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Ilome3Hag j1eKcuKa 1o TeMe

«Buaeoypok: yuyum
AHIJIMHUCKHUU U 0CBaBaeM
KOCMOC»

Hi! I’'m Joe Strout. | have two boys, 10 and 14
years old, and three of us have been working
for the last year or so on a video game about
space settlement. But it’s not just a game. In
fact, it’s the most detailed and accurate space
colony simulation program that has ever been
made.

We simulate everything from gravity, radiation,
and rotational dynamics down to individual
buildings and traffic paths for the people
inside. All this is quite a lot of work as you can
imagine. But we feel it’s important. For my
part, I’d say it’s the most important project I’ve
ever worked on. I’d like to share with you some
of the big ideas behind it and why it matters so
much.

In the early days of space exploration things
proceeded very rapidly. Twelve years from
Sputnik to the first Moon landing. People
assumed this pace of change would continue
and we would soon be moving into space in
large numbers. So researchers looked
carefully whether the best site for a growing
society is Earth, the Moon, Mars, some other
planet or somewhere else entirely.

a space settlement — xocMuueckoe moceacHue
detailed — moapoOHBIii
accurate — TOYHBIN, TOCKOHAJILHBIN

a space colony — kocmuueckast KOJOHUS,
HoceJieHue

a simulation program — nporpamMma
MMHUTAIIMOHHOTO MOJICITUPOBAHHSI
a traffic path — mosoca ynu4HOro ABMIKCHUS

it matters — 3To uMeer 3HaUEHHE, ITO BAKHO

space exploration — ocBoeHune KocmMoca

to proceed — npoOMCXOIUTH, pa3BUBATHCA,
pa3sBOpaYUBATHCS

rapidly — ObicTpo, CTpeMHUTETBEHO
Moon landing — Breicanka Ha JIyHy

to assume — momyckarse, MpeanoaraTb
pace — TeMmIl, CKOPOCTh

a researcher — uccieioBarelnsb

a site — mecro, mommaaKa

somewhere else entirely /in'taroli/ — B
COBCPHICHHO APYI'OM MCCTC
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Surprisingly, they found the answer to be
inescapable: the best site is somewhere else
entirely. Researchers concluded that the best
place for humanity to live in space isn’t on the
surface of any planet or Moon, but rather in
free-floating orbital space colonies. Numerous
papers were written and studies were done
working out the details. This was just before
the Space Shuttle, which was expected to
dramatically lower the cost to orbit. The cost
analysis showed that we could have orbital
cities of tens of thousands of people, perhaps
by 1995 or so.

Well, obviously that didn’t happen. The Shuttle
program turned out to be quite a bit more
expensive than expected, and funding for the
space program was reduced. Also the energy
crisis of the 1970s temporarily abated,
reducing the need to look for clean, cheap
energy sources such as space-based solar
power. So we retreated to low Earth orbit
going around in circles for more than three
decades.

But now things are changing again. Private
enterprises are entering the space business in
an aggressive way with ventures like SpaceX
reducing the cost to orbit down to the sort of
levels we were expecting in the 70s. Virgin
Galactic is preparing to make routine passenger
flights to the edge of space. Bigelow Aerospace
has tested private inflatable space stations, and
several companies are now seriously
proposing to mine near-Earth asteroids. So,
amidst all this renewed activity, people are
starting to think again about colonizing space.

inescapable — Hen30eXHBII, HEOTBPATUMBIH
to conclude — cuenarp BBIBOJ

humanity — genoBedecTBO

on the surface — Ha moBepxHOCTH

NUMErous — MHOTOYUCIICHHBIN

to work out — BeIYHCIISATH, IPOPAOATHIBATS,
pa3duparscs

dramatically lower the cost — 3naunTensHO
CHU3UTH CTOUMOCTbH

an orbit — op6ura
tens of thousands — nmecsaTku THICAY

obviously — oueBuaHO
to turn out — BBISICHSITBCS, OKA3bIBAThCS
funding — ¢unancupoBanue

to be reduced — ObITH COKpaIIEHHBIM,
YMEHBIIIEHHBIM

to abate temporarily — BpeMeHHO CHU3UTBCS,
YMCHBIINUTBCA, IIOMTH Ha criazg

an energy sourcé — MCTOYHHK SHCPIruu

space-based solar power — xocMuueckast
COJIHCYHAA 3JICKTPOCTAHIIHA

to retreat /ri'tri:t/ — oTka3sIBaTHCS, OTCTYNATh

a decade — nmecsatunerne

a private enterprise — 4acTHOe MpeanpHsITHE

a Venture — aBaHTIOpa, PUCKOBAHHOE
MPEANPUATUE UM HAYMHAHUE

an edge — kpaii
inflatable — wanyBHO#

to propose — nipemyiarate
to mine — B3pbIBaTH

amidst — B ycnoBusx, cpenu




OHNavH-WKona
aHIMUIACKOro A3blKa

- WHIMEKC
y—

www.englex.ru

But what destinations do people think about?
The top of the list is, as always, Mars. Mars
holds fascination for us, and it has been a
target of colonization dreams since the early
days of space exploration.

Next up is the Moon, which has the unique
advantage of being only a few days away all
the time. A few thinkers have considered
Venus, which might support floating cities at
just the right level in the atmosphere to have
Earth-like temperatures and pressures. And
then, so far down on the list, that most people
don’t even give it any thought, orbital space
colonies. So let’s talk about those. How do they
work? And should we be giving them more
attention?

First, let’s look at gravity. We know that one
Earth’s gravity, like what we’re all sitting in
right now, is good for us. And we know from
years of living aboard space stations that zero
gravity is not healthy for us. It causes bones
and muscles to weaken, immune deficiency,
heart problems, and increased risk of things
like kidney stones.

But what do we know about intermediate
levels of gravity, like the 1/3 G on Mars, or the
1/6 G on the Moon? Well, here is what we
know: nothing. Nobody has ever lived at any
intermediate level of gravity for more than a
few days, so we just don’t know the effects of
these G levels, even on adults. Much less
children, who are likely to be more susceptible
to developmental problems.

This is a big problem for planetary colonies,
because you can’t get Earth-like gravity
anywhere except Earth and possibly Venus.
But without children you don’t have a colony,
you have at best an outpost.

a destination — mecto Ha3HAUECHUS

fascination /feesi’ neifn/ — npursarareapbHOCTD,
IUICHUTEILHOCTh

a target — menp

since /sins/ — ¢ Toro MoMeHTa, Kak

a few — HeMHOT0, HECKOJIBKO

to consider — paccmarpuBaTh, yYUTHIBATH

a floating city — rumaByuuii (mapsiiuii) ropos
pressure — maBJICHHC

to give some (any) thought — Bcepbes
3a1yMaTbCs

gravity — rpaBuTanusi, IpUTHKECHIE
aboard — na 6opry

t0 cause — BBI3BIBATH, OBITH MPUINHON
to weaken — ocnaGsTh

immune deficiency — umMyHOIePHUIIUT
an increased risk — mMoBBIIICHHBIH PUCK

a kidney stone — kameHb B OYKax

intermediate — mpoMexyTOYHBII, CpeAHUI
an adult — B3pocbrii

susceptible /sa'septobl/ — BocipuUMUHUBEIi,
YyBCTBUTEIbHBIN

a developmental problem — npo6Giiema,
CBsA3aHHasA C pa3BUTHEM

except — kpome
possibly — BozmoskHO
at best — B nmydmem ciryuyae

an outpost — otmaneHHOe MOCENEHNUE,
MIPECTaBUTEIBCTBO, 3aCTaBa
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Orbital space colonies produce pseudo gravity
through rotation, just like amusement park
rides some of you may have tried. The larger
the radius of rotation is, the slower it can spin
and still produce an Earth-like gravity. A one-
kilometer colony, for example, only needs to
spin 1.3 times each minute to produce one
Earth’s gravity.

Of course, if we discover that less gravity is
acceptable, then we can either build smaller
or spin slower. In fact, one cool thing about an
orbital colony is that you can have multiple,
different levels of gravity at the same time.
Higher decks, closer to the spin axes have
proportionally less gravity. So maybe if we’ll
find that elderly or injured patients are safer
at 1/2 G, they can just stay on a higher deck.

And in the center, you can have zero gravity
sports and recreation, and still be at home in
time for dinner.

OK, let’s talk about radiation. Free space is
filled with radiation from the Sun, and much
harder radiation in the form of cosmic rays
which stream in from all directions. Here on
Earth we’re protected largely by the Earth’s
magnetic field, and secondarily by the tons of
air above our heads. Mars, Venus and the
Moon have no significant magnetic fields. And
apart from Venus, not much atmosphere either.
So every time you step outside there, you’re
dosing yourself with radiation. You’d have to
stay underground most of the time to avoid
problems like cataracts, cancer and infertility.

pseudo /'sju:dov/ — niceB1o
rotation — BparcHue

an amusement park ride — arrpakuuoH B
MapKe pa3BiICUCHUN

to Spin — KpYTUTBCSI, BpAIAThCs

each — kaxprit

to discover — oOHapyx)HuBaTh
acceptable — mormyctumbrii
either ... or... — wm ... wim...
multiple — mMHOrOYHCIEHHBII
a deck — many6a, mromaaka
a spin axe — och BpalCHHS
the elderly — moxwuisie

an injured patient —

TPaBMHUPOBAHHBIN/paHEHHBINA MTAITUCHT

recreation — OTABIX, pa3BCUCHHE

free space — cB00OIHOE ITPOCTPAHCTBO

be filled with — GbITE HamTOTHEHHBIM YEM-
100

a COSMIC ray — KOCMUYECKO€e U3JIyueHHUE, Ty
to stream in — BiKMBaTHCS

a direction — nHanpaBieHue

a magnetic field — marautHOe mOJNTE
significant — 3HaYUMBIi, BaXKHBII

to step outside — BrIXOANUTH

to avoid — u3berarhb

cancer — pax (6ose3Hb)

infertility — Gecrutonue
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Orbital space colonies are built outside-in.
We’re going to need a few meters of soil
beneath our feet anyway to support a robust
biosphere. And that alone provides substantial
shielding against space radiation.

In fact, a colony in a low Earth orbit would
have less radiation inside than we experience
here on Earth. Outside of Earth’s magnetic
field some additional shielding might be
necessary, but it’s still nicer to have that
beneath your feet than over your head.

I’m going to touch only briefly upon the
day/night cycle. Obviously, we evolved with
the 24-hour day. The Martian day is very
similar: 24.6 hours, and this may be a part of
our fascination with Mars. A space colony
would have exactly the day length that you
want, most likely, matching Earth’s. Daylight
would either be sunlight, reflected into the
habitat through shield mirrors, or artificial
lighting, but so far overhead that it produces an
outdoorsy daytime feel.

So you can probably tell by now that | see a lot
of advantages to orbital colonies. As soon as
you let go of the assumption that we need a
planetary surface to live on, you quickly come
to the conclusion that orbital space colonies
are the best place to be. In short, we can do
better than Mars.

This is why my sons and | are building our
game which we called “High Frontier”. We
have built it to be as accurate as possible: the
physics, radiation levels, ecology and
everything else is based on real science. So
players of the game aren’t just playing, they’re
exploring the vast design space and finding
solutions that might actually work.

outside-in — HanW3HAHKY

soil beneath /b1'ni:B/ our feet — mouBa y Hac
1o HOoraMmm

robust — kpenkuit, POYHbIH
substantial shielding /' fi:1di/ — ycunennas

3aIuTa

to experience — omryniatk, UCHBITHIBATH

to touch upon — 3atparuBaTh, yHOMUHATH
to evolve — pasBuBaThCs

matching — coBnamaroruii

daylight — nneBHoIi cBET

reflected — orpaskaemprit

a habitat — cpena oburanus, Mmecto
POKUBAHUS

an outdoorsy daytime feel — ormymienne
npeOBIBAHUS HA YIHIE B JTHEBHOE BPEMsI

as soon as — Kak TOJbKO

to let go — ormycTuTh

an assumption — mpeanoNIoKeHUe

to come to the conclusion — npwuiitu x BeIBOAY

a frontier /' frantro/ — rpanuna, pyoex
to be based on — ObITH OCHOBaHHBIM Ha
science — Hayka

vast — oOmMpHbIi

a solution — pemienne, BBIXO/] U3 CUTYAI[HH
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At the very least, they’re learning about an
alternative to planetary colonies. And we hope
that someday some of those smart, educated
players might help to make it actually happen.
When it does, it might unfold something like
this. The little green dots you see here
represent orbital space colonies. Each one is
home to anywhere from 10 thousand to 10
million men, women and children.

A recent work based in part upon “High
Frontier” has shown its best to begin in low
Earth orbit, within the Earth’s magnetic field.
But we’ll expand from there to higher Earth
orbits, and then orbits near the Moon. After
that, colonies around Mars might make sense
with its two moons providing materials.

From there we’ll expand into the Asteroid Belt
with an estimated billion or so objects, at least
100 meters in diameter, which may not sound
like much, but a 100-meter asteroid weighs
about 10 million metric tons. In fact, experts
estimate that there is enough material in the
main Asteroid Belt alone to build space
colonies with the combined area of 3000 times
the livable land area of Earth.

And then there are more asteroids in Jupiter’s
orbit, and of course the Jovian System itself
which has dozens of minor moons and rings
massing about 10 billion tons.

After that we’ll move to the Saturn System
which has similar resources. Just think of
the view you would have out of the windows
there!

at the very least — xax MUHUMYM
to unfold — pa3BopauuBaTHCsI, IPOUCXOTUTH
a dot — Touka

to represent — mpeacTaBIisATh

recent — HenaBHUM, KpaltHUH
within — B pamkax
to expand — pacimpsTh

to make sense — uMeTh CMBICH

the Asteroid Belt — mosic actepounion
estimated — ycTaHOBJICHHBI#H

a billion — mummmap

to weigh — BecuTh

enough — mocTaToYHO

a livable land area — teppurtopust cyiu,
TPUTOHAS TS KH3HU

the Jovian System — IOnurepuanckas
(xonbLIEeBast) cucTEMA

a dozen /dazn/ — mroxxuna

minor /'maina/ — MeHbIui, BTOPOCTENCHHBIN

massing — ¢ Maccoi

t0 move — (mpo)aBurarbes

aview — Bun
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And then onward to Uranus and Neptun. And
then the Kuiper Belt, with an estimated 70
thousand dwarf planets out in the cold and
dark.

The Solar System is vastly larger and richer
than most people realize. It’s full of exactly the
materials and energy that we need. And
remember, unlike past human migrations, there
are no ecosystems here, no natives that will be
displaced; these are sterile chunks of ice and
rock just waiting for us to bring warmth, and
light, and life.

This greening of the Solar System, turning
dead chunks of rock into millions of inside out
worlds full of trees, and birds, and bugs, and
people. This is the bright future I see for us.
And it all starts here: smart, enthusiastic kids
are playing a video game where they get to
decide how and where to build space colonies,
how to run them when they are built, how to
balance the ecosystem, manage resources and
budgets, and educate each generation. That’s
why we’re building “High Frontier” and that’s
why it’s not just a game.

onward — nasee, Brepesn
the Kuiper Belt — mosic Koiinepa

a dwarf planet — kapiukoBas manera

The Solar System — CouiHeunas cucrema
to realize — oco3naBaTh, HOHUMATE
a native — MeCTHBIH KUTEb

to be displaced — cmemiarsb, ObITH
HepEeMEIICHHBIM

a chunk of rock — kycoxk kammst

greening — o3ejieHeHKE, IKOJOTH3aIHS

inside out — BBIBEpHYTbI HAM3HAHKY

a bug — xyxk

enthusiastic — yBiie4eHHbI, MOTHBHPOBAHHBII
to run — ympasiAaTh

a generation — mokoJieHue




