HIP 43418 0850369 +174121.5 50.1645%) 150 -158.4 -61.2 9.51¢ KO™ 2151 0.107
HIP 83662 170559.6 -2251243  50.3563701270 39.8 -325.7 10.00° K2 2167  0.108
HD 174995 1854 12.7 -2254249  53.1762) 1% -166.1 -362.4 8.627 G9Y* 2417 0.121
HIP 111332 223321.5 -090348.8 61.0706%) 335 207.7 -61.0 8.86° G3V° 3188 0.159
HIP 118159 2358045 -000741.5 66.3060")335¢ -43.8 -18.4 9.165  G5Vn® 3758 0.160
HIP 16136 0327553 +185256.4 66.8400'0331¢ 14.3 -60.6 8.48° GO™ 3818 0.191
HIP 88631 180546.7 -233103.8 84.1206') 3104 25.9 -212.7 9285  G6/8V™ 6048 0.303
HIP 46339 0926494 +145540.7 85.6076") %0 21.9 -92.6 8.38¢ GO¢ 6264 0313
HIP 109656 221251.0 -1055342  89.49*% . ° 180.4* -183.0* 10.80°  K2VH 6845 0.342
HIP 82986 1657 30.2 -223837.1 127.4259']0%% 3.1 -30.1 9.78¢ GOV* 13878  0.694
HIP 61349 1234133 -034316.2 136.6195' 050 13.4 -57.8 8.57°¢ F5V? 15952 0.798
HIP 65642 1327297 -091133.7 137.12724500 -54.9 -11.9 9.48° G5V° 16071  0.803
HIP 19054 04 0456.5 +205123.3 143.45970353 12.8 -52.1 8.98° G0” 17590  0.880

References—™Gray et al. (2006), Avan Belle & von Braun (2009), "Zacharias et al. (2012), *Houk & Swift (1999), “Hgg et al.
(2000), ¢ Cannon & Pickering (1993), "Oja (1987), d Stephenson (1986), ‘Bidelman (1985), “Houk & Smith-Moore (1988),
APrusti et al. (2016), HDressing et al. (2017), ¥ Nesterov et al. (1995), $van Leeuwen (2007), °Lockwood & Thompson (2009),

THeckmann (1975), PKunder et al. (2017)

NOTE—For each target, we include its identifier (ID), right ascension in hours (RA), declination in degrees (Dec), distance in
parsecs (Distance), proper motion in right ascension and declination in milliarcseconds (ptgs and pip,. ). apparent visual magnitude,
and spectral type. We also show minimum detectable Equivalent Isotropically Radiated Powers (EIRPs) for transmitters at each
target (calculated in Section 3). Column 9 gives this value in gigawatts and Column 10 gives this same value in units of L,, where
La = Layecivo = 20TW (Siemion et al. 2013). All right ascensions, declinations, parallax distances, and proper motions are sourced
from GAIA DR2 (Brown et al. 2018) except where otherwise indicated.



Target Flagged By | # of Events | Frequencies (MHz) | Drift Rates (Hz/s) | SNRs

HIP 65642 AH 4 6631.73, 7968.67 0.00, 0.01 24,37

HIP 96440 and HIP 95417 OND 12 and 5 7655.18-7656.41 0.05-0.07 10-20
HIP 88982 AH and OND 271 4506.04-4526.98 0.01 10-20
LTT 88982 OND 94 5190.30-5213.93 +0.01 10-180

Table 4. The four potential candidate sets identified by the two filters. AH stands for “All-Hit Filter” and OND stands for “Only Non-Zero

- . 1
Drift Filter”.
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First SETI Observations with China’s Five-hundred-meter Aperture Spherical radio Telescope (FAST)

ZHI-SONG ZHANG,"*** DAN WERTHIMER,” ! TONG-JIE ZHANG,” JEFF COBB,** Eric KORPELA,® DAVID ANDERSON,”
VisHAL GAJJAR.”? Ryan LEe.*% 7 Sui-Yu L1, Xixn PeL*® XiN-XIN ZHANG,' SHI-JIE Huancg,! PEl WaNG,! YAN ZHu,
RAN DuaN,! HAI-YAN ZHANG,! CHENG-JIN JIN,! Li-Cnun Znu,! ANp Dr Lit?

1

L National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China
2 University of Chinese Academy of Sciences, Beijing 100049, China
3 Space Sciences Laboratory, University of California, Berkeley, Berkeley CA 94720
1 Department of Astronomy, University of California Berkeley, Berkeley CA 94720, USA
5 Department of Astronomy, Beijing Normal University, Beijing 100875, China
S Department of Physics, University of California Berkeley, Berkeley CA 94720, USA
" Department of Computer Science, University of California Berkeley, Berkeley CA 94720, USA
8 Xinjiang Astronomical Observatory, CAS, 150, Science 1-Street, Urumgqi, Xinjiang 830011, China

ABSTRACT

The Search for Extraterrestrial Intelligence (SETI) attempts to address the possibility of the presence
of technological civilizations beyond the Earth. Benefiting from high sensitivity, large sky coverage, an
innovative feed cabin for China’s Five-hundred-meter Aperture Spherical radio Telescope (FAST), we
performed the SETT first observations with FAST’s newly commisioned 19-beam receiver; we report
preliminary results in this paper. Using the data stream produced by the SERENDIP VI realtime
multibeam SETIT spectrometer installed at FAST, as well as its off-line data processing pipelines, we
identify and remove four kinds of radio frequency interference(RFI): zone, broadband, multi-beam,
and drifting, utilizing the Nebula SETI software pipeline combined with machine learning algorithms.
After RFI mitigation, the Nebula pipeline identifies and ranks interesting narrow band candidate ET
signals, scoring candidates by the number of times candidate signals have been seen at roughly the
same sky position and same frequency, signal strength, proximity to a nearby star or object of interest,
along with several other scoring criteria. We show four example candidates groups that demonstrate
these RFI mitigation and candidate selection. This preliminary testing on FAST data helps to validate
our SETT instrumentation techniques as well as our data processing pipeline.
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Figure 19. Zoom in of candidates in Figure 18. Group 1 in top panel only occupies one frequency channel. And Group 2 in
bottom panel occupies six successive channels, totally ~18.6 Hz of bandwidth. Note that Group 2 is in two colors, because only
the red points are found by the SETI pipeline while black points are from the raw data.



BREAKTHROUGH DISCUSS CONFERENCE

April 20-21, 2017
Stanford University

Attendance at this conference is by invite only.

https://breakthroughinitiatives.org/Events/Discuss
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The University of Manchester
Jodrell Bank Observatory
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« Radio astronomy has enjoyed exponential gains in sensitivity...

Ekers & Bell (2001)
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MANCHESTER

« Exponential gains Iin instantaneous bandwidth too...

The University of Manchester
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* Modest gains in field-of-view at cm wavelengths...

Log Relative Field of View
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MANCHESTER

1824
The University of Manchester

Fast Radio Bursts (FRBs) as an example?

FRBs are bright millisecond flashes of broadband radio emission
randomly distributed on the sky...

rrwi L LR P N PR TR LN e nw

Lorimer et al. 2007




Somewhere between 5000-10000 FRBs events per day... !

We still don’t know what FRBs are... and we typically
detect almost none of them (or about 1 in 100000! )




CHIME/FRB telescope.
400-800 MHz; 1024 receivers; ~250 sq. deg field of view
1000-processor high-performance GPGPU cluster

CHIME/FRB Collaboration et al. CHIME/FRB Detection of Eight New Repeating
Fast Radio Burst Sources. Astrophys. J. Letters 885, 1L.24 (2019). 1908.03507




Prototype Aperture Array cm-wavelength antenna and

beam-forming technology (e.g. van Ardenne et al.)

EMBRACE 2012

THEA 2004

EMBRACE Dual Beam

See van Ardenne et al. 2012
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MANTIS
The Mid-Frequency Aperture Array
Transient and Intensity-Mapping System

LORINDUTICnE and sLpportrrom W, Sant
A, Jemign, R Teylor, Q. Inlreev, D Devidse Brodurick, ), wan Levwwe F. Wou

M. Garrett, A, Faslksar G, Kruithof, 5, Torchinsky, |, van Demmel sng J eiae 3
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ArEs it modest onstrtion and eperatiena cost, Such a ranifomacive step is recuired in order 1o
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of the SKAPhase 2 areaistic near-lime pripasitien

Thit popar pimmaries the Wos thet sew meenth diiroaer 31 the recedt AAMIDAYPRED
workshop in Cage Town. (onutitions with the stevce community al the AAMID workshaps in
Stellerbosch (2004) and Capt Town (2018 irdicated a strong Imerest n & widefield sclerce
cenorstratod instrunert, rougnly the size of a sivgle MFAA station, operating inthe 450 - 145) MHz
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wil 3b0 provoe 3 new reference for IR CoShnY O SRA-AAMIU, DOTY CEDIOYMENT COMS Fardwire
are rulalalivn) ered uperaiurel wals (F pe U de puse Lo niplion erel meie eoence). Fos ly,
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PANO-SETI

All observable sky, all time. > Tign T Resoiion (rancsecond)

Field-of-view coverage

IAC2017, Adelaide, Sept, 26" 2017, PANOSETI




PANO-SETI

All observable sky, all time.

S VALUES
PARAMETER
. Visible Near-Infrared
126 x 0.5-m (/1 optical grade Fresnel lenses

1 88,000 x Hamamatsu 3mm MPPC-513360-3025CS | 2 x InGaAs D-APDs 200,
1O ;‘.lhinh'nru';‘ru:'-.r (5% false alarm rate mght

| Light collecting areas
ll Detectors _ um-pixels 3I0x4 Armays
| Sensitivity | 25 photons per pulse
.l Wavelength coverage . 400 - 1700 nm

- Visible or near-infrared

.' LLambda resolution

r.!.-}.ﬁlf'f" duration | | ps - 100 ns

| Time waveform resolution | 0.5 ns, rise and fall
et g ‘ Drift scan mode

Sidereal rate
| 82.5 arcsec/pixel (6.8 arcmin/mm)

: £ 0.06 sq. deg in drift scan mode,

) _1_{}'3[” - Cog; TR EES JORD Do all-(observable) sky in 230 clear nights
All-(observable) time | 225 (all detectors), 5.5s (pixel)

; "_-"_i";_E:glct goals
| Average duration ] _
}F' Plate scale | 0.36 degree per 3mm pixel

| Sky coverage

-}_.-‘If-ﬁm'mum Dwell ime

M N——

Ultraviolet t =

IAC2017, Adelaide, Sept, 26™ 2017, PANOSETI




PANO-SETIL
Optical design

Fresnel lenses advantages:

1) ideal for low angular resolution observations
(with large detectors MPPCs, APDs,...)

2) cheap (optical grade acrylic for instance)

3) light, so ideal for large-scale assembly
of many lenses

4) highly transmissive in visible and NIR
(up to H-band)

https://oirlab.ucsd.edu/PANOSETI.html

IAC2017, Adelaide, Sept, 26" 2017, PANOSETI




Mini-MegaTORTORA, Special Astrophysical Observatory RAN

e Automatic nine-channel telescope e Real-time analysis
e Field angle 900 square degrees
e Time resolution 0.1 sec

Wérlgory
Beskin




The development of the idea:
SAINT system

(Small Aperture Imaging Network Telescope)

Channel diameter 40 cm
Effective telescope diameter 867 cm
Optical efficiency [ B
Angular pixel size in the sky 1.7 arcsec
D ——
Number of channels 470 )
Channel field of view 1.1 sq. deg
Total field of view 506.6 sq. deg
Limiting B-magnitude of one channel on time scales:
0.1s 16.8
10s 19.3
1000 s 21.8
Limiting B-magnitude for all channels on time
scales: 0.1s 20.1
10s 22.6

1000 s 25.1




K 2025-30 rr. MOXXHO OXXnaaTb NOCTOAHHOIO MOHUTOPUHIa
BCeEro Heba A5 noucka MOLLHbIX MasKoB B OCHOBHbIX
pagno- 1 onNTUYEeCKNxX ananasoHax
(HM3Kas 4YyBCTBUTENIbHOCTD).

Ecnn umBmnnusauun Il Tuna Hawewn ManakTuku CTaBAT Takue
Masikin, OHU AO0/MKHbI ObITb OOHAPYXXEHHbI.

A ecnuvn HeT?



K yerBeptomy nepuoany SETI -
perynsapHoe pelweHne 3agayu
2025/30 - ??7?



[nsa pewenus npobnemsl SETI ana umsnnmsauni I-ro Tuna
(MasioMOLLHble Y3KOHanpas/ieHHble U3iydaresnn)
C BEPOATHOCTLIO, anpuopun He ABMAILLENCA Ucye3aroLle Masioun,
TpebyeTcs HenpepbIBHbIN NHAMBUAYaSbHBIA MOHUTOPUHT ~10° 3B€3/
MOLLUHbIMW paanoTeneckonamm (He 3-x METPOBbIMU Tapeskamu!)
BO BCEX pa3yMHbIX AnanasoHax 4acTtoT

3TO TPYAHO OpraHn3oBaThb faXKe C UCNO/Ib30BaHNEM
AHTEHHbIX PeLUeTOoK NMpPu CKOJb Yro4HO BbICOKOM YPOBHE MOTUBAaL NN
(B Npegenax coBpeMeHHOro nNoHMMaHua, KOTopoe MOXXET N3MEHUTLCA)
[Mpo6nema kocmmyeckoro crtora ceHa (xunn Taptep)

He HY>XXHO paccunTbIBaTb HA MOUCKN «BCENYHO.
AnbrepHaTuBa (KU3Hb 3aCTaBUT): BECTU NOUCKM MO MEPE OTKPbITUS

noaxoaswmx kaHanaatos SETI B npsiMbIX HAG0AEHUSIX
9K30MN/IAaHeT 3eMHOro Tuna.



Mational Asronautics and Space Administration M
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'. arXiv:2001.06683

[1poekT, 498 cTpaHuu

N L bEx

Habitable Exoplanet Observatory

Exploring New Worlds,
Understanding Our Universe




In 2016, NASA began considering Large strategic science missions
- Habitable Exoplanet Imaging Mission (HabEX)
- Large UV Optical Infrared Surveyor (LUVOIR)
- Origins Space Telescope,
- Lynx X-ray Surveyor.
OT60p - KoHel 2020, 3anyck - npumepHo 2035.

The Habitable Exoplanet Imaging Mission (HabEX)
A mission to directly image planetary systems around Sun-like stars.
HabEXx will be sensitive to all types of planets;
Main goal is to directly image Earth-size rocky exoplanets,
and characterize their atmospheric content.



Co/iHeyHo-3eMHasa To4dka JlarpaHxa L2

MOHONMNTHOE 3epKasio 4 M

Wavelengths 0.3 — 2.5 ym, depending on the cost and complexity

B cucteme npucyTCTBYHOT O4HOBPEMEHHO KOpoHorpadg 1 cuctema starshade




Secondary mirror tower
and instrument bay

Secondary mirror

> < Telescope
Aperture Cover

Sunshade

Primary

mirror \

Propellant tanks

ACS
thrusters

Sunshade

Solar Arrays

HABITABLE EXOPLANET OBSERVATORY

Starshade deployment steps Mission Duration 5 years (10 years of consumables)
Orbit Earth-Sun L2 halo orbit
Telescope Aperture 4 m unobscured
National Aeronautics and Space Administration Telescope Type Off-axis three-mirror anas‘[ig mat
Jet Propulsion Laboratory Primary Mirror | Monolithic; glass-ceramic substrate; Al + MgF, coating
Fe o I Le o Iocnnelogy Exoplanet science: Coronagraph (HCG), Starshade (SSI
pasadena, Gellomia nstneis (6) Obsitjervatc)ryr science: UV sgec?rog{;raph )(UVS), Worki(mrm)a Camera (HWC)
RNCIIEIRa S Attitude Control | Slewing; hydrazine thrusters; Pointing: microthrusters

Cameriaht 2010 All rinhte racarad



ACTPOUHXXEHEPHbIe KOHCTPYKUUN.
AcTpoapxeosiorua
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~ MILLIMETRON:
‘ band 20um-20 mm, -
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. distance 1.5x10°km.
un-Earth Lagrnage point * |




CRITICAL EXPERIMENTS OF THE SPACE
OBSERVATORY MILLIMETRON.

1. The physics near BH’s horizon, CR’s accelerators.

2. SMBH'’s formation and evolution, cosmological
parameters, dark matter and dark energy. Early
objects in the Universe, first stars and
galaxies, primordial BH's, WH's, wormholes and
Multiverse.

3. Formation and evolution galaxies, stars and
planetary systems, gravitational lensing.

4. The structure, physics and heaming of the most
powerful explosions.

5. Condensed matter objects in Solar system,
our and others galaxies,
evidences of life and intelligence.



ACTPOUNH)XXEHEPHble KOHCTPYKLUNN:

CNYTHUK 1SWASP-J161732.90+242119.0: AHOMAJIbHAA 3K3OMNNAHETA UK
ACTPOWMHXEHEPHAA KOHCTPYKLUWUA?

Apxunoe A.B.
P HAH YkpauHsbl, r. Xapbkos

0.10 - A.B. Apxunos

]

Pt
Ln

Fhase
Kpveas 6necka 3seanbl 1SWASP-J161732.90+242119.0 ¢ MUHUMyMaMK 3aTMEHWUIA
0B6beKToM HEM3BECTHOM NpUpoabI.

—

e [lepuog 1.4537 cyTOK, o MTEeNbLHOCTL 3aTMeHna 1.44 yaca. | b,

* Pagnyc = 76% paanyca tOnutepa. By ) e

e Macca MeHblle 3% Macchl KOnutepa l HF-"*“,-'ffﬁﬁﬂHBIE
(cnekTpasibHbIM METOA0M He 06HapyXeHa). BCEAEHHOM

e [MNnoTHOCTb MeHbLue 0.1 r/cm®
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AcTpoapxeosiorus

Puc. 28. Ilpumepbl npsiMOYTroOJIbHBIX JEIPECCHI
Jlyupl. CHUMKH cTaHUuM «Kiremenmunay

LHD5713Q.156 (cneBa) u LHD5650R.072
(cipaBa).
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Unsupervised Distribution Learning for Lunar
Surface Anomaly Detection

Adam Lesnikowski Yalentin T. Bickel
NVIDIA ETH Zurich & MPS Goettingen
2701 San Tomas Expressway Sonneggstrasse 5
Santa Clara, CA 95051 Zurich, 8092, CH
alesnikowski@nvidia.com valentin.bickel®erdw.ethz.ch

Daniel Angerhausen
(a) Center for Space and Habitability
University of Bern
Gesellschaftsstrasse 6
3012 Bern
daniel.angerhausen@csh.unibe.ch
(b) Blue Marble Space Institute of Science
1001 4th Ave, Suite 3201
Seattle, Washington 98154

Lunar Reconnaissance Orbiter (LRO).

Narrow Angle Camera (NAC) HyxeH .
Launch in 2009, KOMNbHOTEPHbIV
NAC covered the entire surface of the Moon multiple times, noneck-
more than 1.6 million optical images aHOMa/IMn nnu
apTedakToB

spatial resolution ranging from 0.5 to 1.5 m/pixel.
These NAC images can be retrieved from the Planetary Data System( PDS)
in a large variety of formats and processing levels.
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2.4 Software, Hardware

We used PyTorch for training, JupyterLab with Python to coordinate the experiments, and the seaborn

statistical visualization python package to view and plot results. We used an NVIDIA GeForce GTX
1070 and Intel Core 17 system with 512 GB SSD for training and validation.
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How far the nearest communicative civilization (CC) from us is?

600 —F * T = 1T = 1
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The expected distance to the nearest CC as Probability distribution of distances to the nearest
a function of the number of CCs in the Galaxy CC for the case of N, = 10000

Monte Carlo calculations with . ..
. _ . Allen C.W. Astrophysical quantities.
*Realistic density of star distribution in the Galaxy  |yniversity of London, The Athlone

*Actual position of the Sun R, = 8.5 kpc Press 1973.




What should be done:

It is necessary to develop dynamical theory of CC population to
allow for the development times, the variability of star formation rate,
etc
Simple linear theory, linear population analysis
— Consider CC to be isolated objects: no influence of CC to each other
and no influence of CC population to surrounding medium
Non-linear theory, beyond the linear population analysis

— Consider influence of CC to each other, other feedback connections and
possible related non-linear phase transitions in the population of CC.



Linear theory of Kreifeldt-Gindilis

N (T)=[dtR(T —1)[ do[C(r) - C(z - )] P, ()

NC (T) - the number of communicative civilizations in the Galaxy

R(T — z') - the formation rate of suitable stars
C(T) - the probability of communicative phase origin before age t of the star

PL (a)) - probability density of CC lifetimes

The nuber of CC is a linear response on the
star formation rate — the theory is linear.



The system of equation of the linear theory

The dynamics of the star population: %%

 Ong(M,7,T) ong(M,r,T)

oT ot
ns(M,r,0) = 0,

L 22 As(M, T)ng(M, T, T).

ns(M,0,T) = R(M,T).

““?‘*—-\ - AS (M ’ T) —
star birth

Oln Ly (M, 1)

0%

The dynamics of the civilization population
! civilization death |
;ﬁs’tar death
onc(M,T,w, 'T) anc(ﬂ[ T, T)

A{j(ﬂ[ + AS(J[ T —l—u,

oT ow
ne(M,7,w,0) =0
nc(M,7,0,T) =ng(M,7,T)B(M,T)

\% civilization origin near the parent star ]




The system of equations is solved exactly

nM,z,T)=RM,T—7)L,(M,7)
n-M,z,0,T)=RM,T —7—w)L;(M,7+w)B(M,7)L.(M,w)
The number of civilizations in the Galaxy

oo 1T L=
Ne(T) Z./o dfl-f/; dT_/O dwns(M,7 +w,T) B(M,7) Lc(M,w) =

(o's) 1 1l'—T
/ dM / dr / dw R(M,T — 7 —w)Ls(M, 7 + w)B(M, ) Lo(M,w)
0 0 0

A huge number of various tasks may be studied exactly!
Kreifeldt-Gindilis equation and Drake formula may be deduced
under a number of additional assumptions and restrictions.

We are going to build up realistic calculations based on genuine
rather detailed astrophysical data



SFR, rel. units

0.8

0.6

Star formation rate R (7)
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The absolute normalization:
Contemporary mass of the Galaxy
disc is 8.7x10'° M,

5.5 M/year, or
11 stars/year (( M) = 0.5 M)

References:
Twarog B. A. Astrophys. J.,
V. 242, P. 242, 1980.
Meusinger H. Astrophys. Space Sci.,
V. 182, P. 19, 1991




Results of calculations in the linear theory — linear demographic vawe

1.3:_ Stiiiauii lotsns  iilatitsnsnniisinl isssisinsisipasia) & Wasingar (157)
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Number of civilizations

The linear population dynamics with the hypothesis of the self-consistent

origin of life in the Galaxy ('life Big Bang’)

life
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Non-linear effects

Linear theory: R(M,T), B(M, 1), L (w) do not depend on
the CC population (N,)

N, affect the R(M,T) — the “artificial creation of stars”
N affect the B(M, 7) — directed panspermia of life or
intillegence

N, affect the L (w) — influence of communications on
stability (lifetime) of civilizations



The equations of the non-linear theory

The equations of the /inear theory
( (9?’10 aﬂc

a7 = o, WeMw) +As(M, 7 +w)lne
ne(M,7,w,0) =0

k nc(M,7,0,T) =ns(M,r,T)B(M, )

L

current in g-space

divergence of the ]

The equations of the non-linear theory :

( aﬂc - (9710 (9 .
T~ e [AC(M,q, ) +AS(M TJF@)} - %[J(Q;%T)ﬂc]

ne(M,7,q,w,0) =0 .
\ nC(M: 7,4, OJT) — TES(M, T,T)B(M? T, q) - glj;lszt;[?{;:gn of the born}

d da

Additive approximation: 7

— Z K(qAa WA,4p. ,WB, )
(

The current in additive approximation anf or large homogenios galaxy:

J(q,w T) =
fdw qu K(q,w,q,w )f cdT'[e(T —T")] -
r(aw,d'w)/ e

/d.Mfdrnc(M, o, T).



Number of civilizations

The results of calculation. Bistability of pulation against
CC formatiom rate
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*Astrosiciological paradox (Fermi paradox) — a contradiction between the widely accepted notions
about plurality of CCs and the absence of any evident man-ifestations of their activity

*ASP can be easily explained when supposing that the main way of contact between CCs is the contact
with the help of any beam emitters and receivers

Even under the conditions of the contact saturation epoch, the

The region of the “phase peak”:

+125000 KL{

*Expected distance t o the
nearest CC = 300 Ly.

«Search range = 600 Ly.

*5x10% “suspicious” stars

Acually at present time:

A few dozens, only occasionally

d _,cB. net
run

Question:
Why only beam emitters?

A.D. Panov
Post-singular Evolution
and Post-singular Civilizations

Published in almanach “Evolution”
issue 2, 2011.
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Punocodma SETI

Bo3mo)xHa nu
agewindgposka (NOHMMaHUe)
KOCMNYEeCKOU nepegauu
MHOro pasyma?

[. M. Uonuc



b. H. ITanoskun

NMHOOPMAIIMOHHBINN OBMEH
MERAY PASINYHBIMI
BbBICOROOPTAHU3OBAIIHBIMI CUCTEMAMMN
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Paccmorpum mekoropoe pastmennme I mmoskectsa U
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b.H. NaHOBKWH

3agava gewmndpoBKM Kak
3ajjaya yctaHOBNEeHUSA
COOTBETCTBUA MEXY
Tesaypycam K' n K?

a TaKKe pasbueHus Ka:kA0T0 MOAMHOKecTBA ['; HA MOAMHOKeCTBA

Ti= EinUEi. ..U Ein,.



e B 3aga4y SETI BXOoAUT NOUCK BHE3EMHOIO pasyma (CurHasi npmerieyeHns BHUMaHNSA)
3agadva yctaHoB/1eHNA KOHTaKTa (pacwudposka) ato 3agadva CETI

e He3aBNCMMO OT BO3MOXHOCTU «AELLUNPPOBKM» COOOLLIEHNI BYAET BO3MOXHO MUX
BCECTOPOHHEE N3yyeHne, KOTopoe acT O4YeHb MHOTO.
OewindppoBka - NO6OYHbI NPOAYKT U3YYEHUSI COOOLLIEHNA.

e LInBnnn3aunm He ABMSIOTCS «aBTOMaTaMn», KNGEPHETUYECKAS TOUYKA 3PEHNS OrpaHMyeHa.
Pa3ym (YenoBeyecknin) cnocobeH Ha BHenorndyeckne goraaku (3a rpaHuvuein Mégens)

® /13yyeHne COOOLLEHNS - «3K30HayKa».
He BnosiHe ABnsieTcs 06bIYHOM HAYKOW MO CBOMM MeToAaM.
[1Ba NHGOPMaLNOHHLIX CNOS:
- IHTepnpetayma «koga» Ass NoyvYeHus «coaep)KaHns»
- IHTepnpeTtaymsa «cogepxaHus» ansa noayyvyeHns «3HaHum»
TPeOyeT an1emMeHTa Bepsl
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