ACTPOHOMCKA
OIICEPBATOPUJA KAO
N3BOPUIITE

bP3NUX CBEMUPCKUX PYTA

Haramia Topoposuh

Acmponomcka oncepsamopuja y beoepady

PA3BOJ ACTPOHOMMUJE KO/ CPBA XI,beozpad, 18 - 22. anpua 2021. 200uHe

-



<

Seie

. V

MBER 2020
7
"4

SCIENCE ADVANCES | RESEARCH ARTICLE

ASTRONOMY

The arches of chaos in the Solar System

Nataga Todorovi¢'*, Di Wu®?, Aaron J. Rosengren®?

Space manifolds act as the boundaries of dynamical channels enabling fast transportation into the inner- and
outermost reaches of the Solar System. Besides being an important element in spacecraft navigation and mission
design, these manifolds can also explain the apparent erratic nature of comets and their eventual demise. Here,
we reveal a notable and hitherto undetected ornamental structure of manifolds, connected in a series of arches
that spread from the asteroid belt to Uranus and beyond. The strongest manifolds are found to be linked to Jupiter
and have a profound control on small bodies over a wide and previously unconsidered range of three-body energies.
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Orbits on these manifolds encounter Jupiter on rapid time scales, where they can be transformed into collisional
or escaping trajectories, reaching Neptune’s distance in a mere decade. All planets generate similar manifolds
that permeate the Solar System, allowing fast transport throughout, a true celestial autobahn.

INTRODUCTION

Chaos in the Solar System is inextricably linked with the existence
of stable and unstable manifolds, intricate structures whose mutual
intersection plays a crucial role in chaotic transportation { 1-3). The
general properties are best described by considering the planar, circular,
and restricted three-body problem (PCR3BP) (4). the simplest dy-
namical model that approximates the motion of both natural and
artificial celestial bodies. Two special solutions of this idealized model,
the unstable, collinear L; and L Lagrange equilibrium points, and
their associated invariant manifolds, are of particular interest for close-
encounter dynamics (see the Supplementary Materials for details).
While the PCR3BP is far from being fully underswood, modern geo-
metric insights from Hamiltonian dynamical systems theory have
revolutionized the design of spacecraft trajectories (5-7) and have
contributed to the development of new space-based astronomical
observatories that have transformed our understanding of the cosmos.
The space manifold dynamics that enable “Le Petit Prince” grand tour
of the Solar System through the “Interplanetary Transport Network™
have also been shown to be an important short-term capture and
transit mechanism for some Jupiter-family comets (JFCs) (4, 8-11).

Besides the piecemeal treatment of JFCs, however, the influence
of such manifolds on natural bodies has been largely underappreciated
in astrophysical and celestial dynamics (11). The attention of most
dynamical astronomers in the past few decades has been focused
upon another important and far-reaching mode of transport, namely,
chaotic diffusion from orbital resonances (12). While such resonances
can shepherd and sculpt small bodies in metastable zones like the
main asteroid and classical Kuoiper belts, the instability time scales
brought about by their overlap (13) are at least orders of magni-
tudes longer than those resulting from the manifolds considered
herein (4).

The cometary and asteroidal bodies that occupy orbits in the re-
gion between Jupiter and Neptune, the Centaurs, are dynamically
unstable with reported lifetimes of only a few million years (14).
Long-term numerical simulations carried out over the past few
decades (15-18) have elucidated the transitory nature of these small
bodies, linking their origin to more distant populations, such as the
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scattered disk objects, and connecting one of their evolutionary end
states to the JFCs. To model the detailed dynamical pathways con-
necting different zones of the outer Solar System, from the trans-
Neptunian object (TNO) reservoir, through the Centaur population,
to the JFC region and inward, we typically use vastly differing time
scales ranging from ~10” down to ~10* years (14-17, 19). During
the TNO-Centaur-JFC transition, a recent study (19) has identified
a short-term orbital gateway, a 1ow-eccentricity region exterior to
Tupiter between 5.4 and 7.8 astronomical units (AU), governing the
circuitous routes of JFCs and Centaurs. No connection was made,
however, about the location of this apparent conduit and that of the
unstable Sun-Jupiter L, Lagrange point, from which manifolds can
emanate (1, 3, ).

MATERIALS AND METHODS

The fast Lyapunov indicator (FLI) is a dynamical quantity used to
detect chaos (20) and has been successfully applied vo both idealized
(21} and realistic systems (22-24). This tool has traditionally been
used to locate the resonances that significantly affect the structure
of phase space (20, 23, 24); however, when computed for very short
time scales, the FLI captures traces of the stable and unstable mani-
folds of the considered dynamical model (25). Computing the FLI
for refined grids of initial conditions, as done herein, can reveal the
topological structure of close encounters for cometary dynamics
(26) and localize the manifolds associated to bound orbits (27),
whose complex global dynamics leads to intermittent behavior in-
cluding planetary close approaches (4, 8, 10).

Here, we use the FLI to detect the presence and global structure
of space manifolds, and capture instabilities that act on orbital time
scales; that is, we use this sensitive and well-established numerical
tool to more generally define regions of fast transport within the
Solar System (28). We consider the, astronomically speaking, short-
term (100-year) evolution of massless test parvicles (TPs) located on
orbits with semimajor axes between that of the main asteroid belt
and Uranus, eccentricities varying from zero to unity, and ecliptic
inclinations less than 20°. The results are presented in dynamical
maps, obtained through the use of two widely used orbit integration
software packages, ORBITY (29) and REBOUND (30). and adopting
a force model that contains the seven major planets (from Venus to
Neptune) as perturbers as well as considering the drastically more
simple Sun-Jupiter-TP three-body system.
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NMHBAPUJAHTHE MHOI'OCTPYKOCTMU. CtpykTypa ce He IToAyAapa HH ca jeJITHOM
PE30HAHIIOM, Xa0C je BUJHO U BHIIECTPYKO jauH O] Xaoca y Hajjauum pe3oHaHIiiama. UM koje
reHepuille IaHeTa Jynurep (2017-2019).
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biaucku npuwia3s ca iyiaHerom Jynurep:

« Jynutep Moxke na uzbamu actepousi ud CyHueBOTr cucreMa

* Acrepous Moxe Jia yaapu y Jynurep - cyaap

* JymnureposB caTeJuT

« Jla npehe u3 cnospalimer Jiejia CyHueBOT CUCTEMA y YHYTpalikhy (M 06paTHO)
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O New superhighway system discovered in Selar System

Pesquisadores da Universidade da Califdrnia em San Diego descobriram "atalhos™ no Sistema Solar que podemn ajudar

espagonaves e...

Découverte d'autoroutes interplanétaires pour les sondes spatiales

Les chercheurs ont découvert un nouveau réseau d'autoroutes interplanétaires parmettant de traverser le Systéme solaire

avec.,

Researchers have discovered a new superhighway network to travel through the Solar System much faster than was
previously...

News story from Sciences et Avenir on Thursday 17 December 2020

Le chaos produit des autoroutes pour les sondes dans le Systéme solaire

Les chercheurs ont découvert un nouveau réseau d'autoroutes interplanétaires permettant de traverser le Systéme solaire

avec.,

News story from 20minutes on Tuesday 15 December 2020
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Astrénomos descubren una nueva ruta para salir del sistema solar

Han ldentificads colectores y auténticas autopistas formadas por la interaccion de la gravedad de los slete planetas, gracias..
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Ultra-Fast Space Travel Possible After Scientists Discover Hidden Super-Highways
Researchers have discovered a Space marn ifold that can actas a supemlghw.!y network to travel through the Solar S','Slcl'l"l
much...

"Atalhos espaciais” poderiam ajudar naves a irem mais longe em menos tempo

As naves Voyager 1 e 2 levaram cerca de 40 anos para chegarem & fronteira do Sistema Solar com o espago interestelar,

A newfound "celestial autobahn” could lead to faster space travel in the future

On Earth, highways enable humans to go from one place to another in a shorter span of time

BEOENEHALTHRERESE IS FEEHOA-N-NT1Iz1) FREATHhS

by NASA Solar System Exploration KRB RIC#E BT SAROEHICHERINTLE—FT. HEESHE
CTETELBRLINTNENER -THD, TORELLETINRERLOHLT IRBLREERELTLET

Astronomers find cosmic “highways”

(News) - Do you think space travel is just too slow? Good news: Astronomers say they have discovered a “highway” of invisible...
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Celestial highways: discover new routes to travel faster through the solar system
Astronomers discovered a new netwaork of "superhighways™ to travel through the Solar System much faster than previously
possible.

Descubren una red de superautopistas espaciales para viajar a través del Sistema Solar

£ Foto : Pixabay / 2758992 Investigadores han descubierto una nueva red de superautopistas para viajar a través del Sistema...

Mews story from The Express on Friday 11 December 2020

Descoberta uma "autoestrada” césmica no Sistema Solar

NASA Uma equipa de investigadores descobriu uma nova “rede de autoestradas® para viajar através do Sistemna Solar muito
mais...

Descubren una "autopista celestial” que podria acelerar drasticamente los viajes espaciales

Publicado: 11 dic 2020 03:12 GMT La recién descubierta ‘superautopista’ actia durante varias décadas, a diferencia de los...

Fast superhighway through the Solar System discovered

Humanity could making its way through the Solar System much faster thanks to the discovery of a new superhighway network
among

Un réseau d'autoroutes interplanétaires découvert dans le systéme solaire

Il existe un réseau d'= autoroutes interplanétaires = qui permet de se déplacer dans notre systeme solaire beaucoup plus...

Astronomers discover ‘celestial highway' that could rapidly speed up travel through our
Solar System

Follow RT on Astronomers have discovered a “celestial highway™ to travel through the Solar System much faster than was.

Superautopistas césmicas permitiran recorrer el Sistema Solar en tiempo récord

Un sistema de superautopistas césmicas facilitard los vuelos espaciales a maxima velocidad dentro del Sistema Solar en un...

K haleri Tobar
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Discovering a “celestial highway” that can accelerate travel through our solar...

Astronomers have discovered a "celestial fast path” to travel through the solar system much faster than previously possible,

New super highway network discovered in the Solar System

£ NASA Researchers have discovered a new superhighway network to travel through the Solar System much faster than was...

Nowe kosmiczne superautostrady moga znacznie skréci€ czas podrézy w Ukladzie
Stonecznym

Mowa sied superautostrad w Ukladzie Stonecznym pozwali na podrdde nacznie szybciej nii dotychczas.

Astronomers Just Found Cosmic 'Superhighways' For Fast Travel Through The Solar System

Invisible structures generated by gravitational interactions in the Solar System have created a "space superhighway™ network...

New gravitational 'superhighway’ system is discovered in the Solar System

A new sn-.mrmgnw.ly Network runn mgm.raugh the Solar 5)4".[9 m has been discovered h}' astronomers, and it could ﬁ|19?ﬂ up
space...

Un réseau d'autoroutes interplanétaires découvert

Il existe un réseau d's autoroutes interplanétaires » qui permet de se déplacer dans notre systéme solaire beaucoup plus...

News story from Daily Mail on Thursday 10 December 2020

Descubren un sistema de autopistas césmicas en nuestro sistema solar

Podrian usarse para enviar naves espaciales a los confines de nuestro sistema planetario y de forma relativamente rapida

Researchers discover a new superhighway system in the Solar System

Researchers have discovered a new superhighway network to travel through the Solar System much faster than was

prévioushy...
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A newfound "celestial autobahn" could lead to faster
space travel in the future

A novel network of manifolds has been disc

ed that could provide

Arches of Chaos: a Space Highway System
Discovered in the Solar System

By NICOLE KARLIS DECEMBER 16, 2020 12:00AM (UTC)
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n Earth, highways enable humans to go from one place to anotherin a Astronomers discover ‘celestial hlghway that could rapldly
shorter span of time. In our solar system, planet-generated space manifolds Speed up travel through our Solar Sy5tem

act as celestial highways where small asteroids, comets, and spacecraft can

hitch a ride on a hypothetical space-like jet stream. But what does this
network of celestial highways look like in our own solar system — and how fast can one
object get from, say, Jupiter to Neptune by leveraging one of these manifolds?

Home / World News

These are questions that astronomers are continuously working to better answer, and
according to a recent study published in Science es a novel network of these
manifolds has been detected extending from the asteroid belt to Uranus and beyond.
Together, the structure of these manifolds form a metaphorical "celestial autobahn” in
our solar system
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Astronomers have discovered a “celestial highway™ to travel through the Solar System much faster than was previously
possible. The development raises the prospect of rapidly sending crafts across vast swathes of space

The extraordinary superhighway network was discovered by an international team of researchers from Serbia and the
United States. The routes can transport comets and asteroids nearly the distance from Jupiter to Neptune in under a
decade and a staggering 100 astronomical units in less than a century.
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shares View comments Space manifolds act as the boundaries of dynamical channels - that is connections
between gravitational interactions - enabling fast transportation into the inner and

A new 'superhighway' network running through the Solar System has been

discovered by astronomers, and it could speed up space travel in the future.

In a paper published in Science Advances, the researchers observed the structures
between objects extending from the asteroid belt between Mars and Jupiter to
Uranus and beyond.

outermost reaches of the Solar System.
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Researchers from the University of California San Diego looked at the orbits of e ‘ '
millions of bodies in our Solar System and computed how they fit together and '304 :
interact. i
0.2 L
The highways allow objects to move through space much faster than previously g (
thought possible - for example, travelling between Jupiter and Neptune in under a - |
decade. i
0.6
e
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One day, NASA or other space agencies could make use of these superhighways to
: : 0 -
speed up travel time frqm the Earth to distant parts of the‘ Solar System, but the 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 § !
team can't yet say how it would work or how much faster journeys would become. a (AU) .

Maps of the superhighway between the outer edge of the main asteroid belt at 3 AU - that is
three times the distance between the Sun and thee Earth - to just beyond Uranus at 20 AU
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'We reveal a notable and hitherto undetected ornamental structure of manifolds,
connected in a series of arches that spread from the asteroid belt to Uranus and
beyond,’ the team wrote in their paper.

This newly discovered celestial highway acts to shift objects over several decades,
as opposed to the hundreds of thousands or millions of years in open space.

The most conspicuous arch structures are linked to Jupiter and the strong
gravitational forces it exerts on the objects caught within its influence.

'Jupiter, being the most massive body in our planetary system, is responsible for
most of the structures we've discovered,' study co-author Aaron J Rosengren, from
the University of California San Diego, told MailOnline.

'But each planet generates similar "arches" and all of these structures can interact to
produce quite complicated routes for transport.'
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La fascinante red de
"autopistas celestiales" que
descubrid un equipo de
cientificos (y como puede
revolucionar los viajes
espaciales)

Si has sentido el placer de conducir velozmente por una carretera despejada,
ahora imagina hacerlo surcando una via expresa a través del espacio.

En un reciente estudio, un grupo de astrénomos dice haber descubierto una red
de "autopistas celestiales" que permitiria enviar naves a sitios remotos del
sistema solar a una velocidad sin precedentes.

Los célculos de los investigadores muestran que a través de estas supervias, un
asteroide puede viajar de Jupiter a Neptuno en menos de una década.

Un objeto que viaje durante un siglo a través de una autopista celestial podria
completar una distancia de 15.000 millones de kilémetros, eso equivale a cien
veces la distancia entre la Tierra y el Sol.

Un corredor invisible

'Para decirle de manera sencilla, estas autopistas son producidas por los
planetas”, dice en un comunicado Aaron Rosengren, uno de los autores del
estudio y profesor de ingenieria mecanica y aeroespacial en la Universidad de
California en San Diego (EE.UU.).

Estas rutas expeditas se forman debido a los atraccién gravitacional entre los
planetas, creando asi un corredor invisible que se extiende desde el cinturdn de
asteroides ubicado entre las drbitas de Jupiter y Marte, hasta mas alla de Urano.

e Los 6 numeros que definen todo el universo

Este Video MUESTra una simulacion de como se Torman Los arcos a 1o largo de un
colector espacial en un periodo de 120 afics:

Advertencia: EL contenido de sitios externos y terceras partes puede contener
publicidad

Mediante simulaciones de computador y el analisis de millones de érbitas en el
sistema solar, los expertos notaron que alrededor de cada planeta se forman unos
arcos, que a su vez forman lo que ellos llaman unos "colectores espaciales”.

Aungue son invisibles, las simulaciones de computador mestraron come la
trayectoria de particulas que se acercaban a planetas como Jupiter, Urano o
Meptune, se veian afectadas al entrar a los colectores.

Ademas, notaron que "cada planeta genera estos arcos y todas esas estructuras
pueden interactuar entre ellas para producir complicadas rutas de transporte”,
segun explica Rosengren.

Los arcos y los colectores se preducen por la interaccion de la gravedad entre dos
objetos que estan en érbita.

De esa manera se genera un "corredor gravitacional”, como lo llama Shane Ross,
ingeniera aeroespacial de la universidad Virginia Tech, en un articulo del portal
Live Science.

» 7 fantasticos hallazgos de Curiosity, el vehiculo de la NASA que lleva 3.000 dia:
marcianos explorando el planeta rojo

Los cientificos ya sabian que cada planeta puede formar su propio "circuito de
autopistas celestiales”, pero solo ahora descubrieron que estas rutas pueden
cruzarse con las de otros planetas y asi formar una red mas compleja.

La gran carretera de Jupiter

La mayor cantidad de autopistas detectadas por los investigadores se hallaron en
la zona donde influyen las fuerzas gravitacionales de Jipiter, el planeta mas
grande del sistema solar.




Descoberta de 'estradas celestiais’
pode revolucionar viagens
espaciais
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Astronomers have begun to
study super highways in
space that can rapidly
transport matter. These
space manifolds exist via
gravitational intersections in
the solar system and could
aid space travel in the future.

12. Dez. 2020 - Khoros

Publishing App
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Aaron Rose... - 16. Dez. 2020
¢ Antwort an @ N
'1 Yes, "astronomers" have begun to
N E WS study them, but "space engineers"

have known about them and used

them for years now ... these
manifolds, however, are not related
to general relativity; just plain old
Newtonian physics

ii;.:}

“The astronomers have scaled the
mountain of ignorance; they are

ahntit tn ranniiar the hinhect nealke:
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twitter.com/akarlin88/status/1338167988445458432

YouTube @ Mane ™M Gmail
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< Teuryj

= ANATSLY & KARLIN @akarling8 - 13. aew 2020.

Serbs discover that gravitational interactions within Solar System can create
"space superhighways" through which objects can travel much faster.

* sciencealert.com/solar-system-a...

* advances.sciencemag.org/content/6/48/e...
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Adamas Nemesis @AdamasNemesis - 13. aei 2020.
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Space Manifolds In the Solar System Create Gravity Superhighways

181.465 npukasa « 28.12.2020. |. 11 XWb. q1 114 4 OENU =, CAYYBAJ

@‘ Sinon Falios NPUCTYNU nPATUTE N
! 760 xumb. npaTunaua L .

1 wrote a foreword for this awesome Sci-Fi book here: https://amzn.to/3aGrg0l
Get a Wonderful Person shirt: teespring.com/stores/whatdamath




DOMITTIM N TB MY3UKA TEXHOJIOTMJA TIYTYJEMO CTW CBETIMNO3HATUX 30PABJ/bE 3AHVMM/IBMBOCTKM HAYKA TMNMPUPOLOA [MEOAOLLN PETI

LIPUM TUM PALHIAM IAHIMA

YuTaj mu! > @ : 2:2 ¢) ———

U3BOP
CYBOTA, 12. IEL] 2020, 18:48 -> 19:11 PTC RT

OKO KOBWMO19 MOJA LLKOJ1A CrioPrPT MATA3UH B PAOWVO EMNNCUJIE PTCE OcTano v

ACTpOHOMMU Cy OTKpuUnu ,Hedeckmn ayTo-nyT" Kojum he ce MHoro Spxxe nyToBaTn Kpo3 CyHYEB CUCTEM HEro WTo je
no capa duno moryhe. OBo otkpuhe he gonpuHeTu Aa cBeMUpPCKe NneTenmue MHOro Spixe rnsioBe Kpos
deckoHayHa cBeMMUpCcKa NpocTpaHCcTBa.

HAY KA M3y3eTHy MpeXxy ,HedecKux ayTo-nytesa“ oTkpuo je MmehyHapoaHu Tum
ncrtpaxusada, mefy kojuma je n HayuHuua us Cpduje, Hatawa Togoposwuh, n
LLiTa HaM je goHena oHnajH _ 3 rbeHe konere us CjeaurbeHux [ipxasa.

HacTaBa 1 rge cy Ty oHNajH
3a/y5/EMBalLa U AUMTANHM OBuM pyTaMa KOMeTe U acTepouav npenase pasgasbuHy o Jynutepa oo

ocmecwu Lo HenTyHa 3a HenyHy AeueHnjy n npesarsbyjy 3anamyjyhmux 100 acTpOHOMCKUX
jeamHunua 3a Marbe o4 jeAHOor BeKa.

HayuHnym npouseenu deny

dojy, berpy oA cHera Koja MoXxe

na 3ameHu KnvmMa ypehaj

~XunepmoaepHn laHTe" — wta
HaM OTKpuBajy nnycrpauuje
MHCNUpUCaHe gennma JYyBeHor
necHuka

KnacuudHa MYy3MKa 3a MaudkKe non
cTpecom

MyMuje nanaraja — gokas
WMpOKe TProBUHCKE MpeXe Yy
npexmucnaHckom Huney

Osum pyTama eeh nyTyjy koMeTe 1 acTeponan Kpos CyHUYeB cucTeM




OEHOMEHN BENNKO MHTEPECOBAHE CBETCKE HAYKE 3

"AYTO-NYTEM
10 AAJIEKHX
M/AHETA 3A
0 FOAMHA!

Komeidia unu molyhe neiienuya 6p3o
6u moine ga Hadyctte CyH4e8 CUCUIEM

[pasuiayuja moxe 6e3 iopuea ga
tokpehe Hew o wo je MasieHo U J1aKO

KOME 1pE
Bpasca Bopucasmesih syATAaT HHje OWA0 MPEKO Mar H Kome je o

wohn. Mpexy bpaux pyra Hayunn pan. Tako na cMO
ACTPOHOMCKOJ on 1061na je 2017. rommHe MH 3ampaso jefaH cpic

S/ cepsatopujn y beo OncepsaTopHja je Tala — aMCpPHUKO-KWHECKH TPH
rpagy €y OTKpHBCHE HMana CBOj CymeppadyHap cmmye ap TogoposHi

CTPYKTYPE HyX KOJHX C¢ @epMu” KOjH, Hamanoct Yoneaunn €y Ayr# mecenn

oaBHja bp3o KpeTame N0  BHUIC HHjE yHxumjn
CyHueBoM CHCTEMy, OAHO- Ha caMm 1o np Ky pana
CHO ayTo-nyT Kpo3 cBemHp! OBOI Hawer Knacrepa 3ay
[napuy "mpojextant” bpse cTasmna pauyn. [enosaio
wbpahajuuiie kpos Ba- Mi je nemoryhe aa mHekw
chony je ap Hatawa Tofo-  acTepoMA, KOMeTa, WIH y MCIUIMBATH Cy H HOBH P
pith, actporos. T Ha  ByayRHOCTH, MOXIA W CBE-  3Y/ITaTH KOje CMO YK/LYNIUTH
geny ca np Tonmoposuh je MHPCKA JeTeHIa, MOWe Y Haul WiaHay

poBepe OBHX pesynata
HajpASTHAHTIHM M

wa. H y CBaKoj mpoBepi Pe
synTat ce norsphupao. Kao
wro obuuso bHBa y HayuH

npoHauiao rnobanHy cTpy’ 1a Hamycti Cymies CHCTEM 1p Topoposuh nojaursa
TYpY OBMX "nmyTena”, Kyaa ce 2 CBEra OECeTaK TofMHa.  Ba M WTa je 70 "HebeckH ay
OHH TAYHO NPOTEXKY H Kako. To je G0 OKO HEKOMHKO TO-MyT' y3 HaNoMeHy Aa 10

Fben pat, NHCaH Y CapaiH
ca KoJicraMa ca aMepHYKor

xiwbaza myra kpahe oa no
laTaKa y aKTye/iHoj HayuH

HHje Y NOTNYHOCTH Hay4YHH
TEPMHH, ATH je /1K 3a pasy

" MM je A0BO/bHa,
® He 3aHMMa Me
s i nyT y ceeMup
@
& 3
e®
&
HHBEP3INTET 13aBa0 Je Ocrannna ¢ i TC ( TpaHu
THKY TaNIbY Ha 1a C€ HEKOM ApYTOM
yune janoctH. Objasmen j C MaTHKOM
Wl )1 NEeCCeT Noj ITocne xpahe nay3e a
1AJNO3HATHIH idllia CaroBoOpHHUA, H(
JOJEBH O UHT paXHBama Cy HaCTaB/beHa \
THO 1O Anaj NPHAPYIKIIE CY joj ce |
Moxkprmm viere ca YHHBep3HTeTa )
eo Cynven cH UTHPOpHH]
1 €, Ha n Moasan { Ha caj
Hebecku  ny ) ) by KOJICTY acTpoHOMa iy
Hepuwe Jyms \pona P HI [ 1 je
ajpcha NOYeTK) 1no
came ( H 2
pe IBOM Pe
M ry. O TAKOBA0
I Ho or Knne
jie
IH 1eyj n
rosop Hot p

ALWE TOAOPOBYY,

Kao wTo Ha 3eMbH Jy-
pajy BCTPOBH, Na Heurmo
WITO j& MATIEHO H JIAKO MOXKe
1a ce xpehe be3 ropasa jep
ra HOCH BETap, TAKO HCTO y

eMHpY TPaBHTAUMJa MO-
¢ na noxpehe HEWTO WTO
MasieHo M 1aKo, be3 ropH-
pa. Y cBeMHpY CY TO KOMeTe
H ACTCPOHIH, MOXKIA H Ma-
e JIeTeIHIe, jep j¢ hHXoBa
maca y OJHOCY Ha IUIaHeTe
u 3seage mana. Hajjenmo-
crasnuje je pehu na ce Ta
KOMIUIHKOBaHA  TpPaBHTa-
HOHa NoMepama oIBHjajy
1y onpeheHHX TOKOBa =
CBEeMHPCKHX ayTo-nmyTeBa.
Konuent HebeckHx ayro-
nmyTeBa yBeaeH je npe oko
20 ronuna, u seh je KOpH-
wheH 3a HEKe CBEMHPCKe
mucuje, Ha npumep “lene-
cHc”, Koja je obuuna Jynu-
ropese Meceue. Anu, 3bor
LHXOBE CI0KEHOCTH, BHo.
Hx je moryhe nparTHTH

- CaMO y HenocpeaHoj

A

SATH JPAHED

1 FbEHOT TUMA O KPETAHY KPO3 BACUOHY

y KOCMOCY UMa,
BaH3eMarbLe jow
HUCMO HaLNK

DAM3IMHH IUlaHeTa, AoAaje
Halla CaroBOPHHUA

Ha nHTame KOnHKO je
3HavajHo oso orkpuhe, Ka-
we:

To je Temxo pehu, no-
xasahe Bpeme. 3a nayxy he
IHAYHTH, jep OBaj pey/rar
Hana HOBO CBETNIO Ha Hawe
pasyMeBame MOpeKia He
KHX KOMETa H acTepouna
Yxonuko ce, y byayhnocrs,
HeKa NIeTe/IHIA YCMEPH Ha
HEKY O/l OBHX pyTa, CasHa-
hemo Ha MLy MecTa KOJIH-
KO je 3HauajHo.

Hawa nayunuHua nopaje
W /12 je IeH THM YaK H CIH-
Kao HeKe KOMEeTe Ha THM

danracruxa. Hamanocr,
Taj 0ONMAHH CBEMHP 3ara-
hen je ca puwe on 20.000
yraleHHx carensra, ae
I0Ba paCHanHX NeTeAHUa,
KOjH KpykKe OKO 3emmbe, H
Mory DHTH H ONacHH axko
NaaHy Ha HEKO HaCe/heHo
mecro. Bume Bux sonena
na cadyBamo OBy Hamy
npeneny 3emby, HEro aa
sarpnamo cmehem jom He
Ky TUIaHeTy.
3a mu3jaBe H3paCICKOr
reHepasia KoOjH He camo
wTo TBPAH 13 mocToje
panzemasus, Beh ® na
KOMYHHUHPajy ca 3emba-
HHMa, KaKe Na joj HECY
no3Hate W J1a HX HE y3uMa
3a 03DHBHO.
- la nNoCTojH TaKsa KO-
mynukausja Mataja Ryk,

‘nebeckum AYTO-MYTCBH- ACTPOHOM Ca OBHX MpOCTO-
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HATAWA Togoposuh je wa daxynrery y

beorpajiy, Ha KaTeApH 32 ACTPOHOMM]Y, TAL j@ 3ABPWINNA MATWCTAPCKE W

AoKTOpCKe cryAmje. ¥ ToKy noc

TPYNOM aCTPOHOMA A (

K Y2 @GP ra

06jaBina je BHWE HAYUHIX PA0Ba y pomalina 1 meljyHapomm Haconu-
G1M3, M ORPAANa 3anaxeH 6poj NPefiaBaKba KA CTPYHIMM CRynoBIMA. Ay-
T0p je 1 npupelneay wanowbe "ACTepons, M KaMeHN (BeToBH", KOja j
Kpajem 2018. 1 noueTkom 2019. oppaxana y Fanepuip wayxe i vexse CAHY.

pujey Hmmn Y

a Aarp

3YKa0 BeJHKY
Y CBeMM]

HERITHT

CacBHM O/bHA:
1 =
en BeMHpa
KEeMO Ia ca

Ca Halue
Te

H

pujn y beorpagyy
HCTPRKHBIUKN PAJL YCMEPEH j& K AHanKy (ynuesor GucTena.

TO je CacTaBHH aeo
HBa4YKoOr pana hOjH
na- restrial Intelligence) xoju
liTo ce THYe oanacka

1ip Togoposuh
10 iy HHje HPH-

1 je 1boj 3emmba

MO- BaH 3emse, TO je HayKa no
1e/1aBamMo H
e paane-

iecKon.

jeon2002. amen |

Pa KOjH palH Y WHCTHIYTY
SETI (Search for Extra Ter-

ce DaBM MOTPAroM 3a M-
BOTOM BaH 3emne, CHTYpHO
bu Ham 1o Beh pexao. Ma-
BOT K30 TaKaB, MHKpoDM,
Bakrepuje, mory a noctoje

TepaAMAa. Ja K Ha apyrw
MMAHETAMA NOCTOM WHTe
NHTCHTaH JKHBOT, TO jO
cpe- HHCMO YCUeAH 12 npo



NONKTHKRA APYIITBO s ’am:sz::f;»og

OTKPURE HA ACTPOHOMCKO) ONCEPBATOPUIJU Y BEOIPALLY

CBeMMpCKH ayTo-ITyT Ka0 ralakThuka MIpeYmnIa

Hayuynnna Hartama TonopoBuh nponauuia Je CBojeBpcHe KoCMHUUKe KOpHI0pe KOjuMa e 0 CoJbHUX rpanuia CyHYeBor
CHCTeMa Moxke ctHhH 3a Bpeme k

0je ce MepH JieLleHHjaMa, a He, KA IITo Je cania cayuaj, croTMHaMa MUJIMOHA TOANHA

yaehu no orkpuhy Harame Tonoposuh, ayto-nyresn HACTajy rpaBHTALHOHOM HHTepaK- Q (X
H3peKa . Ipexo npeye — Haokoo Gmike”, uKjoM HeGecknx Tena. Pey Jj€ 0 noBpuMHaMa Koje i
KO Ce CXBATH J0CTOBHO, He BAXHK y CBe-  ce MPOCTHPY Yy PasHHM NpaBUKMa jep HX eMH- 1

Mupy. OBa HaywHa capaaHnua na ACTpo-  Tyjy nnanere, ssese i CaTeHTH. 3aT0 je HHX0-
HOMCKoj oncepsatopuji y Beorpany, y CapamHca  Ba [MaBHa OJUIHKa MHOIOCTPYKOCT, Kako OH M r/1a- 03
AMepHKaHIeM ApoHoM Posenrpiusom i xunec-  cro nocosmM CTPYYHH IIPEBO EHIVIECKOT HA3HBA
KM cTyaenToM du Byom, nponauita Jje cBojesp- _manifolds”. Bynyhu na osa pey snaum u wlUeBO-
CHC,.CBEMHPCKE ayTO-TlyTeBe” y KOCMOCy. Actepo-  Boa”, oBM »3YTO-NYTEBH" Ce MOry MoCcMaTpaTH
HULH, KOMETe a1 H AeTeHIe Koji ce Hahy HaOBMM  Kao CHCTeM LeBH KOjH ycMepaBajy CBaKo HeGecko 04
PYyTaMma, MOry 2a 10 CIIO/bHHX rpaHHIa Cynuesor Teno KOje CTyTIH Ha HHX. TonyT Bo3a koju cren
CHCTeMa Ha penausju Jynurep-Henryn CTHIHY 3a  HIHHE, TaKO H 4CTEPOHIH H KOMeTe C/Ie/ie OBE BacH-
BpeMe Koje Ce MepH AeleHHjaMa. Ako nakHeGecKa  OHCKe pyTe aKko ce Haby Ha lHMa, npu YeMy X yc-

25 3 35

2
B Tz

TeAa HAy , HAOKOMO', TO jeCT MHMO OBHX KOPHAO- Mepasa rpasutaumja. HapasHo, osa , kenesmnyxa” cuqynporpm’mmeué

o ) RAM: bCHE ACTCPOMAE HIIPATHIAH  ayTo- TocTase erennue? Npyri
Pa, 33 #31a3ax us CyH4eBor cHcTeMa Cy M nor- amonﬁaazyxmcauomounympamm.m Wmmmydmmhy na nu 6u y 6 HOCTH rPABHTAUMONN KOPHAO-
pelHe CTOTHHE XHbana WIH YaK CTOTHHE MHIH- Aa Cy rpaBHTalUHOHHE KOPHAOPH HEBHUBHEH K Telll- ACTePOHJIHOT
OHa roAHHa.

npeteau Henrynay nepuoay oncto  pi Mornm na mocayxe Ka0 CBEMMPCKE Mipesmue 3
KO yowsHBH 360r Xaoca y Cynyesom CHCTEMY. mmmlhmcuoymnommm&epm KocMoHayTe? Onrosop e, XHTIOTETHYRM, NOTED-
Ynanax 0 osoM orxprhy c Actporomcke oncep- #~CYHYEB CHCTEM je eXCTpeMHo CIOKEH HKDETalbe  KOJHMa acTepomj "uaere’ ua Cynueror cucrema

mopqicyscolpwucaaanojeoﬁjamuynpec- HEOECKHX TE/1a y 1HeMy HHje MaTeMaTHIKH peue- nehanmmmu«a,mmjepuﬂeﬁmmorybe. on 3emme 1o Mecena wim Mapea, To 61 caaxaxo

THAKHOM Hay4HOM Yacommcy . Science Advances”.  mo. 3a f1aneTe sHaMo Aa ce kpehy 1O cBOjUM my- CMO M MIOje/MHE KOMETE Ha OBMM KODH-  yWITeneno Bpeme Gyayhwm netenuuanma wa wyry
Ocrm urro je peh a0xuBeo 3aBMAHNX 30.000 un-  Tamwama, a1 ako GHCMO HexH ACTEPOHI HIH KOMe-

JopHMa YKMeE je noTepheno IHHXOBO KpeTaibe Ha ummwm W
Tama, ororpaduja us pana je oxabpana u 3a Ha- Ty y6aunn'y CyHues cHcTes, y Hekim o6nacTHMa iMa. OBo je jow HoB PEIYATAT M MOANA € NIpe-  ,JUPBEHO) IIAReTH",
CIOBHY CTpaKy Te yGanKauuje, Kojy Hszaje Ame- He GHCMO MOITIH 22 H3pauyHAMO Ky1a 64 ce KpeTao,  BHIIE CMeno pehit 1a MOKeE 21 ce IpeABIAK cBako
PHYKS 3COUHJAUHIA 33 HAYYHH RANPeRax. jepdumumommmo.Cmcyympmr KPETAILE, /I CBAKAKO BHLLE SHAMO O CBEMY OBOME”,
Ja Jlaxxruxy’, Hatama Toaopoeuh xaxe aa OTPOMHOI Xa0Ca HACHTHGHKOBaNe oBe pyte. Hc- 2
Jedo orxpiha aomaa jom 2017. a za cy ra Hezas-

TPLKHBAILE je y UENOCTH HACTANO0 KAO :
#o Posenrpun # By noTBpansu Ha ocHosy mwe- nnwabumnmwauumnww_
1 L { lDe i e Y Y Ci L HDCK] ) >
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