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FOREWORD BY ANDREW ALDRIN

HPEANCJIIOBUE AHJAPES OJIAPUHA

This book represents a journey of its own. It
began the moment my father set foot back on
Earth. Since that time he has been constantly
thinking about how people from Earth will
inhabit another planet. What you will read is a
vision of the extension of humanity to Mars, to
be sure. But the strength of my father’s vision
is the pathway as much as it is the planet. It is
about the journey as much as the destination.

I was there for most of it. I remember some of
it.

My earliest recollections are probably of me
sitting around the kitchen table looking at these
fantastic models of space planes, and
understanding almost nothing about the space
shuttle that was going to be the next generation
of spacecraft intended to fly people into orbit.
There was an impassioned discussion—well,
more of a monologue—regarding early designs
for a space shuttle system that had a piloted
fly-back booster for the first stage and why we
needed to separate crew from cargo. That is
about all I remember. I was 11 and had nothing
to contribute, except for a willing ear.

And that is the way it went for the first 20
years or so of our conversations about space
travel. I listened, and I learned, while my dad
talked about space

JTa KHHATA OIUCHIBAET NyTCHWECCTBUE MOECTO
OTLIa C TOTO MOMEHTa, KOTJla OH CHOBA CTYMHII
Ha 3emimo. C Tex mop OH MOCTOSTHHO AYMAeT O
TOM, KaK JIFOJIU C 3eMITu OyIyT 3acensiTh
Apyryro mianery. To, 94To BeI mpoUTETE, — 3TO
pacnpocTpaHeHue uenoseuectsa Ha Mapc. Ho
CuJI1a MPeIBUEHUS MOETO OTL[a — 3TO He
TOJIBKO MJIAHETA, HO U TIYTh. Peun I/II[éT KakK O
CaMOM NyTCHICCTBUH, TAK U O ITYHKTE
Ha3HAYCHUs.

S mpocnenun 3TO MyTeLIeCcTBUE U KOTOPOE-UTO
3aTIOMHUJL.

Mou camble paHHHE BOCIIOMUHAHMSI, BEPOSITHO,
CBSI3aHBI C T€M, KaK s CUJEJ 32 KyXOHHBIM
CTOJIOM, CMOTpEJ Ha 3TH (PaHTACTUUECKHE
MOJI€JIM KOCMUYECKHUX CAMOJIETOB U MOYTH
HUYEro He MOHUMaJ O KOCMUYECKOM YEJTHOKE,
KOTOPBIH JOJKEH ObUT CTaTh KOCMUYECKUM
KOpabJsiéM ClenyroImero moKOJICHUs,
NpeaHa3HauYeHHbIM Ui JOCTaBKU JIFOJEH Ha
opbuty. beia cTpacTHast TUCKyCCUsl — HY,
CKOp€ee MOHOJIOT — OTHOCHUTEJIbHO PAHHUX
IIPOEKTOB CUCTEMbI KOCMHUYECKHUX YEJTHOKOB C
MUJIOTUPYEMON PAKETON-HOCUTENEM IS
NEPBOH CTYIEHHU U OYeMy HaM HYKHO ObLIO
OTIENUTDb SKUMAXK OT Ipy3a. ITO BCE, UTO 5
nmoMHK. MHe Ob110 11, 1 MHe Heuero ObLUIO
MPEJIOKUTD, KPOME JKEJIAIOIINUX BbICIYLIATD.




U Tak Obu10 nepsbie 20 JIeT HIIH OKOJIO TOTO
HaLINX Pa3roBOPOB O KOCMUYECKUX
MyTelecTBUsX. S ciyian u y4uncs, noka Mo
OT€Ll TOBOPHJI O KOCMOCE

Some of these conversations involved the great
thinkers of our time. When my dad came up
with an idea, he would seek out the people who
were doing the most creative thinking at the
moment. They would usually pick up the
phone when he called. At one point he began
to look critically at the design of the space
station. The structure just didn’t seem efficient.
I recall that he became enamored with geodesic
structures, so he naturally called on
Buckminster Fuller. Now that was an amazing
set of conversations. At the time it seemed like
competing soliloquies. But I began to see many
more of Bucky’s ideas creep into the design.
And it is not just the well known and famous
who captured my father’s attention.

B HekoTOpBIX U3 3THX Oecen MpUHUMAITN
y4aCTHE BEJIMKHIE MBICITUTEIH HAIIErO
BpeMeHu. Kornma Moemy OTIy IpUXOoamia B
rOJIOBY UA€s, OH HUCKAJI JIIOJEH, KOTOPBIE B
TaHHBI MOMEHT MBICIWIN HanOosee
kpeatuBHO. OOBIYHO OHM Opaiiu TPyOKy, Koraa
OH 3BOHWJI. B Kakoi-TO MOMEHT OH Haudal
KPUTHYECKH OTHOCUTBCS] K KOHCTPYKIIUU
KocMHu4eckol craHimu. CTPyKTypa MpocTo He
kazanach 3¢ dexTuBHON. S MOMHIO, 4TO OH
YBJIEKCS TE€OIE3UUECKUMH CTPYKTYPaMH,
MO3TOMY, €CTECTBEHHO, OOpaTHJICS K
BakmuncTepy @ymnepy. 1o OB
yIUBUTENbHBIA HAOOp pasroBopos. B To Bpems
3TO Ka3aJIOCh KOHKYPUPYIOLIIM MOHOJIOTOM.
Ho s Hauan 3ameuats, uTo MHOTHE Uaen baku
MIPOHUKAIOT B TU3AMH.

Ho He TOJBKO U3BECTHBIE U 3HAMEHHTBIC
NPUBJIEKAIN BHIMAaHHE MOETO OTIIA.

If anyone had an idea that fit in my dad’s
vision of the future, he would go and talk to
them. Often he became the tireless advocate
for their ideas. He was building an architecture
of systems. If someone had an element that fit
in his structure, he wanted to use it.

You will see a lot of other people’s elements in
the pages of this book. But the system, in the
broadest sense possible, is truly his own.

All of the pieces fit together. That may be the
real virtue of this book. There are hundreds,
probably thousands, of people who have talked
with my father, read his articles, heard his
speeches, and watched him on TV. Each of
them contributed a snippet to Dad’s overall
vision. Sometimes the snippets seemed
impossibly disjointed. There was just so much
he was trying to articulate, and so little time in
one conversation, speech, or interview.

But I recall one conversation with Brent
Sherwood, a space architect now at the Jet
Propulsion Laboratory, who really does see the
big picture. My dad had an incomprehensibly
complex diagram of how humans could get
from where they were to Mars. Reasonably

Ecnu y xoro-to Oblia unest, koropas
COOTBETCTBOBAJIA €r0 MPEABUIECHHIO
Oyay1ero, OH &N U TOBOPHI ¢ HUMH. HacTo
OH CTAHOBHJICS HEYyTOMHUMBIM 3aLIUTHHUKOM HX
uneii. OH cTpoust apxuTeKTypy cuctem. Ecnmu y
KOTO-TO OBLJT 3JIEMEHT, KOTOPBIi BIIUCHIBAJICS B
€ro CTPYKTYPY, OH XOTEJI €r0 HCIOJIb30BaTh.
Ha cTpaHuuax 3TOi KHUTH BbI YBHIUTE
MHOXKECTBO UYKHX 3JieMeHTOB. Ho cuctema, B
CaMOM LIUPOKOM CMBICTIE, TeHCTBUTEIBHO €ro
cOOCTBEHHAsI.

Bce wacTu mogxonsT opyr K ApyTy.
B03MOXHO, B 3TOM M 3aKIIFOYAETCs TOATUHHOE
IOCTOMHCTBO 3TOH KHUTH. COTHH, a MOKET
OBITh, U THICSIUH JIFOJEH Pa3rOBapUBAIN C MOUM
OTLIOM, YHTAJIN €0 CTaThHU, CIBILIAIN €T0
BBICTYIUICHUS, CMOTPEJIH €T0 10 TEJIEBH30DY.
Kaxnplit u3 HUX BHEC CBOH BKJIa B oOmiee
npeasuneHne. MiHorna ¢pparMeHTs! Ka3ainch
HEBEPOATHO OeccBsi3HBIMU. OH Tak MHOTO
nbITaNICS CPOPMYIUPOBATE U TAK MAJIO
BPEMEHH YAEISUT OMHOMY Pa3rOBOPY, PEUU WU
UHTEPBBIO.

Ho s nomuto oaun pasrosop ¢ bpentom
[TepByaoM, KOCMUYECKUM apXHUTEKTOPOM,
paborarommm ceituac B Jlabopatopuu
PEAKTHUBHOIO JBMKEHUS, KOTOPbIi
IEeUCTBUTENLHO BUANT OOIIYIO KApTUHY. Y
MOET0 OTIa OblJIa HENOCTH)KUMO CIIOKHAS




intelligent people could disagree over many of
the points in the diagram. And they did. But
afterward Brent told me that, despite his
technical differences, “it all hangs together.”
And he went on to say that Buzz may be the
only person who has all of the pieces to the
puzzle.

This book is the first time my father has
attempted to put the entire puzzle together in
one place.

My dad has spent a great deal of time
conversing about space with many people. This
book is a continuation of that tradition. The
basis of these chapters began with the 40 years
of publications, interviews, and presentations
my dad has made. Many of these have been
carefully collected by the people who work
closely with my dad. A special mention should
be made of the work Christina Korp and Rob
Varnas have done in collecting and organizing
the considerable library of my father’s works

CXeMa TOro, Kak JIF0Jl1 MOTYT MONAacTh OTTY/a,
r7ie OHU HaxoasaTcs, Ha Mapc. PasymHo
00pa3oBaHHbBIE JIFOAU MOTYT HE COTJIACUTHCS
10 MHOTUM MyHKTaM Ha auarpamme. M onu
caenanu. Ho Bnocnencteuu bpenr ckasan mMHe,
YTO, HECMOTPsI Ha €r0 TEXHUYECKUE Pa3IuIMs,
«BCE 3TO Aep:xkutcs BMecTe». M nanee on
ckaszai, uro bas33 Moxer ObITh €AMHCTBEHHBIM
YEJI0BEKOM, Y KOTOPOro €CTh BCE YaCTU
TOJIOBOJIOMKH.

B 51011 kHUTE MO OTell BIIEPBBIE MOMBITAJICS
co0paTh BCIO FOJIOBOJIOMKY B OJJHOM MECTE.
Oteu npoB&N MHOTO BpeMeHH, Oecenysi o
KOCMOCE CO MHOTMMH JIFOAbMH. JTa KHUra
SIBIII€TCS MPOAOJDKEHUEM 3TON TpaaULIUu.
OcHoBa 3Tux rnas Hadanack ¢ 40 jger
nyONMKaui, HHTEPBBIO U MPE3EHTALUI MOETO
otua. MHOrHe U3 HUX OBUIH TINATEJIBHO
coOpaHbI JIFOIbMH, KOTOPBIE TECHO
COTpyIHHUYaOT ¢ MouM oTroM. Ocolo crenyer
OTMETHTD padoTy, nponenannyo Kpuctuaoi
Kopm u Po6om Bapnacom no cbopy u
CHCTEMAaTH3alNY 3HAYUTENIbHOW ONOIHOTEeKH
MIPOU3BEAECHUN MOEro OTLA.

But the real heart of this book is a series of
conversations between my dad, Leonard
David, and me over the better part of 2012, all
dedicated to the writing of this book. These
conversations have been wide ranging,
incredibly insightful, entertaining, frustrating,
enlightening, and hopelessly disorganized. It is
a testament to Leonard’s perseverance that he
has been able to organize the discussions into
an entirely coherent manuscript which, I
believe, offers the clearest, most
comprehensive account of my father’s views
on spaceflight.

Ho nHacrosiee cepaueBrHa 3TOH KHUTH —
cepust Oecen MeXITy MOUM OTLIOM, JIeoHapaoM
J[BUIOM M MHOM B TeueHHe OOJIbIIe YacTH
2012 rona, NOCBSIIEHHBIX HATMCAHUIO 3TOM
KHUTU. DTH Oeceqpl ObUTH CaMbIMU
pa3HOOOPa3HBIMH, HEBEPOSTHO
MPOHULIATENIbHBIMU, HHTEPECHBIMU,
Pa304apOBBIBAIOIINMHE, TIOYYUTEILHBIMU U
Oe3HaIEIKHO Ie30PTaHU30BAHHBIMU.
CsugerenbcTBOM HacToMYMBOCTH JleoHapaa
SIBJISIETCS TO, YTO €MY YIaJIOCh OPraHU30BaTh
oOCy KIeHHs B BU/IE COBEPIICHHO CB3HOU
PYKOMHUCH, KOTOPAasi, KaK MHE KaXKeTCH,
npeayiaraeT Haubosee sICHOe U
HCYEPIIBIBAIOIIEE U3JIOKEHUE B3TJISIIOB MOETO
OTI[a HA KOCMHUYECKUE MOJIETHL

The book begins with a brief account of my
father’s flight on Air Force One on the day that
U.S. President Barack Obama made his only
major speech on space. My dad was more than
just a passenger that day. For the past year he
had been working tirelessly, refining concepts
for space exploration programs, making
speeches on space exploration, testifying
before space commissions and Congress. My
proudest moment was watching his speech at
the Smithsonian’s National Air and Space
Museum on the 40th anniversary of the moon

Kunra HaunHaeTCsI ¢ KpaTKOro OMUCAHUS
nojiéra Moero otia Ha 6opty Air Force One B
TOT AeHb, koraa npesuneHt CIIA bapak
Obama npousHEC CBOKO €AMHCTBEHHYIO
KPYIHYIO peub O KocMoce. B TOT aens Mon
orer| ObuT OOJBIIIE, YEM TPOCTO MACCAKUPOM.
B Tedenue npouutoro roga OH HEYCTAHHO
paboTal, yTOUHss KOHLEILNH TPOrpamMm
OCBOEHHSI KOCMOCA, MTPOU3HOCS pedun 00
OCBOCHHMHU KOCMOCA, AaBasi MOKAa3aHUs Mepen
KOCMHYECKHMH KoMuccusiMu 1 KoHrpeccom.
Bonbie Bcero st ropikych T€M, YTO HAOJHO 1A




landing. That speech laid out succinctly his
vision for the future of human space
development and exploration.

This book serves to further that vision.
Space exploration has never been a purely
technical enterprise for my father.

While the lessons of Apollo are legion, none
has made a greater impression on him than the
power of the commitment of an American
President. John F. Kennedy’s speech declaring
a clear and compelling goal for space
exploration forever changed the course of
human history.

So, in any conversation with him about the
long-term future of human exploration, you
will inevitably find yourself discussing space
in terms of four-year electoral cycles. Much as
you must have a progression of technical
development, my father recognizes that there
must be a progression of political decisions,
supported by sound policy analyses

3a ero peubto B CMUTCOHOBCKOM
HALMOHAJIbHOM My3€€ aBHalluu U
KOCMOHABTHUKH, NOCBAIIEHHON 40-1eTHIO
BbICaAkU Ha JIyHy. B 5T0l peun kpaTko
U3JIOJKEHO ero MpenBuaeHue Oyaymero
OCBOCHMSI U UCCJIEIOBAHUS KOCMOCA
YEJIOBEKOM.

DTa KHUTA CJIyKUT NaJbHEUIIEMY Pa3BUTHIO
3TOTO MPENBUACHUSI.

HccnenoBanue KocMoOca HUKOTA He OBLIO JTst
MOETO OTIIa YUCTO TEXHUUECKUM
MPEATNPUATHEM.

XOTsl ypOKOB ATOJIIOHA HAKOIIUIICS JIETHOH,
HU OJIVH U3 HUX HE IPOU3BEI HA HETO
OOJIBIIIEro BIIEUYATIEHHS, YeM CHUJia
MPUBEPIKEHHOCTH AMEPUKAHCKOTO MPE3UIEHTA.
Peus JI)xona @. Kenneau, npoBO3riacuBIIast
YETKYIO W YOSIUTENBHYIO 1IEJIb OCBOCHHS
KOCMOCAa, HaBCEr1a U3MEHUJIA X0 UCTOPUHU
YEJIOBEUECTBA.

Taxum oOpa3om, B TFOOOM pPa3roBOpe C HAM O
JOJTOCPOYHOM OYAyIIEM UCCIIETOBAHUN
YeJI0BEeKa Bbl HEM30eKHO OOHAPYIKUTE, UTO
o0CcyKIaeTe KOCMOC C TOUKU 3PEHUs
YEeTBIPEXJIETHUX U30UPATETBHBIX [IUKIIOB.
HecmoTpst Ha TO, YTO BBl JOJIKHBI HIMETh
MOCJIEIOBATEIbHOCTh TEXHUUECKOTO Pa3BUTHS,
MO OTeI MPU3HAET, YTO AOJIKHA OBITh
MOCJIEIOBATEIbHOCTD TOJUTUIECKHUX PEIICHHH
MOAKPEIUIEHHBIX HAIEKHBIM ITOJIUTUYECKUM
AHAJIU30M.

2

In the second chapter, he calls for a
recommitment to U.S. space leadership via his
Unified Space Vision. To support this, he
would like to see the formation of a permanent
senior executive, nongovernmental advisory
group he calls the United Strategic Space
Enterprise.

A long time before it became fashionable, my
dad was an unstinting advocate for private
space travel. In large part this is because he
recognizes the importance of creating large,
sustainable markets for launches in order to
bring down the costs of a single mission. Also,
it is because he believes that participation will
be the best way of generating broad public
interest in an ambitious space program. In
chapter 3 you will read how commercial
passenger travel should drive the requirements
for reusable Earth-to-orbit transportation

Bo BTOpOI1 rnase OH NPU3BIBAET K TOBTOPHOMY
BO3Bpary kocmuueckoro guaepcrsa CIIIA
yepes cBo€ EnnHoe KocMU4YecKoe
npeasuaeHue. YToOwl mognepkaThb 3TO, OH
X0TeN Obl BUAETD CO3aHNE TIOCTOSTHHON
HENPaBUTEIbCTBEHHON KOHCYJIBTATUBHON
TPyIIBI BBICIIErO PYKOBOACTBA, KOTOPYIO OH
Ha3biBaeT OOBbETUHEHHBIM CTPATETHIECKUM
KOCMHYECKUM MPEANPUATHEM.

3a10/1ro 10 TOrO, KaK 3TO CTaJI0 MOAHBIM, OTeLl
OBbUT HEYCTaHHBIM CTOPOHHUKOM YaCTHBIX
KOCMHYECKHX MyTelecTBuil. B 3HaunTenbHON
CTEIEHHU 3TO CBSI3aHO C TEM, YTO OH MPU3HAET
BAXKHOCTb CO3AaHUSI KPYIHBIX YCTONYUBBIX
PBIHKOB IS 31Ty CKOB, YTOOBI CHU3UTh
CTOMMOCTb OJIHOW Muccuu. Kpome Toro, 310
MIOTOMY, YTO OH CUHTAET, YTO y4acTue Oyaer
JYYLIAM CITOCOOOM BBI3BATDH IIUPOKUN
OOIeCTBEHHBII HHTEPEC K aMOMITMO3HON
KOCMHYECKOH nporpamMe. B rnase 3 Bbl
MIPOUYTETE, KAK KOMMEPYECKUE ACCAKUPCKUE




systems. Another theme that will come out in
this chapter is the importance of utilizing
existing systems and infrastructure.

Whether it was taking existing launch vehicles
and using them as the basis for reusable
flyback boosters, or taking the technology
developed by the Soviet Union and United
States for smaller, more efficient shuttle-like
vehicles, or using existing launch vehicles
instead of developing new systems with low
flight rates, my dad has always used the
technology of today to serve as the basis for
revolutionary new systems

NIEPEBO3KH JIOJKHBI OMPEAENATh TPEOOBAHUS K
MHOTOPa30BbIM TPAHCIIOPTHBIM CHCTEMAM C
3emin Ha opOuty. Emé onna Tema, koropas
Oyner 3aTpOHyTa B 3TOH I1aBe, — BaXKHOCTh
HCTIOJIB30BAHUS CYIIECTBYIOLINX CHCTEM U
UHPPACTPYKTYPBL

Bynp TO ncnonp30BaHNE CYINECTBYOIINX
pakeT-HOCUTENeH B KaueCTBE OCHOBBI IS
MHOTOPa30BbIX 00PAaTHOXOA0BbIX
YCKOPUTEJIEH, WilM UCI0JIb30BAHUE
TEXHOJIOTHH, pa3padboranHoit CoBeTCKUM
Corosom u Coenunénnbivu [lTaTamu, gias
MeHbIITUX U Oosnee 3((PEeKTUBHBIX LIATTIIOB,
WJIM UCIIOJIb30BAHUE CYLIECTBYIOIIMX PaKeT-
HOcUTEJeN BMECTO pa3pabOTKU HOBBIX CUCTEM.
C HU3KOM CKOPOCTBIO MOJIETA, MOU OTeL] BCernaa
MCI10J1b30BaJ1 COBPEMEHHBIE TEXHOJIOTUMH,
9TOOBI CJ1YKUTh OCHOBOH [1J151 PEBOJFOIIMOHHO
HOBBIX CUCTEM

Chapter 4 considers the return to the moon. As
strange as it may sound, for the 40 years my
dad and I have been talking about space, there
have been relatively few times that we have
talked about the moon. Been there, done that.
The moon seemed a distraction from the real
goal—Mars. But over the past several years the
moon has come back as a critical element in
his thinking. It is the place where the transition
from development to exploration takes place.
The focus of U.S. policy should be on
establishing the transportation, infrastructure,
and habitation systems around the moon to
enable commercial and international
development of the moon. The focus of
exploration should be on getting to Mars.

In 2008 my dad began to formulate the idea of
using missions to near-Earth asteroids as early
precursors to Mars missions. This is the focus
of chapter 5. I am sure that he was not the first
person to consider these missions, but when he
combined asteroid missions with the lunar
strategy as noted previously, and Phobos as a
waypoint to Mars, he created the foundations
of the Flexible Path architecture. This approach
was later recommended by the Obama-
established Augustine Committee as an
affordable, progressive path to human
exploration,

A key element to the Flexible Path was the
concept of landing—docking, really—at

B rnase 4 paccmarpuBaeTcsi BO3BpalleHUE Ha
Jlyny. Kax ObI cTpaHHO 3TO HH 3By4aJio, HO 32
Te 40 JeT, 4TO MBI C OTLIOM T'OBOPHUM O
KOCMOCE, OTHOCUTEJIbHO MaJ10 MbI TOBOPUJIU O
Jlyue. beun Tam, caenan sto. Jlyna xazanach
OTBJIEYEHUEM OT HacTosIeN nenu — Mapca.
Ho 3a nocnenHue HECKONBKO JIET JIyHa CHOBA
CTaJ1a BAXXHBIM 3JIEMEHTOM €TI0 MBILIIEHUS.
JTO MecCTO, i€ MPOUCXOAUT Mepexo OT
pa3paboTKK K pa3BelKe.

B nentpe sanmanus nomutuku CHIA nomxHO
OBITb CO3/1aHUE TPAHCIIOPTHBIX,
MHPPACTPYKTYPHBIX M JKUJIBIX CUCTEM BOKPYT
JlyHbl, 4TOOBI 0OO€CneuuTb KOMMEPUECKOE 1
MexayHapoaHoe ocsoeHue JIynel. B nientpe
BHHMMAHUA UCCJIEA0OBAHUA AOJI2KHO 6bITb
nodparbcst 1o Mapca.

B 2008 rony orer; Hauan GpopmMyIupoOBaThH
UAEI0 UCMOJb30BAHUS MUCCUN K OKOJIO3EMHBIM
acTepou/iaM B Ka4eCTBE MEePBbIX
[pPeAIeCTBEHHUKOB MUCCU Ha Mapc. DTtomy
MOCBSIIeHA TJiaBa 5. S yBepeH, 4To OH ObLT He
NEPBbIM, KTO PACCMAaTPUBaJ 3TU MUCCUM, HO
KOI'/1a OH CO€MHU MUCCHUHU Ha acTepouaax ¢
JYHHOU CTpaTerueu, Kak OTMe4dajochb paHee, u
doboc B kauecTBe MyTeBOH TOUKHU Ha Mapc,
OH 3aJI0’KMJ1 OCHOBBI TMOKON apXUTEKTYPBI
nyTu. [To3:xe 3TOT moxxox OblT peKOMEHAOBAH
Komuterom ABrycruna, co3ganasiM Obamoii,
KaK JOCTYIHBIM U NPOrPECCUBHBIN NYTb K
MCCJIE0OBAHUIO UEJIOBEKA.

Kitouessim snemenToMm «I ' nbkoro mytu» Obuia
KOHLEMNIMS OCaIKH — TOYHEE, CThIKOBKH —




Phobos, one of two Mars moons, before
proceeding to putting humans on the red
planet. I have to admit the logic of this was not
immediately obvious to me. Why do you go
99.999 percent of the distance to Mars without
completing the mission? Chapter 6 focuses on
how a stop at Phobos creates the basis for a
more permanent presence on Mars by allowing
astronauts to teleoperate the systems that piece
together the infrastructure necessary to sustain
human habitation of the planet.

Ha @oboce, omHOM U3 ABYX CIyTHUKOB Mapca,
IpeXK/Ie YeM NMPUCTYIHTh K OTIIPABKE JIFOACH
Ha KPacHyIo TuiaHery. S OJDKeH NMPU3HaTh,
YTO JIOTHKA 3TOr0 He OblIa cpa3y OUeBUIIHA
111 Menst. [louemy BbI npoxoaute 99,999
NPOIIEHTOB PacCTOsIHUA 10 Mapca, He
3aBeplLIuB MuccHuio? B rmase 6 ocHOBHOe
BHUMAaHHE YAENSIETCS TOMY, KaK OCTAHOBKA Ha
®oboce co3maét ocHOBY st boee
MOCTOSTHHOTO MIPUCYTCTBUS Ha Mapce,
MIO3BOJISISI ACTPOHABTAM TMCTAHIIMOHHO
yIPaBJIATh CHCTEMaMH, KOTOPbIE OO bEANHSIOT
UHPPACTPYKTYPY, HEOOXOAUMYIO ISt
NOJ/IePKaHUs! CYIECTBOBAHUS JIFOJEH Ha
TUIAHETE.

My father has done a great many things in his
life. The entire world respects and admires him
for participating in the first human spaceflight
to the moon. But from what I see, for him,
innovative technical concepts matter more:
developing key elements of the rendezvous
approaches that were critical to the success of
carly human spaceflight missions;
revolutionizing extravehicular training through
underwater exercises—these were some of his
contributions to human spaceflight that really
made a difference.

But the idea of cycling spacecraft between
planetary objects may be the idea of which my
father is the most proud. I think we have been
discussing cycling ships for more than 20
years, whether they were between Earth and its
moon or the much more technically
challenging task of cycling between Earth and
Mars.

Moii oter cienan O4eHb MHOTO B CBOEH
’Ku3HU. Bech Mup yBajkaeT U BOCXHUIIAETCS UM
3a y4acTue B IEPBOM I0JIETe UeIOBeKa Ha
Jlyny. Ho u3 TOro, 4TO 51 BUXKY, AJIsI HETO
Oosnbliee 3HaYEHNE UMEIOT HHHOBALIIOHHBIE
TeXHUYECKHE KOHUEMINH, pa3paboTka
KJIFOUEBBIX 3JIEMEHTOB MOAXO0/I0B K
CONMMKEHHIO, KOTOPbIE HMEJTH PEelIaroInee
3HaueHUeE JIs ycrexa MepBhIX KOCMUUECKHUX
IMOJIETOB Y€JIOBEKA; IIPOMU3BEI PEBOJIIOLIMIO B
MOATOTOBKE K BBIXOAY B OTKPBITBIA KOCMOC C
MOMOIIBIO TTOJIBOJHBIX YIPAKHEHUH — BOT
HEKOTOpbIE U3 €r0 BKJIAJ0B B MUJIOTHPYEMbIE
KOCMUYECKHE MOJNETHL, KOTOpbIE
NENCTBUTENIBHO U3MEeHWIH cuTyanuto. Ho unes
nepeMeeHIsI KOCMHYECKOro Kopadiis MexXay
MJIAHETAPHBIMU OOBEKTAMHU MOXKET OBITh
uneel, KOTOpol MOH OTel ropauTCst OoJIbIe
Bcero. S aymaro, 4To Mbl 00CyXKIaemM
uKIndeckre kopadmu yxe donee 20 ner,
HE3aBUCHMO OT TOTO, HAXOAMJIUCH JIU OHU
mesxkny 3emnéii u JlyHoit uimu kyna 6onee
TEXHUYECKU CJIOJKHAs 3a/1a4a —
nepeaBrkeHre Mexay 3emnéi u Mapcowm.

In chapter 7 my father discusses how we can
create a sustainable transportation system to
ferry people, supplies, and equipment to Mars
by utilizing a large host spacecraft on a
trajectory constantly traveling between Earth
and Mars at regular intervals. This system of
cyclers establishes the foundation for the
permanent human inhabitation of Mars.

B rnaBe 7 moti orer; 00CyKaaeT, KaKk Mbl
MOYKEM CO3/1aTh YCTOHYHMBYIO TPAHCIIOPTHYIO
CHCTEMY IJIsl JOCTABKH JIFOAEH, TPUTIACOB U
obopynoBanusi Ha Mapc, HCrob3yst OOJBIIOH
KOCMHYECKHH KOPaOJib-HOCUTEINb, KOTOPBIN
MIOCTOSIHHO TePeMeIaeTcst MexXny 3eMiéil u
Mapcom depe3 paBHbIE TPOMEKYTKH BPEMEHH.
JTa cucTemMa UKJIEPOB 3aKJIaABIBAET OCHOBY
U1l IOCTOSTHHOTO TIPOYKUBAHUS JIFOJEH Ha
Mapce.

Over the 40 years of conversations about
space, I really can’t remember a single time
that my dad talked to me about his trip to the

3a 40 ner pa3roBOPOB O KOCMOCE sI
HeﬁCTBHTeHbHO HE MOTr'y BCIIOMHUTBH HU
OJIHOTr'O pa3a, KOrja oTel TOBOPUJI CO MHOM O




moon. Sure, there were brief words here and
there, but the conversation was always about
the future. He cares about where we are going
as a civilization, not where we have been. In
chapter 8 he concludes with a discussion about
what it will take to get us to Mars. His vision is
not just about the technical or programmatic
elements, it is about the political and social
underpinnings necessary to reinvigorate the
nation’s commitment to the human exploration
and development of space. He looks to 2019,
the 50th anniversary of his historic landing on
the moon, as the date on which the American
President will make a commitment to establish
a permanent human presence on Mars.

That is the clarion call of this book.

cBOéM nyrewmectsuu Ha Jlyny. KonedHo,
uHOrna ObUTH KOPOTKHE CIIOBA, HO Pa3roOBOP
Bcerna Obut 0 Oynymem. Ero 3abotut TO, Kyna
MBI UAEM KaK LUBUIN3ALMS, a HE TO, T1€ Mbl
Obutn. I'maBy 8 OH 3aKaH4YMBaeT OOCYKICHHEM
TOTO, YTO HY3KHO, 4TOOBI 1oOpaThest o Mapca.
Ero npensunenue xacaercs He TOJIbKO
TEXHUYECKUX W IPOrPAMMHBIX 3JIEMEHTOB,
HO U MOJIMTUYECKUX U COLUAbHBIX OCHOB,
HEOOXOIUMBIX [Tl aKTUBU3ALIIH
MPUBEPKEHHOCTH HALIMM UCCIIEOBAHUIO U
OCBOEHHIO KocMoca 4yenoBekoM. OH
paccmartpusaet 2019 roa, 50-netue coeii
HUCTOPHUYECKON BbICanku Ha JIyHy, kak nary,
KOI'Jla aMepUKaHCKHUI MPe3UIEHT BO3bMET Ha
cebst 00s13aTeNIbCTBO YCTAHOBUTH MOCTOSTHHOE
MIPUCYTCTBUE YeIoBeka Ha Mapce.

TaxkoB 60€BOI 30B 3TOI KHHUTH.

1. The view from Air Force One

1. lIpeasuaenue u3s Air Force One

It was April 15, 2010, when I stepped off Air
Force One, one of several guests invited to
travel with U.S. President Barack Obama to the
John F. Kennedy Space Center at Merritt
Island, Florida. I had some inkling that he was
going to push the reset button on the U.S.
space program.

Jto 6buto 15 anpenst 2010 rona, koraa st
Beien 3 Oopra Air Force One, ogHOro u3
HECKOJIbKUX IOCTeH, MPUrJall€HHbIX BMECTE C
npesugerToM CIIIA bapakom Ob6amoii B
Kocmuueckuii nentp />xona ®@. Kennenu Ha
octpose Mepputt, wtat @iopuna. Y MeHs
OBLIO HEKOTOPOE MOAO3PEHHE, YTO OH
cobmpaercss HAKaTh KHOIIKY Mepe3arpy3ku
xocmuueckoi nmporpammel CIITA.

As he began a formal address, President
Obama was kind enough to recognize me
among those gathered. It was certainly ego
lifting to hear him say: “Four decades ago,
Buzz became a legend. But in the four decades
since he’s also been one of America’s leading
visionaries and authorities on human
spaceflight.” Welcomed words, but I patiently
awaited the punch lines of his speech.

Korna npesunent Odama Hayan opuuanibHoe
oOpaineHue, oH ObUT JOCTATOYHO JIIOOE3€H,
9YTOOBI Y3HATh MEHS CPEH COOPABLIMXCSI.
KoneuHo, ero 3ro ObLIO MOAHSITO, KOTAA OH
ckazan. «Hertplpe necatuneTus Ha3zan bass
cran nerennon. Ho 3a yeTeIpe necarunerus,
NPOLIE/IINE C TeX MOpP, OH TaKXKe ObLT OTHUM
U3 BeIYLIUX aMEPUKAHCKUX TPOBUILIEB U
ABTOPUTETOB B 00JIACTH MUJIOTHPYEMbIX
KOCMHUYECKHX MOJIETOBY. [IprBEeTCTBEHHBIE
CJIOBA, HO 51 TEPIIEIMBO XK1 U3FOMHHKHU €ro
peyn.

“Now, I understand that some believe that we
should attempt a return to the surface of the
Moon first, as previously planned,” the
President said. “But I just have to say pretty
bluntly here ... we’ve been there before. Buzz
has been there. There’s a lot more of space to
explore, and a lot more to learn when we do.”

«Teneps st TOHUMALO, YTO HEKOTOPBIE
CUHUTAKOT, YTO MbI JOJIX)KHBI CHa4dajia
MOMBITAaTbCA BEPHYTHCA HA TOBEPXHOCTDb
JIyHBI, KaK MIaHUPOBAIOCH pPaHEE», — CKa3al
npe3uneHt. «Ho s mpocTo MOMKeH CKa3aTh
3/1€Chb JOBOJIBHO MPSIMO. .. MbI OBLITH TaM
panbiie. bas3 Obu1 Tam. Ham npencrout
HCCIIEIOBATh rOpas3io OOJbIIe MPOCTPAHCTBA U
MHOI'OMY HaYUUTBCH, KOraa Mbl 5TO COCTIACMY.

Obama then called for a series of increasingly
demanding targets, made feasible by advancing
our technological capacity with each

3arem Obama mpusBai k psimy Bcé Oonee
CJIO’KHBIX IIeJIEH, KOTOPbIE CTAIH BO3MOKHBIMU
Oaarofapsi HapaIlMBAHHUIO HALIETO




progressive step forward.

TEXHOJIOTMYECKOT0 NMOTEHINANA C KasKIbIM
MIPOrPECCUBHBIM I1ArOM BHEPEN.

“Early in the next decade, a set of crewed
flights will test and prove the systems required
for exploration beyond low Earth orbit. And by
2025, we expect new spacecraft designed for
long journeys to allow us to begin the first-ever
crewed missions beyond the Moon into deep
space. So, we’ll start ... we’ll start by sending
astronauts to an asteroid for the first time in
history.

By the mid-2030s, I believe we can send
humans to orbit Mars and return them safely to
Earth. And a landing on Mars will follow. And
I expect to be around to see it,” the President
explained, greeted by bursts of applause
throughout the rollout of his prospective
missions.

«B Hagane cneayromero AeCATUIETHs CEPUs
MOJETOB C SKUMNAXKEM OTJAAUT U MPOBEPUT
CUCTEMBbI, HEOOXOTMMBIE JJIsl HCCIICTOBAHUS 32
npeaesaMu HU3KOH OKOJIO3eMHOM OpOHUTHL. A K
2025 rony Mbl 0KUAAEM, YTO HOBBIE
KOCMUYECKHe Kopadiiu, MpenHa3HauYe€HHbIE IJIsI
NaTbHUX MyTEIECTBUH, MO3BOJISIT HAM Ha4aTh
MEPBbIE B ICTOPUU MUCCUM C SKUMTAKEM 32
npenenamu Jlynel B ganeHuil kocMoc. Mtak,
HAYHEM... HAYHEM C TOTO, YTO BIIEPBHIC B
HWCTOPUU OTIPABUM aCTPOHABTOB HA ACTEPOMI.
A cuuraro, uto k cepeanHe 2030-x ToI0B MbI
CMOKEM OTIIPABUTH JItOeH Ha opOuTy Mapca
U 0JIarornoyy4Ho BEPHYTh UX Ha 3emutto. 1
nocnenyer nocagka Ha Mapc. 1 s oxxupato,
9yT0 OyAy psiioM, 4TOOBI YBUAETH 3TO», —
MOSICHUJI IPE3UICHT, BCTPEUEHHBIN B3PbIBAMU
arJIOMMCMEHTOB BO BPEMSs Pa3BEPTHIBAHUS
MPEAINONAraeMbIX MUCCHI.

President Obama’s rejection of the previous
space plan—the Vision for Space
Exploration—announced by President George
W. Bush in January 2004, was in motion. That
Bush space agenda spurred NASA to
orchestrate the Constellation Program, one that
involved development of two booster vehicles:
Ares I and Ares V. Ares | would boost crews
into orbit. The Ares V heavy-lift launcher
would hurl other hardware into space.

Along with these two boosters, the
Constellation Program called for a set of other
spacecraft to be built, including the Orion crew
capsule, an Earth departure stage, and the
Altair lunar lander.

Otxkas npesuaenta OOGambl OT MPEIbIAYIIETO
kocmuueckoro miaHa — «IIpeasunenue
UCCIIEIOBAHMS KOCMOCa», — OOBSBICHHOTO
npe3uaeHToM JlxxopakeM bymem-mnanmum B
ssaBape 2004 rona, ObLT B IBHOKEHUHU. JTa
KOCcMHYeckas rporpamma byma nobyanna
HACA opranuzosats nporpammy
«Co3zBe3nne», KOTopas BKJIFOYaIa pa3padoTKy
IBYX pakeT-Hocutenei: «Apec-1» u «Apec-5».
«Apec-1» nomxeH ObLIT BBIBECTH SKUIAKH HA
opburty. Tspkénas myckosasi yctaHoBka Ares V
BbIOpAChIBaET B KOCMOC JPYroe
obopynosanue. Hapsiny ¢ 3TUMHU IByMsI
ycKopuTessiMu nporpamma «Cosse3nanue»
npeaycMaTpuBaia CTpOUTENbCTBO Psilia
OPYTUX KOCMHYECKUX KOpabiei, BKIrovast
Karcysy skunaxka «OpuoH», CTapTOBYIO
CTyIlE€Hb 3eMJIU U JIYHHbIH [OCaA0YHBIN
MOJYJIb «AJIbTAUP».

Coupled with the retirement of the space
shuttle program in 2010, the Bush proposal
would establish an extended human presence
on the moon and begin a “sustainable course of
long-term exploration.”

B coderaHuu ¢ npekpanieHueM nporpaMmabl
KOCMHUYECKHX 4eJHOKOB B 2010 roay
npemioxkenue bymma nomkHO ObLTO
o0ecreunThb JIUTETbHOE IPUCYTCTBHE
4yesoBeka Ha JIyHe U HayaTb «yCTOMYMBBIN
KypC AOJTOCPOUYHBIX UCCICTOBAHUIN.

As President Obama took the stage, America’s
civil space program had been aimed at
returning astronauts to the moon by 2020.
Also, that Bush plan called for cultivating the
technologies that would support human
expeditions to Mars, our ultimate destination in

Korna mpesunent Obama BbIIIeN Ha CLIEHY,
rpakaaHCKast KOCMUYECKasl mporpamma
Amepuku ObUla HarpasyieHa Ha BO3BpALICHNE
acTpoHasTOB Ha Jlyny k 2020 rony. Kpome
TOrO, 3TOT IJ1aH byia npenycmarpusan
Pa3BUTHE TEXHOJOTHIA, KOTOpPbIE OYAYT




space.

Still, I was always worried about a phrase Bush
used: a mission to Mars. My view: You’re not
going to sell a mission to Mars.

In the long run, two things happened along the
way following President Bush’s outlining of
his Vision for Space Exploration. First, Bush
failed to fully fund the program, as he had
initially promised. As a result, each year the
development of the rockets and spacecraft
called for in the plan slipped further and
further behind.

Second, and most important, NASA virtually
eliminated the technology development effort
for advanced space systems. Equally as bad,
NASA also raided the Earth and space science
budgets in the struggle to keep the program
then named Project Constellation on track.
Even that effort fell short. To keep the focus on
the return to the moon, NASA pretty much
abandoned all hope of preparing for Mars
exploration with humans.

NOJAEP>KUBATh UYEJIOBEUECKUE IKCIEANLINU Ha
Mapc, Hally KOHEUHYIO LieJIb B KOCMOCE.

Tem He MeHee, MeHsI Bcerna OecroKonia
¢bpasa, KoTopyro ucnoap30Ban bym: Muccus Ha
Mapc. Moé MHeHHe: BBl He cobnpaeTech
MpOJaBaTh MUCCUIO HA Mapc.

B koHeuHOM cuéTe, mocie TOro, Kak
Npe3uAEHT byl n310KNII CBOE NpeaBUeHHE
HCCJIEIOBAHMSI KOCMOCA, MPOU3OLIIIH JBE
Belu. Bo-nepBeIx, byl He CMOT MOJTHOCTBEO
npopUHAHCHPOBATH NIPOrPaMMy, KaK OH
H3Ha4aJbHO obemaln. B pe3ynbprare ¢ KaKaAbIM
roZIoM pa3padoTKa MPeayCMOTPEHHBIX TNIAHOM
paKeT U KOCMUYECKHX alnapaToB OTCTaBaja
BCE Jlajibllie U Aanblie. Bo-BTOpBIX, U 3TO
camoe rnaBHoe, HACA npaktudecku
OTKa3aJI0Ch OT Pa3padOTKU TEXHOJOTHH JIJIs
NepeoBbIX KOCMUYECKUX cucTteM. CTOINb xke
mwioxo, uto HACA Ttakxe coBepimio Haber
Ha OFOKeTHI HAYKH O 3eMiie U KOCMOCe,
IBITAsICh COXPAHUTD IIPOrpaMMy, KOTopas
toraa HasbiBanack Project Constellation. Haxke
3TO YCHIJIME HE YBEHUYAIOCH ycrexoM. UTtoOsl
COCPEeNOTOUUTBCS Ha BO3BpalleHuu Ha JIyHy,
HACA npaktuyecky 0Tka3anoch OT BCAKON
Ha/IeKbl HA MOATOTOBKY K UCCJIEIOBAHUIO
Mapca ¢ yuactueM Jroaeu.

Obama’s dismissal of the Bush Vision for
Space Exploration was fortified by the earlier
findings of a panel of space experts, which
concluded that the Constellation Program
could not be executed without very substantial
increases in funding. That panel was headed up
by my friend Norm Augustine, past head of
Lockheed Martin and a former government
official. Augustine’s team had received
testimony and presentations from across the
space community, including mine in 2009, as
to how NASA should shape its future. In the
end, the Augustine Committee observed that
the path established by Bush was not
sustainable, and President Obama agreed.
Augustine and I both zeroed in on the truth that
the Bush vision was unattainable and the
country needed something else.

The option clearly was a flexible path,

OTka3 Obambl OT kKOHLENIMY byma no
UCCIIEIOBAHHIO KOCMOCA ObLT TOAKPEIUIEH
OoJiee paHHUMH BBIBOAAMU TPYIIIIBI
KOCMHYECKHX 3KCIIEPTOB, KOTOPBIE MPHUIILIH K
BBIBOAY, uTO nporpamma Constellation He
MOXeT OBITh pean3oBaHa 0e3 BecbMa
CYIIECTBEHHOTO YBEITHUSHHSI
(uHaHCHPOBAHUS. Ty KOMUCCHIO BO3TJIABIISLI
Mot npyr Hopm ABryctus, ObIBIINii ri1aBa
Lockheed Martin u ObIBIIHIA
MPABUTENBbCTBEHHBIN YMHOBHUK. Komanaa
ABryCTHHA NOJy4HJIa CBUIETEIbCTBA U
MPE3EHTAIMU OT BCETO KOCMHYECKOTO
coo01ecTBa, B TOM 4uciie OT MeHst B 2009
roay, o ToMm, kak HACA nomxHO
¢dbopmupoath cBoé Oynyiiee. B kOHIIE KOHIIOB
KomuTter ABrycrrHa 3aMeTHII, 4TO MyTh,
MPOJIOKEHHBIN byiem, HeKU3HECTTOCOOeH, 1
npesugert Odama cormacuics. Msl ¢
ABTYCTHMHOM MPUIILTA K BBIBOZY, YTO
npeasuneHne byia HeMOCTHKUMO H CTpaHe
HY>KHO YTO-TO APYTOE.

Bapuast siBHO ObUT THOKMM NyTEM, TaK HITH




somehow. At the time I felt that we had an
option of extending space shuttle flights,
perhaps developing a shuttle-derived
capability. But soon it became clear that
extending the shuttle program was not an
economically viable thing to do, so now we
have a gap in America’s independent access to
space.

nHave. B To BpeMs A 4yBCTBOBAJI, 4TO y HAC
€CTb BOBMOXKHOCTb MPOIJIUTDH MOJETHI
KOCMHUYCCKUX YCJTHOKOB, BO3MOXKHO, pa3BUBast
BO3MOXKHOCTH aTTI0B. Ho Bckope cTano
SICHO, YTO paclIUpeHUe IPOrpaMMBbl IIATTIOB
SKOHOMHUYECCKH HEBBII'OAHO, TaK YTO TCICPh Y
Hac ecTb Opellb B CAMOCTOSITENIbBHOM JOCTYIIE
AMepUKHU K KOCMOCY.

I did believe the Bush vision for space was a
good, albeit flawed, notion. It moved away
from the space shuttle and the International
Space Station and back to exploration,
somewhere—even though back to the moon
with government astronauts was not to my
liking. I did concur that Constellation required
extensive reevaluation. Obama’s action to
cancel Constellation, however, has morphed
into the Space Launch System (little more than
the canceled Ares V booster in the
Constellation Program) and Orion, which is ill
named as a multipurpose crew vehicle.

Why? Overall, it is because of short-term,
vested interests in political and industrial
circles. It’s my opinion that some of the large
aerospace contractors are far from truthful in
working with NASA.

At the moment NASA’s own website on
Constellation tells the story as an editorial
note: “The Constellation program is no longer
an active NASA program. The program
information on these pages is for historical use
only.”

So be it for historical artifacts. But first a little
history about my own space journey to today.

51 nercTBUTENBHO BEpUIL, 4TO uaes byma o
KOCMoOce OblTa XOpOoInei, XOTsI i OIIMOOYHOM.
OH ymén oT KOCMHYECKUX YEITHOKOB U
MexxnyHapoaHOH KOCMUYECKON CTAaHLIUU U
BEPHYJICS K HCCIENOBAHUSAM TI€-TO — XOTS
oOpatHO Ha JIyHy ¢ mpaBUTENTBCTBEHHBIMU
aCTPOHABTAMH MHE HE HPaBMJIOCH. S
IEeUCTBUTENBHO COTJIACHIICS C TEM, YTO
Constellation TpeOyeT cepbE3HOM MEPEOLIEHKH.
HetictBus Obambl o otmeHe Constellation,
OJTHAKO, TIPEBPATHUIINCH B CUCTEMY
KOCMHMYECKOT0 3aycka (HEeMHOTro OOJIbIne, YeM
OTMEHEHHAs paKkeTa-HOCHTEb Ares V B
nporpamme Constellation) u Orion, KoTOpBIH
HEBEPHO HA3bIBAIOT MHOTOLIEJIEBBIM
notupyemsiM kopadiém. Ilouemy? B nesom,
3TO MPOUCKXOIUT U3-32 KPATKOCPOUHBIX
KOPBICTHBIX HHTEPECOB B MOJUTUYECKHUX U
NPOMBIIIJICHHBIX Kpyrax. S cuuraro, 4To
HEKOTOPBIE KPYITHBIE a9POKOCMHYECKHUE
NOJPSTYUKH AAJIEKH OT YECTHOCTHU B paboTe ¢
HACA.

Ha nannbiii MOMEHT COOCTBEHHBINH BeO-CaNT
HACA, nocssménnnbiii Constellation,
paccKasbIBAET 3TY UCTOPHUIO B BUAE
penakuuoHHoro nmpuMedanus: «lIporpamma
Constellation Gonbine He SIBISETCS AKTUBHOM
nporpammoit HACA. Uuadopmarus o
porpaMMe Ha 3THX CTPaHHULIAX
npeaHa3HauYeHa TOJIBKO Il HCTOPUIECKOTO
UCTIOJIB30BAHUS.

Tak 1 OBITE C UCTOPUUECKUMH apTehaKTaAMH.
Ho cHaudana HEMHOTO HCTOPUHU O MOEM
COOCTBEHHOM KOCMHYECKOM MyTEIIECTBHH B
HAIIY JTHU.

Beyond the Boundaries

3a npegesamMu rpaHuig

I know firsthand that challenging times often
come first before the most rewarding moments.
Over the centuries we have seen powerful
reminders of those who explored beyond the
boundaries of what they knew, from
Copernicus and Galileo to Columbus. Jumping
to the 20th century, it was on a windswept
morning in 1903 at Kitty Hawk that the Wright

51 He MOHACHBIIIKE 3HAO, YTO TPYAHBIE
BpPEMEHA 4acTO MPEIIEeCTBYIOT CaMbIM
panocTHbIM MOMeHTaM. Ha npoTsi>keHnu BeKoB
MBI BUJIEIM MOILHbIE HATIOMUHAHUS O Te€X, KTO
HCCJIENOBAI 32 NPEAeaMu TOro, YTO OHU
3Hany, ot Konepuuka u I'anunest no KomymOa.
ITepenecémcs B 20 Bexk. OTHUM BETPEHbIM
yrpom 1903 rona B Kurtu-Xox 6pares Paiit




brothers made the first powered flight. That
same year, my mother, Marion Moon, was
born.

My father, Edwin Eugene Aldrin, was an
engineer and an aviation pioneer—and a friend
of Charles Lindbergh and Orville Wright.
Taking a job with Standard Oil, my dad flew
his own plane coast to coast. He later served in
World War II in the Army Air Corps, coming
home for visits.

Born in 1930 and raised in Montclair, New
Jersey, 1 finished high school there. Aviation
was pretty much in the family. When I was all
of two years of age, my dad took me on my
first flight, the two of us winging our way from
Newark down to Miami to visit relatives.

My aunt, in fact, was a stewardess for Eastern
Airlines. The Lockheed Vega single-engine
plane that I flew in was trimmed in red paint to
look like an eagle. How could I have grasped
then as a child that decades later I would find
myself strapped inside a very different breed of
flying machine—Apollo 11°s lander, the Eagle,
en route to the moon’s Sea of Tranquillity

COBEPLIWJIY MEPBBIN NOJIET C ABUraTesneM. B
TOM K€ TOAy PoauIach Most MaMa MapuoH
MyH.

Moii oren, DnBuH HOmxun Onnpus, 661
WHXXEHEPOM U MMHOHEPOM aBUALIMH, a TAK)KE
npyrom Yapinesa Jluunbepra u Opeusuia
Paiita. Ycrpousiuch Ha paboty B Standard
Oil, moii orery ietan Ha COOCTBEHHOM
caMouéTe OT MoOepeKbsi 10 MOOEPEIKbSI.
ITos:xe oH ciy>kui BO Bpemst Bropoit Muposoii
BOWHBI B ApMENCKOM aBUALIMOHHOM KOpPITyCe,
npueskast JOMOH C BUSUTAMM.

S ponuncs B 1930 rony u BeIpoc B MoHKIIEpE,
mraT Hero-Jxepcu, rie OKOHYWI CPEIHIOK
Koy, ABuanus Obljia B OOJIBIIOM MOYETE B
cembe. Korna mHe ObLIO BCero aBa roaa, Mo
OTel] B3sJI MEHsI B PEIC, U Mbl BABOEM JIETEIN
u3 Hertoapka B Matiamu, 4TOOBI HABECTUTH
POIICTBEHHUKOB.

Ha camom nene mos Tets padorana
cTroapaeccoii B «McrepH Diipnaiin3».
OnnomoTtopHbIii camonéT «Jlokxua Bera», Ha
KOTOPOM $ JieTal, ObUT OKpAIIeH B KPaCHBIN
1BeT, 4TOOBI HANMOMUHATh opJia. Kak s mor
MOHATH TOTAA, OyAy4dH peO&HKOM, UTO CITyCTS
NECSTUIIETHUS 51 OKa)KyCh NMPUBSA3AHHBIM K
JIETaTeNIbHOMY anmnapary COBCEM APYroro Tuma
— cIlycKaeMoMy anmnapaty «AmnosioHa-11»
«Opén», HanpaBIAOLIEMYCS K TYHHOMY
Mopro CriokoicTBuS.

The heritage that led me into aviation and the
appreciation for higher education came from
my father. Dad had gone to Clark University in
Worcester, Massachusetts. His physics
professor was Robert Goddard, regarded as the
father of liquid-fueled rocketry.

After graduation from high school, I became a
cadet at West Point and took to heart its motto,
“Duty, Honor, Country.” It’s a maxim that
remains part of me today. Surrounded by the
influence of aviation, I entered the U.S. Air
Force after graduating from the Military
Academy. After fighter pilot training I was
stationed in Korea, where I flew 66 combat
missions in my F-86 Sabre fighter jet, shooting
down two enemy MiG-15 aircraft.

Following the Korean War, I was sent to
Germany and was on alert, flying F-100s that
carried nuclear weapons. In the late 1950s the
Cold War was escalating between the then

Hacnenue, xoTopoe npuBesno MeHsl B aBUALIUIO
U MIPU3HATEIbHOCTB 32 BhICIIee 00pa3oBaHue
npuiia oT Moero otua. OTew NOCTynuiI B
YHuusepcurer Knapka B Bycrepe, mrar
Maccauycerc. Ero npodeccop puzuxu Pobept
I'oanapn, 3aHuMancs, Kak oTel KUAKUM
pPaKeTHBIM TOILINBOM.

Ilocne oxoHYaHMs CpeqHEeN LIKOMBL, s CTal
KypcanToM B Bect-11oliHTe 1 npuHsI K cepaLy
IEeBU3, "IOJIT, 4eCTh, CTPaHa». JTO U3PEUECHUE,
OCTaéTCsl MOEH 4acThIO 10 CUX MOP.
Oxpy>KEHHBIN BIMSHUEM aBHALIUH, 51 IOCTYITIII
B BBC CIIIA, nocne okonuanust Boennoi
axagemud. [Tocne oOydeHus Ha JTeTYNKA-
uctpedutens s ornpasuics B Kopero, rue
copepur 66 OOEBbIX BBUIETOB HA
ucrpedurene F-86 Sabre, cOuB nBa Bpaxkecknx
Mul'-15.

ITocne kopeickoii BOHHEBL, ObLT OTIPABJIECH B
I'epmannio coBepIuai B COCTOSIHAM OOEBOH
roroBHOCTH NoniéThI Ha F-100s, koTopsie
Hecau sanepHoe opyskue. B konne 1950-x




Soviet Union and the United States. To be
sure, tensions were high. While posted in
Germany, I learned of the Soviets’ surprising
technological feat—the launch of Earth’s first
artificial satellite in October 1957, a 184-pound
sphere called Sputnik.

As the import of Sputnik sank in, against the
backdrop of the Cold War, the political and
public reaction spurred on the space age.

It became the starting gun for the space race,
leading to the creation of NASA the following
year

rozioB OblIa XOJIOHAS BOHHA - SCKaJalus
mexay Coserckum CorozoM u CoequHEHHBIMU
IItatamu. KoreyHo, HAMPsDKEHHOCTH ObLIIA
BbICOKa. 1 TOrna 51 y3Ha1 0 HEOXKUIaHHOM
TEXHOJIOTHYECKOM MojiBUre-3anycke CoBeramu
MEPBOr0 UCKYCCTBEHHOIO CITyTHUKA 3€MJIH B
oktsi0pe 1957 rona.

OH cTan OTIpaBHON TOUYKOM KOCMHYECKOM
rOHKH, uTo npuseno k co3panuio HACA B
CJIEeNYIOLIEM rONy.

The Soviet Union achieved yet another
triumph on April 12, 1961, by sending the first
human into Earth orbit, cosmonaut Yuri
Gagarin, in his Vostok 1 spacecraft. As a
comparative note, a few weeks after Gagarin’s
mission of 108 minutes duration, NASA flew
on May 5 America’s first Mercury astronaut,
Alan Shepard, on a 15-minute suborbital flight
that touched the edge of space.

A mere 20 days after Shepard’s mission,
President John F. Kennedy boldly challenged
America to commit itself to achieving the goal
of landing a man on the moon before the end
of that decade. Many of those at the helm of a
newly formed NASA thought the challenge to
be impossible. The know-how just wasn’t
there. The nation had little more than 15
minutes of spaceflight experience under its
belt.

Cosercknii Coro3 1o0mics eme oxHoro
TpuyMda 12 anpens 1961 rona, ornpaBus
NIEPBOTO YeJIOBEKAa Ha OKOJIO3EMHYIO OpOHUTY,
kocmoHasTa fOpus 'arapuHa, Ha ero
KocMH4YeckoM Kopabie «Boctok-1». s
CPaBHEHUS: Yepe3 HECKOJIbKO HeAeNb MOCe
108-munytHO#M Muccuu I'arapuna HACA
OTIPABUIIO 5 Masi IEPBOTO AMEPUKAHCKOIO
actponasra Mepkypust Anana llenapaa B 15-
MHUHYTHBIH CyOOpOUTAIBHBIHN MOJET, KOTOPBIH
JIUUIb KOCHYJICS Kpast KOCMOCA.

Bcero uepes 20 guen nocne muccuu lllenapna
npe3uaeHT ko @. Kennenu cmeno npussan
AMepuKy B3sITh Ha ceOs1 00513aTENbCTBO
NOCTHUYb LIEJIN MO BBICAJKE YeaoBeka Ha Jlyny
110 KOHIIA 3TOro aecstunetus. MHorue us Tex,
KTO CTOsJ1 y pyJiad HepaBHO co3naHHoro HACA,
CUMTAJIH 3Ty 3aAa4y HeBbIMONMHUMON. Hoy-xay
npocTto He Obuto. Harwst nMena 3a miedamu
HeMHOruM Oosee 15 MUHYT KOCMHYECKOTrO
MoJIETa.

But what America did have was a President
with vision, determination, and the confidence
that such a goal was attainable. By publicly
stating our goal and by establishing an explicit
time period on a very clear accomplishment,
President Kennedy offered no back door. We
either had to do it or not make the grade ... and
no one was interested in failing. Even then,
failure was not an option.

Kennedy’s audacious objective was further
reinforced by his speech at Rice University on
September 12, 1962. That seminal speech
included the famed line: “We choose to go to
the moon in this decade and do the other
things, not because they are easy, but because
they are hard.” That presentation, even today,
remains riveting,

Ho y Amepuku ObLT pe3UIeHT ¢
NpeABUIEHHEM, PEIIMMOCTBIO U
YBEPEHHOCTBIO B TOM, YTO TaKasl LeJb
noctuxkuma. [TyOmudHO 3asBHUB O Halmeld 1enu
U YCTaHOBHB YETKUI MEPHO BPEMEHH IS
3TOTO AOCTIDKEHUSI, pe3uaeHT Kennenu He
OCTaBWJI HAM Y€PHOTO X0Aa. MBI TOJIKHBI
Ot THOO cAeIaTh 3TO, MO0 HE CTATh
IBOCYHHKAMH. .. U1 HUKTO HE ObLI
3aMHTEpecoBaH B mposase. Ho nake Torna
NopakeHne ObLIIO HEOMYCTUMBIM.

Cwmemnas nens Kennenu Oblia JOMOMHUTETBEHO
MOJKPEIJICHA €r0 PeUbl0 B Y HUBEPCHUTETE
Paiica 12 centsa6ps 1962 rona. B sToii
OCHOBOTIOJIArarOIIeH peyn Oblja 3HAMEHHUTAs
¢bpaza: «MpbI pemm noseteTs Ha JIyHy B
STOM JIECATUIICTHH U 3aHITHCS APYTUMH
JeJIaMH He TIOTOMY, YTO 3TO JIETKO, & TIOTOMY,
YTO 3TO TSDKEJIO». JTa NPE3ESHTALUS TaXKe




Kennedy’s empowering words from over 50
years ago are worth recalling in terms of the
technical challenges we face today

CEro/iHsI OCTAa€TCs 3aXBaThIBAIOLIEH.
Obonpsiromue cinosa Kennenu,
npousHecéHHbIe Ooee 50 eT Ha3am, CTOUT
BCIIOMHUTDL ¢ TOUYKHU 3PCHUA TEXHUYCCKUX
HpO6J’I€M, C KOTOPBIMH MBI CTAJIKUBACMCH
CErOJIHSI.

In part, he said,

we shall send to the moon, 240,000 miles away
from the control station in Houston, a giant
rocket more than 300 feet tall ... made of new
metal alloys, some of which have not yet been
invented, capable of standing heat and stresses
several times more than have ever been
experienced, fitted together with a precision
better than the finest watch, carrying all the
equipment needed for propulsion, guidance,
control, communications, food and survival, on
an untried mission, to an unknown celestial
body, and then return it safely to earth, re-
entering the atmosphere at speeds of over
25,000 miles per hour, causing heat about half
that of the temperature of the Sun ... and do all
this, and do it right, and do it first before this
decade is out—then we must be bold

OTuacty, 1O €ro CJI0BaM, MbI JOJIKHBI
ornpasutsk Ha JIyny, B 240 000 Munb ot
NYHKTA YIPaBJIeHUsI B XbIOCTOHE, TUTAaHTCKYIO
pakety BbicoTOl O0see 300 GyTOB... U3 HOBBIX
METAJUTMYECKUX CIIJIABOB, HEKOTOPBIE M3
KOTOPBIX eIlé He N300peTeHbI, CIIOCOOHBIE
BBIJICPKUBATDH TETUIO U HAMIPSDKEHUS B
HECKOJIBKO pa3 OoJblne TeX, KOTOphIE KOraa-
71100 OBLIM UCTIBITAHBI, COOPAaHBI BMECTE C
TOYHOCTBIO JIyUIlIe, YeM CaMble JTYYILIHe Yachl,
coOpatb Bcé 000opynOBaHHEe, HEOOXOIUMOE AJIst
IBWOKEHUS, YIIPABJICHUS, KOHTPOJIS, CBSI3H, €/IbI
U BBDKHMBAHUS, B HEITPOBEPEHHON MHICCHH, K
HEM3BECTHOMY HEOECHOMY Telly, a 3aTeM
BEPHYTb €r0 0Jaronoay4yHO NPU3EMIIHBIIUCH,
CHOBA BOHs B aTMOC(EPY CO CKOPOCTHIO
6outee 25 000 MuUIIb B YacC, BHI3BIBAIOLIEE
TEMIEepPaTypy MPUMEPHO BIBOE MEHBIIE, YEM
temneparypa CoyHIA. .. U CenaTh BCE 3TO, U
CHIeNaTh 3TO MPABHIIBHO, U CAENATh 3TO
NEePBbIM, TIOKa HE UCTEKJIO 3TO AECATUIIETHE. ..
TOTAa MBI JOJDKHBI OBITh CMEJIBIMU

Rendezvous With Destiny

CBuaanue c cyabooi

If space was going to be our next new frontier,
then I wanted to be part of getting there. After
completing my tour of duty in Germany, |
decided to continue my education and receive
my doctorate of science in astronautics from
the Massachusetts Institute of Technology.

MIT was the same university my father had
gone to. For my thesis, “Guidance for Manned
Orbital Rendezvous,” I adapted my experience
as a fighter pilot intercepting enemy aircraft to
develop a technique for two piloted spacecraft
to meet in space. I dedicated that final paper to
the American astronauts

Ecnu xocMoc noymkeH ObLT CTaTh HALTNM
CJIEAYIOIIMM HOBBIM PYOEKOM, TO 51 XOTEN
OBITb YaCTBIO €ro JOCTHIKCHUS. 3aBepLHHB
CBOK) KOMaHIMPOBKY B I'epmanuy, s pemunn
MPOZIOJIKUTh CBOE 00Opa30OBaHUE U MOJYYHUTh
IOKTOPCKYIO CTENeHb B 00JacTH
KOCMOHAaBTUKHU B MaccadyceTckom
TEXHOJOTUYCCKOM UHCTUTYTE.
MaccadyCeTCKkUil TEXHOJIOTMYECKUI HHCTUTYT
OBUI TEM K€ YHHUBEPCUTETOM, B KOTOPOM
yuuiics Mol otel. B cBoelt auccepraunu
«YnpasieHHe MUJIOTUPYEMBIMHU
OpOUTATEHBIME CONMKEHUSIMID 5T
aanTUPOBAJ CBOU OMBIT JIETYMKA-
uCTpeOUTENs, MePEXBATHIBAIOIIETO CAMOJIETHI
NPOTHBHHUKA, JIs1 pa3pabOTKU METOAA BCTPEUH
IBYX MUAJIOTHPYEMBIX KOCMUYECKUX Kopadiei
B KOCMOCE. S| MOCBATHII 3TOT MOCJIEAHUN
JIOKJIaJ] aMepUKAHCKIM aCTPOHABTaM.

The first time I filled out the forms to be a
NASA astronaut, my application was turned
down. I was not a test pilot. Determined to
seek a career as an astronaut, I applied again.

B nepBblit pas, koraa s 3anoaHu1 Gopmy,
9yT0o0bI cTaTh acTpoHaBToM HACA, moé
3asiBjIeHHe ObLTO OTKJIOHEHO. S He ObLT
JNETYNKOM-UCTBITaTeNIeM. PermuB caenatob




This time, my jet fighter experience and
NASA’s interest in my concept for space
rendezvous influenced them to accept me in
the third group of astronauts in October 1963. 1
became known to my astronaut peers as “Dr.
Rendezvous.”

In reacting to President Kennedy’s goal of
landing a man on the moon by decade’s end,
there were many alternatives discussed as to
how we could get there and return to Earth. A
very gifted NASA engineer, John Houbolt,
trumped even the revered U.S. space program
leader, Wernher von Braun, who favored a
huge monstrous rocket, a multipurpose
spacecraft, and direct flight to get to the moon
and back.

Houbolt backed a lunar-orbit rendezvous plan.
It called for not a multipurpose crew vehicle
architecture but a segmented way to achieve
the moon landing feat. When the Apollo moon
landing method was finally scripted, it adopted
segmentation of the mission: using an Apollo
command module as discreet from the service
module, and segmenting the lunar ascent stage
from the lunar descent stage.

Houbolt’s master plan became a plus for me in
terms of my MIT rendezvous work. The
critical key to this approach would be our
ability to reliably rendezvous two spacecraft in
orbit around the moon, a very dangerous
maneuver. For if that rendezvous failed, there
would be no way to rescue the astronauts.
Luckily, my MIT expertise was exactly what
was required.

It’s essential to note the insertion of the
Gemini program. It was a fundamental
stepping-stone, a bridge between the one-man
Mercury and three-person Apollo programs,
primarily to test equipment, to do trial runs of
rendezvous and docking scenarios in Earth
orbit, and to train astronauts and ground crews
for future Apollo missions.

Kapbepy KOCMOHABTA, 51 CHOBA IO/
3asBieHue. Ha 3ToT pa3 MOl ONBIT NOJETA HA
peakTuBHOM HcTpedutene u uaTepec HACA x
MO€H KOHLIEMIINA KOCMHYECKOT'O PAaHAEBY
NOOYAMIIN UX MIPUHSTH MEHSI B TPETHIO TPYIILY
aCTPOHABTOB B OKTsI0pe 1963 roxa.

B otBet Ha uens npesunenra Kenneaun
BBICAJINTh YeJIoBeKa Ha JIyHy K KOHITY
IECATUIIETUS] 00CYKIANI0OCh MHOYKECTBO
ANbTEPHATUB TOTO, KaK MbI MOTJIN OBl
no0paThCst TyZla U BEPHYTHCS Ha 3EMITIO.
Ouenb onapénnslii nnxxenep HACA Jl>xon
XyOoaT MpeB30MEN Aake yBakaeMoro
PYKOBOIUTEIS] KOCMHUYECKOH MPOrpaMMbl
CIIIA Bepnepa ¢pon bpayHa, KoTopbIit
MPEANIOYUTAN OTPOMHYIO UyIOBUIIHYIO
pakeTy, MHOTOLIEIEBOI KOCMIUYECKUH Kopadib
U psiMol moJiéT Ha JIyHy 1 oOpaTHO.

XyOonT nmonaep:kai miiaH BCTPEUH Ha JIYHHOM
opbure. 310 TpeOOBATIO HE MHOTOLIEJICBOM
APXUTEKTYPbI HKUMAKA, & CETMEHTUPOBAHHOTO
cniocoba nocruxkenus JIyael. Korna meron
nocaaku AmnosutoHa Ha JIyHy Obut
OKOHYATEJIbHO HAITMCAaH, B HEM Obla MPUHSTA
CerMEHTAaLNsI MICCHH: HCIIOJb30BaHHE
KOMaHJHOT'O MOyt ATIOJUIOHA OTJENBHO OT
ciy>keOHOTr0O MOZYJISl U OTZEJICHHE dTana
BOCXOJK/IeHHUs Ha JIyHy OT 3Tamna crycka Ha
Jlyny.

I'enepanpHbiil TiaH XyOonTa cTan ajist MeHs
TUTFOCOM B TUTaHE MOeil paboTHI 1O paHIeBy B
MaccauyceTcKoM TEeXHOJOTHYECKOM
WHCTUTYTE. BayKHENIINM KIIFOUOM K STOMY
noaxoay ObiIa Hala crmocOOHOCTh HATIEKHO
cONMM3UTH IBA KOCMUYECKUX KOpadiis Ha
opbute BOKpyT JIyHBL, 4TO SIBJISIETCSI OUEHb
oracHbIM ManéBpoM. [ToTomy urto, eciu 31O
paHOeBy He ynacTcs, He OyJeT HUKaKoro
criocoba cracTu acTpoHaBToB. K c4acTeio, Moii
OMBIT paboThl B MaccauyceTckoM
TEXHOJIOTUIECKOM MHCTHTYTE OKa3aJICs
UMEHHO TeM, 4TO TPeOOBaJIOCh.

BaxHO OTMETHTDH HCTIOIB30BAHUE MPOTPAMMBI
Gemini. Ito 6pU1 PyHIAMEHTAIBHBIHI
TPaMILIHH, MOCT MEXy MPOrpaMMaMu
«Mepkypuii» ¢ OTHUM YEJIOBEKOM U
«ATIOIJIOH» C TpeMsl JIFOAbMH, B TIEPBYIO
ouepenb Il TECTUPOBAHMs 000PYIOBaHM,
BBITTOJIHEHHSI TPOOHBIX 3aIyCKOB CLIEHAPHEB
COMKEHUs U CTBIKOBKM Ha OKOJIO3€MHON
opbuTe, a TaK)Ke ISl IOATOTOBKH aCTPOHABTOB
Y HA3€MHBIX SKHIAXeH K OyAYIIUM MUCCHSIM




AnomnoHa.

On November 11, 1966, I made my first
spaceflight as pilot of Gemini 12, alongside
James Lovell, the mission command pilot. That
nearly four-day flight brought the Gemini
program of ten piloted missions to a successful
close.

During the flight, I was able to establish a new
record for spacewalking, spending five and a
half hours outside the spacecraft. To be honest,
up to that point, we had failed miserably in the
Gemini program to show that an astronaut
could easily and effectively work outside his
space vehicle.

We used microgravity training in parabolic
flights of airplanes, but that didn’t solve the
Gemini spacewalking problems at all. It took
underwater training that I introduced, later to
become a fixture in simulating extravehicular
activity (EVA) here on Earth in special
underwater buoyancy facilities.

Thanks to underwater training, and the use of
appropriate restraints, I chalked up my
successful EVA without taxing my space suit

11 HOs1Ops1 1966 roga s coBepIINI CBOM
MePBbI KOCMUYECKUH MOJIET B KAYECTBE
nunota «/>xemunu-12» Bmecre ¢ [>keilimcom
JloBeniom, KOMaHAUPOM MHUCCHH. DTOT MOYTH
YETBIPEXAHEBHBIN MOJIET NPUBEN K YCIEITHOMY
3aBEepPILISHUIO TTporpaMMel Gemini, COCTOSIIEH
13 I€CATH MUJIOTUPYEMBIX MUCCHI. BO Bpems
MOJIETa MHE YAAJIOCh YCTAHOBUTH HOBBIN
PEKOpA BBIXOZIA B OTKPBITHIN KOCMOC, POBENs
BHE KOPalJIsi MATh ¢ OJIOBHHON 4acoB. YecTHO
rOBOps, 10 3TOrO MOMEHTA HaM C TPECKOM He
yZaBaJloch B porpamme «Jl>xeMuHm»
MOKAa3aTh, YTO KOCMOHABT MOXKET JIETKO U
s¢pexTuBHO paboTaTh BHE CBOETO
KOCMUYECKOTr0 Kopadjisi.

MBI 1cnonb30BaNu TPEHUPOBKHU B YCJIOBUAX
MHUKpPOTPaBUTALIUHI B MAPaOOIHMUECKUX MOJIETAX
CaMOJIETOB, HO 3TO COBCEM HE PELINIIO
npoOJIeMBI BBIXO/Ia B OTKPBITBIA KOCMOC
Jxemunu. [TorpeboBaachk monBogHas
MOJTOTOBKA, KOTOPYIO s pa3padboTall U mo3xe
OHa CTaJjla HEOTHEMIIEMOI YaCThEO
MOJIEJIMPOBAHUS BBIXOJIA B OTKPBITBIN KOCMOC
3/1€Ch, Ha 3eMJle, B CIIE[MabHbIX MOIBOAHBIX
cpencrsax. biarogapst noABOIHBIM
TPEHUPOBKAM U UCIIOJIb30BAHUIO
COOTBETCTBYIOLINX CPEACTB (PUKCALINH 51
3aMucai Ha CBOH CYET CBOM yCIELIHbINA BBIXOL
B OTKPBITBIN KOCMOC, HE Meperpyskas CBoi
ckadasmp.

During my Gemini 12 tethered space walk, I
photographed star fields, retrieved a
micrometeorite collector, and did other work.
And there were a few lighter moments. Once in
orbit, I just couldn’t wait to get into my
personal preference kit and get my small slide
rule out and have it float there in front of me.
Being a pipe smoker at the time, I also brought
my pipe along, putting it in my mouth
(unlighted, of course!), with Lovell taking a
picture of that episode

Bo Bpemsi Moero BbIXoAa B OTKPBITBIA KOCMOC
Ha npuBssu «Jxemunu-12» s
¢dororpadupoan 3BE3aHBIE OIS, OOCTYKUBAI
cOOpIIHKa MUKPOMETEOPHUTOB U BBITIOJHSLI
apyryio padoty. M ObUI0 HECKOJIBKO CBETIIBIX
MoMeHTOB. OKa3aBIIMCh HA OpOuUTe, s IPOCTO
HE MOT I0’KIaThCsl, YTOOBI CIIOBUTH Kai() —
JOCTAJl CBOK MJICHBKYIO JIOTApU(PMUIECKYIO
JUHENKY U 3aCTaBHJI €€ IJIaBaTh NePeI0 MHOM.
Bynyuu B TO Bpemsi KypUJIbLIMKOM TPYOKH, 51
TaKXKe B3sUI ¢ cO00 CBOIO TPYOKY, CYyHYJ €€ B
poT (He3axoKkEHHYI0, KoHewuHo!), a Jlosesn
cororpadupoBal 3TOT MU0,

On Gemini 12’s landing, there was an
unequivocal realization by all astronauts and
NASA itself: We only had three years left to
accomplish Kennedy’s challenge to land a man
on the moon by the end of the decade. Yes,
Gemini was the link that prepared us for the
Apollo missions to the moon, but we still had
major work to do.

IMocne mpuzemiennst Gemini 12 Bce
actponastel U camo HACA oxHo3HauHO
OCO3HAJIU: Y HaC OCTaJIOCh BCEro TpH roaa,
9TOOBI BBITIOJTHUTH 3a1a4y Kennenu u
BBICAIUTH YesIOBeKa Ha JIyHy K KOHITY
necsatunetus. Jla, bnusHersl Obun
CBSI3YIOLIUM 3BEHOM, KOTOPOE MOATOTOBUIIO
Hac kK nojéraMm AnosiioHa Ha JIyHy, HO Ham




In all, there was a team of 400,000 people
working together on a common dream. NASA
managers, engineers, and technicians who were
designing and building the multistage Saturn V
booster to propel us to the moon worked side
by side with industry contractors. It was a
unified enterprise, a synergy of innovation,
effort, and teamwork that was unstoppable to
transform a long-held dream into a reality

emmé mpencrosuia 6ospimas padora.

B uenom Hag obreli MmeuTol paborana
koManja u3 400 000 yenosex. Menemkepel,
uHxeHeprl U TexHuku HACA, koTopeie
MPOEKTHPOBAIN U CTPOUIIH
MHOTOCTYIIEHYATYIO PAKEeTy-HOCUTEINb
«CarypH-5», uTo0ObI fOCTaBUTH Hac Ha JIyHy,
pabotanu 60k 0 OOK € OTPACIEBBIMU
NOAPSATYUKAMU. DTO OBUTO €IMHOE
MpEeANnpUATHE, CHHEPIUsl MHHOBALWN, YCUIIUN U
KOMaHIHOH pabOThl, KOTOPOE HEBO3MOXKHO
OBLIO OCTAHOBHUTb, YTOOBI BOTLIOTUTH ABHIOK
MEUTY B PEAJBbHOCTD.

Eight years after President Kennedy committed
us to strive for the impossible, Neil Armstrong
and I walked across the sundrenched terrain of
the moon. Nearly a billion people all over the
world watched and listened as we ventured
across that magnificent desolation. With Mike
Collins circling above us, and even though we
were farther away from our planet than any
three humans had ever been, we felt connected
to home

Uepes BoCEMb JIET MOCIIE TOTO, KaK MPE3HICHT
Kennenn 06s13am HaC CTPEMUTHCS K
HEBO3MOKHOMY, HJt ApMCTPOHT U s LIJTH 110
3aJIUTON CONHLIEM MeCTHOCTH JIyHbI. 1louTn
MIULTHAP]T YE€JIOBEK BO BCEM MHUPE CMOTPEIH U
CITyIIaJiv, KaK MbI OTBAXKIJIUCH TIEPECedb 3TO
BenuUecTBeHHOE 3anycTeHue. C Maiikom
KonnuHa30M, KpysKaliuM HaJ HAMU, U XOTS MbI
OBbUIH JaJIbIIIE€ OT HALIEH IUIAHEThI, YeM JIFOObIE
TPU YeJIOBEKa KOraa-mndo ObUTH, MBI
YyBCTBOBAJIH CBSI3b C JIOMOM.

Collaboration

CoTpyaHn4ecTBO

What should we be reaching for now ... and
why? Space leadership, technology
development, private-public teaming, free
market savvy, and national security
preeminence ... those attributes still define us,
or should define us, as a nation.

Many decades have passed since I climbed out
of the cockpit of a supersonic F-100 armed
with nuclear weapons, became an MIT
egghead, and then a space traveler. Nowadays,
my dedication, indeed my passion, is focused
on forging America’s future in space, guided
by two principles:

* A continuously expanding human presence in
space
+ Global leadership in space.

K "eMy MBI TOJKHBI CTPEMHTBCS Celidac. .. u
nouemy? JlumepcTBO B KOCMOCE, pa3BUTHE
TEXHOJIOTHH, 0O0beMHEHHE YaCTHOTO U
rOCYAapCTBEHHOT'O CEKTOPOB, 3HAHUE
CBOOOJHOTO PBIHKA M MPEBOCXOJCTBO B cepe
HAIIMOHAJIbHOH 0€30MacHOCTH. .. 3TH KauecTBa
MO-TIPEIKHEMY ONPEIEISIFOT HAC WUJIH JTOJIXKHBI
OTIPENeNATh HAC KaK HAIHIO.

[Ipo1mio MHOTO JECATUIIETHH C TeX TOop, KaK s
BbIOpasics u3 kabuHbl cBepx3ByKoBOrO F-100,
BOOPY>KEHHOTO SIIEPHBIM OPYKHEM, CTaJl
spyautom MIT, a 3aTeM KOCMUYECKUM
MyTeIeCTBEHHUKOM. B HacTosee BpeMs MOst
MPEIAHHOCTD U TaXKe MOSI CTPACThb
COCPENOTOUYEHBI Ha CO3/IaHUH OyayLIero
AMepUKHU B KOCMOCE, PyKOBOJICTBYSICh IBYMSI
MPUHLIATIAMHE:

* [TocTossHHO paclupsOIIeecs NPUCYTCTBUE
YeJIOBEKA B KOCMOCE
* MupoBoe 1uaepcTBO B KOCMOCE.

Let me be up front on this point. A second race
to the moon is a dead end, a waste of precious
resources, a cup that holds neither national
glory nor a uniquely American payoff in either
commercial or scientific terms. How do we
frame our collaborative or international effort

Bropas ronka Ha JIyHy — 3TO Tynuk, mycras
TpaTa qparoleHHbIX PECypcoB, KyOoK, B
KOTOPOM HET HU HALMOHAJbHOM CJIaBbl, HU
VHUKAJbHOW aMEPUKAHCKOW BBIFOAbI HU B
KOMMEPUYECKOM, HU B HAyYHOM I1aHe. Kak Mbl
OpraHU3yeM Hallli COBMECTHbBIC WJIH




to get to the moon again?

Let me reemphasize: Certainly not as a
competition. We have done that, and to restart
that engine is to rerun a race we won. Let’s
take a pass on that one. Do not put NASA
astronauts on the moon. They have other
places to go

MEKIYHAPOIHbIE YCUIHSL, YTOOBI CHOBA
nobpatecst 1o JIyasl?

ITo3BosbTE MHE €111€ pa3 NOAYEPKHYTh:
KOHEYHO, HE B KaueCTBE COPeBHOBAaHUsA. MbI
CAeNIaNU 3TO, U Nepe3anyCTUTh 3TOT JBUTaTelb
O3Ha4aeT MOBTOPUTH BHIMTPAHHYIO TOHKY.
Jagaitte mponyctum 310. He ornpasasiitre
actpoHaBToB HACA Ha JIyny. ¥V Hux ectsb
KyJla MOJIETETD.

The better plan is to cooperate with
international partners who also want to reach
the moon, to offer a hand—and to establish
some form of Lunar Economic Development
Authority. The idea is to spread the costs, but
also spread the wealth. In sum, we can afford
to be magnanimous. America was first to set
foot on the moon. Now let us make it a first
step for all humankind.

So, how do we layer this enterprise, while also
making it affordable and as gratifying to
America as Apollo?

First, we let partners such as China and India
tie into the International Space Station family
of countries. The risk is low and the value on
the political and collaborative front is high.

Second, I encourage collaborative projects like
utilizing the Chinese Shenzhou crew-carrying
spacecraft to help us burden-share in low Earth
orbit. Why, if we can make use of Russian
spacecraft, why not Chinese?

What else can we do to make space
development more universal, more valuable for
all nations, and more internationally
accessible? For one thing, we can offer
incentives to make the private sector—not the
taxpaying public sector—the primary tenant in
low Earth orbit.

There is an important step under way. An
Obama Administration priority has been the
development of a U.S. commercial crew space
transportation capability with the goal of
achieving safe, reliable, and cost-effective

Jlyumuii nnan — COTpyIHUYATH C
MEXXTyHApOHBIMU MapTHEPAMHU, KOTOpbIE
TOXKE XOTAT 100parbes 10 JIyHBL, MPemIOKNUTh
PYKY ITOMOIIH U CO37aTh KaKyI0-TO (GopMy
YnpasneHuss 3KOHOMUYECKOTO pPa3BUTHS
Jlynsel. Mnest cocTout B TOM, 4TOOBI
pacrpenenuTb pacXobl, HO TAKXKE U
pacnpenenuTs 6orarctBo. B o01em, Mer
MOYKEM IO3BOJIUTH ceOe OBITH
BEJIMKONYIIHBIMU. AMepHKa NepBOi CTynuia
Ha JIyny. Teneps naBaiitTe caenaem 3T0
MEPBbIM IIArOM Il BCETO YeJIOBEYECTBA.
Hrak, kaKk Mbl 3aIyCTUM 3Ty A€STENbHOCTD, a
TaK>Ke CAeSIaeM JOCTYITHOW U TaKOU ke
NPUATHON 11t AMEepUKH, Kak AMOJIIOH?

Bo-nepBbIx, MbI TO3BOJIsIEM TAKUM MapTHEPaAM,
kak Kuraii u Unaus, npucoeAMHUTHCS K
rpynmne ctpan MexxayHapoaHOU KOCMUYECKON
CTaHIMU. PUCK HU30K, a IEHHOCTh
MOJINTUYECKAsl U B COTPYITHUYECTBE BBICOKA.
Bo-BTOpBIX, 51 NOOIIPSI0 COBMECTHbBIE
MIPOEKTHI, TAKHE KaK MCIIONIb30BaHHE
KHATACKOro KOCMUYECKOTo KopadJst
[I>HpwKOY € FKUNaKEM, YTOOBI TOMOYb HAM
pa3genuTh OpeMsi Ha HU3KOHM OKOJIO03€MHOMN
opbute. Ecnu Mbl MOXKEM HCTIONB30BAThH
poccuiickne KOCMHYECKHe Kopadiu, TO
noueMy He KuTakickue?

Uro emré Mbl MOKEM CIENaTh, YTOOBI CHENaTh
pa3BUTHE KOCMOca 0oJiee YHUBEPCATIbHBIM,
Oosee IIEHHBIM IS BCeX CTpaH U Ooee
JOCTYIHBIM Ha MEKAYHapOoJHOM ypoBHe? Bo-
MEPBbIX, Mbl MOXXEM IMPEAJIOKUTH CTUMYJIbI
IUTSL TOTO, YTOOBI YACTHBIN CEKTOP, MIATSIIHNA
HaJIOTH, & He FOCYAapCTBEHHBIH, cTal
OCHOBHBIM apeH/1IaTOPOM Ha HU3KOU
OKOJIO3EMHOM OpOuTe.

IIpencrout Baxknelii mar. Ilpuopurerom
anMuHucTpau O6aMbl OBLIO pa3BUTHE
BO3MO)KHOCTEH KOMMEPUECKHX KOCMUUYECKUX
nepeBo3ok B CIIIA ¢ uenbro obecniedeHust
6e30MacHOro, HaAEKHOTO M PEHTA0EIBbHOTO




access to and from the International Space
Station and low Earth orbit. NASA has
awarded contracts to private firms to reach that
very goal.

nocTtyna Kk MexxnyHapOoaIHOW KOCMUYECKOM
CTaHLIMU M HU3KOH OKOJIO3eMHOI opOuTe n
obpatHO. HACA 3aKmouniio KOHTPAKThI €
YaCTHBIMU (pUPMaMHU ISl JOCTHIKEHHSI STON
LEJIH.

In 2012 NASA announced awards worth up to
$1.1 billion to those companies—Boeing,
SpaceX, and the Sierra Nevada Corporation—
as they vie for a final contract. After capability
matures, it is expected to be available to the
government and other customers. NASA could
contract to purchase commercial services to
meet its station crew transportation needs later
this decade.

I’m incensed to some degree that these
selections are all capsules, save for Sierra
Nevada’s Dream Chaser, a crewed suborbital
and orbital vertical-takeoff, horizontal-landing,
lifting-body space plane. I am very supportive
of higher technology and government
investments, but only of those that don’t rip out
a page of the space history books to make
everything look like a 1960s Apollo-era
capsule.

The Dream Chaser design is based on many
years of previous work on the NASA HL-20. It
would carry from two to seven people and/or
cargo to orbital destinations such as the
International Space Station. The vehicle would
launch vertically on an Atlas V and land
horizontally on conventional runways. Ideally,
I would like to see international use of Dream
Chaser, of benefit to Japan, the European
Space Agency, and the Indian Space Research
Organization.

Why hasn’t anyone built a reusable booster
yet? NASA hasn’t because its flight rate isn’t
high enough. The now scuttled space shuttle
program, being partially reusable, was intended
to be the workhorse of America’s space
program, reducing costs and making flight into

B 2012 rony HACA o0®bsiBHIIO O
NPUCYKICHUH 3THM KoMnanusim — Boeing,
SpaceX u Sierra Nevada Corporation — mo 1,1
MILTHAP/IA TOJUIAPOB, TOCKOJIBKY OHU
OOpIOTCS 32 OKOHYATENbHBIA KOHTPAKT.
Oskupaercsi, 4TO TOCHIE TOTO, KaK
BO3MOYKHOCTH CTaHYT 3pPEJbIMH, OHU OyIyT
IOCTYTIHBI AJIs1 TPABUTENILCTBA U APYTHX
kineHToB. HACA MOXeT 3aKIFOUUTh JOTOBOP
HA 3aKYIKy KOMMEPYECKHX YCIyT AJIs
yIIOBJIETBOPEHHSI MOTPEOHOCTEH SKHIaKa
CTaHLIUU B KOHLIE 3TOT'O IECATHIIETHSI.

MeHns B KaKOH-TO CTENEHH BO3MYIIAET, YTO BCE
STH BapHUAHTHI SIBJISTFOTCS] U30JIUPOBAHHBIMH, 32
uckmouenneMm Dream Chaser ot Sierra
Nevada, munotupyemoro cyOoopOUTaNbHOTO U
OpOUTANBHOTO KOCMHYECKOTO CAMOJIETA C
BEPTHKATBHBIM B3JIETOM, TOPH30HTAJIbHON
MOCAIKOM U HeCyLIUM KOprnycoM. S Becbma
MOMAEPKUBAIO BBICOKHE TEXHOJIOTHU U
rOCyJIapCTBEHHbBIE HHBECTHIIUU, HO TOJIBKO T€,
KOTOPBIE HE BHIPHIBAOT CTPAHUIILI U3 KHHT TIO
HUCTOPHUU KOCMOCA, YTOOBI BCE BBITIIAEIIO KaK
KaricyJja 3noxu Anosiona 1960-x ronos.

Huzaiin Dream Chaser ocHOBaH Ha
MHOTOJIeTHEH npeasiayeit pabore NASA
HL-20. OH Oyzaet nmepeBO3UTh OT ABYX IO CEMU
YeJIOBEK W/WJIH IPy3 K OpOUTAIBHBIM
oObeKTaM, TakuM Kak MekITyHapoIHast
KocMHuYecKkas ctaHuus. TpaHncrnopTHoe
CpeacTBO OyIeT 3aMmyCKaThCsl BEPTUKABHO Ha
Atlas V u mpu3eMIaThCsi TOPU3OHTANIBHO Ha
OOBIUHBIX B3JIETHO-TIOCAIOYHBIX MOJIocax. B
uneane s xoresa Obl, utoObl Dream Chaser
UCTIOJIb30BAJIaCh HA MEKIYHAPOIHOM YPOBHE B
uHTepecax Anonun, Esponeiickoro
KOCMHUYECKOro areHTcTsa U Muauiickoin
OpPraHHU3AIUH KOCMUYECKUX UCCIISTOBAaHU.
IToueMy HUKTO €1I€ HE MOCTPOUI
mHoropasosblil 0yctep? Y HACA ero Her,
MOTOMY YTO CKOPOCTh MOJIETa HEAOCTATOYHO
BbICOKA. 3a0poleHHas ceiyac nporpamma
KOCMHUYECKHUX YeJTHOKOB, YACTUYHO MPUTOTHAS
JUTsI TIOBTOPHOTO MCIIOIB30BAHUS, HOJIKHA




space routine.

Needless to say, these goals proved elusive

Obuta cTaTh pabodel JTOmaaKoi aMepUKaHCKON
KOCMHYECKOW MPOrpaMMBl, CHUKasl 3aTPaThl U
[peBpaLlast MoJETbl B KOCMOC PYTUHHBIMH.

% k700103 (5 TFOBOPHUTD, UTO 3THU LEJIN OKa3aJIMCb
HEAOCTMXKUMBIMU.

When I look back on my life, the biggest
mistake that I ever made relative to the future
of the space program was in the early 1970s. 1
should have argued fervently for a two-stage,
fully reusable system. The country didn’t do
that. We built the space shuttle.

That decision will come back over and over
again—haunting the future of American
leadership in space.

The space shuttle itself was a bad judgment. It
placed humans and cargo together—a
fundamental error. That compromise of a
design meant the crew flew alongside cargo—
both wrapped in safety standards that
unnecessarily boosted the cost of access to
space.

Korna s ornsiibiBaroch Ha CBOKO JKU3Hb, CaMast
Oonbiiast omudKa, KOTOPYIO 51 KOrna-indo
COBEpIIAJ B OTHOIIEHHH OyayIIero
KOCMHUYECKOH MPOorpaMMel, Obijia B Ha4aje
1970-x ronoB. A nomkeH ObLT ropsIo
OTCTauBaTh ABYXCTYIEHYATYIO, MOJHOCTHIO
MHOTOpa3oByo cuctemy. CTpaHa 3TOro He
coenana. Mbl IOCTPOMIIM KOCMHYECKUH IHATTII.
Jto0 perueHune OyaeT BO3BPALIATHCS CHOBA U
CHOBA, Mpecienys Oyayiee aMepUKaHCKOTO
JHUIEPCTBA B KOCMOCE.

Cam o cebe KOCMUUECKU ATt ObLT
moxuM perierrnemM. OH MOMECTU JTI0AeH 1
rpy3 BMecTe — (yHAaMeHTaIbHas OLIHOKA.
ITOT KOMIPOMHUCC KOHCTPYKLIMK O3HAYAI, YTO
SKHUIMAK JIETEJI BMECTE C TPY30M — U TO, U
apyroe ObLIO OKYyTaHO CTaHJapTaMU
0€30MacHOCTH, KOTOPbIE U3JIULIHE MOBBIIATH
CTOMMOCTD JIOCTYIA B KOCMOC.

I believe that the two-stage, fully reusable
booster that we started and then gave up for the
shuttle would have ended up separating crew
and cargo, not putting the two together. Also,
honestly, I’'m not a supporter of humans riding
large, solid rocket motors, a technology that
keeps popping up out of the casket.

Commercial launch companies haven’t put
forward reusable launchers either, because it’s
cheaper for them—in the short term—to throw
away the rockets.

One of my prime directives is to launch
humanity into a new era of affordable access to
space.
In the late 1990s I put together a dedicated
team of experienced rocket engineers and
acrospace entrepreneurs to form the rocket
design company Starcraft Boosters, Inc. Over
the years, I have valued, in particular, the
counsel of my business partner Hubert Davis,
the company’s chief engineer, a former NASA
engineer who has wrestled some challenging
assignments in defining space transportation

| systems. I’m proud to say that we hold a U.S.

Sl cumTaro, 4TO ABYXCTYNEHYAThIN, TOJTHOCTHIO
MHOI'OPa30BbIH YCKOPUTENb, KOTOPBIA MBI
3aIyCTUIIN, @ 3aTeM OTKa3aJIUCh OT IIATTA, B
KOHEYHOM HTOTe Pas3enni Obl SKUMaX U IPy3,
a He oObenuHII ObI X BMecTe. Kpome Toro,
YEeCTHO T'OBOPSI, 1 HE CTOPOHHHK TOTO, YTOOBI
JFOJTH €3AMITH Ha OONBIINX TBEPAOTOIUTMBHBIX
PaKETHBIX ABUTATEIISIX, TEXHOJIOTHs, KOTOpast
MIOCTOSTHHO BBICKAKMBAET KaK YEPTHK U3
KOPOOKH.

KommMmepueckne myCcKOBbIe KOMITAHUH TAK)KE HE
npeaJIarajil MHOTOPa30BbIEe ITyCKOBBIE
YCTAHOBKH, ITOTOMY YTO UM JICLIEBIIE — B
KPaTKOCPOYHOH MepCreKTHBE — BBIOPOCHUTH
PaKeThI.

OnHa 13 MOUX TJIaBHBIX AUPEKTHB —
3aIyCTUTh YEJOBEUYECTBO B HOBYIO 3Py
IOCTYITHOTO AOCTYIA K KOCMOCY.

B konne 1990-x st cobpan crenuanbHyO
KOMAaHJy OIIbITHBIX HH)KEHEPOB-PAKETYHKOB U
npeAnpUHIMATENEH B a9POKOCMUYECKOH
oTpacyu, 9To0bI CO3/1aTh KOMIAHHIO TIO
pa3padotke paker Starcraft Boosters, Inc.
rJIaBHBIN HHXKeHep, ObiBIIHiA nHkeHep HACA,
BBIMOJIHSIBLINHA HECKOJIBKO CJIOJKHBIX 3aJaHUH
IO OTIPENEICHNI0 KOCMUYECKUX TPAHCIIOPTHBIX
cucreM. S ¢ TOpAOCTHIO COOOIAK0, UTO y HAC
ectb nateHT CIIA, Beimanssiii B 2003 rogy, Ha




patent issued in 2003, Flyback Booster With
Removable Rocket Propulsion Module.

Our collective company goal focused on
developing next-generation space launch
systems that would reduce launch costs and

build upon existing and emerging technologies.

The Starcraft Boosters team’s first initiative
was to develop the “StarBooster” family of
reusable flyback rocket boosters. A vertically
launched, two-stage-to-orbit system, the
StarBooster design is essentially a hollow
aircraft-type airframe into which a booster
rocket propulsion module—such as a liquid-
fueled Atlas V, Delta IV, or Russian Zenit—is
inserted in order to launch a payload.

In a sense, StarBooster was designed to use
replaceable liquid-fuel “cartridges”—just like
modern fountain pens. All we need to do is
build the housing, the aluminum shell that flies
itself home.

paxery-Hocuresb Flyback co cheMHbIM
MOJTyJIEM PAKETHOTO JBUKCHHUSI.

Ilenb Hael KOMIEKTUBHONW KOMITAHUA
3aKJIF0YANach B pa3paboTKe CUCTEM
KOCMHMYECKOTO 3aIyCKa CIENYIOIIEro
MOKOJICHUSI, KOTOPBIE MTO3BOJIMIIN Obl CHU3UTh
3aTpaThl HA 3aMyCK U OCHOBBIBAJINCH HA
CYUIECTBYIOIIUX W HOBBIX TEXHOJIOTHUSX.

[Teproii naMIIMaTHBOI KOMaHbI Starcraft
Boosters Obl1a pazpaboTka cemeiicTa
MHOTOPa30BbIX PAKETHBIX YCKOpUTEJeH
obpatHoro xona StarBooster. Beprukaisao
3amyckaemMasl IByXCTyIeH4YaTasi CUCTeMa
StarBooster mpencrassier coO0 moJbIi
IJIaHeP aBUALIMOHHOTO TUIIA, B KOTOPbIH
BCTaBJISIETCS IBUTATENIbHAS YCTAHOBKA PaKeThI-
HOCHTEJIS, TAKOM KaK KUAKOCTHbIE Atlas V,
Delta IV mnu poccutickuii 3eHHUT. 17151 3ammycka
MOJIE3HON HArPy3KHU.

B Hexotopom cmbicne StarBooster Obut
pa3paboTaH JIsi HCTIOb30BAHUS CMEHHBIX
((KaprI/II[}KefI)) C JKUIKUM TOIIJNINBOM — TOYHO
TaK XK€, KaK B COBPEMECHHBIX MEPHLEBBIX PYyYKax.
BCGj UTO HaM HYXKHO CACJIAaTh, 9TO IMOCTPOUTH
KOPIIYC, AIIOMUHHUEBYIO 000JIOUKY, KOTOpast
cama JIETUT JOMOM.

The aim is to develop a reusable space
transportation system capable of sending an
astronaut crew into Earth orbit, helping to
launch missions back to the moon, and
progressively lead to the development of 100-
seat airline-capacity commercial tourism
spaceflight. By and large, the StarBooster
family is worthy of revisiting as a next-
generation alternative to the fleet of
expendable launch vehicles used by NASA
today.

Of course, this is just one idea for the future; |
hope we see many other ideas as space
transportation evolves. The best way to reach
orbit cheaply is through the development of
reusable, two-stage systems.

My constant hope is that rockets like
StarBooster will prove highly competitive in
the small and medium-size payload market.
This will convince NASA, the Department of
Defense, and private industry that reusable
boosters are good business.

Lens cocTout B TOM, 4TOOBI pazpadoraTh
MHOTOpPa30BYI0 KOCMHUYECKYIO TPAHCIIOPTHYIO
CHCTEMY, CIIOCOOHYIO OTIIPABUTD SKHUITAK
ACTPOHABTOB Ha OKOJIO3EMHYIO OpOUTY,
NIOMOYb 3aMyCTUTh MUCCHH 00paTHO Ha JIyHy
Y NIOCTETEHHO NPUBECTH K pa3BuTuro 100-
MECTHBIX KOMMEPUYECKUX TYPUCTHUECKUX
KOCMHYECKHUX IIOJIETOB. B 11€510M, CEMencTBO
StarBooster 3acinyxuBaer nepecmMoTpa B
Ka4eCTBe aJIbTePHATUBBI CIEAYIOLIEro
MIOKOJIEHUS (PJIOTY OHOPA30OBBIX PaKeT-
HOCHUTENEH, ucnojb3yembix cerogus HACA.
KoneuHo, 3T0 TONbKO OfHA uaes Ha Oyayuiee;
S HanerCh, YTO MBI YBUAUM MHOTO IPYTHX
uzel o Mepe pa3BUTHsSI KOCMHUYECKOTO
TpancnopTa. Jlyummii crocod neméBoro
BbIXO/Ia HA opOuTy — paspaboTka
MHOT'OPa30BbIX ABYXCTYIEHYATHIX CUCTEM.

51 OCTOSIHHO HANIEIOCh, YTO TAKHE PAKETHI, KaK
StarBooster, okaxyTcs
BBICOKOKOHKYPEHTHBIMH Ha PbIHKE MaJIOH U
cpeaHel MoJe3HOH Harpy3Ku. JDTO yoenuT
HACA, MunuctepcTBo 0OOpOHBI U HACTHYIO
MHIYCTPHUIO B TOM, YTO MHOTOPa30BbIe




A two-stage space plane, capable of airline-
type operations, can yield high reliability,
enable very quick turnaround, and support a
large passenger capacity.

YCKOPHUTEIHN — 3TO XOPOLIHN OH3HeC.
JIByXCTyIeHYaTbIil KOCMUYECKUI CAMOJIET,
CHIOCOOHBIN BBIMTOJHSATH OTIEPAU
AaBHALIMOHHOT'O TUIIA, MOKET 00eCIeunTh
BBICOKYIO HaAEKHOCTh, 00€CMEUNTh OYE€Hb
OBICTPBIH OOOPOT M MONAEPIKUBATEH OOJIBLIVIO
1aCCa’KUPOBMECTHMOCTb.

Future-focused

Opuenranust Ha Oyaymee

As NASA works with U.S. industry partners to

develop commercial spaceflight capabilities,
the agency also is heavily invested in the

Lockheed Martin—built Orion spacecraft, billed
as a reusable, multipurpose spacecraft, which it

1s not.

More work is advised on this score, lest we
wind up with a spacecraft that eats up more
dollars every flight than the last and gets half-
thrown away each time it flies. Let’s take a
page from commercial airliners and ratchet
ourselves up from the disposable Dixie-cup
model. We must take advantage of old ideas
with new currency, such as true reusability.

We ought to redirect our efforts to becoming

both more ambitious and more efficient at the
same time, testing a reusable model for long-

term space exploration.

We can then redirect the Orion multipurpose
crew vehicle toward becoming a workable and
really sustainable deep space ferry.

The cost-effectiveness of going from our moon

to one of the moons around Mars is far greater
than falling back to Earth each time and then
clawing ourselves out of the gravity well with
another throwaway spacecraft.

For example, a beefed-up Block 2 version of
Orion can be a crew test vehicle for
acrocapture at Earth as well as at Mars.
Aerocapture is “putting on the brakes”

ITockonbky HACA pabotaer ¢ oTpacieBbiMu
naptHepamu CIIIA nHan pazsutrnem
BO3MO>KHOCTEH KOMMEPUYECKHUX KOCMUYECKUX
MOJIETOB, ar€HTCTBO TAK)KE BKJIAJABIBAECT
3HAYUTEJIbHBIC CPENICTBA B TOCTPOSHHBIH
Lockheed Martin kocmudeckuii kopadib
Orion, 3asIBJIE€HHBINA KaK MHOTOLIEJIEBOM
KOCMHUYECKH Kopadiib MHOTOPa30BOTO
WCIIOIB30BAHUS, KOTOPBIM OH HE SIBJISIETCSI.

Ha sTot cuér norpebyercst Gonbine paboThl,
9YTOOBI HE TIOJIYYUTh KOCMUYECKUN KOPaliib,
KOTOPBIH ChenaeT OOJIbIIe OUIapPOB 3a
KaKIBIH MTOJIET, Y€M B ITOCJIEAHUN, M KA KIbIN
pa3 ero HaroJOBHHY BHIOpACHIBAIOT. JaBaiiTe
BO3bMEM ITPUMEP C KOMMEPUECKHUX
aBUAJIAHEPOB U TOJHUMEMCSI C MOJEITH
0HOpa30BoM yaku Jlukcu. Ml JOJKHBI
HCIIOJTb30BATh CTapbhle UACH B HOBOH BAIIOTE,
TaKOM KaK MOBTOPHOE MCIIOJIb30BAHHUE.

MBI TOJKHBI TIEPEHANIPABUTD HAIK YCUJTHS HA
TO, YTOOBI CTATh 00OJiee aMOMIIMO3HBIMU U B TO
xKe BpeMst Oosee 3P PeKTHBHBIMH,
MPOTECTUPOBAB MHOTOPA30BYIO MOZEINb ISt
JOJTOCPOYHOTO OCBOCHHUST KOCMOCA.

3aTeM MbI MOXKEM MEPEOPUEHTHPOBATH
MHOTOIIEJIEBOU MIJIOTUPYEMBI Kopadiib
«Opuon» Ha TO, 4TOOBI OH CTaJ
paboTOCOCOOHBIM U IEHCTBUTEIHHO
YCTOWYHMBBIM MAPOMOM JIJIsl TaJIbHETO KOCMOCA.

DOxoHOoMHYecKast 3(PPEKTUBHOCTD MOJETA C
Hawel JIyHbl Ha OIHY U3 JIyH BOKpYT Mapca
HAMHOTO BBIIIE, YeM Ka)KIbIH pa3
BO3BPALIATHCS HAa 3EMITIO, a 3aTeM
BBILIAPAIBIBATD CE0s1 M3 TPABUTALIHOHHOTO
KOJIOZILIA C TTOMOIIBIO APYTOro OJHOPAa30BOr0
KOCMUYECKOTr0 Kopadjisi.

Hanpuwmep, ycunennast Bepcust « OpuoHay
Block 2 MosxeT OBITb UCIIBITATEIEHBIM
TPAHCTIOPTHBIM CPEACTBOM TSI SKHUITAXKa JIJIs
a’pos3axsara Ha 3emie, a Takke Ha Mapce.




proficiency, using the drag of a planetary
object’s atmosphere to decelerate. This fuel-
saving advance requires the spacecraft to have
sufficient thermal protection and the ability to
precisely guide itself during the maneuver.

Orion should pioneer acrocapture by early
testing of this ability from lunar distance to
low Earth orbit, a precursor step needed for the
human crossing to Mars.

There’s another ingredient in the mix that can
propel us beyond low Earth orbit. The
International Space Station is first an
indispensable test bed for ringing out long-
duration life-support equipment.

That orbiting outpost is also the place to
prototype a specialized interplanetary
exploration module, a component that can be
modified to also serve as a safe haven for
station crews.

In addition, a specialized crewed interplanetary
taxi should be evaluated at the space station.
Both the exploration module and taxi must be
capable of aerocapture at the atmosphere of
either Mars or Earth. In testing and using these
clements, we are, at the same time, forging the
technical dexterity of pushing off from low
Earth orbit.

To routinely depart Earth, I envisage long-haul
transportation systems, deep space cruisers that
not only continuously cycle tourists between
Earth and the moon, but constantly transfer
explorers and settlers between Mars and Earth.

Adpo3axBaT — 3TO YMEHHUE «3aTOPMO3UTBHY,
UCTIOJNB3Ysl CONPOTUBJIEHNE aTMOC(EpBI
IUIAaHETAPHOTO OOBEKTA AJIs 3aMeJIeHUs. DTOT
nporpecc B 5KOHOMUH TOIUIHMBA Tpedyer,
9TOOBI KOCMUUECKUH KOpadib UMen
IOCTATOYHYIO TETUIOBYIO 3aIIUTY U
CHOCOOHOCTh TOUYHO OPUEHTUPOBATHCS BO
BpeMst MaHEBpA.

OpuHoOH NOJKEH CTaTh MMOHEPOM B 00J1acTh
a’pos3axBaTa IyTeM paHHero TeCTUPOBaHUS
3TON CHIOCOOHOCTH OT JJYHHOTO PACCTOSHUS 110
HU3KOH OKOJIO36MHOM OPOHTBI, UTO SIBJISETCS
NPEABAPUTENLHBIM IIArOM, HEOOXOAUMBIM AJIsI
nepexoja ueaoseka Ha Mapc.

B sT0li cMecHu ecTh emé ONUH HHIPEANEHT,
KOTOPBIM MOXKET BBIBECTH HAC 32 IIPEEIbl
HU3KOH OKOJIO36MHOM OpOUTHI.
MexnayHapoaHasi KOCMUYeCKasi CTaHLIMS —
5TO MEPBbI HE3AMEHUMBIN UCTIBITATENbHBII
CTEHJ [UTA IIPOBEPKH 000PYIOBAHUS
KU3HEOOECTIEUeHNS ITUTENbHOTO JEHCTBHUS.

ITOT OpOUTATBHBIN (POPIIOCT TAKIKE SBIISETCS
MECTOM TSI CO3JIaHUsI MPOTOTHUIIA
CIEeUATN3HPOBAHHOTO MEXILIAHETHOTO
HCCIIEOBATEIBCKOTO MOAYJISI, KOMIIOHEHTA,
KOTOPBII MOYKHO MOZIU(UIIPOBATD, YTOOBI OH
TAKXKE CITYKUI YOSIKUIIEM ISl SKUTIAXKEH
CTaHLIUH.

Kpome Toro, Ha KOCMUYECKON CTAaHLIMHU
CJenyeT MPOBECTH OLICHKY
CMEUUATTU3UPOBAHHOTO MUJIOTUPYEMOTO
MEKIIJIAHETHOTO Takcu. M uccnemopaTenbCKuii
MOJTYJIb, U TAKCH JTOJI?KHBI OBITH CIOCOOHBI
OCYIIECTBIISATh a3p03axBar B aTMocdepe
Mapca unu 3emiu. McnbITbiBas U UCTIONb3Ys
5THU 3JIEMEHTBI, MBI B TO K€ BPEMSI OTTaUNBAEM
TEXHUYECKYIO CTOCOOHOCTH OTTAJKUBAHUS OT
HU3KOH OKOJIO36MHOM OpOUTHI.

UroObI peryJsipHO MOKUAATH 3EMITIO, 5T
MPEeAIoaralo TPAaHCIIOPTHBIE CUCTEMBbI
JAJIbHETO CJIeI0BaHMs], KOCMUYECKUE
Kpelicephl, KOTOpPbIE HE TOJIBKO MOCTOSIHHO
MEPEMEIAIOT TYPUCTOB MEXKAY 3eMIIEN U
JIyHOl, HO ¥ MOCTOSTHHO NMEPEBO3ST
UccleqoBaTeNell U MOCeNeHLEB MEXTY
Mapcom u 3emieit.




A fully reusable lunar and interplanetary
system is the best way of transporting people
and cargo across the vast vacuum void of
space.

This system of reusable spacecraft, which I call
“cyclers,” should be put in motion—first
between Earth and the moon, then between
Earth and Mars. Very much like ocean liners,
the cycler system would unendingly glide
along predictable pathways, moving people,
equipment, and other materials to and from
Earth over inner solar system mileage.

A sequential buildup of a Full Cycling
Network should be put in place, geared to the
maturation of moon and Mars activities. I see
Earth, the moon, and Mars forming a celestial
triad of worlds. They will be busy hubs for the
ebb and flow of passengers, cargo, and
commerce traversing the inner solar system

ITonHOCTBEIO MHOTOpa30Bast JyHHas U
MEXIUIAaHEeTHAasl CHCTeMa — JIYYIINi crioco0
TPAHCIOPTUPOBKH JIFOAEH U IPY30B Uepes
OecKpaifHIOI0 BaKyyMHYIO ITyCTOTY KOCMOCA.

JTa cucTeMa MHOTOPa30BbIX KOCMHYECKHIX
amrapaToB, KOTOPBIE 51 HA3BIBAKO
UUKIJIEpaMUy, TOJIKHA OBITh IPUBENICHA B
IOBIDKEHHUE — CHavaja MeXIy 3eMei u
JlyHoii, 3atem Mexny 3emiéit u Mapcom.
[TonoOHO OKeaHCKHM JaliHepaM, CUCTEMa
LIUKJIEPOB OyeT OECKOHEUHO CKOJIb3UTD 110
NpPEeACcKa3yeMbIM TPASKTOPHSIM, MepeMeras
mronieii, o0opynoBaHue U IPyTrHe MaTepHaIbl
Ha 3eMJTr0 1 00paTHO Ha PacCTOSTHUE BHYTPH
ConHevHON CHUCTEMBI.

Crnenyer co3nath nocjie10BaTeabHOEe
HapaiuBaHue Ceru [lonnoro [ukna,
OPHUEHTUPOBAHHOMN HA Pa3BUTHE JIYHHOU U
MapCHaHCKON aKTUBHOCTHU. S BHKY 3eMITIO,
Jlyny u Mapc, obpa3yromux HeOeCHYI Tpuaay
mupoB. OHU OyAyT 3arpy>KEHHBIMH y3JIaMHU
11l IPUJIMBOB U OTJIMBOB M1aCCaXXUPOB, IPY30B
U TOPrOBJIH, NIEPECEKAIOIINX BHYTPEHHIOO
COJIHEUHYIO CUCTEMY.

So, what is—or should be—the next goal for
the American space program?

From a scientific, technology-advancing,
meaningful, and politically inspiring point of
view, in my opinion, it should be Mars, by way
of one of the two moons that circle that world.

Hrak, KakoBa — WIJIN TOJDKHA OBIT —
CIAEAYIOLIas LeJib AMEPUKAHCKON KOCMUYECKON
porpamMmmel?

C Hay4yHOM, TEXHOJIOTMUECKOH, OCMBICIEHHOMN
U MIOJIMTUYECKU BJOXHOBIISAIOIIEN TOUKU
3peHUsi, Ha MOH B3TJIsIK, 3TO JOJKEH ObITh
Mapc, ogHa U3 ABYX JIyH, BPALIAIOINXCS
BOKPYT 3TOT0 MHUDA.

We can dare to dream again and to lead. Let us
challenge NASA, challenge the White House
to think bigger, challenge ourselves to look
beyond the moment, and inspire again an entire
nation in a way that is evocative, at a time
when our country is ready for real inspiration,
challenge, leadership, and achievement. I hold
dear my litmus test for the country’s space
future: timeliness, affordability, and popularity.

Apollo 11 symbolized the ability of this nation
to conceive a truly pathbreaking idea, prioritize
it, create the technology to advance the idea,
and then ride it to completion. Apollo is a case
where we got it right. If we are to resurrect the

MBI CHOBA MOKEM OCMEJTUTHCS] MEUTaTh U
nunupoBathb. [asaiire Opocum BeizoB HACA,
OpocuM BbI3OB benoMy 1OMy MBICIUTS IIHPE,
OpocuM cebe BBI30B CMOTPETh Jablile
TEKYIIero MOMEHTA M CHOBA BIOXHOBHM BCIO
HALIMIO CIIOCOOOM, BBI3BIBAIOLIUM
BOCIIOMUHAHUSI, B TO BPeMsl, KOT/Ia Halla
CTpaHa TOTOBA K HACTOSIIIEMY BIOXHOBEHHIO,
BBI3OBY, JIMJIEPCTBY, U JOCTIOKEHUSI. MHe
Jopora Mos JJaKMycOBast OyMaskka
KOCMHYECKOro OyIyIIero CTpaHsl:
CBOEBPEMEHHOCTb, JOCTYTHOCTb U
MOMYJISIPHOCTb .

«Anoynon-11» cuMBOIU3HPOBA CTOCOOHOCTH
STOW HALIMU MPUIYMATh MOUCTHHE
HOBATOPCKYIO HIEI0, PACCTABUTH TPUOPUTETHI,
CO3/1aTh TEXHOJIOTHIO JJIsl IPOABIKEHUS UACH,
a 3aTeM JIOBeCTH e€ 1o 3aBepiueHus. Apollo —




profound feeling of participation that
accompanied Apollo, we will need a Kennedy-
like commitment to human exploration, which
must begin with a permanent and profitable
presence in space.

In my travels, the interesting thing I observe is
that American leadership in space is
appreciated more in foreign lands than it is
within our own country—an understandable
irony. This I see when I attend international
gatherings of spacefaring countries, as well as
meetings of the Association of Space Explorers
(ASE), the only professional alliance for space
fliers. Membership in ASE is open to
individuals, from all nations, who have
completed at least one orbit of Earth in a
spacecraft.

In reaching outward with method and intent to
Mars, and helping others go where we have
already gone, America is once again in the
business of a momentous and future-focused
space exploration program.

Let’s roll ... and roll up our sleeves and begin

5TO TOT Clly4al, KOraa Mbl BCe CleNalu
npaBuJIbHO. ECiiu MbI XOTUM BO3pOJUTH
riy0OKOe YyBCTBO COMPUYACTHOCTH, KOTOPOE
COIPOBOKAANIO ATIOJUIOH, HaM moTpedyercs
nonoOHast KenHenn npuBep>KeHHOCTh
4eJI0BEYECKUM UCCIIeIOBAHUAM, KOTOPast
JOJIKHA HA4aTbCsl C MOCTOSIHHOTO U
NPUOBLIBHOTO MPHUCYTCTBUS B KOCMOCE.

B cBoux myTelecTBUsAX s 3aMETHI
HMHTEPECHYIO BEIllb. AMEPUKAHCKOE JINTEPCTBO
B KOCMOCE LIEHUTCS OOJIbLIE 32 TPaHULEH, YeM
B Hatei cOOCTBEHHOH CTpaHe — MOHSTHAS
UPOHUS. DTO 5 BUXKY, KOTJa [OCELIA0
MEXXTyHapOJIHbIE CJIEThl KOCMOHABTOB, a TAKXKE
coOpaHusi AccouMaluy UCClIeIoBaTeNei
kocmoca (ASE), enMHCTBEHHOTO
npoecCUOHATIBHOTO COK3a KOCMOHABTOB.
Unenctso B ASE OTKpBITO AJ1s1 UL U3 BCEX
CTpaH, KOTOPBIE COBEPLIIIIN XOTsI OBl OMH
000pOT BOKPYT 3eMJIM HA KOCMHUYECKOM
Kopaose.

Crpemsice kK Mapcy ¢ MOMOLIBIO METOAA U
HaMepeHHUsl U IoMorast IPyTuM UATH TYAa,
KyJZla yo>ke MOIIIN Mbl, AMepHKa CHOBa
y4acCTBY€T B BAXKHOW U OPUEHTUPOBAHHON Ha
Oynyliee nmporpaMMme UCCIeNOBaHUA KOCMOCA.
Hrak, MoHeCIuCs ... 3aKaThlBa€M pyKaBa U
Ha4YMHAEM.

2 Time for Decision-Making: Call for a
Unified Space Vision

2 Bpems AJisi IPUHSATHSI pelieHUH: NPU3bIB
K ¢AHHOMY NPEeJIBHACHHI0O KOCMOCA

There is angst regarding the future of U.S.
space exploration. Given tight budgets, and the
vagaries of U.S. congressional support, human
destinations beyond low Earth orbit seem more
distant than actual mileage. On the
international front, America’s space leadership
is arguably up for grabs.

Russia is reformulating its space schedule,
touting interest in establishing its own lunar
base. China has already set in motion its
human spaceflight program, methodically
leading to modular buildup of an independent
space station program and robotic lunar
exploration, and seems intent on dotting the
moon’s surface with footprints of Chinese
astronauts.

CymecTByeT TpeBora o nopoay Oynymero
ocoeHus kocmoca CIITA. Yuursisas
OTPaHUYEHHBIN OIOIKET U KapHU3bI
nonaep-kku Konrpecca CIITA, yenoseueckue
MYHKTbl HA3HAYEHUsI 3a MpesiesiaMu HU3KOH
OKOJIO3€MHOM OpOUTHI KaXKyTCsi Oomee
JANEKUMH, YeM peajibHbIN KujmomeTrpax. Ha
MEKIYHAPOIHOM (PPOHTE aMEPUKAHCKOE
KOCMHYECKOE JINAEPCTBO, BO3MOXKHO, OyaeT
3aXBay€HO.

Poccus nepecmaTtpuBaeT CBOMH KOCMUYECKHI
rpaduK, peKIaMupysi CBOIO
3aMHTEPECOBAHHOCTD B CO3JJaHUU COOCTBEHHOM
ayHHOH 0a3bl. KuTaii yke 3amyCcTiit CBOO
IpOrpaMMy MUJIOTUPYEMBIX KOCMUYECKUX
MOJIETOB, METOJUYHO BEAsl MOAYJbHOE
HapaliBaHue NPOorpaMMbl HE3ABUCUMOM
KOCMHMYECKOH CTAaHLIUH U pOOOTH3HPOBAHHOE
uccienosanue JIyHbL 1, TOX0Xe, HAMepeH
yCesiTb MOBEPXHOCTb JIyHBI cliegamu
KUTaNHCKUX aCTPOHABTOB.

There was a time when the U.S. trajectory in

bru1o Bpewmsi, KOraa TpaeKTOpUsl ABHKEHUS




space flew straight and true, with no question
about direction. To reach beyond low Earth
orbit requires a progressive suite of missions
that are the vital underpinnings—a
foundation—for a Unified Space Vision.
Putting in place and staying on track with a
unified approach to space program activities
must begin now.

CIIIA B kocMoce Oblia IpsIMOM U BEpHOH, 0e3
BOMPOCOB O HampasjeHUH. UToObI BBIATH 32
npeaesbl HU3KOH OKOJIO3EMHOM OpOHTHI,
TpedyeTcst mporpeccuBHbIN HAOOP MUCCHUH,
KOTOpBIE SIBJISIFOTCS JKU3HEHHO BAYKHBIMH
onopamu — ocHoBoi — 11t Unified Space
Vision. BHenpenue n coxpaHeHHe eqHHOTO
NOJX0/1a K KOCMUYECKOH IPOrpaMMe TOJIKHBI
HA4aTbCsl ceryac.

So travel with me on a journey of the
imagination.

It starts in Earth orbit, where America’s space
entrepreneurs have opened up the opportunity
for hundreds of citizens to participate in the
growing business of space tourism. Space
adventurers are rocketing into space aboard a
new, reusable spacecraft capable of runway
landings and carrying out a variety of missions.

Tak 4TO OTHpaBIsRTECH CO MHOU B
BOOOpaKaeMOe MyTeIIECTBHUE.

OH cTapTyeTr Ha OKOJIO3EMHOM opOuTe, TIe
aMEPUKAHCKHE KOCMHUYECKHUE
NpeAnPUHUMATENH OTKPbUIA BO3MOKHOCTD
COTHSIM I'PaXK/IaH y4aCTBOBAThb B PACTYLIEM
OM3HECEe KOCMUYECKOro TypU3Ma.
KocMmudeckue aBaHTIOPHUCTBI OTIIPABIISIOTCS B
KOCMOC Ha 60pTy HOBOT'O MHOTOPa30BOT0O
KOCMHUYECKOT0 KopadJisi, CiocoOHOTO
NPU3EMJIISITBCS Ha B3JIETHO-TIOCAIOYHYIO
0JIOCY U BBIIOJHSATH MHOYKECTBO MHCCHIA.

Meanwhile, early Block 1 exploration modules
travel back and forth between Earth and the
moon, as well as transit between Earth and
Mars.

We fly by comets and intercept Earth-
threatening asteroids. As we look out from our
ship, we see the wispy tail of an ancient comet,
full of dust, rock, and gas—a “dirty snowball”
left over from the formation of the solar system
billions of years ago.

Mexnay TeMm, paHHHE UCCIIE0BATENbCKIE
moxayiu Block 1 myremectsyror Tyna u
obpatHo Mexkay 3emnéii u JIyHOM, a Takke
TpaH3UTOM Mexay 3eMiéit 1 Mapcom.

MbI 1eTaeM MUMO KOMET U NepEeXBaThIBAEM
onacHble 11 3emun actepousbl. Koraa mbl
BBIJISIIBIBAEM M3 HALIETrO KOPadJis, Mbl BUIUM
TOHKHUH XBOCT APEBHEH KOMETBI, TOIHBIN
MBUTH, KAMHS U Ta3a — «TPSI3HBIA CHEXKHBIN
KOM», OCTaBILIHUICS OT (OPMUPOBAHHS
CoHeYHOM CUCTEMBI MUJIIMAP/IbI JIET Ha3a.

We sweep the surface of an asteroid, sampling
its rocky soil to delve into the nature of the
early solar system and to study the essential
building blocks that led to life here on Earth.

MbI nnpouéceiBaeM MOBEPXHOCTb aCTEPOUA,
Oepst mpoOBI €ro KAMEHUCTON MOYBBI, YTOOBI
BHUKHYTb B nipupoay panHeil ComHeuHon
CHCTEMBI U H3YYHTb OCHOBHBIE CTPOUTEIIbHBIE
OJIOKH, KOTOpPbIE MPUBEIU K BOSHUKHOBEHHIO
JKM3HH 371€Ch, HAa 3eMIie.

Step by step—just as Mercury and Gemini
made Apollo possible—we move deeper into
space to land on Phobos, the inner moon of
Mars, all in prelude to a first human mission to
touch down on the red planet itself!

ITar 3a maroM — TOYHO TaK K€, KaK
Mepkypuii u bansHenrs! caenaiym BO3MOKHBIM
ATIOJUTOH — MBI IPOZIBUTAEMCST BCE TITyOXKe B
KOCMOC, 4T00OBI pu3emMinThest Ha Poboc,
BHYTPEHHIOIO JIyHy Mapca, u Bce 5TO B
MpEeNABEPUN NEPBOM YEJIOBEUECKON MUCCHUU IO
PU3EMJIEHHIO HA caMOM KpacHOH IiaHere!

My Unified Space Vision (USV) is a blueprint
designed to maintain U.S. leadership in space
exploration and human spaceflight. Let me be
clear. I think exploration by itself is an
incomplete specification of what a future
vision should be. In my deliberations with the
Augustine Committee in 2009, I outlined a

My Unified Space Vision (USV) — 570 maH,
Npu3BaHHbINA coxpanuts Junepcrso CIIA B
OCBOEHHMU KOCMOCA U MIHJIOTHPYEMBIX
KOCMHYECKUX nonérax. lloscHsaro —
HCCIIEIOBAHHE CaMO TI0 ce0e sIBJIeTCS
HETIOJIHBIM OTMCAHUEM TOTO, KAKUM JTOJKHO
ObITh penBuaeHNe Oyaymero. B cBonx




Unified Space Vision, one that brings together
five items: exploration, science, development,
commerce, and security, with security meaning
both defense and planetary defense of our
planet from near-Earth objects.

obcyxneHusix ¢ Komurerom ABrycrina B
2009 roay s uznoxun EquHoe kocMU4eckoe
npenBUAeHUE, KOTOPOe OOBEIUHSIET MSITh
MYHKTOB: UCCICAOBAHUEC, HAYKY, Pa3BHUTHC,
TOPTOBJIIO B OE30MaCHOCTD, MPUIEM
0e30MacHOCTb O3HAYAET KaKk OOOPOHY, TaK U
TJIAHETAPHYIO 3aIUTY HALIEH MJIAHETHI OT
OKOJIO3€MHBIX OOBEKTOB. OOBEKTHI.

There is great need to steer clear of a
counterproductive space race with China in
their admitted goal to be second back to the
moon. Getting caught up in such a race would
derail a far greater objective and destination:
An American-led, permanent human presence
on Mars by 2035.

My USV plan for the future calls for
establishing a pathway of progressive missions
in roughly two-year intervals. These bold
journeys of exploration will require
determination, support, and political will—as
did our mission to the moon over four decades
ago. If we have the vision, we can reach these
destinations on the pathway to Mars within the
next two decades.

Kpaiine HeoOxoaumo uzderatob
KOHTPIPOAYKTUBHON KOCMHUYECKON FOHKU C
Kutaem B ux o0mienpu3sHaHHOMN LeH - ObITh
BTOPbIM Ha JIyHe. YyacTue B TakOl rOHKE
pa3pyuio Obl ropasno OoJiee BAXKHYIO LENb U
NYHKT Ha3HAYEHHS: IOCTOSTHHOE MPHCYTCTBHE
nroaen Ha Mapce noa pyKoBOJACTBOM
amepukanies k 2035 rony. Moit nnan USV Ha
Oynyinee mpeaycMaTpUBaeT CO3JaHUE MyTH
MOCJIEIOBATENBbHBIX MUCCHI C HHTEPBAJIOM
NPUMEPHO B J1Ba rojia. ITH CMeJIble
HCCIIEIOBATEIbCKUE My TEIECTBUS OTPEOYIOT
PELIMMOCTH, IOJEPKKH U TMTOJUTHIECKOH
BOJIM, KaK W Hamra muccust Ha JIyny Oonee
YEeTBIPEX NecATUNIEeTHI Hazan. Ecnu y Hac
OyneT npenBHISHHE, Mbl CMOXKEM TOCTHYb
STUX NMyHKTOB HAa3HAYEHHUS Ha MyTH K Mapcy B
TE€YECHHE CIETYIOIUX ABYX NECSITHISTHH.

And if we persevere on this path, we can reach
out some 200 million miles to Mars before
2035—66 years after Neil Armstrong and I
flew the quarter-million miles through the
blackness of space to touch down onto
Tranquillity Base. There’s a historical
milestone in the fact that our Apollo 11 landing
on the moon took place a mere 66 years after
the Wright brothers’ first flight.

But to realize the dream of humans on Mars,
we need a unified vision. We need to focus on
a pathway while keeping an ever vigil eye on
the prize.

U ecniu MbI OyieM HACTOWYHMBO UITH 110 STOMY
MyTH, TO CMOkeM noOpathest 10 Mapca
npuMepHo Ha 200 MumnoHoB Musb a0 2035
roga — 4depes 66 yet nocie Toro, kak Hun
APMCTPOHT U s IPOJIETENN HETBEPTH
MUJJIMOHA MUJIb Yepe3 YEPHOTY KOCMOcCa,
94TOOBI MPU3EMIINTHCS Ha 0a3y
«CrnoxkotictBuey». Mctopuueckoii Bexoi
SBJISIETCS TOT (aKT, YTO HAIlA ITOCATKA
«Anosnona-11» Ha Jlyny mpousoriia Bcero
yepes 60 JieT mociie nepporo noiéra Oparsen
Pair.

Ho ut0o0s! peanuzoBarhk MeuTy JFOAEH Ha
Mapce, HaM HY>KHO €UHO€ ITPeIBUIEHUE.
Hawm Hy>xHO cOCpenoTOUUTbCs Ha NYTH, HE
CITyCKas IJ1a3 C Ipu3a.

Several years ago NASA was put on a
technical trajectory to resume lunar
exploration, duplicating, albeit in more
complicated ways, what the Apollo 11 flight
did some four decades ago. The looming
dilemma that stemmed from that approach
then—called the Vision for Space
Exploration—was a five-year gap between the
shuttle program’s slated retirement in 2010 and
the debut of the Ares I rocket and the new

Heckonpko ner Hazang HACA B3s510 Kypc Ha
BO300HOBIIEHHE UCchenoBanus JIyHbI,
nyonupysi, XoTs u 6oee CI0KHBIM 00pa3oMm,
TO, YTO coBepLI noseT AnoJjuioHa-11 okoso
YEeTBIPEX necaTuneTui Hazan. Hagsuraromascs
IUJIEMMa, BBITEKAIOIIAst U3 3TOTO MOAXOAA,
NoJIy4MBIIEro Ha3BaHue Vision for Space
Exploration, 3akiro4anace B ISITHJIETHEM
POMEXKYTKE MEXKIY 3aIUIAHUPOBAHHBIM
3aBepIIEHUEM NPOrpaMMbl WATTIOB B 2010




Orion spacecraft in 2015.

roxny u 1e0roToM pakeTsbl Ares I 1 HOBOro
kocMudeckoro kopabis Orion B 2015 roay.

During that gap the United States set in motion
the writing of checks to Russia in order to
allow our astronauts to hitch rides on Soyuz
rockets to the In ternational Space Station, a
facility in which we’ve invested $100 billion.
That’s quite a deal, with the United States on
the short end of the transaction.

Bo Bpewmst atoro nepepriBa CoennHEHHBIE
IITaTel MHULIMMPOBAJIN BBIMHUCKY YE€KOB
Poccuu, 4ToOBI MO3BOJIHTH HALIIMM
aCTPOHABTaM JIOJIETETh aBTOCTOIIOM Ha
paxetax «Coro3» 10 MexayHapogHon
KOCMUYECKON CTaHIMH, OOBEKTa, B KOTOPBIN
MbI BIOKWIH 100 MUJLITHAPIOB JOJIIAPOB. DTO
HEIIOXasi CAEJIKA.

My Unified Space Vision is a plan that will
ensure America’s leadership role in space for
the 21st century. It doesn’t require building
new rockets from scratch, as NASA’s current
plan does, and it makes maximum use of the
capabilities we have now.

My Unified Space Vision — 310 1uiaH,
KOTOPBIH 00eCTIeYHT JTUAUPYIOLIYIO POJIb
Awmepuku B kocMmoce B 21 Beke. OH He TpeOyer
CO3/TaHUSI HOBBIX PAKET C HYJIsI, KaK 3TO AeNIaeT
HbiHemHui iaH HACA, 1 MakcuManbHO
UCTIOJIb3YET BO3MOXKHOCTH, KOTOPBIE ¥ HAC
€CThb ceiuac.

The USV is a reasonable and affordable plan,
one that prescribes using the reliable Delta IV
heavy-lift launcher to boost the next-generation
Orion spacecraft, in place of the troubled Ares
I rocket, to fill the gap. This would give NASA
the kind of continuity and flexibility that
marked the legacy missions of the Mercury,
Gemini, and Apollo programs.

USV — 570 pa3ymHbIii U TOCTYIHBIN IJ1aH,
KOTOPBIN MpeNNuchIBaeT HCIOIb30BaTh
HAaAEKHYIO ITYCKOBYIO YCTAHOBKY TSIKEIOrO
kiacca Delta IV st 3amycka KOCMHYECKOTO
kopadJst Orion CIenyIOEro MOKOJICHHUS
BMECTO NMpoOIeMHON pakeThl Ares I, uToOb!
3anoJHUTH npodes. Ito nano 61 HACA
NPEEMCTBEHHOCTb M THOKOCTb, KOTOPBIMH
OTJIMYAJIUCH YHACJEOBaHHbIE MUCCUU
nporpamm «Mepkypui», «/>keMUHU» U
«ATIOJJIOHY.

The plan renounces America’s goal of being
first on the moon (again) in a new space race
with China. Rather, it encourages America to
initiate a lunar consortium whereby
international partners—principally China,
Europe, Russia, India, and Japan—will do the
lion’s share of the planning, technical
development, and funding for human missions
back to the moon.

IInan orBepraer ueiab AMepUKH OBITH TEPBOH
Ha JIyHe (CHOBA) B HOBOW KOCMUYECKOM MOHKE
¢ Kuraem. Cxopee, 310 mobyxnaer AMepuKy kK
CO3/1aHUIO JIYHHOT'O KOHCOPLIMyMa, B paMKax
KOTOPOTO MEKAYHapOAHbIE MAPTHEPHI — B
ocHoBHOM Kuraii, EBpona, Poccusi, Unnus u
SAnoHus — BO3bMYT Ha ce0st IbBUHYIO JTOJTO
TUTAHUPOBAHMS, TEXHIUECKIX Pa3paboToK U
(uHaHCHPOBAHMS MUJIOTHPYEMBIX ITOJIETOB HA
Jlyny.

In the meantime America will be developing
new strategies, new launch vehicles, and new
spacecraft for the years beyond 2015 to bring
us to the threshold of Mars, by way of
progressive missions to comets, asteroids, and
Mars’s moon Phobos

Tem Bpemenem Amepuka Oyner
pa3pabaThiBaTh HOBbIE CTPATETHH, HOBBIE
PaKeTbI-HOCUTENIN U HOBbIE KOCMUYECKHE
kopadyu Ha roael mocye 2015 roxa, 4TobsI
IIPUBECTU HAC K opory Mapca nocpeacTsom
MPOTPECCUBHBIX MUCCHI K KOMETaM,
acteponyiaM u cnyTHUKY Mapca @obocy.

The Aldrin Mars Cycler

Mapcuanckuii uukjaep Oaapuna

America’s reach for the red planet is a litmus
test for determining the health of our
spacefaring nation. Regular travel between
Earth and the distant dunes of Mars is
impractical if we revert to Apollo-style
modular spacecraft that cast off their

Hoctyn Amepuku k KpacHoit miianere — 310
JaKMycoBasi OyMaskKa IJisl OTIpeNeIeHUs
30pOBbS HALIEW KOCMUYECKON HALIUH.
PerynspHele nyTeliecTBUs MeKAY 3eMIEN U
NanéKUMH MapCUaHCKUMU IOHAMU
HeILeneco00pasHebl, €CIU Mbl BEPHEMCS K




components along the way.

MOOYJbHBIM KOCMUYCCKUM KOpa6J'I$[M B CTHJIE
ATIOJUIOHA, KOTOPBIE IO MyTH COPachIBAOT
CBOHM KOMITOHCHTHI.

Back in the early 1980s I began to mull over
applying my orbital rendezvous expertise to a
lunar spacecraft system that would perform
perpetual cycling orbits between Earth and the
moon. Central to the idea is using the relative
gravitational forces of Earth and the moon to
sustain the orbit, thereby expending very little
fuel. But there was a catch. The approach took
longer to get to the moon this way. For such a
short distance, a four-day trip using cycling
orbits was not sufficiently advantageous.

Ewe B Hauyane 1980-x s Ha4an pa3sMbILLIATE O
TOM, YTOOBI MPUMEHHUTH CBOH OIBIT
OpOUTANTBHBIX COJMKEHHI K CUCTEME JTyHHBIX
KOCMUYECKHX KOpadJiei, KoTopble OyayT
COBEPIIATH BEUHBIEC IUKIINIECKIE OPOUTHI
Mexy 3emnéit u Jlynoil. LlenTpanbHoe MecTo
B HMJI€€ 3aHUMAET UCIIOJIb30BAHUE
OTHOCHUTEJIbHBIX I'PABUTAI[MOHHBIX CHIT 3eMITH
u JIyHBI 115 oaep kaHusi OpOUTHI, IPU STOM
pacxonyercst O4eHb Majio Torunea. Ho Obina
3arBo3zaka. Takum obpazom, noaxon k Jlyne
3aHsu1 OoJbie BpeMeHH. i Takoro
KOPOTKOTO PACCTOSIHUS YETHIPEX THEBHOE
MYyTEIIECTBHE MO MUKJIMYECKUM OpOUTaM ObLIO
HEOCTATOYHO BBITOHbBIM.

It was my good friend Tom Paine, a former
NASA administrator during a number of the
Apollo program expeditions, including mine,
who urged me to adapt the cycling orbit
concept to the much more intricate goal of
supporting human missions to Mars.

Before his passing in 1992, Paine chaired the
National Commission on Space, an eminent
group that authored for the White House, U.S.
Congress, and the general public a seminal
report, Pioneering the Space Frontier.

That document calls for “a pioneering mission
for 21st-century America ... to lead the
exploration and development of the space
frontier, advancing science, technology, and
enterprise, and building institutions and
systems that make accessible vast new
resources and support human settlements
beyond Earth orbit, from the highlands of the
Moon to the plains of Mars.”

Moii xopommii npyr Towm Ileitn, ObIBIINi
aamunuctpatop HACA, yyacTBOBaBIIMii B
psifie SKCIeqUINI TPOrpaMMbl « ATIONIJION», B
TOM YHCJIe U B MOeli, yoenun MeHs
afanTUpPOBaTh KOHLEMNIUIO LIUKINYECKON
opOUTHI K TOpa3ao OoJiee CIOKHOM e —
MOAJEPKKE MUIOTUPYEMBIX MUCCHI Ha Mapc.

Ilepen cBoelt koHunHOM B 1992 rony Ileiin
BO3aBis1 HallmoHanbHy0 KOMHCCHIO 1O
KOCMOCY, BBLAAIOIIYIOCS Py, KOTOpast
Hanucana nsa benoro goma, Konrpecca CIITA
U [IUPOKOH OOIIECTBEHHOCTH
OocHoBomnojararomui oruet «IInoxHeper
KOCMHYECKHX pyOeskei». B 3ToM nokymeHTe
COJZIEPKUTCS IPU3BIB K KHOBATOPCKOW MUCCUU
s AMepuku 21-ro Beka... pyKOBOIUTH
HCCJIEIOBAaHNEM U OCBOEHHEM KOCMHYECKOIO
MIPOCTPAHCTBA, IPOJIBUrasl HayKy, TEXHOJIOTUU
U NPeANpPUHUMATENBCTBO, & TAKXKE CO3/1aBast
HUHCTUTYTBI U CUCTEMBI, KOTOPbIE OTKPBIBAIOT
JOCTYT K OTPOMHBIM HOBBIM pecypcam U
MOAJEPKUBAIOT MTOCETIEHUS JTIOAEH 3a
npenenaMu 3eMin». OpOUTE, OT BBICOKOTOPbSI
Jlyns! no pasHuH Mapcay.

Within its pages, the report stresses the
establishment of a “Bridge Between Worlds,”
calling attention to the important role of
cycling spaceships as a “better way” to gain
access to Mars and to avoid accelerating and
decelerating large spaceships. Cycling
spaceships permanently shuttling back and
forth between the orbits of Earth and Mars
would need only minor trajectory adjustments

Otuét noguépkuBaer cozganue «Mocra
MEXAY MHpamMm», obpainas BHUMaHHE Ha
BAXXHYIO POJIb HUKIINYCCKUX KOCMHUYCCKUX
Kopabieil KaK «Iydninii Crnoco0y Mmoay4duTh
IOCTyI K Mapcy v u30ekaTh YyCKOPEHHS U
TOPMOKCHUA 6OJ'IbLHI/IX KOCMHUYECCKUX
kopabJeil. B qokimane oTMevaercs, 4To
OUKIIMYECKUM KOCMUYECCKUM KOpa6J’I$IM,
IIOCTOAHHO KYPEEYI'OH_II/IM MECKAY Op6I/ITaMI/I




on each cycle, the report notes

3emin u Mapca, notpeOyeTcst TUIb
HE3HAYUTEJIbHAsT KOPPEKTUPOBKA TPAEKTOPUU
Ha Ka)KJOM IHKJIC.

In working with Paine, commission members,
and staff, I emphasized my belief that the
cycler system alters the philosophy behind a
Mars program. It makes possible the dream of
regular sojourns to the red planet and makes
achievable a permanent human presence there.
That’s the only way we’ll ever succeed in
taking humanity’s next step between our planet
and Mars—and, in due course, I believe, to
securing our future second home.

Paboras c IleitHOM, YleHAMH KOMHCCUHU U
NIEPCOHAJIOM, 51 TOJUEPKUBAI CBOIO BEPY B TO,
YTO CUCTEMA LUKJIEPOB MeHsieT (punocoduro,
JIEKAIYIO B OCHOBE MapCHAHCKOM MPOrpaMMBbl.
3TO0 nenaeT BO3MOKHOM MEUTY O PEeryJIsipHBIX
MOE3/IKaX HA KPACHYIO TUTAHETY U JeNaeT
TOCTHKUMBIM TIOCTOSIHHOE TIPUCYTCTBHE
yenoBeka Ha Hel. TONbKO Tak Mbl KOrga-i1ndo
CMO>KEM CIIeJIaTh CIeNYIOIINIM ar
YeJI0BEUECTBA MEXKAY HAICH MJIAHETOU U
MapcoM — u, st BEpro, CO BpEMeHeM, YTOOBI
obecrieunTsb cede Haw Oy aymuil BTOPOi JOM.

Through the years I have been in touch with
creative space engineers, particularly James
Longuski, professor of acronautics and
astronautics at Purdue University, along with
colleagues at NASA’s Jet Propulsion
Laboratory like Damon Landau, to flesh out
the Aldrin Mars Cycler.

My cycler system perpetually transits along
predictable routes across the ocean of space.
Implementing the cycler system enables
transport of people, cargo, and other materials
to and from Earth over inner solar system
distances—and at a great fuel savings.

Ha npotspxkeHnn MHOTHX JIET st 001ancst ¢
TBOPYECKHMU KOCMHYECKIMH WH)KEHEPaMH, B
yacTHOCTH ¢ [[>xerimcom JIOHTyCKH,
npodeccopoM a3pOHABTUKH U aCTPOHABTUKH B
YHusepcurere Ilepapto, a Takxke ¢ KoJIeraMmu
u3 JlabopaTtopuu peaKTUBHOTO IBUKEHUS
HACA, takumu kak Jleiimon Jlannay, uToObt
KOHKPETU3UPOBaTh MapCUAHCKUN LIUKIIED
Onppuna.

Mos nukiInyeckas cuctemMa MocTOSHHO
nepeMeniaeTcs 1o npeackasyeMblM
MapLIpyTam uepe3 KOCMUYECKUNH OKeaH.
Brenpenue cucteMel HUKJIEPOB MO3BOJISIET
MEePEBO3UTH JIIOAEH, TPy3bl U APYTUE
MaTepHaibl Ha 3eMiTF0 1 0OpaTHO Ha
paccrosinus BHyTpU COJIHEYHON CUCTEMBI U
IIPU 3HAYUTENbHON SKOHOMUU TOILIMBA.

A sequential buildup of a Full Cycling
Network would be a counterpart to the ever
increasing escalation of actions at the moon
and Mars. Earth, the moon, and Mars become
busy places as people, cargo, and commerce
navigate through the inner solar system.

IMocnenoBarenbHoe HapammBanue Cetu
IMonxoro [{ukna 6b110 ObI
MIPOTUBONOCTABJICHUEM ITOCTOSIHHO pacTyLiel
scKajlauuu neicteuil Ha Jlyne u Mapce.
3emus, Jlyna u Mapc ctaHOBSITCS
O’KHUBJIEHHBIMU MECTaMH, [TOCKOJIBKY JIFOIH,
Ipy3bl U TOPTOBJIS IIEPEMELIAIOTCS 110
BHYTpP€HHEN 4aCcTH CONHEYHOM CUCTEMBI.

Think of it as a space version of the early
transcontinental railroads here on Earth. They
were the transportation backbone that moved
people and cargo into vast stretches of
wilderness, enabling exploration and eventual
settlement of regions

Hymaiite 00 3TOM Kak 0 KOCMHYECKOH BepCHU
MEPBbIX TPAHCKOHTUHEHTAJIBHBIX JKEJIE€3HBIX
nopor 3aeck, Ha 3emuie. OHE ObLTH
TPaHCIOPTHON MarucTpalblo, KOTopas
NepeBO3MIIa JIOAEH 1 IPy3bl Ha OOIIHUPHBIE
y4aCTKH JUKOHN MPUPObI, O3BOJIASA
HCCJIEZIOBATh U B KOHEUHOM UTOI'€ 3aCeNsTh
PErHOHBbI.

In the present day, you don’t have to look too
far to see a number of terrestrial parallels to
cycling transportation. For instance, cruise
ships drop off or take on passengers without

B namu nHM Bam He HYXKHO JaJIeKO XOQUTh,
9yTOOBI YBUIETH P 36MHBIX Napajuienei ¢
LUKJINYECKUM TpaHcnopToM. Hampumep,
KPYHU3HBIE JIAMHEPH! BBICAXKUBAKOT WU




pulling into harbor. Then there are ski lift and
gondola operations that use a cable system that
works under harsh conditions, be they cold
climes or winds. Passengers rendezvous with
the cable at a definite point in space and time
to acquire velocity, distance, and direction.
Another example is grabbing a taxi or hotel
shuttle bus from the airport to a select spot.
That mode of transport is a cycling link for its
occupants as well as cargo—their luggage.

MIPUHUMAIOT MMACCAKUPOB, HE 3aX0/1s B FaBaHb.
Kpowme Toro, ectb NoAbEMHUKU U TOHAOJBL, B
KOTOPBIX MCIOJB3YETCSI KaHATHASI CUCTEMA,
paboTaromias B CypOBBIX YCIOBUSIX, OyAb TO
XOJIOOHBIN KuMaT unu serep. [laccaxupsr
BCTPEUAIOTCS C KaOesneM B OnpenenéHHoN
TOUYKE MPOCTPAHCTBA U BPEMEHHU, YTOOBI
MOJIYYUTb CKOPOCTh, PACCTOSHUE U
HanpasyeHue. pyroii npumep — B3STh TAKCH
WJIA MapLIPyTHBIH aBTOOYC OTETIS U3
a’3poropTa B BEIOPAHHOE MECTO. DTOT BHJ
TPAHCIIOPTA ABJISIETCS] IUKINYECKUM 3BEHOM
JUTs1 €70 MaCCaXUPOB, a TAKXKe AJIs Ipy3a — UX
Oaraxa.

Our airlines operate on a cycling model, too.
Think of the economic stupidity of flying
across the Atlantic in a jetliner and then tossing
the plane away after you’ve reached your
destination. These analogies and others helped
point me in the direction of reusable and
recycling transportation.

Hammm aBuakommannu Takxke paboTaroT mo
nukinaeckor monenu. [lonymaiite 06
HKOHOMHUYECKO# ITyNOCTH JIETaTh Yepes3
ATJaHTUKY Ha pEaKTHBHOM JIaliHepe, a 3aTeM
BbI6paCbIBaTb CaMOJIET TIOCJIE TOI'O, KakK BbI
AOCTUIJIN MYHKTA HA3HAYCHU. 91U U Apyrue
aHAJIOTHH ITOMOTJIH MHE BBIOPATh TPAHCIIOPT,
HpHFOI[HbeI AJI1 IOBTOPHOI'O UCIIOJIb30OBAHUSA U
nepepadoTKH.

Long ago the sound barrier was penetrated and
tamed. Now we need to break through the
reusability barricade, one that has been
perpetuated, in my view, by greed of
government bureaucracy and corporate
industry. Once the reusability barrier has been
surmounted, the economics realized will
influence other nations to pursue the same
course, a path that also enables the piercing of
the recycling barrier and the cycling barrier.

JlaBHBIM-TIaBHO 3BYKOBOH Oapbep ObLT
NPEONONEH U MpUpydeH. Tenepp HaM HY>KHO
IPOpBaThCs uepe3 Oappukagy IOBTOPHOTO
WCIIOJIb30BAHMs], KOTOpasi, HAa MOH B3IJISIA,
YBEKOBEUEHA YKATHOCTBIO MPABUTEILCTBEHHOM
OOPOKpPATUH U KOPTIOPATUBHOM WHAYCTPHHL.
Kak Tonbko 6apbep mOBTOPHOTO
UCTIOJIB30BaHUS OyIeT MPeonoNeH, 5Ta
SKOHOMHUSI TTOBJIMSIET HAa APYTUE CTPAHBL, YTOOBI
OHH CJIEIOBAJIA TOMY XK€ KypCy, yTH,
KOTOPBIH TaK>Ke IMO3BOJISIET MPEOA0JIETh
Oapbep MOBTOPHOT'O MCIIOIH30BAHUS

Reusable, recyclable space transportation is the
means to give surety in linking Earth and Mars.
This is a “waste not” philosophy. Space
expressways are the hallmarks of a sound
vision for the future. It’s a mix of beautiful
simplicity melded with a ballet of gravitational
forces that moves humanity outward to Mars.

MHoropa3oBblii, epepadaTbiBacMblil
KOCMUYECKHUH TPaHCIIOPT — 3TO rapaHTus
coennHeHus 3emuin U Mapca. 3to punocodust
«He TpaTuTh 3ps». KocmMuieckue ckOpoCcTHbIE
aBTOMAaruCTPaJH SIBJISIOTCS OTIMYUTENBHON
4epTOH 3APaBOro MpeaBUACHUs OyayLIero.
JTO codeTaHue MpeKpacHOl NpOCTOTHI U
Oanera rpaBUTALIMOHHBIX CHJI, KOTOPBIE
JBUTAIOT 4€J0BEYECTBO K Mapcy.

There is no need for “giant leaps,” more a hop,
skip, and a jump. For these long-duration
missions we need an entirely new spacecraft,
which I call the exploration module, or XM.
Unlike the Orion capsule, which is designed
for short flights around Earth and to the moon,
the XM would contain the radiation shields,
artificial gravity, food production, and

He HY>XHO «TUTaHTCKUX NPBEKKOBY. [ 3THX
JUIUTENBHBIX MUCCUI HaAM HY>KE€H COBEPIICHHO
HOBBII KOCMHUECKUH KOpalib, KOTOPBIH s
Ha3bIBAIO UCCIIEIOBATEIbCKUM MOIYJIEM, WU
XM. B otnnune ot karcynel Orion, KoTopast
MIpPeIHAa3HAYeHa AJI1 KOPOTKUX MOJIETOB BOKPYT
3emin u Ha JIlyny, XM Oyner conepxartb
paAualMOHHBIEC SKPAHBI, HCKYCCTBEHHYIO




recycling facilities necessary for a spaceflight
of up to three years.

IpaBUTALMIO, O0OPYIOBaHKE TSI
MNPOU3BOACTBA MPOAYKTOB MUTAHUA U
nepepaboTKy, HeOOXOAMMBbIE AJIsI
KOCMHUYECKOTO MOJIETA MPOJOIKUTEIBHOCTHIO
IO TPEX JIET.

A prototype XM could be based on NASA’s
canceled space station habitation module. It
could be launched in the near term and
attached to the space station for a long-duration
shakedown test. Extended flights around the
moon with second-generation XMs would
serve as dry runs for its first real mission in
2018: a one-year flight culminating in a
30,000-mile-an-hour flyby of the comet
46P/Wirtanen.

IIpororun XM moxkeT ObITH OCHOBAH Ha
OTMEHEHHOM JKUJIOM MOJlyJleé KOCMUYECKON
cranunu HACA. Ero MoxxHO Oyzer 3amycTuTh
B OmpkaiiineM OynymmeM v MPUKPEnUTh K
KOCMHUYECKON CTaHIMU JJIs POJOJIKUTENbHBIX
UCTIBITAHNH Ha MPUCTIOCOOIAEMOCTb.
IIponomxkuTenbHble MOJIETHI BOKPYT JIyHEBI €
XM BTOPOTrO MOKOJIEHHS ITOCTYKAT MPOOHBIMU
IIPOrOHaMHU /ISl €0 MepBOI HacTosIIeN
muccud B 2018 rogy: ronosoii Nonier,
3aBEPLIMBLINIICS MPONETOM KOMETBI
46P/BuptaneHa co ckopoctbio 30 000 Muib B
Jac

In 2019 and 2020 the asteroid 2001 GP2 will
come within ten million miles of Earth, in
position for a month-long rendezvous with the
XM. In 2021 the mission would be a crewed
approach to 99942 Apophis, the asteroid that
will just miss Earth in 2029. That space rock
has a tiny chance of hitting our home base in
2036. If a 2036 impact looms, the 2029
mission could be used to divert the 820-foot-
wide piece of real estate.

B 2019 u 2020 rogax acrepoun 2001 GP2
npUOIU3NTCS K 3eMIle Ha PACCTOSTHUE JECITH
MHJITHOHOB MHJIb, YTOOBI IPOBECTH MECIIHYIO
BcTpeuy ¢ XM. B 2021 rony muccust Oyner
3aKJIFOYATHCS B COMMKEHUH € SKUMaxkeM 99942
Anoduca, acteponsia, KOTOPBIH IPOCTO
npoMaxHércsa Mumo 3emnu B 2029 rony. ¥V
3TOr0 KOCMHYECKOrO KaMHs €CTh KPOLIEYHbIN
IIaHC MopasuTh Haury 6aszy B 2036 roay.

The last step toward Mars, around 2025, would
be a landing on the planet’s 17-mile-wide
moon, Phobos, which orbits Mars less than
4,000 miles above the Martian terrain. A
Phobos base would be the perfect perch from
which to monitor and control the robots that
will build the infrastructure on the Martian
surface, in preparation for the first human
visitors.

ITocnennum mwarom k Mapcy, NpuMepHO B
2025 roay, Oyaer mocanka Ha CITyTHUK
rtaHeTsl Podoc mupuHOH 17 MuIb, KOTOPBIN
Bpataercs BOKpyr Mapca menee uem B 4000
MWJIb HaJ MapCUaHCKOM Teppuropueil. basza Ha
Doboce OpuTa OBl MIEANTBHON MIIOIAIKON AJIst
HaOJFOIEHUS U YIIpaBIIEHHs poOOTaMH,
KOTOpbIe OyAYyT CTPOUTH HHYPACTPYKTYPY HA
MOBEPXHOCTH Mapca B paMKax IMOJATOTOBKH K
NEPBbIM NOCETUTENISIM-TIFOISIM.

The objective of putting in place my Unified
Space Vision is to bring about these milestones
of space exploration. In realizing this
comprehensive stepping-stone plan, America’s
future in space can be guaranteed—as would
be the first footfall on Mars.

Llensro peanusaunu Mmoero Equnoro
KOCMHUYCCKOr0O NpeABUACHUSA ABJIACTCA
JTOCTIDKEHHUE 3THX BEX B OCBOCHHH KOCMOCA.
Peanmsys 5TOT KOMIUIEKCHBIN TU1aH, Oyayruee
AMepHKH B KOCMOCE MOJKET OBbITh
rapaHTUPOBAHO, KaK U IICPBBIC Iard Ha
Mapce.

What does human spaceflight do for America?
First of all, it reminds the American public that
nothing is impossible if free people work
together to accomplish great things. It captures
the imagination of our youth and inspires them
to study science, technology, mathematics, and
engineering. Furthermore, a vigorous human

Yro nenaetr NUIOTUPYEMBIH KOCMUYECKHN
noset 1t AMepuku’?

Bo-niepBrIX, 3TO HATOMUHAET AMEPUKAHCKOMY
00IeCTBY, UTO HET HUYETO HEBO3MOXKHOTO,
ecu CBOOOHBIE JIFOIU PadOTArOT BMECTE AJIst
IOCTIDKEHUS BETUKUX 1eneil. OH 3axBaThIBaeT
BOOOpaKEHUE HAIEH MOJIOEKU U




spaceflight program fuels the American
workforce with high technology and cutting-
edge aerospace jobs. And it fosters
collaborative international relationships to
ensure U.S. foreign policy leadership. How do
we accomplish this?

BIIOXHOBJIIET €€ HA U3YUEHUE €CTECTBEHHBIX
HAyK, TEXHOJIOTUN, MATEMATUKH U UHKCHEPUH.
Kpowme Toro, snepruvHas nporpamma
MUAJIOTUPYEMBIX KOCMUYECKHX MMOJIETOB
MOMMUTHIBAET AMEPUKAHCKYIO pabovyIo CHTy
BBICOKUMH TE€XHOJIOTHSIMU U TIEPEIOBbIMHU
aspokocmuueckumu npodeccusimu. M 3to
CrocoOCTBYET PA3BUTHIO MEKAYHAPOIHBIX
OTHOLLIEHUN COTPYAHUYECTBA JJIsI
obecneuenus nuaepcrsa CIIIA Bo BHeIHeH
nonmtuke. Kak 3To cnenats?

Buzz Basics: My Technology Checklist

KoHTpoJIbHBIN CIHCOK MOHX TEXHOJIOTHI

If the vision of humans pushing outward
beyond low Earth orbit in a sustainable way is
to be achieved, I have my own inventory of
“must-have” technologies. Success in moving
onward to Mars and other objectives is
predicated on advanced technology
developments. NASA’s Office of the Chief
Technologist (OCT), led by Mason Peck, is
providing a leadership role in pushing forward
on a number of high-priority capabilities. The
OCT has begun to rebuild the space agency’s
advanced Space Technology Program

Ecnu npenBuaeHue moaei, pOABUTA0LIUXCA
3a Mpeaeibl HU3KOU OKOJIO3€MHOM OpOUTHI Ha
YCTOWYUBOM OCHOBE, JOIKHO OBITH
pealn30BaHO, Y MEHSI €CTh COOCTBEHHBIM
CITUCOK «00S13aTeIbHBIX)» TEXHOJOTHH. Y crex
B MPOJBIKEHUHN K Mapcy U APYyruM HesIM
3aBUCHUT OT Pa3BUTHS MEPEIOBBIX TEXHOJIOTUH.
Ynpasnenue rinasaoro texuonora HACA
(OCT), Bosrnaensiemoe MeticoHom [lexom,
WUrPAET BEAYLIYIO POJib B IPOABUKEHUH psifia
BBICOKOIIPHOPUTETHBIX Bo3MokHOCTel. OCT
MPUCTYIUII K BOCCTAHOBJICHUIO MEPEIOBOM
MPOrpaMMbl KOCMHUYECKHUX TEXHOJIOTUI
KOCMHUYECKOIO aréHTCTBA.

A report issued last year from the prestigious
National Research Council of the National
Academies—NASA Space Technology
Roadmaps and Priorities: Restoring NASA’s
Technological Edge and Paving the Way for a
New Era in Space—observed that
technological breakthroughs have been the
foundation of virtually every NASA success.
The Apollo landings on the moon, the report
stated, are now an icon for the successful
application of technology to a task that was
once looked upon as a hazy dream

B otuére, onmyOaMKOBaHHOM B IPOLIIIOM TOIY
npecTkHbIM HarmonaabHeIM
HCCJIEZIOBATENbCKUM COBETOM HAI[MOHATIbHbBIX
akageMuili — «JlopoxxHbIe KapThl U
MPUOPUTETHI KOCMUYECKHUX TEXHOJOTUI
HACA: BoccTaHOBIIEHHE TEXHOIOTMYECKOTO
npesocxoactsa HACA u npokianbiBaHue
MyTH K HOBOM 3p€ B KOCMOCE» — OTMeYaeTc,
YTO TEXHOJOTHYECKHE NPOPBIBBI ObLTH
ocHoBo npaktuuecku kaxaoro HACA.
ycnex. [locanku Anonsona Ha Jlyny,
TOBOPUTCS B OTUETE, TEIEPh ABISAIOTCS
CHUMBOJIOM YCIEIIHOIO NPUMEHEHHUs
TEXHOJIOTUH JIJIs peLleHys 3a/1a4u, KoTopas
KOI'JIa-TO CUATAJIACh TYMAHHON MEYTOM.

That report also noted that human and robotic
exploration of the solar system is an
intrinsically high-risk endeavor.

And that means new technologies, new ideas,
and bold applications of technology,
engineering, and science are needed.

On the other hand, the study added, the
technologies needed for the Apollo program

B sTOM OTYéTE TaKKEe OTMEYANIOCh, YTO
uccienoanrie COTHEUHOW CUCTEMBI JTFOAbMHU
1 pobOTaMH O CBOEH CYyTH COMPSIKEHO ¢
BBICOKHM PHUCKOM.

A 5TO 03HAYAET, UTO HEOOXOAUMBI HOBBIE
TEXHOJIOTMH, HOBBIE HIEU U CMEJIOE
HpI/IMeHeHI/Ie TeXHO.]'IOl"I/II\/'Ij TCEXHUKU U HaYKI/I.

C mpyroil CTOpOHBI, UCCIIEIOBAHMS,
TCXHOJIOI'HUH, HeO6XOI[I/IMbIe AJIs TIPOrpaMMbl




were generally self-evident and driven by a
clear and well-defined goal. In the modern era,
the goals of the country’s broad space mission
include multiple objectives, extensive
involvement from both the public and private
sectors, choices among multiple paths to
different destinations, and very limited
resources. As the breadth of the country’s
space mission has expanded, the necessary
technological developments have become less
clear, and more effort is required to evaluate
the best path for a forward-looking technology
development program

«ATIOJJIOHY», B IIEJIOM OBLTH CAMOOYEBHIHBI U
JIBH)KMMBI YETKO ONPEAEICHHON Lenpo. B
COBPEMEHHYIO 3IIOXY LIeNn
MIAPOKOMACIITAOHONH KOCMUYECKOH MUCCHH
CTpaHbI BKJIFOYAIOT B ce0s1 MHOXKECTBO 3a71ad,
LIMPOKOE yUacTHe KaK rocy1apCTBEHHOIO, TaK
U YaCTHOT'O CEKTOPOB, BBIOOP MEXKIY
HECKOJBbKUMU NYTIMU K Pa3JU4HbIM IYHKTAM
HA3HA4Y€HUS U O4YE€Hb OTPAHUYEHHBIE PECYPCHI.
ITo Mepe paciupeHus KOCMUYECKOW MUCCUH
CTpaHbl HEOOXOAUMbIE TEXHOJIOTUYECKHE
pa3pabOTKK CTAHOBSITCA MEHEE SICHbIMU, U
TpedyeTcst OoubIe YCUIUI I OUEHKU
HAWUJYUIIETO NYTH ISl NEPCHEKTUBHOM
MIPOTrPaMMbl PA3BUTHSI TEXHOJOTUH.

Here’s a quick look at what I view as the
“Buzz basics”—a list of the necessary
technological developments required for
moving outward and onward

Bort kpaTkuii 0030p TOro, 4To i paccMaTpUBaIO
KaK «OCHOBbI Buzz» — crinmcokx HeOOXOaMMBIX

TEXHOJIOTMYECKUX Pa3pabOTOK, HEOOXOIUMBbIX

JUIsl IBHDKEHUs] BIIEpe]] U BIEpeN.

erocapture is a technique used to reduce
velocity of a spacecraft into orbit around a
planet or a moon by using that object’s
atmosphere like a brake. By using the
atmosphere, friction causes the spacecraft to
slow down. This permits a quick orbital
capture of the spacecraft, and reduces the need
for hauling a load of onboard propellant. I
strongly urge NASA’s Orion spacecraft to
“test-drive” this capability and help press on
with its application to future moon and Mars
activities

erocapture — 3TO METOJ, UCIOJIB3YEMbIH AJis
CHUXXEHUSI CKOPOCTU KOCMUUYECKOTO Kopadst
Ha OpOUTE BOKPYT IJIAHETbI UJIU JIYHbI C
HCTIOJIB30BAHUEM aTMOC(EPBI STOr0 OOBEKTA B
KadecTBe TopMo3a. Mcnonp3ys atMocdepy,
TPEHUE 3aCTaBJIAeT KOCMUUYECKUH KOpalJb
3aMeIIATHCS. JTO MO3BOJSIET OBICTPO
3aXBaTUTh KOCMUYECKUI KOpabiib Ha opOuTe n
CHUYKAET NOTPEOHOCTh B EPEBO3KE OOPTOBOTO
TOIUTMBA. Sl HACTOSTENEHO NPU3BIBAKO
kocmudecknii kopadbine HACA «Opuon»
«UCIIBITATH» 3TY BO3MOKHOCTh U [IOMOYb
MPONIOJIKHUTD €€ MPUMEHEHHe K Oyayruen
nesarenbHoCTH Ha JIyHe u Mapce.

+ Radiation protection, to safeguard astronauts
from solar particle events, galactic cosmic
rays, and radiation trapped in planctary
magnetic belts or encountered on a planetary
body’s surface. There’s need to tackle head-on
this issue to enable long-duration space
missions, perhaps by using electrostatic or
magnetic force radiation shielding, use of new
lightweight materials, or adoption of
antiradiation pharmaceuticals to thwart,
alleviate, or restore to health any damage
suffered by crews by exposure to radiation.
Studies in this area advise that complete
radiation shielding solutions could require a
hybrid approach

» PanuaninoHHast 3amura sl 3aluThl
ACTPOHABTOB OT COObITUH, CBSI3aHHbIX C
COJIHEYHbIMH YACTULAMH, TANAKTUYECKUMU
KOCMHUYECKUMMU JIYYAMU U U3JIyUEHHUEM,
3aXBaY€HHbIM MATHUTHBIMU MOSCAMU IJIAHET
WJIM BCTPEUAOIMMUCS HA MOBEPXHOCTU
njanerapHbix Tea. Heobxonumo pemurs 3Ty
npo0Jiemy, 4ToObl 00ECHEUUTD AJIUTEIIbHbIE
KOCMUYECKUE [10JIETbI, BO3MOKHO, C [IOMOIIBIO
3JIEKTPOCTATUHECKON UJIM MATHUTHOMN
panualMOHHON 3aIUTbI, UCIIOIB30BAHUS
HOBbIX JIETKUX MATEPUAJIOB U1K IPUHSATHS
AHTUPATMALMOHHBIX (PapMaLEBTUYECKUX
npenaparos i NPeIOTBPAIIEHUS,
o0Jier4yeHust ujiM BOCCTAHOBJICHUS 3[TOPOBbS
Jr000ro HaHEeCEHHOT o yiepoa. dKunaxxamu B
pe3yJbTaTe PaiualMOHHOTO OOy EHUSI.
Hccnenoanust B 3Tol 00/1aCTH NOKA3bIBAIOT,
YTO KOMIUIEKCHBIE PELISHHSI TI0 PaTHAIIMOHHOM




3aIUTe MOTYT OTPeOOBATh THOPUIHOTO
NOJXO/1A.

Life support for crews on long-haul space
travel mandates the need for reliable, closed-
loop environmental control and life-support
systems. We must learn how to maximize self-
sufficiency and minimize the need for resupply
of vital consumables—air, water, and food. As
crews move distant from our home planet, the
current approach of regularly resupplying life-
support consumables and returning wastes to
Earth will not be possible.

Let’s make better use of the International
Space Station to test needed life-support
technologies that recycle air, water, and waste
in a closed-loop fashion. Also, eating the right
diet and exercising hard in space, as explored
on the space station, may help solve the issue
of bone loss, a key concern facing explorers
heading beyond low Earth orbit

JKuzneobecneueHne SKUMaxkel B TaIbHUX
KOCMHUYECKHX MyTEIIeCTBUSIX TpeOyeT
HaJE&KHBIX 3aMKHYTBIX CUCTEM KOHTPOJIS
OKpY’KaroIieH cpeabl 1 KIU3HE0OeCIeueHusI.
MBI TOJIKHBI HAYYUTHCS MAKCUMHU3UPOBATH
CaMOJIOCTATOYHOCTb U CBECTU K MUHUMYMY
noTpeOHOCTH B MOTIOTHEHUH 3aI1aCOB
JKU3HEHHO BAJKHBIX PACXOJHBIX MaTepUaioB —
BO31yXa, BOABI U nUINU. [IoCKONBbKY SKUTIAXKH
YAAQIAKOTCS OT HAallled POJHON IJIAHETH,
HBIHEIITHUHN TOIXO K PETYJISIPHOMY
MOTIOJIHEHHUIO 3a11aCOB PACXOJHBIX MaTepHasoB
IS JKU3HEOOeCTIeueHHsI M BO3BPATy OTXOOB
Ha 3emro Oyer HeBO3MOXkeH. JlaBaiiTe jydine
HCTOJIb30BaTh MeEXTyHapOOHYIO
KOCMHUYECKYIO CTAHLUIO JIl TECTUPOBAHUS
HEOOXOJIUMBIX TEXHOJIOTHH
JKU3HeoOeCeYeHHs, KOTOPhIe
nepepadaThIBatOT BO3AYX, BOAY U OTXOIBI IO
3aMKHYTOMY Liukiy. Kpome Toro, npaBuibHoe
MUTaHKUE U yCepaHble Prsndyeckue
yIPaKHEHHUS] B KOCMOCE, KaK 3TO ObLIO
HCCJIEIOBAHO HA KOCMMYECKOH CTaHLIUU, MOTYT
MIOMOYb PELIUTh MPOOIEeMy MOTEPH KOCTHON
MacChl, KJIIFOYEBYIO IPOOJIEMY, C KOTOPO
CTaJIKMBAIOTCS] UCCIIEAOBATENM,
OTIIPABJISIIOLIMECS 3a MPeebl HU3KOU
OKOJIO3€MHOM OPOUTHL

Redundant systems are crucial in the event of
failure. Backup hardware and procedures must
compensate, whether it’s for a mechanical or
software problem. Above all, human-critical
applications, such as flight control and life
support, must not fail.

More attention is needed in this area as we
venture outward on long-duration missions
beyond Earth. Reliability through redundancy
and backup must be a priority, but also more
attention should be paid to systems that can be
readily fixed—if properly designed to be
fixable

Pe3epBHBIEC CHCTEMBI IMEIOT peLIaroliee
3Ha4YEHHE B Cllydae OTKa3a. AnmapaTHoe
o0ecriedeHne 1 MPOoLEeaAypPhl PE3EPBHOTO
KOIMPOBAHUS TOJKHBI KOMIIEHCUPOBATD, OyIb
TO MEXaHWYECKast WJIM POTrpaMMHast
npobnema. [Ipexne Bcero, KPUTHUECKU
Ba)KHBIE ISl YEJIOBEKA MPUIIOXKEHUS, TAKHE KaK
yIpaBJICHUE MTOJIETOM U JKU3HeoOecieueHHe,
HE NOJIKHBI BBIXOANUTB U3 CTposi. B 3ToM
obnactu Tpedyercst GONbIIIe BHUMAHMSI,
MIOCKOJIbKY MBI OTIPABIISIEMCS B IITUTEIIbHBIE
MHCCHH 3a npenenamu 3emun. HanéxaocTs 3a
cu€T M30BITOYHOCTH U PE3EPBHOTO
KOIMPOBAHUS TOJKHA OBITH MPHOPUTETOM, HO
TAKXKe CIEAYET YAENATh OOJbIIe BHUMAHUS
crcTeMaM, KOTOPbIE MOJKHO JIETKO HCIIPABHTb,
€CJIM OHU MPABHJIHO CIIPOEKTHPOBAHBL, YTOOBI
UX MOKHO OBUIO HCITPABUTB.

Inflatable structures can prove to be tough,
durable, and adaptable. This portable
technology is ideal for crew habitats on the
moon and Mars, transported to remote

HanyBHbIE KOHCTPYKLIMH MOTYT OKa3aThCs
MIPOYHBIMH, TOJITOBEYHBIMHU U
afanTupyeMbIMHU. JTa MOPTAaTUBHAS
TEXHOJIOTHS] UAECAIBHO MOAXOANUT JJIs XKUJIBIX




locations and inflated to full size and shape.

Pre-plumbed and ready-for-integration habitats
can be designed to offer multiple
compartments. Further work is advised on this
“more roomy” technology that offers
pressurized living volume that is critical for
crew health maintenance.

Once again, the International Space Station is a
perfect place to exploit, validate, and upgrade
this capability to “full-blown” status

noMeLeHnH 3xkunaxa Ha Jlyne u Mapce,
TPaHCHOPTUPYETCS B OTJAJIEHHbIE MECTa U
HAJIyBAETCS 10 MOJIHOTO pa3Mepa u GOpPMBL
[IpenBapuTeabHO MPONOKEHHBIE U TOTOBBIE K
WHTETPAINK Cpebl OOUTAHUS MOTYT OBITh
CIIPOEKTHUPOBAHBI TaK, YTOOBI 3aHIUMATh
HECKOJIbBKO OTCEKOB. PekoMmennyercs
nanbHelnas pabora Hax 3Toi «Oonee
BMECTHUTEJIbHOI» TEXHOJIOTUEH, KOTOpast
npeaaraeT JKUIokH o0beM oA AaBJIEHHEM, UTO
UMeeT pelnaroliee 3HaueHue JUis MOoAAep KaHus
3A0pOBbs skunaxa. OmsTh ke,
MexnayHapoaHasi KOCMUYeCKasi CTaHLIMS —
UeabHOE MECTO AJIsl UCIIONIb30BaHNS,
NPOBEPKH U OOHOBJICHHUS 3TOH BO3MOXKHOCTH
70 CTaTyCa «IIOJHOMACIITAaOHOT0Y.

Landing systems are a critical technology, be it
for Earth reentry and/or robotic or human
moon or Mars landings. Aerobraking
technologies support only the entry phase.
There’s need for on-the-spot delivery of
heavier and heavier payloads on bodies of
interest, particularly in the case for human
exploration of Mars.

We must amplify the ability to land at a variety
of planetary locales and at a variety of times.
Precision landing capability allows a spacecraft
to land closer to a specific, predetermined
position for safety’s sake, whether on autopilot
or crew control, as well as maximizing
operational or science objectives. In other
words, the closer you are to where you want to
be, the better!

CucTeMbl MOCATKU SBISIFOTCSA KPUTUIECKH
BAKHOU TEXHOJIOTHEH, OyIb TO BO3BpAILIEHUE
Ha 3eMJTto U / Ui poOOTHU3UPOBAHHAS WIIH
yenoBeveckas nocajaka Ha Jlyny wiu Mapc.
Texnonorun Aerobraking nognepxuBaroT
TOJIbKO HayalibHyH0 (a3y. CymecTByer
HEOOXOIMMOCTB B TIOCTaBKE HA MECTE BCE
Oonee u Oosnee TSKENBIX IPY30B HA
UHTEpECyIOIINe Tesla, 0COOEHHO B CiTyvae
rccienoBanus Mapca yenoBekoM. Mbl
TOJDKHBI YCUIIMTD CIIOCOOHOCTD MPU3EMIITHCS
B Pa3JIMYHBIX IJIAHETAPHBIX MECTaX U B Pa3HOE
BpeMs. BO3MOXXHOCTb TOUHOH MOCAAKU
MO3BOJISIET KOCMHYECKOMY KOPaOIIto
NPU3EMIIATHCS OJIFDKE K 3apaHee
OTIPENEeNIEHHOMY TTOJIOJKEHHIO B LIEISAX
Oe3omacHOCTH, OyIb TO HA aBTOMUJIOTE MU
NIOJT YIIPABJICHUEM SKHITAXkKa, & TAKXKe IS
TOCTIDKEHUS] MAKCUMAJIbHBIX OTMEPAIlMOHHBIX
WJIM HAY4HBIX Lenel. Jpyrumu ciosaMu, 4em
OJMKe BbI K TOMY, Y€r0 XOTHTE, TEM JIydnie!

Call for a United Strategic Space Enterprise

IIpu3biB k 00beAMHEHHOMY
CTpaTern4eckoMy KOCMHYeCKOMY
NpeanpusiTHIO

An essential component of the future is to
maintain U.S. leadership of human space
transportation. America must lead where it
matters most, providing the systems to safely
transport people across space. We cannot
afford to toss away over 50 years of
accumulated experience and knowledge of
human spaceflight systems. Once lost, it will
require decades to replace. Moreover, without
stated, clear destinations or goals for human
spaceflight beyond Earth orbit, what is created
is major uncertainty over the future of the

BaskHbIM KOMIIOHEHTOM OyAYIIETO SIBJISIETCS
coxpanenue aunepcrsa CIIIA B
MUJIOTUPYEMBIX KOCMUYCCKHX MMEPEBO3KaAX.
AMepI/IKa AOJIKHA JIMAUPOBATE TaM, TAE 5TO
BaXXHEEC BCCro, NpeaoCTaBiigd CUCTEMbI AJIA
0e30MmacHO mepeBO3KH JIFOIeH B KOcMOoce. MBI
HE MOKEM MMO3BOJIUTh ce0e OTKa3aThCsl OT
Oosee yem S0-eTHETO HAKOIJIEHHOTO OIBITA U
3HAHUH O CHUCTEMaxX MUJIOTHPYEMBIX
KOCMHUYECKUX MOJETOB. OI[Ha}K,I[bI MoTEpsB
€ro, MoTpeOyITCs NeCATUIICTHS, YTOOBI
3aMeHHTH ero. bonee Toro, 6€3 3asBIECHHBIX,




United States in space

YETKUX NMyHKTOB Ha3HAUYEHUs WM LieJiel
MUJIOTUPYEMBIX KOCMUYECKHX MOJIETOB 32
npeaesaMu OKOJIO3EMHOM OpOUTHI CO31a&TCs
OoJbLIIast HEONPENENEHHOCTh B OTHOLICHUH
oynymero Coenunénnbix [lITatoB B kocmoce.

We also need to motivate the international
community to jointly explore and develop the
moon; there’s need to replace a “race” with a
“partnership,” which begins with robotics. We
are at a turning point in the history of
American space policy, with past
administrations laying the groundwork for
effective global human exploration of space.
We can commit to the continued human
exploration of the inner solar system and Mars,
within reasonable budgets. That equates to
pennies per day for each U.S. taxpayer to help
preserve America’s prominence in space!

Hawm Taxxe He0OXOAMMO MOTHBUPOBATH
MEKITyHAPOITHOE COOOIMECTBO K COBMECTHOMY
HCCJIEIIOBAHUIO U OCBOCHMIO JIyHBI, HY>KHO
3aMEHUTDb «TOHKY» «IAPTHEPCTBOMY, KOTOPOE
HAQYMHAETCS C pOOOTOTEXHUKU. MBI HAXOTUMCS
HAa TOBOPOTHOM MOMEHTE B HCTOPUU
AMEPUKAHCKON KOCMHYECKON MOJUTHUKH, KOTAA
MPOLLIbIC AAMUHUCTPALIMN 3aKJIaIbIBAIOT
OCHOBY 7151 3(p(peKTUBHOTO rI00aNBHOTO
HCCJIEIOBAHMS KOCMOCA JIFOIbMHU. MBI MOKEM
B3sITh Ha ce0st 00s13aTeNIbCTBRA O
MPOJIOJKEHHUIO UCCIICIOBAHUS YEJIOBEKOM
BHYTpeHHUX 4dacteil COoJIHEeUHO! cucTeMsbl U
Mapca B paMKkax pazyMHOTO OrokeTa. ITO
PaBHAETCS MEHHU B I€HD JJIS1 KAKIOTO
Hajoromarenbiiuka CIIIA, 4ToObl MOMOYb
COXPaHUTh U3BECTHOCTb AMEPUKHU B KocMoce!

For my part, I am calling for establishment of a
new organization: United Strategic Space
Enterprise, or USSE. This would be a think
tank to inform the public periodically on the
definition and progress of a national space
policy in the five areas I've cited: exploration,
science, development, commerce, and security.
The USSE would be nonpartisan and set up to
limit conflicts of interest, not only from
industry but from political influences, too. The
USSE think tank would disseminate
information through reports to the American
people

Co cBoeii CTOPOHBI, 51 TPU3BIBAIO K CO3TAHUIO
HOBOI opranm3aumu: OObennHEHHOE
CTpaTErnuecKoe KOCMHYECKOE NPEATIPHUSITHE
wi USSE. OT1o Oyner aHamUTUYECKHUA LEHTD,
KOTOpBIi OyIeT MeprHoaAnvecKH
UH(POPMHPOBATH OOIECTBEHHOCTh 00
OTIpPeNeNICHUH | MPOrpecce HaAllMOHAIbHON
KOCMHUYECKOH TOJMTHKH B MATH 00J1aCTSIX,
KOTOPBIE 51 YIIOMSIHYJI. UCCIIEIOBaHNE, HayKa,
pasButHe, TOproeis u 6e3onacHocTb. USSE
Oyner OecnpUCTPACTHBIM M CO3HaH s
OrpaHUYEHHs] KOH(JIUKTOB HHTEPECOB HE
TOJIBKO CO CTOPOHBI IPOMBILIJIEHHOCTH, HO H
13-32 TIOJIUTUYECKOTO BJIUSTHISL.
Anamurnueckuii neHtp USSE Oyner
pacnpocTpaHsITh HHYOPMALIUIO Yepe3 OTUETHI
AMEPUKAHCKOMY Hapoay.

Why is such a think tank needed?

More than 40 years ago now, during the
visionary days of Apollo, the NASA space
exploration program demonstrated
unquestioned American technological
leadership to the world. It was a heady time for
the United States. Simultaneously, the nation’s
space vision served as inspiration for our
nation, attracting young people to enter the
engineering and science fields in great
numbers. This bright young workforce helped
accomplish the bold and challenging goals of
that era, while also providing innovative new

3aueM Hy>KeH TaKOW MO3roBOH LEeHTp?

bonee 40 ner Ha3an, B JaILHOBHIHBIC THU
«Anonnona», nporpamma HACA no
HCCJIEIOBAHUIO KOCMOCA MPOIEMOHCTPHUPOBaa
MHUPY HEOCIIOPHUMOE aMEePUKaHCKOe
TEXHOJIOTHYECKOE JTUIEPCTBO. ITO OBLIO
nbsiHsALee Bpems A CoeanHéHHbix L TaTos.
B 10 ke Bpems HallMOHAJbHOE KOCMHYECKOe
MpeaBUIEHUE CIY>KUIIO HCTOUHUKOM
BIOXHOBEHMSI JUJIs1 Halllel HalluY, IPUBJIEKast
O0BII0E KOJIMYECTBO MOJIOJBIX JIFOAEH K
pabote B 00MaCTH WHXXEHEPUHN U HAYKU. DTa
sipKasi MoJioziast pabovast Crja moMOrJa




technologies that drove our economic engine
for the decades that followed

JIIOCTHYb CMEJIbIX U CJIOJKHBIX 1€ TOU
BMOXH, & TAKXKE MPeAOCTaBUIIA
WHHOBALMOHHBIE HOBbIE TEXHOJOTHH, KOTOPbIE
MPUBOJMIIN B IBMKEHHE HAIl SKOHOMUYECKUH
JIBUTATEJNb B MOCAEAYIOUNE NECATUIIETHUS.

However, vision requires sustained focus and
commitment. Without ongoing, consistent
observation, review, and guidance, a renewed
vision for space will likely fall victim to the
myopia of day-to-day bureaucracy, quarterly
reports, and periodic election cycles, as has
been all too often the case in the past. An
independent group of recognized national
leaders in the space community, tasked to
inform the public debate and remind national
leaders of the compelling human desire to
extend civilization beyond the confines of
Earth, would be an important contribution to
the national agenda

Tem He MeHee, npeABUICHUE TpeOyeT
MIOCTOSTHHOTO BHUMAHHSI U TPUBEPIKEHHOCTH.
be3 mocTosHHOrO, MOCIENOBATEILHOTO
HabOoIeHus1, 0030pa U PyKOBOJCTBA
OOHOBNIEHHOE MPENBUACHNE KOCMOCA, CKOpee
BCEro, CTAHET JKePTBOU OJIM30PyKOCTH
MIOBCEIHEBHOI OIOPOKPATHH, €KEKBAPTATbHBIX
OTYETOB U MEPUOTUUECKUX N30HPATETbHBIX
LIMKJIOB, KaK 3TO CJIHUIIKOM YacTO CIy4ajioch B
npouutoM. HezaBucumasi rpymnmna npusHaHHBIX
HALIMOHAJIbHBIX JINIEPOB B KOCMUYECKOM
coo0rrecTse, KOTOPOH MOPYYEHO
UH(POPMHPOBATH OOIECTBEHHBIE 1e0aThI 1
HAMOMUHATh HALMOHAIbHBIM JIUAEPAM O
HEMpPeOI0JMMOM KEJIAHUH YeJIOBEUeCTBa
PacnpOCTPAaHHUTD LIMBUIN3ALUIO 33 TIPEIEIbI
3emiin, CTaHET Ba)KHBIM BKJIAJIOM B
HALIMOHAJIbHYIO TIOBECTKY IHS.

I am proposing that a new, standing, senior
space policy analysis group—United Strategic
Space Enterprise—be instituted as an
independently funded activity to help
reenergize a vision for space, support
bipartisan interests in space, and provide
oversight to ensure effective implementation of
the space program.

51 mpennararo co3gaTh HOBYIO, OCTOSIHHYIO,
CTapLIyIO TPYIITy MO aHAJIN3Y KOCMHYECKOI
noJuTuku — OOBeNMHEHHOE CTPaTErnyecKoe
KOCMHMYECKOE TPEANPHUSITHE — B KaUeCTBE
HE3aBUCHMO (PMHAHCHPYEMOH AESTEIbHOCTH,
9YTOOBI MOMOYb OJKUBUTH MPEIBUICHHE
KOCMOCa, IOA/IepKaTh HHTEPECHI ABYX MapTUH
B KOCMOCe U 00eCIeunTh Haa30p Uis
obecrieueHus1 3pPEeKTHBHOTO BBIOIHEHHUS
KOCMUYECKAsl IPOTrpaMma.

The membership of the USSE will consist of
10 to 12 nationally recognized leaders in
space-related matters, individuals who share a
common interest in developing the pathways
for the extension of the human presence
beyond the confines of our planet, and who
possess the requisite knowledge and
understanding of the required technologies,
policy, and finance of government and
commercial space programs

B cocras USSE soiigyT ot 10 10 12
MPU3HAHHBIX Ha HAITUOHAJIBHOM YPOBHEC
JUIEPOB B 00JIACTH KOCMOHABTUKH, JIHII,
pas3aessiFoInuX OOIIHI HHTEPEC K PA3BUTHIO
MyTeH paclIuPEeHUs Y€JI0BEYECKOrO
MPUCYTCTBUS 3a MPEEIbl HALUEH MJIAHETHI U
obnagaroux HeoOXOIUMbIMU 3HAHUSIMU. U
IIOHUMaHUue HeO6XOI[I/IMbIX TeXHOJ'IOFPIfI,
NOJIUTUKY U (PMHAHCHPOBAHUS
roCyaapCTBEHHBIX U KOMMEPUYCCKHUX
KOCMHUYECKUX MPOrpamMm

In order to demonstrate complete objectivity
and independence, all members shall be retired
from any company or institutional or
governmental organizations. I hereby commit
my energy to assist with the founding of this
group and will participate in its ongoing
implementation

UtoOBI MPOAEMOHCTPUPOBATH MOJTHYIO
OOBEKTUBHOCTh M HE3aBHCUMOCTb, BCE UJICHBI
JOJIKHBI OBITH YBOJICHBI U3 JIIOOO0H KOMITAHUH,
WHCTUTYIIUOHAJIbHOW WJIM TOCYNapCTBEHHON
opraHuzanuy. HacTosimum st oCBsIIIar CBOO
SHEPTHUIO MOMOIIH B CO3JJaHUH 3TOH TPYIIIbI U
Oyay y4acTBOBATh B €€ MMOCTOSIHHOMN
peamn3armm.




I anticipate that the USSE will provide a
variety of tangible contributions to the national
conversation on the nation’s future in space.
While the actual products and services of the
USSE would be at the discretion of the
membership, and its sponsors, we anticipate
that the following contributions will be
provided by the USSE

A oxupnaro, uto USSE BHecET pasHOOOpa3HbIi
OILIyTHMBIH BKJIaJ B OOIIEHAITMOHATbHBIN
auajor o OyaymeM CTpaHbl B KOCMOce. XOTs
¢akxTudeckne npoaykrtel u yciayru USSE
OyAyT Ha YCMOTPEHHE YJICHOB H €r0
CIIOHCOPOB, MBI OXKHAAEM, UYTO CIECAYIOLINE
B3HOCHI OyayT npenocrasyieHbl USSE.

* Regular status reports on the progress toward
the fundamental goal for human spaceflight—
the expansion of humankind into the cosmos.
These reports would assess the status of
national, international, and commercial
progress toward human extraterrestrial
exploration and development.

* Periodic collective opinion pieces published
in leading national and international media on
topics of the USSE’s, or its sponsors’,
choosing.

» White papers produced on specific technical,
policy, and programmatic issues at the
discretion of the membership and its sponsors.
These papers would draw from technical
expertise from the host institution as well as
from the broader community

* PerynsipHblie OT4€TBI O IpOrpecce B
JOCTUKEHUHN OCHOBHOH 1IeJT MUJIOTHPYEMBbIX
KOCMHUYECKHX MOJIETOB — HKCIAaHCUU
4eJioBevYecTBa B KocMoc. B aTux oTuérax
OyneT OLleHUBATHLCS COCTOSHUE
HaLMOHAJIbHOTO, MEX 1y HAPOAHOIO U
KOMMEPYECKOTro Iporpecca B 001acTu
HCCIIeNOBaHNsA U Pa3paboTKU 4EI0BEKOM
BHE3E€MHBIX I1JIaHET.

* [lepuonuyeckue cTaTbu C KOJNJIEKTUBHBIM
MHEHHEM, MyOINKyeMbIe B BEIyIIUX
HaLMOHAJbHBIX U MexayHapoaHsix CMU no
teMaMm, BeIOpanHbIM USSE nnn eé
CIIOHCOPaMHU.

* benble KHUTH, TOATOTOBJIEHHBIE 110
KOHKPETHBIM TEXHUYECKUM, MOJIUTUYECKUM U
IIPOrpaMMHBIM BOIIPOCaM IO YCMOTPEHHUIO
YJIEHOB U UX CIIOHCOPOB. DTU JOKYMEHTBI
OyayT OCHOBaHBI HA TEXHUYECKOM OIBITE
NPUHUMAIOIIETO YUPEKISHHS, a Takke Ooree
IIPOKOT0 COOOIECTBA.

As for a goal/end result of the USSE, there is a
bottom line.

We have a vision, but the United States
urgently needs a respected body of expertise to
provide guidance, encouragement, oversight,
and accountability to fulfill that vision. A
standing, independent body of preeminent
space authorities would provide consistent and
sustained assessments, guidance, and
recommendations.

The USSE, I believe, would help ensure that
humankind remains on the path to become a
multiplanetary civilization.

Humans will one day live on Mars. The year
2019 will mark the 50th anniversary of the first
time humans set foot on the moon. I have long
suggested this historic anniversary is an ideal
time for a future President to announce a
commitment, similar to that of President

Uro kacaeTcst Lenn/KOHEUHOTO Pe3yibTaTa
USSE, 1o 31€ch ecTbh NpakTU4YeCcKuil
pe3ynbTar.

VY Hac-TO €CTh NpeABUICHUE, HO
Coenunénnbim lllTaTaM CpouHO Hy>KHA
yBakaeMasl SKCIepTHasl IpyMnmna, KoTopasi
o0ecreynT pyKOBOACTBO, MOANEPKKY, HAI30D
U ITOJOTUYETHOCTD [UIS PEATU3ALIUU 3TOTO
npensuaeHus. [loctosHHO AelicTBYOIIUI
HE3aBUCUMBIN OpraH, COCTOSALINN U3 BEIYLIUX
KOCMHMYECKHX BJIacTeil, OyeT mpenocTaBisTh
MOCJIEIOBATEIbHBIE U YCTOMYMBBIE OLIEHKH,
PEKOMEHJALUN U PEKOMEHAALUH.

A cuuraro, uto USSE nomosker
rapaHTUPOBATh, YTO YEJIOBEYECTBO OCTAHETCS
Ha MyTH K IPEBPALIEHUIO B MHOTOIIJIAHETHYIO
LUBHJIN3ALUIO.

Korna-uubyas monu OyayT xuthk Ha Mapce. B
2019 roay ucnonnaurcs 50 net co AHs NepBOU
BBICAJIKU YesioBeka Ha JIyHy. S naBHO yxke
FOBOPHJI, YTO 3Ta UCTOPUYECKAs! TOAOBIIIMHA
SIBJISIETCS] UACAJIbBHBIM MOMEHTOM JIJIsI
Oyayuiero npesuaeHTa, 4To0bl 00BSIBHTH 00




Kennedy’s that brought about Apollo, to
establish a permanent human presence on the
planet Mars within the following two decades.
Time will tell.

00s13aTENIbCTBE, AHAJOTUYHOM 00sI3aTEIBECTBY
npe3uaeHTa Kennenu, KoTopoe mpusesno K
CO3aHMIO ATOJUIOHA, YCTAHOBHUTH MTOCTOSTHHOE
IPUCYTCTBUE YEJIOBEKa Ha IulaHeTe Mapc B
TeUeHHe CJASAYIOLINX ABYX AeCATHICTUI.
Bpewmst nokaxer.

3 Your Space: Building the Business Case

3 Bam kocmoc: mocTpoeHne GU3HeC-IJIaHA

This space reserved: For citizen explorers.
The projected number of sightseeing tourists
trekking about planet Earth in 2012 was
expected to reach one billion. There is a
nascent travel destination for some of these
vacationers, and that is space. Let’s call them
“global space travelers.”

Low Earth orbit can increasingly serve as an
incubator for commercial activities, both
round-trip Earth-to-space transportation and
space taxis. So far, since the Soviet Union’s
Yuri Gagarin roared into space in 1961, a few
people have taken a suborbital flight, but
nearly 600 people from 38 countries have gone
into Earth orbit, 24 have traveled beyond low
Earth orbit, and 12 individuals have strolled
across the moon.

Global space travelers will experience the
wonder of space firsthand, while increasing our
knowledge of how common people—without
years of astronaut training—fare in the
environment of space. At the same time, this
new industry will ignite the market for
commercial space vehicles. This enthusiasm—
on the part of industry and the public—will
inspire the government to set up sensible,
forward-looking regulations. The space
tourism industry will begin.

I am sure of it: Space tourism will bloom very
soon. Public space travel by private citizens or
nonprofessionals is critical as it makes space
more familiar. That appreciation, I feel, can
shed today’s elitist nature of going into space.
One upshot is to help garner more support for
space exploration activities. Getting tourists
into space will also nurture the next generation
of astronauts, engineers, and scientists—
individuals who will set the stage for
humanity’s quest to move out beyond Earth.

DTO MeCTO 3ape3epBUPOBAHO: ISl
rpaklaHCKUX HCClleoBaTeNeH.
IIpornosupyemoe KOJIMUeCTBO SKCKYPCHOHHBIX
TYPUCTOB, MyTELIECTBYIOIIMX IO MJIAHETe
3emuist B 2012 roay, AOHKHO OBLIO AOCTUYD
OJITHOTO MHJITHapAa. Y HEKOTOPbIX U3 3THX
OTJBIXAIOLIUX €CThb 3apOXKAA0LIEeecs
HampasJieHUe JJIs MyTEeIIeCTBUM, U 3TO
kocMoc. Ha3oBéM nx «riobambHbIMU
KOCMHUYECKHUMH MyTELIECTBEHHUKAMI .
Huskast okonosemuast opdura MOXKET BCE Halne
CJIy’KUTh MHKYOATOPOM JJI1 KOMMEPUECKOM
JEsITeIbHOCTH, KaK JUJIsl TIOJIETOB € 3€MJIH B
KOCMOC, TaK U JUJIsl KOCMHUYECKUX Takcu. J1o
cux 1nop, ¢ tex nop kak FOpuii I'arapun u3s
Coserckoro Coro3a B3MbLI B KocMoc B 1961
rofly, HECKOJIbKO 4YeJIOBEK COBEPIINIIN
cyOopOuTanbHbIi moet, Ho moutu 600
YeJIOBEK U3 38 CTpaH BBILLUIA HA OKOJIO3EMHYIO
opOuTy, 24 BBIILIH 32 MPENEITbl OKOJIO3EMHOM
opOUTHI 1 12 4eNOBEK COBEPIIIIIN MPOTYIIKY.
yepes JIyHY.

IlyTelmecTBEHHUKH CO BCETO MUpa YBUIAT
gyaeca KOcMOca Ha COOCTBEHHOM OIIBITE,
paciImpsisi HaIM 3HAHUS O TOM, KaK OOBIYHbIE
o — 0e3 MHOTOJIeTHEH MOArOTOBKU
KOCMOHABTOB — JKMBYT B KocMmoce. B To xe
BpeMsi 5Ta HOBasl OTPACIIb MOJCTETHET PHIHOK
KOMMEPYECKUX KOCMUYECKHX alnapaTroB. ITOT
SHTY3Ha3M — CO CTOPOHBI IPOMBILIIEHHOCTH
1 OOIIeCTBEHHOCTH — BIIOXHOBUT
MIPaBUTENLCTBO HA CO3/1aHUE PAa3yMHBIX,
MEPCNEKTUBHBIX MpaBwl. HauHETCA nHayCTpUS
KOCMHUYECKOI0 TypU3Ma.

51 B 5TOM yBE€pEH: KOCMUYECKUI TypHU3M OUYEHb
cKopo pacuseTér. [lyOnndnable KOCMIUECKHe
MyTEIEeCTBUS YaCTHBIX JIUL] UJTH
HEenpo(eCcCHOHANIOB HMEIOT pelIaroLiee
3HaueHUe, OCKOJIbKY OHH JI€JIat0T
NPOCTPAHCTBO OOJIee 3HAKOMBIM. JTa
MPU3HATENBbHOCTD, 51 YyBCTBYIO0, MOXKET
cOpPOCUTH CErOAHSLIHION 3JIUTAPHYIO PUPOAY
nonéToB B kocMoc. OTHUM U3 pe3yJIbTaToOB
SBJISIETCS TOMOIIb B TIOJTYYEHUHU OOJNbIIeH
NOJAEP>KKU AESITEIbHOCTH M0 UCCIIEIOBAHUIO




Regular tourist flights, orbital hotels—then the
real payoff begins. I foresee an interplanetary
cruise ship, a lunar cycler. Assembled in Earth
orbit, this liner is given a powerful push—
sending it on its way to the moon. The lunar
cycler will undergo a cosmic dance: loop
around the moon, return to Earth, slingshot
around Earth, and return to the moon again.
The round-trip will take just over a week. And
every time the lunar cycler swings by Earth,
it’ll be met by a supply ferry, maybe even
restocked with champagne, and boarded by a
fresh group of travelers.

What comes after the moon? I think you can
guess: Mars. Now this is a much longer trip.
The first Mars cycler will probably carry only
scientists—mission specialists—on its six-
month Earth-to-Mars journey. But when that
ship slingshots back to Earth for its
maintenance cycle, the interest will be intense.

Can you imagine taking a cruise on the very
ship that carried the first human beings to
Mars? Call me an optimist, but I have a strong
intuition that people will line up for that
possibility.

kocMmoca. OTrnpaBka TYpUCTOB B KOCMOC TaKxke
BOCIIUTAET ClIEAyIOLIee MOKOJIEHNE
aCTPOHABTOB, HHXEHEPOB U YUEHBIX — JIIOJIEH,
KOTOpBI€ MOATOTOBSAT MOYBY ISl CTPEMIIEHUS
YeJI0BEYeCTBAa BBIINTH 3a Mpeaessl 3eMIlu.
Perynsipable TypUCTHUECKHUE PENUCHI,
opOUTANIbHBIE OTENIN — BOT TOTAA U
HauMHaeTcs HacTosuas otaada. S npensuxy
MEXIIJIAHETHBIA KPYU3HBIN JalHED, JTyHHbIN
ruktep. CoObpaHHbIN Ha OKOIO3eMHOH opouTe,
STOT JlaliHep MOJy4daeT MOLIHBIN TOTUOK,
OTIPABJIsAs €ro Ha MyTh K JlyHe. JIyHHBIN
LUKJIEp MPOAeNaeT KOCMUYECKUN TaHell:
neTsisst BOKpyr JIyHel, BO3Bpalnasich Ha 3eMJIIo,
3aTeM poraTka BOKPYr 3eMJIM U CHOBA
Bo3BpatneHue Ha JIyny. Iloesnka Tyna u
oOpaTHO 3alMET Uy Th OosbIne Hemenn. U
KK/l pa3, KOr[a JIYHHbIA MOTOLUKII
IpoJjeTaeT MUMO 3eMIIH, ero BCTpevaeT napoM
C MpHUIacaMu, BO3MOXKHO, AaXKe C
MOTMOJHEHUEM 3aI1acoB aMIIAHCKOTO, U
canuTcst Ha OOpT HOBas TpyImna
MyTeLIeCTBEHHUKOB.

Uro Oyner nocne JIyHer? S nymaro, BbI MOXKETE
noranatbest: Mape. Tenepb 3To ropasno Gonee
INMHHAs noesaka. Ilepsblil MapcuanCckuit
LIUKJIEDP, BEPOATHO, JOCTABUT TOJBKO YUEHBIX
— CIIELUAJIUCTOB MUCCHH — B CBOE
LIECTUMECSYHOEe MyTeLIeCTBUE C 3eMIIU Ha
Mapc. Ho xorama 3ToT KopalJib BEpHETCS Ha
3eMITI0 [J1s1 LIMKJIa TEXHUYECKOTro
00CITy>)KUBAHUsI, UHTEPEC K HEMY BO3PACTET.

Bol MokeTe ceOe nmpencTaBuTh MyTEIIeCTBUE
Ha TOM caMoM KopadJie, KOTOpPbIi TOCTaBUII
nepsbIx Jtoael Ha Mapc? HazoBurte meHs
ONTHUMHCTOM, HO Y MEHsI €CTb CUJIbHAs
MHTYULIUSA, YTO JIFOJU BBICTPOATCS B OUepeb
32 TAKOH BO3MOXKHOCTBIO.

My enthusiasm for these viewpoints has been
bolstered by market surveys and space tourism
forecast studies conducted by Futron
Corporation and notables such as Geoffrey
Crouch, professor of tourism policy and
marketing at La Trobe University in
Melbourne, Australia. The outlook for public
interest and participation in space travel is
potentially substantial.

Several years ago, a Futron Corporation study

Moii 5HTYy3Ma3M B OTHOLUEHUH STUX TOUYEK
3pPEeHUs NOAKPEIUIAETCs UCCIEA0BAHUSMHU
PBIHKA U IPOTrHO3aMU KOCMHUYECKOrO TYPU3MA,
MpoBenEHHBIMU KOopriopauueil Futron u
TAKUMH M3BECTHBIMHU JFOIbMH, Kak [Dxeddpu
Kpayy, mpodeccop TypuCTUIECKOH OTUTHKH
u MapketuHra B Y Husepcurete Jla Tpob B
Mensbypae, ABctpanusi. [lepcriekTHBBI
OOIeCTBEHHOT'O MHTEPeca M Y4acTHs B
KOCMHYECKHX MyTEIIECTBUSX NOTEHIIUAIBHO
3HAYUTEJIbHBIL.

Hecxkxonbko JieT Hazan B uccaenosanuu Futron




examined American interest in space travel.
Undertaken for NASA, the study forecast that
suborbital space travel could reach 15,000
passengers annually by 2021. Professor
Crouch’s survey of the Australian public in
2004 found that a majority (58 percent) of
respondents would like to travel into space if
they could.

Of course, cost, safety, and product design
factor into the equation, which is why the focus
at this phase of development of the space
tourism industry is on the technical design and
development of the spacecraft and spaceports

Corporation u3ydascs UHTepeC aMEPUKaHLIEB K
KOCMHMYECKHM MyTeliecTBusiM. MccnenoBanue,
nposeaénHoe ang HACA, mporuosupyer, 4to
k 2021 rony cybopOuTanbHble KOCMUYECKHE
MyTeLeCcTBUs1 MOryT nocturats 15 000
naccaxupos B rofl. Onpoc aBcTpanuickoin
OOIIEeCTBEHHOCTH, TPOBENEHHBIN
npodeccopom Kpaydem B 2004 roay, mokasa,
9T0 OOJBIIUMHCTBO (58 MPOIEHTOB)
PECIIOHIEHTOB XOTEJH OBl IOJIETETh B KOCMOC,
ecyii Obl y HUX ObljIa Takasi BO3MOXKHOCTb.
KoHeuHo, B ypaBHEHHUH YUUTHIBAIOTCS
CTOMMOCTb, O€30MaCHOCTh U AM3aiH MPOAYKTA
MIO3TOMY OCHOBHOE BHUMaHHE Ha 3TOM 3Tare
Pa3BUTHS HHAYCTPHH KOCMHYECKOTO TypH3Ma
yIETSIETCS] TEXHUUECKOMY MPOEKTHPOBAHUIO U
pa3paboTKe KOCMUYECKUX Kopadiei u
KOCMOJIDOMOB.

2

Today the public can experience brief stints of
weightlessness without going into space and at
relatively reasonable costs, either by high-
altitude jet fighter flights or on plane rides such
as those offered by the Zero Gravity
Corporation.

CeroaHst TFOIM MOTYT HCIIBITATh
KPaTKOBPEMEHHbBIE TIPeObIBAHNS B
HEBECOMOCTH, HE BBIXOAS B KOCMOC U TIO
OTHOCHTEJIbHO Pa3yMHOH IIeHe, JINOO B MOJIETe
Ha BBICOTHOM pEaKTUBHOM uctpedutene, mudo
B MMOJIETE HA CAMOJIETE, KOTOPBIN MpeaJiaraet
Zero Gravity Corporation.

Outreach to Space

BbIxoa B KocMocC

In 1998 I formally organized the ShareSpace
Foundation, asking my good friends and fellow
space supporters actor Tom Hanks and Peter
Diamandis, Chairman of X Prize Foundation,
to serve on an advisory board for the group.
The foundation’s mission is to open the space
frontier to all by educating new generations,
fostering affordable spaceflight experiences,
and advocating the quest for exploration. I'm
now looking for a future home for ShareSpace
as it aims to create a threefold approach to
invite the public and our youth to learn about
and participate in space via three E’s:
experiences, education, and exploration.

The “experiences” goal of ShareSpace is to
create a prize mechanism (such as a
sweepstakes, raffle, or television game show)
that will offer people who win actual trips into
space, along with other space-related awards.
There’s need to establish the legal framework
for a prize-based program for zero gravity
flights, suborbital flights, and a flight to the
International Space Station. In conjunction

B 1998 rony st opunmasbHO OpraHU30Bal
ShareSpace Foundation, monpocus cBonx
XOPOLINX JIpy3€eH 1 KOJJIer-KOCMOHABTOB,
aktépa Toma XsHkca u [lutepa [namanauca,
npencenarens X Prize Foundation, BoliTu B
KOHCYJIbTATUBHBIN COBET HTON IPyMNIIbL
Muccust GoHIa COCTOUT B TOM, YTOOBI
OTKPBITh KOCMUYECKHE TPAHHLIBI JUIs1 BCEX,
00y4ast HOBbIE TIOKOJICHUS], TTOOIIPSIs
JOCTYITHBIE KOCMUYECKHE TOJIETHI U OTCTaNBAsI
cTpemiieHHe K uccienoBanusm. Celvac st iy
Oyayuuit mom st ShareSpace, TOCKOJIBKY OH
HAIpaBJICH Ha CO3/IaHUE TPOHHOIO MOAXONA,
YTOOBI IPUTTIACUTb OOIIIECTBEHHOCTD U HAIITY
MOJIOAEXKb Y3HABATh O KOCMOCE U Y4aCTBOBATh
B HEM C TIOMOLIBIO TPEX 3JIEMEHTOB: OIIBIT,
oOpa3oBaHHUe U UCCIICIOBAHME.

Lenp «Bneuatnennii» ShareSpace — co3mars
NPU30BOM MEXaHU3M (TaKOH Kak JioTepes,
JOTEepes WU TEJIEBU3HOHHOE HTPOBOE IIOY),
KOTOPBII OyZeT mpeaiararh JI0IM,
BBIMTPABIINM PEAJIbHBIE MOJETHI B KOCMOC,
HapsAy ¢ APYTMMH HarpagaMH, CBSI3aHHBIMHU C
kocMocoM. HeoOxoammo co3naTh mpaBoByIO
6a3y st MPU30BOH MPOrPaMMBbI TIOJIETOB B
HEBECOMOCTH, CyOOpOUTATBHBIX MOJETOB U




with such efforts, the experiences part of
ShareSpace is to share information and
resources to prepare and educate the public
about travel and tourism in space.

Education of America’s youth in the areas of
science, technology, engineering, and math
(STEM) is critical to our future.

The “education” goal of ShareSpace is to share
the wonders of space with students in
kindergarten through 12th grade in ways that
will motivate their interest in STEM subjects.
In this regard ShareSpace welcomes partnering
with the educational arms of organizations
such as the National Science Teachers
Association, NASA, and other education
organizations. Ideally, these relationships can
develop programs that will fortify and advance
space-inspired studies. In addition to specific
program initiatives, the Education section of
the ShareSpace website will provide a useful
clearinghouse of space and science educational
resources for teachers and students.

noJjiéta Ha MeXXIyHapOAHY0 KOCMUYECKYIO
cTaHUuI0. B codueTanny ¢ TaKMMHU yCHITUSMHI
yacTh onbiTa ShareSpace 3akiro4aercs B
oOmene nHpopmauuei u pecypcamu s
MOATOTOBKU U MPOCBELIEHUS OOIECTBEHHOCTH
O MYTEIIECTBUSAX U TypPU3ME B KOCMOCE.
O0pa3oBaHue aMEPUKAHCKOW MOJIOAEKH B
00JIaCTH HAYKH, TEXHOJIOTHA, HHKEHEPUH U
mareMaTukH (STEM) nmeer pemaroree
3HA4YEHHE AJIs1 Halero Oyayrero.
«O6pazoBarenpHasy 1enb ShareSpace —
MOJENTUTHCS YyAECAMH KOCMOCA C YUALTMHCS
OT JIETCKOro caja A0 12-ro kjacca TaKuM
00pazom, 4TOOBI MOTUBHPOBATH UX UHTEPEC K
npenmeram STEM. B cBsi3u ¢ aTim
ShareSpace mpuBeTCTBYET COTPYIHUYECTBO C
00pa3zoBaTeNbHBIMU MTOAPA3ACTICHUIMHU TAKIX
opraHuzanui, kak HaunonanpHas accounanus
yuutesei ecrectBeHHbIX Hayk, HACA u
APyruUMH 00pa30BaTENbHBIMA OPTaHU3ALIHSIMH.
B npeane 3Tu oTHOIIEHUS MOTYT pa3padboTaTh
NPOTPAMMBI, KOTOPBIE YKPETAT U MPOABUHYT
KOCMHMYECKHE UCCIIeIOBaHMs. B monomHeHne K
KOHKPETHBIM IPOTrPaMMHBIM HHHLIUATHBAM
paznen «O0Opa3oBaHue» Ha BeO-caiiTe
ShareSpace cTaner moie3HbIM
UH(POPMALIMOHHBIM LIEHTPOM KOCMUYECKHX H
HAYYHBIX 00Pa30BaTENIbHBIX PECYPCOB IS
YUUTEJICH U yYaIUXCsl.

I truly believe that, by popularizing the
experiences available in the emerging space
travel and tourism industry as part of a
program to award actual suborbital and orbital
trips into space as prizes, ShareSpace can
broaden involvement in spaceflights.
Obviously, when you jump from suborbital to
orbital, you would increase the cost of the
share.

More to the point: It would be the ultimate
“outreach” program. It would spread
enthusiasm to the general public, and inspire a
whole new generation with the opportunity to
reach for new destinations in space.

Some of those taking part will become the
scientists, engineers, and industrialists who
build the rockets and spacecraft of the future;
some will develop into professional astronauts
and colonizers of other worlds; and many will
turn into citizen explorers—young global space

51 icKpeHHEe BepIO, UTO, MOMYJISIPU3UPYS OIBIT,
JNOCTYIHBIA B 3apOXKNAOLIEACS HHAYCTPUU
KOCMHYECKHX MyTELeCTBUN U TypU3Ma, B
paMKax MpOrpaMMel MO MPUCYKACHUIO
peasbHbIX CyOOpOUTANBHBIX U OPOUTATIBHBIX
MOJIETOB B KOCMOC B KQ4€CTBE MPHU30B,
ShareSpace MOKeT pacIIMpUTh YHACTHE B
KOCMHYecKHX monérax. OueBuIHO, YTO KOraa
BBI IIEpexoanTe ¢ CyOopOUTaIbHOrO Ha
OpOUTANBHBIN, BB YBEITMYHUBAETE CTOUMOCTD
aKIAH.

Bonee Toro: 3o Obuta ObI camast coBepIIEHHAs
NPONAaraHaANCTCKas porpamMMa. ITO BbI3BAJIO
OBI SHTY3HMAa3M y MIUPOKOH MyOJUKU U
BIOXHOBIJIO OBl 11€710€ HOBOE MOKOJICHHE
BO3MOKHOCTBIO IOCTUYb HOBBIX HAaTpPaBJICHHIH
B KOCMOCE.

HekoTopble U3 y4aCTHHKOB CTAaHYT YUEHBIMH,
WH)KEHEPaMH U NPOMBILIJICHHUKAMH, KOTOPbIE
OyoyT CTPOUTb PAKEThl 1 KOCMHUYECKHUE
kopabsu Oynymiero; HeKOTOpbIE BBIPACTYT B
poeCCUOHATTBHBIX KOCMOHABTOB U




travelers—who venture into Earth orbit,
holiday at space hotels, and, not too far in the
future, take even longer journeys.

Since the 1980s I have envisioned space travel
by ordinary citizens and developing space
schematics, Mars transportation systems, and
more—all linked to one objective: to accelerate
public access into space. ShareSpace is meant
to pull in public support for space by holding
drawings for thousands of awards, including
trips into space

KOJIOHHU3aTOPOB APYTUX MUPOB, 1 MHOTHE U3
HUX CTaHYT IPakJaHaMU-UCCIeNOBATEISIMA —
MOJIOZTBIMH KOCMHYECKUMU

My TeIIECTBEHHUKAMH, KOTOPbIE OTHPABIISIOTCS
Ha OKOJIO3EMHYIO OPOUTY, OTABIXAIOT B
KOCMHYECKHX OTEJISIX U, HE TaK aJeKO B
OyayliieM, COBEpIIAIOT eIé OoJiee NITUTENbHbIE
My TEIISCTBHSI.

C 1980-x ronioB s mpeaCTaBIIsAll KOCMUUECKHE
MYyTEIIECTBHSI OOBIYHBIX TPAsKIAH U
pa3paboTKy KOCMHUYECKUX CXEM, MAPCHAHCKUX
TPAHCHIOPTHBIX CUCTEM U MHOT'OT'O IPYTrOTO —
BCE 3TO OBLIO CBSI3aHO C OHOH LIENBIO:
YCKOPHUTBb AOCTYI OOIECTBEHHOCTH B KOCMOC.
ShareSpace npenHazHa4yeH ISl TPUBJICUCHUS
OOIIeCTBEHHOHN MOANEPIKKH KOCMOCA Ty TEM
MPOBEACHUS PO3BITPHIIICH THICSY HATPa,
BKJIFOYast MIOJIETHI B KOCMOC.

This idea became more crystallized a decade
later, first coming to life fictionally as
“ShareSpace Global” in my novel Encounter
with Tiber (Warner Books, 1996). Quoting the
book’s character Sig Jarlsbourg: “If you want
that better world, we need to see space tourism
take off right away, and it can’t be as a
plaything of a tiny group of super-rich people.
It’s got to have broad-based public support and
enthusiasm right from the start.”

ShareSpace could take shape in a number of
forms, from small-scale raffles to multimillion-
dollar sweepstakes, or even to contestant-
driven TV game shows. The prizes would
range from trips to space launches and space
camps, to high-altitude zero gravity flights, to
suborbital ballistic flights above the
atmosphere, to orbital flights that circle planet
Earth every 90 minutes, and eventually
adventure trips to luxury orbital hotels. In the
very long term, prizes could include a
circumnavigation trip in low altitude around
the moon, or even extended cycler journeys to
Mars.

A highly participatory citizen’s space program
would facilitate a more egalitarian way for
those who do not have the financial
wherewithal to afford the high-priced tickets

Ota unes crana bonee 4ETKOM NecsTh JeT
CIyCTsl, BIIEPBbIE BOIUIOTHBILHCH B
BBIMBIIIJIEHHOM BHJIe Kak «ShareSpace
Global» B moem pomane «BcTpeua ¢
Taiibepom» (Warner Books, 1996). Llutupys
nepconaxa kaura Cur SApncOyp: «Ecnu BbI
XOTHUTE, YTOOBI MUP CTaJI JIy4llle, HAM HY>KHO,
9TOOBI KOCMHUYECKUH TYPU3M Cpasy jke Havda
Pa3BUBATHCS, U OH HE MOXKET OBITh UTPYLIKOH
KPOLIEYHOH rpynmbl cBepxOoraTeix goaeid. OH
TOJKEH MMETh ITUPOKYI0 00IIECTBEHHYIO
MOJ/IEPIKKY M SHTY3HAa3M C CAMOTO Havdajay.
ShareSpace MokeT MPUHUMATH Pa3IMIHbIE
¢dopMmbL: OT HEOONBIINX JIOTEPEH 10
MHOTOMIJIJTHOHHBIX JIOTEpel 1 gake 110
TEJIEBU3MOHHBIX UTPOBBIX IIOY C yUAaCTHEM
yuacTHHUKOB. [Ipu3bl OyayT BappupOBaTHCS OT
MOE37I0K Ha KOCMUYECKHE 3aIyCKH U
KOCMHMYECKHE JIarepsi, 10 BBICOTHBIX IOJIETOB B
HEBECOMOCTH, 10 CyOOPOUTAIBHBIX
OaIMCTUYECKUX MONETOB Ha aTMochepoit, 1o
OpOUTANBHBIX MOJNETOB, KOTOPbIE O00NETAIOT
MIaHeTy 3emitst Kaxasie 90 MUHYT, U, B
KOHEYHOM HTOTe, IPUKITIOUEHUECKUX MTOE3I0K
B POCKOLITHBIE OpOUTANIBbHBIE OTENH. B oueHb
JOJTOCPOYHOHN MEPCIIEKTUBE NPU3BI MOTYT
BKJIFOYATh B C€0s1 KPYyTOCBETHOE MYTEIIESCTBUE
Ha MaJIOH BBICOTE BOKPYT JIyHBI WIIH Jaxe
IUTUTENIbHBIE TIyTEIIECTBHS HA BEJIOCUTIENIe Ha
Mapc.

I'paxxmaHckast KOCMHUYECKas IporpaMma ¢
IIUPOKHUM YYaCTHEM IPakiaH crocobCcTBoBaNa
Obl O0JIee ATATUTAPHOMY MYTH JJIS TEX, Y KOTO
HeT (PMHAHCOBBIX CPENICTB, YTOOBI TTO3BOJIUTH




for commercial space travel. For a nominal
amount, say $100, citizens will gain access to a
chance to win the adventure of a lifetime—a
trip into space.

Human space travel is poised to go from the
few to the many, and the ShareSpace endeavor
is devoted to sharing the inspiration of space.
I’m a firm believer in the motto “Everyone
needs space!

cebe moporue OUIIETHI AT KOMMEPUYECKUX
KOCMHYECKHX TOJIETOB. 32 CHMBOJIMUECKYIO
cymMmy, ckaxeMm, 100 gonnapos, rpaxxnaHe
MOJIy4aT IIAHC BBIUTPATh MPUKIIIOYEHNE BCEH
JKU3HU — MyTEIECTBHE B KOCMOC.
[IyrermecTBue yeaoBeka B KOCMOC FOTOBO
nepeiTH OT HEMHOTUX K MHOTUM, U YCHIIUS
ShareSpace mocBseHb! TOMY, YTOOBI
IeTUThCS BIOXHOBEHUEM KocMoca. S TBepao
BepIO B eBH3 «KaxnoMy HyKHO
IIPOCTPAHCTRO!

STEAM Power

Cuna STEAM (napa)

The International Space University (ISU) is a
private, nonprofit institution that specializes in
providing graduate-level training to the future
leaders of the emerging global space
community at its Central Campus in
Strasbourg, France, and at locations around the
world.

In summer 2012, the ISU held its Space
Studies Program on the campus of the Florida
Institute of Technology, involving 134
participants from 31 countries. During an
intensive nine-week course, a number of team
projects were undertaken. One of those 2012
projects focused on science, technology,
engineering, and mathematics (STEM). More
specifically, team participants considered the
question What can space contribute to global
STEM education?

Several of their observations and findings are
essential to carrying the torch of space
exploration to far-off destinations. First of all,
space has a wide appeal, the power to inspire,
and a collaborative international background
that can encourage students to engage with
their studies and pursue higher education in
STEM fields. Every country needs a strong
STEM workforce tailored to its specific
economic, social, and cultural situation, the
report explains.

The challenge of space can help attract and
motivate students, with space-related content
aiding students to recognize the relevance of
STEM in their lives and studies. Space
activities, the ISU report notes, provide “a

MexxayHapOoAaHbIi KOCMUYECKUN YHUBEPCUTET
(ISU) — 3T0 4acTHOE HEKOMMEPUECKOe
yupexeHre, KOTOpoe Clieluaiu3upyeTcs: Ha
MOJTOTOBKE BBITYCKHUKOB OYAYIIHX JINAEPOB
3apO’KAAIOLIETOCS TTO0ATBHOTO KOCMUYECKOTO
coolrrecTBa B CBOEM LIEHTPAJIBHOM KaMITyCe B
CrpacOypre, @paHiuus, U B IpyrUX MECTax MO
BCEMY MHUPY.

Jletom 2012 roga ISU mposén cBoro
pOrpaMMy KOCMHUYECKUX MCCIEOBAHUHN B
kamIryce ®IopuaACKOro TeXHOJIOrHUYEeCKOro
WHCTUTYTA, B KOTOPOU NpuUHsM ydactue 134
yuacTHuka u3 31 crpansl. B xone
MHTEHCHUBHOTO ICBATHHENENBHOTO Kypca Obut
peann3oBaH psii KOMaHAHbBIX MPoeKkToB. OauH
13 3TUX MpoekToB 2012 roga ObLT NOCBSIIEH
HayKe, TEXHOJIOTHSIM, UHKEHEPUHU U
marematuke (STEM). B wactHoCTH,
Y4aCTHHUKH KOMaHbl PaCCMOTPEIH BOIIPOC
«Kaxoii BKkj1ag KOCMOC MOKET BHECTH B
rnodanpHOe oOpasoBanue STEM?»
Hexkotopsle n3 ux HaOMIOACHUH U OTKPBITHH
HEOOXOIMMBI ISl TOTO, YTOOBI HECTH dcTadery
OCBOEHHS KOCMOCa B aJibHUE CTpaHbl. Bo-
MEPBbIX, KOCMOC UMEET IIUPOKYIO
NPUBJIEKATEIbHOCTD, CIOCOOHOCTD
BJIOXHOBJIATb 1 COBMECTHBIN MEXTYHAPOIHbIN
OTIBIT, KOTOPBIA MOXKET MOOYUTh CTYAEHTOB
3aHMMAThCs yu€OOH U MOyvaTh BhICIIEE
obpazosanue B obnactsix STEM. B oruére
MOSICHSIETCS, UTO KaX10H CTpaHe Hy»KHa
cunbHas padodas cua STEM,
aflanTHPOBaHHAsl K €€ KOHKPETHOMN
5KOHOMHYECKON, COLMANBHON U KYJIbTYPHOHR
CUTyaLUu.

Br130B KOCMOCa MOXKET MOMOYb MPUBJIEYb U
MOTHUBHUPOBATh yYal[UXCsl, & MaTepUabl,
CBSI3aHHBIE C KOCMOCOM, TIOMOTYT Y4allUMCsI
0co3HaTh 3Ha4uMOoCcTh STEM B UX XU3HU U
yuébe. Kocmuueckast nesiTeIbHOCTb,




shared experience” for people of different
countries and can promote cultural acceptance,
expand international cooperation, and reduce
social gaps.

There are several reasons space is a powerful
tool to make STEM education more global,
equitable, affordable, creative, attractive, and
adaptable, the study team sensed, among them
that space is inherently borderless, belongs to
everyone, and is a fast-growing and promising
industry.

Additionally, the study group observed that
space-related content is believed to be an
excellent motivator for STEM education
because it

« appeals to students of all ages;

« inspires and motivates creativity;

* develops curiosity and critical thinking;
« is interdisciplinary;

« appeals to both genders and promotes
equality

orMmeuaercs B otuére ISU, obecnieunBaer
«OOMEH OTBITOMY IS JIFOJEH 13 pasHbIX CTPaH
U MOKET CIIOCOOCTBOBATH KYJBTYPHOMY
MPU3HAHUIO, PACLUTUPEHUIO MEXAYHAPOIHOTO
COTPYIHUYECTBA U COKPALIEHUIO COLIMAIBHOTO
paspbiBa.

EcTb HECKONbKO MPUYHH, IO KOTOPBIM
MPOCTPAHCTBO SIBJISIETCS. MOIIHBIM
WHCTPYMEHTOM JJIsl TOTO, YTOOBI CeNaTh
STEM-o6pa3oBanue Ooiee riio0aibHbIM,
CTIPABEJIUBBIM, TOCTYITHBIM, TBOPUECKUM,
MPUBJIEKATEJILHBIM U aTalITUPYEMbIM, TTO
MHEHHIO UCCJIEOBATEILCKOM TPYIIIBL, CPean
KOTOPBIX MPOCTPAHCTBO IO CBOSH MPUPOIE
Oe3rpaHUYHO, MPUHAIJICIKHUT BCEM U SIBJISICTCSI
OBICTPOPACTYIIUM. U TIEPCIICKTUBHAS OTPACITb.
Kpowme Toro, nccienosarenbckast rpymnmna
3aMeTHJIa, YTO KOCMHUYECKHIT KOHTEHT
CUYHUTAETCS] OTJIMYHBIM MOTHBATOPOM JIJIs
obyuernss STEM, mockonbKy OH

* o0palaeTcs K y4almmMcsi BCeX BO3PaCTOB;

¢ BAOXHOBJISIET U MOTUBUPYET TBOPUECTBO,

* pa3BUBAET JIFOOO3HATENILHOCTD U
KPUTHYCCKOEC MBILIJICHHUE,

¢ ABJIACTCA Me}KI[HCL[I/IHHI/IHapHOfI;

* oOpamaercst kK 000MM IOJIaM U CIIOCOOCTBYET
PaBEHCTBY

promotes international and cross-cultural
cooperation; and
* strives for a common, thriving future.

The ISU study also recognized this fact:

The Cold War energized the space race, and
space contributed to STEM education by
providing incentives and motivation in
research, development, and manufacturing.
Tremendous progress has been made between
the Second World War and the end of the
Twentieth Century. Today’s framework is
heavily dependent on international cooperation
in space business, industry, and research. It is
time to think about what we will need in the
near future to build new spacecraft, organize
new missions, and train people in new fields to
explore our universe. Our information society
is intimately interconnected; information and
knowledge are now accessible anytime and

CHOCOOCTBYET MEXIYHAPOIHOMY U
MEXXKYJIbTYPHOMY COTPYAHUYECTBY; U
* CTPEMUTCs K 00IIeMy, IPOLBETAIOLIEMY

Oyayuiemy.

Hccnenosanue ISU Takke mpusHaio 3TOT
daxT:

XoJioaHask BOHA aKTUBU3UPOBaja
KOCMHYECKYIO TOHKY, 1 KOCMOC BHEC CBOI
BKJIag B oOpazoBanue STEM, obecrieuns
CTUMYJIbI 1 MOTHBALIUIO B HCCIIEIOBAHUSIX,
pa3paboTkax u nmpousBoAcTBe. B mepuon
Mexay BTopoilt MupoBOI BOHHON U KOHLIOM
IBAALIATOTO BeKa ObLT JOCTUTHYT OTPOMHBIH
nporpecc. CEeromHsImHss CTPYKTypa CHIBHO
3aBUCHUT OT MEKIYHAPOIHOTO COTPYIHUYECTBA
B KOCMHUYECKOM OHU3HECe, MPOMBIIILIEHHOCTH U
uccienopanusix. [lpuinio Bpemst moaymMaTs O
TOM, 4YTO HaM MMOHAAO0OUTCS B OMsKaiiinem
Oyayuiem IJIsi CO3IaHUsT HOBBIX KOCMUYECKUX
KOpaOdJIeil, OpraHu3aIui HOBBIX MUCCUH U
00y4eHusl JTF0IeH B HOBBIX 00IaCTSIX JJIs




anywhere.

The most basic questions of humanity can
attract many people of all ages to space.
Nonetheless, there is more work to do. A major
problem identified in the study is that most
21st-century educational systems are in
essence the same as those developed for the
industrial revolution that took place well over
200 years ago.

Old teaching methods die hard, and are no
longer suitable for modern students who were
born into a technology-driven world. Lastly,
art can be used to connect space and STEM in
a more attractive way, to help change the
common perception of STEM as elitist, hard,
and boring. This adds up to science,
technology, engineering, art, and mathematics,
or STEAM for short.

The “STEAM power” that space provides,
therefore, is a new perspective and
collaborative environment that can help
challenge stercotypes as well as lead to
national, cultural, and gender equality. Using
space to promote STEM education helps
develop open-minded and creative future
leaders, the report concluded

uccienosanys Hawen Beenennoi. Hame
UH(POPMALMOHHOE O0IIECTBO TECHO
B3aMMOCBSI3aHO, HH)OPMALUS 1 3HAHUS
Tenepb NOCTYIHBI B IIOO0OE BpeMsi 1 B JIF0OOM
MecTe.

Camble 31eMeHTapHble BOIIPOCH] YeJI0BEUECTBa
MOTYT IPUBJIEYb B KOCMOC MHOTHUX JIFOA el
BCEX BO3PACTOB.

Tem He MeHee, ecTb emé Hax yeM nopadoTars.
OcHosHast mpodjieMa, BbISIBJICHHAS B
HCCJIEZIOBAHMH, 3aKJIFOUAETCS B TOM, UTO
OOJIBIIMHCTBO 00Pa30BaATEIBHBIX cHCTEM 21-T0
BEKa I10 CYTH TaKHe K€, KaK CUCTEMBI,
pa3paboTaHHBIE IJIsl TPOMBIIIEHHOM
PEBOJIFOLIUU, KOTOpasi mpomzonnia bonee 200
net Hazan. Crapbie MeTOABI OOyUYEeHUS He
NPKUBAIOTCS U OOJIbIIE HE TTOIXOAST AJIs
COBPEMEHHBIX CTYAEHTOB, POXKIEHHBIX B MUpE
TexHonoruil. Hakonen, UCKyCCTBO MOXKHO
UCTIOJIB30BATh 11 O0Jiee MPHUBJIEKATEIEHOTO
coeanHeHus npoctpancTsa U STEM, uToOm!
NOMOYb U3MEeHHTH o01mee Bocnpusitie STEM
KaK 3JIUTApHOTO, CJIOKHOTO U CKy4HOro. B
CyMMe 3TO BKJIFOHAET B ceOsl HAyKYy,
TEXHOJIOTUH, UHXKEHEPUIO, HCKYCCTBO U
MaTeMaTuky, uin cokpamésso STEAM.

Taxum obpaszom, «cmna STEAM», koTopyro
o0ecreynBaeT MPOCTPAHCTBO, MPEACTABIISIET
co00i HOBYIO MEPCIIEKTUBY U CPeay IJIs
COBMECTHOH paboTbl, KOTOPast MOJKET IIOMOYb
OpPOCUTB BBI3OB CTEPEOTHIIAM, A TAKKE
MIPUBECTU K HALIMOHAJIbHOMY, KYJbTYPHOMY U
reHJIepPHOMY paBeHCTBY. B oTuére crnenan
BBIBOJI, UTO UCIIOJIb30BAHKUE ITPOCTPAHCTBA AJIsI
nponsmwkerns odpasosanust STEM nmomoraer
pa3BUBATh HENMPEAYOEKNEHHBIX U TBOPUECKUX
OyayuIux JTUAEpPOB.

Sky-high Business Plan

3200/12a4HbLIH OU3HEC-ILIAH

A limited handful of individuals have paid the
$20 million to $35 million ticket price to train
and fly on a Russian Soyuz spacecraft to the
International Space Station—trips facilitated
by Space Adventures. Founded in 1998, Space
Adventures continues to be the leading private
space exploration company and the premier
group to have sent self-funded individuals to
space. Company chairman Eric Anderson and
his team are also orchestrating the first private
mission to circumnavigate the moon.
Suborbital space tourism opportunities are

OrpaHnueHHast TOPCTKA JIFOAEH 3ariaTuia OT
20 1o 35 MUTHOHOB AOJUIAPOB 3a OWJIET,
9TOOBI TPEHUPOBATHCS H JIETATh HA
pOCCHIICKOM KOCMUYeCKOM kopadie « Coro3»
Ha MexxayHapOoaHYyI0 KOCMUYECKYIO CTaHLIMIO
— MOE3KH, OpraHU30BaHHbIe Space
Adventures. Komnanus Space Adventures,
ocHOBaHHas B 1998 roay, mpoaoskaer
OCTaBaTbCs BENyLIEH YACTHON KOMITAHUEHN O
HCCJIEIOBAHUIO KOCMOCA U BEAYyLIEH IPyMNnou,
OTIPABJIAIOLIEH B KOCMOC
camo(uHaHCUpyeMbIX roaei. [lpencenarens




being developed by a number of companies.
Within the next few years, the public will have
the option to fly on suborbital flights, such as
those being developed by Virgin Galactic, and
later on orbital flights offered by private
companies to space hotels.

For a sky-high business plan, look no further
than the private American company Bigelow
Acrospace of North Las Vegas, Nevada. Since
1999 the firm has been engaged in fabricating
affordable inflatable space habitats. Bigelow
Aerospace’s founder and president is Robert
Bigelow, a general contractor, real estate
tycoon, hotel businessman, and developer. He
has invested several hundred million dollars of
his own money to bring the promise of
expandable habitats to fruition.

Bigelow’s visionary zeal is more than just
mental pictures. Two prototype space modules
built by his company are now circuiting Earth.
Lofted by Russian rockets in July 2006 and in
June 2007, respectively, the company’s
Genesis 1 and Genesis 2 expandable modules
served as forerunners to ever larger and
human-rated space structures: A three-person
Sundancer module and the larger BA-330, a
unit that offers 330 cubic meters of leasable
internal volume for a crew of six

KOMIIaHUU DPpUK AHJEPCOH U €ro KOMaHaa
TAKXXe OPTaHU3YIOT MEPBYIO YaCTHYIO MHUCCHIO
1o 06néry JIyHbI

BosmoskHOCTH CyOOpONTAIBHOTO
KOCMHYECKOTO TYPU3Ma Pa3BUBAIOT Psift
KOMITaHuii. B TeueHne cnepyrommx
HECKOJIbKHUX JIeT y TyOsinku Oyner
BO3MOYKHOCTb JIETATh Ha CyOOPOUTABHBIX
peiicax, Takux Kak paspadaTeiBaemble Virgin
Galactic, a mo3:xe 1 Ha OpOUTANBHBIX MOJETAX,
npeasiaraéMbIX YaCTHBIMU KOMITAHUSIMH B
KOCMHYECKHE OTEJIH.

Ecnu Bam HyskeH 3a001a4HbIi OM3HEC-TUIaH,
oOpaTuTe BHUMaHHE Ha YaCTHYIO
aMepHKaHCKYH0 komnanuio Bigelow Aerospace
u3 CesepHoro Jlac-Beraca, mtat Hesana. C
1999 rona ¢upma 3aHUMAETCSI U3TOTOBJIEHUEM
IOCTYITHBIX HAAYBHBIX KOCMHUECKUX CPeL
obutanus. OcHOBaTeNeM U NPE3UACHTOM
Bigelow Aerospace siBisiercst Pobept burenoy,
reHepaJbHBIN MOAPSITYNK, MAarHAT B chepe
HENBIYKIMOCTH, TOCTUHHUYHBIN OM3HECMEH U
nesesnornep. OH BIOKUII HECKOJIBKO COTEH
MHIJUTHOHOB AOJUIAPOB COOCTBEHHBIX ICHET,
9YTOOBI BOIUIOTHTD B )KU3Hb OOCIaHUe
pacuIMpuTh cpeny OOUTaHMS.

Busuonepckoe peenue burenoy — 31o
Oosblie, YeM mpOCTO MbICIIEHHBIE 00pa3bl. J[Ba
MPOTOTUNA KOCMUYECKUX MOIYJIEH,
MOCTPOEHHBIX €ro KOMINAaHUeH, celyac
BpamaroTcs BOKpyT 3emiu. [lonusaTsie
POCCUNCKHMMHU pakeTamu B utosie 2006 r. u B
utoHe 2007 r., COOTBETCTBEHHO, paCLINPsIEMBbIE
moxnyiu Genesis 1 u Genesis 2 mocyxuimm
NPEAIECTBEHHUKAMH el1é 0oJiee KPYIHbIX
KOCMHYECKHX KOHCTPYKLHI: TPEXMECTHOTO
moxyJist Sundancer u 6onee kpymnuaoro BA-330,
KOTOpBIH npenaraer 330 kyOu4eckux MeTpoB
apeHIONPUTOIHOIO BHYTPEHHETO 00BEMA AJIst
SKHIIAXKA U3 MIECTH YEJIOBEK

The testing of expandable habitats in Earth
orbit is central to providing generic space
structures for use as habitats, adding room to
my cycler designs, depots, storage warchouse
facilities, and giant laboratories, too.

For the last few years, Bigelow Aerospace has
been establishing an international consortium
of what the group terms “sovereign clients”
along with hammering out the financial and
legal structures for such partnerships to
blossom in low Earth orbit.

Space Exploration Technologies (SpaceX) and

TecTupoBanue pacmupsieMbIx cpen OOUTaHUS
Ha OKOJIO3€MHOM 0pOuTe NMeeT LIeHTPAIIbHOE
3HAYEHHE JIs1 CO3aHUS THITOBBIX
KOCMHYECKHX CTPYKTYP JJIsl HCIIOJIb30BAHMS B
Ka4ecTBe cpen OOMTaHus1, 10OaBIIsIst MeCTa
MOUM MPOEKTaM LIUKJIEPOB, CKJIAJIOB,
CKJIAZICKUX MOMEIIEHUI U THTaHTCKUX
nabopaTopuii.

B TedeHue nmocnenHUX HECKOJIBKUX JIET
Bigelow Aerospace coznasana
MEXAYHAPOIHBIN KOHCOPLIUYM, KOTOPBIN
IPYIINA HA3bIBAET «CYBEPEHHBIMU KJIUEHTAMNY,




Bigelow Aerospace agreed last year to conduct
a joint marketing effort focused on
international customers. The two companies
will offer rides on SpaceX’s Dragon
spacecraft, using the Falcon 9 launch vehicle to
carry passengers to future Bigelow habitats
orbiting Earth. Additionally, Bigelow is
teamed with Boeing on the CST-100 (Crew
Space Transportation) capsule under NASA’s
Commercial Crew Integrated Capability
Program.

The CST-100’s primary mission would be to
transport crew to the International Space
Station and to private Bigelow space facilities.
The CST-100 capsule is compatible with
multiple launch vehicles, including the Atlas
V, Delta IV, and Falcon 9.

NASA has taken notice of Bigelow’s work.
Discussions between the two have centered on
the space agency possibly acquiring a Bigelow
Expandable Activity Module, called BEAM
for short, to enhance use of the International
Space Station. If the green light is given,
BEAM would be a subscale demonstration of
the company’s expandable technology at a
human space complex

a Tak’ke pa3padarbiBaia GUHAHCOBBIC U
IOPUINYECKHE CTPYKTYPHI UL TAKOTO
NapTHEPCTBA, YTOOBI OHO MPOLBETAJIO HA
HU3KOM OKOJIO3EMHOM OpOuTe.

B npomnom rogy komnaHuu Space
Exploration Technologies (SpaceX) u Bigelow
Aerospace TOrOBOPHIIUCH O TIPOBENEHUH
COBMECTHBIX MAPKETHHIOBBIX MEPOTPHSATHIA,
OPUEHTHPOBAHHBIX HA MEXKTyHAPOIHBIX
kiueHToB. O0e koMmanuu OyIyT MpeaiaraTh
MOE3JIKM Ha KOCMHUYecKoM Kopabine SpaceX
Dragon, ucnone3yst pakety-Hocurens Falcon 9
IUISL JOCTABKH MMACCAKUPOB B OyAyIIHE MECTa
oburanus burenoy Ha opbure 3emu. Kpome
toro, burenoy Bmecte ¢ Boeing paboraer Han
karicysioit CST-100 (Crew Space
Transportation) B pamkax nporpammbl HACA
10 UHTETPALITH KOMMEPYECKHUX SKHITAXKEH.
OcuoHoti 3agaueit CST-100 Oyzner nocraBka
sKHMNaxka Ha MexXIyHapOaHYI KOCMHYECKYIO
CTaHLIMIO M HA YAaCTHBIE KOCMHUYECKHE OOBEKTHI
burenoy. Kancyna CST-100 coBmectuma ¢
HECKOJBKUMH PaKeTaMHU-HOCUTEISIMH,
Bkjrouast Atlas V, Delta IV u Falcon 9.

HACA obpatuiio BHuManue Ha paboTy
burenoy. O6cyxneHust Mexay HUMHU ObLTH
COCPENOTOUYEHBI HA BO3MOKHOM NPHUOOPETEHIH
KOCMHYECKHM areHTCTBOM PacIlupPsIieMOTO
MonyJis AesitenbHOCTH Bigelow, cokpaiméHHo
HasbiBaemMoro BEAM, nns pacuiupenus
HCIIONBb30BaHUs MeXIyHapOAHOU
KocMu4eckol cranimu. Ecnu Oyner nax
3enéubiii ceet, BEAM craner
MEJIKOMaCIITa0HON AeMOHCTpaunei
pacumpsieMol TEXHOJIOTHH KOMITAHUH B
NHJIOTHPYEMOM KOCMUYECKOM KOMITJIEKCE.

Space is big, and so too are Bigelow’s ideas.
Expandable habitats offering 2,100 cubic
meters of volume—that’s nearly twice the
capacity available on the International Space
Station—have been drawn up, while another
plan sketches out use of a super-jumbo
structure providing 3,240 cubic meters of
volume. The company has also blueprinted a
quick-deploy moon base capable of housing up
to 18 astronauts in inflatable modules on the
lunar surface. Bigelow and his team are
sketching out architectures that place their
expandable structures in the Earth-moon
Lagrangian point L1 and position them as
depots for outbound expeditions to Mars

Kocmoc Benuk, kak u uaeu burenoy. bein
pa3paboTaHbl pacIIupsieMble JKUITbIE
nomelenus, npeaiararoimue 2100
KyOMUYECKUX METPOB 00bEMA — 3TO TIOUTH
BABOE Oouble, yeM Ha MeKIyHapOaHOM
KOCMHMYECKOH CTAHLIUH, & B IPYTOM ILJIaHE
HaMeYaeTCsl NCIOJIb30BaHUE CyTIep-
TUTAaHTCKON KOHCTPYKIMH, 00€CTIeUHBAOLIEH
3240 kybnueckux MeTpos 00béma. Kommnanus
Takke pa3padoraa mpoeKT
OBICTPOPA3BEPTHIBAEMOM JTIYHHOH 0a3bl,
CHIOCOOHOH pa3MecTHTh 10 18 acTpOHABTOB B
HAJTyBHBIX MOIYJISIX Ha MOBEPXHOCTH JIyHBL
burenoy n ero xomanaa HabpachIBAIOT
apXHUTEKTYypPY, B KOTOPOH pacumupsieMble
KOHCTPYKLIUH Pa3MEIAOTCs] B TOUKE




Jlarpanxa 3emns-Jlyna L1 u
MOBULUOHUPYIOTCA KaK CKJIaAbIl AJId BBIC3AHBIX
sKcnenuui Ha Mapc.

Derek Webber, Executive Director of
Spaceport Associates, has a parallel long-term
view, making the case for a new destination for
space tourists in geosynchronous Earth orbit,
or at the Earth-moon Lagrangian point L1.
Lagrangian points are locations in space where
gravitational forces and the orbital motion of a
body balance each other. A spacecraft
positioned there has to use modest rocket
firings or other means to stay put. Orbits
around these points are called “halo orbits.”
Webber advocates that spot as the next step
beyond suborbital flight and low Earth orbit,
calling it “Spaceport Earth”—a combined
hotel/space station at the rim of Earth’s gravity
well.

Webber argues that NASA can use Spaceport
Earth as the starting and finishing point for
journeys to and from Mars and beyond.
Tourists going up and down between low Earth
orbit and Spaceport Earth in its earliest form
effectively open up—and pay for—this new
part of the orbital infrastructure.

But first things first

Hepex Y>00ep, UCTIONHUTENBHBINA AUPEKTOP
Spaceport Associates, mpunep>KkuBaeTcs
NapajuIeIbHOW AOJITOCPOYHON TOUKH 3PEHHU,
MPUBOJISA APTYMEHTHI B IOJIb3Y HOBOT'O ITYHKTA
HAa3HAUEHUs JUII KOCMUYECKUX TYPHCTOB Ha
re0CTalMOHAPHON OKOJIO3EMHOM OpOHTEe TN B
touke Jlarpanxa 3emnsa-JIyna L1. Touku
JlarpaH:xa — 3TO MecCTa B IPOCTPAHCTBE, TAE
IPaBUTALIMOHHBIE CHIIBI U OpOUTAIBHOE
IBW)KEHUE TeJla YPaBHOBEIINBAIOT APYT ApyTa.
Haxonsmuiicss Tam KOCMUYeCcKuii kopadib
TOJKEH MCIIONIb30BATh CKPOMHBIE PAKETHBIE
NYCKU WJIN APYTHE CPEACTBA, UTOOBI
ocraBatbcs Ha MecTe. OpOUTBI BOKPYT STHUX
TOUEK HA3bIBAIOTCS «TaJI0-OpOUTAMI.
Y360ep npomnaraHgupyeT 3TO MECTO Kak
CIAEAYIOLIMI LIar 3a npeneaaMmu
CyOOpOUTATLHOTO MOJIETa U HU3KOU
OKOJIO3€MHOM OpOUTHI, Ha3bIBas €TI0
«KOCMOTIOPTOM 3eMJIs1» — KOMOWHHPOBAHHOM
TOCTUHHULIEN U KOCMUYECKOH CTaHLIMEN Ha
Kparo 3€MHOT'0 TPaBUTALIMOHHOIO KOJIOALA.
VY360ep yrBepkaaer, uto HACA moxker
UCTIOJIB30BATh KOCMOZIPOM 3eMJIsl B KAUeCTBE
OTIIPAaBHOW U KOHEYHOH TOUKHU AJIs
nyTeImecTBHi Ha Mapc u o0paTHO, a TakxKe 3a
ero npenenbl. TypHCThI, MyTeIECTBYIOLIHE
BBEPX M BHHU3 MEXIy HU3KOH OKOJIO3€MHOMH
OpOUTON U KOCMOAPOMOM 3eMJIsl B €€ CaMOi
panHeit popme, 3pHeKTUBHO OTKPHIBAIOT U
IUTATST 32 3TY HOBYIO YacTb OpPOUTATIBHOM

UHPPACTPYKTYPBL
Ho 060 Bcem no nopsinky

Pay-per-view Seats

MecTa ¢ onJIaTOH 32 IPOCMOTP

I am an admirer of my fellow adventurer Sir
Richard Branson, who is backing and
bankrolling his spaceliner operation, Virgin
Galactic. I have personally taken part in a
number of Virgin Galactic milestone-met
activities out in southern New Mexico’s
Spaceport America, the world’s first purpose-
built commercial spaceport.

That groundbreaking facility—roughly 45
miles north of Las Cruces—is taking shape,
and the desert scenery is sprinkled with
Spaceport America structures. The gateway to
space covers 18,000 acres of land. It is
expected to be not only an outbound and
incoming hub for tourists who ascend to and

51 OKJIOHHUK MOETO KOJUIETH-aBaHTIOPUCTA
capa Puuapna bpsHCOHA, KOTOPBIi
NOJIePKUBAET U (PUHAHCHUPYET €r0 ONEePALHIO
IO 3aMyCKY KOCMHUYECKOro Kopadist Virgin
Galactic. Al nu4HO MPUHUMAI yYacTHE B PsAIe
3HaKoOBBIX MeponpusaTuii Virgin Galactic Ha
KocMoApoMe AMepHuKa B F03KHOM uyacTu Hero-
MeKkcuKo, MEPBOM B MUPE CIIEHATBHO
MIOCTPOSHHOM KOMMEPYECKOM KOCMOZIPOME.
ITOT HOBATOPCKUH OOBEKT — MPUMEPHO B 45
MuISIX K ceBepy ot Jlac-Kpycec — obperaer
bopmy, a neii3aku MyCTbIHU YCESTHBI
COOPY>KEHHMSIMH KOCMOAPOMa AMEpHKa.
Bopota B xocMoc 3aHumMaroT 18 000 akpos
3emii. OJKHIAETCs, YTO OH CTAHET HE TOJBKO




return from the suborbital heights, but also a
high-tech haven for experimental craft that
push new ways to access space.

Spaceport America is being built for $209
million and is financed so far entirely by state
taxpayer money. But public funds subsidizing
the New Mexico spaceport will end by
December 2013, moving it from a state-funded
enterprise to a self-sustained enterprise.

A visitor to the sprawling complex can see a
tomorrowland-looking terminal hangar facility
and an ultralong runway that is to be utilized
by Virgin Galactic. Operations by the company
at Spaceport America make use of the
passenger-carrying
WhiteKnightTwo/SpaceShipTwo suborbital
launch system.

The WhiteKnightTwo mother ship aircraft
hauls the six-passenger/two-flight-crew
spaceship up to 50,000 feet altitude, where it
releases the sleek craft that then powers its
occupants out of Earth’s atmosphere. Those on
board will travel in a matter of seconds at
almost 2,500 miles an hour, over three times
the speed of sound, and soar upward to 68
miles, some 359,000 feet in altitude. That’s
enough elevation to earn astronaut wings. The
duration of the suborbital hop, from runway
takeoff to landing, will be approximately two
and a half hours, with customers experiencing
a few minutes of that time in free fall. Then
SpaceShipTwo wings its way back to Earth,
gliding homeward to a tarmac touchdown

UCXOMSILIMM U BXOZISILIMM LIEHTPOM JJIsI
TYPHCTOB, KOTOPbIE MOAHUMAKOTCS
BO3BPAIAIOTCS ¢ CYOOPOUTANBHBIX BBICOT, HO
U BBICOKOTEXHOJIOTUYHBIM YOEKHIIEM JIJIsI
SKCIIEPUMEHTAIIbHBIX Kopabiiel, KoTopbie
OTKPBIBAIOT HOBBIE ITyTH JIOCTYIAa B KOCMOC.
Kocmonopt Amepuka crpourcs 3a 209
MIJLTHOHOB JOJUIAPOB U MTOKA MOJIHOCTHIO
buHaHCHpYETCS 32 CUET IEHET
rOCYAapCTBEHHBIX HAJIOrOIIaTenbIukoB. Ho
rOCYAapCTBEHHbIE CPEACTBA, CYOCHIUPYIOIINE
kocMmozpoM Hero-MekcHKo, 3aKOHYaTCs K
nexabpro 2013 rona, v OH neperaéT u3
rOCyIapCTBEHHOIO MPEINPUATHS B
CaMOOKYIaeMoe MPEeNNpHUsTHE.

[ToceruTenb OOIIMPHOrO KOMILIEKCA MOYKET
YBHIETb TEPMHUHAIBHBIN aHTrap OyayLero u
CBEPXUTMHHYIO B3JIETHO-TIOCAIOYHYIO TTOJIOCY,
KOTOpasi OyeT UCMob30BaThCs Virgin
Galactic. B onepanusix koMnaHuu Ha
KOCMOZIpOME AMEepHKa UCTIONIb3yEeTCs
NacCaXUPCKasi cucTeMa CyoopOUTaIBbHOTO
3anycka WhiteKnightTwo / SpaceShipTwo.
Camoner-6a3a WhiteKnightTwo noganmaer
KOCMHUYECKHI KOpabiib C MECThIO
NacCaXKMPaMH U ABYMsI YJICHAMH SKHITaXKa Ha
BeIcoTy 50 000 ¢hyTOB, TIE OH BBIMYCKAET
oOTekaeMblil KOpalJb, KOTOPBIHA 3aTeM
BBIBO/IMT CBOUX MACCAKUPOB U3 aTMOC(hHepsI
3emiun. Te, kTo HaxoxuTcs Ha 60pTY, OyAyT
IBUTATHCS 38 CYUTAHHBIE CEKYH/IbI CO
ckopocThio outn 2500 Mk B 9ac, uto bosee
4YeM B TPHU pa3a MPEeBbIIIAET CKOPOCTb 3BYKA, U
B3JIETAT HA BBICOTY 68 MIJIb HAa BBICOTE OKOJIO
359 000 ¢yTOB. ITOI BBICOTHI AOCTATOYHO,
9yT00BI 3apaboTaTh KPBUIbst KOCMOHABTA.
IIponomkuTenbHOCTE CyOOpONTATBHOTO
NPBDKKA OT B3JIETA IO TOCAIKH COCTABUT
NPUMEPHO J1BA C MOJIOBUHOM Yaca, MpUIEM
HECKOJIbKO MUHYT U3 3TOTO BPEMEHU KIIMEHTBI
OyAyT HAXOAUTHCS B CBOOOTHOM MAACHHH.
3arem SpaceShipTwo netut obpaTHO Ha
3eMJTr0, CKOJIB3s1 TOMOH K MECTY NPHU3EMJIICHUS
Ha B3JIETHO-NIOCAI0YHON MOJIOCE.

That pay-per-view seat price is $200,000.
Hundreds of customers have already signed on
the dotted line to get their chance to
rubberneck out SpaceShipTwo windows, to see
for themselves the curvature of planet Earth
and the deep blackness of space. Commercial
suborbital passenger flight could start in the
2013-2014 time frame—if shakeout testing of

CTouMOCTh MecTa € OIUIATOH 3a MPOCMOTP
cocrasysieT 200 000 nonnapos. CoTHH
KJIMEHTOB YK€ TOAMUCAINCEH, YTOOBI IOJTYYUTh
IIAHC 3arysIHYTh B OKHa SpaceShipTwo, 4ToOsbr
CBOVMH TJ1a3aMU YBHAETh KPUBU3HY TUIAHETHI
3emiis ¥ rITyOOKYIO YepHOTY KOCMOCA.
Kommepueckne cybopOuTanbHbie
NACCAKUPCKHUE MOJIETHI MOTYT HAYaThCS B




the rocket plane proceeds without a hitch at its
Scaled Composites building site, the Mojave
Air and Space Port in Mojave, California.
Branson has often stated that, as his suborbital
spaceline business gains financial momentum,
seat prices can be lowered. In the interim,
rocketing off into space has made its way onto
a 2011 Virtuoso “Travel Dreams” survey of
Top 10 Trips of a Lifetime, competing with
setting sail for a world cruise, calling on all
seven continents, renting a castle on the French
Riviera, or lounging around on a rented private
island

2013-2014 ronax, ecimu UCTIBITAHUS
pakeToruiaHa Ha BUOpaumuio mpoinyT 6e3 cyuka
U 3aJIOPUHKHU Ha CTPOMUTENBbHOM TUIOINAIKE
Scaled Composites B BO3AYLTHO-KOCMHUYECKOM
nopty Moxase B Moxase, Kanugophus.
BpaHCOH HacTo 3asBIIsAI, YTO IO Mepe TOTO,
Kak ero cyoopOuTaNbHBIN KOCMUYECKUN
OusHec HabupaeT 0OOPOTHI, IICHBI HA MECTa
MOTYT OBbITb CHIDKEHBI. TeM BpeMeHeM MOJETHI
B KOCMOC HAIILJI CBOE OTpakeHue B 0030pe
Virtuoso Travel Dreams 2011 rona,
MNOCBAEHHOM 10 Ty4mnM NyTelecTBUsIM B
JKU3HHU. PUBBEpA, MM OTIBIX HA
apeHIOBAaHHOM YaCTHOM OCTPOBE

New Spaceflight Industry

Hosasi KocMHYecKasi HHAYCTpHSI

In July 2012 the Tauri Group released
Suborbital Reusable Vehicles: A 10-Year
Forecast of Market Demand, a study jointly
funded by the Federal Aviation
Administration’s Office of Commercial Space
Transportation and Space Florida.

The central message of the report is that
suborbital reusable vehicles (SRVs) are
creating a new spaceflight industry. Nine SRVs
by six companies are currently in active
planning, development, or operation, the study
observes. SRVs are commercially developed
reusable space vehicles that may carry humans
or cargo.

If projected high flight rates and relatively low
costs per flight emerge, SRVs can service
distinct markets—commercial human
spaceflight, basic and applied research,
technology demonstration, media and public
relations to promote products, education,
satellite deployment—as well as spur point-to-
point transportation of cargo or humans at
faster speeds than now available around the
globe.

The Tauri Group report points out that the
dominant SRV market is commercial human
spaceflight, generating 80 percent of SRV
demand. Their analysis indicates that about
8,000 high-net-worth individuals (with net

B uronie 2012 roga Tauri Group onybiaukoBaa
uccienosanne «CybopOurtanbHbie
MHOIOpa30OBbl€ TPAHCIOPTHBIE cpeacTsa: 10-
JIETHUH IPOTHO3 PHIHOYHOIO CIpOCay,
COBMECTHO (pMHAHCHpPyeMOe Y ITpaBiIeHHEM
KOMMEPYECKOTO KOCMUYECKOT0 TPAaHCIIOpTa
®denepalbHOIO aBUALIMOHHOTO YIIPABJIEHUS U
kommnanueit Space Florida.

OcHoBHasl ujest OT4ETA 3aKII0UAETCS B TOM,
49T0 CyOOpOUTANIbHBIE MHOTOPA30BbIE
anmapatsl (SRV) co31ar0T HOBYIO HHIYCTPHIO
KOCMHUYECKHX MOJETOB. B nccienosanuu
oTMedaeTcs, uTo AeBaTh SRV mectn
KOMIIaHUI B HacTOsIIee BpeMsl HaXOJsATCS B
CTaUH aKTUBHOTO IIJIAHUPOBAHUS, Pa3paboTKu
i skeryatauuu. SRV - 310 koMMepuecku
pa3paboTaHHbIE MHOTOPA30BbIE KOCMHUECKHE
anmnapatbl, KOTOpble MOTYT NEPEBO3UTD JIFOeH
WJIH TPY3bL

Ecnu nosiBUTCS MpOrHO3upyeMasi BbICOKast
CKOpPOCTb MOJETa U OTHOCUTENIbHO HU3Kas
crouMocTb nonéra, SRV moryT obcnykuBarh
pa3Hble PIHKU — KOMMepUecKue
MUJIOTUPYEMbl€ KOCMUYECKHE MONETHI,
(byHIaMeHTaNbHBIC U TPUKIIATIHBIE
HCCJIEZIOBAHMSI, IEMOHCTPALIMIO TEXHOJIOTUH,
CMMU u cBsi3H ¢ OOIECTBEHHOCTHIO AJIS
NPOZBIDKEHHS TPOAYKTOB, 00pa3OBaHMUE,
pa3BEPTHIBAHNE CITyTHUKOB — a TaKXe
OTIIpaBHbIE TOUKU. NIEPEBO3KA IPY30B WU
Jroziel B TOUKY Ha 00JIe€ BBICOKUX CKOPOCTSIX,
4eM celdac JOCTYMHO MO BCEMY MUDY.

B otuere Tauri Group yka3bIBaeTcsi, 4TO
JOMUHHUPYIOIIHUM PbIHKOM SRV siBRsitoTCst
KOMMepYeCKHe MUIOTHPYEMble KOCMUYECKHE
nonérsl, odecneunBaroiye 80 MpOLEHTOB
crpoca Ha SRV. Mx ananu3 nokasslBaeT, 4To




worth exceeding $5 million) from across the
globe are sufficiently interested and have
spending patterns likely to result in the
purchase of a suborbital flight at current prices.
Roughly one-third of these consumers are from
the United States. About 925 individuals
currently have reservations on SRVs, the report
says.

Tauri’s study estimates that about 40 percent of
the interested, high-net-worth population—
3,600 individuals—will fly within the ten-year
forecast period. Also, space enthusiasts outside
the high-net-worth population are expected to
generate modest additional demand (about 5
percent more).

Work is ongoing in the private sector to build
suborbital and orbital craft capable of flying
cargo and/or passengers into space. Several
spaceship designs and commercial firms that
I’m keeping an eye on include the following

okoJio 8000 cocTosTeNpHBIX JIFOEH (C
COOCTBEHHBIM KaIMTAJIOM, MPEBBILIAIOLINM 5
MIJLTHOHOB JOJUIAPOB) CO BCETO MHUpPa
JIOCTaTOYHO 3aMHTEPECOBAHBI U IMEIOT
CTPYKTYPY PacxomoB, KOTOPAst MOJKET
NPUBECTH K MOKYIKe CyOOpOUTANBHOTO NOJNETA
1O TeKyILINM LieHaM. [IpuMepHO TpeThb 3THx
norpebureneit u3 Coenuuénnnix [lltaros. B
OTYETE TOBOPHTCS, YTO B HACTOSIIIEE BPEMSI
okoJio 925 uenosek 3apesepBupoanu SRV.
ITo ouenkam uccnenosanus Taypu, okosno 40
MPOLICHTOB 3aMHTEPECOBAHHOTO
COCTOATENBHOrO HaceneHuss — 3600 denoBek
— OyayT neraTh B TEUEHHE POTHO3UPYEMOTO
necsaTuieTHero nepuoaa. Kpome toro,
O’KHIA€TCsI, YTO KOCMHUYECKNE SHTY3HACThI, HE
OTHOCSILINECS K COCTOSITEIIBHOMY HACEJICHHIO,
OynyT reHepupoBaTh CKPOMHBIH
TOTOJHUTEIBHBIHN CITPOC (MPUMEPHO Ha S
NPOIIEHTOB OOJIbINE).

B gactHOM cexTope BenyTcst paboThI IO
CO3IaHUI0 CyOOPOUTANTBHBIX U OPOUTATBHBIX
kopabuelt, CnocOOHBIX TOCTABIIATE TPY3bI
W/WIM TIacCaXXUpoB B KocMoc. Heckonmbko
MPOEKTOB KOCMUYECKHX Kopadiei u
KOMMEpPUECKUX (PUPM, 32 KOTOPBIMH S CIIEKY,
BKJIFOYAIOT CJIEAVIONIEE:

Armadillo Aerospace is a developer of
reusable rocket-powered vehicles. The
company is focused on vertical-takeofT,
vertical-landing suborbital research and
passenger flights, with an eye toward eventual
paths to orbit. It has an impressive track record
of several hundred flight tests spread over two
dozen different vehicles. This space startup is
demonstrating a number of technologies it
plans to incorporate into a crewed suborbital
reusable launch vehicle.

* Blue Origin, backed by Jeff Bezos of
Amazon.com fame and fortune, is developing
the New Shepard system, a rocket-propelled
vehicle designed to routinely fly multiple
astronauts into suborbital space at competitive
prices. The New Shepard system can provide
frequent opportunities for researchers to fly
experiments into space and a microgravity
environment. Flights will take place from Blue
Origin’s own launch site, which is already

Armadillo Aerospace — pazpaboTunk
MHOT'OpPAa30BbIX PAKETHBIX TPAHCIIOPTHBIX
cpencts. Komnanus cocpenoTodeHa Ha
CyOOpOUTANTBHBIX UCCIICIOBAHUSX C
BEPTHKAJIBHBIM B3JIETOM, BEPTUKAJIBHOM
MOCAIKOM U MACCAKUPCKUX MOJETAX C
MPHULEJIOM Ha BO3MOKHBIE MyTH BbIXO/A HA
opbuty. Y HEro BNEYaTISIOUIUH TOCTYKHON
CIIUCOK U3 HECKOJIbKUX COTEH JIETHBIX
UCTIbITAHUN Ha JABYX JECATKAX PAa3THYHBIX
TPAHCIIOPTHBIX CPEACTB. ITOT KOCMHYECKUI
cTapran IeMOHCTPUPYET P TEXHOJOTHIA,
KOTOpBIE OH MJIAHUPYET BHEAPHUTD B
MHOTOPA30BYIO CYOOPOUTANILHYIO paKeTy-
HOCHTEJIb C SKUIAKEM.

* Blue Origin npu nognepsxke xedda besoca
u3 Amazon.com, paspadaTeiBaeT cucteMy New
Shepard, pakeTHbIiT IeTaTeLHBIN anmapar,
npefHa3HAYSHHBIN [JIs PEryJIIPHOTO 3amycKa
HECKOJIbKHUX aCTPOHABTOB B CyOopOUTanbHOE
MPOCTPAHCTBO MO KOHKYPEHTOCTIOCOOHBIM
neHam. Cucrema New Shepard mosket gacto
NPEIOCTABJISATH UCCISIOBATENSIM BO3MOKHOCTD
MPOBOIUTH SKCIEPUMEHThI B KOCMOCE U B
yCJIOBUSIX MUKporpaButauun. [1onérel OyayT




operating in West Texas

OCYIIECTBIISATHCS] C COOCTBEHHOM CTapTOBOM
wromanku Blue Origin, xkotopas yxe paboraer
B 3anagHoM Texace.

Boeing is developing a commercial crew
vehicle, the CST-100, which can be launched
on a variety of launch vehicles. The Boeing
system will provide crewed flights to the
International Space Station and also support
the Bigelow Aerospace orbital space complex.
The CST-100 is a reusable capsule-shaped
spacecraft based on flight-proven subsystems
and mature technologies. The system can
transport up to seven people, or a combination
of people and cargo.

» Masten Space Systems designs, builds, tests,
and operates reusable launch vehicles. The
entrepreneurial firm sees quick turnaround
times for reusable launch vehicles, there by
spurring an increase in flight rate—a way to
drive down the cost of space access—and
permitting more people to reach space. The
company is developing fully reusable vertical
takeoff, vertical landing launch vehicles;
technology and concept demonstration;
technology acceleration; and engineering
services.

* Orbital Sciences, formed in 1982, is
manifested to conduct resupply missions to the
International Space Station (ISS) using its new
Antares launch vehicle from NASA’s Wallops
Flight Facility at Wallops Island, Virginia. The
company is teamed with NASA to offer
commercial orbital transportation and resupply
services. Orbital is offering the Cygnus
advanced maneuvering spacecraft and a
module to deliver pressurized cargo to the
International Space Station. Under NASA
contract, Orbital will conduct eight cargo
missions beginning in 2013 to complement
Russian, European, and Japanese ISS cargo
vehicles

Boeing pa3pabaTbiBaeT KOMMEPYECKHIA
mtotupyembiil kopadae CST-100, koTopsrit
MOYKHO 3aITyCKaTh Ha PAa3JINYHBIX PaKeTax-
Hocutensix. Cucrema Boeing Oyner
o0ecreynBaTh MUJIOTHPYEMBIE MTOJIETHI HA
MesxnyHapOAHYE0 KOCMUYECKYIO CTAHLUIO, a
TAKXKe MMOePKIUBATH OPOUTATBHBIN
KocMu4decknii komrieke Bigelow Aerospace.
CST-100 — 3T0 MHOrOpa30BbIi KOCMUUYECKH
KOopadJib B popme Kamncysibl, OCHOBAaHHBIN Ha
UCTIBITAHHBIX B IOJIETE TIOCUCTEMAX U 3PEJIbIX
TexHoNorusx. CucremMa MOXKeT epeBO3UTh 10
CeMH YEJIOBEK MM KOMOMHALIHIO JIFOAEeH U
rpysa.

* Masten Space Systems NpoeKTUpYeT, CTPOUT,
UCTIBITBIBAET U SKCILTYaTHPYET MHOTOPa30BbIe
pakerbl-HOcuTenu. [IpennpruHUMaTenbCKas
¢dupma BuauT ObICTpOE BpeMst 00opoTa
MHOT'OPa30BbIX PAKET-HOCUTEJIECH, CTUMYJIUPYSI
YBEJIIMYEHHUE CKOPOCTH MOJIETa — CIIOCO0
CHHM3HUTb CTOUMOCTb JIOCTYIIa B KOCMOC — U
TIO3BOJIsIst OOJIBIIEMY KOJIMYECTBY JIFOACH
nocTrub kocMoca. Kommanust pazpadarsiBaer
MOJTHOCTBIO MHOTOPA30BbIE PAKEThI-HOCUTEIIH
BEPTUKAJIBHOTO B3JIETA M BEPTUKAIBHON
MOCAAKH;, IEMOHCTPALHS TEXHOJIIOTHH U
KOHILIETILIUH;, YCKOPEHNUE TEXHOJIOTHIA; U
WH)KEHEPHBIC YCITyTH.

» Kommnanwms Orbital Sciences, co3naHHas B
1982 ropy, mpu3BaHa BBINOIHATE MUCCHH IO
MOMNOJIHEHHUIO 3a11acoB Ha MexnyHapoaHON
kocmudeckoi cranimn (MKC) ¢
HCIIOJIb30BAHUEM CBOEH HOBOH PaKeThI-
HocuTenst Antares ¢ JIETHOTO KOMILJIEKCa
HACA Yomnnonc Ha octpoBe Y 0iIonc, mraT
Bupmxuaus. KoMmnanust o0beuHIIACH C
HACA, uT00BI MpeIoKUTh KOMMEPUYECKHE
YCIYTH MO OpOUTANbHON TPAHCTIOPTUPOBKE U
nonosHeHnto 3anacos. Orbital mpennaraer
YCOBEPLICHCTBOBAHHBII MAaHEBPEHHBII
KocMHu4eckuii kopabnp Cygnus 1 MOy JIb ISt
JIOCTaBKU T€PMETHYHBIX IPy30B Ha
MesxnyHapOaHYI0 KOCMUYECKYo cTaHiuio. [1o
koHTpakTy ¢ HACA Orbital BemmosHHT BOCEMb
rpy30BbIX MUCCHI, HaunHas ¢ 2013 roxa, B
JOTOJHEHNE K POCCUICKUM, EBPONEHCKUM U
STIOHCKUM TI'py30BbIM Kopadisim MKC.

» Sierra Nevada is advancing the development
of a commercial crew space transportation

» Sierra Nevada nponsuraer pa3paboTky
KOMMEPUYECKON KOCMUYECKON CUCTEMBI




system. The Dream Chaser is based on
NASA’s HL-20 lifting body design and would
be launched on the Atlas V launch vehicle into
Earth orbit. The Dream Chaser’s lifting body
shape offers increased cross range and lower g-
forces on entry than a capsule design,
providing more landing opportunities and a
more benign entry environment for crew and
science experiment return.

* XCOR Aerospace rocketeers build reusable
rocket-powered vehicles, propulsion systems,
advanced nonflammable composites, and
rocket piston pumps. XCOR is building the
Lynx, a piloted, two-seat, fully reusable liquid
rocket—powered suborbital vehicle that takes
off and lands horizontally. The Lynx family of
vehicles is geared toward research and
scientific missions, private spaceflight, and
microsatellite launch. An objective of the
group is to fly Lynx commercial vehicles to
100-plus kilometers in altitude up to four times
per day

TpPaHCTIOPTUPOBKH dkumnaxa. Dream Chaser
OCHOBaH Ha KOHCTPYKIIMH NOJBEMHOTO
kopriyca NASA HL-20 u Oyner 3amyckaTbest
Ha OKOJIO3€MHOI OpOUTE C IOMOIIBIO PAKEThI-
Hocurens Atlas V. ITogpémuast opma
kopmyca Dream Chaser obecneunBaer
YBEJIMYCHHYIO MOTEPEYHYIO JaIbHOCTD TOJIETa
U MEHBLIYIO TIEPETrPy3Ky MPH BXOAE MO
CPAaBHEHUIO C KAaNCyJbHOH KOHCTPYKLUEH,
obecrieyrBast GOJIbIIE BO3MOXKHOCTEH ISt
nocaaku u bonee OIaronpusITHBIE YCIOBUS
BXOZa IS SKUIaKa U BO3BPALIECHUST HAYYHBIX
SKCIIEPUMEHTOB.

* Pakerunku XCOR Aerospace co3marot
MHOT'OPa30BbI€ PAKETHbIC TPAHCTIOPTHBIC
CPEeACTBa, CUJIOBBIE YCTAHOBKH, NIEPEIOBBIC
HETOPIOYHE KOMITIO3UTHI U PAKETHBIE
nopuiHesble Hacockl. XCOR crpout Lynx,
MUJIOTUPYEMBIH, IBYXMECTHBIN, MOTHOCTHIO
MHOT'OPa30BbIi CyOOpOUTANBHBIN anmapar ¢
JKUJIKOCTHOHM PaKeTON, KOTOPBI B3JIETAET U
npU3eMJIISIETCsl TOpU30HTaIbHO. CeMencTBO
anmaparoB Lynx npenHazHaueHO AJis
UCCIIEIOBATEIBCKIX U HAYYHBIX MUCCHI,
YaCTHBIX KOCMHYECKUX TMOJIETOB U 3aITyCKa
MHUKPOCIYTHHKOB. 3a/1a4a rpyTIibl - 3aMyCKaTh
KOMMepUeCcKre aBToMOOMIN Lynx Ha BBICOTY
6onee 100 KUIOMETPOB IO YETHIPEX Pa3 B
JICHb.

Global Space Economy

I'nob0aabHasg KOCMHYECKAS YKOHOMHKA

When you look at the global space economy, a
striking dollar number stems from a yearly
read of the Space Foundation’s appraisal of the
situation. The nonprofit Space Foundation of
Colorado Springs, Colorado, is a leading
advocate group for all sectors of the space
industry and hosts the annual National Space
Symposium—a heady gathering of
professionals from all sectors of space, which I
regularly attend.

In its Space Report 2012: The Authoritative
Guide to Global Space Activity, the Space
Foundation flags the growth in the around-the-
world space economy to nearly $290 billion in
2011. That tally reflects a surprisingly robust
single-year expansion of 12.2 percent and five-
year growth of 41 percent in a global economy
that has been suppressed in many other sectors.
That grand total comprises worldwide
commercial revenues and government budgets,

Korza Bbl cMOTpUTE HA MUPOBYIO
KOCMHUYECKYIO0 SKOHOMMKY, TOpa3UTeIbHast
udpa B 10J1apax CBsI3aHA C €KErOAHbIMU
oueHkaMu cutyarun Kocmuueckum GpoHaoM.
Hexommepueckuii kocMudecknii GoHL
Konopano-Cnpunrc, mrat Konopazno,
SIBJISIETCS] BEAYILEeH MPYIINON 3allUTHUKOB BCEX
CEKTOPOB KOCMHMUYECKOH OTpaciu U MPOBOAUT
exxerogHblii HanimonanbHbI KOCMUYECKUI
CHMITO3UYM — OXXHMBIIEHHOE coOpaHme
npodeCCHOHAIOB U3 BCEX CEKTOPOB KOCMOCA,
KOTOPBIE 51 PETYJISIPHO MOCEINA0.

B cBoém «Otuére 0 xocmoce 3a 2012 rox:
aBTOPHUTETHOE PYKOBOJCTBO IO II100abHON
KOCMHUYECKON JeSTEIbHOCTH» Space
Foundation ormeuaeT poct MUpPOBOI
KOCMHUYECKOHU PKOHOMHKH HOoUTH 00 290
MUJLTHApA0B Aoutapos B 2011 roay.
MATHJIETHUN POCT MUPOBOUM 3KOHOMHUKH Ha 41
NPOIIEHT, KOTOPBIH ObUT IOAABJIEH BO MHOTHX
OPYTUX CeKTopax. Jta odmmasi cymma
BKJIIOUAET MUPOBBIE KOMMEPUECKHE AOXObI U




compiled from original research and a wide
variety of public and private sources and
analyzed by Space Foundation researchers.
The 12.2 percent increase is calculated on a
2010 total of $258.21 billion

rOCYAapCTBEHHBIE OFOJIKETHI, COCTABJICHHBIC
HA OCHOBE OPUTMHAJIBHBIX UCCIEIOBAHUN U
LIMPOKOTO CHEKTPa rOCY1apCTBEHHBIX U
YAaCTHBIX HCTOYHUKOB U MPOaHAIN3UPOBAHHbIE
uccnenosarensiMu Kocmuueckoro ¢poHza.
VYBenuueHue Ha 12,2 npoueHTa pacCUUTaHO Ha
obmyro cymmy 258,21 muinapaa 1oJaapoB B
2010 rony.

According to The Space Report 2012, overall
governmental space spending grew by 6
percent globally, although changes varied
significantly from country to country. India,
Russia, and Brazil each increased government
space spending by more than 20 percent. Other
nations—including the United States and
Japan—saw very little change from previous
years.

On issuing the report during the 28th National
Space Symposium, Space Foundation Chief
Executive Officer Elliot Pulham explained that
space is good business, “with vast social and
economic benefit.” But he went on to add:
“Sadly, these data reflect a continuation of the
trend that sees the U.S. losing ground
compared to other spacefaring nations,
including both established and emerging space
powers.”

Here are a few facts and analyses from The
Space Report 2012 worth paying attention to,
much of the information good news, but some
of it troubling;

* In 2011 there were 84 launches, 14 percent
more than the previous year; Russia led with
31, China had 19, and the United States had
18, marking the first time that Chinese
launches exceeded those of the United States.
The United States led in launch vehicle
diversity, with eight types of orbital rockets
launched throughout the year.

* At the end of 2011 there were an estimated
994 active satellites in orbit around Earth.

» The U.S. space workforce declined for the
fourth year in a row, dropping 3 percent from
259,996 in 2009 to 252,315 in 2010 (the most
recent year for which data is available); this
was the second lowest employment level

Cornacuo The Space Report 2012, obmue
rOCYAapCTBEHHBIE PACXOIbl HA KOCMOC
BBIPOCJIH Ha 6 IPOLIEHTOB BO BCEM MHpE, XOTS
U3MEHEHHsI 3HAYUTEIbHO BAPbHUPOBAIUCH OT
cTpansbl k crpade. Muaus, Poccus u bpasunus
YBEJINYHIIN TOCYJAPCTBEHHBIE PACXO/IbI HA
kocMoc Oonee yem Ha 20 mpoueHToB. B npyrux
crpanax, Bkimovas CHIA u Anonuto, o
CPaBHEHHIO C MPEIbIAYIIUMHU TOIaMHU
MPOM30LLIN OYeHb HEOOBIINE U3MEHEHHUSI.
Brmyctus otuér Ha 28-m HanmonansHoMm
KOCMHYECKOM CHMITO3UYME, TJIaBHBIN
UCTIOJTHUTENbHBIN nupekTop Space Foundation
Dot Iynxsm 0ObACHUI, YTO KOCMOC — 3TO
XOPOUIHA OM3HEC, «IPUHOCSAIINA OTPOMHBIE
COLIMAJIbHBIC U SKOHOMUYECKHE BeIroabny. Ho
nanee oH nobaBm: «K coxkaneHHIo, 3TH
TaHHbIE OTPAKAIOT MPOIOJKEHUE TEHACHLIUH,
cornacHo kotopoit CIIIA TepsroT mo3uuuu no
CPaBHEHHIO C APYTUMH KOCMHYECKUMHU
IeprKaBaMH, BKJIFOUAs KaK YCTOSIBLIMECS, TaK U
HOBbIE KOCMHYECKHUE JEPIKABBDY.

Bort Heckonbko (hakToB u aHau30B U3 The
Space Report 2012, Ha KOTOpBIE CTOUT
oOpatuTh BHUMaHUe, OONbINAs 4aCTh
UH(POPMALIUK XOPOIIasi, HO €CTh U TPEBOKHBIE!

* B 2011 r. 6bu10 ponseeneHo 84 mycka, 4To
Ha 14% Oorpine, 4eM B IpeabIAyIIeM TONy;
Poccus nunuposana ¢ 31 3anyckom, Kuraii -
19, a Coequnénnsie IllTare! - 18, 4ro crano
MEPBBIM CJIy4aeM, KOTrja KUTaliCKUe 3aIyCKH
npesbicuiy 3anycku CoeanHénHbix LIITaToB.
Coenunénnble IlltaTsl TUAMPOBAIH 11O
pa3HOOOPa3HI0 paKeT-HOCUTENEH: B TEUEHNE
rozia ObUIO 3aIyIEeHO BOCEMb THITOB
OpOUTANBHBIX PAKET.

* B xonne 2011 r. Ha opOute BOKpyT 3emiiu
HAXOAMJIOCH MPUOTU3UTETHHO 994 aKTHBHBIX
CITyTHHKA.

» Kocmuueckast pabouas cuna CIITA
COKpallaeTcsi YeTBEPTHIN roJ1 MOAPSL,
COKpAaTUBIIUCH Ha 3 mpoLeHTa ¢ 259 996
yenosek B 2009 rony 1o 252 315 yenosek B




recorded during the previous ten years.

* Average annual space industry salaries were
15 percent more than the average salary for the
ten science, technology, engineering, and
mathematics careers that employ the largest
number of people in the United States; in 2010
the average space industry salary was $96,706,
more than double the average U.S. private-
sector salary; the states with the highest
salaries were Colorado, Maryland,
Massachusetts, California, and Virginia.

2010 rony (mocienHuii rof, Mo KOTOPOMY
UMEIOTCS TaHHBIE); 5TO OBLT BTOPOH CaMblit
HU3KHUH ypOBEHb 3aHATOCTH,
3aperucTpUpPOBaHHbIN 3a NMpeAbIAyIINe NeCITh
JeT.

» Cpenneronosas 3apadoTHAas 1JIaTa B
KOCMHUYecKoH oTpacnu Ha 15% npesblinana
CPEIHIO0 3apa0OTHYIO TUIATY B JECSTH
npodecCusix, CBA3aHHBIX C HAYKOM,
TEXHOJIOTUSIMH, UH)XEHEPUENH U MATEMATUKOM,
B KOTOPBIX 3aHITO HAUOOJIbILEE KOJTHMIECTBO
monei B Coenunénnnix lTarax; 8 2010 rony
CpenHss 3apIulaTta B KOCMUYECKOH oTpaciu
coctasisia 96 706 nonnapos, uro Gosee uem
BIBO€ NPEBBILLIAET CPEAHIOIO 3apIUIaTy B
yacTHOM cekTope CIIA; IlItatamu ¢ cambiMu
BBICOKUMH 3aprutatamu 0bi1r Konopano,
Mbspunenn, Maccauycerc, Kanndopuus u
Bupmxunus.

More than 70 percent of the NASA workforce
is between 40 and 60 years old, with less than
12 percent under age 35, compared to the
overall U.S. workforce, where less than 45
percent is between 40 and 60.

* Thirty-four percent of U.S. fourth graders and
30 percent of eighth graders performed at or
above the proficient level in science in 2009;
40 percent of fourth graders and 35 percent of
eighth graders scored at proficient or higher
levels in math in 2011, an improvement over
past years

Bonee 70 npouentos padoueii cuiet HACA
COCTAaBJISIIOT JIFOAU B Bo3zpacte oT 40 no 60 ner,
13 HUX MeHee 12 NpoLeHToB MoJioxke 35 JerT,
Mo CpaBHEHUIO ¢ o01el pabdoueit cuoit CIIIA,
rae MeHee 45 NpOLeHTOB COCTABJISAIOT JIKOIU B
Bo3pacte ot 40 go 60 ner.

* B 2009 r. 34% yuaimuxcs 4eTBEPTOro Kjacca
B CIIIA u 30% BOCBMUKJIACCHUKOB JIOCTUTJIH
WJIM NIPEBBILIANN YPOBEHb 3HAHUH 1O
ecTtecTBeHHbIM HaykaM; B 2011 rony 40
MIPOLICHTOB YETBEPOKJIACCHUKOB U 35
NPOIIEHTOB BOCBMHKJIACCHIKOB Habpasu
xXopoiue win 0oJiee BICOKHE OaslTbl 1Mo
MaTeMaTHKe, YTO SIBJSAETCS YJIyUlIeHUeM Mo
CPaBHEHHUIO C MPOLLUIBIMHU FOJIAMU.

Changes in Trajectory

HN3meHeHHs1 B TPACKTOPHH

Quite a few trends were reported in The Space
Report 2012, developments likely to affect
space activity for years to come. They include
changes in the trajectory of human spaceflight;
national budget austerity that leads to
programmatic uncertainty; increasingly
prevalent and diverse partnership models; and
the maturing relationship between government
and commercial space.

This last trend couldn’t be more epitomized
than by a milestone reached last year. For the
first time, an American private spacecraft was
launched and then was docked at the
International Space Station. That historic
berthing of the automated SpaceX Dragon
supply ship was followed by a successful
splashdown of the capsule in the Pacific

B The Space Report 2012 coobmaetcs o
HECKOJIbKUX TEHJICHIIUSX, KOTOPBIE, BEPOSITHO,
MOBJIUSIFOT HA KOCMHYECKYIO JAESITEIbHOCTD B
onmmxkaiimue roasl. K HUM oTHOCATCS
WU3MEHEHUS TPAeKTOPHH TMOJIETA YEJIOBEKA B
KOCMOC; *KECTKAsi 9KOHOMUS HAIIIOHAJIHbHOTO
OroKeTa, KoTopast BenET K MPOrpaMMHON
HEOoNpeneNEéHHOCTH, BCe Ooee
pacripocTpaHEHHBIE U pa3HOOOpa3HbIe MOAETH
MapTHEPCTBA, W CO3PEBAHUE OTHOLICHHMA
MEKITy MPABUTEIBCTBOM U KOMMEPYECKIUM
MPOCTPAHCTBOM.

DTa mocneaHsisl TEHIEHIUS He MOXKeT OBbITh
OoJiee IpKO BBIpAKEHA, YeM BeXa, TOCTUTHYTasI
B IIPOLLIOM rony. BriepBbie ObLT 3amyimneH u
MPUCTBIKOBAH K MeKayHapOaHON
KOCMHWYECKON CTAHLIUH aMEPUKAHCKHI




Ocean. It was a powerful message about
innovation and private commerce in space and
exemplified the clout of NASA-funded U.S.
competition to help plug up the country’s loss
of capacity now missing in action with the
retirement of the space shuttle.

The occasion did not go unnoticed by the
White House, and they requested my
comments. I was glad to oblige, writing:

This week’s successful launch and delivery of
logistics supplies to the International Space
Station by a U.S. commercial space company,
reminds us that where the entrepreneurial
interests of the private sector are aligned with
NASA’s mission to explore, America wins.
Falcon 9’s maiden flight to ISS—and the other
commercial space launches that liec ahead—
represent the dawn of a new era in space
exploration. Nearly 43 years after we first
walked on the moon, we have taken another
step in demonstrating continued American
leadership in space.

YaCTHBIA KOCMUYECKH KOpabib. 3a 3TUM
HUCTOPUYECKHUM MIPUYAIOM
aBTOMATH3UPOBAHHOTO KOPadisi CHaOKeHUs
SpaceX Dragon nocienosaio yCremHoe
IIPUBOJHEHUE Karcybl B TUxoM okeaHe. ITo
OBUIO MOIIHOE MOCTaHNe 00 MHHOBALUSX U
YaCTHOU KOMMEPLIMU B KOCMOCE, KOTOPOE
MIPOAEMOHCTPUPOBAJIO BIHSHUE
¢unancupyemoit HACA konkypenunu CIIIA,
HAIpaBJIEHHON Ha TO, YTOOBI BOCIIOJIHUTh
MOTEPU CTPaHbl, KOTOPBIE TeNePb OTCYTCTBYIOT
B ACMCTBUM H3-3a BbIBO/IA U3 DKCILTyaTalluu
KOCMHUYECKHUX YEJTHOKOB.

Crnydaii He ocTascst He3aMeUeHHbIM B benom
ZIOMe€, U OHU 3allPOCUJI MOM KOMMEHTapuu. A
OBLI paj yCIIy>KUTh, HATIFCAB:

VYcnemHsli 3amyck U JOCTaBKa JJOTHCTUYECKUX
MaTepuajoB Ha MexayHapoaHyIO
KOCMHUYECKYIO CTAHL[UIO aMEPUKaHCKOU
KOMMEPUYECKON KOCMUYECKON KOMIaHUEeH Ha
STOH HeJlesie HAIOMUHAET HaM O TOM, UTO TaM,
rae npeanpuHUMaTeIbCKue HHTEPECHI
YaCTHOI'O CEKTOpa COBMAJAIOT C
nccnenoBarenbckon muccueit HACA,
Awmepuka nobexxnaer. I[Tepseiii nosier Falcon 9
k MKC u npyrue koMMepueckre KOCMUYECKHe
3aMyCKH, KOTOpbIE 0XKMIAOTCS BIIEPEH,
MPEICTABIISIFOT COOOM 3apI0 HOBOM 3PbI B
ocBoeHNH KocMmoca. Criiyctst mouTu 43 roga
MocJie TOro, KaK MbI BIIEpBbIE CTYIMIIN Ha
JlyHy, MbI crienanu emeé oiuH 1ar B
J€MOHCTpPALMK [TOCTOSIHHOTO JINAEPCTBA
AMepUKHU B KOCMOCE.

Joining me with additional thoughts were
leaders in the space community, such as my
longtime friend Norm Augustine, retired
chairman and CEO of Lockheed Martin.
“Successes in commercial space transportation
are not only important in their own right,”
wrote Augustine, “they also free NASA to do
that which it does best ... namely, push the
very frontiers of space and knowledge.”
Likewise, Bill Nye, CEO of the Planetary
Society, drew attention to the event, calling it a
huge step and a milestone that enables cheaper,
more reliable access to space. “Investments
like this, where the private sector and
government work together on technical
challenges, strengthens our economy by
making advanced technology and innovation
part of our culture,” Nye said.

Ko MHE ¢ TONOTHUTENbHBIMU MBICIISIMUA
MPUCOCTMHIINCH JTUIEPhl KOCMHYECKOTO
coofriecTBa, TaKUe KaK MOW JTaBHUN APYT
Hopwm ApryctuH, ObIBIINH TpeACcenaTeNb U
TJIABHBIA UCTIOJTHUTENbHBIA JUPEKTOP
Lockheed Martin. «Ycrnexu B KOMMEpPUECKUX
KOCMHYECKHX TePEBO3KAaX BAXKHbI HE TOJBKO
camu 1o cede, — mucan ABIyCTUH, — OHH
tarcke no3sossitoT HACA nenatsb To, 4TO Yy
HUX I0JIy4aeTcs JIy4lle BCEro... a UMEHHO,
PaCLIMPSTh TPAHULIBI KOCMOCA U 3HAHHID.
TouHo Tak >xe bunn Haii, renepanbHblii
mupexTop [lnanerapaoro odimectsa, oOpaTuin
BHUMAaHHE HA 3TO COOBITHE, HA3BAB €T0
OTPOMHBIM IIArOM U BaXKHOW BEXOH, KOTOpas
obecrieunBaeT Ooee NEUIEBBIN H HANEKHBIN
noctyn B kocMoc. «ITonoOHbIe HHBECTUIINH,
KOTJ]a YaCTHBIA CEKTOP U MPABUTENBLCTBO
COBMECTHO PEHIAIOT TEXHUUECKUE 3a/1a4H,




“With the success of commercial partnerships
like this, NASA will have the resources to
reach farther and deeper into the cosmos so
that we may all further know and appreciate
our place in space.

YKPEIUIAIOT Hallly 3KOHOMUKY, Jlefiasi
nepeoBble TEXHOJIOIMHU U HHHOBALIMU YaCTbhIO
Halle KynbType», — ckasan Hail.
«bnaronaps ycnexy Takux KOMMepPUECKHUX
napTHEPCTB, Kak 310, y HACA OynyT
pecypcel, 9TOOBI MPOHHUKATH BCE NANbLIE U
riy0ke B KOCMOC, YTOOBI MbI BCE€ MOTJIN
Jydllle y3HaTh U OLIEHUTb CBOE MECTO B
KOCMOCE.

My Apollo program colleague astronaut Rusty
Schweickart helped round out the fanfare,
calling the arrival and docking of the Dragon
space capsule at the ISS more than historic. “It
is, in fact, the beginning of a new era in space
exploration, one in which private industry and
individual initiative will begin leading the way
in the use of near-space activity,” said
Schweickart, echoing my beliefs. “This is not
only exciting and momentous, but is fully in
keeping with the American character of risk
taking and consequent reward. The long-term
results of this ‘first’ are beyond our ability to
see at the beginning of this era, but there is no
doubt that it will serve as a huge incentive for
young people who now have firm evidence of
the value, and opportunity for individual
initiative,” he added. “Near-Earth space is now
firmly a regular part of the human environment
along with the air, water, and land. The future
is now, once again, opened to imagination,
creativity, and dreams!”

I applaud all these comments and see the
achievement by commercial rocketeer Elon
Musk and his SpaceX team as a first step.
Others will follow, cultivating new capabilities
that drive down costs and further secure a
private-sector toechold in low Earth orbit

Moii xonsera no nporpaMmMe «ATOJIOHY,
actponaBT Pactu IlIBeiikapT, noGasun
(bandapsl, Ha3BaB MPUOBITHE U CTHIKOBKY
Kocmudeckoro kopadis «Jlpakon» ¢ MKC
0oJiee YeM HCTOPUUYECKUM COOBITHEM.
«DaKTUYECKH 3TO HA4aJIO HOBOU 3PHI B
OCBOEHHUH KOCMOCA, KOTJja YaCTHasI
MIPOMBILIJIEHHOCTb U MHAUBUYaJIbHAas
MHUIMAaTHBa HAYHYT JIUJHUPOBATh B
UCTIOJIB30BAHUH JIESITEIBHOCTH B OJIMKHEM
KocMocey, — ckasan [lIserikapT, BTOpst MOUM
yOexneHusiM. «ITO HE TOJBKO 3aXBaThIBAIOIIIE
U Ba)XXHO, HO U MOJHOCTBIO COOTBETCTBYET
aMepUKaHCKOMY XapakTepy MPUHATHS pHUCKa U
MOCJIEAYIOLIEr0 BO3HATPAXKIEHHUS.
JlonrocpouHble pe3ysbTaThl 3TOrO IEPBOTO»
3a MpeaeNnaMu Hallel CnocOOHOCTH BUIIETh B
HavaJje 3TOH 3pbl, HO HET COMHEHMH, 4YTO 3TO
MOCJTY>KUT OTPOMHBIM CTUMYJIOM JUJIsl MOJIOABIX
JIOAEH, y KOTOPBIX TeNepb €CTh TBEPIOE
JI0Ka3aTeNbCTBO LIEHHOCTH U BO3MOXKHOCTEH.
M0 UHAUBUAYaNbHON MHUINATHBE», —
nobasms oH. «OKOJI03€MHOE MPOCTPAHCTBO
MIPOYHO BOIIJIO B Cpely OOMTAHUS YeIOBEKa
Hapsay ¢ BO3AyXOM, BOAOH U 3emu€il. Tenepp
OyayInee CHOBa OTKPBITO JJIsl BOOOpaKEHMH,
TBOpUYECTBA U MeuTaHuii!»

5] npuBeTCTBYIO BCE 3TU KOMMEHTapUU U
paccMaTpuBar0 AOCTUKEHHE KOMMEPUECKOro
paketunka Mnona Macka u ero KoMmaHbl
SpaceX kak mepBbIii mar. 3a HUIMHU MOCJICAYIOT
U JIpyrue, co3aBas HOBbl€ BO3MOXKHOCTH,
KOTOpbIE CHIDKAIOT 3aTPaThl U eé OosbIne
YKPEIUIAIOT MO3ULIUK YaCTHOIO CEKTOpa Ha
HU3KOM OKOJIO3EMHOM OpOuTe.

4 Dreams of My Moon

4 Meutnl 0 moeii JIyne

People often ask me to recount my Apollo 11
moonwalking experiences, my reminiscences
of being on the moon. When I reflect on that
magical, transformative moment in my life,
several things jump out at me.

One thing to keep in mind: President Kennedy
said send a man to the moon and bring him

MeHst 4acTO MPOCAT PaccKa3aTh O MOEM OIBITE
JYHHOU MPOTyJIKU Ha « Anojutone-11», o Moux
BOCIIOMHHAHUSX O MpeOpiBaHuM Ha JIyHE.
Korna st pasmpiuisiio 00 3ToM BOIIIEOHOM,
npeoOpasyroIeM MOMEHTE B MOEH KH3HU, MHE
Opocaercs B rJ1a3a HECKOJIBKO BEIleH.

Crnenyer MMeTh B BUly OFHY BELIb: IPE3UACHT




back safely—a man. We could have satisfied
that goal by having a person land on the lunar
surface, look out the window, maybe deploy a
robot, but not open the hatch to the
environment. Instead, we chose to have two
astronauts moonwalk because of the buddy
system.

Thanks to that decision, Neil Armstrong and 1
stood on the shores of an inhospitable, desolate
yet magnificent landscape. Looking at Earth
from that perspective, everything I knew and
loved lay suspended overhead, residing on a
small, fragile, bright blue sphere engulfed by
the blackness of space.

What I didn’t anticipate until my return to
Earth is that America’s success in achieving
the first landing of humans on the moon was
viewed as a success for all humankind. Now
that’s a buddy system! People from every part
of the world took pride in collectively
declaring, “We did it.” Second, in undertaking
the Apollo 11 mission, there was a rediscovery
of our own precious planet Earth. It’s a very
special cradle of life that we all reside on.

My stay on the moon is filled with countless
other recollections as well

Kennenu ckasan oTnpaBuTh YenoBeka Ha JIyny
U BEPHYTb €r0 B LIEJIOCTU U COXPAHHOCTU —
yejaoBeka. Mbl MOTJIH ObI JOCTUYb 3TOM LIENH,
ecJii Obl YeJIOBEK MPHU3EMITIIICS Ha JTYHHYIO
MOBEPXHOCTh, [IOCMOTPEJ B OKHO, MOXKET
OBITh, 3aMyCTHJI POOOTA, HO HE OTKPBIBAJ OBI
JIIOK B OKpYy>Karollyto cpeny. Bmecto 3Toro mel
BBIOpAJIM JBYX aCTPOHABTOB JJIsl BBIXO/IA HA
JlyHy u3-3a cucTeMbl HalTApHUKOB.

brnaronaps sToMy pereHuro Mol ¢ Hunmom
APMCTPOHIOM OKa3aJIuCh Ha Oepery
HEroCTENPUUMHOTO, ITyCTBIHHOTO, HO
BEJIMUECTBEHHOTO nei3axa. [ s Ha 3emito ¢
STOM TOUYKH 3PEHUs, 1 YBUJEIN, YTO BCE, YTO 5
3HaJ 1 MOOWJI, OABEIIEHO HaJl TOJIOBOM, Ha
MaJIEHbKOM, XPYIIKOM, SIPKO-ro1yOoM mape,
MOMIOLEHHOM Y€PHOTOH KOCMOca.

Yero 51 He o3kHaN IO CBOETrO BO3BpAILEHUS Ha
3eMIIt0, TaK 3TO TOTO, YTO yclieX AMEpPUKHU B
OCYLLECTBJIEHUH NEPBOM BBICATKH JIOJCH HA
JlyHy paccmatpuBajcs Kak ycrex BCero
yenoseuecTa. Bot 310 cucrema npyseii!
JIroqu co BCex yrojakoB MHpa FOPAUIIUCH
KOJUIEKTUBHBIM 3asiBlieHHeM: « MBI caenaiu
5T0». BO-BTOpBIX, MPU BBINOJHEHUN MUCCUU
«Anosnon-11» Mpl 3aHOBO OTKPBUIN HAIy
COOCTBEHHYIO APAroLeHHYIO IUIAHETY 3eMJIs.
3710 0cobast KoNBIOETb JKU3HHU, B KOTOPOH MBI
BCE KUBEM.

Mo¢ npebbiBaHme Ha JIyHe HAarmONIHEHO
0eCUYHCIEHHBIM MHOKECTBOM JIPYTHX
BOCITOMHHAHUM.

Once I set foot on the moon, I checked my
balance and peed in my space suit’s urine
collector. I took note that each time I put my
foot down there was a spray of dust. And when
that dust hit the ground it changed in albedo—
in reflectivity and color.

In looking back at that moment in time, putting
aside all the pre-mission training, there wasn’t
a big picture in my mind of the sequence of
what we were doing. We did take some
pictures walking around the lunar module. We
looked for any damage on the Eagle and at
what the ground looked like underneath our
lander. By the way, when I got through
walking around the Eagle, snapping photos, |
gave the camera to Neil. He took most of the
pictures. I’'m not trying to ease out of any
public relations perspective, but we were never
briefed on how important the PR pictures

Kaxk Tonpko s crynuin Ha JlyHy, s nposepun
cBOH OaJlaHC U MOMOYHIICS B COOPHHUK MOYH
Moero ckadannpa. A 3aMeTHI1, 4TO KasKIIbIi
pas, Koraa st HOKMMaJ Ha HOTY, MTOJHUMAJIach
nbUTb. M KOrma 3Ta mblib yraja Ha 3€MITI0, OHA
U3MEHMIIa ab0e0 — OTPaKaTEIbHYIO
CHOCOOHOCTB H IIBET.

OrmsinbiBasich Ha3a4 HA TOT MOMEHT BPEMEHH,
OTJIOXKHB B CTOPOHY BCIO MOJATOTOBKY MEpe.
MUCCHEM, 51 He TpeAcTaBIsiI cede olmeit
KapTHUHBI MOCIIEOBATEIBHOCTH TOTO, YTO MBI
nenany. Mbl crienanyi HECKOJIbKO CHUMKOB,
NPOTYJINBASICH 110 IYHHOMY MOZYJIFO. MBI
UCKaJIN Kakue-nmubo nospexnenus Ha Opie u
HAa TO, KaK BBITJISIIENA 3€MJIS [TOJ] HALITHM
nocasouHbIM MoayJsieMm. Kcraru, koraa s
nporyisuics o Opiy u caenan gororpaduu, s
otaan kamepy Humy. OH cnenan Gonblyro
4aCTb CHUMKOB. S He MBITa0Ch YHTH OT KAKOM-
7100 TOYKHU 3PEHUS 11O CBSI3SIM C




would be.

Our stay time on the moon was brief. But the
emotion of being first has been long lasting.
Still, as we both walked on the moon, I did
have the sense of not being as much a member
of a team as a follower. If Neil started to do the
wrong thing, I wouldn’t have known, because 1
wasn’t following a particular order of what we
were doing. In some ways, we were thrown out
onto the surface and expected to perform a
checklist by memory. Set up the flag. Open
rock boxes. Put an experiment in place

OOIEeCTBEHHOCTBIO, HO HAC HUKOTA HE
UH(POPMHUPOBAIIH O TOM, HACKOJBKO BaYKHBIMH
O6ynyt PR-¢potorpadum.

Bpewmst namero npeGriBanus Ha JIyae ObLTO
HenonruM. Ho 4yBcTBO ObITH IEPBBIM OBLIO
nonruMm. Tem He MeHee, Korna Mbl 00a TyJIsuTl
no JIyHe, y MeHsI JeCTBUTENBHO OBLIO
OLLYI[EHUE, YTO 51 HE CTOJIbKO UJIeH KOMaH/bl,
ckospKo BenoMblil. Eciin Ob1 Hut Havan
IenaTh YTO-TO HE TO, sl ObI HE Y3HAJ, TIOTOMY
YTO 51 HE CJIEI0BaJ OINpeNeNEéHHOMY MOPSIIKY
TOTO, YTO MBI fieanu. B kakoM-To cMbIciie Hac
BBIOPACHIBAIIO HA MOBEPXHOCTb U OXKHIAJIO
BBITNIOJTHEHUS! YEK-JIUCTa MO MaMATH.
Ycranosuts yar. OTKpbIBANTE SIIHKH C
kaMHsAMU. [IpoBeauTe sSkcriepuMeHT

o it was very extemporaneous. There was a
sense of, “Well, we’re here. Let’s go do what
we’re supposed to do. But what is next?” The
later Apollo moonwalkers had a little more
time to get used to the lunar environment.
One of the strongest sensations I recall is the
smell of the moon

O 510 OBUIO OYEHb UMIPOBU3UPOBAHO. BBLTO
omywenue: «Hy, mbl 30ecb. Uném nenate T,
yT0 nojukHbl. Ho uto naneme?» Y Gonee
MO3AHUX JIYHOXOJI0B ATIOJIOHA OBLIIO HEMHOTO
0oJIbIIIe BPEMEHH, YTOOBI MPUBBIKHYTH K
JYHHOH cpene.

OnHO U3 CaMbIX CUJIBHBIX OIIYIICHHUH,
KOTOpPBIE 51 TOMHIO, 3TO 3anax JIyHbL

Neil and I reentered the Eagle lunar lander and
repressurized our little home away from home.
Lunar dust soiled our suits and equipment, and
it had a definite odor, like burnt charcoal or the
ashes that are in a fireplace, especially if you
sprinkle a little water on them

Hwun v s cHOBa BOLIIN B JIYHHBIN MTOCA0YHBII
Monyib «Opém» U CHOBA MOAHSJIN TaBJICHUE B
HallleM MaJeHBKOM JOME BAAIH OT AOMA.
JlyHHas mbUTh MTaYKajia HaImu cKadaHaphbl 1
obopynoBaHue, U 'y HE€ ObLT ONpeneEHHBIN
3amax, Kak y ropeJibIX yriied Uid 30161 B
KaMUHe, OCOOCHHO €CJTH Ha HUX KaITHyTh
HEMHOI'O BOJHI.

Before we left Earth, some alarmists
considered the lunar dust as very dangerous, in
fact pyrophoric—capable of igniting
spontaneously in air. The theory was that the
lunar dust had been so void of contact with
oxygen, as soon as we repressurized our lunar
module cabin it might heat up, smolder, and
perhaps burst into flames. At least that was the
worry of a few. A late July fireworks display
on the moon was not something anyone
wanted!

All the official samples collected from the
moon’s surface were placed in vacuum-packed
containers. Neil did grab a contingency
specimen.

He stuffed it into his thigh space suit pocket,
just in case there was a problem that forced us
to scurry off the moon in a hurry.

So, following our moonwalks, first I then Neil

J1o TOro, KaK Mbl IIOKUHYJIH 3EMJTIO,
HEKOTOPbIE TAHUKEPBI CUUTAIN JIYHHYIO TTUIb
O4Y€Hb OMACHOMH, (PaKTHUECKH MUPOGOPHOH,
CHIOCOOHOH CaMOBO3TOPaThCS B BO3AYXE.
Teopus 3akmrovanach B TOM, YTO JIyHHAs ITbLTb
ObLIa HACTOJIBKO JIUIIEHA KOHTAKTA C
KHCJIOPOZIOM, YTO, KaK TOJIbKO MBI
BOCCTAHOBUM JIaBJIeHHE B KaOHMHE JIyHHOTO
MOJyJIsI, OHa MOTJIa HarpeThes, TIETh U,
BO3MOXKHO, 3aroperbces. [1o kpaitHel mepe, 3T0
6ecnokonsio HekoTopeIx. Detiepsepk Ha JIyHe
B KOHLIE UIOJII HUKOMY He ObLIT HyKeH!

Bce odpunmanpabie 00pasiisl, COOpaHHbIE ¢
noBepxHOCTH JIyHbI, ObUIH TTOMELIEHBI B
BaKyyMHbIe KOHTeHHepbl. Hun B3si1 oOpazen
Ha CJIy4ail HelpenBHIACHHBIX OOCTOSATENBCTB.
OH 3acyHyI ero B KapMaH cBoero ckadanapa
Ha Oenpe, Ha ciydal, €Clii BOSHUKHYT KaKue-
TO MPOOJIEMBI, KOTOPBIE 3aCTABAT HAC B
cnemke Oexats ¢ JIyHbL




climbed back on board the lander. That grab
specimen was placed on the cylindrical flat top
of the ascent engine cover. As the cabin began
to fill with air, we both anxiously waited to see
if the lunar sample would begin to smoke and
smolder. If it did, we’d stop pressurization,
open the hatch, and toss it out. But nothing
happened. We got back to the business of
readying for departure from the moon.

Yes, Apollo 11 was historic, but it was fraught
with risks. When we finally set the Eagle
lander down, with Neil piloting and me calling
out descent numbers for him, we had only an
estimated 16 seconds of fuel left in the descent
stage. On the surface, if we had fallen and torn
a suit, there wasn’t much chance of survival. If
the one ascent engine didn’t ignite or if the
onboard computer had a glitch, we would
never have left the moon. If the rendezvous
with Mike Collins, circling the moon in the
command module, hadn’t gone flawlessly, we
then would have faced rather nasty

consequences. That’s just a few of a string of
“ifs.

Urak, nocie HalMX JyHHBIX MTOXOJOB CHaYasa
s1, a moroM Hun 3abpanucek obpaTHo Ha OOpPT
MOCaJ0YHOTO MOAYJIsl. DTOT oOpaser rpeiidepa
OBUT TOMEIIEH Ha MIMHAPUIECKYIO TIOCKYIO
BEPIIKHY KPBILIKH MOIBEMHOIO IBUTATEJISI.
Korna xabuHa Hayana HAMOJHATHCS BO3AYXOM,
MbI 00a C HETepIeHHEM JKIaIH, He HAYHET JIn
JyHHBIN 0Opa3zer IbIMUTECS U TieTh. Eciu Obl
5TO OBbLIO TaK, MbI Obl PEKPATUIINA HAJYB,
OTKpPBUIH JIFOK 1 BbIOpocuiu ero. Ho Hudero
HE MMPOU30ILI0. MBI BEPHYJIUCH K 1Ty
MOATOTOBKH K BbLIETY C JIYHBL

Ha, «Anojion-11» 6bUT HICTOPUYECKUM, HO OH
ObL1 conpsikéH ¢ puckoM. Koraa Mbl, HaKOHeL,
NOCaAUIH 1ocano4uHblil Monysib Eagle, a Hun
MIJIOTHPOBAJ, a s HA3bIBAJl €My YHCIIA J10
CITyCKa, Y HaC OCTaBaJOCh BCEro OKOJo 16
CeKyH] TOILUINBA Ha dTamne crnycka. Ha
MIOBEPXHOCTH, €CJTH Obl MbI YIIAJIH 1 TOPBAJIH
ckaaHp, IAHCOB BBDKUTH ObLIO HEMHOTO.
Ecnu Obl onuH 1BUTaTeNb MOaABEMA HE
3aropescst Wi eciu Obl 6OPTOBOH KOMITBIOTED
naj cOoit, Mbl Obl HUKOTIA HE MOKHHYJIH JIyHY.
Ecnu 6b1 panneBy ¢ Maiikom Kosumnazom,
obnereBuinM JIyHy B KOMaHIHOM MOAYJIE, HE
nponuto 6e3ynpedHo, Hac Obl TOra JKaaIu
ZIOBOJIbHO HENPUSITHBIE MOCAEACTBUS. JTO
BCETr0 JIMIIb HECKOJBKO CTPOK «ECITI.

I note that, in recent years, a document has
surfaced that was authored by William Safire,
then President Nixon’s speechwriter, about our
Apollo moon mission.

It was written, I suppose, in the spirit of
considering what if the “if factor” did not work
in our favor.

In a July 18, 1969, statement to White House
official H. R. Haldeman, Safire titled his
internal White House essay “In Event of Moon
Disaster” and included this ominous phrasing:
“Fate has ordained that the men who went to
the moon to explore in peace will stay on the
moon to rest in peace.”

Calling us brave men, the speech went on to
acknowledge that Armstrong and Aldrin know
that “there is no hope for their recovery.” “In
ancient days, men looked at stars and saw their
heroes in the constellations,” the statement
continued. “In modern times, we do much the
same, but our heroes are epic men of flesh and
blood.”

51 oTmMedaro, 4TO B OCJIETHUE OBl BCILIBLI
IOKYMEHT, HanucaHHbIi YuibsimoM Cadupom,
TOrAIIHUM CIIMYPARTEPOM MPE3UIECHTa
Huxkcona, 0 Hamen JJyHHOU MUCCUHN
«ATOJIOHY.

3710 OBIIO HAIMMCAHO, S MOJIAralo, B yXe
Pa3MBILIICHH O TOM, 4TO eCJIH (haKTop
«ecnm» cpaboTaeT He B HAILY TOJIB3Y.

CBoé coobmenue ot 18 utonsa 1969 rona,
azipecoBaHHOE OPHUIIHATBHOMY MPEACTABUTEIIO
benoro noma X. P. Xonpemany William Safire
o3arnaBui Tak «JIyHHas karactpoday -
Cynp0a pacnopsauiaack Tak, 4TO JIFOIH,
OTIpaBUBIINECS Ha JIYHY 111 MUPHBIX
UCCIIEIOBAHMA, OCTaHyTCs Ha JIyHe, uTo0BI
MIOKOUTBCS C MEPOM.

Haspa Hac xpaOpbIMHU JIFOIBMH, PEYb
MPONOJIKIIIACH MPU3HAHUEM TOTO, YTO
Apmctposr u OnpuH 3HaKOT, YTO KHET
HUKAaKOHN HAEX/bl HA UX BO3BpalleHue». «B
IPEBHUE BPEMEHA JIFOJIU CMOTPEJIN Ha 3BE3/IbI
U BUJIEJIU CBOUX IE€POEB B CO3BE3AMSIKY, —
TOBOPUTCS B 3asiBJICHNH. «B Haie Bpemsi Mbl




The Safire document added: “In their
exploration, they stirred the people of the
world to feel as one; in their sacrifice, they
bind more tightly the brotherhood of man.”

As odd a statement as that sounds today, it
didn’t surprise me to read it. Speechwriters
prepare remarks for all sorts of hypothetical
events. Senior officials must always be
prepared with remarks for breakthroughs as
well as tragedies. Apollo 11 had the potential
to fit into either one of those categories.
Reading the prepared eulogy, I am proud to say
that our mission accomplished the same
goals—and brought us back home safely.
Apollo was built on the proficiency and
professionalism of thousands of dedicated
Americans. It was also built on faith and a
national commitment.

By the way, while Neil was the first human to
step onto the moon, I’'m the first alien from
another world to enter a spacecraft that was
going to Earth

JienaeM TO e CaMOoe, HO Hallli Tepou —
SMUYECKUE JIOU U3 TUIOTH U KPOBUY.

«B cBOéM HccrenoBaHNN OHU 3aCTaBUIIH
JrO/Iel MHpa IMOYyBCTBOBATh CEOsI €IMHBIM
LIeJIbIM; B CBOEH KepTBE OHU Kperye
CBSI3bIBAIOT OPATCTBO JIFOAEH.

Kakum Obl CTpaHHBIM 3TO 3asBJICHNE HU
3BYYaJIO CErOMHs, 1 HE YUBUJICS, IPOYUTAB
ero. CrinupaiiTepbl rOTOBAT PEILIUKU HA

BCEBO3MOXKHBIE THIIOTETUYECKHE COOBITHSI.
BricokonocTaBieHHblE YHHOBHUKHU BCEIa
TOJDKHBI OBITE TOTOBBI C 3aMEYAHUSMH KaK K
JOOCTHUXKEHUSIM, TaK U K TpareausiM. ATOJIOH-
11 mor BrucaThCsi B JIOOYIO U3 3THX
kareropuil. Uurast HOATrOTOBIEHHYIO
XBaJICOHYIO peyb, 51 C TOPIOCTBIO MOTY
CKa3aTh, YTO HAllla MUCCHSI JOCTUIJIA CBOUX
1eneii u 6J1aronoyiydyHo BepHyJia HaC TOMOM.
Apollo 6bu1 MOCTPOEH Ha MAaCTEPCTBE U
npodeCcCHOHATI3ME THICAY NMPETAHHBIX CBOEMY
neny amepukanies. OH Takke ObUT TOCTPOEH
Ha Bepe U HallMOHAIbHON IPUBEPKEHHOCTH.
Mesxay npoduM, B TO BpeMsi kak Hum Obin
MEPBbIM YEJIOBEKOM, CTYNUBIIUM Ha JIyHy, 5
MEPBBI NPULIENEL U3 APYTOro MUPa, KOTOPBIA
ceJl Ha KOCMHYECKHUI Kopalib,
HaNpaBJIABLINICS Ha 3eMIIIO.

A Different Place

JApyroe mecto

The moon is a different place since I traveled
there in 1969.

First of all, take your own longing look at the
moon in the evening sky. It is obvious that
Earth’s moon is a celestial body with a story to
tell. It has the scars to prove it—a cratered,
battered, and beat-up world that is a witness
plate to 4.5 billion years of violent processes
that showcase the evolution of our solar
system.

Thanks to a fleet of robotic probes recently
sent to the moon by several countries, there’s
verification that the moon is a mother lode of
useful materials. Furthermore, the moon
appears to be chemically active and has a full-
fledged water cycle. Simply put, it’s a wet
moon.

New data on our old, time-weathered moon
points to water there in the form of mostly pure
ice crystals in some places. For example,
sunlight-starved craters at the poles of the
moon—called “cold traps”—have a unique
environment that can harbor water ice deposits.
Gaining access to this resource of water is a

JlyHa ctana apyrum MecTOM C TeX Hop, Kak s
MyTeLeCcTBOBA Tyaa B 1969 rony.

IIpexne Bcero, B3TIIAHUTE C TOCKOM Ha JIYHY B
BeuepHeM HeOe. OueBnnHo, uto JlyHa 3emmu
— 3T0 HeOeCHOe TeJo, O KOTOPOM €CTh 4TO
pacckasaTb. Y HEro €CTh LIpaMbl,
JOKa3bIBaIOIINE 3TO — U3PBITHII KpaTepami,
pa3ouThIil U M3OUTBINA MHp, KOTOPBIN SIBIIETCS
CBUJETEIBCTBOM 4,5 MUIIMAPAOB JIET
JKECTOKMX MPOLECCOB, AEMOHCTPUPYIOLIUX
sBONIOLUIO Haweil COJIHEYHON CUCTEMBL
bnaronapst oty aBTOMaTH4YECKUX 30HIOB,
HEJAaBHO OTIPAaBJIEHHbIX Ha JIyHy
HECKOJIbKUMH CTPaHaMH, €CThb MOATBEPKACHHE
Toro, uto JlyHa siBisieTcs Kiazne3eM Moye3HbIX
MatepuanioB. Kpome toro, Jlyna, no-
BUAUMOMY, XUMHUYECKH aKTUBHA U UMEEeT
MOJIHOLEHHBIN BOAHBIN LUKJIL. [Ipoie rosops,
5T0 MOkpas JlyHa.

Hosble nanHbIe 0 HalIel CTapow,
BBIBETPEHHOU BpeMeHeM JIyHe yKa3bIBarOT Ha
HaJM4yue TaM BOAbI B BUJE B OCHOBHOM YMCTbIX
KPHUCTAJIJIOB JIb/1a B HEKOTOPBIX MECTaXx.
Hanpumep, 1uinéHHble COJTHEYHOTO CBETA




step toward using it for life support to sustain
human explorers. Similarly, the moon is rife
with hydrogen gas, ammonia, and methane, all
of which can be converted to rocket propellant.

Fresh findings about the moon from spacecraft
have revealed the lunar poles to be lively,
exciting places filled with complex volatiles,
unique physics, and odd chemistry, all
available at supercold temperatures. Recently,
the first Lunar Superconductor Applications
Workshop was held that brought together
expert groups in high-temperature
superconductors, low-temperature electronics,
cryogenic engineering, and lunar science. The
upshot was that even dealing with below 100
kelvin temperatures on the moon, there are
several high-temperature superconductors to
select from; substances like sapphire and
beryllium become thermal superconductors.
Digital and analog circuits can operate at very
low power and very high speeds, with very low
noise and very high fidelity.

It is this kind of harnessing of the exotic that
sparks innovation and creativity. What kind of
power generation and storage systems can
operate for long periods of time that take
advantage of the wild swing of lunar
temperatures that are available? There’s
already discussion of lightweight, modular, and
expandable superconducting magnets that
could provide space radiation shielding on the
moon. Those permanently shadowed,
incredibly frigid areas at the moon’s poles
might also be ideally suited for infrared
telescope observations.

In short, our celestial neighbor in gravitational

KpaTephbl Ha nostocax JIyHbl, Ha3bIBaeMble
«XOJIOHBIMH JIOBYLIKAMW», UMEIOT
YHHUKAJbHYIO CpeNly, B KOTOPOH MOTYyT
COJIEP>KATHCS OTJIOKEHUS BOJSHOIO JIbJA.
IlonyueHnne nocTyna kK 3TOMy BOJHOMY
pecypcy — 3TO Iar K TOMY, YTOOBI
UCTIOJIB30BATh €r0 IS )KM3HE0OeCIeueHHs],
94TOOBI MOEPKUBATD JIFO IS -
uccaenosarenei. Touno tak xe JlyHa
u300mITyeT ra3000pasHbIM BOIOPOIOM,
aMMHAaKOM U METaHOM, KOTOpbIe MOXKHO
MPEBPATUTh B PAKETHOE TOILIUBO.

Caesxue naHHble 0 JIyHe, OJNyUYeHHBbIE C
MOMOIIBI0 KOCMHYECKOT0 Kopabiisi, moKa3ay,
YTO JIyHHBIE MTOJIF0CA — 3TO OKUBJIEHHBIE,
3aXBaTbIBAIOLINE MECTa, HATIOJHEHHbIE
CJIOKHBIMH JIETYUYHMH BELIECTBAMH,
YHHUKaJIbHON (PU3UKOH U CTPAHHOH XUMHEH,
JOCTYIHBIMHU IPU CBEPXHU3KUX TEMIepaTypax.
Henasro Obu1 mpoBenéH nepBbIii ceMUHAP IO
MPUMEHEHHUIO JIYHHBIX CBEPXIIPOBOAHUKOB, B
KOTOPOM IPUHSUIM Y4acTHe TPYIIIbI KCIIEPTOB
B 00JIACTH BBICOKOTEMITEPATYPHBIX
CBEPXIIPOBOAHHUKOB, HU3KOTEMIIEPATypPHOI
3JIEKTPOHUKH, KPUOTE€HHON MH)XKEHEPUU U
ayHonoruu. B pesynbrare naxke npu
Temnepatypax Huxke 100 kenpBuHOB Ha JlyHe
€CTb HECKOJIbKO BBICOKOTEMITEPaTyPHBIX
CBEPXIPOBOAHHUKOB Ha BBIOOP; TaKHe
BEINECTBA, Kak candup u Oepuiutuii,
CTaHOBATCS TEIJIOBBIMHU CBEPXIIPOBOIHUKAMH.
In¢poBble 1 aHATOTOBBIE CXEMbI MOTYT
paboTaTh ¢ OUEeHb HU3KHM
SHEPronoTpedIeHneM U O4eHb BHICOKUMHU
CKOPOCTSIMH, C OU€Hb HU3KUM YPOBHEM IlIyMa
1 OYEHb BBICOKOH TOYHOCTBIO.

HNMeHHO Takoe NCIIONIb30BaHUE SK30THKHU
no0y»KaeT K MHHOBALUSM U TBOPYECTBY.
Kaxue cuctembl NpOM3BOACTBA U XPAHEHUS
SHEPTHH MOTYT paboTaTh B TEUECHHUE
JUIUTEIbHOTO MepHoJa BpEMEHH, UCTIONb3Ys
NPEUMYLIECTBA TOCTYIHBIX AUKUX KOJNeOaHUH
JyHHBIX TemnepaTyp? Y>ke BeayTcs
IOUCKYCCHUHU O JIETKUX, MOYJIbHBIX U
pacinpsieMbIX CBEPXIPOBOIALINX MArHUTAX,
KOTOpbIe MOTIJIH Obl 00ECTIEYHTD 3aIIUTY OT
KOCMHUYECKOro n3nyueHus Ha Jlyne. Otu
MOCTOSIHHO 3aT€HEHHbIE, HEBEPOSATHO
XOJIOAHBIE 00sacTH Ha mosrocax JIyHbI Takke
MOTYT HI€aJIbHO MOIXOANTD JJIs1 HAOMIOAeHUH
C MOMOIIBIO HH(PPAKPACHBIX TEIECKOIIOB.
Kopoue rosopsi, Hair HeOeCHBIN cocert B




lock, the moon, can be tapped to help create a
sustainable, economic, industrial, and science-
generating expansion into space.

The question is, What should America’s role
be in replanting footprints on the moon?

IPaBUTALIMOHHOM 3aMKe, JIyHa, MOXeT OBbITh
3a0eHCTBOBAH, YTOOBI [IOMOYb CO3/1aTh
YCTOMYHUBYIO, SKOHOMHUYECKYIO,
IIPOMBILUIEHHYIO U HAYKOEMKYIO SKCIIAHCHUIO B
KOCMOC.

Bompoc B ToM, kakoii 1omkHa ObITH POJIb
AMepHKHU B BOCCTAHOBJIEHUH ciefoB Ha JIyHe?

Preserving the Apollo Landing Sites

CoxpaHeHHe MeCT NOCAAKH ANOJJIOHA

Standing on the talcumlike lunar dust just a
few feet from the Eagle, the lunar module that
transported Neil Armstrong and me to the
bleak lunar terrain, I labeled the landscape we
stood upon “magnificent desolation.”

There were six Apollo lunar landing missions
from 1969 to the close of 1972, and just 12 of
us were fortunate to kick up dust on the moon.
Somebody tagged us the “dusty dozen.” The
accumulated moonwalking time was limited:
From Apollo 11’s modest 2.5 hours to Apollo
17’s campaign of forays, it added up to a little
over 22 hours. Quite literally, exploration of
the moon—both robotic and human—has
barely scratched the surface in terms of
gathering knowledge about that crater-pocked
globe.

There’s a campaign under way to designate the
Tranquillity Base site where Neil and I landed
as a national historic landmark. NASA itself
has put together recommended guidelines on
how to protect and preserve the historic and
scientific value of U.S. government lunar
artifacts. The field of space heritage
preservation is gaining traction.

I’m an advocate for preserving all six Apollo
landing sites. By expending the effort to
safeguard Apollo 11°s Tranquillity Base
location, we will learn how best to preserve the
other five Apollo landing spots.

I have several ideas on how to proceed. The
historic Tranquillity Base landing location
could be isolated, encircled by a track system
on which movable cameras would be trained
on the spot. The lighting conditions would
change, given the 14 days of sunlight and 14
days of darkness.

Cros Ha moXoXeil Ha TaJlbK JIyHHOH IbLIN
BCETO B HECKOJIbKUX (hyTax oT «Opiay,
JIYHHOTO MOAYJISA, KOTOPBIN AOCTABHIJI MEHSI U
Hwuna ApMcTpoHTra Ha YHBUTYIO JIYHHYEO
MECTHOCTb, sl Ha3BaJl MeH3aK, HA KOTOPOM MBI
CTOSUTH, «BEJIMKOJICTTHBIM 3aITyCTEHUEM .

C 1969 no xonenr 1972 roga ObLIO IECTH
JYHHBIX TIOCAIOYHBIX MUCCUH ATIOJJIOHA, U
TOJIbKO 12 M3 HAC MOCYACTIMBUIOCH MOIHATD
nbutb Ha JIyne. KTo-To ormeTni Hac
«TIBUTBHOH ANOKUHOW». HakonneHHoe Bpemst
BbIxO/a Ha JIyHy OBLJIO OrpaHUYEHO: OT
CKPOMHBIX 2,5 yaco Anosiona-11 no
kamranuu Haberos Anoyiona-17 B cymme
MOJTyYHJIOCh HeMHOTHM Oosee 22 yacoB. B
OyKBaJILHOM CMBICITE UcCienoBanue JIyHbr —
Kak poOoTaMu, Tak U JIFOJbMU — €1Ba
KOCHYJIOCh MTOBEPXHOCTH C TOUKH 3PEHUS
cbopa 3HaHMH 00 3TOH NCHePEHHON
KpaTepamu TUIAHETE.

Wnér xkammanust 1o 0ObSIBIEHUIO 0a3bl
CnokoticTeus, rae mbl ¢ Hunom
MPU3EMITUIINCD, HAITHOHAJIbHBIM
ucropuuecknum namsitiukom. Camo HACA
COCTaBHJIO PEKOMEHyEeMbI€ PEKOMEHIALNN O
TOM, KaK 3aLIUTUTh U COXPAHUTh
HUCTOPUYECKYIO U HAYYHYIO HEHHOCTD JIYHHBIX
apredaxrtos mpasutenbcTsa CIIA. Chepa
COXPaHEHUsI KOCMHUYECKOTO HACIEUS
HabupaeT 00OPOTHI.

51 CTOpOHHUK COXPaHEHUs BCEX IIECTH
MOCANOYHBIX MIomanok Anosutona. [punaras
YCHITUS JTs1 3aIUThl 0a3bl CIOKOWCTBUS
Arnonnona-11, Mbl y3HaeM, Kak JIyulile BCero
COXPaHUTb OCTAJIbHBIC MSATh MECT MOCAAKH
ATmoJioHa.

VYV MeHst ecTh HECKOJIbKO UAEH, Kak
nencTBoBaTh najibliie. Mcropuieckoe MecTo
nocanku basel CoKoHCTBHST MOXKHO OBLIO OBI
H30JIUPOBATh, OKPYKUB CUCTEMOU PEIbCOB, HA
KOTOPYIO Ha MECTe HaIpaBJsLiu Obl
MOABUYKHBIE KaMEPbI. Y CIIOBHS OCBEIEHUS
WU3MEHUJIUCH Obl, yuuThiBast 14 qHel
COJIHEYHOTO cBeTa U 14 nHEl TEMHOTHI.




Operated by a commercial company with a
little creative thinking, it could create an
amazing virtual reality experience.

I have looked over the superb forget-me-not
images taken from moon orbit, by NASA’s
Lunar Reconnaissance Orbiter, that clearly
show Eagle’s Tranquillity Base landing site.
The sharpshooting camera specialist is Mark
Robinson at Arizona State University’s School
of Earth and Space Exploration in Tempe. He
is principal investigator for the Lunar
Reconnaissance Orbiter Camera

VYnpasisieMblli KOMMEPYECKOH KOMIIAHHUEH C
HEOOJNBIINM TBOPUECKHUM MBIIIJICHUEM, OH
MOJKET CO3/1aTh YAUBUTEJIbHbBIN OTBIT
BUPTYAJILHON PEANbHOCTH.

S mpocMoTpen mpeBOCXOAHbIE H300paKEeHUS
He3a0y 10K, caeNaHHbIe ¢ TYHHOH OpOUTHI
JIlyHHBIM pa3BeABIBATEbHBIM OPOUTAIBHBIM
anmnapatoMm HACA, Ha KOTOpPBIX YETKO BUIHO
mecTo nocanku 6asel Criokoiicteus Opia.
CrieLuanancToM No pe3Koil ChbEMKe sABJIAETCS
Mapxk Pobuncon u3 [lIkonbl nccnenoBanus
3emun 1 KOcMOca APHU30HCKOTO
rocyJlapCTBeHHOro yHusepcutera B Temne. OH
TJIABHBINA HCCenoBaTenb JIyHHOM
pa3BenbIBATEIbHON OPOUTATIBHON KaMephl.

You can make out the remnants of our first
steps as dark regions around the lunar module
and in dark tracks that lead to the scientific
experiments that Neil and I set up on the
surface. There’s another trail that leads toward
Little West crater, around to the east of our
Eagle lander. Neil took this jaunt near the end
of the two and a half hours we spent
moonwalking to steal a look inside the crater.
This was the farthest either of us ventured from
the landing site. Overall, our tracks in kicking
up the lunar dust cover less area than a typical
city block.

Robinson observes that hardware launched
from Earth and sitting on the moon has been
resting there for 40 to 50 years now. Talk
about a long-duration-exposure material-
sciences experiment, he explains, given
radiation, vacuum, temperature cycling, and
micrometeorite bombardment

Bl MOXeTE pa3anduTh OCTATKU HALIUX
NEPBBIX IIArOB B TEMHBIX 00JIACTSAX BOKPYT
JYHHOT'O MOAYJIA U B TEMHBIX JOPOXKKAX,
BENYIIHUX K HAYYHBIM SKCIIEPUMEHTAaM,
KOTOpbIe MbI ¢ Huyiom craBunm Ha
MOBEPXHOCTU. ECTh emmé ogna Tpona, Beayas
K Kkpatepy JIUTTa-Y5CT, K BOCTOKY OT Hallero
cnyckaemoro annapara «Opém». Hun
NPEATNPUHSIT 3Ty MPOTYJIKY OJIFIKE K KOHILY
JBYX C IMOJIOBUHOW 4aCOB, KOTOPBIE MBI
MOTPATHIIN HA JIYHHYIO TIPOTYJIKY, YTOOBI
3aMIIHYTh BHYTPb KpaTepa.

3710 OBLT caMblii aJbHHUN MyTh OT MECTa
nocaaku. B nenom, Hamu cienbl B IOAHATUH
JYHHOU MBUIM MOKPBIBAIOT MEHBIIYIO
TJIOIIA/Ib, Y€M TUITUYHBIA FOPOACKON KBapTal.
PoGUHCOH OTMEYaET, 4To 060PyIOBaHUE,
3amnylieHHoe ¢ 3eMJIM U Haxozslieecs Ha
Jlyne, nexwur tam yxe 40—-50 ner. ['oBoput 06
5KCHNEPUMEHTE MO MATEPUATIOBENCHHIO C
IUTUTENIbHBIM BO3ICHCTBHEM, OOBSCHSIET OH,
YUUTBIBAsI PAJUALIHIO, BAKYYM,
TEMIIepaTypHbIE LHUKIIBI 1 OOMOapANPOBKY
MHUKPOMETEOPUTAMHU.

How have electronics fared? Optics? Paint?
Coatings? Metals? Synthetics? In future years,
on-the-spot observations and recovery of a
modest amount of these materials would be a
boon to engineers building lunar hardware,
Robinson says. He points out that waste bags
tossed out by Apollo crews might make for an
interesting biology experiment. Are any
microbes still alive among the garbage and
human waste left on the moon? If so, can we
see evidence of adaptation to the harsh lunar
environment?

Kax nosxuaet anextponuka? Onrtuka?
Kpacka? ITokpeiTua? Metanibl? CunteTnka?
ITo cnosam PobuHcona, B Oyayiiem
HaOJIOICHUS] HA MECTE U M3BJICYCHUE
HEeOOJBIIOr0 KOJMUECTBA 3THX MAaTEPUAIIOB
CTaHyT OJIaroM JUTst HHXKEHEPOB, CO3AA0IINX
ayHHOe obopynoBaHue. OH OTMeUaeT, 4To
MEIIKU AJIS1 MyCOpa, BEIOPOIIEHHBIE
SKUMAKaMHU «ATOJJIOHa», MOTYT CTaTh
HUHTEPECHBIM OMOJOrMYECKHM SKCIIEPUMEHTOM.
Ectb 51 emmé xxuBble MUKPOOBI Cpe Mycopa U
YeJI0BEYECKUX OTXOJ/I0B, OCTaBJICHHbIX Ha
Jlyne? Ecnu ga, MO)keM JIM Mbl YBUAETD




In May 2012 NASA and the X Prize
Foundation of Playa Vista, California,
announced that the Google Lunar X Prize, a
$30 million competition for the first privately
funded tcam to send a robot to the moon, is
also recognizing NASA guidelines to guard
lunar historic sites and preserve ongoing and
future science on the moon.

I’ve been wondering if one of those teams
might have their robot recover Alan Shepard’s
golf balls that he hit during his Apollo 14
moon landing mission.

Maybe with all the craters he managed to get a
hole in one

NOKa3aTeIbCTBA aJAaNTALNN K CYPOBBIM
JYHHBIM YCJIOBHUSIM?

B mae 2012 rona HACA u ®oun X Prize B
[Tnaiis-Bucra, Kanndopuus, oObsasuim, 4To
Google Lunar X Prize — KOHKypC € IPU30BBIM
¢donnom 30 MHJUTHOHOB TOJUTAPOB AJIST TIEPBOIA
KOMaH[Ibl, PMHAHCUPYEMOI U3 YaCTHBIX
HCTOYHUKOB, KOTOpasi OTIIPaBUT poboTa Ha
JlyHy, — Tak»e Mpu3HAeT PyKOBOASIIHNE
npuHuunsl HACA no oxpaHe JTyHHBIX
HUCTOPUYECKHX OOBEKTOB. MECTa U COXPAHHUTD
TeKyIyIo u Oyayunyro Hayky Ha JlyHe.

MHe ObIIO HHTEPECHO, MOKET JIH POOOT OMHOHN
U3 3TUX KOMaH/ BEPHYTb MSYH AJIs ToNb(a
Anana Illenapna, KOTOpPBIE OH YAApHII BO
BpeMs CBOEH MUCCHH M0 BbICaake Ha JIyHy
Anosnona-14.

MoskeT cO BCeMH BOPOHKAMH YMYIPUIICS
IPOABIPSIBUTD OJHY

The Bush Push

ITunok byma

In January 2004 President George W. Bush put
NASA in high gear, heading back to the moon
with a space vision that was to have set in
motion future exploration of Mars and other
destinations. The Bush space policy focused on
U.S. astronauts first returning to the moon as
early as 2015 and no later than 2020.
Portraying the moon as home to abundant
resources, President Bush did underscore the
availability of raw materials that might be
harvested and processed into rocket fuel or
breathable air. “We can use our time on the
moon to develop and test new approaches and
technologies and systems that will allow us to
function in other, more challenging,
environments. The moon is a logical step
toward further progress and achievement,” he
remarked in rolling out his space policy.

To fulfill the Bush space agenda required
expensive new rockets—the Ares I launcher
and the large, unfunded Ares V booster—plus
a new lunar module, all elements of the so-
called Constellation Program.

B sinBape 2004 rona npesunent xopax bym
nan crapt HACA, oTnpaBuBImce oOpaTHO Ha
JlyHy ¢ kocMuieckuM npeaBuaeHeM, KOTOpoe
TOJDKHO OBLIO IPUBECTH B IBIKEHHUE OyayInne
uccienosanus Mapca 1 Apyrux HarnpaBiIeHHUH.
Kocmuueckas nonutuka bymra 6pi1a
COCpeoTOUEeHa Ha NEPBOM BO3BpALICHUU
aMepUKaHCKUX acTpOHABTOB Ha JIyHy yxke B
2015 roay u He nosanee 2020 rona.
Nzobpaxas Jlyny kak oM ¢ OoraThiMu
pecypcaMi, Npe3uieHT by nogdepkHyn
HAJINYHE CBIPbsI, KOTOPOE MOXKHO COOMpPATh U
nepepadaThIBaTh B PAKETHOE TOILJIMBO FITH
BO3AYX JUJIs AbIXaHUsL. « MBI MOXKEM
HCIIONBb30BATh Halle Bpems Ha JIyHe ans
pa3paboOTKH M TECTUPOBAHMUS HOBBIX ITOAXOIOB,
TEXHOJIOTUI U CUCTEM, KOTOpbIE MO3BOJIAT HaM
(YHKIIMOHUPOBATH B IPYTHUX, O0JI€e CIOKHBIX
yCAOBUSX. JIyHAa — 3TO JJOTMYHBIN LIar K
JanbHEeNIIeMy IPOrPeccy U AOCTHIKEHUSIMY,
— OTMETHJI OH, U3Jiarasi CBOK KOCMUUYECKYIO
MOJIUTHKY.

JI71s1 BBINOJHEHUST KOCMUYECKON MPOrpaMMBbl
Byma TpeboBanuch HOBbIE JOPOTHE PAKETHI —
pakera-HocUTeNb «Apec-1» u OGonblast
HeHHAHCUpYyeMasi paKeTa-HOCHTEb «Apec-5»
— IUIIOC HOBBIN JIYHHBINH MOAYJIb, BCE
3JIEMEHTHI TaK Ha3bIBAEMOI MPOrpamMMmbl
«Co3ssesnue».

The Bush plan forced retirement of the space
shuttle in 2010 to pay for the return to the
moon, but there were other ramifications as

IInan byma BeIHY AU CIMCATh KOCMUYECKHN
matTa B 2010 roay, 4ToOBI OMIATUTE
BO3BpalieHue Ha JIyHy, HO ObUH B ApyTHe




well. Putting the shuttle out to pasture created a
large human spaceflight gap in reaching the
International Space Station. The price tag for
building the station is roughly $100 billion,
and without the space shuttle, there’s no way to
reach it without Russian assistance.

In the end, the stars of the Constellation
Program were out of financial alignment. It
was an impossible policy to implement given
limited NASA money.

Today, pushing the calendar nearly 45 years
later, I see the moon in a different light from
that of the space race days of 1969. I envision a
21st-century moon, one that can be
transformed into an International Lunar
Development Authority. This entity would set
the stage for establishment of infrastructure
that not only taps the resource-rich moon by
commercial, private-sector groups, but also
spurs international partnerships between
nations.

America can lead the way in creating a lunar
consortium of robotic base building that
embraces the talents of China, Europe, Russia,
India, Japan, and others to establish a firm—
this time permanent—foothold on the moon.
Moreover, in doing so, the United States can
sharpen its own technological know-how that’s
needed to eventually homestead the red planet.
For several years I have been working shoulder
to shoulder with a group of engineers and
scientists who are engaged in a vital initiative:
an International Lunar Research Base. This
base will first be anchored in Hawaii and later
evolve to a base on the moon. The project is
being carried out under the wing of the Pacific
International Space Center for Exploration
Systems, or PISCES for short. Its purpose is
straightforward. PISCES would drive the
development of surface systems and other
hardware for the moon, be it for energy
production and storage, recycling,
construction, or mining, and spark a host of
resource utilization technologies and
techniques. Those working on this base have
coined a phrase: “Dust to Thrust.”

nociencteust. OTHpaBka maTTIa Ha MacTOUIIe
cosnana OONBLION pa3phiB MEXKAY MOJETAMU
4eJloBeKa B KOCMOC Ha MyTH K
MexxayHapoaHOW KOCMUYECKON CTaAHLUH.
CTOMMOCTb CTPOUTENBCTBA CTAHLIMU
cocrasisieT npuMepHO 100 munnapaos
JOJTapoB, a 6€3 KOCMHYECKOTO YeJTHOKA
nobpatbest 1o Heé 6e3 momou Poccun
HEBO3MOJKHO.

B xoHI1Ie KOHLIOB, 3B€3/bl TPOrPAMMBI
«Co3Be31ue» OKa3alnuch HE B JIafax C
IEeHbraMu. JTO ObLIO HEBO3MOXKHO
peann3oBaTh, YIUTbIBAs OTPaHUUEHHbIE
nenbru HACA.

Ceropnns, oTonBUras KajJeHaapb Mo4TH Ha 45
JIeT cIycTsl, 51 BUXYy JIyHy B IpyroM cBeTe, ueM
B JIHH KOCMHU4YeCKOU rOHKH 1969 rona. S
npencrasisiro JIyHy 21-ro Beka, KOTOpYyrO
MO>KHO IPEBpaTUTL B MexxayHaponHoe
yIpaBlieHue 1Mo pa3BuTuio JIlyHel. JT1a
OpraHM3alys MOArOTOBUT MOUBY JJIsl CO3aHUS
UHPPACTPYKTYPBI, KOTOpast HE TOJIBbKO OyneT
UCTIOJB30BaTh OoraTyro pecypcamu JlyHy
KOMMEpPYECKUMHU I'PyNIaMHi YaCTHOTO CEKTOpa,
HO U OyJeT CTUMYJIMPOBATh MEKAYHAPOIHOE
MapTHEPCTBO MEX]y CTpaHAMHU.

AMepHKa MOXKET BO3IJIaBUThb CO3/laHUE
JIYHHOTO KOHCOpPLIMyMa IO CTPOUTENBCTBY
pPOOOTU3UPOBAHHBIX 0a3, KOTOPBIH OOBEIMHHAT
tanantel Kutas, Esponsl, Poccun, Muaun,
SnoHuu 1 APYrux CTpaH, 4ToObl 3aKPEMUTHCS
Ha JIyHe — Ha 3TOT pa3 Hascerna. bonee Toro,
npu 5ToM Coeaunénnsle [ITars MmoryT
OTTa4MBaTh CBOM COOCTBEHHBIE
TEXHOJIOTUYECKHE HOY-Xay, HEOOXOAMMBIE ISt
TOTr0, 4TOOBI B KOHEUHOM UTOT€ BEPHYTH cede
KPacHYIO IJIaHEeTY.

BoT y:xe HECKONBKO JIeT 51 paboTaro MiIeuoM K
ievy ¢ rpynroi HHXXEHEePOB U YUEHBIX,
3aHUMAOINXCS BAXXKHBIM HAUUHAHUEM:
MesxayHapOoaHO! JIyHHOU HCCIIEN0BATENbCKON
6azoii. Jta 6a3a cHavana OyzeT 3aKperieHa Ha
laBaiisix, a 3aTemM npeBpaTUTCs B 0a3y Ha
Jlyne. IIpoekT ocyiecTBiaseTcs NOA STUA0N
TUX00KEaHCKOro MEXAyHApOAHOIO
KOCMHUYECKOI0 LIEHTPa UCCIIEA0BATEIbCKUX
cuctem, uiu cokpaménHo PISCES. Ero nens
npocta. PISCES 6yner ctumynupoBarts
pa3paboOTKy Ha3€MHBIX CUCTEM U IPyroro
obopynoanus nist Jlynel, 6ynb TO
IIPOU3BOJCTBO U XpaHEHHUE SHEPTUH,
nepepadoTKa, CTPOUTENILCTBO MK 100bIYa




MOJIE3HBIX UCKOMACMBbIX, a4 TAKKE 3allyCTUT
MHOKECTBO TEXHOJIOI'HA U METOOOB
UCMOJNIB30BaHUsl pecypcoB. Te, kTo paboraer
HaJ dToM 0a30i, mpumymanu Gpasy:
«ITeieBoii 6pocoky. “Dust to Thrust.”

Hawaii and the moon, the coupling of the two
brings back memories. In the 1960s, prior to
my Apollo 11 flight, NASA made use of the
lower slopes of Mauna Kea on the Big Island
of Hawaii. It was a training ground for Apollo
astronauts, to help us experience what the
surface of the moon would be like, and how
best to work there. In fact, of all the places on
Earth where we trained, the Big Island most
felt like the moon.

The proposed International Lunar Research
Base can become a unique multinational
facility, a test site first on Earth, later to be
replicated on the moon. A central goal of this
venture is for the United States to acquire the
skills for remotely operating robotic systems,
knowledge useful to connect habitats, perform
habitat-maintenance tasks, set up scientific
experiments, and run mobile prospecting gear
capable of mining the moon.

Decades ago, there was only one way to put
human cognition on the moon. That was the
expensive proposition of hurling people and
their brainpower there. Today it’s no longer the
only choice.

Advances in telerobotics can plant human
cognition and dexterity on the moon.
Telerobotics is an explosive growth industry
here on Earth. We plunge to great ocean depths
using human-controlled automatons. Robotic
equipment extracts resources from perilous
mines. Our skies are increasingly dott ed with
craft that are winging their way under
telecontrol. Even high-precision surgery is
being done via telerobotics, carried out by a
doctor distant from the patient.

Human cognition and dexterity can be
extended to lunar territory at the speed of light
via telerobotics. Safely tucked inside a high-
tech habitat at an Earth-moon Lagrangian

I'aBaiin 1 nyHa, UX COYETAHHUE HABEBAET
BocriomuHaHus. B 1960-x romax, 1o Moero
nosnéra Ha «Amnomnone-11», HACA
HCIIONIb30BAJIO HIJKHUE CKJIOHBI MayHa-Kea Ha
Bonbmowm octpose "aBaiin. 1o ObLT
TPEHUPOBOUHbINA [OJUIOH JIJIs1 ACTPOHABTOB
AnosuioHa, 9ro0bl NIOMOYb HAM y3HATb, HA YTO
OynmeTr moxoxxa MoBepxHOCTh JIyHBI 1 Kak
Jydlire Bcero tam padorarte. Ha camom nee,
13 BCEX MECT Ha 3emuie, Iie Mbl
TpeHupoBanuch, boabimoit ocrpos Gosblie
BCETO HAIIOMUHAJI JIYHY.

IIpennaraemas MexayHaponHas jyHHas
uccienoBarebekast 0aza MOXKET CTaTh
YHHUKQJIbHBIM MHOTOHAIIHOHAJIbHBIM OOBEKTOM,
HUCIbITATCJIABHbIM INIOJIMTOHOM CHAa4adJid HA
3emie, a 3arem Ha JIyHe. OCHOBHAs LI€b 3TOTO
npeanpusiTusi COCTOMT B TOM, 4TOObI
Coenunénnble ltaTel nproOpeny HABBIKU
YIAEHHOTO yIpaBjieHUs] POOOTU3UPOBAHHbIMU
CUCTEMAMM, 3HAHUSL, [IOJIE3HbIE IS
COEAMHEHUS CpeNl OOMTAHUS, BbIIOJHEHUS
3a1a4 1o 00CIy)KUBAHUIO CpeNbl OOUTAHMUS,
NOCTAHOBKU HAYYHbIX SKCIIEPUMEHTOB U
3anycka MOOUJIBHOTO I€0J10rOPa3BENOUYHOTO
00opynoBaHus, crocodbHoro npodyputs JlyHy.
JecsaTuneTus: Ha3aa ObLIT TOJBKO OAMH CIOCO0
[IOMECTUTD YEJOBEYECKOE N03HaHue Ha JIyHy.
310 OBIIO AOPOTOCTOSIIEE TPENTIOKEHUE —
Opocarb Tyna JIOAEH U UX YMCTBEHHbIE
cnocobHocTu. CeromHst 3To yxe He
€IMHCTBEHHbIN BbIOOP.

HoctuokeHust B 0041acTu Te1epo00TOTEX HUKU
MOTYT [PUBHECTH YE€JIOBEYECKOE 103HAHUE 1
aoBkoctb Ha Jlyny. TenepobororexHuka —
310 OypHO pacrymas OTpacb 371€Ch, HA 3emiie.
Mbi norpysxaemcsi B OrpoMHbI€ TiyOuHbL
OKeaHa, UCII0JIb3Ysl yIPaBJISIEMbIE YEJOBEKOM
aBToMaThl. PoboTusnposanHoe obopynoBaHue
no0bIBaeT pecypebl U3 onacHbix maxr. Hame
He0o BCE yale yceuBaeTcst Kopadisimu,
JeTAIIMMU 0] Tejeynpasienuem. laxe
BbICOKOTOUHAS] XUPYPT UL IPOBOAUTCS C
[IOMOIIBIO TE€JIEPOOOTOTEXHUKH, KOTOPYIO
[POBOAMT Bpay, HAXOMSAIIMACS JaIEKO OT
NanueHTa.

Yenoseueckoe MO3HAHUE U JJOBKOCTb MOT'YT




point, space expeditionary crews can
teleoperate systems that are deployed on the
moon.

By demonstrating telerobotic skills at the
Hawaii-situated base, processes would be
validated in preparation for renewed human
activity on the moon. This matchless center
will motivate and train the much needed next
generation of engineers, scientists, and
entrepreneurs primed to take on the challenges
ahead in developing the space frontier. I know
firsthand, challenging times often precede the
most rewarding moments.

First as a terrestrial prototype, a multinational
lunar base will help condition us to what’s
needed on Mars to support future human
missions and settlements there

OBITH PaCIIPOCTPAHEHBI HA JIYHHYIO
TEPPUTOPHUIO CO CKOPOCTBIO CBETA C IOMOLIBIO
TenepoboTos. HanéxHo cnpsTaBIINCh BHYTPH
BBICOKOTEXHOJIOTUYHOH Cpebl OOMTaHUS B
Touke Jlarpanxa 3emus-JlyHa, sxunaxu
KOCMHUYECKHUX KCIEAULINHA MOTYT
JUCTAHLIUOHHO YIIPABJISITE CUCTEMAMU,
pa3BepHyTbIMH Ha JIyHe.

JleMOHCTpHpPYS HABBIKH TeepoOOTOB Ha Oasze
Ha ["aBaiisx, mporecchl OyayT IPOBEPEHBI B
paMKax MOATOTOBKH K BO3OOHOBJICHUIO
JesITeNIbHOCTH 4enoBeka Ha JIyHe. Dtor
HETPEB30UIEHHBIN LEHTP OyaeT
MOTHBHUPOBATh U 00y4aTh CTOJIb HEOOXOAUMOE
cienyrluee MOKOJIeHUE UHXXEHEPOB, YUEHBIX U
IpeanpUHUMaTENeH, TOTOBBIX K PELISHHIO
3a7a4, CTOSIIIMX Nepea OCBOEHUEM
KOCMHYECKOro MpocTpaHcTBa. A 3Haro He
MOHACNBILIKE, TPYAHBIE BPEMEHA 4acTO
MPELIECTBYIOT CAMBIM IPUSATHBIM MOMEHTaM.
CHavana B ka4eCTBe 3€MHOTI0 NMPOTOTUIA
MHOTOHALIOHAJIbHAS JTYHHAs! 0a3a IOMOXKET
HaM IOJTOTOBUTHCS K TOMY, YTO HEOOXOUMO
Ha Mapce 11t monaep KKu OyayInx MUCCHH
YEJIOBEKA U NOCEJICHUH TaM.

Cultivating a Unified Effort

KyjabTuBHpOBaHHE 00beAHHEHHBIX YCHJIHH

When Neil and I stepped upon the surface of
the moon at Tranquillity Base, we fulfilled a
dream held by humankind for centuries. As
inscribed on the plaque affixed to the ladder of
our lander: “We Came in Peace for All
Mankind.”

It was, truly, one small step.
But more steps are needed.

There is no compelling reason to forgo our
longer-term goal of permanent human presence
on Mars. Consequently, great care must be
taken that precious dollar resources needed for
the great leap to Mars are not sidetracked to the
moon.

The United States has more experience at the
moon than any other nation. The country made
a huge expenditure in the 1960s and 1970s to
gain that leadership. So to just toss that
investment away is ridiculous. However, what
we now need to do is foster a presence at the

Korpa Hun u 51 crynunu Ha NOBEPXHOCTh
Jlynbl Ha baze CniokolicTBUsL, MBI
OCYILECTBHJIM MEUTY YEJIOBEYECTBA Ha
MPOTsKEHUH BeKOB. Kak HanucaHo Ha
TabJIMUKe, MPUKPETIEHHOH K Tpary HaIIero
CITyCKaeMoro amnmapara: « Mpl IpULLIA C
MHPOM [JIs1 BCETO YEJI0BEUECTBAY.

10 ObUI AEUCTBUTEIBHO OAUH MAJICHBKUHN
miar.
Ho HeoOX0auMBbl TOMOJIHUTEIBHbIE 1IATH.

Her BeCkuX MPUYUH OTKa3bIBATHCS OT HaLIEH
JOJITCOCPOYHOM LIEJTH TTOCTOSTHHOTO
MIPUCYTCTBUS Yes0BeKa Ha Mapce.
CrnenoBarenbHO, HEOOXOIMMO MPOSIBIISITH
OOJIBIIYIO OCTOPOKHOCTD, YTOOBI
JParoLEeHHbIE TOJIAPOBBIE PECYPCHI,
HeoOXOouMbIe 1Jist OOJBIIOrO MPBIKKA Ha
Mapc, He ObUTH HampasieHbl Ha JIyHY.

VY Coenunénnbix [1ITaToB OOJNBIIE OMBITA HA
Jlyne, uem y mo6oit npyroii crpanbsl. CTpaHa
MOTpaTUiia OrpoOMHbIE cpeacTsa B 1960-x u
1970-x rogax, 4ToOBI 3aBOEBATH 3TO
aunepcTBo. Tak 4To MPOCTO BLIOPACHIBATD 3TH
WHBECTUIINH NPOCcTO cMemHo. OmHAKO ceivac




Earth-moon L1 and L2 points, libration
gateports that permit the United States to
robotically assemble, piece by piece, hardware
and habitation on the moon.

America’s space program should help other
nations achieve what we have already done.
In chapter 3 I mentioned Lagrangian points—
locations in space where gravitational forces
and the orbital motion of a body balance each
other. French mathematician Louis Lagrange
identified these areas in 1772. His gravitational
studies of the “Three body problem,”
suggested that a third, small body would orbit
around two orbiting large ones. There are five
Lagrangian points in the Earth-moon system,
as well as in the sun-Earth system. Because of
the combined gravitational force of the two
bodies, they can be used by spacecraft as a
place to linger, although a spacecraft at the
Earth-moon Lagrangian points must use light
rocket firings to remain in the same place or
control its path around their halo orbits.

The Earth-moon Lagrangian points, E-M 1 and
E-M 2, are viable L points: locations where the
combined gravity of Earth and the moon
permits a spacecraft to be synchronized with
the moon in its orbit around Earth. In other
words, the spacecraft appears to hover over the
far side of the moon. Crew members at this
location have continuous line-of-sight visibility
to the entire far side of both the moon and
Earth

HAaM HY>KHO OO€CTIeUUTh MPUCYTCTBUE B
toukax L1 u L2 3emnsa-JlyHa, nuGpannoHHbBIX
BpaTax, KOTopble N03BOJAI0T CoeNMHEHHBIM
[IItatam poOOTU3UPOBAHHO COOMPATH
obopynoBaHue U kujbe Ha JlyHe.
Kocmuueckas nporpamma AMEpUKH JOJIKHA
MIOMOYb IPYTHM CTPaHaM JOOUTBCS TOTO, UTO
y>Ke CAeNaIu Mbl.

B rnase 3 s ynoMsHyn Touku Jlarpanka —
MecCTa B IPOCTPAHCTBE, /i€ IPABUTALIMOHHbIE
CHJIBI U OpOUTANIbHOE ABIDKEHHE TENa
YPaBHOBELIUBAIOT APYT Apyra. ®paHiy3ckui
MateMaTuk Jlyun Jlarpanx onpenenui 3Tu
obmactu B 1772 rony. Ero rpaBuTaniioHHbIe
HCCJIEZIOBAHMS «3a7jaull TPEX Tesl» MOKa3aly,
YTO TPETh€ MaJIEHbKOE TEJIO BPALAETCsI BOKPYT
nByx Oonbimux Ten. B cucreme 3emusi-JlyHa,
Kak U B cucreme CoHIle-3eMJIs, TATh TOUEK
Jlarpanska. M3-3a 0ObenuHEHHON
rPaBUTALMOHHON CUJIBI IBYX T€Jl OHU MOTYT
HCTIOJIB30BATHCS] KOCMUYECKUM KOpadiéM B
Ka4yecTBe MeCTa AJIs 3aJIeP>KKH, XOTs
KOCMHYECKHH KOPaOJib B JIATPAHIKEBBIX TOUKAX
3emuis-JIyHa NOKEH UCTIOIb30BaTh JIETKUE
paKeTHbIE MyCKH, YTOOBI OCTABATHCS HA OTHOM
MECT€ UJIM KOHTPOJUPOBATh CBOI MyTh BOKPYT
UX. Tajo OpOUTHL

Touku Jlarpanxka 3emns-Jlyna, E-M 1 u E-M
2, SIBJISIFOTCSI )KU3HECTTOCOOHBIMU TOYKaMHU L
MecTaMH, r1e OObeIMHEHHAS TPABUTALIUS
3eminu u JIyHbI IO3BOJIAET KOCMUUYECKOMY
KOpabJIto0 CHHX pPOHU3UPOBAThCs ¢ JIyHOI Ha
ero opbure BOKpyT 3emin. J[pyrumu cjaoBamu,
KaXXETCsl, YTO KOCMUYECKHI KOpadyb mapuT
Hax oOpaTHO cTopoHOH JIyHbI. UmneHsl
SKUIAXa B 3TOM MECTE UMEIOT HEMPEPbIBHYIO
NPSIMYI0 BUIUMOCTb BCeH 0OpaTHOH CTOPOHBI
JlyHbl u 3emun.

From the Earth-moon L2 point, one scientific
setup on the moon is emplacing a far side lunar
telescope, equipment that will tune in to an era
of the young universe during the first 100
million years of its existence. With no
atmospheric distortion, shielded from the buzz
and static broadcast from Earth, the extremely
“radio quiet” far side of the moon presents a
superlative environment for sensitive
telescopic observations.

Matching Earth-moon Lagrangian points with

U3 touxu L2 3emna-Jlyna onHa HayuHas
yCTaHOBKa Ha JIyHe yCTaHABIMBAET JIyHHbBII
TEJIECKON Ha 00PaTHOH CTOPOHE,
obopynoBaHue, KOTopoe OyaeT HaCTPauBaThCS
Ha 30Xy MOJIOAON BceeneHHoi B TeueHue
nepsbix 100 MUJITTMOHOB JIET €€
cyimecTBoBaHMA. be3 armocdepHbIx
HCKaXXEHUH, 3alUIIEHHAs OT I'yJjia U
CTaTHUYECKUX MIOMEX C 3€MJIH, Upe3BbIYaiiHO
«panuo-Tuxas» obparnas ctopoHa JIyHsl
npeacTaBisieT COOOH MPEBOCXOIHYIO Cpeny
11l YyBCTBUTEJIBHBIX TEJIECKOMUYECKUX
HaOJIFOIeHUH.

Conocrasnenue Touek Jlarpanxka 3emis-JIyHa




astronauts operating telerobotic hardware
allows the assembly of infrastructure on the
moon, carrying out surface science, scouting
out and unearthing important lunar resources.
This capability is an innovative advance,
redefining the word “exploration”—and it is
also a powerful stepping-stone to similar
operations at Mars and its moons

C aCTPOHABTaMH, UCHOJIb3YIOIUMHU
TeNepoOOTU3NPOBAHHOE OOOPYIOBAHHE,
NO3BOJISIET COOMPaTh MHPPACTPYKTYPY HA
JlyHe, mpoBOIUTH HUCCIIEAOBAHUS
MOBEPXHOCTH, pPa3Be/bIBaTh U PacKaIblBaTh
Ba)KHbBIE JIYHHBIE PECYypChl. DTa BO3MOXKHOCTh
SIBJIIETCS. NHHOBALIMOHHBIM JOCTHXKEHUEM,
JAIOLIMM HOBO€E ONpeJeIeHHe CIOBY
«HCCIEIOBAaHUE», a TAKKE MOIITHOM
CTYIEHbKOMN K aHAJIOTMYHBIM OllepaLusM Ha
Mapce 1 ero CnyTHUKax.

As an initial step, I propose the United States
put in place nonsurface lunar infrastructure,
including a lunar orbiting global positioning
system and libration point relay satellites, as
well as space-based fuel depots. These
infrastructure projects will enable more
efficient and detailed exploration of the moon.
For example, a lunar communications system
can tackle the challenge of contact with the
lunar far side, which is blocked from direct line
of sight with Earth. A pair of communication
satellites in the halo orbits around the Earth-
moon Lagrangian points L1 and L2 would
provide radio blackoutfree coverage of
spacecraft in lunar orbit and for most of the
lunar surface.

Available to all countries, the “buy by the
byte” lunar communications system would be
built to handle an outflow of science data to be
returned to Earth, from on-the-prowl
teleoperated rovers to robotic sample-return
missions that investigate the far side of the
moon. First, a lunar communication network
will be developed using a frequency common
to all users, to be followed by a lunar
navigation system.

I’ve been there. Working on the moon is not
easy. You’re faced with a lack of reference
points and landmarks. The moon is such a
small body, the nearness of the lunar horizon
makes navigation on the lunar surface tricky.
It’s very easy to get lost on the surface of the
moon, particularly if you are in rough terrain—
the very type of landscape that is likely to be
most attractive for study.

B kauectBe nepBoOro mara s mpeaararo
CoenunénnbiM lItatam coznatsb
BHETOBEPXHOCTHYIO JTYHHYIO
UH(PaCTPyKTYpy, B TOM YHCIIE CUCTEMY
r7100a7bHOT0 MO3ULHOHUPOBAHMS HA JTyHHOM
opOuTe U CYTHUKHU-PETPAHCISITOPBI TOUKH
auOpalvy, a TAKXKE CKJIa bl TOTLIHBA B
KOCMOce. OTH HHPPACTPYKTYPHBIC TIPOESKTHI
no3BOJAT Oojiee 3¢ (PEeKTUBHO U TeTaTBbHO
uccienosats Jlyny. Hanpumep, nyHnas
CHCTEMa CBSI3H MOKET PEIlIUTh MpodieMy
KOHTaKTa ¢ 00paTHO# cTopoHOi JIyHBI,
KOTOpasi 3a0JIOKUPOBAaHA OT MPSIMOM
Bunumoctu ¢ 3emin. [lapa CliyTHUKOB CBsI3U
Ha rajgo-opourax BOKpyr Todek Jlarpanka
3emis-JIyna L1 u L2 obGecnieunt
OecrnpensaTCTBEHHOE PaJUONIOKPBITHE
KOCMHUYECKHX aIapaToB Ha JIyHHOH opOuTe u
Ha OOJbLIeH YacTH JIYHHOH MOBEPXHOCTH.
JlyHHasi cucteMa CBsI3H, JJOCTYIHAS IS BCEX
cTpaH, Oyaer mocTpoeHa st 00paboTKH
MOTOKA HAYyYHBIX JAHHBIX, KOTOPbIE TOJIKHBI
OBITH BO3BpAILEHbI HA 3€MJTIO, OT
IMCTAHLMOHHO YIPABJISIEMbIX BE31€X0/I0B J10
poOOTU3UPOBAHHBIX MUCCHI 11O BO3BPATY
00pa31oB, KOTOPBIE HCCIENYIOT OOPATHYIO
CTOPOHY. JIyHBL. Bo-miepBbix, Oymer coznana
JIyHHAs! CETh CBSI3U C UCMIOJIb30BAHUEM
4aCcTOTHI, OOIIEH I BCeX MONb30BaTeNei, 3a
KOTOPOH MOCenyeT JyHHasi HABUTALIMOHHAsI
cucrema.

A 6b11 3nech. Paborate Ha Jlyne HenpocTo. B
CTOJIKHYJIMCh C HEXBATKOI OPUEHTHUPOB U
OpueHTHPOB. JIyHa — Takoe MaJeHbKOE TeJIO,
4TO OJIM30CTh JIYHHOTO FTOPU30HTA 3aTPYIHSET
HABUTALHIO 110 JIYHHOM NMoBepxHOCTU. Ha
NoBepXHOCTH JIyHBI O4EHb JIETKO 3201y IUThCS,
0COOEHHO €CJI Bbl HAXOIUTECh Ha
MEePECEUEHHON MECTHOCTU — UMEHHO TaKOH
nanamadT Handoiee MpUBJIEKATEICH IJIsI
U3YYEHUsL.




A lunar navigation system would constitute a
constellation of perhaps four or five satellites.
They can provide the precise navigation
needed to make lunar research much more
effective and less risky, both for teleoperated
rovers and for human explorers.

This infrastructure is linked to the
establishment of a new organization dedicated
to cultivating a unified international effort to
further examine and develop the moon.

JlyHHast HaBUTALMOHHAS cUCTeMa Oyaer
COCTOSITb U3 YEThIPEX UJIH MSITU CITyTHUKOB.
On# MOTyT 00€CTIEYNTh TOYHYIO HaBHTALHIO,
HEOOXOUMYIO I TOTO, YTOOBI CAENATh
uccnenoBanus JIyHel HAMHOTO Oonee

3¢ PeKTUBHBIME U MEHEe PUCKOBAHHBIMU KaK
IUIs TeJIeyIPaBIIsseMbIX BE3/1€X00B, TaK U JJIsl
JHOJEH-UCCIIeN0BaTeNeH.

Ota nHppacTpyKTypa CBsi3aHa C CO3JaHHEM
HOBOM OpraHU3alyy, MPU3BAHHON Pa3BUBATh
00BETMHEHHBIE MEXKIYHAPOAHBIE YCUIIHSI 1O
JanbHEHUIEMY H3YYEHHIO U pa3BUTHIO JIyHBI

Encouraging Cooperation

Hoompenne cCOTPyAHNYECTBA

Spurred in part by the discovery of lunar water,
there has been a major resurgence in moon
exploration, carried out not only by the United
States. Several nations have their eyes on the
moon too, among them China, India, Japan,
Russia, and the consortium of countries that
form the European Space Agency.

Go-it-alone initiatives, though, create the
prospect of duplication of effort—and the
wasteful use of resources. For spacefaring
nations in these turbulent economic times,
everyone is dealing with cash-strapped
budgets. It is time to build on each other’s
talents and reduce mission risk by sharing
information and capabilities.

How to avoid duplication and make lunar
exploration more efficient and more effective?

An International Lunar Development
Corporation (ILDC) could be customized to
draw upon the legacy and lessons learned from
previous efforts, such as the International
Geophysical Year, piecing together the
International Space Station as well as model
organizations like Intelsat and the European
Space Agency.

Space collaboration should be the new norm.
Despite the Cold War tensions between the
United States and the former Soviet Union that
characterized the space race of the 1960s, the
Russians have become critical partners in the
International Space Station—a collective effort
of 16 nations. It is time to inspire the
international community to jointly explore and
develop the moon as a partnership. Forget the

YacTiuHo Gnarogapsi OTKPBITHIO JIYHHOH BOJIBI
MIPOU3OLLIO CEPbEZHOE BO3POXKIEHUE
ucciaenoBanuil JIyHel, IPOBOAUMBIX HE TOJBKO
Coenunénnbivu Illraramu. Ha JIyny taxke
CMOTPSIT HECKOJIbKO CTPaH, B TOM UHCJIe
Kwuraii, Unaus, Anonus, Poccust u
KOHCOPLIMYM CTpaH, BXOAAIuUX B EBponelickoe
KocMudeckoe areHTcTBo. OHako
CaMOCTOSITEJIbHbIE HHULIMATUBBI CO3JAt0T
NEePCIEeKTHBY 1yOIMPOBaHUS YCHIIUN U
PacTOUYMTENBLHOTO UCIIONB30BAHUS PECYPCOB.
JI71s1 KOCMUYECKUX AEpKaB B 3TH HECITOKOHHBIE
SKOHOMMUYECKHE BpEMEHA BCE UMEIOT JIEJIO C
orpaHudeHHbIMHU Oropkeramu. [lpumino Bpemst
pa3BUBATh TAJAHTHI PYT ApPyra U CHUXKATh
pHICK MUCCHH ITyTéM oOMeHa nH(popmanueit u
BO3MO)KHOCTSIMHU.

Kak m3b6exarb nyOnupoBaHus U CIENaTh
ocBoenue Jlynsl Oonee 3¢ (eKTHBHBIM U
PE3yIBTaTUBHBIM?

MexnayHapoaHasi KOpropawuusi o pa3BUTHIO
Jlynsel (ILDC) MosxeT ObITh HACTPOEHA TAKUM
o0Opa3om, 94TOOBI OMPATHCS HA HACTIEUE U
YPOKHU, U3BJIEUEHHbIE U3 IPEABbITYLINX
MEPOINPUATHIH, TAKUX Kak MexayHapOIHbIN
reopU3NUeCcKuii roj, OObEANHSISI BOSTUHO
MexayHapoAHy0 KOCMUYECKYIO CTAHLIUIO, &
TaK)Xe MOJIeJIbHbIE OPraHU3aLUY, TAKUE KaKk
Intelsat u EBpomneiickoe kocMuueckoe
areHTCTBO.

KocMuueckoe coTpyAHUHYECTBO JOJIKHO CTaTh
HOBOI HOpMO#. HecmMoTpst Ha HANPSIKEHHOCTD
BPEMEH XOJIOAHON BOWHBI MEKIY
Coenunénnbivu [lItaramMu v ObIBIINM
CoserckuM CoOI030M, XapaKkTepHU30BaBIIYIO
KOCMHYECKYIO FTOHKY 1960-x rogos, pycckue
CTaJli BaXKHbIMU NapTHEPAMHU B
MexxnyHapOaHONH KOCMUYECKONW CTAaHLIUHA —
KOJUIEKTUBHBIX yCUIUsiX 16 crpan. Ilpunuio




space race. That is now a mode that’s
outmoded.

The ILDC moves beyond dependence on the
financial and technical wherewithal of a single
nation. What’s more, its organizational
structure would allow it to easily work with
private firms and to make use of private
funding. The ILDC should have the flexibility
not only to contract with private firms for
services and goods, but even to enter into
alliances and partnerships with the private
sector. Indeed, I visualize the ILDC as an
anchor customer for lunar navigation and
communications services.

The hallmark of the ILDC will be to encourage
cooperation and reduce duplication of etfort.
Membership will be open to any nation, thus
fulfilling the promise of Apollo by allowing all
nations a way to take part in the exploration of
the moon. For the effective utilization of the
moon, goods and services can be bartered,
enabling China, India, Japan, and others to
land their robotic and human-carrying vehicles.
For them, it is about establishing prestige.
Space has always been an arena of bartering,
and it is a “currency of choice” that has been
used in setting up and operating the
International Space Station.

So what does the United States barter for? For
seats on landers of other nations, U.S.
contributions of infrastructure can be offered in
exchange for human passenger delivery to the
surface of the moon and back. The point here
is to avoid investing American taxpayer dollars
in transporting U.S. personnel to the moon. We
just barter for things and get clever about our
ability to negotiate.

BpeMsl BIOXHOBUTb MEXIyHapOIHOE
co00IIeCTBO HA COBMECTHOE MCCIIEIOBAHUE U
pa3paboTky JIyHBI B paMKax MapTHEPCTBA.
3abynbre 0 KocMu4eckoil ronke. Celivac 310
YCTapeBLINI PEKUM.

ILDC BBIXOIMT 32 paMKH 3aBUCHMOCTH OT
(PMHAHCOBBIX U TEXHHUYECKUX CPEACTB OTHOU
cTpaHbl. bojee Toro, ero opraHu3aluoOHHas
CTPYKTypa NO3BOJIMIIA OBl €My JIETKO padoTaThb
C YaCTHBIMU (PUPMaMH 1 UCTIOJIB30BATH
yactHoe punancuposanue. ILDC nomkua
HUMETb BO3MOKHOCTb HE TOJIbKO 3aKJIH04aTh
KOHTPAKTBI C YACTHBIMU (PUPMaMU HA YCIIyTU U
TOBApbI, HO 1K€ BCTYIATb B COIO3bI U
NapTHEPCKME OTHOILIEHUS C YACTHBIM
CEKTOpPOM. J[eHCTBUTENBHO, 1 NPEACTABIISIO
ILDC 0CHOBHBIM 3aKa34MKOM YCIyT JIyHHOH
HaBuranmuvu v CBA3U.

OtnuunrensHoii yeptoii ILDC Oyner
MOOLIPEHUE COTPYAHUUECTBA U COKpALIeHUe
nyonuposaHus ycwiuid. YneHcTBo Oyaer
OTKPBITO [JIs1 JTFOOOH HAIUU, TEM CaAMbIM
BBITIOJIHSIS OO€eIanue ATOJUIOHA,
npeaoCTaBAsd BCEM HALlTUAM BO3MOKHOCTb
MPUHATb y4acTue B ucciaenosanuu JIynel. s
3¢ pexTuBHOTO uCoNb30BaHUst JIyHBI MOKHO
O0OMEHMBATHCS TOBAPAMU U yCIYTaMu, YTO
no3soauT Kuraro, Uanun, Anonnn u apyrum
CTpaHaM IPU3EMIIUTLCS HA CBOUX
POOOTU3UPOBAHHBIX TPAHCTIOPTHBIX CPEACTBAX
U TPAHCIIOPTHBIX CPEACTBAX, ePEBO3SALINX
mroae. s HUX 3TO Co3aaHue IPEeCTUXA.
Kocmoc Bceraa Obut apenoti Oaptepa, u 3T0
«TPEANOYTUTENbHAS BAIIOTa», KOTOpast
MCIIOJIb30BAJIACH MTPU CO3JaHUU U
SKCIUTyaTauuu MexayHapOoaIHOH KOCMUYECKON
CTAHIIMH.

Taxk Ha uto >xe CIIIA obmenusarorcs? Jlns
MECT Ha CIIyCKaeMbIX ammapaTax ApPyrux CTpaH
MOXKET OBITb MPEAJIONKEH BKIIA/
undppactpyktypsl CIITA B 0OMeH Ha 1OCTaBKY
MAaCCaXKMPOB Ha MOBEPXHOCTb JIyHbI 1
obparno. CyTb 31€Ch B TOM, 4TOOBI M30€KaTh
BJIOXKEHUS 1OJJIAPOB AMEPUKAHCKUX
HAJIOTOIUIATENbIIUMKOB B TPAHCIIOPTUPOBKY
aMEpPUKaHCKOro nepcoxana Ha Jlyny. Mbl
npocTo 0OMEHUBaeMCsl BeIIaMu 1 n3o0peTaeM




HAIy COCOOHOCTh BECTH NEPETOBOPHL.

America should chart a course of being the
national leader of this international activity to
develop the moon, but not by spending money
placing U.S. government people on its surface.
There’s no need to spend our money on landers
and other things that we’ve done before. Our
focus should be limited to robots on the lunar
surface that are dutifully employed to do
scientific, commercial, and other private-sector
work.

We need to provide the nonsurface lunar
infrastructure and make that available to other
governments—China, India, and others—in
exchange for an occasional seat on their
landers. In short, don’t put any more NASA
astronauts on the moon!

Our resources must be saved and spent on
moving toward establishing human
permanence on Mars

AMepHuKa TOJDKHA B3SITh KypC Ha TO, YTOOBI
CTaTh HaLlMOHAJIBHBIM JIUIEPOM STOU
MEXXTyHaApOIHOH 1eATEeIbHOCTH IO OCBOEHUIO
JIyHBI, HO HE TPAaTUTh AEHBIU HA pa3MelleHHe
Ha €€ MMOBEPXHOCTHU IpescTaBuTeNen
npasutenscTBa CIIIA. Her HeoOxopumocTu
TPaTUTh J€HbI'M HA NIOCAOYHbIE MOYJIU U
Apyrue Belly, KOTOpbIE Mbl 1eJIaId PaHblle.
Harmre BHUMaH#ue TODKHO OBITH OTPAaHUYEHO
poboTamu Ha OBEPXHOCTH JIyHBI, KOTOpBIE
TOJDKHBIM 00Pa30M HCIIONB3YIOTCS IS
BBINIOJIHEHUS] HAYYHOM, KOMMEPUYECKON U
OpyTroii padoThl B 4aCTHOM cexTope. Ham
HY>KHO NPEIOCTaBUTh BHEMOBEPXHOCTHYIO
JYHHYIO HHPPACTPYKTYpPy H CAETATH €€
JOCTYIHOMN A APYTUX MPABUTENbCTB —
Kuras, Uagun u npyrux — B oOMeH Ha
BPEMEHHOE MECTO Ha UX CITyCKaeMBbIX
annaparax. Kopoue rosops, He oTnpaBisiiTe
oonbine actpoHasToB HACA Ha Jlyny!

Hamm pecypcrl 1OIKHBI OBITH COXPaHEHBI U
MOTpaveHbl Ha MPOJBUKEHNE K YCTAHOBJIEHUIO
4eJIOBEYECKOro MOCTOsIHCTBA Ha Mapce.

Location, Location, Location

Mecto, MecTo, MecTo

In many ways, I anticipate an outpost on the
moon that could mirror what has already taken
place here on Earth, in Antarctica.

Americans have been studying Antarctica and
its interactions with the rest of our globe since
1956. Visiting researchers delve into
glaciology, biology and medicine, geology and
geophysics, oceanography, climate studies,
astronomy, and astrophysics. Contractors and
units of the military provide operational
support at year-round stations: Palmer Station,
Amundsen-Scott South Pole Station, and
McMurdo Station (the main U.S. station in
Antarctica). Today, the U.S. Antarctic Program
supports a peak population of about 1,600 men
and women.

Bo MHOrux OTHOILIEHUSX 5 OKUJA0, UTO Ha
JlyHe mosiBUTCS aBaHIOCT, KOTOPBIH MOT OBl
OTPa3UTh TO, UTO YK€ MPOU3OLLJIIO 3/1ECh, Ha
3emiie, B AHTapKTHUAE.

AMepHKaHIbl U3y4aloT AHTAPKTUAY U €€
B3aUMOJZIEUCTBHUE C OCTAJIbHOMN YaCThIO HALIErO
3eMHOro mapa ¢ 1956 rona. Ilpues:xarommue
HCCIIEIOBATENH YTAyOJISIOTCS B MISILIUOJIOTHIO,
OMOJIOTHIO U MEAULIUHY, T€OJIOTHIO U
reopu3uKy, okeaHorpauio, KIMMaTHIECKHE
HCCIIEIOBAHMSL, ACTPOHOMHUIO U aCTPOPHU3HUKY.
IToapsauuky 1 BOEHHBIE MOpa3AeeHus
00ecTeYnBaOT OMEPATHBHYIO MOIAEPKKY HA
KPYIJIOrOANYHbIX cTaHIusIx: [laamep,
IOxnononspHast cranuus AmyHaceH-CKOTT U
Mak-Mepno (rnasras cranuus CIIA B
AmnTapkruae). CeronHs AHTapKTHUYECKAs
nporpamma CIIA nonaep:kuBaeT MUKOBOE
HacesieHue okoso 1600 My»XKYWH U JKEHIIHH.

The tab for the U.S. Antarctic Program—an
effort that supports scientific research in
Antarctica and the waters surrounding, with the
goals of fostering cooperative research with
other nations, protecting the Antarctic
environment, and conserving living
resources—is picked up by the National
Science Foundation.

Bxnan ansa AHTapKTHYECKOH POrpaMMBl
CIIA — ycunus, KOTOpoe MoAAeP>KUBAET
Hay4Hble UCCIEJOBaHUs B AHTapKTUAE U
OKPY KAIOIIUX BOJAX C LENBIO CONEHCTBU
COBMECTHBIM HCCIIEIOBAHUSM C IPYTUMHU
CTpPaHaMH, 3aLIUTBl OKPYIKAIOIIEH Cpeasl
AHTapKTHKH U COXPaHEHUs JKUBbIX PECYPCOB
— npuHumaeT HanmoHnanbHbIN HAy4HBIA




On my own trek to Antarctica I could clearly
see an analogy between five-plus decades of
research in that icy wasteland and what awaits
us on the moon. There’s a long line of people
who hunger to travel to Antarctica and carry
out research tasks. Seeking answers to
questions leads to new inquiries. The moon is
just as complex, as remarkable, and as fruitful
in an exploratory sense as Antarctica.

Over the last few years, for instance, a number
of different lines of evidence have pooled
together to help shore up the case for water on
the moon. For example, the Indian Space
Research Organization’s Chandrayaan-1
spacecraft carried a NASA instrument, the
Moon Mineralogy Mapper. It found evidence
of water molecules on the lunar surface. The
Chandrayaan-1’s Moon Impact Probe (MIP)
also sensed that it flew through an exospheric
“water cloud” during its 2008 plunge onto the
lunar landscape. What the MIP found might
have been water actually in motion that
migrates and concentrates in the ultracold,
permanently shadowed lunar craters.

Then there were the NASA Lunar Crater
Observation and Sensing Satellite (LCROSS)
observations in 2009 that detected water vapor
and ice particles kicked up after the LCROSS
Centaur upper stage was purposely slam-
dunked into the moon.

And here is another appealing link between
Antarctica and the moon. Shackleton crater is a
large and deep impact feature that lies at the
south pole of the moon. This crater was named
after Ernest Henry Shackleton, the intrepid
Anglo-Irish explorer who took part in the
period later labeled as the Heroic Age of
Antarctic Exploration, a time span that
stretched from the end of the 19th century to
the early 1920s

doHx. .

Bo Bpemst Moero coOCTBEHHOTO MyTEIIECTBHS
B AHTapKTHUJY 5 ICHO YBUJEJ aHAJIOTHIO
MEX]y MSThIO C JIUIIHUM AECSITUIIETUIMU
WCCJIEIOBAHUM B 5TOM JIEASTHOW MyCTOILIH U
TeM, 4TO Hac xkA€T Ha JIyHe. EcTb nnnHHasA
ouepeab JNIAEH, KOTOPBIE KaXKAYT
OTNPAaBUTHLCS B AHTAPKTUAY U BBINOJIHUTD
uccienosarenbckue 3agaun. Ilouck orseToB
Ha BOTIPOCHI BEIET K HOBBIM 3anpocaM. JIyHa
CTOJIb JK€ CJIOXKHA, CTOJIb )K€ 3aMeyaTesbHa U
CTOJIb K€ IJIOAOTBOPHA B UCCJIEOBATEIBLCKOM
CMBICJIC, KaK AHTApKTH[IA.

3a rnocyieqHue HECKOJIBKO JIET, HalpuMep,
HECKOJIbKO Pa3JIMYHBIX JINHUH 1OKa3aTeIbCTB
O0BETUHIITUCH, YTOOBI MIOMOYb MOJKPETHTD
JOBOJIBI B MOJIb3Y HaNU4Us BOJbI Ha JlyHe.
Hanpumep, Ha kocMIuecKoM Kopadie
«Hannpass-1» MHauiickoil opraHusanuu
KOCMHMYECKHX HUCCIEOBaHUN ObLT YCTAaHOBJICH
npubop NASA «Kapra munepanoruu JIyHb.
OH 0OHapy>XHJT TOKA3aTEIbCTBA MPUCYTCTBUS
MOJIEKYJI BO/IbI HAa JIYHHOH MOBEPXHOCTHU. 30H]
cronkHoBeHus ¢ Jlynoit Yannpasu-1 (MIP)
TaK)Ke OYYBCTBOBAJI, UTO OH MPOJIETEN Uepes
3K30c(epHOe «BOISIHOE O0NAKO» BO BpeMsi
NOTPY’KEHUsI B IyHHBIN naHamadr B 2008
roay. To, uro obHapysxkun MIP, morio ObITh
JNEHCTBUTENIBHO ABUXKYLIEHCS BOAOH, KOTOpast
MUTPUPYET U KOHLIEHTPUPYETCS B
yJIbTPaxOJOAHBIX, TOCTOSHHO 3aT€HEHHBIX
JIYHHBIX KpaTepax.

3arem B 2009 roay ObuH POBEIEHBI
HabmoneHust HACA ¢ moMomipio cryTHHUKa
HaOJIOIEHUS ¥ 30HANPOBAHMSI JTYHHBIX
kpatepoB (LCROSS), kotopbie 0OHapykuin
BOJISIHOM Map M YacCTHULbI JIbJla, TOJHATHIE
nocJie Toro, kak Bepxssist crynenb LCROSS
Centaur ObpUTa HAMEPEHHO MOTPYKEHA B JIYHY.

A BOT ellle OfHa NPUBJIEKATeNbHAs CBA3b
Mexny AHtapktuaoi u Jlynon. Kparep
[IleknToHa — 310 HoNBIIOE U TIYOOKOE
ynapaoe o0pa3oBaHHe, PacloNIOKEHHOE Ha
I0’KHOM nojiioce JIyHbI. DTOT Kpatep Obut
Ha3BaH B yecTb JpHecTa ['enpu [llexnToHa,
OecCTpaIHOTO aHTJIO-UPIAHICKOTO
HCCIeNIOBaTeNs], KOTOPBIN y4acTBOBAl B
nepuoze, no3xe Ha3BaHHOM [ epondeckum
BEKOM HCCII€ZIOBaHUsI AHTAPKTHKH, B IIEPUOJ C
koHIa 19 Beka 10 Hayana 1920-x ronos.

The shadowed portion of the crater was

3areHEHHAs 4aCTh KpaTepa Obuia




scanned with the Terrain Camera on board the
Japanese SELENE spacecraft in October 2008,
helping to gauge the slopes and central peak of
Shackleton crater. Those observations were
followed by the launch in 2009 of NASA’s
Lunar Reconnaissance Orbiter. It has played a
significant role in eyeing Shackleton with radar
and an array of other sensors.

Shackleton crater is more than 12 miles wide
and 2 miles deep, about as deep as Earth’s
oceans. The peaks along the crater’s rim are
exposed to almost continual sunlight, while its
interior is forever in shadow. All this adds up
to this captivating feature being an ideal spot
for the International Lunar Research Base
situated on the edge of the crater. Shackleton
hosts both regions of near-permanent darkness
and near-permanent sunlight, just the thing for
sun-energized power stations. And like real
estate here on Earth, it’s all about location.

Having water ice within sun-shy Shackleton
raises the outlook of harvesting those cold-
trapped deposits, an extraterrestrial commodity
that would minimize the need to carry water
from Earth to the moon. Not only can it be
processed for human consumption, it can also
be transformed into fuel. Yet another bonus
about this crater is that roughly 72 miles away
is Malapert Mountain, a peak that is
perpetually visible from Earth and can be
topped by a radio relay station.

While there is mounting consensus regarding
Shackleton as a future encampment, resolution
of the ice issue is likely to require more on-the-
spot survey work by robotic craft

oTckaHupoBaHa ¢ momoureio Terrain Camera
Ha OOPTY SIMOHCKOTO KOCMHYECKOT0 KOpabdist
SELENE B okTsi0pe 2008 roga, 4To momorio
OLIEHUTH CKJIOHBI U LICHTPAJIBHYIO BEPIIHHY
kparepa [llexnTona. 3a ’TUMHU HAOIOACHUSMHU
nocaeaosan 3anyck B 2009 rony JyHHOTO
pa3BenbIBaTEIHHOIO OPOUTAIBHOTO amnapara
HACA. OH cbirpaji 3HaYUTEIbHYIO POJIb B
HabmroneHun 3a LIIekITOHOM C TOMOIIBIO
pazmapa ¥ MHOXKECTBA JPYTUX JATYHKOB.
Kparep Illeknrona umeer mupuny 6omnee 12
MIIb U [TyOWUHY 2 MUJIH, IPUMEPHO TaKYIO XKe
rnyOnHy, Kak okeaHb! 3emin. [Tuku Brosb
Kpast KpaTepa IouTH IMOCTOSIHHO TTOABEPTAIOTCS
COJTHEYHOMY CBETY, B TO BPEMsI KaK €ro
BHYTPEHHSISI 4aCTh BCET/Ia HAXOIUTCS B TEHH.
Bce 310 nenaer 3Ty 3aXBaThIBAIOIIYIO
0COOEHHOCTh HI€aIbHBIM MECTOM JJISI
MesxayHapOoaHO! JIyHHOU HCCIIEN0BATENbCKON
0a3bl, PacMoNOKEHHON Ha Kparo kpatepa. B
[ITexknTOHE €CTh KaK OONACTH MMOYTH
MIOCTOSIHHOW TEMHOTBI, TaK U IMOYTH
MOCTOSIHHOT'O COJIHEYHOTO CBETA, KaK pas To,
YTO HY)KHO JUTSA JIEKTPOCTAHLIHH,
paboTaromux oT conHua. M, kak 1 B cirydae ¢
HENBMXKUMOCTBIO 371€Ch, HA 3eMIIe, BCE
3aBUCHUT OT MECTOIOJIOKEHHSI.

Hannuune BOAsIHOTO J1b1a B 3aCTEHYMBOM K
conHy LIIeknTOHEe MOBBIIAET NEPCIEKTHBBI
OOOBIMH 3THX 3aMEP3LINX OTIOKEHUH,
BHE3EMHOT'O TOBapa, KOTOPBIHA CBENET K
MHHHMYMY TIOTPEOHOCTD B TOCTABKE BOABI C
3emunu Ha JIyHy. Ero MoXHO He TOJNBKO
nepepadaTbIBaTh A1l NOTPEOIeHUsS
4eJI0BEKOM, HO U MpeBpallaTsh B Tomauso. Emé
OJHUM IPEUMYILIECTBOM 3TOrO Kparepa
SIBJISIETCS TO, YTO MPUMEPHO B 72 MUJISIX OT
HEero HaXxOoAWUTCs ropa Mananepr, MK,
KOTOPBII MOCTOSIHHO BHJEH C 3€MJIU U MOXKET
OBITh YBEHUAH PaUOPENCHHON CTaHIIUEH.
HecMmotps Ha TO, 4TO pacTET KOHCEHCYC
otHOcUTeNbHO LlleknToHa Kak Oyayiiero
Jarepsi, pemeHue npodIEMBbI CO JIBIIOM,
BEPOSITHO, NMOTPeOyeT NONMOJHUTEIbHBIX
HCCJIEZIOBAHUM HA MECTE C MOMOILIBIO
pPOOOTU3UPOBAHHBIX AMIAPATOB.

Free Enterprise

CB000AHOE MPEINPHHUMATEIHCTBO

As can be hammered out at the Hawaii-based
International Lunar Research Base prototype, a
crew situated at the Earth-moon L2 position
would assemble this permanent facility via
telerobotics, piece by piece, module by

Kak moxxHO BBIpaOoTaTh Ha [ aBaiisx, Ha
npororune MexayHapOoIHOH JIYHHOR
UCCIIeIOBATEIbCKON 0a3bl, KOMaH/a,
Haxomsmasics B no3unuu L2 3ems-JlyHa,
Oyzaet codupaTh 3TOT MOCTOSIHHBIN O0BEKT ¢




module. America’s return to the moon is one
that is robotic, to offer infrastructure and
leadership. This pathway eventually spurs
private-sector involvement and commercial
science that leads to commercial mining. The
free enterprise system, if we have a system
that’s worth its salt, ought to do reasonably
well without massive government subsidy. It’s
American leadership that can create the
conditions for commercial development of the
moon.

There is a choice to be made. As a country, we
can sit around and do nothing. Alternatively,
we can take a position of general awareness
and accept the role of leadership that we
carved out for ourselves in the 1960s and
1970s.

It’s very important, in my analysis, to never
forget the fact that Apollo affirmed America as
a leader in space. Apollo also inspired a new
generation to pursue scientific and engineering
careers. We should not reengage in a second
moon race—we won that contest more than 40
years ago. We should help others in finding
their niche in space, while, at the same time,
focus on our longer-term goal of permanent
human presence on Mars.

Without a doubt, new discoveries about the
moon lie ahead.

That, too, is the sense of Paul Spudis, a senior
staff scientist at the Lunar and Planetary
Institute in Houston, Texas. The moon is close,
it is interesting, and it’s useful, he observes. As
the rocket flies, traversing cislunar space—
traveling from Earth to the moon—takes just
three days. Additionally, the moon contains a
record of planetary history, evolution, and
processes unavailable for study on Earth or
elsewhere. In terms of its usefulness, projects
at the moon can help retire risk for future
planetary missions—say sending people to
Mars or to the asteroids—by sharpening our
space skills and putting to the test exploration
hardware for future deep space sojourns.

TIOMOIIBIO TEJIEPOOOTOTEXHUKH, TIO YaCTSM,
MOJyJIb 32 MoayJieM. Bo3BpalieHne AMepuku
Ha JIyHy Oyaer poOOTU3HPOBAHHBIM, YTOOBI
NPEIJIOKUTE HHPPACTPYKTYPY U JIUACPCTBO.
ITOT MyTh B KOHEYHOM HTOT€ CTUMYJIUPYET
y4aCTHE YaCTHOTO CEKTOPA U KOMMEPUYECKON
HAYKH, YTO MPUBOIUT K KOMMEPUYECKON
no0BI4e MOJIE3HBIX UCKOoMaeMbIx. Crcrema
CBOOOHOTO PEATIPUHIMATENLCTBA, €CIIU Y
HAC €CTh CUCTEeMAa, KOTOPasi TOrO CTOMT,
JOJKHA paboTaTh JOCTATOUHO XOopouIo 6e3
OTPOMHBIX F'OCYAAPCTBEHHBIX CYOCHUIHIA.
HNMeHHO aMepHKaHCKOE PYKOBOACTBO MOXKET
CO311aTh YCIOBHS IJI1 KOMMEPUECKOTO
ocBOeHMUs JIyHBI.

Ectb BBIOOp, KOTOPBIH HYKHO crenathb. Kak
CTpaHa, Mbl MOXEM CHUAETb U HUYErO He
nenatb. B kauecTBe albTepHATHBBI MBI MOYKEM
3aHATH MO3ULIMIO BCEOOIEro OCO3HAHUS U
NPUHATH POJIb JINIEPA, KOTOPYIO MBI CO3aJIH
st cedst B 1960-x u 1970-x ropax.

B moeM ananuze oueHb BaXKHO HUKOITIa HE
3a0bIBaTh TOT (PAKT, YTO ATIOJIJIOH YTBEPAHII
AMepuKy Kak Jujepa B KocMoce. ATOJIOH
TaK)Ke BJOXHOBHJI HOBOE MTOKOJIEHUE Ha
HAY4YHYIO U HHXXEHEPHYIO Kapbepy. Mbl He
JOJKHBI CHOBA y4acTBOBAaTh BO BTOPOI
JYHHO! FOHKE — Mbl BBIMT'PaJIU 3TO
copesHoBaHue Oonee 40 et Hazaa. Mer
JOJKHBI IOMOYb PYTMM HalWTH CBOIO HUILY B
KOCMOCE, B TO K€ BpeMsl COCPEAOTOUNBIINCH
Ha Hamel 6oyee JONTOCPOYHON e —
MOCTOSIHHOM MPUCYTCTBUH Y€JIOBEKa Ha
Mapce.

bes comHeHus, Briepeau HaC KAYT HOBbIE
OTKpeITHSA O JIyHe.

Jto Toxke mHeHHE [loa Cnanuca, crapmero
Hay4HOro coTpynHuKa JlyHHOro u
IJIAHETAPHOIO HHCTUTYTA B XbIOCTOHE, IITAT
Texac. Jlyna GM3K0, HHTEPECHO U MOJIE3HO,
3ameuaeT OoH. Bo Bpems nonéra pakera
nepeceKkaeT OKOJIONyHHOE IPOCTPAHCTBO — OT
3emunu 10 JIyHBI — 3aHMMaET BCEro TPU AHS.
Kpowme Toro, JIlyHa conep>kut 3anucu
MJIAHETAPHOW UCTOPUH, SBOTIOLIUU U
MIPOLIECCOB, HEAOCTYIHBIX JJIs1 U3YUEHUs Ha
3emie un rae-nmnodo eme. C TOUKU 3peHus
MOJIE3HOCTH, MPOEKTHI Ha JIyHe MOryT momMo4b
CHHM3HUTb PUCK OyAYIINX IUIAHETAPHBIX MUCCUH
— CKaxeM, OTIpaBKH JToAel Ha Mapc unu Ha
acTepOUIbI — 3a CUET OTTAUMBAHUS HAIINX




All this adds up to something Spudis likens to
a mantra for moon exploration: “To arrive,
survive, and thrive.”

KOCMHYECKHX HaBBIKOB U IPOBEPKU
UCCIIEIOBATEIBCKOTO 000OPYIOBAHUS IS
OyAyUIuX MyTemecTBUH B NaJbHUH KOCMOC.
Bce 3To cBoauTCs k ToMy, uto Criaguc
CpPaBHHMBAET C MAHTPOU AJIA UCCIEIOBAHUSA
JlyHbl: «IIpuOBITH, BBDKHUTD U MPOLIBETATH.

Detailed work done by Spudis, gleaned from
moon-circling spacecraft instruments that he
has helped to develop and operate, reveals that
the moon’s north pole—at a minimum—is
home to a large repository of ice. He places it
at 600 million metric tons, which, when
converted to liquid hydrogen and liquid
oxygen, is the equivalent of fuel for a space
shuttle launch every day for 2,200 years.

Water is by far the easiest and most useful
substance that can be extracted from the moon
and utilized to establish a cislunar spacefaring
transportation infrastructure. Establishing a
permanent foothold on the moon opens the
space frontier to many parties for many
different purposes, Spudis contends. By
creating a reusable, extensible cislunar
spacefaring system, a “transcontinental
railroad” in space can be built, connecting two
worlds, Earth and the moon, as well as
enabling access to points in between.

Spudis and I share a similar perspective. A
future lunar outpost can be internationalized, a
common-use facility for science, exploration,
research, and commercial activity.

Apollo 17°s Harrison Schmitt, a geologist and
the last man to step onto the lunar surface, has
argued for and written extensively about
mining helium-3 on the moon to generate
economical fusion power on Earth. He
advocates a public-private partnership to

extract the nonradioactive isotope on the moon.

Veteran space industry entrepreneur Dennis
Wingo agrees. He is CEO of Skycorp
Incorporated, a small commercial company
located at the NASA Ames Research Park at
Moffett Field, California.

IMonpobuas padota, mpoaenanHas Cragucom,
MOJIy4€HHAas! U3 UHCTPYMEHTOB KOCMHYECKOI0
KOpabJis, KOTOPBIN OH IOMOT pa3padoTaTh U
HCIIOJIb30BaTh, [IOKA3bIBAET, UTO CEBEPHBIN
nositoc JIyHpl — Kak MUMHUMYM — SIBJISIETCS
noMoM auist GobLIoro Xxpanuiuma jgpaa. Ox
oneHuBaer ero B 600 MUJIITMOHOB
METPHUYECKHUX TOHH, YTO IPU MPeodpa3oBaHUH
B JKUJKUN BOJOPOI U >KUIAKUN KUCIOPOL
SIBJII€TCS 9KBUBAJIEHTOM TOILIMBA JJIs
€KETHEBHOTO 3aITyCKa KOCMUYECKOro KopadJst
B TeueHue 2200 ner.

Bopna, 6e3yciioBHO, sIBISETCS] CaMbIM IIPOCTHIM
U HanOoJIee NOJIe3HBIM BEIECTBOM, KOTOPOe
MO>KHO M3BJieub ¢ JIyHbI U UCTIOIb30BaTh s
CO37aHuUs1 OKOJIOJYHHON TPAaHCIIOPTHON
uHppacTpykTypbl. CryIuc yTBEPKIAET, YTO
yCTaHOBJIEHHE MOCTOSIHHOTO TlaLjapMa Ha
JlyHe oTKpbIBaeT KOCMUYECKUE TPAHULIbI AJIs
MHOTHX CTOPOH C CAMBIMH Pa3HbIMH LIEJISIMU.
Co31aB MHOTOpPa30BYIO, paCIIUPSEMYIO
OKOJIOJIYHHYIO0 KOCMHUYECKYIO CUCTEMY, MOKHO
MOCTPOUTDH «TPAHCKOHTHHEHTAJIbHYIO
JKEJIE3HYIO IOPOTY» B KOCMOCE, KOTOpast
COEIMHUT J1Ba MUpa, 3emitto U JlyHy, a Taxxe
00ecreYnT AOCTYI K MPOMEKYTOUHBIM
TOYKaM.

Cnynuc u s pazziesnsieM CX0XYI0 TOUKY 3PEHMUsI.
Bynymunii TyHHBII aBaHIOCT MOXKET OBbITH
MHTEPHALMOHAJIM3UPOBAH Kak OOBEKT 001I1ero
MOJIb30BAHUS AJI HAYKH, Pa3BEIKH,
HCCJIENOBAHUN U KOMMEPUYECKON
NEeSITeNIbHOCTH.

Xappucos IImutt 3 «Anosiona-17», reonor
Y NIOCJIEHUN YEJIOBEK, CTYNUBIINN HA JTYHHYIO
MOBEPXHOCTh, MHOTO MHUCAJ O 100bIue Tenus-3
Ha JlyHe nyist npou3BOACTBA SKOHOMUYHOU
TepMosiiepHOl sHepruu Ha 3emie. OH
BBICTYIAET 3a TOCYaPCTBEHHO-4aCTHOE
NapTHEPCTBO 1Tl U3BJICYEHUS
HEpaaMOaKTUBHOIO N30TONa Ha JlyHe.

C 3TuM cornaceH BeTepaH KOCMUYECKON
orpacnu Jlenauc Yunro. OH siBisieTcs
reHepabHBIM TUPEKTOPOM Skycorp
Incorporated, HeGobLIONH KOMMEpUYECKOH




“Thinking about what can be done with the
moon is a lot more practical than complaining
about the difficulties,” Wingo suggests. He is
firmly convinced that the economic
possibilities of the moon are great.

What remains to be determined is how the
moon can be leveraged to solve the 21st-
century problems of sustaining and expanding
the reach of civilization here on Earth for the
nine billion people who will be living here
within a single generation.

“It is my firm conviction that the
industrialization of the moon is the necessary
and logical first goal of the second American
space age,” Wingo maintains. “The industrial
capability of the moon and its near-space
environs can now be developed. The
industrialization of the moon paves the way for
reusable human interplanetary spacecraft, large
communications and remote sensing platforms
in geosynchronous orbit, and the settlement of
Mars.

KOMIIAHUH, PACIIONOKEHHOH B
HUccnenosatensckom napke Jiimca HACA B
Modder-Punn, Kanudoprus.

«JlymaTp 0 TOM, 4TO MOKHO caenaTh ¢ JIyHoit
HaMHOTO [TPaKTUYHEE, YeM KaJOBaTbCs Ha
TPYAHOCTW», — Mpennaraer YuHro. O
TBEpIO yOEXKIEH, YTO SKOHOMHYECKHE
BO3MOXKHOCTH JIyHBI BEJIUKU.
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Yro emme npeacTouT ONpPeAenuTh, TaK 3TO TO,
KaK MO>KHO HUCIOJIb30BaTh JIyHy nnis pemenus
npobsieM 21-1o BeKa, CBSI3aHHBIX C
MOAJEPKAHUEM U PACIIUPEHUEM OXBATa
LMBUJIM3ALMH 3/1€Ch, Ha 3emile, AJis AeBATH
MIJLTHAPIOB YEJIOBEK, KOTOPBIE OyIyT KHUTh
37€Ch B TEUEHHUE OJHOTO MOKOJICHUS.

«S1 TBEépIO yOKIEH, UTO MHAYCTPHATU3ALIHS
JlyHb! siBIIsIETCST HEOOXOAUMOH U JIOTHYHON
MEePBON LIEJIBK) BTOPOH aMEPUKAHCKOMN
KOCMHYECKOU 3PbI», — YTBEPKAAET Y UHTO.
«IIpomsbllneHHbIE BO3MOXKHOCTH JIYHBI 1 €€
OMMKHEro KOCMOCa Terepb MOJKHO Pa3BUBATh.
HWnnycrpuanusanus JlyHsl mpokiIaabiBaeT NyTh
JUTs1 MHOTOPA30BBIX MEXKITJIAHETHBIX
KOCMUYECKHX KOopadJeit, ompimx riatdopm
CBSI3U U AUCTAHLMOHHOIO 30HIUPOBAHUS Ha
reoCTalMOHAPHON opOHTe, a TaKXKe AJIs
3acesieHnst Mapca.

Building a New Lunar Vision

Co3panue HoBOro B3risiaa Ha JIyHy

There are many others who envisage
groundbreaking activities on the moon. I can
attest to the fact that the moon is a Disneyland
of dust. The more time you spend there, the
more you get covered from helmet to boots
with lunar dust.

But despite its apparent grunge face, the lunar
regolith—surface material that’s composed in
part of rock and mineral fragments—is rich in
silicon, aluminum, magnesium, and other
useful elements that can be usefully extracted.
Two leaders in the use of lunar resources for
energy generation on the moon are Alex
Ignatiev and Alexandre Freundlich of the
Center for Advanced Materials at the
University of Houston. Since energy is
fundamental to nearly everything that humans
would like to do in space, for scientific
purposes, commercial development, or human
exploration, they are seeking raw materials on
the moon that can be utilized to create solar
cells on the spot. The moon is an ultrahigh

Ectp MHOTrO npyrux, KTo NjaaHUpyeT
HOBATOPCKYIO eATeNbHOCTD Ha JlyHe. Sl mory
3aCBUIETEIBCTBOBATH TOT (pakT, uto JlyHa —
sto {ucHeinenn u3 neutn. Yem Oosibime
BPEMEHU TaM MPOBOAHIIb, TeM OOJIbIIIe
MOKPBIBACIIBLCS OT LJIEMa 0 Camnor JYHHOU
MBUIBIO.

Ho, HecMOTps Ha KaxKyIIyrocs rpyOocTs,
JIYHHBII PErOJUT — MNOBEPXHOCTHBII
MaTepHal, YaCTUIHO COCTOSIIINN U3 OOJIOMKOB
TOPHBIX TIOPOA U MUHEPAJIOB, — Oorat
KpEMHHUEM, aJTFIOMUHUEM, MarHueM U JpyTrUMHU
MOJIE3HBIMU 3JIEMEHTAaMHU, KOTOPbIE MOXKHO C
MOJIb30M U3BJIeYb. [[ByMs Tuaepamu B
HCIIOJIb30BAHUH JIYHHBIX PECYPCOB IS
MIPOU3BOACTBA 3HEPruu Ha JIyHe sBIAIOTCS
Anexc UrnateeB u Anexkcanap ®@peitHanmx us3
LlenTpa nepcneKTUBHBIX MAaTEPUAIIOB
XBIOCTOHCKOrO yHUBepcuTeTa. Ilockonbky
SHEPrus sIBJISETCA OCHOBOU MOYTH BCETO, 4TO
JFOZIM XOTEJH OBl eNIaTh B KOCMOCE, B
HAYYHBIX LEJISIX, KOMMEPUECKUX pa3paboTkax
WJIU UCCJIEJOBAHUAX YEJIOBEKA, OHU UINYT Ha




vacuum environment, thus an appropriate
setting for the direct fabrication of thin-film
solar cells.

The lunar vacuum negates the need for vacuum
chambers within which to undertake thin-film
deposition processing,

The ability to fabricate solar cells on the moon
for use on its surface as well as in cislunar
space, the researchers believe, can result in an
extremely energy-rich environment for the
moon.

Ignatiev and Freundlich have looked into the
machinery needed to deposit solar cells
directly on the surface of the moon. This can
be accomplished by the deployment to the
moon’s surface of a moderately sized cell
paver/regolith processor system with the
capabilities of fabricating thin-film silicon
solar cells. The system could extract needed
raw materials from the lunar regolith and
prepare the regolith for use as a substrate.

Evaporation of the silicon semiconductor
material for the solar cell structure directly on
the regolith substrate is done by the paver, with
deposition of metallic contacts and
interconnects finishing off a complete solar
cell array.

This on-moon fabrication process will result in
an electric power system that is repairable and
replaceable through the simple fabrication of
more solar cells, therefore allowing for the
expansive use of the moon

JlyHe cripbe, KOTOpOE MOXKHO HUCIOJIb30BaTh
11l CO3JJaHUsI COJTHEUHBIX 3JIEMEHTOB Ha
mecre. JIyHa npeacrasisier coboli cpeny
CBEPXBBICOKOI'O BaKyyMa, MO3TOMY OHa
MOIXOAUT JJIsl IPSIMOTO U3TOTOBJIEHUS
TOHKOIUIEHOYHBIX COJTHEUHBIX 3JIEMEHTOB.
JIyHHBIIl BAKYYM CBOJUT Ha HET
HEOOXOIMMOCTD B BAKYYMHBIX KaMepax, B
KOTOPBIX MOKHO IIPOBOAUTH 00padOTKy
OCaXKOEHHUsI TOHKHUX IIJIEHOK.

HccnenosaTtenu nonararoT, YTO BO3MOXXHOCTb
M3TOTOBJIEHUsI COJTHEUHBIX 3JIEMEHTOB Ha JlyHe
11l UCTIONIb30BAaHUs HA €€ MOBEPXHOCTH, a
TaK)K€ B OKOJIOJIYHHBIX POCTPAHCTBAX MOXKET
MPUBECTH K CO3AaHUI0 Ha JIyHe upe3BbIYaliHO
Ooratoii SHepruei cpebl.

Hrnatbes u @pelHIINX U3YUUIN
obopynoBaHue, HEOOXOTUMOE JIJIs
pa3MelleHHs] COJIHEYHBIX 3JIEMEHTOB
HEINOCPEACTBEHHO Ha NnoBepxHOCTH JIyHbl. ITO
MOXET OBITh TOCTUTHYTO 32 CUET
pa3BEPTHIBAHUS HA MOBEPXHOCTH JIyHbI
MPOLECCOPHOIN CUCTEMBI C SUEUCTBIM
YKJIAJYUKOM / PETOJINTOM CPEIHEro pa3Mepa ¢
BO3MO)KHOCTBIO U3TOTOBJICHHUS
TOHKOIUIEHOYHBIX KPEMHHUEBBIX COJHEUHbIX
sneMeHTOoB. Cucrema mMorua Obl U3BJIEKATh
HEOOXOIMMOE ChIPbE U3 JIYHHOTO PErouTa U
MOJArOTABINBATL PETOJUT JJIsl UCIIONIb30BAHUS
B KayecTBe cyOcTpara.

Hanemenue kxpeMHHEBOrO
MOJIyTIPOBOJHUKOBOIO MaTepHuana as
CTPYKTYPbI COJIHEUHOIO 3JIEMEHTa
HENOCPEICTBEHHO Ha MOJJIOKKY U3 PerojuTa
OCYILIECTBIISETCS aChaNTbTOYKIATIHUKOM C
HaHECEHHEM MEeTaJINYECKUX KOHTAKTOB U
MEXKCOEAMHEHUH, 3aBePIIAIOLHX MTOJTHYIO
MaTpHULly COJTHEUHBIX 3JIEMEHTOB.

DTOT npoliecc U3rotopjaeHus Ha JlyHe
MPUBENET K CO3AAHUI0 CUCTEMBI
3NEKTPOCHAOKEHHSI, KOTOPYIO MOXKHO OyneT
PEMOHTHPOBATH U 3aMEHSTH 3a CUET IPOCTOrO
U3TOTOBJIEHHs OOJIBIIEr0 KOJMYECTBA
COJIHEYHBIX 3JIEMEHTOB, UYTO IMO3BOJUT LTUPOKO
UCIIONIBb30BaTh JIyHy.

All this is good news for another lunar
visionary, David Criswell, now retired director
of the University of Houston’s Institute for
Space Systems Operations. He has long
advocated solar power stations built on the
moon as a way to provide sustainable and
affordable electric power to Earth. The airless

Bce 310 XOpoume HOBOCTH JIsl APYTOro
JyHHOro nposuana, Jssuaa Kpucysmna, HeiHe
BBILIEAIIErO Ha EHCUIO AUPEKTOPA
HHcTuTyTa 3KCIUTyaTalui KOCMUYECKUX
cucteM XbIOCTOHCKOTO yHUBepcuTeTa. OH
JABHO BBICTYMAET 32 COJHEUHBIE
3JIEKTPOCTAHLIUU, MOCTPOEHHBIE Ha JIyHe, Kak




moon receives more than 13,000 terawatts of
solar power. Harnessing just one percent of
that sunlight could satisfy Earth’s power needs.

Criswell has promoted a lunar solar power
(LSP) system, large banks of solar cells on the
moon that collect sunlight. The sunlight is then
exported back to receivers on Earth via a
microwave beam. That microwave energy is
collected on Earth, converted to electricity, and
fed into the local energy grid. The LSP can be
scaled up on the moon, he contends, to supply
the 20 terawatts or more of electricity required
by ten billion people.

“The critical frontier for humankind is
economic development of the solar energy and
material resources of the moon,” Criswell
concludes.

As I stated earlier, the moon is a far different
body today than when Neil and I boot-marked
our way across its forbidding face.
Scientifically, we know so much more about
our celestial next-door neighbor caught in
Earth’s gravity grip. While there are those who
might question the very premise of our
undertaking such a journey in the first place, its
characteristics were born of the time. It was a
Cold War, one-upmanship way to outdistance
the former Soviet Union. The moon was the
finish line. Apollo was a get-there-in-a-hurry,
straightforward space race strategy, and don’t
waste time developing reusability.

That chapter in the space exploration history
books is closed. Today, I call for a unified
international effort to explore and utilize the
moon, a partnership that involves commercial
enterprise and other nations building upon
Apollo.

For the United States, other finish lines await

croco0 obecreunTh 3eMITI0 yCTONUNBOM U
TNOCTYITHOM 3JIeKTpOosHeprueil. bessosayuinas
nyHa nony4aet oonee 13 000 TepaBatt
COJIHEYHOU 3Hepruu. Mcnonbp3oBaHue BCEro
OJTHOT'O TIPOLIEHTA STOrO COJTHEYHOTO CBETA
MOTJI0 OBl YOBJIETBOPUTD MOTPEOHOCTH 3eMITH
B SHEPTHUH.

Kpucsenn npoasuraji cucreMy JyHHON
conreuHol suepruu (LSP), Gonbine barapen
COJIHEYHBIX 3JIEMEHTOB Ha JIyHe, KOTOpbIe
COOUPAIOT COTHEUHBIN CBET. 3aTEM COJTHEUHBIH
CBET mepenaércs oOpaTHO K MPUEMHHIKAM Ha
3emJie ¢ TOMOIIBI0 MUKPOBOJHOBOTO JIy4a.
JTa MEUKPOBOJIHOBAS SHEPTHUs cOOMpaeTcs Ha
3emiie, mpeoOpas3yeTcst B SIEKTPHUIECTBO U
nojaéTcsl B MECTHYIO sHeprocuctemy. OH
yTBepskaaer, uro LSP MoxxHO
MacITadupoBarh Ha JIyHe, 4TOOBI MOCTABIATH
20 TepaBatT win OoJee 3IEKTPOIHEPTUH,
HEOOXOIMMON IS IECSITH MIJLITHAPIOB
YEJIOBEK.

«Kpurndeckum pyOekom [t 4eoBeueCcTBa
SBIISIETCS SKOHOMHYECKOE OCBOEHHE
COJIHEUHOM SHEPTUU U MaTePHAIbHBIX
pecypcos JlyHb», — 3akmovaer Kpucsemn.
Kak s ysxe roBopun panee, JlyHa ceronss
COBCEM JIpyroe TeJjo, 4eM Korna Mbl ¢ Hunom
NPOKJIabIBaIN cebe MyTh MO €&
HenpuctynHoMy Jiniy. C HayqHOH TOUKH
3peHUs MBI 3HaeM ropaszo OoJbIIe O HAlleM
OmkaiiineM HeOECHOM COcele, OKa3aBIIeMCs
B TPaBUTALIMOHHOM 3axBaTe 3eMin. XOTs eCTh
T€, KTO MOXXET YCOMHHTBCS] B CAMOM
NPEANOCHIIKE TAKOTO MyTELIECTBUS B TIEPBYIO
ouepenb, ero XapakTePUCTHKU ObLUTH POKIEHBI
BpeMeHeM. JTo Oblia XOJIOAHAs BOMHA, CITOCO0
oborHats ObBIIMI CoBerckuii Coro3. JlyHa
ObuTa GUHUIITHON YepTO. ATIOJUIOH OBLI
OBICTPOIi ¥ IPOCTOMN CTpaTerue KOCMHYECKON
TOHKH, U HE HY>KHO TPaTUTh BPEMsI Ha
pa3paboTKy BO3MOKHOCTH IMOBTOPHOTO
HCTIOJIB30BAHUSI.

JTa riaaBa B KHUTAX 1O HCTOPUH OCBOSHUS
KocMmoca 3akpbiTa. CerofHs s NpU3bIBAIO K
00BETMHEHHBIM MEXXYHAPOAHBIM YCHITUSIM T10
HCCIIEIOBAHMIO U MCTIONIBb30BaHMIO JIYHBI, K
NapTHEPCTBY, B KOTOPOM YHaCTBYIOT
KOMMEpUECKHe PEANPUATHS U PpyTHe
CTpaHbl, OMHUPAOIIHNECS Ha ATIOJUIOH.
Coenunénnbie LTarsl )xayT pyrue
(UHHUIIHBIE YePTHI

5 Voyage to Armageddon
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There is an important question we all need to
face in the immediate future—and that is
sustainability. Earth’s population is now at
over seven billion people. In terms of
consumption, the resources obtainable on our
globe to provide for that quickly growing
number of humans are untenable. At the same
time, while we do our utmost to sustain our
global security, there are questions about the
environmental distress humanity is placing on
our planet’s ecosphere.

B Gmxaiimem Oyayinem HaM BceM
HEOOXOAMMO PELINTh BaXKHBIN BOMPOC —
BbDKHBaeMocThb. Hacenenue 3emnu ceiiuac
NPEBBIIACT CEMb MIJUTHAPAOB YesioBek. C
TOUKH 3PEHUS OTPEOICHUS PECypCBhl,
IOCTYTHbIE HAa HALIIEM 3€MHOM Luape st
obecriedeHus1 3TOro ObICTPO PACTYILETO YHUCIa
TN, HeAOCTAaTO4HBL. B TO ke BpeMsl, XOTs
MBI [IeJIaeM BCE BO3MOKHOE AJIs TOAACPIKAHHS
Harrei rnodanbHON 0€30MacHOCTH, BOSHUKAIOT
BOMPOCHI 00 3KOJIOTHUECKUX OEACTBUSIX,
KOTOpBIE YeJIOBEUECTBO CO3MAET IS IKOChHepbl
Hallel MJIAHETHL

Do we compete for the diminishing resources
remaining on Earth—an inward, closed
system? Or, alternatively, do we work together
in utilizing the limitless resources and
opportunities available in outer space—an
open and expansive system?

Well, to me, the best option is obvious.

CopeBHyeMcs 11 MBI 38 COKpALIA0LIUECs
pecypchl, OcTaBlINecs Ha 3emiie —
BHYTpeHHel 3aMKHyTOH cucteme? M,
HaoOopoT, paboTaeM Jiu MbI BMECTE HaJ
UCTIOJIB30BAHUEM O€3rpaHMYHBIX PECYPCOB U
BO3MO)KHOCTEH, JOCTYHBIX B KOCMOCE —
OTKPBITOH M OOIIUPHOI crucTeMe?

Hy, nyisg MeHst Ty4d1nnii BADHAHT OYEBUIEH.

There is history behind events that have
menaced life on Earth. It is also inescapable
that there are new threats we cannot predict.
One clear step we can embark on is to enhance
the survivability of our species. We can
explore and settle new worlds, establishing
fresh footholds and new beginnings. This is
made possible by evoking bit by bit movement,
once again as exemplified by the Mercury,
Gemini, and Apollo progression of programs,
letting us transit farther into space and
accumulate the know-how to land humans on
Mars.

3a coOBITHSIMU, KOTOPBIE YTPOXKAIN JKU3HU HA
3emiie, crouT uctopus. Takke HeM30€KHO
MOSIBJIEHHE HOBBIX YTPO3, KOTOPbIE MBI HE
MoO>keM npenckaszatb. OauH 4€TKui mar,
KOTOPBIM MbI MOXXEM MPEANPUHATD, — 3TO
MOBBICUTD BBDKHBAEMOCTb Hallero Busaa. Mol
MO>KEM HCCIIEZI0BATh U 3aCEJSITh HOBbIE MUPHI,
CO3/1aBasi HOBbIE TOUKH OIMOPbI U HOBBIE
HAYMHAHMSA. JTO CTAJIO BO3MOXKHBIM Onaromapsi
MOLIArOBOMY ABHXKEHUIO, OISITh )K€ PUMEPOM
KOTOPOTO sIBJIIETCS Pa3BUTHE POrpamMm
Mepkypuii, bausserer 1 AnosuioH, 4To
MO3BOJIIET HaM IepeMeIlaThcs Aablie B
KOCMOC U HaKaIUIMBaThb HOY-Xay JJIsl BBICAKU
Joneit Ha Mapc.

That is precisely what is behind my Unified
Space Vision, which preserves U.S. leadership
in space exploration and human spaceflight.
The USV brings in concert exploration,
science, development, commerce, and security
elements. That security component I view as
one that signifies both U.S. defense and a
cosmic counterpart: planetary defense of Earth
from near-Earth objects, or NEOs

HMeHHO 3TO CTOUT 32 MOWIM €THHbBIM
KOCMHUYECKHUM TPEIBUICHUEM, KOTOPOE
coxpamnsier nuaepctso CLIA B ocBoeHUN
KOCMOCA U TUJIOTUPYEMBIX KOCMUYECKUX
nonérax. USV coueraer B cebe 31eMEHTBI
pa3BeIKU, HAYKU, Pa3BUTHUS, TOPTOBIIH U
0e30macHOCTH. DTOT KOMIIOHEHT
0€30MacHOCTH 51 PACCMATPHUBAO KaK
KOMIIOHEHT, KOTOPBIH O3Ha4aeT Kak 000pOHY
CIITA, Tak 1 KOCMUYECKUH aHAJIOT:
MJIAHETAPHYIO 3aIIUTY 3€MJIH OT OKOJIO3€MHBIX
o0bekToB i NEO.

Planetary defense of home planet Earth means
getting to know the enemy—and I am not
talking about down-to-earth squabbles between
nations. I'm highlighting here a celestial fear

IInanerapHas 3aluTa pOJHOM MIaHETh! 3eMJIs
— 3TO 3HAKOMCTBO C BparoM, u st He FOBOPIO O
3€MHBIX Jpsi3rax Mexay Hapoaamu. S
MOMYEPKUBAKD 371€Ch HEOSCHBIN (haKTOp




factor stemming from asteroids and comets

CTpaxa, CBA3aHHBII C aCTEPOUIAMU U
KOMETaMHU.

NEOs have been nudged by the gravitational
attraction of nearby planets into orbits that
allow them to enter Earth’s solar system
neighborhood. We should learn more about
these extraterrestrial wanderers in both
scientific and practical terms. I believe my
USV essentials of exploration, science,
development, commerce, and security fit well
with NEOs.

NEO 0buti moATONKHYTHI IPaBUTALIHOHHBIM
NPUTSKEHHEM OJTM3JIeKALINX TUIAHET K
opbuTam, KOTOpbIE MO3BOJISIIOT UM BOHTH B
okpecTHOCTH COJIHEUHOU cHCTeMBbI 3eMJTi. Mbl
JOJKHBI Y3HATh 0OJIbIIe 00 STUX BHE3EMHBIX
CTpaHHHKAxX KaK B HAYYHOM, TaK U B
NPaKTUYECKOM ITaHe. S cuuTaro, 4To MOU
ocHoBbI USV, Takue kak pa3Benka, Hayka,
pa3paboTka, TOpro.iisi U O€30MaCHOCTD,
xopoiuo coverarorcs ¢ NEO.

In recasting the U.S. space exploration
program in April 2010, President Obama called
upon NASA, early in the next decade, to carry
out piloted flights to test and validate the
systems needed for exploration beyond low
Earth orbit. He expected, by 2025, new
spacecraft intended for long journeys that
would permit America to begin the first ever
crewed missions beyond the moon into deep
space—starting with sending astronauts to an
asteroid for the first time in history. Those
deep space assaults are prologue to placing
humans in orbit around Mars, returning them
safely to Earth, with a human landing on Mars
to follow.

ITepecmaTpuBast mporpaMMy UCCIIETOBAHUS
kocmoca CIIIA B anpene 2010 roga,
npesugent Obama npussan HACA B Hauane
CJIEAYIOIIETO AECATUIIETHUS IPOBECTH
MIJIOTHPYEMBIE TTOJIETHI 111 IPOBEPKH U
MPOBEPKH CHCTEM, HEOOXOAUMBIX JIJIsI
HCCIIEIOBAHMS 32 MPeIeIaMi HU3KOH
OKOJI03eMHOM 0pOuThL. OH 0kuIaj, 94To K 2025
rofly TOSIBSITCSI HOBBIE KOCMUYECKHE KOpabiu,
npeaHa3HaYeHHbIE IS JaJbHHUX Iy TELIeCTBUH,
KOTOpBIE MTO3BOJISAT AMEPHKE HA4aTh NIEPBbIC B
UCTOPHUU MHCCHU C SKUTIAKEM 32 MpeeaMu
JlyHb! B rimyOOKHii KOCMOC, HAUUHAsI C TIEPBOI
B MICTOPUH OTIPABKU aCTPOHABTOB HA
acTepoua. JTH aTaku B NAJbHUHA KOCMOC
SIBJISTEOTCSI TIPOJIOTOM K BBIBOAY JIFOZEH Ha
opbuty Bokpyr Mapca, 6e3onacHOMy
BO3BPALICHUIO UX Ha 3E€MITIO C TIOCJIEAYIOIIEH
BBICAJIKOM UesioBeka Ha Mapc.

In stepping up to Obama’s space plan, NASA
has begun planning an asteroid mission as the
first part of a “capability-driven” approach to
explore multiple deep space destinations,
acknowledging that the space agency’s
ultimate destination for human exploration is
Mars

Crnenys xocmuueckomy miany Obamer, HACA
HA4aJIo MJIAHUPOBATh MICCHIO HAa aCTEPOU]] B
Ka4eCTBe MMePBOM YaCTH KOPUSHTHUPOBAHHOTO
Ha BO3MOKHOCTHY TIOAX0/1a K UCCIIEIOBAHHIO
HECKOJIbBKUX ITYHKTOB HAa3HAYCHHUA B JAJIbHEM
KOCMOCE, TIpHU3HaBas, 4YTO KOHCUHbIM ITYHKTOM
HA3HAYCHUA KOCMHUYCCKOI'O arcHTCTBa AJI1d
HCCIIEIOBAHMS YEJIOBEKOM siByIsieTcst Mapc.

Success requires viable asteroid targets. NASA
has identified two accessible space rocks—
asteroids 2009 HC and 2000 SG344, NEOs for
space travelers to examine in the 2023-2025
time period. But getting there is technology
demanding, supported by advanced in-space
propulsion, a deep space exploration module
that provides adequate habitation for crews,
radiation protection, and autonomous
operations. A dedicated crewed NEO mission
will check out and validate new deep space
systems. What is most important, in my point
of view, is to ramp up our ability for NEO

Jnis ycnexa Hy KHBI JKU3HECTIOCOOHBIE
acrepounnble nenu. HACA omnpenenuno nsa
TOCTYITHBIX KOCMHYECKHUX KaMHS —
actepounnl 2009 HC u 2000 SG344, NEO,
KOTOpPbIE KOCMHUYECKHE My TeIeCTBEHHUKU
JOJDKHBI Uccnenosats B nepuog 2023-2025
ronoB. Ho st Toro, utoObl nobpaTecst Tyaa,
TpeOYIOTCS TEXHOJIOTHH, TIOAEPKUBACMBIE
NepeIOBbIMA KOCMUYECKIMHU ABUTATEISIMH,
MOZyJIEM UCCIIE0BaHUs JAIbHETO KOCMOCA,
KOTOPBII 00ecreunBaeT aieKBaTHOE Kb
IUIS SKUMKEH, paqualMoOHHYIO 3aIUTY U
aBTOHOMHBIE onepanny. CrienuanbHas MUCCHUS




exploration crew members to perform at
demanding destinations while, at the same
time, advance our technological skills with
each step forward.

NEO c sxunaxem NpoBepUT U MOATBEPAUT
HOBbIE CCTEMBI JlajibHero kocmoca. C moeit
TOYKH 3PCHMHA, HauboJiee BaKHBIM SIBJIIETCA
NOBBIIIEHUE HAIIEH CIIOCOOHOCTH YJIEHOB
uccnenosarenbckoii rpymnmnel NEO paborats B
CJIOKHBIX IMYHKTAaX Ha3HAUCHUA, B TO K€ BPEM:A
COBCPUICHCTBYS HAIIHU TEXHOJOTHUYCCKUEC
HaBBIKH C KAXKIBIM IIaI'OM Bnepén.

So let’s look at the exploration, science,
development, commerce, and security pieces
that are tied to NEOs

Hrak, nasaiiTe NOCMOTPUM Ha UCCIIEIOBAHUS,
HayKy, pa3paboTKy, TOPTOBIIO U
Oe3omacHOCTh, KoTophle cBsizanbl ¢ NEQO.

Number one is that near-Earth objects have
thumped our world over the ages, and
assuredly will in the future. NEOs can shake
up but also shape our life-sustaining
ecosystem. To assure the survival and
guarantee the movement of humanity into
space, I feel it is vital we come to terms with
NEOs that may have Earth within their
crosshairs. Doing so harnesses the
technological muscle to not only encounter but
also counter these objects, and it also allows us
to use space objects as resource and
exploration stepping-stones to Mars, thereby
helping to extend the human presence into
space.

Bo-niepBrIx, 00BEKTBI, COMMIKAIOIIUECS C
3emJI€ii, TaBUJIM HA HALl MHUpP HA IPOTSHKEHUU
BEKOB M, HECOMHEHHO, OyyT B OyayLiem.
NEO MoryT BCTpsIXHYTb, HO TaKXKe U
cpopMHpOBATH HAIY HKOCUCTEMY
xu3HeobecrieueHus1. UtoObr obecrieunTsb
BBDKHBAHHE U TapaHTHPOBATH NEPEMEILCHHE
YeJI0OBEYECTBA B KOCMOC, 51 CUUTAI0 JKU3HEHHO
Ba)KHBIM, YTOOBI MbI ITPHIIUIN K COTJIAIIEHUIO C
NEO, xoTopsie MOTyT UMeTb 3eMJIIO B IOJIE
CBOETro mpurena. JTo 3aAeHCTByeT
TEXHOJIOTHIECKHE MYCKYJIbI, YTOOBI HE TOJILKO
CTAIIKUBATBCS C 3TUMHU OOBEKTaMH, HO U
NPOTHBOAEHCTBOBATE MM, & TAKXKE ITO3BOJISIET
HAaM HCIOJIb30BaTh KOCMUYECKHE OOBEKTHI B
Ka4eCTBE PECYPCOB U TPAMILIHHOB /IS
uccienoBanus Mapca, TeM caMbIM MTOMOTast
PACUIMPUTH MPHCYTCTBHE YEIOBEKA B KOCMOCE.

Over the eons, it has been a celestial slugfest.
Comets and asteroids have struck Earth since
its formation 4.5 billion years ago, bringing
seeds of life to Earth early in its history and
shattering life by altering the globe’s
ecosystem, such as hypothesized as the cause
for the extinction of dinosaurs.

First of all, I’'m not saying you should lose
sleep worrying about a giant space rock hitting
our world. However, experts that I’ve listened
to advise that, while the chances of a
destructive impact here on Earth in the near
future are small, they are not zero—and the
consequence of a hefty NEO colliding with the
planet would be extreme

Ha nmpotsizkeHnn 3mox 310 ObLT HEOSCHBIN
y>kac. KoMeTsl 1 acTepouibl CTaJIKUBAJIHCh C
3emiéii ¢ MOMeHTa e€ oOpa3oBanus 4,5
MUJLTMAP/A JIeT Ha3aj, IPUHOCS CeMeHa JKU3HU
Ha 3eMJII0 B Hauaje e€ HCTOPUH U pa3pyluas
JKU3Hb, U3MEHSS 9KOCUCTEMY 3€MHOTO 111apa,
YTO, HalpUMep, Mpeanonaraioch Kak NpuinHa
BBIMHpAHUS AUHO3aBPOB.

IIpexne Bcero, st He TOBOPIO, UTO Bbl AOJKHbI
TEPSATb COH, OECIIOKOSICh O TOM, YTO
TMTAHTCKUN KOCMUYECKUI KaMEHb YIApUT O
HaieMy Mupy. OHAKO SKCHEePThl, KOTOPBIX 5
CJIyIlaJl, COBETYIOT, YTO, XOTS IIaHChI
Pa3pyLIUTEIBHOIO yAapa 31eCh, Ha 3eMie, B
OmkaiineM OynyIieM Majibl, OHU HE PaBHBI
HYJIFO — U TOCJIEeICTBUS CTOJKHOBEHUS
3noposerHoro NEO c¢ rmuraneroii OynyT
SKCTPEMaJIbHBIMU.

For the moment, put aside that mental image of
movie star Bruce Willis and his team wrestling
with a massive space rock in the hit film
Armageddon. It turns out that smaller
“airbursters” are the more disconcerting sky-

Ha Bpemst oTi10:kHTE MBICIEHHBIN 00pa3
KMHO3Be31bl bproca Yumnnca 1 ero KoMaHasl,
OOprOIUXCS ¢ MACCUBHBIM KOCMUYECKUM
KaMHEM B TMOMYJIIPHOM (puinbme
«Apmarennon». OKa3bIBa€TCsi, MEHbLINE 110




slamming flotsam from space. They can cause
localized destruction and may infringe upon
our air space with surprisingly little warning
time.

pa3sMeEPy «KBO3AYIIHBIE B3PbIBLI» BBI3BIBAIOT
Oonbire GecriokoiicTBa. OHU MOTYT BBI3BATh
JIOKAJIHBIE Pa3pyLUEHUsI U MOT'YT BTOPTHYThCSI
B HAIlle BO3YIIHOE MPOCTPAHCTBO C
YAUBUTCIIBHO KOPOTKHUM BPEMCHEM
NpeayIpesKISHHs.

For example, the 1908 Tunguska event is a
saga in which a rocky impactor detonated over
remote Siberian real estate, knocking down
about 500,000 acres of forest. Supercomputer
simulation work led by Sandia National
Laboratories principal investigator Mark
Boslough suggests that the incoming object
was roughly 130 feet in diameter. The object
broke up in a cascading way, leading to a
rapidly expanding fireball and subsequent blast
wave that hit the ground, stirring up a wind
strong enough to actually blow over trees.
Because smaller asteroids approach Earth
statistically more often than larger ones, efforts
to detect smaller NEOs would appear to be in
order. It is estimated that these smaller objects
could impact Earth on average every 2 to 12
years

Hanpuwmep, Tynrycckoe cobsrrue 1908 rona
— 3TO cara, B KOTOPOM KaMEHHBIN yAapHbIN
CHapsiA B30OPBAJICS HAJ OTHAJEHHOM
MecTHOCThIO. B Cubupu, nosanus okono 500
000 akpos neca. PaGorta mo MopenpoBaHHio
Ha CYNePKOMITBIOTEPE MO PYKOBOICTBOM
rinaBHoro uccnenosaresst Sandia National
Laboratories Mapka bocnoy npenmnonaraer,
YTO MPHUOJIMKAIOIUNACS 0O0BEKT ObLT MPUMEPHO
130 ¢yToB B nuamerpe. OOBEKT pa3pyLIHIICS
KaCKaJIHbIM 00pa3oM, 4TO MPUBEJIO K OBICTPO
pacUIMpPSIFOIIEMYCst OTHEHHOMY IIapy H
NOCJIEAYIOLIEeH B3PbIBHOHM BOJIHE, KOTOpast
yIapuia 1o 3emie, MOJHIB JOCTATOYHO
CHJIbHBIN BETEP, YTOOBI CIYTh AEPEBDSI.
[Tockomnpky OoJee MeNKHe acTepOUIbI
CTaTUCTHYECKHU MPHUOIDKAIOTCS K 3eMIle Halle,
4yeM Ooiee KPyIHbIe, yCHIIUS IO
obHapyskernto NEO meHblero pasmepa, mo-
BUANMOMY, OynyT ymecTHsl. [Toncunrano, 4To
3TH OoJiee MeKre OOBEKTHI MOTYT
CTaJIKUBAThCs ¢ 3eMIlel B CpeJHEM KaxK/ble 2—
12 ner.

More recently, in October 2009, a fireball blast
in daylight was observed and recorded over an
island region of Indonesia. That atmospheric
entry of a small asteroid, perhaps just 33 feet
across, rocked their world with a projected
energy release of about 50 kilotons, equal to
some 110,000 pounds of TNT explosive.
Eyewitnesses reported a bright fireball,
accompanied by an explosion and a lasting
dust cloud.

Coscem HenaBHO, B okTs10pe 2009 roga, nHEM
Habronascs v ObUT 3apEerHCTPUPOBAH B3PBIB
OTHEHHOTO 11apa HaJl OCTPOBHBIM PETHOHOM
HNunonesun. 10T BXOA B atMochepy
HeOOJIBIIOT0 aCTePOUIa, BO3MOXKHO, BCETo 33
¢dyTa B monepevHuKe, MOTPSIC UX MHUP C
MPOTHO3UPYEMBIM BBIIEIICHUEM SHEPTHH
O0KOJIO 50 KUJIOTOHH, YTO SKBUBAJICHTHO
npumepHo 110 000 ¢pyHTOB B3pBIBYATOTO
BEIECTBA B TPOTHIIOBOM 3KBUBAJICHTE.
OueBuALBI COOOIUIH O IPKOM OTHEHHOM
mape, COMPOBOKAABIIEMCS B3PbIBOM H
CTOHKHM OOJIAKOM ITBbLUIH.

You can easily visit an impact site of an iron
asteroid by traveling to the Barringer meteorite
crater, known popularly as Meteor Crater, near
Winslow, Arizona. It was formed some 50,000
years ago in flat-lying sedimentary rocks of the
southern Colorado Plateau. When that cosmic
interloper grooved into Earth tens of thousands
of years ago, more than 175 million metric tons
of rock were hurled into the sky and
redeposited on the crater rim and the

Br1 MoskeTe 1erko noceTuTb MEeCTO MajeHus
JKEJIE3HOT0 acTepou/ia, OTIIPABUBLINCH B
MeTeOpUTHBIN kpatep bappunmxkepa,
W3BECTHBIN Kak MeTeOpUTHBIN Kpatep,
Hefaneko oT YuHcnoy, wrat ApuzoHa. OH
obpazosascs okosio 50 000 et Hazan B
IJIOCKUX OCAJOYHBIX MOPOAAx I0KHOW HacTH
mnato Kosmopano. Koraga 3ToT kocMu4eCcKHii
MIpUILLIENEeL Bpe3ajicsl B 3eMIII0 1€CATKH ThICSY
JeT Hazaz, Oojee 175 MUTMOHOB




surrounding terrain in a matter of a few
seconds

METPHUYECKUX TOHH KaMHsI ObIIH BBIOPOLIECHBI B
HeOO M TOBTOPHO OTJIOXKEHBI HA KPAKO KpaTtepa
U OKpY>Karolel MECTHOCTH 3a HECKOJIBKO
CEKYHJI.

There is an ongoing debate as to the downfall
of dinosaurs at the end of the Cretaceous
geologic period, 65 million years ago, and the
growing consensus is that a mega-asteroid
impact caused their mass extinction. That
viewpoint stirred up a comment by science-
fiction writer Larry Niven: “The dinosaurs
became extinct because they didn’t have a
space program. And if we become extinct
because we don’t have a space program, it’ll
serve us right!” That is insight, and I can’t say
it much more directly than Niven has.

IIpopomxaroTcs Cope! O BbINAACHUN
JMHO3aBPOB B KOHLIE MEJIOBOTO
re0JIOTHYECKOro nepuoaa, 65 MUIJIMOHOB JIET
Ha3aJ, U pacTyIlUi KOHCEHCYC 3aKJII0HaeTCs B
TOM, YTO NaJieHHe MeraacTepousia Bbl3BaJIO UX
MaccOBO€ BbIMHpaHHUE. DTy TOUKY 3PEHUs
BBI3BAJI KOMMEHTAapHUi nucatens-paHracra
Jlappu Husena: «/InHO3aBpbI BEIMEDIIH,
MOTOMY YTO Y HUX He OBLJIO KOCMUYECKOH
nporpaMmel. M eciu Mbl BBIMpeM U3-3a TOTO,
YTO Y HAC HET KOCMUYECKOH NMPOrpaMMbl, 5TO
COCITYKUT HaM XOPOINYIO CiIysk0y!» 1o
MPOHHULIATENILHOCTD, U 51 HE MOTY CKa3aThb 00
sToM Oosee mpsiMo, yeM HuseH.

Getting to Know NEOs

3unakomcTeo ¢ NEO

Take note that some 75 percent of Earth is
covered by water. What are the consequences
if a medium-size asteroid plowed into deep
ocean waters?

Research carried out by the late Elisabetta
Pierazzo, a senior scientist at the Planetary
Science Institute in Tucson, Arizona, served up
some bad news. Her work indicated that an
asteroid crashing into the deep ocean could
have dramatic worldwide environmental
effects, including depletion of Earth’s
protective ozone layer for several years

OOpaTtuTe BHUMaHHE, YTO OKOJIO 75
MIPOLIEHTOB 3eMJIH MOKPHITO Boaoi. KakoBel
MOCJIEJICTBHSL, €CJIN aCTEPOUJ] CPEITHETO
pasmepa BpexKeTcsl B IITyOOKHE BOJbI OKeaHa?
HccrnenoBaHue, NpoBen€HHOE MOKOWHOM
Onuzaberroii [Ibepanuo, cTapmuM Hay4IHbIM
COTPYAHUKOM MHCTUTYyTA MIIaHETOJIOTUH B
Tycone, mrat Apu3oHa, MPUHECTIO MJIOXUE
HoBocTH. E€ pabora mokaszana, 4To actepoun,
yHaBIIUH B rTyOWHBI OKEaHa, MOYKET HMETh
CepbE3HBIE OCIEACTBUS [JIs1 OKPYXKAOLIEN
cpenbl BO BCEM MHUPE, BKJIHOUYasl HCTOLIEHUE
3aIUTHOIO O30HOBOIO CJIOS 3eMJIU Ha
HECKOJIBKO JIET.

There has long been interest in the effects of
oceanic impacts of medium-size asteroids, but
more focused on the danger of stirring up a
regional tsunami. But Pierazzo’s approach
used computer-modeling scenarios to look at
the effects such a strike would have on the
atmospheric ozone. The results suggest that
midlatitude oceanic impacts of one-kilometer
asteroids can produce major global
perturbation of upper atmospheric chemistry,
including multiyear global ozone lessening.
Pierazzo found that rapidly ejected seawater
from an NEO strike includes water vapor and
compounds like chloride and bromide that
hasten the destruction of the ozone, all of
which would influence atmospheric chemistry.
Indeed, the removal of a significant amount of
ozone in the upper atmosphere for an extended
period of time, she found, would have

JIaBHO CyIIECTBYET HHTEPEC K NMOCIEACTBHSIM
CTOJIKHOBEHUS C OKEaHOM aCTEPOUIOB
CpeaHero pasmepa, HO OOJIbIIe BHUMAHUS
yIEJSIETCS] OTTACHOCTH BCKOJIBIXHYTh
pernoHanbHOE LyHamu. Ho B mozmxone
IIbepanio NCoIB30BATUCH CLICHAPHH
KOMITBIOTEPHOTO MOAEITUPOBAHUS IS
U3yUYEHHsI TOCIENCTBUI TAKOTO yiapa s
arMocepHoro o3oHa. PesynbraTsl
MOKa3bIBAIOT, YTO YAAPhl aCTEPOUIOB
pa3MepoM B OIMH KHJIOMETP B OKEaHE B
CPEAHUX IIUPOTAX MOTYT BbI3BATh CEPbEIHOE
rJ00aIbHOE BO3MYIIEHNE XUMHUYECKOTO
COCTaBa BEPXHUX CIOEB aTMOC(hEPBl, BKIIFOUAs
MHOTOJIETHEE II100aTbHOE YMEHBLICHHE
COIep>KaHUsI O30HA.

[Ibepaniio 0OHApPYKUII, UTO MOPCKas BOJA,
OBICTPO BhIOpachIBa€Masi B pe3yJibTaTe yaapa
NEO, BkJtouaeT BOJASHON Nap U Takue




important biological repercussions at Earth’s
surface—such as an increase in ultraviolet rays
that reach terra firma.

So be it by land, air, or sea, getting to know
NEOs, I believe, is high on the space
program’s to-do list. The overall message in
terms of planetary defense is that there’s need
to find them before they find us.

By making use of ground- and space-based
technology, humankind does have the ability to
anticipate a large-scale impact. Preventing
such an occurrence is another matter. Still, to
protect life from such a vicious event is an
environmental challenge, one that calls upon
integrating technology, space policy, and
international involvement to launch a global
response.

Several fellow space travelers have maintained
a long-standing interest in NEOs.

A leader in taking on the NEO challenge is
Rusty Schweickart, Apollo 9 astronaut and
chairman emeritus of the B612 Foundation.
That group announced last year their aim to
fund-raise, build, launch, and operate the
world’s first privately funded deep space
telescope mission. Called Sentinel, this project
would identify the current and future locations
and trajectories of Earth-crossing asteroids.
The mission calls for a space telescope—to be
built by Ball Aerospace in Boulder,
Colorado—to be placed in orbit around the
sun, ranging up to 170 million miles from

Earth, for a mission of discovery and mapping.
Sentinel appears to be technically sound and on

COEAMHEHUS, KaK XJIOpUA U OPOMUA, KOTOpPbIE
YCKOPSIOT pa3pylLIeHHe 030Ha, U BCE 3TO
MOKET MOBJIUATH HA XUMUYECKUI COCTaB
arMocepsl. JleficTBUTENBHO, yIATEHNE
3HAUYUTEJIbHOTO KOJMYECTBA O30HA U3 BEPXHUX
coéB aTMoc(epsl B TEUSHNE NITUTEIBHOTO
nepuoa BpEMEHH, Kak OHa OOHapy»KuUa,
Oynmer UMeTh BaKHbIe OMOJIOTHYECKHe
MOCJIEAACTBYSI HA NTOBEPXHOCTH 3eMJIu —
HanpuMep, yBeJIUUeHUe KOJINYeCTBa
yIbTPa(UONETOBBIX JTyUuel, JOCTUTAIOLITHX
TBEPAOH 3€MJIH.

Tak uto, Oyab TO MO 3eMIIe, IO BO3AYXY WU
o Mopio, 3HaKkoMcTBO ¢ NEO, s cuutaro,
3aHUMAET OJTHO U3 MEePBbIX MECT B CIHCKE
3ama4 KocMH4YecKoi porpamMmbl. OOmmii
MOCBUI C TOYKU 3pEHUS TUIAHETAPHOM 3aIUThI
3aKJIFOYAETCS B TOM, YTO UX HEOOXOIUMO
HAWTH 10 TOTrO, KAK OHM HAWAYT HaC.
Hcnonb3ys Ha3eMHble U KOCMUYeCKHe
TEXHOJIOTUH, YEJIOBEYECTBO AEHCTBUTEIBHO
HUMEET BO3MOXKHOCTb MPEIBUIETD
KpynHoMaciuTabHOe BO3EHCTBIE.
IIpenoTBpaTuTh TAKOE SIBJICHUE — APYroe
neno. Tem He MeHee, 3alUTUTh KU3Hb OT
TAKOT'0 Y)KaCHOTO COOBITHS — 3TO
SKOJIOTUYECKast 3a7a4a, KoTopast Tpedyer
WUHTErPalvy TEXHOJIOTUH, KOCMUYECKON
MOJINTUKU U MEXIYHAPOJHOTO y4acTus AJis
3armycka riobajJbHOro OTBETA.

Heckobpko nonyT4yuKkoB-KOCMOHABTOB
coxpaHsitoT naBHui nHTepec k NEO.
Jlunepom B pemennu npodaemsl NEO
seasiercs Pactu IlIBeiikapt, acTpoHaBT
AmnoJIoHa-9 v MOYETHBIN MpeacenaTeNb
®onga B612. B npouwiom rogy sta rpynmna
00BsIBIIIA O CBOEH 1eNN coOpaTh CPEACTBa,
MOCTPOUTD, 3aMyCTUTh U SKCILTyaTUPOBATh
NEPBYIO B MUPE YaCTHO (PUHAHCHPYEMYIO
MHCCHIO JaJIbHEr0 KOCMOCA. DTOT MPOEKT,
NOJIy4YMBIIUI Ha3BaHue Sentinel, mowKeH OBLT
OTIpeNeNIUTh TeKyllee u Oyayree
MECTOIOJIOKEHHUE U TPAEKTOPUH aCTEPOU/IOB,
nepecekaromux 3emiro. Muccust Tpedyer,
9YTOOBI KOCMUYECKUHN TEJECKOI, KOTOPBIN
Oyzner moctpoeH kommanueli Ball Aerospace B
Boynnepe, mrat Konopano, Obut pasmemnés Ha
opbure Bokpyr CousHua Ha paccTostaun 10 170
MUJUJTMOHOB MUJIb OT 3€MJIH JIJIs1 MUCCHU
OTKPBITUI 1 KapTOorpadupoBaHus.

Sentinel ka)xeTcss TEXHUUECKH HAIEKHBIM U
HAXOJWUTCs Ha NyTH K 3anycky B 2017 ropy njst




track for a 2017 launch to protect Earth by
providing early warning of threatening
asteroids. B612 and Ball Aerospace have
developed a very viable detection method for
finding and tracking near-Earth asteroids. In
addition, NASA has forged a Space Act
Agreement with the B612 organization to
pursue innovative in-space survey skills for
detection of new NEO targets.

3aIUThl 3eMIH, oOecrieunBasl paHHee
npeaynpexaeHue o0 yrpoKarommux
acrepounax. B612 u Ball Aerospace
pa3paboTasiu O4eHb KU3HECTTOCOOHBIH METOA
OOHapY KEHHSI U OTCJICKMUBAHUS OKOJIO3EMHBIX
acrepounoB. Kpome toro, HACA 3akmouunno
COTJIAIIEHUE O KOCMUYECKOM aKTe C
opranuszauueit B612, urodbl pa3BuBarth
WHHOBAL[OHHbIE HABBIKH KOCMHYECKOM
pa3Benku il OOHAPY>KEHHsI HOBBIX LieJeH
NEO.

For the first time in history, B612’s Sentinel
mission will create a comprehensive and
dynamic map of the inner solar system in
which we live—providing vital information
about who we are, who are our neighbors, and
where we are going,” reports Schweickart.
“We will know which asteroids will pass close
to Earth and when, and which if any of these
asteroids actually threaten to collide with
Earth. The nice thing about asteroids is that
once you’ve found them and once you have a
good solid orbit on them you can predict a
hundred years ahead of time whether there is a
likelihood of an impact with Earth.”

Astronaut Ed Lu, veteran of space shuttle,
Soyuz, and space station missions, is the B612
Foundation chairman and CEO. The
extraordinary B612 Sentinel mission extends
the emerging commercial spaceflight industry
into deep space—a first that will pave the way
for many other ventures. “Mapping the
presence of thousands of near-Earth objects
will create a new scientific database and
greatly enhance our stewardship of the planet,”
Lu believes

Brnepseie B nctopuu muccust B612 Sentinel
CO371aCT BCEOOBEMITIOIIYIO M TUHAMUYHYIO
KapTy BHyTpeHHeH yacTu COMHEUHOM
CHCTEMBI, B KOTOPOH MBI JKHBEM,
MPEIOCTABIIASA )KU3HEHHO BAXKHYIO
UH(POPMALIUIO O TOM, KTO MBI, KTO HaIllK
CoCeaH U KyJa Mbl HAEM», — COOOIIaeT
IIBetikapt. «MbI OyneM 3HaThb, KAKUE
acTepouAbI MPOJETAT OIU3KO K 3emiie U KOrna,
U KaKHie U3 3TUX aCTEPOUIOB AEHCTBUTEIBHO
YIPOXKAKOT CTOJNKHYTHCS ¢ 3eMiéit. Uto
XOpOILO B aCTepPOUax, Tak 3TO TO, UTO KakK
TOJIbKO BBl X HAIIUIA M KOTJA y BaC €CTh
xopotmast TBEpaasi opOuTa BOKPYT HUX, BbI
MO>KEeTe MPEeACKa3aTh Ha CTO JIET BIEPEN, eCTh
JI1 BEPOSITHOCTb CTOJIKHOBEHUSI C 3eMIIEN».
Actponast O7 Jly, BeTepaH nonéToB Ha
KOCMHYECKHX Kopabisix, kopabisix «Cor3» u
KOCMHMYECKHX CTAHLIHSX, SIBJISETCS
npeacenareneM U raBHbIM UCTIOJIHUTEIbHBIM
nupexktopoM Ponna B612. DxcTpaopauHapHast
muccust B612 Sentinel pacmupsier
3apOXKIAOLIYIOCS MHIYCTPUIO KOMMEPUECKUX
KOCMHUYECKHX MOJIETOB B JAJIbHUI KOCMOC —
nepBasi, KOTopasi MPOJIOKUT MYyThb JJIsT MHOTHX
apyrux npennpusataid. «OroOpaxeHne
MPUCYTCTBUS ThICSY OOBEKTOB,
cOmmKkarommxcsi ¢ 3eMiéi, Co3acT HOBYIO
HAay4HYIO 0a3y JaHHBIX U 3HAYUTEIBHO
YJIYUYIIAT Halle YIPaBICHUE TUIAHETON», —
cyutaer Jly.

Along with the need to come to terms with the
dangers of asteroids, there are several other
important outcomes of their study. The United
States, Europe, and Japan have successfully
hurled spacecraft to asteroids, with more
robotic probes to key NEOs on the books.
Russian engineers have been promoting the
idea of an automated craft emplacing a location
transmitter on asteroid 99942 Apophis, to
maintain a more accurate track of this

Hapsiny ¢ HeOOXOAMMOCTBIO CMUPUTBCS C
ONAaCHOCTBI) ACTEPOUIOB €CTb HECKOJIBKO
APYTUX BAXXHBIX PE3yJIbTATOB UX U3yUEHUS.
Coenunénnnle Illtarsr, EBpona u Anonus
YCIIENIHO 3aIyCTHIIN KOCMUYECKHUE KOpadin K
acTepouaaM, 1 B IUTAHAX y HUX OOJbIIe
POOOTH3NPOBAHHBIX 30HIOB JUIS KIIFOYEBBIX
NEO.

Poccuiickue nHXkeHeps! NPOABUTatOT UIECHO
pa3menieHust Ha acteponse 99942 Anoduc




potentially hazardous 690-to-1,080-foot-
diameter object. By doing that, we would
obtain a very accurate orbit of this NEO, along
with an early warning of whether it’s on a
menacing course with Earth in the years to
come.

We already know that the Apophis trajectory
places it on an extremely close flyby of Earth
in 2029—it is so close, in fact, that it will zip
below our geosynchronous satellites. Earth’s
gravitational tug on Apophis, some worry, may
alter its course in such a way as to run into our
planet in 2036. But the chance of that
happening, experts say, is very, very slim

aBTOMATHYECKOT0 KOpalJisi C TaTYUKOM
MECTOMOJIOKEHHS, YTOOBI 00eCTIeUnTh OoJee
TOYHOE OTCJICKUBAHHUE 3TOTO MOTEHLUAIBHO
oracHoro oobekta auameTpom ot 690 no 1080
¢yroB. Cnenas 3TO, MbI ITOJYYHUM OYEHb
TOUHYI0 opbuty 3Toro OC3, a Takke paHHEe
npeaynpexneHue o ToM, OyeT JIu OH Ha
yrpoXKarwIeM Kypce ¢ 3emnéii B Ommkaimume
TOJIBL.

Mp1 yixe 3HaeM, 4To Tpaektopusi Anoduca
MIOMEINAeT ero Ha O4YeHb OJIM3KOe PacCTOSTHNE
ot 3emuu B 2029 rogy — Ha caMOM JieJie OHO
HACTOJIbKO OJIM3KO, YTO MPOJIETUT MO
HAIIUMH Fe€0CTAIIMOHAPHBIMH CITyTHUKAMH.
Hexkotopsle onacaroTcsi, 4TO rpaBUTALIIOHHOE
nputsokeHue 3eMin Kk Aogucy MoKeT
U3MEHHUTb CBOM KypC TAKHM 00pa3oM, YTOOBI
CTOJIKHYTbCS C Halnel niuaneTou B 2036 roxy.
Ho BeposATHOCTB TOTO, YTO 3TO MPOU3OHIET,
SKCIIEPTHI FTOBOPSIT, OY€Hb  OYE€Hb MaJia.

My review of Apophis has been enlightening
in several ways, specifically in picturing a
rotating Earth orbit around the sun where the
sun-Earth line is fixed. What an NEO does, if
its semi-major axis is inside Earth: It does a
series of loops around the inside of that circle,
then comes back within the vicinity of Earth.
Those set of loops are essentially the number
of years before it comes back close to Earth.
By Apophis whisking past Earth in 2029, that
gravity-assist pass is going to change this NEO
$0 its semi-major axis is outside Earth. Until
2036, it will do a series of loops that are
outside the circle and traveling in the opposite
direction. In other words, Earth’s rotating
coordinate frame is moving ahead of Apophis.
Simply, Apophis is going to be doing loop-the-
loops, getting ahead of Earth, and then it’s
going to buzz by Earth and do loop-the-loops
outside of Earth’s orbit. That’s what the
gravity swingby of planet Earth is doing to this
NEO, and I was really amazed when I found
that out.

It is a good lesson learned on what an asteroid
and its orbit around the sun, or period, do in

Moii 0630p Anoduca ObUT TOYUUTETHHBIM B
HECKOJIbKUX OTHOLIEHUSX, OCOOEHHO B
M300paKeHUH BpaIIAIOIencss OpOUThl 3eMiTn
BOKpyT ComnHua, rae nunus ConmHie-3emis
¢ukcuposana. Uro nemaer NEO, ecnu ero
Oob1IIast MONyOCh HAXOAUTCS BHYTPU 3€MITH:
OH JIEJIAET CEPHIO METENb BOKPYT BHYTPEHHEH
YaCTH 3TOrO KPyra, a 3aTeM BO3BPAILAETCs B
OKPECTHOCTH 3eMJIH. JTOT HaOOp MeTeNb, IO
CYTH, MIPEACTABISIET COOOH KOJIUYECTBO JIET,
IPEXKIIe YeM OH BEpHETCS OJIM3KO K 3emIie.
Korna Anoguc npoHecércst MUMO 3eMITH B
2029 roay, 3TOT rpaBUTALIUOHHBIN POXOL
u3meHuT 5>ToT NEO Tak, 4yTo ero Oosbinas
NIOJIyOCh OKaskeTcs 3a mpenenamu 3emuu. Jlo
2036 roaa OH COBEPIUUT CEPUIO METEIb,
BBIXOJISIIIINX 32 MPEIEIbl KPYTra U JIBHXKYLIHXCS
B IIPOTHUBOTMOJIOXKHOM HamnpasieHud. Jpyrumu
CJIOBaMH, BPAIIAIOINASICS CUCTEMA KOOPIUHAT
3emim gBHOKETCS Briepenu Amnoduca.

[Ipoine rosopsi, Anoduc Oyner nenarhb NeTiu,
orepekast 3eMIII0, a 3aTeM OH OyaeT
IPOJIETaTh MUMO 3€MIIH U JIeJIaTh TETIH 32
npenesamMu 3eMHOM opouThl. Bot uto
TPaBUTALINS TUIAHETHI 3eMJIS IETaeT C 3THM
NEO, u st Obu1 AeHCTBUTEIHHO MOPAXKEH, KOT/Ia
OOHAPYKII 3TO.

DTO XOPOUIHI YPOK O TOM, YTO aCTEPOU]I U €ro
opburta Bokpyr CoJIHIIA, WJIU IEPHUOJ, AENAI0T




terms of its availability for a revisit by a robot
or a human crew, which is not a constant. It is
analogous to understanding some of the inertial
cycler orbits that are necessary to sustain a
long-term space program

C TOYKH 3PEHUsSI €ro JOCTYITHOCTH JUJIst
MOBTOPHOTO MOCEIIEHUST pOOOTOM HJIH
4eJI0BEeYEeCKON KOMaHA0M, UTO He SIBJISAETCS
KOHCTAHTOH. DTO aHAJIOIrMYHO NOHUMAHUIO
HEKOTOPBIX OPOUT HHEPLIMAIBHOTO LIUKJIIEPa,
KOTOpbIe HEOOXOAUMBI JUIs1 TIOAIEPIKAHHS
JOJTrOCPOYHON KOCMHUYECKONH MPOrpaMMBl.

Getting Our Space Legs

IIpumbeM KOCMHYECKHE HOTH

Visitation of NEOs by robotic craft certainly
paves the way for human exploration of
specific asteroids in the future.

In understanding and coping with the hazard of
devastating impacts by NEOs on Earth, we can
learn about the physical nature of NEOs.
Doing that, in turn, can incrementally enhance
our odds of effectively dealing with an NEO,
should one of these objects be discovered that
could gravely affect us. Furthermore, melding
human and robotic abilities at an NEO serves
as a test bed to perfect our skills for working at
ever greater distances.

In my estimation, human visits to NEOs can go
partway toward appreciating the challenges of
travel to Mars, without invoking the most
severe difficulties. Mars must remain a
decisive destination, but NEOs offer a special,
practical, and inspiring challenge that gives us
the “space legs” to propel deeper toward the
red planet

ITocemenne NEO poboTH3npoBaHHBIMU
KopabisiMu, O€3yCIOBHO, POKIAABIBAET MyTh
K UCCJIEIOBAHUIO JIFOJIbMU KOHKPETHBIX
acTepouIoB B OyayIiem.

UroObI MOHSTDH U CIPABUTHCS C OMACHOCTHIO
paspymuTesnbHbIX cToaKHOBeHH NEO ¢
3eMJI€ii, Mbl MOXKEM y3HaTh O (PU3HUECKON
npupoae NEO. DTo, B CBOIO ouepenb, MOKET
MOCTEINEHHO MOBBICUTH HAIlIM HIAHChI Ha
s¢exTuBHyro 6opudy ¢ NEO, ecu Oyner
OOHapy’KeH OIUH U3 3TUX OOBEKTOB, KOTOPBIH
MOJKET CepbE3HO NMOBIUATH Ha Hac. Kpome
TOro, 00OBEIUHEHUE CIIOCOOHOCTEN YeI0BEKa 1
pobota B NEO ¢y XHUT UCTIBITATEIBHBIM
MOJINTOHOM JUJIs1 COBEPIIEHCTBOBAHUS HAILINX
HaBBIKOB pabOTHI Ha BCE OONBLINX
pPacCTOSTHUSX.

ITo moemy mMHEHHIO, Tocemenue JoapMu NEO
MOYKET OTHaCTH CIIOCOOCTBOBATH OCO3HAHUIO
TPYZHOCTEN MyTemecTsust Ha Mapc, He
BBI3bIBasi IPU 3TOM CaMbIX CEPbE3HBIX
TpyAHOCTENH. Mapc TOKEH OCTaBaThCA
pelIaroluM MyHKTOM HazHadueHus:, Ho NEO
NpeIaralT 0coObIH, MPAaKTHYHBIA U
BJIOXHOBJISIIFOLIUH BbI30B, KOTOPBIN 1a€T HAM
«KOCMHYECKHE HOTH», YTOOBI IBUTaThCs
ryOxe K KpaCHOM TUIaHeTe.

My research colleague Anthony Genova, at the
NASA Ames Research Center, is of like mind.
Human exploration of NEOs offers valuable
and exciting opportunities as stepping-stones to
eventual Mars exploration and colonization.
He, too, supports a stepping-stone approach—
similar to that seen in the Apollo program—as
NEO missions not only reduce the overall risk
and complexity of a human space exploration
program, but also decrease the wait time
needed for the next “new” mission, allowing
the public to lend its crucial support to the
program much earlier than would otherwise be
anticipated without intermediate exploration
achievements

Moii komnera Dutonu JxkeHoBa U3
Hccnenosatenbckoro nentpa Jiimca HACA
NPUAEPIKUBAETCS TOTO YK€ MHEHHS.
HUccnenosanue uenosekom OC3 npennaraer
LIEHHBIE U 3aXBaThIBAIOINE BO3MOKHOCTH B
Ka4eCTBE TPAMILTHHA K BO3MOKHOMY
HCCIIEIOBAaHMIO U KOoHM3au Mapca. Ox
TAKXKE MMOIIEPKIBAET MO3TAITHBIA MOAXON —
AHAJIOTHYHBIA TOMY, YTO UCTIOJb3YETCS B
nporpaMMe «ATNOJUIOH», — MOCKOJIBKY
muccun OC3 He TONBbKO CHUXKAIOT OOIIHIA PUCK
U CJIOXKHOCTB MUJIOTHPYEMOH ITPOrpamMMBbl
HCCIIEOBAHMS KOCMOCA, HO U COKPAINAI0T
BpeMs1 O’KUIaHUS], HEOOXOANMOE ISl
CJIEYIOIEro «HOBOI'O 3aMyCKay. ~ MHCCHS,
MO3BOJISIFOINAS OOIECTBEHHOCTH OKa3aTh
PELIA0INYI0 MOANEPIKKY MPOrpaMMe HAMHOTO




paHblIe, 4eM MOXHO ObLIO OBl OKHAaTh Oe3
MPOMEKYTOYHBIX JOCTHUKEHHIT B 00JIaCTH
pasBenKu.

Although asteroids routinely zoom by close to
Earth, even within the moon’s orbit, larger and
more interesting asteroids may be tens of
millions of miles away. That’s a lengthy haul
for people without a resupply of water, food, or
air—a mission longer than has ever been
attempted in space and far different from the
cargo craft that routinely visit the International
Space Station.

NASA'’s current goal of having astronauts on
an asteroid-bound mission by 2025 is a core
idea promoted by U.S. President Obama. That
call represented a major shift from the space
agency’s earlier plan, which was aimed at
replanting U.S. astronauts on the moon.

Since Obama’s 2010 space speech, the interest
in transporting astronauts to an asteroid has
picked up speed, not only at NASA but also
within the aerospace community. The rationale
is that such a deep space expedition not only
tests out hardware but also builds confidence in
humans performing long-duration journeys to
other destinations, like the moons of Mars, or
onward to the red planet itself. At the same
time, a piloted journey to an NEO would
provide the savvy to deal with a future space
rock found to be on a collision course with
Earth.

XoTs acTepoubl OOBIYHO MPUOIIIIKAIOTCS K
3emite, naxxe B mpeaenax opobursl JIyHsl, Oonee
KPYITHBIE H UHTEPECHBIE aCTEPOH Bl MOTYT
HAXOIUTHCS HA PACCTOSTHIU AECATKOB
MIJITHOHOB MHJIb. DTO TONTHH MyTh IS
aronieti O6e3 MOTOHEHMSI 3a11aCcOB BOJIBI, €bI
WJIM BO3JIyXa — MUCCHSI IONIbLIE, YeM KOTa-
100 MpeanpruHIManach B KOCMOCE, U OHA
CHJIBHO OTJIMYAETCS OT TPY30BbIX KOopadiei,
KOTOpbIe OOBIYHO MOCEIIAI0T
MexayHapoAHYI0 KOCMUYECKYIO CTAHLIHUIO.
Texywas nens HACA no otnpaske
aCTPOHABTOB HA MHUCCHIO K actepouny k 2025
rOZly SIBJIAETCS OCHOBHOM HeeH,
npoxsuraemoii npesunesrom CIITA O6amoit.
ITOT 3BOHOK MPENCTABIISAT COOOM CEPbe3HBbIi
CIIBHT TI0 CPaBHEHHUIO ¢ OoJiee paHHUM TUIAHOM
KOCMHYECKOTO areHTCTBa, KOTOPBIN ObLI
HaIpaBJieH Ha Mepecagky aMepUKaHCKUX
acTpoHaBTOB Ha JIyHy.

ITocne kocmuueckoit peun Odamer B 2010 roay
UHTEpeC K TPaHCIIOPTHPOBKE aCTPOHABTOB K
acTepouny pe3ko Bo3poc He Tobko B HACA,
HO U B a3POKOCMUYECKOM coolrecTe. CMbICIT
B TOM, YTO TaKast SKCIEAULINS B NATbHUN
KOCMOC HE TOJIBKO MPOBEPsieT 000pyIOBaHHE,
HO U BCEJIIeT YBEPEHHOCTD B JIIOAEH,
COBEPILIAIOINUX JUTUTENbHBIC MyTEIECTBHS K
APYTUM MECTaM Ha3HAYEHUS, TAKUM KaK JyHbI
Mapca unm nanee Kk CaMON KpaCHOH IUTaHETe.
B T0 >xe Bpems, MuIoTHpPyeMOe MyTeIEeCTBHE K
NEO nact cMekaiky, 9ToObl CIPaBUTBCS C
KOCMHYECKHM KaMHeM OyIyIIero, KOTOpBIi,
KaK BBISICHUJIOCH, HAXOAHTCS HAa MyTH
CTOJIKHOBEHUS C 3eMIIEH.

I term these asteroid explorers “NEQOphytes,”
and they have projected that a human trek to
one of those mini-worlds may involve two or
three astronauts on a 90-to-120-day
spaceflight. The round-trip travel includes a
week or two-week stay at the appointed
asteroid.

One blueprinted NEO mission, an early human
asteroid mission that uses NASA’s Orion
spacecraft, has been dubbed Plymouth Rock.
That plan has been scripted by Orion’s builder,
Lockheed Martin, and detailed by advanced
planner Josh Hopkins.

They portray a six-month mission to an

51 Ha3BIBaKO 3TUX UCCIEAOBATENIECH ACTEPOUIOB
«NEOd¢dwutamuy, 1 OHI MPOrHOZUPYIOT, YTO
MyTEeLIECTBHE YeJIOBEKa K OTHOMY U3 DTUX
MHHH-MHPOB MOXKET OTPeOOBaTh OT ABYX HIIH
TPEX aCTPOHABTOB U KOCMHUYECKOTO MOJIETA
MPOAOJIKUTENBHOCTBIO OT 90 no 120 nHel.
[IyremecTsue Tyna u 0OpaTHO BKIIOYAET
HENIeN0 UJIH JIBE Heles U nMpeObIBaHus Ha
Ha3HAYEHHOM acTepOouze.

Opnna 3annanuposanHas muccust NEO, panHzss
MHCCHS YeJIOBEeKa Ha acTepousl, B KOTOPOH
UCTIONB3yeTCst KocMuueckuii kopadns HACA
«Opuon», nonyuuna Hazsanue I lnumyr-Pok.
IToT 11aH ObUT HATMCAH CO3/1aTeNeM




asteroid taking astronauts several million miles
from Earth—many times farther away than the
moon, but closer than Mars. This requires a
very capable spacecraft with propulsion, living
space, and life-support supplies, as well as
safety features to protect the crew in the event
of a problem, since they can’t return to Earth
quickly.

Frankly, stuffing a crew into the tight quarters
of an Orion capsule—even two of them docked
together—is not the way to go. Again, |
advocate building off of our International
Space Station. We need to use our station
experience to prototype both a specialized
crewed interplanetary habitat and a specialized
crewed interplanetary taxi. That’s the way to
get down to business in projecting ourselves
outward into deep space.

«Opuona» xomnanueit Lockheed Martin u
JeTaIN3UPOBaH MPOJBUHYTHIM
MJIaHUPOBIIUKOM J[xxomeM XONKUHCOM.

Onn n300pakaroT MECTUMECSUHYI0 MUCCHIO K
aCTEepOUy, YHOCSLIYIO aCTPOHABTOB 34
HECKOJIbKO MUJUTHOHOB MUJIb OT 3€MJIM — BO
MHOTO pa3 fainelue, ueM JlyHa, Ho Omoke, yem
Mapc. s sToro TpedyeTcst O4eHb MOIIHBIT
KOCMHMYECKHH KOpaOJib C IBUTATEIBbHOM
YCTaHOBKOM, JKMJIBIM ITPOCTPAHCTBOM U
CPEACTBAMH JKU3HEOOECTICUeHNS, a TAKKE
cpencTBamMu 0€30MaCHOCTH IS 3AIUTHI
SKHIAXKa B CJIy4ae BOSHUKHOBEHHS TPOOIIEMBI,
MIOCKOJIbKY OHU HE MOTYT OBICTPO BEPHYTHCS
Ha 3eMJIIO.

OTKpOBEHHO TOBOpS, pa3MelleHHe dKUIIaXa B
TECHBIX NOMELEHUIX Karcyubl « OpuoH» —
JaXe IBYX COCTBIKOBAHHBIX BMECTE — HE
JAyqinii BapuanT. OnsaTh 5Ke, s BBICTYNA0 32
CTPOUTENBCTBO Haulell MexxayHapoaHou
KOCMHMYECKON cTaHIUK. HaMm HyXHO
HCIIOJIB30BAThb OMNBIT HALIEH CTAHLUU AJIs
CO37aHus MPOTOTHUIIA KAaK
CHELHUATU3UPOBAHHON MEXIUIAHETHON CPEeAbl
OOUTaHUS C HSKUMAKEM, TaK U
CHELHUATU3UPOBAHHOTIO MEXITJIAHETHOTO TaAKCU
C 9KunaxxeMm. BoT kak MOXKHO MPUCTYIUTBH K
aeny, Ipoenupys ceOst HapyXKy, B IIIyOOKHi
KOCMOC.

What’s also urgently required is a much better
survey of NEOs, using ground- and space-
based assets, to greatly expand the catalog of
accessible and meaningful asteroid targets for
human exploration. Identification of a
sufficient number of accessible and desirable
asteroids is critical for future human missions.

While the whereabouts of several thousand
near-Earth objects are known, the number and
physical makeup of space rocks that are
reachable by piloted flight are highly uncertain.
There’s a paucity of targets at present to assure
maximum mission flexibility. Besides, when it
comes to a long-haul, piloted expedition,
asteroid size does matter.

Uro Taxxke cpouHO Tpedyercs, Tak 3TO ropas3nao
Ooutee kauecTBeHHOE uccienoBannue NEO ¢
HUCITIOJB30BAHNUEM HA3EMHBIX 1 KOCMHUYCCKUX
CpeACTB, YTOOBI 3HAUYUTEIHHO PACIIUPHUTD
KaTaJgor ,[[OCTyrIHbIX 1 3HAYUNMBIX
ACTEPOUIHBIX LIeJIeH AJI UCCIIEAOBAHUS
YCIIOBCKOM. HI[GHTI/I(I)I/IKaLII/Iﬂ AO0CTATOYHOTI' O
KOJInu4yecTBa ,[[OCTyrIHbIX U JKEJIAaCMBbIX
aCTEPOUIOB UMEET PELIA0IIee 3HAUCHHUE JIJIsI
OyAyuIMx MUCCUH YeIOBeKa.

B 10 Bpems kak MECTOHAXOXECHUE
HECKOJIBKUX THICSY OKOJIO3EMHBIX OOBEKTOB
U3BECTHO, KOJMUYECTBO M (PU3MUECKUIT COCTAB
KOCMHYECKHX KaMHEH, 10 KOTOPBIX MOKHO
100paThCs ¢ TOMOIIBIO MHJIOTHPYEMOTO
nojéra, BeCbMa HeonpeaeaeHHbl. B HacTosmee
BpeMsi He XBaTaeT LieJiel, YTOObI 00eCenTh
MaKCHUMaJIbHYI0 THOKOCTh Muccuu. Kpome
TOrO, KOIZia pedb UAET O JAJIbHEN
MUJIOTUPYEMON 3KCIENULINH, pa3Mep
acTepOUJa UMEET 3HAUCHHUE.

Here’s my advice: No crew should travel for

Bot Moii coBeT: HU OflHA KOMaHIa HE JTOJIKHA




months on end and pull up to an NEO that’s
smaller than their own spacecraft! In short, we
need to know where to go.

In July 2011 the report Target NEO: Open
Global Community NEO Workshop was
issued, based on a meeting held at George
Washington University earlier that year. The
document pointed out that programs and
planned missions to asteroids may be
leveraged for mutual benefit in terms of data
exchange. It also recommended coordination
with the European Space Agency and other
space agencies on a planetary defense
demonstration mission.

MecCsIL[aMH MyTeIleCTBOBATh U MOATITUBATLCA K
NEO, xoTopslii MeHbIIIe UX COOCTBEHHOTO
kocMmudeckoro kopabisi! Kopode rosopsi, Ham
HY>KHO 3HaTb, Ky/1a UATH.

B urone 2011 rona Obut BBIMYINEH OTYET
Target NEO: Open Global Community NEO
Workshop, ocHOBaHHBII Ha cOOpaHuH,
MIPOBEIEHHOM paHee B TOM K€ FOAly B
YHuusepcurere [lxopaxa Bamunrrona. B
JOKYMEHTE YKa3aHO, YTO MPOrPaMMbl U
3aIJIaHUPOBAHHBIE MUCCUHU K aCTEPOUAAM
MOTYT OBbITh UCTIONB30BAHBI AJIST B3AUMHOMN
BBITOJIbI C TOUKH 3peHHst 0OOMeHa faHHbIMH. OH
TaKXe pEeKOMEH10BaJl KOOPAUHUPOBATL C
EBponelickum KOCMUYECKUM ar€HTCTBOM U
APYTUMU KOCMHUYECKUMH areHTCTBaMU
JEMOHCTPALIMOHHY0 MUCCHIO IIJIAHETAPHON
00OpOHBI

The report points out that a target NEO will
need to be discovered several years in advance
to provide adequate lead time to deliver robotic
precursor missions to scope out the object, plan
the human mission, and then send the crew to
the chosen objective.

But operating at an asteroid is not a piece of
cake. There are great lags in Earth-to-NEO
communication times. This kind of deep space
mission calls for true autonomy, as crew
members are far from Earth, and their space
travel must include a great deal of assurance in
backup hardware, space propulsion, life-
support gear, and radiation shielding. That
being the case, a major report finding is that
the body of data required to support flying
astronauts outward to an NEO is severely
limited.

Then there are the psychological and
sociological issues linked with an NEO-bound
crew cooped up and confined in tight quarters
like those offered by an Orion spacecraft. The
2011 report underscores the fact that deep
space missions do not afford the abort
opportunities and the psychological comfort
provided by rapid return to our home planet—a
hallmark of my Apollo 11 mission and the six
follow-on flights within cislunar space.

My concern here is that far more work is
essential to support human expeditions outside

B otuére ykazbiBaetcs, uto uenesoii NEO
HeoOXoauMo OyaeT OOHAPYIKUTD 38 HECKOJIBKO
JeT, 4TOOBI 00ECTIEYNTh JOCTATOUHOE BPEeMsI
U151 BBITIOJTHEHHSI POOOTH3UPOBAHHBIX MUCCHII-
MPEIIIECTBEHHUKOB, YTOOBI U3yUNUTh OOBEKT,
CIUIAHUPOBATDH YEJIOBEYECKYIO MHICCHIO, a
3aTeM OTIPABUTH SKHUIAX K BHIOPAHHOH LIeNH.
Ho pabotats Ha acTepousie He TaK YK U
npocto. Ectb Gonbinue 3anep>kku BO BpeMEHU
cBsi3u Mexay 3emnéin 1 NEO. Dtot tun
MHUCCHH B TAJTbHEM KOCMOCe TpeOyeT
HACTOSIIIEH aBTOHOMUH, TTOCKOJIbKY YJICHBI
SKHIAXKa HAXOMATCS JAJIEKO OT 3eMITH, U UX
KOCMHUYECKHE MyTeLIECTBUS JOIKHBI
BKJIFOYATh B c€0s1 OONBIIYIO YBEPEHHOCTD B
pe3epBHOM 000OPYIOBaHHUN, KOCMHYECKHIX
IBUTATEISIX, 00OPYAOBAHUU
KU3HEOOECTIEUeHNs 1 PaqUallMOHHON 3aIIuTe.
B 3TOM Ciiydae OCHOBHOI BBIBOJ OTUETA
3aKJIIOYAETCs B TOM, YTO 0ObEM JaHHBIX,
HEOOXOIUMBIX [T IOJNEPKKU MOJIETOB
acTpoHaBTOB K NEO, cuibHO orpaHuyeH.
Kpowme Toro, ecTb ICHXOJIOTHYECKUE U
COLIMOJIOTHUYECKHE MPOOIIEMBI, CBSI3aHHBIE C
skunaxem, Hanpasysromumcest K NEO,
KOTOPBII HAXOAUTCS B3aNEPTH U 3aKJIFOUEH B
TECHBIX MOMELICHUSIX, MOJOOHBIX TEM,
KOTOpBIE MpeIaraeT KOCMUYeCKuid Kopadib
"Opuon". B otuére 2011 roma
NOAYEPKUBAETCS TOT (PAKT, YTO MUCCHH B
JaNbHUN KOCMOC HE MPEIOCTABIISIOT
BO3MOKHOCTEH JJIs TPEePbIBAHUS U
NICUXOJIOTHUYECKOro KoMpopTa,
00ecreYnBaeMoro ObICTPBIM BO3BPAIEHHEM




of Earth’s protective magnetosphere. What still
remains as a biological concern is the
heightened and long-term physiological effects
of space radiation on the human body.

There are arguably many “need-to-knows”
about NEOs. That is, just how much data is
requisite before a piloted mission departs Earth
toward the target space rock? What about the
object’s spin rate, size and shape, and
makeup—solid rock or rubble pile? Also
troubling is the ability to station-keep with an
asteroid without placing crew and spacecraft in
harm’s way. In this case, a mobile exploration
module deployed from the main spacecraft
could carry explorers and robotic tools over to
the asteroid. That would seem like a wise and
safe approach.

Visits by crews to even the largest asteroids
must deal with lack of gravity to safely land.
It’s more likely to be “docking” to the object in
some manner. One idea, proposed by MIT
researchers, is tying a lightweight network of
tether material entirely around an asteroid.
Once in place, astronauts could attach
themselves to this set of connections and
maneuver or perhaps even walk along the
surface. Still, along with the low gravity,
asteroids are surely going to be challenging
destinations for human and robotic
investigation due to the fine, granular topside
material spread across the object’s surface

HAa HAIlly POJHYIO TUIAHETY — OTJIMYUTEIBbHOM
yepTol MOoel MUccuu «AnoJiion-11» u mectu
MOCJIEAYIOLIUX MOJETOB B OKOJIOJNYHHOE
MPOCTPAHCTBO.

MeHst O€CTIOKOUT TO, UTO ISl MOAAEPIKKH
YeJIOBEUECKHIX IKCIISTULIMN 32 TIPEAEIIb
3aIUTHON MarHuTOChepsl 3eMITn HEOOXOIUMO
ropaszno 6ombie padotel. Uto Bee emé
ocTaércst OMONOrNYeCcKOl MPOOIEMO, Tak 3TO
YCHJICHHOE U IOJITOCPOYHOE (PU3HONIOrnyeckoe
BO3/ICHCTBHE KOCMUYECKOH paguanuy Ha
OpPTaHU3M YEJIOBEKA.

Bo3MOXHO, €CThb MHOTO TOTO, YTO
«Heobxonumo 3HaTh» 00 NEO. To ecTb,
CKOJIBKO JTJAHHBIX HEOOXOIUMO, MPEXKIE YeM
MIIOTHPYEMast MUCCHSI OTTIPABUTCS € 3€MIIU K
11eJ1IeBOM KOCMHUYecKOH ckaie? A Kak Hacuér
CKOPOCTH BpalleHUs1 O0BEKTa, €ro pasmMepa u
¢bopMmBL, a TakKe cocTaBa — TBEPAOTO KaAMHS
v rpyabl mebHs? Takke OecrokouT
BO3MOYKHOCTb OCTABaThCsl HA CTAHLIUH C
acTepPOUIOM, He TOABEPTast KUK U
KOCMHYECKHH KOpadib onacHOCTH. B 3Tom
ciyyae MOOMITBHBIN HCCIIEAOBATENbCKUHT
MOYJIb, Pa3BEPHYTHII C OCHOBHOTO
KOCMHUYECKOTro KopadJisi, MOT ObI JOCTABUTH
uccienonaresuei 1 poOOTU3HPOBAHHBIE
WHCTPYMEHTHI Kk acteponny. Kasanoce Obl,
MyZApbIi 1 6€30MacHbIHN MOIXOA.

ITocemenue 3xunakamMu Jaxe caMblxX
OONBLINX aCTEPOUIOB TOJKHO UMETH JIETIO C
OTCYTCTBHEM I'PaBUTALUU, YTOOBI O€30MacHO
npuzeMInTbes. Ckopee BCero, OH KaKUM-TO
00pa3oM «CThIKyeTCs» ¢ 00bekToM. OHa U3
uzeH, MPenJIoKEHHAs HCCIEOBATEISIMU
MaccauyceTcKoro TeXHOJIOTHIECKOTO
WHCTUTYTA, 3aKJIF0YAETCS B TOM, YTOOBI
MOJTHOCTBIO CBSI3ATh JIETKYIO CETh TPOCOB
BOKpYT acteponna. Oxa3aBIINCh HA MECTE,
ACTPOHABTBI MOTJIH MTPUKPEITUTHCS K STOMY
HabOpy COETMHEHUI 1 MAaHEBPHUPOBATH MJIH,
BO3MOYKHO, JJaK€ XOAHUTh IO TIOBEPXHOCTH.
Tem He MeHee, Hapsy C HU3KOW rpaBUTALIUEH,
actepouabl, 0e3yCIOBHO, OYAYT CIOKHBIMU
00BEKTaMH JIs1 HCCIIEOBAHUS JIFOJbMH U
poboTamMu n3-3a MENTKO3EPHUCTOrO MaTepuaa
BEpXHEH 9acTu, pa3dpoCaHHOTro MO
MOBEPXHOCTH OOBEKTA.

There are ways to make practice runs at NEOs
right here on Earth. One technique, which
draws upon my early work in underwater
simulation of spacewalking, is NASA’s

Ectb criocobsl Tpenuposathest Ha NEO npsimo
31ech, Ha 3emiie. OWH U3 METOJIOB,
OCHOBAHHBIM HA MOMX PaHHHUX paboTax Mo
NOJIBOAHOMY MOJAEJIHPOBAHMIO BBIXOJA B




Extreme Environment Mission Operations, or
NEEMO for short. International crews of
aquanauts are trying to understand what a
mission to an asteroid would be like. Home
base for these evaluations is the National
Oceanic and Atmospheric Administration’s
Aquarius Reef Base undersea research habitat
off the coast of Key Largo, Florida, and some
60 feet below the surface of the Atlantic Ocean

OTKPBITBIN KOcMOC, — 3T0 «Onepauuu B
SKCTPEMAJIbHBIX YCIOBHUSIX OKPY KaroLieH
cpene» HACA, nnu coxpaménso NEEMO.
MexayHapoaHble SKUNaXk1 aKBaHABTOB
IIBITAFOTCSI TTOHATh, HA UTO OyJET IMOX0XKa
MHCCHS K acTepouny. ba3on nis 3Tux OLeHOK
SIBJII€TCS MOJIBOAAHAsI UCCIIEI0BATENbCKAs
cpena obutanwust Ha pudosoii 6aze Bogones
HauunonanbHOro ynpasieHus OK€aHUUECKUX U
aTMOC(epHBIX UCCIIENOBAHUH Y MOOEPEkKbsi
Ku-Jlapro, ®nopuna, u npumepHo Ha 60
($yTOB HIKE MOBEPXHOCTH ATIAHTHYECKOTO
OKeaHa.

art of the work is to develop tools and
techniques for use on lower gravity
environments of NEOs. Working on an
asteroid presents special obstacles, say for
snagging and bagging geologic samples.
Again, great care must be taken as loose
material can coast away; an astronaut can be
propelled off an NEO’s surface just by striking
a rock with a hammer.

HckyccTBo padoTsl 3aKiIrouaercs B pa3paboTke
UHCTPYMEHTOB U METOJIOB AJIsl HCIIOJIb30BAHHMS
B ycJIoBUsiX Hu3Ko# rpasutanu OC3. Pabora
Ha acTepOHe COMpsKeHa ¢ OCOOBIMU
TPYIHOCTSIMHU, HATIPUMeEp, TIPH 3aXBaTe U
yMaKOBKE re0JIOrHueCcKix 00pas3nos. OmsTh
ke, HeoOXOoMUMO COOITI0IaTh OOJIBINYIO
OCTOPOYKHOCTb, TaK KaK PhIXJIbIIl MaTepHa
MOKET YCKOJIb3HYTb; aCTPOHABTA MOJKHO
cObpocuts ¢ nosepxnoctu OC3, mpocTo ynapus
MOJIOTKOM IO KaAMHIO.

Cosmic Shooting Gallery

Kocmuueckuii Tup

Let’s face facts. We live in a cosmic shooting
gallery. Ways to defend ourselves from NEOs
need careful study. If there is adequate warning
time, we have the means to guard Earth from
asteroid impacts—a luxury that the dinosaurs
were not afforded. But what deflection method
to use is still to be determined. There are brute-
force concepts, like using a nuclear bomb to
blow an NEO to smithereens. Another less
harsh option is the “gravity tractor’—a way to
alter an NEQ’s course with a slight nudge over
time, using the gravity tug of a spacecraft that
has sidled up near the object. Lasers or
sunlight-focusing mirrors could also be used to
heat up a spot on an asteroid, vaporizing
surface material to create a propulsive force
that alters the object’s path.

There’s even been talk of capturing and
transporting a small asteroid to near-Earth
orbit. A 500-ton asteroid could be fetched and
then deposited into a gravitationally stable
point in the sun-Earth or moon-Earth system.
This NEO moving plan uses a container-like
robotic spacecraft powered by a solar electric
propulsion system. Once the asteroid is on
location, it would be subject to human study,
perhaps even a popular tourist stop, as well as

ITocmoTpum npasae B riasa. Mbl )kuBEM B
KocMHu4YeckoM Tupe. CriocoObl 3aIUThl OT
NEO TtpebyroT Tmarensuoro udyuenus. Ecimu
OyzmeTr 1oCTaTOYHO BPEMEHH IS
NpeaynpexIeHus, y HaC €CTb CPelCTBa AJis
3aIIUTHI 3EMJIH OT CTOJIKHOBEHHH C
acTepouaaMu — POCKOIIb, KOTOPOU HE MOTJIH
cebe mo3BONUTH TUHO3aBpbl. HO kKakoit MeTon
OTKJIOHEHHS HCIOJIb30BaTh, €11€ MPEACTOUT
onpeaenuTsb. CymecTBYIOT KOHLICTIIUN TPyOoit
CHUJIBIL, TAKHE KaK UCIOJIb30BaHUE sAepHON
60omObI1, uToObI pasHecTu NEO Bapebesru.
JpyruM MeHee CypOBBIM BapUAHTOM SIBJISIETCS
«TPABUTAIIUOHHBIN TATAY» — CIIOCO0
n3MeHuThb Kypc NEO nérkum Toukom ¢
TEUEHHUEM BPEMEHH, UCTIONb3YsI
IPaBUTALMOHHBIN OYKCHUP KOCMUYECKOTO
KOpaOJIsi, KOTOPBIH MPUOTU3UIICS K OOBEKTY.
Jlazeps! nnum 3epkana, Gpokycupyromme
COJIHEYHBII CBET, TAK)KE MOKHO UCIIOJIb30BATh
IUIsl HarpeBa MATHA Ha acTepOouae, UCIIapeHUs]
MaTepuaia MOBEPXHOCTHU Il CO3aHUs
OBUXKYIIEH CUITBI, KOTOPAsi H3MEHSIET
TPAEKTOPHUIO ABIIKEHHS OOBEKTA.

Xoaunu faxke pa3roBophl O 3axBaTe U
TPAHCIIOPTHPOBKE HEOOIBIIOTO aCTEPONIa Ha
OK0JI03eMHYI0 opOuTy. SO0-TOHHBIH acTEPOUA




exploited as a resource.

Outreach to the asteroids yields a number of
benefits. Scientifically, we can find out more
about the formation and history of our solar
system. From a security standpoint,
understanding the structure and composition of
asteroids, and learning how to operate
spacecraft around NEOs, empowers us to
deflect a hazardous intruder from afar. Then
there’s appraising the feasibility of utilizing
asteroid resources for human expansion in
space.

Now under way is development of a unique
asteroid sample-return mission. This spacecraft
is to speed toward 1999 RQ36, a space rock
that has the highest Earth-impact probability in
the next few centuries of any known asteroid.
NASA’s OSIRIS-REx mission is being led by
the University of Arizona and is slated to
launch in 2016, rendezvous with the asteroid in
2019-2021, then return specimens of the object
to Earth in 2023

MOYKHO TIOIHSITD, & 3aT€M TIOMECTUTD B
IPaBUTALIMOHHO-CTAOMIIBHYIO TOUKY B CHCTEME
Connue-3emisa unu Jlyna-3emust. DTOT MiaH
nepemenienust NEO ucnonbsyer
POOOTU3MUPOBAHHBIN KOCMUYECKHI KOPadJb,
MOXOXKHMI Ha KOHTeiHep, padoTaromuii ot
COJIHEYHOH 3JIEKTPUUECKON ABUTaTEIbHON
ycraHoBkH. Kak ToJbKO acTepous okakercs Ha
MeCTe, OH CTAHET MPEAMETOM H3YYECHUs
4eJI0BEKOM, BO3MOXKHO, AaKe CTaHET
MONYJIAPHON TYPUCTUYECKON OCTaHOBKOM, a
TakKe OyIeT NCTIOIb30BATHCS B KAUECTBE
pecypca.

OxBar acTepouaoB Jaér psaa npeumyiiects. C
HAYYHOH TOYKU 3PEHUST Mbl MOXKEM y3HAThb
Oospie o GopMUPOBAHUH M UCTOPUU HAIIEH
Conneunoii cuctemel. C TOUKU 3peHUs
0e30MacHOCTH, TOHUMaHNE CTPYKTYPhI U
COCTaBa aCTePOMJIOB U U3yUEHHE TOrO, KakK
yIPaBJIATh KOCMUYECKUMH KOPaOJIsIMU BOKPYT
OC3, naér HaMm BO3MOXXHOCTb OTPa3UTh
OIaCHOI'0 HapyILIUTENs U3/lajeKa. 3aTeM
OLICHUBAETCS] BO3MOYKHOCTh UCIIOJIb30BAHUS
pPECYpCOB aCTEpPOUAOB IJIs SKCIIAHCHUU
4eJIoBeKa B KOCMOC.

B Hacrosiiiee Bpemst Benércs pazpadorka
YHUKAJIBHOW MUCCHH 110 BO3BPATy 00Pa3IOB
actepoua. ITOT KOCMUYECKUN KOpabib
TOJKeH aBUraThest K 1999 RQ36,
KOCMHUYECKOH CKaJjie, KOTopas UMeeT CaMyo
BBICOKYIO BEPOSITHOCTb CTOJIKHOBEHHUS C
3emnéii B Onukaiinyme HECKOJIBKO CTOJICTHIA
Cpeau BCEX M3BECTHBIX aCTEPOUIOB.

Muccuro HACA OSIRIS-REx Bosrmassier
VYHuBepcurer ApHU30HBI, €€ 3aIyCK
3arutaHupoBad Ha 2016 ron, conmxkenue ¢
actepounom — Ha 2019-2021 rogpl, a 3aTeM
BO3BpalleHue o0pa3oB 00beKTa Ha 3eMITIO B
2023 rony.

OSIRIS-REX is an acronym drawn from the
work of the mission: Origins, Spectral
Interpretation, Resource Identification,
Security, Regolith Explorer. The mission will
identify carbonaceous asteroid resources that
can be used in human exploration. Another
spacecraft duty is to take measurements to
quantify the Yarkovsky effect—the daily
heating of an object rotating in space can exert
a small force on the object.

OSIRIS-REx — 310 ab0peBunarypa, B3sTast U3
padoter Mmuccun: Origins, Spectral
Interpretation, Resource Identification,
Security, Regolith Explorer. Muccust BbISIBUT
yTIEPOACOAEPIKALIIE PECYPCHI ACTEPOUIOB,
KOTOpPbIE MOJKHO UCIIOJIb30BATh B
HCCIIeIOBaHMAX uenoBeka. Emeé oqHa
00513aHHOCTb KOCMHUYECKOTO KOpadst —
MPOBOUTH U3MEPEHHs AJIsl KOJINYEeCTBEHHOMH
oneHkH 3 dexra ApKOBCKOTO — €3KESTHEBHBIN
HarpeB 0OBEKTa, BPAIIAIOIIErOCsl B KOCMOCE,
MOYKET OKa3bIBaTh Ha OOBEKT HEOOBINYIO
CHITY.




According to OSIRIS-REx researchers, when
the heated surface of 1999 RQ36 points its hot
afternoon side in the direction of its motion
around the sun, the escaping radiation acts like
a small rocket thruster. That propulsive push
slows it down and sends it closer to the inner
solar system. While that thrust is minuscule, a
little push day after day, year after year, for
hundreds of years, can alter an asteroid’s orbit
significantly. More important, the Yarkovsky
effect can turn an NEO headed for Earth into
an impactor—or a clean miss.

The OSIRIS-REx mission is expected to
provide important data, a tool to aid in securing
Earth from future asteroid impacts. With time
on our side, policymakers can settle on what—
if any—steps should be taken to mitigate the
odds of 1999 RQ36 banging into Earth.

Ilo cnosam uccnenosareneii OSIRIS-REX,
KOI'Jla Harperast moBepxHocThb 1999 RQ36
HaIpaBJIsieT CBOIO PACKaJEHHYIO THEBHYIO
CTOPOHY B HalpaBJeHUU €ro ABMKEHUs BOKPYT
ConHuia, BEICBOOOXKIAIOIIIEECS H3TyUEHUE
JEeUCTBYET KaKk HeOONBIIONH paKeTHBIN
ABUTATeNb. DTOT ABUXKYLIMH TOIHYOK
3aMeIIISIET €ro U OTIPABISIET OIIIKE K
BHyTpeHHel yacTu CONHeUHO! cucTeMbl. XOTs
3Ta TATa HUYTOKHA, HEOONBIION TOIHOK JIeHb
3a IHEM, Ol 3a FOJIOM, Ha MPOTSKEHUU COTEH
JIET MOKET 3HAYUTEIbHO H3MEHUTh OpOUTY
acrepouna. Uro eme Oonee BaxKHO, 3pPexT
Spxosckoro moxet npespatutb NEO,
HaNpaBJAOLIUNCS K 3eMle, B ylapHblIi
3JIEMEHT WJIM B MOJHbIN pOMax.

Osxupaercs, uro muccust OSIRIS-REx
[IPEIOCTABUT Ba)KHbIE JaHHbIE, UHCTPYMEHT,
KOTOPBIN MOMOKET 3aIUTUTD 3€MJII0 OT
Oyayuimx CToNKHOBeHUH ¢ actepouaamu. Co
BpPEMEHEM Ha Halllell CTOPOHE MOJUTUKH MOTYT
peLINTh, KaKHe I1aru cleayeT NpeanpUHsATS,
€CJIv BOOOIIe Kakue-Tu00, 151 CHHKEHUS
BEPOSITHOCTH TOTO, 4TO 1999 RQ36 Bpekercs
B 3eMJIIO.

Pay Dirt!

3oJi0Tast :xuaa!

Extraterrestrial mining in the years to come is
one way to spread Earth’s economic sphere of
influence. Drawing upon the resources of the
moon, Mars, asteroids, comets, and other
bodies of the solar system can fuel the
economic fires of an expanding, outbound
civilization.

There are private efforts under way to scope
out the job of quarrying space. While the
business plans, dollars required, and the
technology needed may be jelling, there are
thorny questions ahead, issues that
organizations are likely to bend their private-
sector pick on: property and mineral rights,
ownership and possession, international
treaties.

The Space Resources Roundtable, often held at
the Colorado School of Mines in Golden,
Colorado, has increasingly become a hotbed of
discussion on these topics. At a roundtable
meeting last year, Jim Keravala, Chief
Operating Officer of the Shackleton Energy
Company, detailed a plan to “fuel the space
frontier”—one that would traffic rocket fuel,

BreszemHast 1oObIvua MOIE3HBIX UCKOTIAEMBIX B
Omkaime robl — OJUH U3 CocoOO0B
PaCUIMPUTH SKOHOMUYECKYIO chepy BIHsAHUS
3emnu. Onupasich Ha pecypcsl JIyHbsr, Mapca,
acTepoOUIOB, KOMET U Apyrux Ten ConHeuHon
CHCTEMBI, MOKHO MUTATh SKOHOMHUYECKHUN
OTOHb PACIINPSIFOINEHCS LINBUIM3ALNH.

B Hacrosiiee BpeMst IpeanpUHUMAIOTCS
YaCTHBIE YCHIIHS TIO PACHIMPEHHIO MacIuTaboB
pa3paboTKu KapbepHBIX IUIoIanei. B To
BpeMsi Kak OM3HEC-TUIaHbI, TpeOyeMble
IOJUTAPbl U HEOOXOIUMBIE TEXHOJIOTHU MOTYT
OBITH FOTOBBI, BIIEPEN €CTh OCTPbIE BOIIPOCHI,
BOIPOCHI, KOTOPbIE OPTaHU3ALUH, BEPOSITHO,
OyayT pemars B CBOEM YaCTHOM CEKTOpE:
npaBa COOCTBEHHOCTH U MOJIE3HBIX
HCKOIIAeMBbIX, MTPaBO COOCTBEHHOCTH U
BJIAZICHHSI, MEKAYHAPOIHBIE JOTOBOPHL.
Kpyrabiii cTon no KOCMUYECKUM pecypcam,
4acTo nNpoBoauMelii B Konopanckoii ropHon
mkoJie B ['onnene, wrar Konopano, Bce yvaie
CTaHOBHTCS O4arom oOCykaeHus 3Tux Tem. Ha
BCTpeUE 32 KPYIJIBIM CTOJIOM B IPOLLIOM I'OAY
Jxum Kepasana, rmaBHbIN ONEPaLiMOHHbIN
nupektop Shackleton Energy Company,
nopOOHO U3JIOKUII TUIAH «IOAITHTKH




oxygen, water, and other items into low Earth
orbit and on the moon, making this service
available to all spacefarers. A mix of industrial
astronauts and robotic systems would service
customers with a steady stream of propellants
and other materials. The business plan calls for
liberation of icy resources bound within
permanently shadowed craters at the south pole
of the moon, processing that material. The
company wants to establish a network of
refueling service stations in low Earth orbit and
on the moon to process and churn out fuel and
consumables for commercial and government
customers.

But what’s ahead is the prospect of legal-
beagle debate and court cases concerning
mining claims, surface rights, even possession
by a squatter. During the School of Mines
roundtable, some voiced the point that
possession is nine-tenths of ownership. Even
the view that it’s easier to receive forgiveness
than obtain permission circulated among
participants.

For a large mining group to get involved in
exploiting space resources there must be surety
they can make a profit, cautions Dale Boucher,
Director of Innovation at the Northern Centre
for Advanced Technology, Inc., in Sudbury,
Ontario, Canada. He feels that governments
should get together and create the regime in
which space resource mining can take place.

Most certainly, there are legal matters to be
resolved, and before too much is assumed. It’s
my personal sense that the United Nations is
not the body that should be determining the
future legalities of space prospecting and
mining. Rather, I see something like an
International Orbital Development Authority,
an International Lunar Development Authority,
and an International Outer Orbit Authority
handling these issues.

KOCMHYECKOT0 ()pOHTa» — IJIaH, KOTOPBIHA
OyzeT NOCTaBISTh PAKETHOE TOTLIHBO,
KHUCJIOPOJ, BOAY U APyTUe MpeaMeThl Ha
HHU3KYIO OKOJIO3EMHYIO OpOUTY U JaJblIIe.
JlyHa, 4uTO nmenaer 3Ty ycayry JOCTYIHOMN AJis
BCeX kocMOHaBTOB. CoveTaHue
IIPOMBIIIEHHBIX aCTPOHABTOB U
pPOOOTU3UPOBAHHBIX CHCTEM OyneT
00CITy’KUBATh KJINEHTOB TIOCTOSIHHBIM TTOTOKOM
TOIUIMBA U APYTUX MaTepuanos. busHec-mnax
NPU3BIBAET K OCBOOOXKIEHHIO JIEASTHBIX
PECYPCOB, 3aKIIFOUEHHBIX B [IOCTOSHHO
3aTEHEHHBIX KpaTepax Ha I0’KHOM IOJI0Ce
JlyHbl, 0OpaboTke 3TOro Marepuaia.
Kommnanus xo4er co3aath ceThb 3alpaBOYHBIX
CTAHIINI Ha HU3KOH OKOJIO3EMHON OpOUTe U Ha
Jlyne nnst 0O6paboTKH U BBINTyCKA TOTLINBA U
PACXOJIHBIX MAaTEPUAJIOB JJIs1 KOMMEpPYECKUX U
rOCyJJapCTBEHHbIX 3aKa3UHKOB.

Ho 1o, uTo Bepeaun, — 3To nepcrnekTuBa
cyneOHbBIX CIIOPOB U CyAeOHBIX
pa3bupaTenbCTB, KaCaOIUXCs MPETEH3UH Ha
I00BIMY MOJIE3HBIX UCKOMAEMBIX, IIPAB Ha
3€MIJII0 U JJaKe BJIaJieHus ckBarTepoM. Bo
BpeMsi KpyTJioro croyia ['opHOi mKoel
HEKOTOpbI€ BbICKa3aJl MHEHUE, UTO BJIaJeHUe
COCTABJISIET NIEBATH NECSATHIX COOCTBEHHOCTH.
Cpenu y4acTHHUKOB LIUPKYJIHPOBAJIO AaKeE
MHEHHeE, YTO MPOLIIE MOJTYyUUTh MPOLIEHHE, YeM
paspelueHue.

UroObI KpyITHasi TOPHOAOOBIBAIOIIAS TPYTINA
MOTJIa y4aCTBOBATh B pa3padoTkKe
KOCMHYECKHX PECypCOB, OHA TOJKHA OBIThH
yBEpPEHA, YTO OHU CMOTYT IMOJYYUTh MPUOBLIb,
npenynpexnaer ein baydep, nupekrop no
nHHOBalMsIM CeBEpHOro LIeHTpa NepeoBbIX
texHojyioruii B Canbepu, Onrapuo, Kanamga. On
CUMTAET, YTO MPABUTENBCTBA JOJIKHbI
coOpaTbCst BMECTE M CO3/1aTh PEXKHUM, TIPU
KOTOPOM MOJKET IIPOUCXOANTD A00bIUa
KOCMHUYECKHUX PECYpPCOB.

HasepHhsika ecTb ropuanveckue BONpOChI,
KOTOpPBI€ HY>KHO PELINUTD, PEXKAE HEM
CJIMIIKOM MHOTO Ipennonaraercs. JIMuHo s
cuntato, 4to Opranuszainus OO0beTMHEHHBIX
Hauuii He siBisieTcst OpraHoM, KOTOPBIN
JOJDKEH ONPEeAeNsaTh OyayIIy0 3aKOHHOCTh
KOCMHMYECKOH pa3BeIKH M JOOBIYH MOJIE3HBIX
uckonaembix. Cxopee, s1 BUKY YTO-TO BpOJie
MexayHapOAHOIO areHTCTBa MO Pa3BUTHUIO
opOUThL, MeXAYHAPOTHOTO areHTCTBA IO
passutuio JIlyHbl 1 MexxayHapogHOro




In the case of setting up the U.S. flag on the
moon on Apollo 11, there wasn’t a “one small
step ... it’s mine” declaration. We set a
precedent. We also noted the plaque mounted
on the Eagle lander that read: “Here men from
the planet Earth first set foot upon the moon
July 1969, A.D. We came in peace for all
mankind”—words used to convey that our
mission was one of exploration and not
conquest.

How sorting out the adjudication of resource-
rich celestial objects will play out remains
open for dialogue and, quite literally, there is
need to dig into these issues deeper.

The outlook for mining asteroids was boosted
in 2012 by the intentions of a new private U.S.
company, Planetary Resources, Inc., based in
Seattle. This team of entrepreneurs announced
the venture aimed at mining the solar system, a
plan that is billionaire-backed and
enthusiastically supported by such people as
filmmaker James Cameron, an adviser to the

group.

areHTCTBA N0 KOCMHYECKUM OpOHUTaM,
KOTOpBI€ 3aHUMAaIOTCsl STUMH BOIIPOCAMU.

B cnyuae ycranosku ¢iara CIIIA na JlyHe Ha
«ArnomnoHe-11» He ObLIO 3asIBIEHUS KOIUH
MaJICHbKHH 1Iar... 3T0 Moé». MBI co3panu
npeneneHT. Mbl Takke oOpaTHIi BHUIMaHHE Ha
TabJIMUKY, YCTAHOBJICHHYIO Ha CITyCKAaeMOM
annapare «Opén», koTopas riacuia: «31ech
JIFOAM C MIJIaHEThI 3eMJIsl BIIEpBble CTYIIMIN Ha
Jlyny B nrone 1969 roga namei 5pel. Mbl
MPUILLIM C MUPOM JJIS1 BCETO YeJIOBEUECTBaY. a
HeE 3aBOEBaHMUE.

Bompoc o Tom, kak Oyzaer pemarbesi BOIpoc O
OoratbIx pecypcamu HeOECHBIX OOBEKTaX,
OCTa&TCsl OTKPBITHIM JJIs1 AUAJIOTa, U B
OyKBaJBbHOM CMbICIIE HEOOXOIMMO TITyOsKe
U3YYUTb 3TH BOIIPOCHL

[TepcriekTUBBI JOOBIYH MOJIE3HBIX HCKOTAEMBbIX
Ha acTepoupax noselcuiuch B 2012 rogy
Onaronapsi HAMEPEHHUSIM HOBOH YaCTHOMU
amepHuKaHCKol kommanuu Planetary
Resources, Inc., 6asupyromeiics 8 Cusiie. Ita
KOMaHJa MpeanpuHuMareneil o0ObsBIIa O
NPOEKTE, HAIPAaBJICHHOM Ha JOOBIMY MOJIE3HBIX
uckonaembix B COHEUHOH cucTeMe, IIIaH,
KOTOPBIN MOAEPKUBAIOT MUJITHAPEPHI U C
SHTY3Ma3MOM MOAEPKUBAIOT TaKUE JIFOH,
kak knHopexucceép xenme Kamepon,
COBETHUK I'PYIIIBL

Chris Lewicki, President and Chief Engineer of
Planetary Resources, has scripted a
multipronged program to access resources
from near-Earth asteroids. He makes it clear
that developing space resources and creating a
market for the volatile mineral and metallic
resources of asteroids would be a slice of a
larger undertaking. Mining the moon,
establishing space-based solar power, and
growing a space tourism market are examples
of taking the economic sphere of influence on
Earth and moving it beyond the belt of
moneymaking geostationary satellites, where it
now abruptly stops.

Kpuc JleBuku, npe3suaeHT U raBHbINA HHXEHED
Planetary Resources, pa3zpaboran
MHOTOLIeJIEBYIO IIPOrpamMmy AJis JOCTyMa K
pecypcaM OKOJIO3eMHBIX acTepounsioB. OH sCHO
IaéT TOHSATH, YTO pa3padoTka KOCMHUYECKUX
PECYpCOB U CO3/1aHH€ PbIHKA AJIs JIETyUUX
MUHEpaJbHBIX U METAJNINYECKUX PECYPCOB
acTepouoB OyIeT 4acTbio 00Jiee KPYITHOTO
npeanpusTys. JloObua moixe3HbIX HCKOMAEMBbIX
Ha JlyHe, co3naHne KOCMUYECKON COTHEUHOMN
SHEPreTUKU U POCT PhIHKa KOCMUYECKOTO
Typu3Ma — BOT IPUMEPHI 3aXBaTa
SKOHOMHYECKOH chepbl BIUSHUS HA 3eMie U
nepeMerLieHys e€ 3a mpeaebl nosica
NPUOBLIBHBIX T€OCTALHOHAPHBIX CITyTHUKOB,
I7Ie OHa cefvac pe3ko 0OpbIBAETCS.

Planetary Resources has outlined a plan to
launch a line of low-cost robotic spacecraft. In
essence, they have a business plan that calls for
the detection, inspection, and interception of
asteroids. A first step is to explore for and
chart resource-rich asteroids within reach.
After intensive study of selected asteroids, the

Planetary Resources HameTwia miaH mno
3aIyCKY JIMHENKH HETOPOTHX
POOOTH3NPOBAHHBIX KOCMUYECKHX aIapaTosB.
ITo cyTH, y HUX ecTb OU3HEC-TIIaH,
npeayCcMaTpUBaOIIUi OOHAPYKEHUE, OCMOTP
U nepexsar acrepouaos. Ilepsblii mar —
HCCJIEIOBATh U HAHECTH Ha KapTy Oorateie




group’s intent is to then develop the most
efficient capabilities to deliver asteroid
resources directly to both space-based and
terrestrial customers. What can be extracted
from near-Earth asteroids?

Asteroids are floating troves of materials like
iron, nickel, and water, as well as of rare
platinum group metals—often in significantly
higher concentration than found on Earth—
such as ruthenium, rhodium, palladium,
osmium, iridium, and platinum.

These space rocks vary widely in composition.
They can contain water, metals, and
carbonaceous materials in various amounts.

Some asteroids are loaded with large quantities
of water, while other asteroids hold
concentrated metals rare on Earth. Water from
asteroids is a key resource in space, not only as
sustenance for human space travelers but also
as rocket propellant.

Certainly not last on the benefit list is
furthering American preeminence in space by
conducting deep space missions that are
practice runs for getting our feet firmly on
Mars.

So in summary, prior to conducting either
robotic or human missions, securing the target
asteroid’s orbit and what it’s like is critical. For
instance, how fast is the asteroid’s rotation
period; how easy will it be to station-keep
alongside the object or “dock™ and anchor to
the space rock’s surface? Surface activities at
an asteroid include robotic sample collection
and deployment of probes (radar, acoustic,
seismometer, et cetera), experiments, and
planetary defense devices.

pecypcaMu acTepouAbl B IIpeaenax
nocsiraemoctu. Ilocie HHTEHCUBHOTO
U3y4YeHHsI BBIOPAHHBIX aCTEPOHUIOB IPyIINa
HaMmepeHa pazpaboraTh Hanboee

3¢ pexTUBHBIC BO3MOKHOCTH JIJIsl TOCTABKU
pPeCypCOB aCTEpOMIOB HAIIPSIMYIO Kak
KOCMHUYECKHUM, TaK U HA3€MHBIM KJIUEHTaM.
UTo MOKHO U3BJI€Yb U3 OKOJO3EMHbIX
acTepousoB?

AcTepouabl IPeaCTaBISIOT COOOM MIaByvHe
COKpOBHIIIA TAKUX MaTepUaJIOB, KaK JKeJe30,
HUKEJIb U BOJA, & TAKXXe PEAKUX METaNJIOB
IJIATUHOBOM I'PYMIbL, YACTO B 3HAUUTEIBHO
OoJiee BBICOKHX KOHLIEHTPALHSIX, YEM Ha
3emile, TAKUX KaK PyTeHUH, POAUIL, naiaaauii,
OCMUH, UPUINHI U TUIATHHA.

OTHU KOCMUYECKHE NMOPOAbI CUIIBHO
pasziuuaroTcs no cocraBy. OHU MOTYT
COJIEPIKaTh BOY, METAJUIbI U

yIJepoAcoAep Kaliue MaTepualsl B
Pa3JIMYHBIX KOJINYECTBAX.

Hekoropbie actepouasl comepskat 00JbIIoe
KOJIMYECTBO BOJIbI, B TO BPEMSI KaK APYTHE
acTepOUIbI COAEPKAT KOHIIEHTPUPOBAHHBIE
METaJlJIbl, PEIKO BCTpeYaroecs Ha 3emie.
Bopna ¢ acteponioB sIBJIAETCS KJIFOYEBBIM
pecypcoM B KOCMOCE HE TOJIbKO B KauecTBe
MWL 1JIS1 JIFOZIEH, MyTELIECTBYIOLIUX B
KOCMOC, HO U B KQU€CTBE PAKETHOT'O TOTLINBA.
KoneuHo, He mocnieiHee MECTO B CITHCKE
MPEUMYINECTB 3aHUMAET YKPETUJICHHE
aMEPUKAHCKOTO MPEBOCXOACTBA B KOCMOCE 32
CYET MPOBEAEHUS] MUCCHI1 B JAJbHUI KOCMOC,
KOTOpBIE MPECTABISIOT COOOH
TPEHUPOBOUYHBIE 3a€3/1bl, YTOOBI MPOYHO
3aKkpenuThes Ha Mapce.

Takum o0pa3om, nepes] BLIMOJTHEHUEM
POOOTU3UPOBAHHBIX HJTH YEJIOBEUECKUX
MHCCHH KpaliHe BaKHO 00ECTIeUnTh
0e30MmacHOCTh OPOUTHI LIEJIEBOTO ACTEPOUAA U
TOTO, HA YTO OHA noxoka. Hampumep, kakos
MEePHUOJI BPALIEHUSI aCTEPOUIA; HACKOJBKO
Jerko OyAeT yaepKuBaTh CTAHIIUIO PSIIOM C
O0OBEKTOM HITH IIPUCTHIKOBBIBATHCSD) U
MPUBS3BIBATHCS K IOBEPXHOCTU KOCMUYECKOTO
kaMmHs1? JIeMCTBUS HA TOBEPXHOCTH acTEpoUa
BKJIIOUYAIOT pOOOTHU3MPOBaHHBIN cOOp 00pas3nos
U pa3BEPTHIBAHUE 30HIOB (palapHbIX,
AKyCTHUYECKHX, CECMOMETPOB U T. 11.),
SKCMEPUMEHTHI U TJIAHETAPHBIC 3AIUTHBIE
YCTPOMCTBA.




What about the long-duration human
interplanetary space mission itself and the
unique challenges for the crew, spacecraft
systems, and the mission control team back on
Earth? Like in the reach for Mars, the drive
outward to NEOs needs to utilize the
International Space Station to assist in the
development of technologies and operational
approaches.

Needing emphasis here is that a human mission
to an asteroid is a “short-stay” Mars moons
mission. It demonstrates, among a list of
purposes, linkage to future Mars missions in
terms of exercising the transportation system,
surveying planetary bodies, furthering deep
space operations by crews, and performing
teleoperations from a piloted spacecraft to the
object being studied.

However the future unfolds, what’s needed is a
series of steps that convert the NEO natural
hazard into natural stepping-stones to support
our jump deeper into space. Doing so fills the
bill of my Unified Space Vision rules of the
road, of exploration, science, development,
commerce, and security—and keeps us solidly
on the road ahead.

A Kak Hac4Y€T CaMOM TUTEIbHOM
MEKIUJIAHETHON KOCMUYE€CKONH MUCCUH
YeJIOBEKA W YHUKAJIbHBIX 3a/1a4 JIJIsl SKUTIAKA,
CHCTEM KOCMHUYECKOT0 KOpalist U KOMaHIbl
yrpasjeHus nonéromM Ha 3emuie? Kak u B
ciayqae ¢ Mapcowm, ans nemwkennst k OC3
HEOOXOIMMO HUCTOJIb30BaTh MeXTyHapOIHYIO
KOCMHMYECKYIO CTaHLIUIO, YTOOBI ITOMOYb B
pa3paboTKe TEXHOJNOTHI U ONEPATUBHBIX
MIOJTXOJIOB.

3neck HEOOXOMMO TOAYEPKHYTh, YTO MUCCHS
YeJI0BEeKa Ha aCTEPOHl — 3TO
«KpPaTKOCPOUYHAsD» MHUCCHUS Ha CITyTHUKH
Mapca. OH IeMOHCTPHPYET, CPEIH MPOUETO,
CBsI3b C OyIyIIMMH MapCUAHCKUMH MUCCHSIMU
C TOUKH 3peHHsI OTPaOOTKH TPAHCIIOPTHOM
CHCTEMBI, HCCIIEIOBAHNS TUIAHETAPHBIX Tell,
MPOAOCJIKEHHS ONepalii SKUIIAKeH B AaTbHEM
KOCMOCE 1 BBITIOJIHEHHS TEJICOTIEPALIii C
MIJIOTHPYEMOTO KOCMUYECKOTro Kopadiist k
U3y4aeMOMy OOBEKTY.

Kaxum 061 HE ObLTO Oyayinee, HeoOxonmma
Cepus IAroB, KOTOPBIE MPEBPATAT MPUPOIHYIO
onacHocTb NEO B ecTecTBeHHbIE CTYIIEHBKH,
9TOOBI MOAZEPKATH HAIIl IPBDKOK BriTyOb
KOCMOCa. DTO COOTBETCTBYET MOUM MpaBUiaM
nopoxsoro newkenns Unified Space Vision,
UCCIIEIOBAHMSM, HayKe, Pa3BUTHIO, TOPTOBJIE U
0e30MacHOCTH — M MTO3BOJISIET HAM TBEPZIO
JBUTATHCSI BIIEPE.

6 The March to Mars

6 Mapm na Mapc

I was an attentive listener when U.S. President
Barack Obama declared on April 15, 2010, at
the Kennedy Space Center: “By the mid-2030s,
I believe we can send humans to orbit Mars
and return them safely to Earth.”

To fulfill the President’s promissory note to the
future, I believe that the human reach for the
red planet involves a stepping-stone approach,
first to Phobos, one of two Martian moons. To
be sure, our trips with crews to asteroids
prepare us for this rung of the ladder to Mars,
as Phobos is like a big asteroid.

Phobos is a way station, a perfect perch that
becomes the first sustainable habitat on another
world. From that mini-world, crews on Phobos
can run robotic vehicles on Mars more directly,
in a much shorter communication delay time

51 ObLT BHUMATENBHBIM CITyIIATENIeM, KOTa
npesuaent CIIIA bapak O6ama 3asBun 15
anpens 2010 roga B KocMuueckoM LieHTpe
Kennenu: «4 cuuraro, uro x cepeaune 2030-x
rOI0B MbI CMOXX€M OTIPaBUTh JIFOJEH Ha
opbuty Mapca u 6;1aronony4Ho BEpHyTh X Ha
3eMITIo».

UroObI BBITIOTHUTH OOEIaHue MPE3UIeHTa Ha
Oyayiuee, s CAUTAO, YTO AOCTYI YEJIOBEKA K
KpacHOH IJaHeTe MperoaaraeT CTylneH4aTbli
noaxon, cHadana k @odocy, onHOMY U3 IBYX
MapCHaHCKUX CITyTHUKOB. be3ycioBHO, Halu
MOJIETHI C SKUIAXKAMU K acTEpPOUAaM FOTOBAT
HAC K 3TOH CTyIEHH JeCTHULbI Ha Mapc,
nockosbky @oboc nonodeH donprromy
acTepouny.

D060c — 3TO MPOMEKYTOUHAS CTAHIIHA,
UJeaNbHBIM HACECT, KOTOPBIN CTAHOBUTCS
NepBON YCTOMYUBOM Cpenoit oOuTaHus B
apyrom mupe. M3 3Toro MuHu-mMupa 3Kunaxu
Ha P0o0oCe MOTYT yIpaBJIsITh




than commands sent from faraway Earth.
Robotic stand-ins for astronauts will ready the
habitats and other hardware on the Martian
surface, in preparation for the first human crew
to arrive on Mars. That’s my judgment.

My theory right now is that somebody piecing
together hardware on Mars through
telerobotics on Phobos is the right person to
later lead the first landing mission on the red
planet.

My approach may well be a contested way to
get to Mars, as I’'m rubbing up against some
unrelenting NASA space planners—but that’s
not new for me.

Phobos and Deimos are, in a sense, offshore
islands of Mars, discovered in 1877 by Asaph
Hall at the U.S. Naval Observatory in
Washington, D.C. They were tagged with
names from Greek mythology: Phobos means
“fear,” Deimos, “terror.” In the future these
Martian moons are likely to symbolize just the
opposite: courage and security.

Both moons are tidally locked to Mars, as our
own moon is relative to Earth: Phobos and
Deimos present the same side to Mars all the
time.

Phobos is the innermost moon of Mars, only
16.7 miles (26.9 kilometers) in diameter but
the larger of the two moons. Diminutive
Deimos is a little over 7 miles (11 kilometers)
in breadth. Scientifically, both Martian moons
are oddballs. There is continual dispute as to
where they came from. Just how did they get
there? Conjecture about them being captured
asteroids or cogenerated with Mars is
debatable. These two objects are a cosmic
detective story, and we need more clues to sort
out their true nature.

Years ago I stirred up a little more than Phobos

pOOOTH3NPOBAHHBIMH TPAHCIIOPTHBIMHU
cpencramu Ha Mapce Oonee
HETIOCPEACTBEHHO, C ropas3no Oonee KOPOTKUM
BPEMEHEM 3aJ€PKKU CBSI3U, YeM KOMAaHIbI,
OTTMpaBJICHHbIE ¢ nanékoii 3emuin. PoOoTHI-
3aMEHUTENN aCTPOHABTOB TIOATOTOBST JKUJIbIE
MOMEIIEHUs U IPyroe 000pyIoBaHUE HA
MapCUAHCKOW MOBEPXHOCTU B paMKax
MIOATOTOBKHU K MPUOBITHIO HA Mapc nepsoro
YeJIOBEYECKOTr0 SKUMaKa. ITO MOE MHEHHE.
Mos Teopust IpsiMO celvac COCTOUT B TOM, YTO
KTO-TO, KTO cobupaet o6opyaoBaHUEe HA
Mapce ¢ nomomibio Tenepodoros Ha Pobdoce,
SIBJISIETCS TTOIXOASIIINUM YEJIOBEKOM, UYTOOBI
M03’K€ BO3TJIABUTH MEPBYIO NMOCATOUHYIO
MHUCCHIO Ha KPACHOU IJIAHETE.

Moii MOIXOA BIIOJTHE MOXKET OBITH CIOPHBIM
criocodoMm nobparbes 1o Mapca, Tak Kak s
CTAJIKUBAIOCh C HEKOTOPBIMH 0€3)KaJIOCTHBIMHU
kocmudeckumu muanuposmrkamu HACA, Ho
3TO HE HOBO IJISI MEHSL.

Doboc u JleiiMoc — 3TO, B HEKOTOPOM
cMbIcIe, MpUOpekHbIe OcTpoBa Mapca,
oTkpeIThie B 1877 rogy Acadom Xonaom B
Boenno-mopckoii obcepsaropun CLIA B
Bammarrone, okpyr Komym6us. Ouu 6butn
MIOMEYEHbl UMEHAMH U3 TPEUECKON
mudonorun: Poboc 03HAYAET «CTPax»,
HeiiMmoc — «yskacy. B Oynymem stu
MapCHAHCKHE JIYHBI, BEPOATHO, OyaAyT
CHUMBOJIM3UPOBATD MPSIMO MTPOTHUBOIOJIOKHOE!
MY3KECTBO M O€30MaCHOCTb.

O0e nyHBI IPUIMBHO NMPHUBSI3aHbI K Mapcy, Kak
U Hamra coOcTBeHHas JlyHa OTHOCHTENBHO
3emimn: @oboc u [efimoc Bce Bpemst
oOpareHsl kK Mapcy OfHOM U TOH ke
CTOPOHOM.

Doboc — camblil BHYTPEHHUH CITyTHUK
Mapca, Bcero 16,7 munb (26,9 km) B
IraMeTpe, HO OH OOJIbIIIe ABYX CITYTHHUKOB.
MununaTrOpHbIi [{eliMOC UMeeT IUPHUHY Yy Th
6onee 7 munb (11 kumomeTpos). C Hay4dHOI
TOUKHU 3peHUsT 00€ MAPCUAHCKUE JTYHbI —
yynaku. [ToCTOSIHHO BEyTCsI CIIOPBI O TOM,
OTKyJZla OHU B3sUTHCh. TONBKO KaKk OHU Ty/a
nonanu? ['unoresa o ToM, 4TO OHU ObUTH
3aXBa4Y€HbI ACTEPOUIAMHU WM 00Pa30BAINCH
BMecTe ¢ Mapcom, criopHa. JTH [1Ba 00bEKTa
— KOCMHUYECKHI IeTEKTUB, 1 HAaM HYKHO
OosblIIe MOICKa30K, 4TOOBI pa3odpaThbes B UX
WCTHUHHOWN NpUpOJe.

Heckonbko nieT Hazan st B30y 1opakui He




dust by calling attention to a strange feature
spotted on that moon. I termed this oddity a
monolith, a very unusual structure. While there
are those who view it as a large, rectangular
boulder, visiting Phobos can categorize this
curious creation, put there by the universe, or
God if you prefer

TOJIbKO MbUTb Pob0Ca, MPUBIEK BHUMAHUE K
CTPaHHOH OCOOEHHOCTH, 3aMEYEHHOMN Ha STOM
ayHe. Sl Ha3BaJ 3Ty CTPAHHOCTb MOHOJIUTOM,
O4YeHb HEOOBIYHON KOHCTPYKIHEH. XOTs eCTh
T€, KTO PaCCMaTPHUBAET €ro Kak OOJBIIOH
NPSIMOYTOJIbHBIN BaJyH, nocerenne @obdoca
MOYKET KJIAaCCU(PULIUPOBATH 3TO JIOOOMBITHOE
TBOPEHUE, CO3JaHHOE BCeNEHHON 1 borom,
€CJIU Bbl IPEATIOYNUTAETE.

The good news here is that Phobos orbits Mars
at just 5,827 miles (9,377 kilometers) from the
planet’s surface. It circles Mars in about eight
hours. It is nearer to its parent planet than any
other known moon in our solar system. Phobos
hurtles around Mars faster than the planet
rotates, so future Mars-walkers could see this
moon rise and set twice a day. Anyone on
Phobos would see how the moon is bathed in
reflected light off of the red planet. This
“Mars-shine” is akin to earthshine, when
sunlight reflects off our planet and illuminates
the moon’s night side.

There is, conversely, long-term bad news for
Phobos. Due to its short orbital period around
Mars, 50 million years hence it will crash into
the red planet, or bust into pieces due to
gravitational forces.

Phobos is a heavily cratered, irregular body
with no atmosphere. The gravity field is very
weak—Iess than one-thousandth the gravity on
Earth—making it easier for spacecraft to land
and take off. Escape velocity from this moon is
just 25 miles an hour. This moon’s most eye-
catching feature is Stickney, a six-mile-wide
crater. When the object that formed this crater
hit Phobos, its impact fashioned streak patterns
across the moon’s surface. The day and night
sides of the moon have been gauged, showing
extreme temperature variations; the sunlit side
of Phobos is like a pleasant winter day in
Chicago, while only a few miles away, on the
dark side of the moon, the temperature is more
ruthless than a night in Antarctica.

Xopouieil HOBOCTBIO 3/1€Ch SIBJIAETCS TO, UTO
doboc Bpammaercst BOKpyr Mapca Bcero B 5
827 munsax (9 377 KM) OT MOBEPXHOCTH
taHeTsl. OH genaer obopoT BOkpyr Mapca
PUMEPHO 3a BoceMb 4acoB. OH Ommke K
CBOEH POIUTENBCKOM MIaHeTe, YeM 000
OPYrof U3BECTHBIN CIYTHUK B HaLIEH
Conneunoii cucreme. @odoc Bpammaercs
BOKpYT Mapca OpIcTpee, yeM Bpaiaercs
IUTaHEeTa, IO3TOMY Oyayine
nyTellecTBeHHUKHU 1o Mapcy cMoryT
HaOJII01aTh BOCXOA U 3aXO0J 3TOH JIyHBI
nBakabl B eHb. JIroboit Ha @oboce yBUIuUT,
KaK JIyHa KyI[aeTcsl B OTPaKEHHOM CBETE OT
KpacHOM MJaHeTbl. ITO «KMAapPCUAHCKOe
CUsIHHE» TIOXO0’KE Ha 3€MHO€ CHUSIHUE, KOraa
COJIHEUHBII CBET OTpaXKaeTcsl OT Hallen
IJIAHETHI U OCBEINAeT HOUHYIO CTOpOHY JIyHBL
U naoboport, misa @oboca ecTh TONTOCpPOUHbIe
I10X1e HoBoCTU. M3-3a kopoTkoro nepuoaa
obpainenust BOKpyr Mapca uepes 50
MUJJTMOHOB JIET OH BPEXKETCSI B KPACHYIO
IJTAHETY WUJIH Pa3BaJIUTCS Ha KYCKH MOA
NefiCTBHEM IPaBUTALIMOHHBIX CUJI.

Doboc npencrasnseT coO0H CUITBHO H3PHITOE
KpaTepaMu TeJI0 HENMpPaBHIIbHOH (HOpMBbI Oe3
arMocdepsl. I'paBUTALIMOHHOE TOJIE OUEHb
cnaboe — MeHee OTHOM TBHICSTYHOM CHITBI
TSDKECTH Ha 3eMJiie — 4uTO 00JieryaeT mocanky
U B3JIET KOCMUYECKHM Kopabnsim. CKopocThb
yOeraHusi C 3TOU JIYHbI COCTABIISIET BCETO 25
MuIb B yac. Camasl IpuBJieKaTeNbHas
0Cc0OEHHOCTB 3TOM JTyHbl — CTHKHH, KpaTep
MIMPUHOM B IecTh MIJib. Korma oObekT,
c(pOpPMHPOBABILIHI STOT KpaTep, CTOJKHYJICS C
dobocom, Ha MOBEpXHOCTH JIyHBI
00pazoBaHCh MOJOCHL. Bbin n3mMepeHsl
IHEBHas U HOYHas CTOPOHbI JIyHEL,
MIOKA3bIBAIOLINE YKCTPEMATIbHBIE KOJIeOaHuUs
TEMIIEPaTypPbl, OCBELEHHAS COJHIIEM CTOpPOHA
®oboca MoX0Ka HA MPUATHBIN 3UMHUI IEHb B
Uukaro, B TO BpeMsl Kak BCEro B HECKOJIBKUX
MUJISIX OTCIO/1a, HA TEMHOM CTOpOHE JIyHBI,




TeMrieparypa Oojiee 0e33kajJ0CTHA, YeM HOYb B
AHTapKTHAE.

The PH-D Project

IIpoext PH-D

Taking all these factors and others into
account, I feel that Phobos may well be the
ideal location from which to support a
“nonhuman, hands-off Mars” program—at
least initially. From Phobos a crew can control
rovers and other machines to survey Mars and
orchestrate the pre-positioning of habitation
modules. A Phobos station can draw upon our
accumulated know-how in constructing the
modular International Space Station. A
laboratory bound for Phobos can be certified
for duty at the space station prior to send-off to
the Martian moon. The regolith of Phobos can
be used to envelop the lab, a way to help
protect crews from radiation.

I’m not alone in valuing the Martian moons as
fundamental to opening up Mars to human
visitation.

Similar in thought is S. Fred Singer, an
emeritus professor of environmental science at
the University of Virginia. He was the
founding director of the National Weather
Bureau’s Satellite Service Center back in 1962
and has a long pedigree of building and flying
space instruments. Moreover, he has advocated
his PH-D project for decades, PH-D standing
for Phobos-Deimos.

Singer and I were accomplices in early Case
for Mars conferences, staged in Boulder,
Colorado, starting in 1981 and convened by
maverick and passionate members of the
“Mars Underground”—motivated largely by
wanting to push the throttle forward on
reactivating humans-to-Mars planning

IIpuHuMas BO BHUMaHUeE BCE 3TU U ApYyTue
¢axTopel, st 4yBCTBYIO, 4T0 P0OOC BrioNTHE
MOXKET OBITh HEATbHBIM MECTOM JJIS
NOJAEPKKU MPOrpPaMMBbl KHEUETIOBEUECKOTO
Mapca 0e3 ydacTust 4eJloBeKay — IO KpaiiHen
Mepe, Ha HavanbHOM starne. C ®@obdoca sxunaxk
MOKET YIIPaBJISITh MAPCOXOAaMHU U IPYTUMHU
MallUHAMU JUIs1 UcciienoBanus Mapca u
OpraHMU3al1H NPeBapUTENLHOIO
MO3ULMOHUPOBAHUS KHUJIBIX MOJyJIEH.
Cranums «@o0oc» MOXKET ONMUPAThCs Ha HAIIH
HAKOIUIEHHbIE HOY-Xay IPU CTPOUTENbCTBE
MOAYJIbHON MexXayHapOIHOW KOCMUYECKOMN
cranuuu. Jlaboparopusi, HarpaBJISIOIIAsICSA HA
doboc, MOKeT OBITh CEpTUPUIMPOBAHA IS
paboThI HA KOCMUYECKOH CTAaHIIMU TIepeN
OTIIPaBKON Ha MapCHaHCKYIO JyHy. Peronur
Doboca MOKHO UCTIONIB30BATH JJIST TIOKPBITHS
n1adopaTopuu, YTOOBI 3AIMUTUTH SKUTIAXKU OT
panuaLuu.

1 HE OAWHOK B TOM, YTO OIIEHUBAKO
MapCHaHCKHE CIIYTHUKH KaK OCHOBY ISl
OTKpbITHs: Mapca JJ1s1 IOCeIleHus JIIOAbMU.
AmnanoruanbiM obpazom meiciut C. @pen
Cunrep, 3acykeHHbIN Tipodeccop
5KOJIOTHYECKHUX HayK Y HUBEPCUTETA
Bupmxuann. OH Obl1 TUPEKTOPOM-
ocHoBareneM LleHTpa cryTHUKOBOH CITy>KOBI
HarmonansHaoro Oropo morozs! eme B 1962
rofy v uMeeT OONBIION OIBIT CO3MAHUS U
3arycka KOCMHUeCKUX mpudopos. bonee Toro,
OH JIECSTHJIETUSMU OTCTauBaj CBOH MPOEKT
PH-D, rne PH-D o3nauaer ®oboc-/letimoc.

Cunrep u 51 ObUTH COOOIIHUKAMU HA PAHHUX
koHpepeHmusx «Jleno nust Mapcay,
OpraHu30BaHHBIX B boynaepe, mrar
Konopano, nauunas ¢ 1981 roga u co3BaHHBIX
UHIMBUAYAIUCTAMU U CTPACTHBIMHU YJICHAMH
«MapCHAHCKOTO MoAmonbsy. [lnannposanne
Mapca

Singer has had an enduring enthrallment with
Phobos and Deimos and yet he remains
perplexed as to how and why the Mars moons
came to be. He favors Deimos as the place to
establish a human-tended laboratory. Bei ng
higher above Mars, it’s easier to get to and is
nearly in synchronous orbit, a far better
situation from which to observe and operate

3uHrep naBHO yBieueH PobdocoM u
JlefiMOCOM, U BCE K€ OH MO-MPEXKHEMY
HEI0yMEeBaeT, Kak U [oUeMy MOSBUIIUCH
cnyTHUKY Mapca. OH npeanouunTtaer Jleiimoc
KaK MECTO JUJIsI Co3aHums ladboparopum,
ynpasisieMol moapmu. Haxonsce Beine Haz
Mapcom, k HeMy Jierde 100paThesi, U OH
HAXOJMUTCS TOYTH HA CHHXPOHHOH OpOuTE, 4TO




equipment on the planet below, he suggests.

We agree on the plan for teleoperation of Mars
machinery from either Phobos or Deimos. The
light-speed distance, even coupled with relay
satellites circling Mars, is far shorter than what
takes place now between Earth ground control
and the NASA Curiosity and Opportunity
rovers. Getting closer to Mars permits nearly
real-time, fraction-of-a-second teledirection of
robotic surface equipment on the planet.
There’s very little delay, within human
reaction time.

HAMHOTO JIy4Ile sl HaOMOJeHus U
yIpaBJIeHUs1 O0OPYAOBAHUEM HA TUIAHETE
BHU3Y, IPEATIONAraeT OH.

MBI COTJTACHBI C MJIAHOM TEJIeyIPaBICHUS
MapCHaHCKHMHU MexaHn3Mamu Jnbo ¢ Pobdoca,
mdo ¢ [lefimoca. PaccTosiHue co CKOpOCTBEO
CBETa, 1aXKe B COYETAHUH CO CITyTHUKAMU-
PETPAHCISITOPAMH, BPAINAIOIIIMUCS BOKPYT
Mapca, HaMHOTrO KOpo4e, YeM TO, UYTO
MPOMCXOIUT Cefiuac MeXy Ha3eMHbIM
yrpasjeHueM 3emun u Mapcoxogamu NASA
Curiosity u Opportunity. [Ipubnmkenue x
Mapcy no3BOJISIET ITOYTH B pEaIbHOM BPEMEHHU
3a JOJIM CEKYH/IbI TEJICHAIIPABIIATD
poOOTH3NPOBAHHOE HA3eMHOE 0OOPYIOBaHNE
Ha TUIaHeTe. 3aepikKa OYeHb HeOOobIas, B
npeaesax BpeMEHH PEakIiK YeJIOBEKa.

An added bonus is that the moons of Mars are
airless. It’s a free vacuum provided by Mother
Nature, a real advantage as an environment in
which to carry out scientific research on site.
For one, specimens collected and rocketed off
Mars could be assessed on a Martian moon,
thereby curbing forward- and back-
contamination worries. That is, you lessen the
scene of humans fouling the samples snared on
Mars and diminish the risk of nasty Martian
biology doing harm to Earth’s biosphere when
specimens are lugged back to a Mars moon
only—in essence, it becomes a bio-barrier
between the two planets.

By placing a crew-occupied laboratory/control
station on ecither Phobos or Deimos, an
assortment of probes, penetrators, and rovers
can be controlled on Mars. Far more of the
planet can be reconnoitered, more so than a
landed crew could achieve. After all, Mars is
vast. It’s a huge planet with a lot of real estate,
some of it very hazardous in terms of
crevasses, caves, steep hills, giant canyons, and
high mountains. Better to lose a robot or two
than have a person face a deadly predicament.

This is exemplified by new research from the

JIOMONMHUTEIbHBIM OOHYCOM SIBJISIETCSI TO, YTO
cnyTHUKH Mapca 0e3BO3yIIHbL. ITO
OecrutaTHBINA BaKyyM, CO3/IaHHBIA MaTePbIO-
MPUPOAOH, peajbHOE MPEUMYLLECTBO B
KaueCTBe CPeJIbl AJisl MPOBEIEHHs HAYUHBIX
HCCIIEIOBaHMI Ha MecTe. Bo-nepBhIX,
o0pasubl, coOpaHHBIE U 3amyleHHble ¢ Mapca,
MOYKHO OBUIO OBI OLIEHUTH HA MAPCHAHCKOM
JIyHEe, TEM CaMbIM CHU3UB OMACEHHs 10 TIOBOAY
npsIMOTO U 00paTHOTo 3arpsi3HeHus. To ecThb
Bbl YMEHBLIUTE KOJMYECTBO CJIy4aeB, KOraa
JIFOJTU 3arPsI3HSIOT 00pasLibl, MOMMaHHbIE B
JIOBYLIKY Ha Mapce, U YMEHbLIUTE PHCK TOTO,
YTO BpEAHAs MapCHAHCKast OMOJIOTHs HAHECET
Bpen 6uochepe 3emin, korna oOpasibl TAHYT
00paTHO TOJBKO HA MAPCHAHCKYIO JIYHY — 10
CYTH, 3TO CTAHOBHUTCSI OMOJIOTHIECKUM
OapbepoM MEXIy JBE TIAHETHL.

Pasmectur Ha @oboce unu Jleiimoce
71a00PaTOPHUIO/CTAHIMIO YIIPABJICHHUS,
3aHUMAEMYIO SKHUIAXKEM, MOXKHO yIIPABJISATh HA
Mapce 1enbpiM psiioM 30HIOB, IEHETPATOPOB U
Mapcoxo70B. MOXKHO HCCIE0BATh TOPa3o
OONBLIYIO YaCTh TUIAHETHI, OOJIbIIE, YeM
MOKET CIeaTh MPU3EMITUBLIHICS SKHUITAXK.
Benb Mapc orpomeH. OT0 orpomHasi IjiaHeTa ¢
OOJNIBIINUM KOJTMYECTBOM HEABIKHMOCTH,
HEKOTOPbIE U3 KOTOPBIX OYE€Hb OMACHBI C TOYKH
3peHHs TPELIUH, TeLIep, KPYyThIX XOJIMOB,
I'MTAHTCKUX KAHBOHOB U BBICOKHX rop. Jlyurie
MOTEPSITh OJHOT'O UJIH IBYX POOOTOB, UyeM
IOMYCTUTh, YTOOBI YEJIOBEK CTOJKHYJICS CO
CMEpPTEJIbHBIM 3aTPYAHUTEIbHBIM
MIOJIOKEHUEM.

OO0 >TOM CBHIETEIBCTBYET HOBOE




University of California, Los Angeles. In 2012
An Yin, a professor of earth and space
sciences, unveiled new data that inform our
understanding of plate tectonics on Mars.
Using information and images from Mars
orbiters, he announced that Mars is at a
primitive stage of plate tectonics, pointing to
two plates divided by Mars’s Valles Marineris,
calling them Valles Marineris North and Valles
Marineris South.

That geologic feature is the longest and deepest
system of canyons in our solar system. If the
existence of plate tectonics on Mars holds true,
it may well bolster the odds that the plane was
an extraterrestrial address for life at some point
in its past. Therefore, close-up study of this
area is warranted, plausibly by low-flying
robotic craft that could deploy seismometers,
as the site may be rife with landslides, even
Mars-quakes.

Setting up a lab/control center on one moon of
Mars also allows humans to voyage to the
other. This sortie by space taxi would be of
great value scientifically, enabling a
comparative sampling of both moons. Are they
made of the same stuff? Do they have a
common origin? As Singer suggests, we
simply don’t know. Phobos and Deimos are
probably the cheapest source of raw materials
in the solar system, because the Delta-v
penalty is so low.

This means that a small, propulsive effort is
needed to change from one trajectory to
another by making an orbital maneuver. It
takes relatively little rocket thrust to transport
resources from these mini-worlds due to their
small size and, therefore, low gravity

uccnenosanne Kamdopuuiickoro
yuuBepcureta B Jloc-Anmkenece. B 2012 rony
An HUnb, npodeccop Hayk o 3emie U KOcMOce,
00HapOI0OBaJ HOBBIE TAHHBIE, KOTOPHIE
MIOMOTAIOT HaM MOHSATh TEKTOHUKY IUTUT Ha
Mapce. Ucnone3yst nHGOpMALHIO U
n300pakeHus ¢ OpOUTANIBHBIX amapaToB
Mapca, oH 06BsBUI, YTO Mapc HAXOIUTCS HA
NPUMUTHBHOHN CTQJUU TEKTOHUKH TLTUT,
yKa3aB Ha JBE IUTUTHI, Pa3ieIEHHbIE
MapCHaHCKMMU AOJUHAMH MapuHep, Ha3BaB
ux CeBepHbIMH NOJTMHAMU MapuHep U
OxHBIMU nonuHaMu MapuHep.

Jta reosoruyueckas 0COOCHHOCTb — camasi
IUTMHHAS U TyOOKasi CHCTeMa KaHbOHOB B
Hawel ConnHeuHoil cucteme. Eciu
CYILECTBOBaHHE TEKTOHUKH IJIUT HA Mapce
BEPHO, 5TO BIIOJHE MOKET MOBBICUTH LIIAHCHI
Ha TO, YTO B KAKOH-TO MOMEHT B MPOLILIOM
riaHera Obiia BHE3EMHBIM aPECOM JKH3HH.
Takum 06pa3om, HEOOXOAMMO TIIATEIbHOE
U3y4eHue 3Toi 001aCTH, BEPOSITHO, C
MOMOIIBIO HU3KOJETSIINX POOOTU3NPOBAHHBIX
anmnapaToB, KOTOPbIE MOTJIH Obl YCTAHOBUTD
CEeiCMOMETPBI, MOCKOJIBKY 3TO MECTO MOXKET
n300MJIOBaTh OMOJ3HIMH U IaXKe
MapCHAHCKHUMU 3eMJICTPSICEHHSIMH.

Cosnanue nabopaTopun/IeHTpa yIpaBIeHHs
Ha OJTHOM CITyTHHKe Mapca TakxKe Mo3BOJIseT
JIFOZISIM MyTEIECTBOBATh Ha APYTOil. DTOT
BBLJIET HA KOCMHUYECKOM TaKCH OyeT HMETh
OoJbIIOE HAYYHOE 3HAYECHHUE, TOCKOJIBKY
MIO3BOJIUT MPOBECTH CPABHUTEJIbHBIN aHAIN3
obeux ayH. OHM CIeNaHbl U3 OJHOTO U TOTO JKe
marepuana? UmeroT mu oHn od1iee
npoucxoxnenne? Kak npeanonaraer Cunrep,
MBI TIPOCTO He 3HaeM. Poboc u Jleiimoc,
BEPOSITHO, SIBJISIFOTCSI CAMBIM JI€LIEBbIM
HCTOYHHKOM ChIpbsi B COTHEYHOIT cHcTEME,
noromy uto mtpad Delta-v oueHb HU30K.

3TO0 03HAUAET, YTO JUJIs epexoa ¢ OAHON
TPAEKTOPUHU HA APYTYIO C TIOMOIIBIO
opOUTaTEHOTO MaHEBpa TpedyeTcs HeOOIbIIOoe
TATOBOE ycuiue. J{Jist TpaHCTOPTHPOBKU
PECypCcoB U3 3TUX MHUHU-MHPOB TpeOyeTcst
OTHOCHTEJIbHO HEeOObIIast pakeTHas Tsra u3-3a
uX HeOONBIIOro pa3Mepa u, CIeI0BATENbHO,
HU3KOH 'PaBUTALIUM.

From a Distance: Tele-exploration

H3naneka: Tejaenccieq0BaHue

In early August 2012 the one-ton, nuclear-
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powered Curiosity robot successfully made
Mars its home. This car-size rover is NASA’s
most advanced precursor mechanized system
yet, factory equipped with scientific
instruments, cameras, and a robot arm and
ready to roll on six wheels for years.
Curiosity’s parts are parallel to what a human
brings to Mars: body, brains, eyes, arms, and
legs. The robot uses antennas for “speaking”
and “listening.” The one-way communication
delay with Earth varies from 4 to 22 minutes,
depending on the relative position of our planet
and Mars: 12.5 minutes is the average.
Curiosity can attain a roaring top speed on flat,
hard ground of 1.5 inches a second, equating to
some 450 feet an hour.

On one hand, robots are able to cope with the
surly climes of Mars while carrying out boring,
risky, or dull jobs. On the other hand, humans
bring perception, speed and mobility, dexterity,
and an inquisitive nature.

Combining the two is opening up a new
paradigm in space exploration.

“Telepresence” makes use of low-latency
communication links that can put human
cognition on other worlds. Low-latency yields
the appearance of “being there” in a way that is
near real-time believable.

The ability to extend human cognition to the
moon, Mars, near-Earth objects, and other
accessible bodies helps limit the challenges,
cost, and risk of placing humans on perilous
surfaces or within deep gravity wells.

Let me point out the advances in telerobotics
here on Earth. Human cognition and dexterity
are already reaching the deepest oceans,
pulling out resources from dangerous mines,
performing high-precision surgery from a
distance—all this as aerial drones, piloted by
humans in far-off command centers, fly
overhead

atroMHbIH podot Curiosity ycrenHo
obocHoBaicst HAa Mapce. TOT Mapcoxon
pa3MepoM C aBTOMOOHIIB SIBJIIETCS] CAMOM
NepenoBOl MEXaHU3UPOBAHHON CUCTEMOMN
HACA, ocHaiéHHOI1 Ha 3aBOjie HayYHbIMU
npubopaMu, KaMepamMH U MaHUTTYJISITOPOM U
roTOBOM K padoTe Ha mecTH Kouécax B
Te4eHHe MHOTUX JIET.

Yactu Curiosity aHaJOTHYHBI TOMY, YTO
YeJIOBEK NPUHOCUT Ha Mapc: Teso, MO3T,
rja3a, pyku u Hord. PoboT ucnoss3yer
AHTEHHbI JJI1 KTOBOPEHUS» U «CIyLIaAHUS.
3apeprKka OOMHOCTOPOHHEH CBSI3H C 3eMIEN
BapbUpyeTCcs OT 4 A0 22 MUHYT B 3aBUCUMOCTH
OT B3aMHOTI'O MOJIOXKEHHUS Halllel MJIaHeThl U
Mapca: B cpennem 12,5 munyt. Curiosity
MOJKET pa3BUBaThb MAKCUMAJIbHYIO CKOPOCTb Ha
MIJIOCKOM, TBEPAOM NOBEPXHOCTH 1,5 nmroiima B
CEKyHy, YTO COOTBETCTBYET NpUMepHO 450
¢byTam B Hac.

C onHOI CTOPOHBI, POOOTHI CIIOCOOHBI
CIPaBJATHCS C YIPIOMBIM KiMMaToM Mapca,
BBIMNOJIHSS CKYUHYI0, PUCKOBAaHHYIO WJIN
yHBUTYIO paboTy. C mpyroii CTOpOHSBI, JIFOAU
MIPUBHOCAT BOCIIPUSATHE, CKOPOCTD U
MOJBUYKHOCTD, JIOBKOCTB H JIFOOO3HATEIbHBIN
XapakxTep.

Hx obbenrHeHNE OTKPHIBAET HOBYIO
napajgurmMy B OCBOCHUH KOCMOCA.

((TeJ'IerI/ICYTCTBI/Ie)) HUCTIOJB3YECT KaHaJIbl
CBSI3M C MaJIOH 3a€p>KKOH, KOTOPblE€ MOTYT
MOMECTUTDH YECJIOBCUCCKOC NTO3HAHUEC B IPYTUC
mupel. Hu3kas 3aaepsxka co31a€T BUIUMOCTD
C(HAXOXIACHHUA TaM» ITIOYTH HpaBI[OHOI[O6HO B
peanbHOM BPEMEHHU.

Bo03MOXKHOCTD paclinpUTh Ye0BEUYeCKOoe
no3Hanue 10 Jlynel, Mapca, OKOJI03€MHBIX
00BEKTOB U APYTrUux JOCTYIHBIX TEJ IMOMOracT
OTPaHUYUTh MPOOIIEMBI, 3aTPAThI U PUCK
pasMeLIeHus JIFoAeH Ha ONacHbIX
MOBEPXHOCTAX UK B FJ'Iy6OKI/IX
IPaBUTAIUOHHBIX KOJIOALAX.

TTo3BonbTe MHE YKa3aTb Ha JOCTUKCHHSA B
TeNepoOOTOTEXHUKE 371eCh, Ha 3eMIle.
Yenoseueckoe MO3HAHNUE U JIOBKOCTD YIKe
JOCTUTaOT CaAMBIX FJ'Iy6OKI/IX OKCaHOB,
U3BJIEKAasl PECYPChI U3 OMACHBIX LIAXT,
BBITIOJIHASA BBICOKOTOYHBIC OTI€pAallui Ha
pPacCTOAHNN — BCE€ 3TO B BUAC BO3AYIIHBIX
APOHOB, MUJIOTUPYEMBIX JIFOAbMHU B




OTI[aJ'IéHHbIX KOMAaHOIHBIX LIeHTan, JICTAKO X
Haj roJoOBOU.

My close friends Robert Ballard and James
Cameron can attest to telepresence-enabled
undersea exploration, operating vehicles
outfitted with high-definition video cameras,
sensors, and manipulator arms—run from a
mission control. Teleoperation of underwater
equipment is also a routine task performed by
those maintaining deep-sea oil rigs.

The counterpart in space, albeit showcasing
low-quality telepresence, was used decades
ago by controllers in the Soviet Union. They
wheeled about their automated Lunokhods on
the moon. More recently, recall the plucky
Spirit and Opportunity Mars rovers run by
NASA, precursors to the now-on-Mars
Curiosity mega-robot.

Telepresence, low-latency telerobotics, and
human spaceflight are leading to redefining
what constitutes an “explorer.”

A leading champion of exploration
telepresence is Dan Lester of the Department
of Astronomy at the University of Texas in
Austin. Lester tackles the serious concern
about how this strategy meshes with our
historical concept of “exploration.”
Telepresence may be effective, and it may be
cheap, but if it’s not seen as “out there”
exploration, it’s not going to take hold.
Lester’s perspective, however, is that putting
human cognition in faraway places—if not
human flesh, boots on the ground—is a key
new capability.

Lester has observed that decades ago when
Neil Armstrong and I reached the moon’s
surface, the only way to put human cognition
there was to dig our boots into the ground.
That’s what we did. But it’s no longer the only
option

Mou 6nuskue npysbst Podept bamnapn u
Jxeitmc KaMepoHn MOryT noaTBEpAUTE, UYTO
MOJIBOAHBIE UCCIEA0BAHNUS C IOMOILBIO
TeJEeNPUCYTCTBHUS, YIIpaBIeHUE
TPaHCIOPTHBIMHU CPEACTBAMH, OCHAIEHHBIMU
BUJI€OKaMepaMH BbICOKOTO pa3peLieHus],
JaTYNKAMU U MaHUIYJISITOPAMH,
OCYILECTBIISAETCS U3 LIEHTPA YIIPaBJICHUs
nonéramu. TeseynpasieHne NOJBOAHBIM
00opyIOBaHUEM TaKXKe SABJIACTCS OOBIYHOMN
3a/1a4eil, BHINOJHAEMOM TeMHU, KTO
oOciykuBaeT riryOOKOBOAHBIC HEPTSIHBIC
BBILIKH.

Kocmuueckuil aHanor, XoTs U
J€MOHCTPUPYIOIIUHA HU3KOKAUYE€CTBEHHOE
TeNEeNPUCYTCTBUE, AECATUIETHS Ha3al
UCIOJIB30BasICs aucneryepamu B COBETCKOM
Coroze. OHU KPYTHIIM CBOU ABTOMATUYECKHE
Jlynoxons! Ha JIlyne. CoBcem HelaBHO
BCTIOMHHUTE OTBa)KHBIE MapCOXOABI Spirit 1
Opportunity, yrnpasisiemsie HACA,
npennecTBeHHUKU Merapobora Curiosity,
KOTOPBIN ceriyac HaxoauTcst Ha Mapce.
Tenenpucyrctaue, TeIepoOOTOTEXHUKA C
MaJION 3a1ePKKOH U MOJNETHI YEJIOBEKa B
KOCMOC BEIYT K NePEOCMBbICIEHUIO MTOHTHS
«HCCIeA0BaTENbY.

Benyimum cTOpOHHUKOM HCCIIE0BATENBCKOTO
TenenpucyTcTsus ssusercs oH Jlecrep ¢
¢axynprera actponomun Texacckoro
yHuBepcureta B Octuse. Jlectep ceppé3Ho
00ECIIOKOEH TeM, KaK 3Ta CTpaTerus
COUETAETCs C HallleH HCTOPUUYECKON
KOHLIETIINEN «pa3Beaku». TenenpucyTcTaue
MOXeT OBITh 3 ()EKTHBHBIM U IEIEBBIM, HO
€CJIM OHO He pacCMaTpUBAETCs Kak
HCCJIEZIOBAHNE KBOBHE», OHO HE MPKUBETCS.
Opnnaxo Touka 3peHus Jlectepa 3akirodaercs B
TOM, YTO pa3MelleHHe YeJI0BEUYEeCKOro
MO3HAHUS B OTAAJNEHHBIX MECTaX — €CJIU He
YeJI0BeUeCKas IJIOTh, TO OOTHHKHU Ha 3eMJIe —
SIBJISIETCS KJIFOUE€BON HOBON BO3MOXXHOCTBIO.
Jlectep 3ameTH1, 4YTO HECKOJIBKO AE€CATUIIETHIH
Hazaz, korna Hunm ApMCTpOHT U 8 AOCTUTIN
noBepxHOCTHU JIyHbl, €1HHCTBEHHBIM
Croco0OM IOMECTHTD TYAa YeJIOBEUECKOe
No3HaHUe ObLIO BOH3UTh HOTH B 3eMJII0. BOT
4yTO MBI caenanu. Ho 3To yxe He
€IMHCTBEHHBbII BADUAHT

High-quality telepresence from an Earth-moon

BricokokadecTBeHHOE TEJCTIPUCYTCTBUE U3




Lagrangian point allows a high degree of
human cognition and dexterity to be expressed
via lunar surface telerobotic surrogates. Lester
sees even more significant advantages at Mars,
due to the vastly longer two-way latency
between Earth and the red planet. Putting
humans close enough to an exploration site to
ensure cognition—that is, in many respects,
what human spaceflight is for.

What is more, telepresence/on-orbit
telerobotics is not destination specific. We’ll
first need to earn our telepresence stripes at the
moon and on Mars, using these technologies to
explore, scout out mining opportunities, and
pre-position habitats without need of on-site,
space-suited astronauts. That first Mars base
built before human occupancy should not offer
sparse living conditions. It should be regal,
well thought out, fail-safe; and it should be
assembled with care, thanks to distantly
operated telerobotics.

Teleoperation at Mars will prepare us. Mars
simply tops the list of future destinations to
explore. There are plenty of spots ripe for
human cognition to encounter, like roaming
across hellish Venus and sunbaked Mercury—
perhaps even “teleboating” across the liquid
ethane and methane lakes of Saturn’s moon
Titan.

We begin the challenge with our mission to
Phobos or Deimos, then Mars

touku Jlarpanxa 3emus-JlyHa no3sonser
BBIPA3UTh BBICOKYIO CTENEHb Y€JIOBEUECKOI0
MO3HAHUS U JIOBKOCTHU C TIOMOILBIO
TeIepoOOTOB-CyppPOraTOB Ha JTYHHOU
nosepxHocTu. Jlectep Buant emeé donee
3HAYUTENIbHBIC IPpEUMyIIecTBa Ha Mapce u3-3a
ropaszo OoJbIneii 1ByCTOPOHHEH 3a1ePIKKU
MeXAY 3eMIIEN 1 KPaCHOM TJIAHETOM.
[TomecTuTs MrOAEH HOCTATOUHO OJIU3KO K
MECTY UCCJICZIOBAHMUS, YTOOBI 00ECTIEYHTh
MO3HaHHE — BO MHOTUX OTHOUIEHUSIX AJIs
3TOrO U HY>KE€H NMUJIOTUPYEMBII KOCMUYECKHN
TMOJIET.

Bbonee Toro, qucraHIIMOHHOE
NPUCYTCTBUE/TEIEPOOOTOTEXHUKA HA OpOuTe
HE 3aBHUCHUT OT IIYHKTa Ha3HaueHus. CHadasa
HAaM HY’KHO 3apa00TaTh HAIIH MOJOCHI
TenenpucyTcTsus Ha JIyHe u Ha Mapce,
UCIOJIB3YsI 3TU TEXHOJIOTUU IJIsI
HCCJIEZIOBAHMSI, Pa3BEAKH BO3MOXKHOCTEH
NOOBIMH MOJIE3HBIX UCKOTIAEMBIX H
MPeIBaAPUTENLHOTO pa3MeLeH!s] MECT
obutanus 6e3 He0OOXOIUMOCTH TPUCYTCTBHS
Ha MeCTe€ KOCMOHABTOB B KOCMUYECKUX
ckadannpax. Jta nepBas MapcHaHcKkas 0asa,
MOCTPOEHHAs A0 3aCeJIeHUs IFObMH, He
JOJKHA MpesJiaraTh CKyAHbIE YCIOBUS IS
xu3HU. OH OJDKEH OBITh APCTBEHHBIM,
XOPOLIO MPOyMaHHBIM, O€30TKa3HBIM; U €T0
crenyer coOupaTh ¢ OCTOPOKHOCTBIO
Omaronapst JUCTAHIIMOHHO YIIPABJIIEMbIM
TenepodboTam.

Teneonepauus Ha Mapce MOATOTOBUT Hac.
Mapc npocTo BO3MIIABISIET CITUCOK Oy AyIINX
HanpasJIeHUH 11 u3ydeHusi. ECTb MHOro
MECT, FOTOBBIX BCTPETUTHCS C YEJTOBEUECKHUM
NIO3HAHUEM, Harpumep, OpOAUTD MO aICKOH
BeHepe 1 BEDKKEHHOMY COJIHLIEM MepKypHIo
— BO3MOXHO, JJaXK€ «TeIe0OTHPOBATE» uepes
JKUJIKHE 5TaHOBbIE U METaHOBbIE 03epa TuTaHa,
cnyTHuKka CatypHa.

MpeI HaUMHAEM UCTIBITAHUE C HALIEH MUCCUU Ha
Doboc nmn [leiimoc, 3aTem Ha Mapc.

Red Rocks Mission

Muccus Kpacubix Ckan

Plans for the march to Mars have been
percolating within the larger space engineering
community. Lockheed Martin has shaped one,
based on their Orion spacecraft design. The
result is a wished-for undertaking called
Project Red Rocks to explore the outermost
moon of Mars, Deimos. The aerospace firm
sees the proposal as the penultimate stride

[Tnanel Mapuia Ha Mapc npocovyminuce B 0osee
IIUPOKOE COOOINECTBO KOCMUYECKHIX
unxkenepos. Lockheed Martin paspaborana
OJWH U3 HUX Ha OCHOBE KOHCTPYKIHUH CBOCTO
kocMu4eckoro kopabist Orion. Pesynsratom
CTaJIO JOJTOXKIaHHOE HAUMHAHUE TTO]
HaspanueM Project Red Rocks mo
VCCJIEIOBAHUIO CaMOU YAaJI€HHO! JIYHbI




before boot prints adorn the red planet.

A Project Red Rocks fact sheet from the firm
suggests: “Sending astronauts to Deimos will
demonstrate key technologies that will be
needed for subsequent human Mars landings.”
The best near-term opportunities to send
humans toward Mars, based on Project Red
Rocks, would be in 2033 and 2035, thanks to a
melding of orbital mechanics, propulsion
needs, and a lessening of crew exposure to
cosmic radiation.

For a 2033 mission, according to company
experts, equipment and supplies can be
launched in January 2031 and deployed to
Mars orbit ahead of time. A Deimos-bound
crew would then say goodbye to Earth in 2033,
spend 18 months orbiting Mars, and then
return to their home planet in November 2035.

Why Deimos? Lockheed Martin space officials
see that moon as having a sweet spot, a site
near the “arctic circle” on Deimos that offers
ten months of continuous sunlight during the
Martian summer, enabling the use of simple
solar power systems. Astronauts would have
direct line of sight to Earth and to rovers on the
surface of Mars, simplifying communications,
according to the aerospace company.

The view of Mars from Deimos would be
stunning. For instance, Olympus Mons alone,
the great volcanic mountain on the planet,
would be roughly three times wider than the
full moon seen from Earth.

Sending astronauts to Deimos will demonstrate
key technologies that will be needed for
subsequent human Mars landings, such as
reliable life-support recycling systems, long-
term cryogenic propellant storage, and the
biomedical technology to protect astronauts
from the effects of microgravity and space
radiation, according to Josh Hopkins, principal

Mapca, [eiimoca. AspokocMudeckast pupma
paccMaTpHUBaET dTO MPEAIOKEHUE KaK
MPEANOCAEAHUN Iar nepen TeM, KaKk
OTIe4aTk OOTHHOK YKPAcAT KPacHYIO
TUJTaHETY.

B nndpopmanmonnom Orosterene Project Red
Rocks ot komnannu rosopurcs: «OTnpaBka
aCTPOHABTOB Ha [[eliIMOC MPOAEMOHCTPUPYET
KJIFOUEBbI€ TEXHOJIOTHH, KOTOPhIE
noTpeOyOTCS sl MOCIEAYIOIINX MTOCaTO0K
monen Ha Mape». Hannydmue
KPaTKOCPOUHbIE BO3MOXKHOCTHU OTIIPABUTH
mroneit Ha Mapc, ocHOBaHHBIE Ha ipoekTe Red
Rocks, 6yayT B 2033 u 2035 ronax 6maromapsi
COUYETAHUIO OPOUTATEHON MEXaHUKH,
noTpeOHOCTEH B ABUTATENSAX U YMEHBIIEHHIO
BO3JIEUCTBUS] KOCMUYECKON paHaluy Ha
sxunax. J{na muccuu 2033 roga, mo MHEHHUIO
SKCIIEPTOB KOMITAaHUH, O0OPYAOBaHUE U
MaTepHajbl MOTYT OBbITh 3aMyLIEHbI B THBAPE
2031 rozma 1 JOCPOYHO BBIBEACHBI HA OPOUTY
Mapca. 3aTeM sKUNax, HaNpaBJISIOLIMICS Ha
Hetimoc, momnpomaercs ¢ 3emiéit B 2033 roxy,
nposenét 18 mecsues Ha opbute Mapca, a
3aTeM BEPHETCSI Ha CBOKO POAHYIO MJIAHETY B
Hos10pe 2035 ropa.

IMouemy [etimoc? KocMmuueckne YMHOBHUKU
Lockheed Martin cuurarot, 4TO y 3TOH JIyHBI
€CTb 30JI0Tasl CepelnHa, y4aCTOK OKOJIO
«TOJIAPHOrO Kpyra» Ha Jlelimoce, KOTOpBIi
npearaeT 1ecsTh MEeCSLEB HEPEPbIBHOTO
COJIHEYHOI'O CBETA B T€UEHUE MAPCUAHCKOTO
JieTa, 4TO MO3BOJISET UCIOIb30BaTh MPOCTHIE
CUCTEMBI COJTHEeYHOU 3Heprun. I1o nanHbIM
a3pOKOCMHMUYECKON KOMITAaHUM, aCTPOHABTHI
OyAyT UMETh MPSIMYI0 BUAUMOCTD C 3eMIIEH U
MapcoXoAaMH Ha NMOBepXHOCTH Mapca, uTo
YIPOCTUT CBSI3b.

Bun Ha Mapc ¢ Jletimoca 0611 ObI
owenomMysirornuM. Hanmpumep, oHa TONbKO
ropa Onumn, Benuyaiiuas ByJIKaHUYeCKas
ropa Ha IjiaHete, OyAeT MpUMEPHO B TPH pas3a
mupe, 4yeM nojiHas JlyHa, Bugumas ¢ 3emiu.
OTtmnpaBka acTpoHaBTOB Ha JleitmMoc
MPOAEMOHCTPUPYET KIIFOUEBbIE TEXHOJIOTHH,
KOTOpBIE MOTPEOYIOTCS AJIS TTOCIEAYIOIIIX
MOCAIOK 4eoBeka Ha Mapc, Takue Kak
Ha/E€KHbIE CUCTEMBI PELIUPKYISILIUU
KU3HEOOECTIeUeHHs, TOITOCPOUHOE XPAHEHNE
KPUOT€HHOTO TOILIMBA U OMOMEANIIMHCKHE
TEXHOJIOTUH JIJIs 3a1IIUThI ACTPOHABTOB OT




investigator at Lockheed Martin for advanced
human exploration missions. There are things
required for the interplanetary trip in space
from Earth to Mars and back, he adds, and then
there are the challenges specific to actually
landing and operating on Mars itself. A
journey to Deimos is very similar to the in-
space parts of a trip to Mars in terms of
distance, duration, and environment,

The Red Rocks mission would lay the
groundwork for landing crews on Mars,
contends Hopkins. Planners would have to
learn how to guard astronauts from the effects
of long-term zero gravity exposure and
radiation, build trustworthy water recycling
systems, and keep astronauts in high spirits
when living in the isolated confines of a small
habitat far from Earth.

BO3/ICHCTBHSI MUKPOTPABUTALINN U
KOCMHMYECKOH paananuu. o ciosam /xorma
XOMKHUHCA, TIABHOTO UCCIIEIOBATENS
Lockheed Martin B obnactu nepenoBbIx
MUCCHUH 1O UCCIIETOBAHUIO YenoBeka. EcTb
BEIIU, HEOOXOUMBIE JJII MEXKITJIAHETHOTO
MyTeLIeCTBHsI B KOCMOC ¢ 3eMiiu Ha Mapc u
o0OpatHO, mOOABIISET OH, a TAKKE €CTh
npoOJIeMBl, XapaKkTepHbIe s PaKTHUECKON
NocaaKu U paboTel HAa camoM Mapce.
IlyremectBue Ha JIeHMOC OYEHBb NOXOXKE HA
KOCMHMYECKHE YaCTH MyTemecTBus Ha Mapc ¢
TOUKHU 3PEHUST PACCTOSTHUS,
MPOIOJKUTEIBHOCTH U OKPY KAIOIIEH CpeblL.

Ilo croam Xonkunca, muccust Red Rocks
3aJI0’KUT OCHOBY ISl BBICAJAKH SKHUIIAXKEH Ha
Mapc. IInaaupoBiukamM npuaAETCs HAYYUTHCS
3aIIUINATh ACTPOHABTOB OT MOCIEACTBUN
IUTUTENIbHOTO BO3/IEHCTBHSI HEBECOMOCTH H
pamuanuy, CTPOUTh HAAEKHBIE CHCTEMBI
PELUPKYJISILIMUA BOIBI M OAISPKUBATD
aCTPOHABTOB B IPUITOIHSITOM HACTPOCHHH,
KOTZ[a OHH KUBYT B U30JIMPOBAHHBIX Mpeenax
HeOOIBIION cpebl OOUTAHUSI BAATH OT 3eMJTH.

“Library of Alexandria” of Mars

Anexkcanapuiickasi ondoanorexka Mapca

Another activist for Phobos and Deimos as
stepping-stones for human space exploration is
Pascal Lee, co-founder and chairman of the
Mars Institute, a planetary scientist at the SETI
Institute, and the principal investigator of the
Haughton-Mars Project at the NASA Ames
Research Center in Mountain View, California.

Lee believes that the Martian moons are
emerging as new targets for human
exploration, objects that could be visited well
before humans reach the surface of Mars itself.
Lee and his colleagues have plotted out various
science goals to probe the dual moons best
done by on-the-scene crews, such as deep
drilling and extraction of subsurface samples,
3-D imaging of the interior of each moon via
seismic tomography, and searching the regolith
of Phobos and Deimos for bits and pieces of
asteroids, comets, and maybe the planet Mars
itself.

Lee is quick to point out that a human march to
Phobos and Deimos can’t be supported on

Jpyrum akTUBUCTOM B onb3y Pobdoca u
JleliMoca Kak TpamILJIMHA JJIs1 UCCIIEOBAHUS
KocMoca uenoBekoM saBisiercs [lackans JIu,
coyupeauTens u npeacenarens MHctutyTa
Mapca, maneronor u3z Mucruryra SETI u
IJIaBHBIM HCCIeoBaTeNlb MPOeKTa X OTOH-
Mapc B NASA Ames. Mccaenosarenbckuit
ueHTp B MayntuH-Boto, Kamudopaus.

JIu cuuTaer, 4TO MaPCHAHCKHUE JTyHBI
CTaHOBSITCSI HOBBIMU LIEJISIMU JIJIsI
UCCIIEIOBAHMS Y€JIOBEKOM, OObEKTaMH,
KOTOPBIE MOJKHO ITOCETUTh 33JJ0JITO 10 TOTO,
KaK JIFOJM JOCTUTHYT MOBEPXHOCTH CaMOT0
Mapca. JIu 1 ero Koyjierun HaMeTHUIN
pa3IUUHbIe HAYYHbIE LEJIH AJIs1 HCCIIETOBAHMUS
IBOMHBIX JIYH, KOTOpPbIE JIy4llie BCEro
BBIMOJIHATH Ha MECTe MPOUCIIECTBHUS, TAKUE
Kak riayookoe OypeHre U U3BJICUSHHE
MIOJTIOBEPXHOCTHBIX 00Pa3LoB, TPEXMEPHOE
n300pakeHre BHyTPEHHEH YaCcTH KaxIon
JIYHBI C IOMOIIBIO CEHCMHUYECKON ToMOoTrpaduu
u ouck B perosute @oboca u [leiimoca
KyCOYKOB aCT€POUIOB, KOMET H, BO3MOXKHO,




science alone. However, if human missions
into Mars orbit are part of a logical, stepwise
strategy on the way to a human landing on
Mars, then the two moons are excellent
candidates for the medium term, he says.
Furthermore, Phobos, in particular, is ideally
positioned to host teleoperated robotic scouts
for an in-depth and aseptic reconnaissance of
Mars. On that moon, modest infrastructure
could be established to process, quarantine,
and screen Martian samples brought up from
Mars before sending them to eager scientists
on Earth.

Lee and his team members suggested several
years ago that there’s the chance of finding
signs of life from Mars ejecta captured by
Phobos, a prospect less likely for the outermost
moon, Deimos. Consequently, Phobos, he
senses, could be the “Library of Alexandria” of
Mars. Akin to the ancient Library in
Alexandria, Egypt, this Martian moon could
likely be a treasure trove, rife with knowledge
and record keeping that documents all of
Martian history.

caMom miaHeTel Mapc.

JIu cpasy ke ykas3bIBaeT, 4TO MapIl
yenoBedecTa k @obdocy u JleliMocy He MOKeT
MOAIEPKUBATHCS TOJIBKO Haykoul. OnHaKo,
€CJIM TUJIOTUPYEMbIE MUCCHH Ha OpPOUTY
Mapca sSBAsAIOTCA 4aCThIO JIOTUYHOM,
MO3TATHOM CTPATErvH Ha IMyTH K BBICATKE
yeoBeka Ha Mapc, TO IBE JIyHBI SIBJISIFOTCS
OTJIMYHBIMU KaHIUAATaMHU Ha CPEIHECPOUHYIO
MEePCNEeKTUBY, TOBOPUT OH. Kpome Toro,
®oboc, B 4aCTHOCTH, UEATBHO OAXOIUT JJISI
pa3MeLeHUs] TUCTAHLIMOHHO YITPaBJIsiEeMbIX
poOOTOB-pa3BENUNKOB Il BCECTOPOHHEH U
acenTu4eckon passenxku Mapca. Ha 3toii nyne
MOXHO OBUTO OBI CO371aTh CKPOMHYIO
UHPPACTPYKTYPY st 00pabOoTKH, KapaHTHHA U
MPOBEPKU MaPCHAHCKHUX 00pa3IoB,
JocTaBleHHbIX ¢ Mapca, mpeskae yem
OTHPABJIATH UX HETEPIIEIUBBIM YUEHBIM HA
3eMItto.

Heckonbko ner Hazan JIu v uiaeHsl ero
KOMaH/IbI MPETIONOKUIIH, YTO €CTh LIAHC
HAWTU MPU3HAKH JKMU3HU B MAPCUAHCKHUX
BBIOpOCax, 3axBadeHHbIX P0oOOCOM, YTO MEHEe
BEPOSITHO JIJIsl CAMOTO NAJIbHETO CITyTHHKA,
Hetimoca. CienoBarenbHo, @odoc, 1o ero
MHEHHIO, MOXKET OBbITh « AJIEKCaHIPUICKOM
oubmmorekoit» Mapca. IlonoOHO npeBHE
oubnmuoreke B Anekcanapuu, Eruner, 3ta
MapCUAHCKasl JTYHA, BEPOSTHO, MOKET ObITh
COKPOBHIIHHIEH, M300MIYIOLIEH 3HAHUAMU U
3aMUCAMH, JOKYMEHTHUPYIOIIUMH BCIO
MapCHUAHCKYIO HCTOPHIO.

The idea of finding “little green microbes” on
Phobos gained support in 2012 from Jay
Melosh, a distinguished professor of earth,
atmospheric, and planetary sciences and
physics and acrospace engineering at Purdue
University. A specimen from the moon
Phobos, which is much easier to reach than the
red planet itself, he pointed out, would almost
surely contain Martian material blasted off
Mars from large asteroid impacts. If life on
Mars exists or existed within the last ten
million years, a mission to Phobos could yield
the first evidence of life beyond Earth.
Melosh led a team chosen by NASA’s
Planetary Protection Office to evaluate if a
sample from Phobos could include enough
recent material from Mars to carry viable
Martian organisms. Combining their expertise
in impact cratering and orbital mechanics,

Unest HARTH «MaJIeHbKHX 3€JIEHBIX MUKPOOOB»
Ha @oboce nomyunia nonaepxkky B 2012 rony
ot JIxxess Menora, Beinaromerocst mpogeccopa
Hayk o 3emJe, aTMocdepe U IJIaHeTax, a
TakKe (PU3UKU U a3POKOCMHYECKON TEXHUKH B
VYuusepcurere Ilepapro. OH ykasain, uro
obpazer ¢ nynsl Doboca, 10 KOTOPOro ropasao
aerde noOpaTbCs, 4eM 10 CaMOM KpacHOH
TUTAHETBI, TOYTH HABEPHsIKA OyAeT copepkaThb
MapCHAaHCKHH MaTepHuall, BBIOPOLIEHHBIH C
Mapca B pe3ynbTaTe CTOJKHOBEHHS KPYITHBIX
acrepounioB. Ecnu xxu3Hp Ha Mapce
CyLIECTBYET WJIM CYIL[ECTBOBaJA B TEUEHUE
MOCJIEIHUX AECATH MUJUIMOHOB JIET, MUCCHSI Ha
®oboc morna Obl IPEAOCTABUTD MEPBbIE
CBUJETENILCTBA CYLIECTBOBAHMS )KU3HHU 32
npenaenaMu 3eMIu.

Mernom BO3IJIaBHII KOMaHAY, BBIOPAHHYIO
VYnpasnenueM miaderapHoi 3amutsl HACA,




Melosh and his associates ran a series of
computer simulations.

Their findings support the view that Phobos
would have been on the receiving end of Mars
material, flung out by large impact events that
have happened on the planet over the past ten
million years—a relatively recent event in
geologic time, in other words. The team plotted
more than ten million trajectories and
evaluated which would intercept Phobos and
where they might land on the moon during its
nearly eight-hour orbit around Mars.

When President Obama made his space
exploration speech in April 2010, I happened
to have with me a small replica of Phobos. 1
showed the President my Martian moon model,
and reiterated my perspective that Phobos is
the key to establishing human permanence on
another planet in the solar system.

Human adventurers taking root on Phobos is
technically achievable. Making use of this
moon reduces risk in what must be a step-by-
step assault on Mars. There is evolving belief
that Phobos enables a steady tempo of
exploration and scientific discovery. This
moon will not disappoint. As an offshore world
of Mars, it allows us to flex our interplanetary
muscles, perfect our technological tool kit, and
hone astronaut proficiency on the way to our
decisive dive onto the beckoning Mars
landscape, humankind’s future home

9TOOBI OLIEHUTD, MOKET JI1 o0Opazer; ¢ @obdoca
BKJIFOYATh JTIOCTATOYHO HEABHETO MaTepuaa ¢
Mapca, 94ToOBI CoepKaTh KU3HECTTOCOOHBIE
MapCHaHCKHe opraHn3Mbl. OObeIUHUB CBOH
OTIBIT B OOJTACTH yIAPHBIX KPaTEPOB U
opOUTATEHON MEeXaHUKH, MeJIom 1 ero
KOJIJIETH TPOBEJIH CEPUI0 KOMITBIOTEPHBIX
CUMYJIALUN.

Ux pe3ynbpTaThl MOATBEPIKAAIOT TOUKY 3PEHHS
o ToM, uTo @0o00C OBbLT oTyUaTeieM
MapCHAaHCKOTO MaTepuaia, BEIOPOIIEHHOTO
KPYIHBIMH CTOJKHOBEHHSIMH, KOTOPbIE
MPOM3OLLIN HA TUTAHETE 33 TIOCIEeIHUE AeCATh
MIJLTHOHOB JIET — IPYTHMH CJIOBAMH,
OTHOCHTEJIbHO HETABHUM COOBITHEM B
reoJIornieckoM BpeMern. Komanna HauepTria
OoJee necsiTH MUJUTHOHOB TPACKTOPUH U
OLIEHWJIA, KaKue U3 HuX nepexsarsat @obdoc u
r7ie OHU MOTYT NPU3EMJINTLCS Ha JIyHe BO
BpeMsI €€ IMOUTH BOCbMHYACOBOH OpOUTHI
BOKpyT Mapca.

Korna B anpene 2010 roga npesugent Obama
MPOM3HOCHII CBOKO Peub 00 UCCIIEAOBAHUSIX
KOCMOCa, Y MeHs1 Oblj1a ¢ OO0 ManieHbKast
xorst Poboca. S mokaszan npe3uaeHTy CBOO
MOJIENIb MApCHAHCKOH JIyHbI U TIOBTOPHJI CBOIO
TOUKY 3pEHUs], COriacHo kKoTopoit @odoc
SIBJISIETCS KJIFOYOM K YCTaHOBJICHHIO
MIOCTOSTHCTBA YEJIOBEUECTBA Ha IPYTroi
riaHere CONMHEYHOM CUCTEMBL.

TexHUYECKH TOCTHIKUMO, YTOOBI
YeJIOBEUECKHE aBAHTIOPUCTHI MPIKUIINCH HA
dDoboce. Micnonp3oBaHne 3TOH JTyHbI CHUYKAET
PHCK B TOM, YTO JOJIKHO OBITh MOLIATOBBIM
mtypmMoM Mapca. Pactér mHenue, uto @oboc
o0ecreYnBaeT MOCTOSIHHBIA TEMIT
UCCJIEIOBAHUM U HAYYHBIX OTKPBITHHA. JTa
ayHa He paszoudapyet. Kak oddropHbIil Mup
Mapca, OH MMO3BOJIIET HAM HaIpsIraTh HALIH
MEJKIIIAHETHBIE MYCKYJIbl, COBEpPIIIEHCTBOBATD
Hal HaOOp TEXHOJOTHYECKHX HHCTPYMEHTOB U
OTTa4YMBaTh MACTEPCTBO KOCMOHABTOB Ha MyTH
K HAaIlleMy PEeLIaoIeMy OTPYKEHHIO B
MaHALIUN MapcuaHCKuil manmmadT, Oyay it
JIOM YE€JIOBEYECTBA.

7 Homesteading the Red Planet

7. 3acenenne Kpacnoii Ilianersi

The red planet has long drawn our curiosity—
and now there’s a rover prowling about Mars
named just that. We first made eye contact
with the world that holds its secrets tight
thanks to Earth-based telescopes.

Mars is an intellectual magnet provoking

Kpacnas nnanera yxe 1aBHO NPUBJIEKAET
Hallle BHUMaHUe, U Tenepb 1o Mapcy opoaut
MapcoXo/l, Ha3BaHHbI UMEHHO Tak. MbI
BIIEPBBIE BCTPETUINUCH IIA3aMU C MUPOM,
KOTOPBIN KPENKO XPAHUT CBOU CEKPETHI
Osaroapst HA3eMHBIM TEJIECKOTIaM.




thought. Consider the view of astronomer
Percival Lowell, writing in his 1908 book,
Mars as the Abode of Life:

Thus, not only do the observations we have
scanned lead us to the conclusion that Mars at
this moment is inhabited, but they land us at
the further one that these denizens are of an
order whose acquaintance was worth the
making. Whether we ever shall come to
converse with them in any more instant way is
a question upon which science at present has
no data to decide.

But science about Mars has proceeded ever
since, and since 1960, telescopic-driven talk
about life on Mars has been augmented by
voyages of numbers of automated spacecraft—
sent there by multiple nations. Mars has been
flown by, orbited, smacked into, radar
examined, and rocketed onto, as well as
bounced upon, rolled over, shoveled, drilled
into, baked, and even laser blasted. Still to
come: Mars being stepped on.

Now and in the near future, robotic exploration
of Mars is providing a window on a world that
can be a true home away from home for future
colonists.

The first footfalls on Mars will mark a historic
milestone, an enterprise that requires human
tenacity matched with technology to anchor
ourselves on another world.

Exploring Mars is a far different venture from
Apollo expeditions to the moon; it necessitates
leaving our home planet on lengthy missions
with a constrained return capability.

Once humans are at distant Mars, there is a
very narrow window within which it’s feasible
to return to Earth—a fundamental distinction
between our reaching Earth’s moon in the
1960s and stretching outward to Mars in the
decades to come.

Mapc — UHTEIEKTYaJIbHBII MarHur,
MPOBOLUPYIOLIUN MBICIH. PaCCMOTPUM TOUYKY
3peHus actponoma llepcusans Jloyanna,
HanucasLuero B ceoent kaure 1908 rona «Mapc
KaK OOUTEeIb JKH3HI:

Taxum 0Opa3oM, MPOCMOTPEHHbIE HAMH
HaOJIIOIEHUS HE TOJBKO MPUBOAAT HAC K
3aKJIIOUYEHHIO, UTO Mapc B JaHHBI MOMEHT
oOuTaeM, HO M IPUBOAAT HAC K BBIBOAY, YTO
5TH OOHUTATENN OTHOCSTCS K Pa3psAdy,
3HaKOMCTBO C KOTOPBIM CTOMIIO TOro. [Tprném
JIM MBI KOTJa-HUOYIb K 00Jiee MTHOBEHHOMY
Pa3roBOpy ¢ HUMH — 3TO BOIPOC, 110
KOTOPOMY HayKa B HACTOsIIEe BPeMsI HE IMEET
TAaHHBIX JUJIS] PEIIEHUSI.

Ho c tex nop Hayka o Mapce pa3BuBajach, a ¢
1960 roma pasrosopsl O >kU3HU HA Mapce ¢
MIOMOIIBIO TEJIECKOIIOB TOTIOJIHUIINCH
NOJIETAMH MHOJKECTBA aBTOMATHYECKHX
KOCMHYECKHX KopabJiei, OTIpaBIeHHBIX TyAa
HECKOJIbKUMH cTpaHamu. Mapc Obu1 0bnéTas,
BBbIBEJICH Ha OPOUTY, BpE3aJiCsi B HETO,
HCCJIEZIOBAJICS pajlapaMU U PaKeTaMH, a TaKxkKe
NOJNPBITUBAI, TIEPEBOPAYUBAIICS, crpedacs,
MIPOCBEPJINBAJICS, 3aNEKaJICs U Jaxe
MOABEprajics Ja3epHOMY B3pbIBY. Beé emé
BIIEpenH: Ha Mapc HaCTynmaroT.

Ceiivyac u B Ommkaiitnem Oyaymem
poboTusupoBaHHOe HccenoBanue Mapca
OTKPBIBAET OKHO B MUP, KOTOPBIH MOKET CTaTh
HACTOSIIIUM JTOMOM BJIJIH OT AOMA IS
OyayUIuX KOJIOHHCTOB.

ITepsbie maru Ha Mapce 03HaMeHYIOT cOO0H
HUCTOPUYECKYIO BEXY, IPEAIPUSITHE, KOTOPOE
TpeOyeT 4eIoBe4YeCKOro yropcTaa B
COYETAaHUH C TEXHOJIOTHSIMHU, YTOOBI
3aKpeNnuThCs B IPYTOM MHpE.

HccnenoBanue Mapca CUIIBHO OTJIMYAETCS OT
skcrienuunii AnosutoHa Ha JIyHy; 3To Tpebyer
MOKUHYTb HAllly POJHYIO IUIAHETY ISl
JUIUTENIbHBIX MUCCUI C OTPaHUYE€HHON
BO3MO)KHOCTBIO BO3Bpalll€HUs.

Kaxk Tonbko 0N OKaXKyTCsl HA AANEKOM
Mapce, nosIBUTCA O4E€Hb Y3KOE OKHO, B
npenesax KOTOpOro BO3MOXKHO BEPHYTHCS Ha
3emir0 — QyHIAMEHTAIbHOE Pa3IHiue MEXITy
HamuM goctkeHuemM Jlynsr 3emiu B 1960-x
rojiax U pacmupenueM 1o Mapca B




All this is preface to a major judgment—one
that I feel NASA planners are dodging.

There is no reason to make a humans-to-Mars
program look like an Apollo moon project.

We need to start thinking about building
permanence on the red planet, and what it takes
to do that. I feel very strongly about this. This
is an entirely different mission than just putting
people on the surface of that planet, claiming
success, having them set up some experiments
and plant a flag, to be followed by quickly
bringing the crew back to Earth, as was done in
the Apollo program

Omkaime TecATHIIETHSL.

Bce 310 siBsIeTCs MpenucioBUEM K TTIABHOMY
CY’KIIEHHUIO, OT KOTOPOTO, KaK MHE Ka)XeTCH,
rtanupoBiiukd HACA yknonstoTcs.

Her npuuun nenate nporpaMmy nosiéra
4yenoBeKa Ha Mapc noxoskei Ha JTyHHBbIN
MPOEKT « ATIOJIIOHY.

Hawm Hy>XHO HauaTh [ymMaTh O CO3aHUH
MOCTOSIHCTBA HA KPACHOMH TUIAHETE U O TOM, YTO
IUTS 3TOTO HY)KHO. Sl O4eHb CHUIIBHO
MEPEKUBALO0 110 3TOMY MOBOJY. JTO COBCEM
Ipyrasi MUCCHUS, Y€M MPOCTO BBICAUTD JIFOIEH
Ha MOBEPXHOCTH STOU IJIAHETHI, 3asIBUTH 00
yCriexe, 3aCTaBUTh UX MTOCTABUTh KaKHUE-TO
SKCIEPUMEHTBI U YCTAHOBUTD (hJiar, mociie
4ero cienyeT ObICTPOe BO3BPAIIECHUE SKHITAXKA
Ha 3eMJTI0, KaK 3TO OBLIO C/IENaHO B
nporpamMme «ATOJIIIOHY.

What are you going to do with astronauts who
first reach the surface of Mars and then turn
around and rocket back homeward? What are
they going to do, write their memoirs? Would
they go again? Having them repeat the voyage,
in my view, is dim-witted. Why don’t they stay
there on Mars?

No question, this is a very big, high-level
decision that needs to be made. I can guarantee
you, if we have anything like the legislative
branch of government in the future that we
have today, the first tragedy at Mars with a
crew would mean cancellation of the program.
And that’s all we do about Mars for another
century.

I suggest that going to Mars means
permanence on the planet—a mission by which
we are building up a confidence level to
become a two-planet species. At Mars, we’ve
been given a wonderful set of moons—two
different choices—from which we can pre-
position hardware and establish radiation
shielding on the Martian surface to begin
sustaining increasing numbers of people—not
just one select group of individuals. To
succeed at Mars, you cannot stop with a one-
shot foray to the surface.

Uro BBI cOOMpaeTech enaTh C aCTPOHABTAMH,
KOTOpBIE CHauaja JOCTUrar0T MOBEPXHOCTH
Mapca, a 3aTeM pa3BOPauUBAIOTCS U JIETAT
oOpaTtHO noMoit? UTO OHM COOMpArOTCs AeNaTh,
nucatb Memyapsbl? [loliayT 11 oHM cHOBA?
3acTaBiATh UX [IOBTOPSTH MyTelIECTBUE, HA
MO B3rJsif, rayno. [loueMy oHu He ocTaroTcs
Ha Mapce?

HecomHeHHO, 3TO OueHb OOJBIIOE PEeLIEHHE Ha
BBICOKOM YPOBHE, KOTOPO€ HEOOXOIUMO
MPUHATH. Sl MOT'Yy TapaHTUPOBATh BaM, YTO
ecyu y Hac B Oyayuiem OyaeT 4To-TO Bpoae
3aKOHOJATENIbHOM BETBU BJIACTH, KOTOpasi €CTh
CeroniHs, neppas Tpareaus Ha Mapce ¢
OKHUIIAKEM 6yz[eT O3Ha4YaThb OTMCHY
nporpammel. M 3T0 Bce, UTO MBI Jie1aeM ¢
Mapcowm e1mgé croneTue.

S npennonarato, 4yro nonét Ha Mapc o3Havaer
MOCTOSTHCTBO Ha IJIAHETE — MHUCCHUS, C
MOMOIIBIO KOTOPOI MBI CO3/1aéM YPOBEHB
YBEPEHHOCTH, YTOOBI CTaTh BYXILJIAHETHBIM
BunoM. Ha Mapce Ham nanu 3aMedaTesbHbId
HaOOp JIyH — JBa pa3HbIX BapUAHTA — W3
KOTOPBIX MbI MOXKEM MPEIBAPUTEITBHO
pPa3MeCTUTh OOOPYIOBAHKUE U YCTAHOBUTH
panualMOHHYIO 3alIUTy HA MApCUAHCKOMN
MOBEPXHOCTH, YTOOBI HAYATh MMOAIEP KUBATH
pacTyilee 4UCIIO JIF0JeH, a He TOJIbKO OHY
u30paHHyo Tpymmy Jroaeid. UtoOwl nmpeycneTh
Ha Mapce, Hellb3s OCTaHABJIMBATHLCS Ha




It will be a historical moment long
remembered when the U.S. President commits
the nation to permanent human presence on
Mars. Let me hypothesize a political scenario
on the 50th anniversary of Apollo 11’s landing
on the moon, in 2019. The U.S. President,
whoever that may be, takes the opportunity to
direct the future of human space exploration,
pioneered by Americans, by stating in a
speech: “I believe that this nation should
commit itself, within two decades, to establish
permanence on the planet Mars.”

That statement will live throughout history,
committed to memory on Earth and by the first
Mars settlers. In response, around 2020, every
selected astronaut should consign to living out
his or her life on the surface of Mars.

So why send humans to Mars in the first place?

There is common agreement that humans
trump machines in many ways. They offer
speed and efficiency to perform tasks. On-the-
spot astronauts offer nimbleness and dexterity
to go places that are challenging for robots to
access.

Then there are the innate smarts, ingenuity, and
adaptability of a human to evaluate in real time
a situation, then improvise to prevail over
surprises.

Still, there is a softer side of placing humans
on Mars. There are behavior, performance, and
human factor unknowns. Living far from Earth
in a remote and confined environment will
surely induce physiological and psychological
stresses.

OHHOKpaTHOﬁ BbLIA3KEC Ha MOBCPXHOCTD.

Jt10 Oyer UCTOPUIECKUI MOMEHT, KOTOPBIH
Ha/0JIro 3alIOMHUTCS, Koraa npesuaeHT CIITA
00s13yeTcst 00eceunTh MOCTOSTHHO®
npucyTcTsue ronei Ha Mapce. Ilo3somnbTe
MHE BBIIBUHYTb FUIIOTE3Y O MOJIUTUYECKOM
CLIEHAPUH, IPUYPOYEHHOM K S50-71eTHI0

BbICa kU «AnojutoHa-11» Ha Jlyny B 2019
roay. [lpesunent CIIIA, xem ObI OH HU OBLI,
MOJIB3Y€TCST BO3MOXKHOCTBIO, UTOOBI HAIIPABUTh
Oyay1uee MIIOTUPYEMBIX KOCMHYECKUX
UCCJIEIOBAHMM, HAYaThIX aMepUKaHIIAMH,
3asBUB B Peun: «f cumraro, 9T0 3TA HAIUs
TOJDKHA B3SITh Ha ce0s1 00s13aTeIbCTBO B
TeYeHUE JBYX AECATUJIETHI YCTaHOBUTH
MIOCTOSIHCTBO Ha Iu1aHeTe Mapey.

3710 yTBEpKAeHHE OyAET )KUTh HAa MPOTSKEHUH
BCEI UCTOPHUH, OHO OCTAHETCS B MAMSITH Ha
3emiie 1 y IepBBIX MoceneHueB Ha Mapce. B
orsBeT npumepHO B 2020 roay Kakabli
BBIOPAHHBIN ACTPOHABT JIOJIXKEH MPOXKUTh
CBOIO JKM3Hb Ha MOBEPXHOCTU Mapca.

Tak 3auem BooOIIE OTIIPABIATE JIFOAEH Ha
Mapc?

CymectByer od11ee MHEHHE, UTO JIOAU
MPEBOCXOJISIT MAIIUHBI BO MHOTHX
otHoeHussx. OHM PEJIararoT CKOPOCTh U
3¢ PeKTUBHOCTD IJIsT BHITIOJTHEHMS 3a/1a4.
ACTPOHABTHI HA MECTE MPEJIATat0T JIOBKOCTh
U JIOBKOCTbB, YTOOBI TOOPaThCs 10
TPYAHOIOCTYITHBIX Jisl pPOOOTOB MECT.

Kpome Toro, ecTb BpOKAEHHBIN yM,
U300peTaTeNIbHOCTh U CIIOCOOHOCTD YeJIOBEKa
npucnocabanuBaThCs K OLIGHKE CHUTYalluu B
pPEeKUME peasbHOrO BPEMEHH, a 3aTeM
UMIIPOBU3HPOBATh, YTOOBI MOOEINUTH
HEOXKMJAHHOCTH.

Tem He MeHee, ecTb 1 OoJsiee MArKasi CTOPOHA
pasMelneHus aonen Ha Mapce. Ectb
HEU3BECTHBIE [TOBEACHHUE,
MIPOU3BOAUTENBHOCTD U YEJIOBEUECKUM
daktop. XKusHp Branu ot 3eMiin B OTHaIEHHON
U OrpaHUYEHHOHN cpefie, HECOMHEHHO, BbI30BET
(bu3nONOrNUecKre U NCHXOJOTHUECKUE
CTpPEeCCHL




One oddity that is sure to haunt the first
humans on Mars—Iloss of privacy.

You already get a sense of that when you tune
in to televised linkups with International Space
Station crews. Lots of cameras are positioned
everywhere. Of course, the communications
time lag between Earth and Mars is a factor.
There’s a way to start simulating today how
best to handle Earth-Mars communications
time delays. The International Space Station
could simulate and teach people on both ends
how to deal with the person-to-person
communications delay.

What this might boil down to is that every
interplanetary traveler has to be a
procrastinator!

Other than our limited trips to the moon via
Apollo, humans have never embarked upon a
mission that’s on a par with marching off to
Mars; the best analogs so far are Antarctic,
undersea, and International Space Station
expeditions, but these are distant cousins to the
isolation, remoteness, and challenges that will
be faced by courageous men and women
stationed on Mars, many millions of miles
from Earth.

OnHa CTpaHHOCTD, KOTOpasi 00sI3aTEIbHO
OyneT mpecienoBaTh MEPBBIX JIOACH Ha
Mapce, — notepsi KOHPUASHIUATHBHOCTH.

Brl yxe uyBCTByeTe 3TO, KOrZ1a CMOTPUTE
TeJenepenadn ¢ SKunaxamMu MexxayHaponHou
kocmuueckoi cranimu. Iloscrony paccrasieHo
MHO>KeCTBO kamep. KoHeuHo, BpeMeHHast
3a/1epKKa CBsI3U Mexy 3eMiéil u Mapcom
spisiercs pakropoM. EcTh criocod Havath
MOJIEJIMPOBaHUE YK€ CerOfHs, KaK Jydlle
BCET'O CIPABIATHCSA C BPEMEHHBIMU
3a7ep>KKaMU CBSI3U MeXIy 3emiéit u Mapcom.
MexayHapoaHasi KOCMUYeCKasi CTaHLIMsI MOTJia
OBl CMOZIENTMPOBATh M HAYYUTH JIFOACH Ha
000MX KOHIIAX, KaK CIPABJISATHCS C 3aePKKON
B OOIIEHUHN MEXIy JIFOABMH.

DTO MOXKET CBOAUTBCS K TOMY, YTO KaXKAbIN
MEKIJIAHETHBIN MyTELIECTBEHHUK TOJIKEH
OBITH IPOKpacTUHATOpPOM!

3a UCKJIFOUEHHEM HAIlIUX OrPaHUYEHHbIX
nonéToB Ha JIyHy ¢ IOMOIIBIO «ATIONIJIOHAY,
JIFOAY HUKOT/AA He NPeANPUHUMAaIN MUCCHUIO,
CPaBHUMYIO C MOJNIETOM Ha Mapc; nydmmnmu
aHaJoraMy Ha CeroJHsALIHUN 1eHb ABIAIOTCS
aHTapKTUYECKUE, IOJIBOAHbIE SKCIEIULIUU U
3Kcneauuy Ha MexxyHapOaHyro
KOCMHUYECKYIO CTAHLIMIO, HO OHHU SIBJIIIOTCS
JaIbHUMU POACTBEHHUKAMU U30JISLIUY,
yIaJEHHOCTU U MPOOJIeM, ¢ KOTOPBIMH
CTOJIKHETCS] MY>KECTBEHHbBINH My>KUMHA U
JKEHIINHA, pa3MeléHHble Ha Mapce, 3a MHOTO
MUJJIMOHOB MUJIb OT 3€MJIH.

A NASA Mars reference document emphasizes
the need for more study of the composition of a
Mars crew, based on personal and
interpersonal characteristics “that promote
smooth-functioning and productive groups, as
well as on the skill mix that is needed to
sustain complex operations.”

Establishing a footing on distant Mars is a
complex operation. The challenge ahead is
monumental and historic. We are on a pathway
to homestead the red planet courtesy of robotic
explorers that are surveying what now looks
like unreal real estate. Nonetheless, there’s
familiarity with remote Mars. It did not go
unnoticed that the first color images
transmitted from the Curiosity rover showed
layered buttes and other features reminiscent of
the southwestern United States.

B cnpasounom noxymente HACA no Mapcy
NOAUEPKUBAETCS HEOOXOIUMOCTD
TaTbHENIIEero M3y4eHus! COCTaBa MapCHAHCKON
KOMAaHJIbl HA OCHOBE JINYHBIX U
MEKIIMYHOCTHBIX XapaKTEPUCTHK, KKOTOPBIE
CHOCOOCTBYIOT CJIQ)KEHHOMY
(YHKIMOHMPOBAHUIO U MPOAYKTUBHOCTH
TPYIII, a TaKke HabOpy HABBIKOB,
HEOOXOIUMOMY ISl IOJACPIKAHUS CIOMKHBIX
onepauuii. ”

3akpenuTtbcs Ha AanékoM Mapce — clioskHast
onepauus. [lepen HaMu CTOUT rpaHANO3HAS U
ucropudeckas 3agada. Mbl HAXOIUMCS Ha
MyTH K BO3BPAIIECHHUIO HA KPACHYIO TIAHETY
Onarogapsi poOOTaM-UCCIIEIOBATENSM,
KOTOpBIE UCCIEAYIOT TO, YTO CEHYac BBIMJISIIUT
KaK HepeaibHas HeABWKUMOCTD. TeMm He
MEHee, €CTh 3HAKOMCTBO € HanékuM Mapcom.




There is an evolving comfort level with Mars.
It is a perspective that beckons us to push
forward.

He ocranocs HE3aMCUCHHBIM, YTO Ha MEPBBIX
L[BETHBIX U300pKEHMSIX, TEPEIaHHBIX
mapcoxonom Curiosity, ObUTH BUIHBI
CJIOUCTBIE XOJIMbI U IPyTHe OCOOCHHOCTH,
HanmoMUHaro e roro-3anaa CoeqnHEHHBIX
IITaros.

CyuiecTByeT pa3BHBAOLIMICS YPOBEHb
kompopTa ¢ Mapcom. DTO MepCreKTHBRA,
KOTOpast MAHUT HAC ABUTATHCA BIICPCA.

“Retuning” Mars Exploration

«IlepenacTpoiika» uccaenosanust Mapca

I recently took part in a major gathering of
Mars aficionados, the Workshop on Concepts
and Approaches for Mars Exploration, held
June 12-14, 2012, at the Lunar and Planetary
Institute in Houston, Texas. It was a heady
affair, tackling major issues, including how
best to respond to President Obama’s challenge
of sending humans to orbit Mars in the 2030s.
Some 185 participants came together to share
ideas, concepts, and capabilities and address
critical challenge areas, focusing on a near-
term time frame spanning 2018 through 2024,
and a mid- to longer-term time frame spanning
2024 to the mid-2030s.

It was made clear up front that in today’s
financial times, investment in Mars exploration
is tough. The workshop had as a major goal the
identification of new concepts and “retuning”
ideas for Mars exploration in light of current
harsh fiscal realities.

Looking forward into the next decades, all
agreed that international collaboration held the
greatest potential to enhance future Mars
programs—operating in a one-for-all, all-for-
one mode. In this light, for instance, any
ambitious, complex, and costly Mars sample-
return campaign—robotically grabbing and
rocketing back to Earth specimens of the red
planet—was eyed as dependent upon a long-
term and enabling collaboration with other
nations.

As always, front and center is the power of

HenasHo st npuHUMAaN yyacTue B KPyITHOM
cobpanun moburenelr Mapca — ceMuHape 1o
KOHLICTILIUSM U TIOAXO0ZIaM K HCCIEOBAHUIO
Mapca, kotopeiii npoxoaun 12—14 urons 2012
r. B JIyHHOM U TIaHETapHOM HHCTUTYTE B
XprocToHe, mtaT Texac. 1o ObLIO
TOJIOBOKPYIKUTEIBHOE AETI0, B XOJIe KOTOPOTO
peLIauch BaYKHBIE BOIIPOCHL, BKJIIOYAs TO, KaK
Jy4IlIe BCErO OTBETUTH HAa BBI3OB NPE3UACHTA
Ob6amsl 1o oTmpaBke JrozAei Ha opouty Mapca
B 2030-x ronax.

Oxomno 185 yuacTHHKOB COOpanCh BMECTE,
YTOOBI MOAETUTHCS UACSIMH, KOHIESTILUAMH U
BO3MOYKHOCTSIMH, & TAKXKE PEIIUTh BAKHEHIINE
npoOJIeMBl, COCPEOTOUNB BHUMAHNE HA
KPAaTKOCPOUYHBIX BPEMEHHBIX PAMKaX,
oxsaTbiBaroLIMX nepuoa ¢ 2018 no 2024 rox, u
CPEAHECPOUYHBIX U JOJTOCPOYHBIX BPEMEHHBIX
paMkax, OxBaTblBatOUX nepuon ¢ 2024 no
cepeauny 2030-x rogos.

Bb110 SICHO CKa3aHO, YTO B CETOAHSIIIHUE
(uHaHCOBBIE BpeMeHa NHBECTHIINU B
uccaenosanre Mapca ciaoxxabl. OCHOBHOM
LIEJIbI0 CEMHUHApa OBUIO ONpeAeNeHne HOBBIX
KOHLICTIINN U «IIEPEHACTPONKa» uaeu nis
uccienoBaHus Mapca B CBETE TEKYIINX
CYPOBBIX (PMHAHCOBBIX PEATH.

3arnsAnpiBas B CIEAYIOIIHE AECATHIIETHS, BCE
COTJIACHITUCH C TEM, YTO MEXKITyHapPOIHOE
COTPYIHUYECTBO 00Ja1aeT HanOOIbLINM
MOTEHIMAJIOM JUISl YIIyULIeHUs1 Oy ayInx
MapCHAHCKHX MPOrpaMm, paboTaroux B
pEeKUMe «OIMH 32 BCEX, BCE 32 OHOro». B
STOM CBeTe, Hampumep, Jrodas aMOUIINO3Has,
CJIO’KHAsT 1 JOPOTOCTOSIIAsE KAMITAHHSI 10
BO3BpaTy MapCHAHCKUX O0Pa3LOB —
pOOOTH3MPOBAHHBIN 3aXBaT U TOCTABKA HA
3emitio 00pa3LoOB KPaCHOMW MIAHEThI —
paccMaTpuBaach KakK 3aBUCSINAS OT
JOJTOCPOYHOTO M OJIarONpUsTHOTO
COTPYIHUYECTBA C JPYTUMHU CTPAHAMH.

Kak Bcerna, B IeHTpe BHUMAaHUSI HAXOIUTCS




Mars to entice us to brood over some key,
compelling questions, particularly if life ever
was sparked into being there. If so, did it perish
or is it still resident on the planet?

But also understanding the Martian climate and
atmosphere, including the evolution of Mars’s
surface and interior, can be looped back into
grasping the past, present, and future of Earth.
The geologic record of early Mars has been
preserved, chronicling the period more than 3.5
billion years ago when life is likely to have
started on Earth—a time period whose record
is mostly missing on our own planet. Can Mars
exploration allow us to turn back the clock and
see if life arose elsewhere in our solar system
neighborhood?

That’s all good science, but we have more
urgent reasons to study the environment of
Mars: It is mandatory for assuring the safe
landing and operation of future robotic and,
more important, human missions to the planet.
Obviously, unraveling the inner and outer
workings of Mars will be a labor-intensive
human activity.

There were several challenge areas addressed
by workshop attendees, among them what kind
of human health-risk reduction is required to
support crewed missions around Mars, at
Phobos or Deimos, or on the surface of the
planet. There’s a need to take into account
ionizing radiation and the toxicity of soils,
among other items.

Analyses of interplanetary trajectories from the
vicinity of Earth to the Mars system and return
were identified, distinguishing those that offer
efficiencies in transportation systems,
including transit time, cost, et cetera. This
includes looking at a variety of Mars orbits and
possible rendezvous with or landing on Phobos
or Deimos, and scrutinizing trajectories of
Earth-moon L2 to the Mars system, and return.
Mars surface system capability is another
challenge, whether lighter rover systems able
to speed across the planet or equipment that
demonstrates in situ resource utilization

cmia Mapca, kotopast noOy»kaeT Hac
3alyMaThCsl HaZl HEKOTOPBIMH KJIFOYEBBIMH,
HEOTJIO)KHBIMU BOTIPOCaMH, OCOOEHHO €CITH
TaM Korjaa-indo 3apoauiach xku3Hb. Eciu na,
TO OHa rorubia Uitk Bcé eme oduraeT Ha
maHete? Ho Takke moHnMaHue
MapCHUAHCKOTO KJIMMaTa u arMochepsl,
BKJTFOYasl HBOJIFOLIMIO TOBEPXHOCTH U
BHYTPEHHeH yactu Mapca, MOXeT ObITh
CBSI3aHO C TIOHMMAHUEM IPOLLIOTO,
HacTosmero u Oynymero 3emiu. CoxpaHuiach
reoJIOrn4ecKast JIETOMUCh paHHero Mapca,
oTpaxaroimasi nepuoz donee 3,5 MHUTHAPAOB
JIeT Ha3aj, KOraa Ha 3emiie, BEPOsITHO,
3apOIMIIACE JKU3Hb, — MEPUOJ BPEMEHH,
3aIMCH KOTOPOTO HA HALIEH TTaHeTe
NPAaKTUYECKH OTCYTCTBYIOT. MOXeT Jin
uccienoBane Mapca no3BoyiuTh HaM
MIOBEPHYTH BPEMsI BCIISATh M YBUETh, BOZHUKJIA
JI KU3Hb TJIE-TO €Ié B OKPECTHOCTSIX Halleh
ConneuHoli cuctembl?

10 BCE XOpoIIas HayKa, HO y Hac ecTb Oosee
HACYIIHbIC IPUYHHBI TSI U3YUEHUS
OKpysKarome cpensl Mapca: 370 HeoOX0a1MMO
s odecriedeHnst Oe30MacHON MOCaIKu U
SKCIUTyaTaluu Oyayuinx poOOTH3NPOBAHHBIX
u, 4TO OoJiee BaJKHO, MIJIOTUPYEMBIX MUCCHI
Ha r1anety. OueBUIHO, YTO PaCKpPbITHE
BHYTPEHHeH u BHewHel padorsl Mapca Oyner
TPYLOEMKON YEJIOBEUECKON AEATEIbHOCTBIO.
Y4acTHHKHU CEMUHapa 3aTPOHYJIN HECKOJIbKO
npoOJieMHBIX 00JIaCTe, B TOM YHCIIE TO, KAKOe
CHIDKEHHE PHCKA IS 3TOPOBBS UEIOBEKa
TpeOyeTcst ISl MOAAEPIKKH MHIOTHPYEMBbIX
Muccuii BOKpyT Mapca, Ha @oboce nmu
JlefiMoce UK Ha MOBEPXHOCTHU IJIAHETHI.
Cpenu npoyero HeoOXOANMO YYUTHIBATD
HMOHHU3UPYIOLIee H3JIyYeHUEe U TOKCHYHOCTh
MOYB.

Beutn onpeneneHbl aHAIN3bl MEXKITTIAHETHBIX
TPAEKTOPUH OT OKPECTHOCTEH 3eMITH 110
cucreMbl Mapca u 00paTHO, C BbIICTICHUEM
TeX, KoTopble odecneunBaroT 3hHEeKTUBHOCTD
TPAHCIIOPTHBIX CUCTEM, BKJIIOUAs BPEMs
MPOXOXKIASHHS, CTONMOCTbD U TaK Jajnee. ITo
BKJIFOYAET B Ce0sl U3YUEHUE Pa3IMYHBIX OpOUT
Mapca 1 BO3MOKHBIX BCTPEU HJIH ITOCAIOK Ha
®oboc nun JlefiMoc, a TakxkKe TIATeTbHOE
usyudeHue tpaekropuit L2 3emns-JlyHa k
cucreme Mapca u odpatHo.

Bo3moxkHOCTH Ha3eMHBIX cucTeM Mapca —
emmé onHa mpobnema, Oynb To Oonee nérkue




(ISRU).

ISRU demos can shake out equipment to
support human surface exploration and
settlement—projects for extraction and long-
term storage of oxygen and/or hydrogen from
available Martian resources in the atmosphere,
hydrated minerals on the surface, and digging
into Mars to utilize subsurface ice.

CUCTEMBI MapCOXO/OB, CITIOCOOHBIE
nepeMeIaThCs Mo MIAHeTe, WIH
000OpyIOBaHuE, AEMOHCTPHUPYIOLIEEe
ucnosis3oBanue pecypcos Ha mecte (ISRU).
HemoHcTtpauuu ISRU MOryT BBITPSIXHYTH
00opynoBaHue AJis MOAACPIKKU HCCIeIOBAHMS
U [TOCEJIEHHSI YeJIOBEKa Ha MOBEPXHOCTH —
MPOEKTHI MO U3BJICYEHHIO U JJOJITOCPOUHOMY
XPaHEHHUIO KHCIOpOaa W/WIM BOAOPOA U3
IOCTYIHBIX MaPCHAHCKUX PECYPCOB B
armocdepe, rHIPaTHPOBAHHBIX MUHEPAJIOB HA
MOBEPXHOCTH M PACKOIMOK Ha Mapce aist
HCIIOJIB30BAHUSI MOATIOBEPXHOCTHOTO JIBAA. .

Here’s an imperative. Incorporating ISRU into
human exploration of Mars and its moons
necessitates a shift in mind-set—not taking
everything you need by launching it from
Earth. You don’t have to haul everything with
you because there are available resources at
destination’s end. There are new ISRU
products that can be tapped, such as methane,
magnesium, perchlorates, and sulfur. ISRU
systems are vital to extract “made on Mars”
products from the Martian environment, such
as water, oxygen, silicon, and metals for life
support, rocket fuels, and even construction
materials. Putting in place an effective ISRU
system will lessen the need for resupply
missions and fully support an off-Earth
outpost.

One major realization from the workshop:
There is synergy in enabling technologies
between robotic and human missions and this
increases as future robotic missions become
more ambitious. This synergy can manifest
itself in a couple of ways, as identified in the
meeting:

* Technologies, such as entry, descent, and
landing systems, when scaled for application to
human missions, enable greater payload mass
for robotic missions.

* Leveraging technologies needed for human
missions, such as for ISRU and liquid oxygen-
methane propulsion systems, can benefit a
Mars sample-return mission, due to the
potential for reduction in launch and entry
mass, hence reducing mission cost.

Bot umneparus. Bkmtouenue ISRU B
UCCIIEIOBAHME YeJIOBEKOM Mapca H ero
CIYTHUKOB TpeOyeT N3MEHEHUST MbIIIJICHUS —
He OpaTh Bce HEOOXOANMOE, 3aIyCKasi €ro ¢
3emuin. BaM He HYKHO TaIllUTh BCe C COOOA,
MIOTOMY YTO B KOHLIE TYHKTa HA3HAYECHHS €CTh
IOCTYIHBIE pecypchl. ECTh HOBBIE IPOIYKTHI
ISRU, x0oTOpBIE MOKHO HUCIIOJIb30BATh, TAKHE
KaK METaH, MarHuii, NepxJjopaTsl U cepa.
Cucremsl ISRU xu3HeHHO BayKHBI IS
U3BJICUEHHSI U3 MAPCHAHCKON Cpebl
NPOAYKTOB «cAenaHo Ha Mapcey, Takux Kak
BOJI4, KHCIIOPOA, KPEMHHHA U METaJUIbI ISt
KU3HEOOECTIEUeHHs], PAKETHOE TOTLTUBO U
Ja’ke CTPOUTENbHBbIE MaTepralbl. BHenpenue
s¢exTuHoM cuctempr ISRU ymeHbIuT
noTpeOHOCTh B MUCCHSIX 11O TIONIOJTHEHUIO
3a1acoB U MOJHOCTBIO MOAAEPKUT BHE3EMHON
aBAHIIOCT.

OnvH U3 BaXXHBIX BBIBOIOB CEMUHApPA:
CYIIECTBYET CHHEPTHUsl B 00eCIIeUeHUH
TEXHOJIOTUH MEXAy pOOOTU3UPOBAHHBIMHU H
YeJIOBEUECKIMH MUCCHSIMU, B 3TO YCHIINBAETCS
Mo Mepe TOro, Kak Oyayiue
poOOTH3MPOBAHHBIE MUCCHU CTAHOBSITCS OoJiee
aMOWIIMO3HBIMH. JTa CUHEPTHS MOKET
NPOSIBJIATHCS] HECKOJIBKIMHU CIIOCO0aMH, Kak
OBUIO YKa3aHO Ha BCTpEUE:

* TexHONOTWH, TAKHE KaK CUCTEMBI BXOJIA,
CIyCKa M MOCAIKH, MPU MacIuTabupOBaHUH
111 IPUMEHEHUS B TIJIOTHPYEMbIX MUCCHUSIX
obecrieunBarOT OONBINYI0 MAacCy MOJIE3HOM
HArpy3KH A1 pOOOTH3MPOBAHHBIX MHCCHIA.

* Hcnonp3oBaHne TEXHOJIOTHA, HEOOXOTUMBIX
11 TUJIOTUPYEMBIX MuccHil, Takux kak [ISRU
U IBUTATEJIbHBIC YCTAHOBKH HA YKUIKOM
KHCJIOPOZie-METaHe, MOKET IPUHECTH MOJIb3Y
MUCCHH 110 BO3Bpary npobd ¢ Mapca n3-3a




Of key interest to me, several breakout paper
observations produced at the workshop focused
on the long-haul vision of preparing for human
exploration.

Continual scientific study of Mars is an
important prelude to enable targeted, cost-
effective human exploration. There’s need to
extensively characterize the surface and
subsurface of Mars. Also, the polar regions of
Mars are not only scientifically compelling,
they merit study as resource-rich human
destinations.

Phobos and Deimos were viewed by workshop
participants as “important destinations that
may provide much of the value of human
surface exploration at reduced cost and risk.” It
was reported that, as natural space stations and
a potential “base camp,” these two moons can
support teleoperation of payloads on Mars
along with habitat buildup, while alleviating
some planetary protection issues.

Thanks to robotic surrogates, surprises from
Mars will keep coming. NASA’s Mars
program provided the first close-up photo of
the red planet in 1965. Our view of that world
has been transformed by camera-snapping
orbiters from high above, as well as by the
groundbreaking Phoenix lander, a run of
rovers—Sojourner, Spirit, and Opportunity—
and now the far more capable Curiosity. They
serve as vital precursors for human exploration
of Mars—but there is far more work to do

MOTEHIHATBHOTO CHIDKEHHS CTApPTOBOM 1
BXOJHOH MacChl, 4TO, CIIeIOBATEHHO,
CHHIKAET CTOMMOCTH MHCCHH.

Jns MeHst 0COO€HHO WHTEPECHBI HECKOJIBKO
0030pHBIX TOKJIAA0B, TOATOTOBJIEHHBIX HA
CEeMHHApe, MOCBSIEHHBIX TOJITOCPOYHOMY
NPEABUIEHHUIO TIOATOTOBKH K HCCIIEIOBAHUSIM
YeJIOBEKa.

HenpepsiBHOE Hay4yHOE M3ydyeHue Mapca
SIBJISIETCS] BAXKHOM MPETIOIUEN K
LIeJIEHATIPABJICHHBIM U PEHTA0ETbHBIM
uccienoBaHusM yenoseka. Heobxomumo
nopoOHO OXapaKTePH30BaTh MOBEPXHOCTD U
Henpa Mapca. Kpome Toro, nossipabie paiiOHbI
Mapca He TOJIBKO HHTEPECHBI C HAYYHOM
TOUKHU 3PEHHUS, HO M 3aCTy KUBAIOT U3yUEHHSI
Kak Oorarble pecypcamMy MecTa Ha3HAuYEHUs
YeJIOBEKa.

Doboc u JleiiMoc paccMaTpuBaINCh
yYaCTHUKAMH CEMHUHApPa KaK «BaYKHBIE
HAIpaBJICHUs], KOTOPBIE MOTYT 00€CIEUNTh
OONBLIYIO YaCTh [IEHHOCTH MCCIEIOBAHUS
YeJI0OBEUECKOH MOBEPXHOCTH MPH MEHBIINX
3arparax u puckax». Cooduanock, 4To B
Ka4eCTBE €CTECTBEHHBIX KOCMUYECKHX
CTaHLMH M MOTEHIIHAIBHOTO «06a30BOT0
Jarepst» 3TH JIBE JIyHbI MOTYT MOJEPKUBATh
IVCTAHIIMOHHOE YIPABJICHHE MOJIE3HBIMU
Harpy3kamu Ha Mapce Hapsiy ¢ Co3IaHueM
cpensl obutanus, obierdyast mpu 3TOM
HEKOTOpbIe POOJIeMbI IJIAHETAPHOM 3aIHTHI.
bnaronapst poGoTH3NPOBaHHBIM Cypporaram,
cropripu3sl ¢ Mapca OyyT MpoaoIKaTh
noctynarb. Mapcuanckast nporpamma HACA
MpenoCTaBmIa ePBYIO (oTorpaduo KpacHOH
MJIAHETBI KPYIHBIM IJIAaHOM B 1965 rogy. Ham
B3I HA 3TOT MHUP U3MEHWIICS Onaromapst
CbEMKAM C BBICOTBI OPOUTANIBHBIX aIIapaToB,
a TaK)Ke PEBOJIOLIHOHHOMY CITyCKaeMOMY
anmapary Phoenix, psay mapcoxonos —
Sojourner, Spirit u Opportunity, a Tereps emne
u ropaszo 6onee criocobuslit Curiosity. OHu
CJIy’KaT JKU3HEHHO BaKHBIMU
NPEAIEeCTBEHHUKAMH JIJIsI UCCIICIOBAHUS
Mapca 4enoBeKoM, HO IPEACTONT eIé MHOTO
paboThL

Flesh and Bone Versus Nuts and Bolts

I1n0TH M KOCTH NPOTHB raexk 1 60JTOB

In striving for settlement of Mars, new
technologies must be mastered. Agriculture
under extreme conditions, power generation,
radiation protection, and advanced life-support

Crpewmsich k 3aceneHmno Mapca, HeoOXOaMMO
OCBaMBaTh HOBbIE TeXHOJOTHH. TpedyroTcst
CEJIbCKOE XO3SICTBO B AKCTPEMAJTbHBIX
YCJIOBUSIX, IPOU3BOJICTBO SJICKTPOIHEPTHUH,




systems are called for. Autonomous and highly
robust equipment is necessary. To counter the
typical 40-minute, round-trip speed-of-light
communications time between humans on the
surface of Mars and ground controllers on
Earth, control must be in the hands of those on
the red planet

3aI{Ta OT PagUalii U COBPEMEHHbIE CHCTEMBI
skusHeobOecneuenus:. Heobxommumo
aBTOHOMHOE U BBICOKOHAJAEXKHOE
obopynosanue. UToObI MPOTUBOCTOSTH
TUNMUYHOMY 40-MUHYTHOMY OOMEHY TaHHBIMU
MEKIY JIIOAbMH Ha MOBEPXHOCTU Mapca u
Ha3eMHBbIMM JUCIIETUYEpPaMU Ha 3eMiie, BpeMs B
00a KOHIIa CO CKOPOCTBIO CBETa, KOHTPOJIb
JOJIJKCH 6bITb B pYKaX TEX, KTO HAXOOUTCA Ha
KpPACHOH IJIaHETe.

Arguably, one of the better looks at what an
carly Mars encampment might constitute can
be derived from Human Exploration of Mars
Design Reference Architecture 5.0, issued in
2009 by NASA’s Mars Architecture Steering
Group. The document was edited by Bret
Drake of NASA’s Johnson Space Center in
Houston, Texas.

NASA’s Mars design reference architecture
details the systems and operations for a trio of
human trips to explore the surface of Mars,
carried out over roughly a decade. These first
three missions, as the document explains, were
designated because the development time and
cost to achieve the basic capability to carry out
a single human Mars mission “are of a
magnitude that a single mission, or even a pair
of missions, is difficult to justify.

Bo03MO0XHO, OIMH U3 JIy4IINX B3IJIAI0B HA TO,
YTO MOXKET TPEACTABIATb COOON PaHHHIMA
MapCHAHCKHH JIarepb, MOXKET OBITh IOJYYEH U3
Human Exploration of Mars Design Reference
Architecture 5.0, Bemytuennoro B 2009 rony
PykoBopsweit rpynnoit NASA no
apxurektype Mapca. JJokymeHT ObL1
orpenaktuposaH bperom Jlpelikom us
Kocmuueckoro uentpa [xxoncona HACA B
XwrocToHe, mTar Texac.

B stanonHoit apxurektype npoekra HACA
st Mapca nonpoOHO ONMUCHIBAIOTCS CHCTEMBI
U OIlepaLuu IJisl TPEX MOJETOB YETIOBEKA It
HCCJIeI0BaHMs MOBEPXHOCTH Mapca,
OCYULIECTBJEHHBIX B TEUEHHUE IPUMEPHO AECATU
JieT. DTU NepBble TPU MUCCHUHU, KaK MOsSCHSAETCS
B JIOKYMEHTE, ObUIM Ha3HAUEHBI IOTOMY, YTO
BpeMs1 pa3paboTKH ¥ CTOUMOCTD TOCTHIKEHHS
OCHOBHBIX BO3MOXXHOCTEH 15l BBIITOJIHEHUS
OHOM MUJIOTHPYeMON Muccuu Ha Mapce
«TaKOBBI, YTO OJJHA MUCCHUs UJIU AaXKE Mapa
MUCCHI 3aTPYyIHUTEJbHbLY). ONPABbIBATb.

These first three human Mars missions are also
assumed to have been preceded by a series of
test and demonstration missions on Earth, in
the International Space Station, in Earth orbit,
on the moon, and by robotic Mars missions “to
achieve a level of confidence in the
architecture such that the risk to the human
crews 1s considered acceptable,” the report
says.

While I differ with sections of this report, it
does offer a look at the “need-to-haves” in
terms of a starter kit for living on the red
planet.

For example, once a crew lands they will need
effective and reliable shelter to permit outside
excursions. The crew can investigate the
Martian surface in a wheeled exploration

Taxoke mpeanonaraercsi, YT0 3TUM IEPBHIM
TPEM MUIOTHPYEMBIM MaPCHAHCKUM MHUCCHSIM
NPEAIIECTBOBAIA CEPHUS UCTIBITATENbHBIX U
JIEMOHCTPALIMOHHBIX MUCCUH Ha 3emMJie, Ha
MexxayHapoaHOW KOCMUYECKOHN CTaHIIUK, HA
OKOJIO3eMHOM opOuTe, Ha JIyHe, a Takxke
poOOTH3NPOBAHHBIE MAPCUAHCKUE MUCCHH
«IUTST JOCTH)KEHUS YPOBHS IOCTOBEPHOCTIY. B
APXUTEKType TaKUM 00pa3oM, 4TOOBI PUCK TSI
YeJIOBEUECKOT0 KUIAKa CUUTAIICS
NPUEMIIEMBIM», — TOBOPUTCS B OTUETE.

XOT4 51 HE COTJIACEH € Pa3/ieNaMu 3TOTO
OTY€Ta, OH MpeJiaraeT B3IsIHYTh Ha
«HEOOXOAMMBIE BELIH» C TOYKU 3PEHUS
cTapToBOro Habopa A )KU3HU Ha KPACHOH
TUTAaHETE.

Hanpumep, xoraa skxunax Npu3eMIIHTCS, EMY
noHanobwurcs 3¢ pexkTrBHOE U HANEKHOE
YKPBITHE, YTOOBI MOKHO OBLIO BBIE3)KAaTh HA
IpUPONY. DKUMAK MOXKET UCCIIENOBATh




vehicle, say for weeks at a time, without
returning to the habitat. Strolling Mars-walkers
will need protection from radiation and dust to
safely survey and work on the surface.

From an operational perspective, the first
humans to set foot in a Mars landing zone and
habitat locale would find themselves at a
broad, relatively flat, centrally located area for
safety’s sake. That means, however, crew and
cargo may be far removed from features of
scientific significance, beyond a practical
walking range for a crew. Pressurized rovers
could tote equipment, such as drilling gear to
penetrate the Martian surface to moderate
depths. The ability to move a drill from
location to location would also be desirable.
Samples would be returned to the primary
habitat that’s equipped with a laboratory for
extensive analysis.

Not all crew members would trek across the
Martian landscape. There would always be
some portion of the crew in residence at the
habitat.

The NASA report observes that “a strong
motivating factor for the exploration of Mars is
the search for extraterrestrial life.” However,
the document goes on to explain that this
search could be permanently compromised if
explorers carry Earth life and inadvertently
contaminate the Martian environment.

Additionally, there is need to guard against the
remote possibilities that samples transferred
from Mars could support living organisms that
might reproduce on Earth and damage some
aspect of our biosphere. Avoiding both of these
eventualities is termed “planetary protection.”

One other point—and it’s a bit of a catch-22.
The fact is that human beings harbor large
microbial populations in and on their bodies,
and these microbes are constantly reproducing.
Even with advances in space suits and habitat

MapCHaHCKYIO MOBEPXHOCTh HA KOJECHOM
HCCIIeZIOBATEIbCKOM aMapaTe, CKakeM, B
TeueHHe HECKOJIbKUX HeJeJb, He BO3BPALLAsCh
B cpeny oburanus. [IporynuBarommmces
Mapcoxonam moTpedyercs 3aiuTa ot
panuanyy 1 IbUTH, 9TOOBI 0€30MaCHO
uccien0BaTh U paboTaTh HA MOBEPXHOCTH.

C omepaTHBHOMW TOUKHU 3pEHHS, TIEPBbIE JIOIH,
KOTOpBIE CTYIISAT B 30HY MPHU3EMJICHHsI HA
Mapce u B MeCTO OOUTAHUS, B LENISIX
0€30MacHOCTH OKa)KyTCsl Ha IIMPOKOH,
OTHOCHUTEJIBHO POBHOM, PACIOJIOKEHHON B
LeHTpe 00JacT. ITO O3HAYAET, OAHAKO, YTO
SKHUMAK U TPY3 MOTYT HAXOJUTHCS JAJEKO OT
0COOEHHOCTE, MMEIOIIUX HAy4YHOE 3HAYCHHE,
3a mpeseaaMu MPaKTHYECKON 10CATaeMOCTH
1151 SKUMaka. I epMeTHIHbIe MapCOXO/IbI
MOTJIH MePEBO3UTH 00OPYAOBAHUE, TAKOE KaK
OypoBoe o0opyoBaHue, ISl MPOHUKHOBEHHUS
Ha MapCHAHCKYIO IOBEPXHOCTh HA YMEPEHHbIE
riayOunbl. YKenaTenbHa Tak:ke BO3SMOXKHOCTD
nepeMeInaTh Apesib C MEeCTa Ha MeCTO.
O06pasubl OyayT BO3BpAIIEHbI B OCHOBHYIO
cpeny oburtaHus, 000PyIOBAHHYIO
naboparopueit At OOITUPHOTO aHATN3a.

He Bce useHbl sxunaxa OyayT
MyTeLIeCTBOBATh 10 MAPCHAHCKOMY
nannmadTy. B Mecte obutanus Bcerna Oyaet
HAaXOIMTHCS KaKasi-TO YacTh SKUMAXKA.

B otuére HACA oTmedaeTcsi, YTO «CHIIbHBIM
MOTHBHPYIOIIUM (PAKTOPOM ISl UCCIIIOBAHMS
Mapca siBsieTCsl MOUCK BHE3EMHOM JKU3HID.
OnHako fajee B JOKyMEHTE MOSICHAETCSI, YTO
STOT MOUCK MOKET OBbITh HABCErA
CKOMIIPOMETHPOBAH, €CJIH UCCIIeI0BATEIH
MPUHECYT 36MHYIO *KH3Hb U HEMpeTHaMePEeHHO
3arpsI3HAT MapCHAHCKYIO Cpenay.

Kpowme Toro, HeoOxoaumo npeaocTepeys OT
OTHANIEHHBIX BO3MOXKHOCTEN TOTO, UYTO
o0pasupbl, JocTaBJIeHHBIE ¢ Mapca, MOryT
MOAMIEPKUBATD KUBbIE OPTaHU3MBbI, KOTOPbIE
MOTYT Pa3MHOXKAThCsl HA 3eMJIe U HAHECTH
yiepd HEKOTOPBIM acIeKTaM Hallei
ounochepsl. M3beranne odenx 3Tux
BO3MOJKHOCTEH Ha3bIBAETCS «IIAHETApPHON
3aLUTON.

Eweé ogH MOMEHT — U 3TO YTO-TO BPOAE
yJAOBKHU-22. JIea0 B TOM, UTO JIFOU COIEPIKAT
OoJbIIMe MUKPOOHBIE MOMYJISILIAA BHYTPU U HA
TeJie, U 3TH MUKPOOBI ITOCTOSTHHO
pasMHOXkaroTcs. Jlaxxe ¢ JOCTHKEHUSMU B




construction, it appears impossible that all
human-associated activity on Mars would not
foul the Martian environment.

That prompts the rationale that human
missions should be sent only to sites where this
is tolerable. But that also means avoiding
astrobiologically interesting sites on Mars.
Once again, use of sterilized equipment,
operated either from a distant, crewed Mars
outpost or by astronauts posted at a Mars
moon, is likely to be necessary.

00JTaCTH KOCMUYECKUX CKadaHAPOB U
CTPOUTENBCTBA XKHUIIBIX TOMELIEHNH Ka)KeTcs
HEBO3MOXKHBIM, YTOOBI BCS I€ATENBHOCTD
yesnoBeka Ha Mapce He 3arpsizHsia
MapCHaHCKYIO Cpeny.

ITO MOACKA3BIBAET, YTO YEJIOBEUECKHE MUCCHU
ClielyeT OTIPABISTh TOJIBKO B MECTa, II€ 3TO
nonyctumo. Ho 310 Takke o3HayaeT uzderathb
acTPOOHOJIOrMYECKH MHTEPECHBIX MECT Ha
Mapce. OnsaTh ke, BEpOATHO, MOTpedyeTcs
HCIIOJIb30BAHUE CTEPUIM30BAHHOTO
0o0opynOBaHUs, YIIPABISIEMOTO JIUOO ¢
yIaNIEHHOTO MapCHAHCKOTO aBAHIIOCTA C
JKHIAKeM, THOO aCTPOHABTAMH,
OTIIPaBJEHHBIMU Ha JyHY Mapca.

Mars researchers Chris McKay and Carol
Stoker at NASA’s Ames Research Center,
along with Robert Haberle and Dale Andersen
of the SETI Institute, have long pondered a
science strategy for human exploration of
Mars. In their view the region containing the
Coprates Quadrangle and adjacent areas should
be the site of the first human base on Mars.
This region is festooned with volcanoes,
ancient cratered terrain, and numerous outflow
channels; it includes the NASA Viking 1
landing site. That spacecraft settled in on Mars
on July 20, 1976, and was the first attempt by
the United States at a robotic landing on the
red planet

Hccnenosarenu Mapca Kpuc Makkei u Kopon
Crokep u3 MccienosareabcKoro LeHTpa
Diimca HACA Bmecte ¢ Pobeprom Xabepiie u
Heitnom Aunepcenom us Mucruryra SETI yxe
IaBHO OOIyMBIBAIOT HAYYHYIO CTPATETHIO
uccienosanust Mapca uenosexom. ITo nx
MHEHHUIO, PETHOH, CONEp KA
yeTblpéxyronbHuk Komnpara u npuneratoimue
paiioHBI, JOJKEH ObITh MECTOM MEPBOH
yenoBeuecko 06a3sl Ha Mapce. ITOT perruoH
yCesiH BYJIKaHaMH, IPEBHENl MECTHOCTBIO C
KpaTepaMy 1 MHOTOYHCJIEHHBIMU OTBOJHBIMU
KaHAJIaMU, OH BKJIIOUYAET B ce0sl OCAI0UHYIO
wiomanky NASA Viking 1. Oror
KOCMHMYECKHH KOpaOJib MPU3EMIIUIICS Ha
Mapce 20 urona 1976 roga u cran nepsoi
nonbITKoM CoenuneHHbIx IlITaToB coBepnTh
pPOOOTH3NPOBAHHYIO MTOCAIKY Ha KPACHOM
IIJIAHETE.

The main base will occupy the Coprates
Quadrangle region, these scientists suggest,
and other reachable spots can be maintained as
remote field outposts. Orchestrated as an
“emplacement phase,” crews would survey the
landing site area to determine the state and
distribution of volatiles, especially water.
Martian atmospheric gases could be sucked
into machinery to supply breathable air for
crews, even for cranking out propellants for
launching vehicles from the surface of Mars.
Resource extraction units would be primed to
start stockpiling useful resources. Such
stockpiles can provide safety backup to
reserves a crew would bring from Earth,
supplementing what’s available for future
arrivals that make their way to Mars

ITH y4€HBIE MPEATIOIAraoT, YTO OCHOBHAS
6aza Oyzner 3aHuMathb peruon Komparckoro
YeThIPEXYTONIbHUKA, & APYTHE TOCTYITHBIE
MeCTa MOYKHO HCIIOJIb30BaTh B KAUECTBE
yIaJEHHBIX OJEBBIX ABAHIIOCTOB.
OpraHu30BaHHBIN KaK «3TaIl YCTAHOBKUY,
SKUMAaKU TOJDKHBI ObUTH 00CIeIOBaTh palioH
MIOCAI0YHOM IJIOIIAKY, YTOOBI ONPENETUTh
COCTOSIHHE H PacIIpelesIeHUe JIETyInX
BEIECTB, 0COOEHHO BOABI. MapCcuaHCKHue
aTMoc(epHbIe Ta3bl MOKHO OBLIO ObI
BCAChIBaTh B MAIITMHbBI, 4YTOOBI CHA0KATh
SKHIAXKH BO3AYXOM TS ABIXAHUS, AXKE IS
NPOM3BOJCTBA TOILIMBA IS 3aITyCKa
TPAHCIIOPTHBIX CPEACTB C TOBEPXHOCTH
Mapca. [lonpasnenenns no 1oOb4e pecypcoB
OyAyT rOTOBBI K HAKOTUICHUIO TOJE3HBIX




pecypcoB. Takue 3amacel MOTYT 00eCeuuTh
0€30MacHOCTh PE3ePBOB, KOTOPBIE SKHITAXK
MPUBE3ET ¢ 3€MJIH, IOTOJHSIS TO, UTO
JOOCTYIHO JJis OyAyIuX MpUOBIBAIOIINX HA
Mapc.

Deposit, No Return

3anor 6e3 Bo3BpaTa

Long-range thinking has begun on a Mars
Homestead Project, one that is identifying the
core technologies needed for an economical,
growing Mars Base built primarily with local
materials.

Bruce Mackenzie, co-founder and executive
director of the Mars Foundation of Reading,
Massachusetts, along with an active team of
like-minded individuals, has plotted out how to
build and operate the first permanent
settlement on Mars. Some locally derived
materials on Mars have been singled out for
initial settlement construction, like fiberglass,
metals, and masonry, either for unpressurized
shelter or covered with Martian regolith to
hold the pressurized volume. Polyethylene and
other polymers can be made from ethylene
extracted from Mars’s carbon dioxide-rich
atmosphere.

The ultimate goal of the project is to build a
growing, permanent settlement beyond Earth,
thus allowing civilization to spread beyond the
limits of our small planet.

Mackenzie explains there are subtle differences
in the technologies required for human
settlements on Mars, compared to preliminary
human exploration of the red planet.
Obviously, duration and reliability of life-
support systems is one such difference. So, too,
is the need for long-range surface mobility to
gain access to a variety of locations on the
planet. Lastly, building off experiences gained
from the International Space Station,
astronauts exploring Mars will need to
fabricate hydroponic growth labs where
vegetables can be grown. These crops will
provide Mars settlers with added nutrition and
variety.

JlonrocpodHoe MbILLIEHHE HAa4ajaoch C
npoekra Mars Homestead, koTopbrii
orpenessieT OCHOBHbIE TEXHOJIOTHH,
HEOOXOIUMBIE JIJIs1 5KOHOMUYHOM, pacTyIuen
6a3bl Mars, MOCTPOCHHOH B OCHOBHOM H3
MECTHBIX MaTepHaOB.

bproc MakkeH3H, cOydpeauTens U
UCTIONHUTENbHBIN nupekTop Mars Foundation
of Reading, mrat Maccauycerc, BMecTe C
AKTHUBHOW KOMaHION €JUHOMBILIIICHHUKOB
MpUIYyMalii, KaK MOCTPOUTD U YIIPABJISATD
NePBbIM NIOCTOSTHHBIM NOceNieHreM Ha Mapce.
HexoTtopble MaTepuaibl MECTHOTO
NPOMCXOKAEeHUs Ha Mapce OblH BEIOpaHbI
11l IEPBOHAYANIBbHOIO CTPOUTENLCTBA
NOCeNEeHNH, TaKhe KaKk CTEKJIOBOJIOKHO,
MEeTaJUIbl 1 KaMEHHas KJaKa, JTuOo st
HErepMETUYHOTO YKPBITHSA, JINOO MOKPBITHIE
MapCHAHCKUM PETOJIUTOM, YTOOBI Y€ KUBATh
o0beM nop nasieHueM. [lonmuaTuien u npyrue
MOJIUMEPBI MOKHO MTPOU3BOJUTD U3 3TUJIEHA,
u3BJIeUEHHOTO 13 atMochepsl Mapca, boraToii
YTJIEKHUCIIBIM [a30M.

KoneuHas 1ienb npoekta — MOCTPOUTH
pacTyiiee MOCTOSTHHOE MOCeNIeHUE 32
npenenaMu 3eMIIH, 4TO MO3BOJUT
LMBUJIM3ALUHN PACIIPOCTPAHUTHCS 32 MIPEEIbI
Hallell MaJICHbKOM IUIaHETHI.

MakkeH3H OOBSICHSET, YTO CYIIECTBYIOT
TOHKHE Pa3JIn4dusl B TEXHOJIOTHUSX,
HEOOXOIMMBIX JUIsI TOCEJICHUS JIF0IeH Ha
Mapce, 0 CpaBHEHHIO C IPEIBAPUTEIBHBIM
ucciaenoBanreM uyenosekoM Kpacnon
r1aHeTbl. O4eBUAHO, YTO OTHUM U3 TAKUX
OTJIMYMH SBJISETCS NOJTOBEUYHOCTb U
Ha/IE&KHOCTh CUCTEM Jkn3HeoOecneueHns. Tak
K€ KaK U MOTPeOHOCTh B JAIbHEH Ha3eMHON
MOOMJIBHOCTH, YTOOBI TIOTYyYUTh TOCTYII K
pasIMYHBIM MeCcTaM Ha ma”ete. Hakoner,
ONMPAsCh Ha OIBIT, NOJYUEHHBIN Ha
MexxnyHapOaHONH KOCMUYECKON CTaHLIUH,
acCTPOHABTHI, UccleAyole Mapc, TOKHBI
OyAyT NOCTPOUTD THIPOTIOHHBIE JTA0OPATOPUU
1T BBIPALLMBAHUS OBOLIEH. DTU KyJbTYpbl
obecrieyar nmoceneHnam Mapca
JOTIOJHUTEIBPHOE IUTAHKUE U pa3HooOpasue.




An initial goal of a settlement is to build up an
infrastructure at one location, Mackenzie
reported in 2012 at the 15th annual
International Mars Society Convention.
“Assuming the settlement is located near the
resources it needs, such as an ice deposit, we
only need mobility to get to those resources.

A variety of spare parts are needed for
exploration missions.

But a settlement should have manufacturing
facilities.

Since we can manufacture replacement parts,
fewer spare parts are needed.”

Mackenzie stressed that the mind-set of Mars
homesteaders versus those taking up short-term
residence there is completely different.
Explorers plan to return to their families and
Earth while settlers are there to start a new
community and new families. His research
conclusion is that there may be noteworthy
inefficiencies if we design systems only for
human exploration, only to later adapt those
systems for settlement. “We should not waste
resources developing equipment only used for
exploration—other than mobility systems.

It would be unfortunate if settlement were
delayed forever due to a perceived need to
develop technologies which are needed for
exploration ... but not needed for settlement,”
he suggested.

Those who take the “deposit, no return”
voyages to Mars can begin, I believe, to
ascertain what can be done in the way of
“terraforming” the red planet. That process
would alter the face of Mars, intentionally
changing its environment to make it a less
hostile, highly livable place for humans and to

[TepBoHauanbHas LEJb TOCETICHHSI — CO3JaTh
UHPPACTPYKTYPY B OTHOM MecTe, coodmia
Maxkkensu B 2012 roay Ha 15-M exxeroqHom
che3ne MexxIyHapOaHOTO MapCUAHCKOTO
obmectna. «[Ipeanonaras, 4To MOCeICHIE
HAXOAWUTCS PSAOM C HEOOX OMIMBIMU €My
pecypcaMu, TAKUMHU KaK 3aJIeKH JIbJia, HaM
HY>KHA TOJBKO MOOHJIBHOCTb, YTOOBI
n00paThCst IO TUX PECYPCOB.

Jl1st iicclienoBaTENbCKUX MUCCUH HEOOXOTHUMBI
Pa3UYHBIC 3aTIACHBIC YaCTH.

Ho B mocenenuu JOJISKHBI OBITD
MPOU3BOACTBEHHBIC MOIIIHOCTH.

[Tockonpky MbI MOKE€M NPOU3BOAUTD
3amacHbIe YaCTH, TPeOYeTCs] MeHbIIE 3aMacHbIX
qacTeny.

MakkeH3H MOAYEPKHYJI, YTO MHPOBO33PEHHUE
nocesieHLeB Ha Mapce U TeX, KTO BpEMEHHO
MPOKMBAET TaM, COBEPLICHHO Pa3HbIE.
HUccnenoBaTteny miaHUpyOT BEPHYTHCS K
CBOUM CEMbsIM 1 3eMJie, B TO BpeMsl Kak
NOCeJIeHLIbI Oy IyT TaM, YTOObI OCHOBATh HOBOE
coodmrecTBO U HOBBIE ceMbH. Ero
UCCIIe0BATEIbCKUI BBIBOJ COCTOUT B TOM, YTO
MOXeT OBITh 3aMeTHas1 Hed((PEKTUBHOCTB,
€CJIH MbI pa3pabaThiBaeM CUCTEMbI TOJBKO AJIS
UCCJIeZIOBAHHS YEJIOBEKOM, a 3aTeM
amanTUPyeM 3TH CUCTEMbI AJIsl PacCeNIeHHS.
«MBbI He TOJKHBI TPATUTh PECYPCHI HA
pa3paboTky 0O0pyAOBaHHUS, UCTIOIB3YEMOTO
TOJIBKO JJIs1 Pa3BEeKH, KPOME CHCTEM
MOOUJTBHOCTH.

Bbouto Obl mprcKOpOHO, e Obl 3aceneHne
OBLIO OTJIOKEHO HaBCErda m3-3a
npeznoiaraeMoi HeoOXOMUMOCTH pa3paboTKH
TeXHO.]'IOl"I/II\/'Ij KOTOpre HeO6XOI[I/IMbI JJIA
pa3BENKH... HO HE HYKHBI IS 3aCENIEHUS», —
TIPETOIOMKIIT OH.

51 monarato, 4TO T€, KTO OTIPABUTCS B
nyTellecTBre Ha Mapc Mo NpUHIUIY «3aJIoT,
0e3 BO3BpaTa», MOTYT Ha4aTh BBISICHSTD, UTO
MOYKHO CIIEJIaTh ISl «TeppadOpMUPOBAHIS
KpacHOM IJIaHeThl. DTOT NPOLeCC U3MEHUT
auuo Mapca, npeqHaMepeHHO U3MEHUB €ro
OKPY’KAFOIIVIO CPeNy, YTOOBI CAENATh €ro




support homesteading the planet. If feasible,
and being such a long-term initiative for those
on Mars, actions taken must be in concert with
informed opinion here on Earth. Specialists,
assessing data available, would advise on
projected enabling steps if terraforming is to
proceed.

The surface area of Mars is equivalent to the
land area of Earth. Once a human presence on
the red planet is established, a second home for
humankind is possible. A growing settlement
on Mars is, in essence, an “assurance” policy.
Not only is the survival of the human race then
assured, but the ability to reach from Mars into
the resource-rich bounty of the Martian
satellites and the nearby asteroids is also
possible. These invaluable resources can be
tapped to sustain increasing numbers of
Martian settlers, as well as to foster expanded
interplanetary commerce and large-scale
industrial activities to benefit the home
planet—Earth. Of course, some will insist on
building outer solar system cyclers as
humanity continues bounding into the universe
at large

MeHee BpaXXIeOHBbIM, TPUTOIHBIM JIJIs JKU3HH
MECTOM JJIs1 JII0AEH U NMOJAep KaTh 3acesleHue
r1aHeThl. Eciiy 3T0 BO3MOXKHO U sIBJIA€TCS
TaKOH JOJTOCPOYHON MHULIUATUBOM AJIs TEX,
KTO Ha Mapce, npeanpuHUMaeMble TeUCTBUS
JOJKHBI COTTIACOBBIBATHCS C
UH(POPMHUPOBAHHBIM MHEHHEM 3/1€Ch, HA
3emie. CenMaauCThl, OLIEHUBAS UMEIOIIUECS
TaHHbIE, MOTJIN ObI TOCOBETOBATH
IpearnoiaraeMble ark, eciu
teppadopmupoBaHue OyeT MPOAOTKEHO.
IInomwane noBepxHocT Mapca S5KBUBaJIEHTHA
rwiomany cymu 3emiu. Kak Tonbko
4eJI0BeYeCKOe IPUCYTCTBUE HA KpacHOMH
TutaHeTe OyieT yCTaHOBJICHO, CTAHET
BO3MOJKHBIM BTOPOM JIOM 151 HEJIOBEYECTBA.
Pactymee nocenenne Ha Mapce — 370, 1o
CYTH, MOJIMTUKA «rapaHTum». Torna He TOJIbKO
o0ecreYeHo BbIXKMBAHNE YEJIOBEYECKOM Pachl,
HO TaK’ke BO3MOKHA BO3MOXKHOCTb JOOPATHCS
¢ Mapca 1o OoraTeIx pecypcamMu MapCUaHCKUX
CIYTHHKOB 1 OJIM3JIeXKALTNX aCTePOUAOB. DTU
OecLieHHBIE PeCyPChl MOJKHO UCIIOIB30BATh
11 IOAZEPKKH PacTyLIero yucia
MapCHaHCKUX MOCEJIEHIIEB, a TaKXKe JJIs
Pa3BUTHUS MEXILIAHETHON TOPTOBIIU U
KPYIHOMACIITAaOHOW TTPOMBIIILIEHHOH
IesTeIbHOCTH Ha OJ1aro poAHOMH MIaHeThl —
3emin. KoHeuHo, HeKoTOpBIE OyayT
HAacTauBaTh Ha CTPOUTENLCTBE LIUKIIEPOB 32
npenenamMu COTHEUHOHN CUCTEMBI, TOCKOJIBKY
4eJI0BEYEeCTBO MPOAOJIKAET IIPOHUKATH BO
BceneHnnyro B nenom.

How Do We Do 1t?

Kak mbI ne1aem 31o?

Mars is key to humanity’s future in space. It is
the closest planet that has all the resources
needed to support life and technological
civilization. Its complexity uniquely demands
the skills of human explorers, who will pave
the way for human settlers.

These words are from Robert Zubrin, a

creative astronautical engineer and president of
the Mars Society, a group dedicated to further
the exploration and settlement of the planet
Mars. He is an energetic, effervescent, vocal,
and steadfast spokesperson for putting into
high gear what he terms the Mars Direct
approach—a sustained humans-to-Mars plan
that he has scripted.

Mapc sBI€TCS KIIFOUOM K OyAyIuemy
YeJI0BEYECTBA B KOCMOCE. JTO OynKaniast
IJIaHeTa, Ha KOTOPOH €CTh BCE PeCypcehl,
HEOOXOIUMBIE JJIs TOEPIKAHUS )KU3HU U
TEXHOJIOTHYECKON nuBuan3aunu. Ero
CJIO)KHOCTh OJTHO3HAYHO TpeOyeT HaBBIKOB
IO EH-UCCleoBaTeNeH, KOTOPbIE MPOJIOKAT
MyTh IS JTFOAEH-TIOCEJICHLIEB.

Otu cnosa npuHaanexat Pobepry 3yOpuny,
n300peTaTeNlbHOMY HHKEHEPY-aCTPOHABTHKY
U MPe3uICHTY MapcuaHcKoro ooiiecTna,
IPYIIMbL, 3aHUMAKOLIENCS TaIbHEHIIUMU
HCCJIEIOBAHMSIMU U 3aCEJIEeHUEM IJIaHEThI
Mapc. OH 3HepruyHbIi, HCKPOMETHBI,
KPaCHOPEUYUBBIN U HACTONYMBBIN
MpeACTaBUTENb TOTO, YTO MPUBOJUT B
JeCTBHE TO, YTO OH Ha3bIBAET MOAXOAOM




As author of the pioneering and highly detailed
book The Case for Mars: The Plan to Settle the
Red Planet and Why We Must, Zubrin
advocates a minimalist, live-off-the-land
approach to space exploration, allowing for
maximum results with minimum investment.
Although I differ with aspects of Mars
Direct—favoring use of cyclers, pre-placement
of Mars habitation modules via teleoperation
from Phobos—I applaud Zubrin’s spirited
nature that is part of a movement that is
hastening the day for human settlement of
Mars

Mars Direct — yCTOWYHBBIN MJIaH JOCTABKU
nroaeit Ha Mapc, KOTopsliid OH paspadoTait.
Kak aBTop HOBaTOpPCKO# U BECbMa MOAPOOHON
kHUTH «/leqo B monp3y Mapca: mian
3aceneHus KpacHoli miaHeTsl U MoueMy Mbl
IOJUKHBD 3yOPHH BBICTYIIAET 32
MUHUMAJIUCTCKUN MOIXO K UCCIEA0BAHUIO
KOCMOCAa, MO3BOJISIOITAN JOCTHIb
MaKCHMAaJIbHBIX PE3yJIbTaTOB MpU
MUHUMAaJIbHbBIX BJIOJKEHUSIX. .

XOTsl 51 He COTJIaCeH C HEKOTOPBIMU acleKTaMu
Mars Direct — MCIONIb30BaHUE ITUKJIEPOB,
MpeIBapPUTENbHOE Pa3MeLIeHHUE KUIIbIX
MonyJsei Ha Mapce ¢ OMOIIBIO
TeneynpasieHus: ¢ @odoca, — 51 IPUBETCTBYIO
SHEPTUYHBIN Xapaktep 3yOprHa, KOTOPBIH
SIBJISIETCS YaCThIO ABIDKEHUS, IPUOMIKAIOLIETO
JI€Hb 3acesieHust Mapca JroIbMu.

Zubrin’s blueprint for the red planet uses
existing launch technology and makes use of
the Martian atmosphere to generate rocket fuel,
extracting water from the Martian soil, and
eventually using the abundant mineral supplies
of Mars for construction purposes. As scripted,
the Zubrin plan drastically lowers the amount
of material that must be launched from Earth to
Mars. That’s a key factor to any practical plan
for Mars exploration and homesteading

[Tnan 3yOpuHa Asst KPACHOM TUIAHETHI
UCTIONB3YET CYIIECTBYIOLIYIO TEXHOJIOTHIO
3arycKa 1 UCTIOJIb3yeT MAPCUAHCKYIO
arMocdepy 1Jisl MPOU3BOACTBA PAKETHOTO
TOIIMBA, U3BJICYCHHA BOAbI U3 MApPCHUAHCKOI'O
I'PyHTAa U, B KOHCYHOM UTOIC, UCIIOJIb30OBAHUSA
OOMJIbHBIX MUHEPAJIbHBIX pecypcoB Mapca B
CTPOUTENbHBIX LiesisiX. COrIacHO CLEHAPHUIO,
rwiaH 3yOpHHa Pe3KO CHIKAET KOJIMYECTBO
Marepuaa, KOTOpblii HEOOXOAUMO 3ayCTUTh
¢ 3emuin Ha Mapc. 1o KiroueBoi pakTop ISt
JE00O0r0 MPAKTHYECKOTO MIaHA UCCIIeOBAHHSI
U 3aceneHus Mapca.

The general outline of Mars Direct is
straightforward, as outlined on the Mars
Society’s informative website,
WWWw.marssociety.org.

In the first year of implementation, an Earth
return vehicle (ERV) is launched to Mars,
arriving six months later. Upon landing on the
surface, a rover is deployed that contains the
nuclear reactors necessary to generate rocket
fuel for the return trip. After 13 months, a fully
fueled ERV will be sitting on the surface of
Mars.

During the next launch window, 26 months
after the ERV launches, two more craft are sent
up: a second ERV and a habitat module—
“hab” for short, which is the astronauts’ ship.
This time the ERV is sent on a low-power
trajectory, designed to arrive at Mars in eight
months—so that it can land at the same site as
the hab, in the event the first ERV experiences
any problems.

OO6mwuii Tutan Mars Direct mpocT, Kak yKa3aHO
Ha nHpOpPMAIIMOHHOM BeO-caiite Mars Society,
WWWw.marssociety.org.

B nepselii roxn peanusauun Ha Mapc
3amycKaeTcsl BO3BpallaeMblii ¢ 3eMiu anmnapar
(ERYV), koTophIii IpuOBIBAET YEepe3 MECTh
Mecsiues. Ilocne npuseminenus Ha
MOBEPXHOCTD Pa3BEPTHIBAETCSI MAPCOXO/,
KOTOPBIN COEPIKUT SIAEPHBIE PEAKTOPHI,
HEOOXOIMMBIE JIJIsl POU3BOACTBA PAKETHOTO
TorutHBa JyTst oOpaTHoro mytu. Yepes 13
MECSILIEB MOJHOCTBIO 3anpasyieHHblll ERV
Oynmer HaxOOUTBCS Ha MOBEPXHOCTH Mapca.
Bo Bpems crneayrolero cTapToBoro OkHa,
yepes 26 Mecsaues nocie 3anycka ERV,
OTMPABJISIFOTCS eié aBa kopabisi: Bropoit ERV
1 )KUJIOW MOAYJb — AJII KPATKOCTH «KUIIOW»,
TO €CTh KOpalJib acTpoHaBTOB. Ha 3TOT pas
ERYV ortnpasnsercs no MaJoMOLHON
TPAEKTOPUH, PACCUUTAHHON Ha MPUOBITHE HA
Mapc uepes3 BOCEMb MECSILIEB, YTOOBI OH MOT




Assuming that the first ERV works as planned,
the second ERV is landed at a different site,
thus opening up another area of Mars for
exploration by the next crew.

After a year and a half on the Martian surface,
the first crew returns to Earth, leaving behind
the hab, the rovers associated with it, and any
ongoing experiments conducted there. They
land on Earth six months later to a hero’s
welcome, with the next ERV/hab already on
course for the red planet.

With two launches during each launch
window—one ERV and one hab—more and
more of Mars will be ready for human
occupancy. Eventually multiple habs can be
sent to the same site and linked together,
allowing for the beginning of a permanent
human settlement on the planet Mars.

To explore these possibilities, the Mars Society
has been running simulated Mars missions in
order to test supply requirements, mission
hardware, and the ability of crew members to
work together under Mars-like settings. Over
the years, volunteers have peopled the
society’s Flashline Mars Arctic Research
Station, located on Devon Island in the
Canadian Arctic, and a Mars Desert Research
Station, set up near the southern Utah town of
Hanksville. Other outposts are in position in
the Australian outback and Iceland.

MIPU3EMIIUTBLCS B TOM XK€ MECTE, UTO U JKUJIOH
MOJIyJIb, B Cly4ae BOSHUKHOBEHHs ITPOOIIEM ¢
nepsbiM ERV.

[Ipennonaras, yro nepseiit ERV paboraer mo
nnany, sropoil ERV npusemnsercsa B npyrom
MecTe, TAKMM 00pa3oM OTKPBIBas €Ié OAHY
obacte Mapca i ucCiaeIoBaHus
cleAyrouel KOMaHaoM.

ITocne monyTopa neT npedbIBaHUs HA
MOBEPXHOCTU Mapca nepBblii SKUIaXK
BO3BpallaeTcsl Ha 3eMJII0, OCTaBUB XKHUJIOH J10M,
CBSI3aHHbIE C HUM MapCOXOJbl U BCE
MPOBOAMBINNECS TaM dkcriepuMeHTsl. [IlecTs
MECSILIEB CITyCTs] OHU MPU3EMIIIIOTCS Ha 3eMUle,
BCTpeuas repoes, a cienyrouuit ERV/xunoi
JIOM y>K€ HalpaBJisieTCsl K KpaCHOM IJIaHeTe.

C nByMmsl 3amyckaMu B TeYEHHE Ka)KIOro
crapToBoro okHa — ogHoro ERV u ognoro
JKUIOro — Bce Ooubine u Oonbine Mapca
OyZeT TOTOBO K 3aCeNEeHUI0 JII0IpMHU. B KOHIIE
KOHIIOB, HECKOJIBKO JKHJIBIX JIOMOB MOTYT OBITh
OTIIPaBJIEHbI B OJJHO U TO K€ MECTO U CBSI3aHBI
BMECTE, YTO [TO3BOJIUT HAYaTh TOCTOSIHHOE
MOCEJICHNE JIF0Iel Ha na”ere Mapc.

UToOBI U3yUUTH 3TH BO3MOKHOCTH,
Mapcuanckoe oOecTBO MPOBEIIO
CMOJZIEIUPOBAHHBIE MAPCUAHCKUE MUCCHH,
9TOOBI TPOBEPUTH TPEOOBAHUS K MTOCTABKAM,
o0opynoBaHNE MUCCHH U CLIOCOOHOCTD YJICHOB
SKUMaka padoTaTh BMECTe B MAPCUAHCKUX
ycnoBusix. Ha mpoTsKeHUH MHOTHX JIET
n00poBOIBIIBI paboTanu Ha MapcraHCKoH
APKTUYECKON HUCCIIENOBATEIbCKON CTAHIINI
Flashline, pacnionoskeHHoit Ha ocTpoBe JleBoH
B KaHAJCKON ApkKTuKe, 1 Ha Mapcuanckoi
MyCTBIHHOW HUCCIIEI0OBATENbCKON CTAaHLUU
HEJAJIEeKO OT ropoja X3HKCBUJLI Ha I0Te LITaTa
IOTa. JIpyrue aBaHNoOCTHI HAXOISATCS B
aBCTpaIMHCKON riyonHke u Mcnanann.

The Mars Society’s call to attract volunteers to
take part in simulated life on Mars scenarios is
as direct as Zubrin’s plan for settlement of the
far-off world: “Hard work, no pay, eternal
glory.”

Mars Society activists sense, as [ do, the
untapped reservoir of individuals who value
the psychology of becoming a pioneering
settler, ready to jump at the opportunity to
leave Earth and reside on the red planet.
History shows us that people are willing to risk
their lives for great exploits of exploration.

[Tpu3eiB Mapcuanckoro odmecTsa npuBieyb
TOOPOBOJIBLIEB K YUACTUIO B CLIEHAPHSIX
MOJIEJIMPOBaHMs KU3HU Ha Mapce CTob ke
NPSIMOJTMHEEH, KakK U IJ1aH 3yOpuHa 1o
3aCEJIeHUI0 JANEKOro mupa: « TskEnblil Tpy A,
HUKaKOH OIJIaThl, BEYHas CIaBay.
AKTUBUCTBI MapcuaHCKOro o0ImecTsa
YyBCTBYIOT, KaK U 5, HEUCIIOJIb30BaHHBIN
pe3epByap JIroAeH, KOTOPbIE LIEHAT
MICUXOJIOTHIO CTAHOBJIEHUsI HOBATOPCKUMU
MOCeJI€HI[aMH, TOTOBBIMU YXBaTUTHCSA 32
BO3MO)KHOCTb OKMHYTb 3€MJIIO U NTOCEJIUTHCS




Ha KpacHOH maHetre. Mctopus nmokasbiBaeT
HaM, 4YTO JIFOAU FOTOBbI PUCKOBATh CBOEH
JKU3HBIO Pajil BEJIMKUX MOJIBUTOB
UCCJIEIOBAHMSI.

Consider the founding of Jamestown in
Virginia or the Pilgrims setting foot in
Plymouth, Massachusetts—these were daring
one-way journeys that led to establishment of
permanent settlements.

Why, then, should the call of a New World
Mars settlement be any different?

Bosbpmute ocHoBanue JxeliMcTayHa B
Bupmxuanm v MUIUTPUMOB, CTYTTHBIINX B
[TnumyT, mraT Maccauycerc, — 3T0 OblLTu
CMellble MyTeIIeCTBUsl B OAMH KOHEL|, KOTOpbIe
MPUBENN K OCHOBAHUIO NMOCTOSTHHBIX
MOCEJICHUI.

ITouemy ke TOrAa NPU3bIB K NOCETIEHUIO
Hosoro Mupa Ha Mapce noykeH ObITh KaKUM-
TO Ipyrum?

Red Dragon: A Private Affair With Mars

KpacHblii ApaKkoH: JIMYHBIH POMAaH C
Mapcom

The reach for Mars need not be a governmental
event.

One private-sector plan is being led by Space
Exploration Technologies (SpaceX), a U.S.
commercial space firm birthed in June 2002 by
entrepreneur Elon Musk. He gained his
fortunes, in part, from co-founding and then
selling PayPal, the online money transfer and
payment system.

In May 2012 SpaceX made history when its
Dragon spacecraft flew atop the company’s
Falcon 9 booster to become the first
commercial vehicle to rendezvous with and
then attach to the International Space Station.
Dragon is a free-flying, reusable spacecraft
under NASA’s Commercial Orbital
Transportation Services program. This space
agency initiative was put in place to spearhead
the delivery of crew and cargo to the
International Space Station—but turning over
these tasks to private companies. The SpaceX
Dragon vehicle is made up of a pressurized
capsule and unpressurized trunk used for
transporting cargo and/or crew members to low
Earth orbit.

A restless billionaire, SpaceX’s Musk is
devoted to taking his Dragon creation to
extreme space, breaking away from the
confines of Earth. His target: Mars.

Hocruxxenrne Mapca He 00s3aTeNTbHO TOJIMKHO
OBITh TPABUTEIBCTBEHHBIM MEPOTIPHATHEM.
OnuH U3 MJIAHOB YaCTHOTO CEKTOpa
Bo3rapisieT Space Exploration Technologies
(SpaceX), amepukaHCKass KOMMEpUYeCKast
kocmu4eckast pupma, cosmanHasi B uroHe 2002
roga npeanpuHumareneM HMinonom Mackom.
YacTiuHO OH 3apaboTall CBOE COCTOSIHUE,
coyudpenus, a 3ateM npoxnas PayPal, onnaiin-
CUCTEMY JICHEXKHBIX MIEPEBOIOB U IIATEXEH.
B mae 2012 roga SpaceX Bolia B HICTOPHUIO,
Korma e€ kocMu4yeckuii kopadip Dragon
MOJIHSAJICS. HA BEPLIMHY PaKeTbI-HOCUTES
Falcon 9, craB mepBbIM KOMMEPUECKUM
TPaHCIOPTHBIM CPEACTBOM, KOTOpOe
commkaercs ¢ MexnyHapogHOH KOCMUYECKOH
CTaHLUEH, a 3aTeM PUKPEIUISETCS K HEH.
Dragon — 3T0 CBOOOAHO JIeTarO Ui
MHOT'OPa30BbIil KOCMHUYECKHI KOpalJb B
pamkax nporpammbl NASA Commercial
Orbital Transportation Services. Ota
WHHULAATHBA KOCMHUYECKOTO areHTCTBa OblIa
BBIIBUHYTA, YTOOBI BO3IJIABUTD TOCTABKY
SKHUMAaXa U rpy30B HA MexxnyHapOaHYIO
KOCMHUYECKYIO CTAHLUIO, HO Nlepeiaia 3T
3a1a4u 4acTHBIM KoMmnaHusM. Kopabib
SpaceX Dragon cocTOHUT U3 T€pMETUYHOI
KarcyJybl 1 HEre€pPMETUYHOTO OarakHHKa,
UCTIOJB3YEMBIX JUIS TIEPEBO3KH I'PY30B W/HIIN
YJIEHOB 3KHUIaka HA HU3KYI0 OKOJIO3EMHYIO
opbury.

Heyromonnsiit Mummnapaep Mack u3 SpaceX
noCBATHI ce0s1 TOMy, 4TOOBI BEIBECTH CBOE
TBOpeHue Dragon B 3kCTpeMasbHBIN KOCMOC,
OTOPBABIIUCH OT rpaHull 3emuu. Ero nenb:
Mapc.




Under a proposed SpaceX concept, dubbed
Red Dragon, the plan is to first send life-
looking scientific devices to the red planet
using his firm’s Falcon Heavy booster. That
mission would be followed in later years by
sending a human to Mars on a timetable far
faster than NASA’s. Helping to flesh out
technical details of the SpaceX Red Dragon
enterprise is a tiger team at NASA’s Ames
Research Center. They have been sketching out
use of the SpaceX craft to search for past or
present life on Mars and to sample reservoirs
of water ice known to exist in the shallow
subsurface of the red planet.

How this plan evolves over the next few years
deserves watching. For the moment, Musk is
passionate about the adventure and settlement
of Mars. Ultimately, it is vital, he says, that
humankind be on a path to becoming a
multiplanet species. If that human trajectory is
not pursued, he observes, “we’ll simply be
hanging out on Earth until some calamity
claims us.”

B cooTBeTcTBUM C NPEAIOKEHHON
KoHLenuuen SpaceX, nonyuuslIel Ha3BaHHe
«KpacHbli1 1pakOH», IJIAH COCTOUT B TOM,
9yTOOBI CHaYaja OTIIPABUTH HA KPACHYIO
IJIaHETy HayuHble YCTPONCTBA, BBIMIAAIINE
KaK JKHBbIE, C TOMOUIbIO PAKETbI-HOCHUTES
Falcon Heavy ero ¢upwmsl. 3a 3Tl MUCCHeH B
MOCJIEAYIOLINE TOIbI TOCJIeI0BaNa OTIIpaBKa
yesioBeKa Ha Mapc 1o pacnucaHuio, HAMHOTO
6osee OpicTpomy, yem y HACA. TTomorats
KOHKPETU3UPOBATh TEXHUYECKHE JeTalu
npeanpusitust SpaceX Red Dragon momoraer
KOMaH/a TUrpoB u3 Mccneaosarenbckoro
nenrpa Jiimca HACA. Onu HabpachIBarOT
TUTAHBI UCTIOJIb30BaHuUs Kopadust SpaceX st
MOMCKAa MPOLLION WM HACTOALLEH KU3HHU Ha
Mapce u aiis ordopa mpob pesepByapos
BOJISIHOT'O JIbJ1a, KOTOPbIE, KaK U3BECTHO,
CYIIECTBYIOT B HETTTyOOKHX HEApax KPacHON
IJTAHETHL

3a TeM, Kak 3TOT IUIaH OyJeT pa3BUBATHCA B
Te4YeHHE CIIEeYIOLINX HECKOIbKUX JIET, CTOUT
noHa0moaars. Ha nanubiil MomeHT Mack
yBJIEUEH NPUKIIOUEHUSIMH U 3aCeIeHHEM
Mapca. B koHEUHOM CUETE, MO €r0 CIOBAM,
JKU3HEHHO BaJKHO, YTOOBI 4E€JIOBEYECTBO
BCTAJIO Ha MyTb NPEBpaIleHus B
MHOTOIIaHeTHBIN BuA. OH OTMEYaeT, 4To €Cliu
HE MPOJIOJIKUTD 3Ty UEJIOBEUECKYIO
TPAEKTOPHIO, MBI POCTO OyI€M TOpUaTh HA
3emite, moka Kakoe-HUOyIb OeCTBUE HE
MOTJIOTUT HACy.

A Menagerie of Mars Machines

3BepHHel] MAPCHAHCKHUX MAIIHH

There are many ways to investigate Mars. A
full array of robotic vehicles could be
teleoperated by a crew orbiting the planet or
stationed on one of its two moons. These same
devices might also be deployed and operated
by landed crews to boost and expand their
exploration presence on the planet.

Remotely piloted Mars gliders and balloons
can take to the air. Ground-thumping
penetrators, deep-drilling robots, and slithering
android snakes could be let loose. Sensor-laden
tumbleweed-like vehicles can roll across the
planet like dandelions, propelled by Martian
breezes to scout about the terrain of Mars using
minimum power. Robot hoppers possibly will
Jjump from one spot to another ... and then
another—imbued with a “nose for science,”
say to use special devices able to sniff the
Martian air for traces of biologically produced

Ectp MHOTO ciocoboB rccienosates Mapc.
[Tonueiii Habop poOOTH3UPOBAHHBIX
TPAHCIIOPTHBIX CPEICTB MOKET YIIPABJIATHCS
SKUMAKEM Ha OpOUTE MIAHEThI WJI Ha OHOM
U3 IBYX €€ JIyH. JTH JKe yCTpOoiicTBa MOTYT
OBbITb pa3BEPHYTHI U UCTIOIb30BAHBI
MPU3EMITUBIIUMHUCS SKUTIAKAMU JIJIsI
YBEJMUYSHUST U PACILIUPEHHSI CBOETO
UCCIIe0BATEIbCKOTO MPUCYTCTBHUS HA
TUTAaHETE.

JIMCTaHLIMOHHO MUJIOTHPYEMble MapCUAHCKIE
TUIaHEePbl M BO3IYLIHbIE [IAPbl MOTYT
MOAHSATHCS B BO3AYX. MOJKHO OBLIO BBIMTYCTHTD
yIapsroIIye 1Mo 3eMIle TIEHETPATOPhL, pOOOTOB
Uit TTyOOKOTO OYpeHMs M CKOJIB3SLINX 3MEi-
anapounoB. Harpy:keHHble qaTynkamMu
TPAHCIIOPTHBIE CPEACTBA, MOXOXKUE HA
NepeKaTH-MoJie, MOT'YT KaTUTBCS TI0 ILIAHETE,
KaK OfYBAHYHKH, IPUBOAUMBIE B IBHIKCHUE




methane leaking from underground haunts of
microbes.

Early on, specially equipped, sterilized
automatons will be set to learn more about
water on modern Mars. And where there’s
water, there could be life.

Here is a sampling of inventive and equipment-
carrying machines—built to scout out Mars in
difficult terrain, hop across the planet from
spot to spot, plow into its surface, and even
take to the air:

» The Axel Rover System is a low-mass robot
that can rappel off cliffs and trek agilely over
steep landscape. It can look into canyons,
gullies, fissures, and craters. Axel can operate
both upside down and right side up and is built
to scoop up material for later analysis. By
using a tether, Axel unreels itself from an
anchor point, say from a larger lander or rover,
to perform daring descents where humans
would find such traverses difficult or too
dangerous.

* The Aerial Regional-scale Environmental
Survey of Mars (ARES) robot aircraft is able
to wing its way over Mars. Among its many
sky-high duties: Search for possible biogenic
gases and volcanic gases, measure the Martian
atmosphere, and scout out sites for sample-
return missions—even help identify spots to
land habitats for a future Mars base.

* The Tracing Habitability, Organics, and
Resources (THOR) project uses projectiles to
search out below-surface water ice that may
support underground microbial life. THOR
aims to use a direct-hit approach to blast out
material from beneath the surface of Mars—
material that will then be analyzed by an
orbiting observer craft.

* Nuclear-powered “hoppers” leap from one
Martian site to another, examining each locale.

MapCUAHCKUM OpH30M, 4TOOBI UCCIIEOBATH
MECTHOCTb Mapca, UCTIOJb3Ysl MUHUMAJIBHYIO
MOIITHOCTh. POOOTHI-TIPBITYHBI, BO3MOJKHO,
OyAyT mpbITaTh C OJHOTO MECTa Ha IPyroe... a
3aTeM M Ha IPyroe — HaAeNEHHbIE KHIOXOM Ha
HAyKy», CKaJK€M, UCIIOJIb30BATh CIIeIHAJIbHbBIC
yCTPOKNCTBA, CIOCOOHBIE BHIHIOXUBATH B
MapCHaHCKOM BO3IyXe ClIe/Ibl OMOJIOTHYECKH
MPOM3BENEHHOIO METAHA, MPOCAYNBAIOLIETOCS
U3 TIOA3EMHBIX OOUTAIUIL MHKPOOOB.
Brauane cnienmansHO 000pyIOBaHHBIE
CTEPHIIN30BAHHBIE ABTOMATHI OyAyT
yCTAHOBJIEHBI, YTOOBI Y3HATH OOJBIIE O BOAE
Ha coBpeMeHHOM Mapce. A rne ectb Bona, TaM
MOJKET OBITh U JKU3Hb.

Bot npumep n300peTaTenbHBIX U HECYIIUX
o0opynoBaHME MAIIUH, CO3MAHHBIX AJIsI
passenku Mapca B TpyIHONIPOXOAUMOMN
MECTHOCTH, MPBIKKOB I10 IJIAHETE C MeCTa Ha
MECTO, MPOHUKHOBEHUS Ha €€ MOBEPXHOCTh U
Jaxxe IMoabEMa B BOZAYX!

+ Axel Rover System — 310 poboT ¢ manoi
MacCCOM, KOTOPBIM MOXKET CIIyCKaThCS CO CKall
1 JIOBKO TMEPEMEINATHCS 110 KPYThIM CKIIOHAM.
OH MOXeT 3ariabIBaTh B KAHHOHBI, OBPAry,
TpewuHsbl 1 Kpateprl. Axel Mmoxker paboTath
KaK B MEPEBEPHYTOM, TaK M B MPABHIbHOM
MIOJIOXKEHUH | MpeHa3HaueH 11t coopa
MaTepHaia Juisl MOCIeIYOIEro aHajIn3a.
Hcnonb3ys Tpoc, AKCEnb OTMATBIBAETCS OT
OTIOPHOM TOYKH, CKaXkeM, OT OoJiee KPYITHOTO
MIOCaI0YHOTO MOJTYJISl T BE3AE€X0/a, YTOOBI
COBEpIIATh CMEJIbIE CITyCKH TaM, 7€ JIIOIU
cowWIH Obl TAKHE TPABEPChI TPYAHBIMH WK
CJINIIKOM OTIACHBIMH.

* PoOOTH3MpPOBaHHBIH JIE€TATENBHBIN armapar
pEeruoHaNbHOro MaciuTada aJist CCIeIOBaHUs
okpy:xatoteii cpenbl Mapca (ARES) cniocoben
neratb Haag Mapcom. Cpenu ero
MHOTOYHCIICHHBIX 3200JITaYHBIX 00S3aHHOCTEH:
MIOMCK BO3MOXKHBIX OHOT€HHBIX Ta30B U
BYJIKAHUYECKUX ra30B, U3MEPEHHUE
MapCHaHCKOH aTMoc(epr! U pa3BeaKa MeCT
IUTSE MACCUH TIO BO3BpaTy 00pa3ioB — Naxe
MIOMOIIb B ONPEAEIICHIH MECT JJISl BBICAJAKH Ha
3eMITI0 JTs1 Oyyinel MapCUaHCKON Oa3bl.

» [Ipoekt Tracing Habitability, Organics, and
Resources (THOR) ncronbe3yer cHapsiablI 115t
MIOUCKA TIOATIOBEPXHOCTHOTO BOISTHOTO JIbAA,
KOTOPBII MOXKET MOANEPKUBATDH MOA3EMHYIO
MukpoOHyro ku3Hb. THOR cTpemurcs




An armada of these jumping Mars vehicles
swiftly charts large stretches of the Martian
surface in just a few years. Hauling science
gear from point to point, each hopper sucks up
the carbon dioxide-rich Martian atmosphere
for use as propellant. On cue, stored heat from
a radioisotope power source hits the propellant
and shoots the hopper in an arcing path toward
a new landing area

HCIOJIb30BATh METO MPSMOro MOonafaaHus 1
BBIOpOCA MaTepuaa 13-1oj MOBEPXHOCTU
Mapca — MaTepuana, KOTOPBIH 3aTeM Oyaer
NPOAHAIN3UPOBAH OPOUTAIBHBIM annapaToM-
HabroaTenem.

* SlnepHble «IPBITYHBD) NPBITAIOT C OJHOTO
MapCHaHCKOIO y4acTKa Ha Jpyroi, uccuenys
Ka)k70€ MecTo. ApMaja 3TUX MPbIraroLINX
MapCHaHCKMX amllapaToB BCErO 32 HECKOJIbKO
net OBICTPO HAHOCHUT Ha KapTy OoJbIIne
y4aCTKH MapCUaHCKON MOBEPXHOCTH.
[TepeBo3st HayuHOE OOOPYIOBAHUE U3 TOYKH B
TOUKY, K&KAbII OyHKep BcachlBaeT OOraTyro
YTJIEKUCIIBIM Ta30M MAapPCHAHCKYIO aTMOchepy
11l UCTIONBb30BaHUs B KauecTse ToruuBsa. I1o
CUTHAJly HAaKOIUIEHHOE TEIIO OT
PanlON30TONHOIO UCTOUHHKA SHEPTUU
MOMAaJAeT B PAKETHOE TOIUIUBO U CTPEJISIET B
OyHKep Mo Ayre K HOBOH MOCaA0YHON
TJIOLIAJIKE.

On the Books: MAVEN and InSight

O xnurax: MAVEN u InSight

At NASA and elsewhere, sending future
robotic missions to Mars remains a cash-
strapped activity. However, two NASA
spacecraft have been funded to depart Earth for
Mars in 2013 and in 2016, respectively. One is
an orbiter, the other a lander, and both will add
to our reservoir of knowledge about the Mars
of the past and how the planet fits into our
future.

The Mars Atmosphere and Volatile EvolutioN
(MAVEN) mission is designed to survey the
planet’s upper atmosphere, ionosphere, and
interactions with the sun and solar wind. The
goal of MAVEN is to unravel the role that loss
of atmospheric gas to space played in changing
the Martian climate through time. Where did
the atmosphere—and the water—go?
Basically, this orbiter is to probe how Mars
turned hostile.

B HACA u npyrux opraHusanusix OTIpaBka
Oyaymux poOOTH3NPOBAHHBIX MUCCHIA HA
Mapc ocTaércs Oe3aeHeKHON NeITeTbHOCTBIO.
Tem He MeHee, IBa KOCMUYECKUX KOpadis
HACA 6put1 npoiHaHCHUPOBAHBI IS
otnpasku ¢ 3emau Ha Mapc B 2013 u 2016
rofiax cCoOOTBETCTBEHHO. OnuH —
opOUTANBHBIN anmapar, APyrol —
CIyCKaeMBbIi anmapart, 1 00a MOMOJHST Halll
3amac 3HaHui 0 Mapce npouuoro u 0 TOM, Kak
3Ta MJIAHETa BIHCHIBAETCS B Halle Oyayruee.
Muccust Mars Atmosphere and Volatile
EvolutioN (MAVEN) npennasHaueHa s
HCCIIEIOBAHMS BEPXHUX CJIOEB aTMOC(hEPHI
TUTAHETBI, NOHOC(EPDI U B3AUMOAECHCTBUS C
COJIHLIEM U COJNHEYHbIM BeTpoMm. Llens
MAVEN — BBIICHUTD, KaKyI0 POJb ChIrpaia
noTepst aTMOC(EpHOro ra3a B KOCMOCE B
M3MEHEHUH MapCHaHCKOro KJIumMarta ¢
TeueHneM BpeMenn. Kyna nenmce armochepa
u Boga? Ilo cytu, 3ToT OpOUTANBHBIN anmapar
JOJDKEH HccieoBaTh, kak Mapc cran
BpaXXICOHBIM.

In circling the red planet, MAVEN’s sensor
suite will determine the loss of volatile
compounds—such as carbon dioxide, nitrogen
dioxide, and water—from the Mars
atmosphere. That inquiry will give scientists a
way to look back into the history of Mars’s
atmosphere and climate, gauge its liquid water
status, and disclose just how the planet appears

Obneras kpacHyIO IIaHeTy, HAOOp TaTYNKOB
MAVEN ormnpenenuT noTepro JeTy4ux
COEIMHEHUH, TAKUX KaK JBYOKHUCH YIIepoaa,
IBYOKHCH a30Ta U BOJa, U3 atMochepsl Mapca.
JTO uccneaoBaHue AacT YUEHbIM
BO3MOXKHOCTD 3arjisiHyTb B UCTOPUIO
arMoceps! 1 k1uMaTa Mapca, OLIeHUTh
COCTOsIHUE }KHHKOﬁ BOJbI U BbEICHUTD, TOUEMY




to have become increasingly inhospitable for
life.

Selected in August 2012, NASA’s InSight
mission to Mars is scheduled for departure
from Earth in 2016. InSight’s snappy name
stands for Interior Exploration using Seismic
Investigations, Geodesy and Heat Transport—
and that says it all. InSight will get to the
“core” of the nature of the interior and
structure of Mars.

Is the core of Mars solid, or liquid like Earth’s?
Data collected will help scientists understand
better how terrestrial planets form and evolve.
Carrying sophisticated geophysical gear,
InSight will delve beneath the surface of Mars,
detecting the fingerprints of the processes of
terrestrial planet formation, as well as
measuring the planet’s “pulse” (seismology),
“temperature” (heat flow probe), and
“reflexes” (precision tracking).

Once on Mars, this craft will take the heartbeat
and vital signs of the red planet for an entire
Martian year, two Earth years.

Drilling underneath the red Martian topsoil,
InSight makes use of a stake called the Tractor
Mole, within which an internal hammer rises
and falls, moving the stake down in the soil
and dragging a tether along behind it. The
German-built mole will descend up to 16 feet
below the surface, where its temperature
sensors will judge how much heat is coming
from Mars’s interior, and that reveals the
planet’s thermal history

IUTAHETa CTAHOBUTCS BCE Ooee
HETOCTENPUUMHON JJIST JKU3HU.

Otobpannas B aBrycre 2012 rona
mapcuanckas muccust HACA InSight nomxaa
cTapToBath ¢ 3emuu B 2016 roay. Peskoe
Ha3BaHue InSight pacmmgposbiBaeTcs kak
«BHyTpenHee uccnenoBaHue ¢
HCIOJIb30BAHUEM CEHCMHUYECKHUX
HCCIIEIOBAHMIA, T€0JIE3UH U MEPEHOCA TeTlIay
— 1 3TUM Bce ckazaHo. InSight nobepercs no
«cepauay mpupoasl Heap U cTpoeHust Mapca.
SBnsercsa nu sapo Mapca TBEpABIM UIH
KuakuMm, kak y 3emun? CobpaHHbIe JaHHBIE
MIOMOTYT YUYEHBIM JIy4IIe TIOHATh, KaK
(bOopMHUPYIOTCS U Pa3BUBAIOTCS TUIAHETHI
3emHol rpynmbl. O0J1anas CIoKHBIM
reopusuaeckum obopynosanueMm, InSight
OynmeT KomaThCs IO MOBEPXHOCTHI0 Mapca,
OOHapy KUBasi CIENbI MPOLIECCOB
(bopMHUPOBaHUS 3€MHBIX IIJTAHET, & TAKKE
U3MeEPSIsl ITyJIbC» TUTAHETHI (CEHCMOIOTHs),
«TeMrnepaTypy» (30HI TEIJIOBOTO MOTOKA) U
«pedekcb». (TOYHOE OTCIIEKUBAHUE).
Oxazasumch Ha Mapce, 5ToT kopabinb Oyner
U3MEPATh CepALeONeHNE U KU3HEHHbIE
MOKa3aTe N KPACHOH IJIAHETHI B TEUEHHE
BCEr0 MapCHUAHCKOTO rofia, ABYX 3€MHBIX JIET.
Bypst mox KpacHbIM MapCHAHCKUM BEPXHUM
cnoeM nouBel, InSight HCroNb3yeT KONbIeK
nop Ha3BaHueM Tractor Mole, BHyTpu
KOTOPOT'O MIOAHUMAETCS U OIYCKAETCsI
BHYTPEHHHUH MOJIOT, IepeMeInasi KOJbILIEK B
MOYBY M BOJIOYA 3a coOoi Tpoc. [locTpoeHHbIH
B ['epMaHUM KPOT OMyCTUTCS HA TIYOUHY 110
16 ¢pyTOB MO MOBEPXHOCTD, TAE €ro JaTYUKU
TEeMIepaTypsl OyayT ONPeneisTh, CKOJIbKO
Teria UICXOOUT U3 Heap Mapca, u 310
PACKPBIBAET TEIJIOBYIO HCTOPHIO TIAHETHL

The InSight lander is outfitted with a
seismometer to take precise measurements of
quakes and other internal activity on Mars.
Radio signals sent between InSight and Earth
will allow researchers to precisely gauge the
wobble of Mars, a technique to judge the
distribution of the red planet’s internal
structures and better grasp how the planet is
built.

IMocanounsrit Moaynb InSight ocHamen
CeliCMOMETPOM AJIs1 TOUHBIX U3MEPEHUH
3eMJIETPACEHUI U IPYroil BHYTPEHHEH
akTUBHOCTH Ha Mapce. Pagnocursanel,
nepenaBaeMble Mexxny InSight u 3emneii,
MO3BOJIAT UCCIIEA0BATENSIM TOYHO U3MEPUTD
xoneOaHne Mapca, MeToz, O3BOJISIOII I
OLIEHUTH paclpefeseHre BHYyTPEHHUX
CTPYKTYP KpacHOH IJIaHETHI U Jy4lle MOHSTD,
KaK yCTPOCHA IUIAHETA.

Building the Escalator to Mars

MonTax 3ckanaTropa Ha Mapc

My approach for homesteading Mars is via the
Purdue/Aldrin Cycler. First of all, keep in mind
two terms when considering this transportation

Moii noaxoa k noceneHnro Mapca — depes
Purdue/Aldrin Cycler. ITpexne Bcero, umeirite
B BUJly 1Ba TEPMHHA [PU PACCMOTPEHUH 3TON




system: There are cycler trajectories and cycler
vehicles.

I have long admired and worked with James
Longuski, professor of aeronautics and
astronautics at Purdue University. Along with
his colleagues, we have forged ways to launch
a substantially large vehicle that would provide
radiation shielding and spacious quarters in
order to guarantee the safety and comfort of
outbound-to-Mars and inbound-to-Earth
astronaut crews.

Cycler trajectories are the paths that cycler
vehicles travel on. In many ways, they can be
thought of as the highways on which space
vehicles travel. Cycler trajectories are routes
used over and over again on paths around the
sun. These trajectories are identified by using
the laws of celestial mechanics—essentially
Newton’s laws.

Interestingly, to create 21st-century sustainable
space transportation architecture I’'m counting
on laws of motion compiled by Sir Isaac
Newton in his work Philosophiae Naturalis
Principia Mathematica, first published in 1687.
Newton’s laws of motion have led to a trio of
physical laws that form the basis for celestial
mechanics. They describe the relationship
between the forces acting on a body and its
motion due to those forces. My cycler design
depends on these principles.

TPAHCIIOPTHOH CUCTEMBI. CYIIECTBYIOT
LUKJIMYECKHE TPACKTOPUHU U LUKIMIECKUE
TPAHCIIOPTHBIE CPENCTBA.

S naBHO BOCXUIIAKOCH U padoTaro ¢
Jxeiimcom Jlonrycku, npogeccopom
A3POHABTUKHU M aCTPOHABTUKU B Y HUBEPCHUTETE
Ilepnero. Bmecte ¢ ero xoseramu Mbl
pa3pabotanu criocoObl 3amycka TOCTaATOYHO
KPYIHOTO KOpabiisi, KOTOPBIH obecrednt Obl
pamualMOHHYIO 3aIUTY U IPOCTOPHBIE
MOMEIIEeHUS, YTOOBI TaPaHTHUPOBATH
6e30macHOCTb U KOM(MOPT JJIs SKHUIAXKEH
aCTPOHABTOB, OTIPABJISIOIIMXCS HA Mapc u
NpUOBIBAIOIINX HA 3EMITIO.

Iukmuueckye TPaeKTOPHU — 3TO MYyTH, 110
KOTOPBIM JIBHKYTCS LIUKITHYECKUE
TPaHCIIOPTHBIE cpencTBa. Bo MHOTHX
OTHOIIEHHSX X MOXKHO PacCMaTpPUBATh KaK
MarucTpay, O KOTOPBIM MyTEIECTBYIOT
KOCMHYecKHe anmnaparsl. L{ukmudeckne
TPAEKTOPUH — HTO MAPIIPYTHI, HCIIOIb3YEMbIE
CHOBa U CHOBa Ha NyTsAX BoKpyr ConHua. tH
TPAEKTOPUH OMPEAEISIOTCS ¢ TOMOIIBIO
3aKOHOB HEOECHOI MEXaHUKH — T10 CYTH,
3akOHOB HBIOTOHA.

HutepecHO, 4TO A5 CO3aHNUs yCTOMYUBOU
APXUTEKTYPbl KOCMUYECKOTrO TpaHcnoprta 21-
'O BeKa s PACCUUTHIBAIO HA 3aKOHBI IBIKEHHS,
copmynupoBaHHbie capoM Hcaakom
Heroronom B ero pabore «Philosophiae
Naturalis Principia Mathematica», BiepBbie
onyOnukoBaHHOU B 1687 roay. 3akoHbI
nBrkeHUs1 HproTOHA pUBEH K TPEM
($u3nIeCKUM 3aKOHAM, KOTOPbIE COCTABIISIIOT
OCHOBY HeOecHOM MexaHuku. OHU OMHUCHIBAIOT
CBSI3b MEXKIY CHJIAMH, TEHCTBYIOLUMH Ha
TEJIO, U €0 JBHKEHUEM IO/ IEHCTBHUEM STHX
cuin. Mol au3aiiH IuKiIepa OCHOBAH Ha 3THX
NPUHIUTAX.

The Aldrin Cycler is a cycler trajectory that
travels around the sun, making close flybys of
Earth and Mars, a trajectory that takes 2 1/7
years to complete and then repeats every
succeeding 2 1/7 years. If a vehicle is
launched into the Aldrin Cycler trajectory, it
would continuously shuttle between the two
planets forever, without requiring a significant
amount of propellant to keep on track.

The cycler vehicle does not stop when it flies
by Earth. The astronauts have to board a small
but speedy space taxi that catches up with the
cycler.

Aldrin Cycler — 3T0 nuknn4eckas
TPaeKTOpHs, KOTOPasi IBUXKETCSI BOKPYT
ConHua, coBepinast Onu3kue 00JaeThl 3eMTH |
Mapca, Tpaekropusi, KoTopas 3aHumaet 2 1/7
rojia, a 3aTeM IOBTOPSIETCS KaKIble
nocnenytomtue 2 1/7 rona. Eciu TpancmopTHOe
CpeACTBO OyIeT 3amyIeHo 10 TPACKTOPHUHU
Onpnpuna Luknepa, oHO OyeT HenpepbIBHO
KypCHUPOBaTh MEXAY ABYMsI IJIaHETAMU BEYHO,
He TpeOysl 3HAYUTEIHHOTO KOJHYECTBA
TOTUTNBA, YTOOBI YAEPIKUBATH KYPC.
Iuxnuyeckoe TpaHCIIOPTHOE CPEACTBO HE
OCTaHABJIMBAETCS], KOI/1a IPOJIETAET MUMO




3emnu. ACTpOHaBTaM MPEACTOUT CECTh Ha
MaJIeHbKO€, HO OBICTPOE KOCMUYECKOE TAKCH,
KOTOpOE JIOTOHSIET BEJIOCUTIETNCTA.

The cycler is like a bus that repeats its route
over and over, but never stops. As a future
space traveler you’ll have to run fast to catch
up and get on the bus!

But once the astronauts are on the cycler
vehicle, they can relax and enjoy the ride to
Mars. When they arrive at Mars they must
board a small vehicle that makes a fiery entry
into the atmosphere of Mars. If the astronauts
do not get off at Mars, then they will travel
back to Earth, getting off years after they first
left Earth.

By using the Aldrin Cycler trajectory it takes
less than 6 months to get to Mars. However,
any astronaut not disembarking at Mars would
spend 20 more months getting back to Earth.
My Purdue University associates have
identified Aldrin Cycler trajectories that make
a short trip—6 months—to Earth from Mars,
and a long trip—20 months—to go from Earth
to Mars.

Benocunenuct nonoden aBrodycy, KOTOPBIN
MIOBTOPSIET CBOM MapIIpyT CHOBA U CHOBA, HO
HUKOTITIa He ocTaHaBnuBaeTcs. Kak Oymymuii
KOCMHMYECKHH MyTEIIeCTBEHHHUK, BaM IPUAETCS
ObICTpO OexkaTh, YTOOBI JOTHATH U CECTh B
aBToOyc!

Ho kax TONbKO acTpOHABTHI OKAXKYTCS B
LUKJIEPe, OHU CMOTYT PacClabUThCs U
HacJaauThes noesakon Ha Mapce. Korna onu
npuOBIBAIOT Ha Mapc, OHM JOJKHBI CECTh HA
HeOONBIION KOpalJb, KOTOPBIA BXOINT B
armocepy Mapca. Ecnu actpoHaBTHI He
colimyT Ha Mapce, TO OHU OTIPABATCS OOPATHO
Ha 3eMJTI0, COMSL CIyCTsI OBl MOCTIE TOTO,
KaK BIIEpBbI€ MOKUHYJIU 3EMIIIO.

IIpu ncnonpzoBanuu Tpackropun Aldrin
Cycler nyth 10 Mapca 3aHuMaet MeHee 6
mecsueB. OnHako ar000H acTpOHABT, He
BbICaquBLINIiCs HA Mapce, notpaTtut euié 20
MecsLIEB, YTOOBI BEPHYTHCS Ha 3eMit0. Mou
koyteru u3 Y HuBepcuterta llepapio
onpenenuin Tpaekropun Onnpuna Llukiepa,
KOTOpBIE COBEPIIAIOT KOPOTKOE My TELIECTBHE
— 6 MecsiieB — Ha 3emutto ¢ Mapca u gonroe
nyTteuiectsre — 20 MecsiLieB — ¢ 3eMJIM Ha
Mapc.

Therefore, a complete Earth-to-Mars human
transportation system would include two cycler
vehicles, one using the “outbound” or “up
escalator” trajectory to get to Mars and the
other using the “inbound” or “down escalator”
trajectory.

Once these cycler vehicles are built and placed
in orbit about the sun, they will continue to
freely travel back and forth. Propellant will be
required, however, now and then, to keep the
Aldrin Cycler going—but the cost of refueling
is not prohibitive.

Takxum 0Opa3om, MoJHAsT CUCTEMA
TPaHCIIOPTUPOBKH 4eJioBeka ¢ 3emin Ha Mapc
Oyner BKJIFOUaTh B ceOsl 1Ba LIUKIMYECKHX
TPAHCIOPTHBIX CPEICTB, OJJHO U3 KOTOPBIX
OyneT UCTOoNb30BaTh TPAEKTOPHIO
KUCXOJSIIEro» HITH «ICKANATOpa BBEPX»,
4yTr0o0bI 1OOpaThes 10 Mapca, a apyroe —
TPAEKTOPHIO KBXOASILIETO» WM «3CKAIaTOPa
BHH3Y.

Kak TOJbKO 3TH LHUKIMYECKHE TPAHCTIIOPTHBIE
cpencrsa OyyT MOCTPOEHBI M pa3MeLleHbl Ha
opbure Bokpyr ConHua, onu OyayT
NPOJOJIKATh CBOOOIHO MyTELIECTBOBATh TyAa
u 00parHo. OHAKO BpeMsi OT BPEMEHH ISt
nonaepskanusi padotel Aldrin Cycler
notpedyeTcsi TOIIMBO, HO CTOMMOCTh
J03aNPaBKH HE SIBJIIETCS HETOMEPHO BBICOKOII.

What are the biggest challenges?

The Aldrin Cycler requires very high
rendezvous velocities at both Earth and
Mars—typically 6 kilometers a second (over
13,400 miles an hour) at Earth and as high as
10 kilometers a second (22,370 miles an hour),

KaxoBel cambie OosbIme mpodieMbr?

Aldrin Cycler TpeOyeT 04eHb BBICOKHX
CKOpOCTei cONMMKeHns Kak Ha 3eMJie, Tak U Ha
Mapce — 0OBIMHO 6 KIJIOMETPOB B CEKYHIY
(Oonee 13 400 muub B yac) Ha 3emute u 10 10
KUJIOMETPOB B CeKyHAY (22 370 Muib B 4ac)




or more, at Mars. Those speeds make it very
difficult for the space taxis to catch up. Think
of it this way: If a bus were going 5 miles an
hour, riders could easily jump on, but not if the
speed was 50 miles an hour!

i 6onee Ha Mapce. M3-3a Takix cKOpocTeit
KOCMHUYECKHM TaKCH OY€Hb TPYAHO IOTHATh
ux. [logymaiite 00 3TOM Tak: eciu Obl aBTOOYC
€XaJl CO CKOPOCTBIO 5 MHJIb B HacC, MaCCAKUPBI
MOTJIH OBl JIETKO 3aIpbITHYTh HA HETO, HO He
npu ckopoctu 50 MuIib B yac!

Can anything be done about the high
rendezvous speeds? Yes.

My Aldrin Cycler idea has inspired the search
for other Earth-Mars cycler concepts. For
example, there are “low-thrust” cyclers that use
electrical propulsion to reduce the approach
speeds. There are also “four-vehicle” cyclers
that take years to complete their trajectories.
Then there are powered three-synodic-period
cyclers that require three cycler vehicles. There
is even a one-vehicle cycler.

All of these new cyclers are spin-offs of my
original Aldrin Cycler thinking, and all have
much lower flyby velocities. Each has its
advantages and disadvantages. As always,
economics is a factor as more vehicles mean
more cost. Overall, powered and low-thrust
cyclers will demand advancements in
propulsion technologies—but this type of
progress is well within reach.

So, how shall we go to Mars?

The best, most effective way is still under
intensive review. But I’m happy to report that
the Purdue/Aldrin Cycler and its offspring will
continue to be an important mission design
concept in the future development of an Earth-
Mars transportation system for human space
travel.

MOKHO JI1 9TO-TO CENATh C BBICOKUMU
ckopocTtsimu pannesy? Jla.

Most unest uuknepa OnnpruHa BIOXHOBWIA HA
MOUCK APYruX KOHLENINI [uKia 3emis-Mapc.
Hanpumep, eCTb LUKIIEPBI C <MAJION TATON»,
KOTOPBIE UCTIOJIB3YIOT 3JIEKTPUUECKYIO TSTY
IUTSL CHYDKEHUSI CKOPOCTU TpuOmkeHus. Ectb
TaKKe IUKJIEPBI C KY€THIPbMSI TPAHCITIOPTHBIMHU
CpeIACTBaMU», KOTOPBIM TPeOYIOTCS TOMBI,
9YTOOBI 3aBEPIINTH CBOK TPACKTOPHIO. 3aTEM
€CThb LIUKJIEPBI C TPEMSI CHHOANYECKUMU
MEePUOAAMH, IJIT KOTOPBIX TpeOyeTcs Tpu
TPAHCIIOPTHBIX cpeacTra. ECTh gaske Lukiep ¢
OIHUM TPAHCIIOPTHBIM CPEACTBOM.

Bce 5Tu HOBBIE IIUKJIEPHI SBJISTIOTCS
MPOAYKTAMU OPUTHHABHOTO 3aMbiciia Aldrin
Cycler, u Bce oHM nMeroT ropasno donee
HU3KHE CKOPOCTH MOJNETA. Y KaKIOTrO eCTh
CBOU IpeuMylIecTBa 1 HepocTtaTku. Kak
BCET7Ia, BAYKHBIM (PAKTOPOM SIBJISIETCSI
SKOHOMHKA, TIOCKOJIbKY YeM OOJIbIIe
ABTOMOOMJIEH, TEM BBIIIE CTOUMOCTE. B
L[E€JIOM, LIMKJIEPBI C ABUTATENIEM U MAJION TAroil
noTpeOYIOT TOCTHKEHHI B ABUTATEIILHBIX
TEXHOJIOTHSIX, HO 3TOT THII ITPOrpecca BIIOJTHE
TOCTHKUM.

Hrak, kak Mbl oTripaBuMcst Ha Mapc?
Jlyammit u Hanbonee 3¢ peKTUBHBIN CIOCOO
BCE €I¢ HAXOAUTCS B CTAUH UHTEHCHBHOTO
paccmoTtpennst. Ho st pax cooOImuTh, 4To
Purdue/Aldrin Cycler u ero motomku OynyT
MO-TIPEKHEMY OCTaBAThCS BAYKHOMN
KOHIIETIHEH MPOSKTUPOBAHKSI MHUCCUU B
Oyayuieit pa3paboTke TPaHCIIOPTHON CUCTEMBI
3emusa-Mapc 1t MAJIOTUPYEMBIX
KOCMHUYECKHX MYyTEIIeCTBHIA.
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8 I'opx npoTpyoua

Humanity is destined to explore, settle, and
expand outward into the universe.

But doing so urgently requires a rekindling of
America’s space program. A Unified Space
Vision can ignite a new wave of support and
participation in the United States and
elsewhere. This is a spot-on space trek of
inspiration, one that can impel youth to engage

UYenosedyecTBy Cy>KAEHO HCCIENOBATD,
CEJINTHCA U pacUIUpAThCs BO BeeneHnyto.

Ho nust aTOrO cpouHO TpebyeTrcst BO3pOXKIeHUE
AMEPUKAHCKON KOCMUYECKON MPOrpaMMBbl.
Enunoe xocMuueckoe npeaBuaeHNIe MOXKET
BBI3BATh HOBYIO BOJIHY MOJAEPKKU U YHaCTUs
B Coenunénnbix lllTaTax u Apyrux crpaHax.
ITO KOCMHYECKOE MyTeIIeCTBUE AJIs




in science, technology, engineering, and math.
Younger readers have probably heard their
parents or grandparents say: “The world is
yours.” I want to take it one step further and
say: “The worlds are yours.”

When [ was a young person, I wasn’t the only
one in the neighborhood who looked upward
and dreamed about going to the moon or
stepping onto other planets. | was a reader of
science fiction. At that moment in time, no one
had traveled into space. Everyone, including
me, had to bank on imagination to conjure up
ways to make those dreams come true.

To the younger reader, Will you be one of the
first people to walk on Mars? You could even
be among the first human settlers to colonize
that planet. There are out-of-this-world things
to accomplish—all fostered by the ability to
reach for places that no one has ever reached
for in the past.

Earth 1sn’t the only world for us anymore.

The space voyages beyond our Earth over the
next 25 years will also motivate the next wave
of technology entrepreneurs. This search for
new horizons will enhance America’s global
leadership and encourage international
cooperation among spacefaring nations.
Homesteading our solar system is a reach
outward to what lies beyond—and beyond to
the stars.

I was deeply saddened by the passing of my
good friend, and space exploration companion,
Neil Armstrong, in 2012. As Neil, Mike
Collins, and I trained together for our
momentous Apollo 11 expedition, we knew of
the technical challenges we faced as well as of
the magnitude and weighty implications of that
historic journey. We will now always be
connected as the crew of the Apollo 11 mission
to the moon in 1969. Yet for the many millions
who witnessed that remarkable achievement
for humankind, we were not alone. An
estimated 600 million people back on Earth, at
that time the largest television audience in
history, watched Neil and me walk on the
moon.

BIOXHOBEHHSI, KOTOPOE MOXKET MOOYINUTh
MOJIOAEXKD 3aHUMAThCS] HAYKOM,
TEXHOJIOTUSIMU, UHXXEHEPUEN U MaTEMAaTUKOM.
Munaamue yuTaTenu, BEPOATHO, CIbILIANN, KaK
uX poauTeny, 0adyIIKH U AeOYLIKH TOBOPHIIH:
«Mup npuHagiexxut sam». A xody caenartb
ewué OUH 1Iar U ckasaTh. «Mupsl
MIPUHAJJIEKAT Bamy.

Korpa s1 Ob11 MOJIOABIM YEJIOBEKOM, s OBLT HE
€IMHCTBEHHBIM B OKpPYyTe, KTO CMOTpEJ BBEPX
U MeuTaj OTHPaBUThCA Ha JIyHY WM CTYNUTh
Ha Apyrue miaHeTsl. S ObuT ynTaTenem
Hay4YHOU (haHTacCTUKHU. B TO BpeMsi HUKTO He
Jeran B kocMoc. Beewm, BKITIOUYas MEHs,
MPUXOAMIIOCH TIOJIaraTbCsl Ha BOOOpaXKeHHUE,
9YTOOBI MPUIYMBIBATh CIIOCOOBI BOTUIOTUTD 3TH
MEYTBI B PEATIbHOCTD.

Jinsa mnaamero yurarens: Oyaere i Bbl
OJIHUM U3 MEPBBIX JIFOJEH, CTYNUBIIUX Ha
Mapc? Bel gaske MOKeTe CTaTh OHUM M3
MEPBBIX MOCETICHUEB, KOJTOHU3UPOBABIIUX 3Ty
niaHeTy. ECTb He3eMHBIE BEelH, KOTOpPbIE
HY>KHO COBEpPILIUTD, U BCE OHU MOAKPETIEHBI
CHOCOOHOCTBIO IOCTUTATh MECT, KyJa HUKTO
HUKOT[a HEe JOCTUTAJl B POLLJIOM.

3emutst Oosblie HE €AMHCTBEHHBIN MUP JJISI
Hac.

Kocmuueckue nmyTemecTsus 3a Npeaesbl
Halel 3eMJId B TeUE€HUeE CIEeAYIOLUX 25 neT
Takke OyAyT MOTHBUPOBATH CIEAYIOLIYIO
BOJIHY TEXHOJIOTHUECKUX NMPEANPUHUMATENEH.
OTOT NOUCK HOBBIX TOPU30HTOB YKPEIUT
MHPOBOE JINAEPCTBO AMEPUKH 1 OyaeT
CHOCOOCTBOBATh MEXKTyHAPOIHOMY
COTPYAHUYECTBY MEXIY KOCMUYECKUMU
JEep:KaBaMHu.

OObycTtpoticTBo Hameit COTHEYHOH CUCTEMBbI
— 5TO BBIXOJ BOBHE, K TOMY, YTO JICJKUT 34 €€
npenesaMu — U 3a IpeaeIamu 3BE3.

A 6611 rayO0oKO OnevanseH KOHYMHON MOETo
XOpOUIEro APyra v HalmapHHUKa Mo
uccienosanuo kocMoca Huna ApMcrponra B
2012 roay. Korna Hun, Maiik Konnuns u s
BMECTE TOTOBHJIMCH K HAIIEMy CyAbOOHOCHOMY
SKCIeMUIN « ATIOJUTOH-1 1», MBI Tak ke 3HAITH
O TEXHUYECKUX MPobIIeMax, ¢ KOTOPBIMH MBI
CTOJIKHYJIUCh. KaK MacIITa0bl U BECOMBIE
MOCJIEICTBHSI 3TOrO HCTOPUUECKOTO
nyTemecTsus. Temnepb Mbl Bceraa Oynem
CBSI3aHbI KaK SKMUIAX MUCCUU «AMOIoH-11»
nonéry Ha JIyny B 1969 rony. Tem He menee,
CpelH MHOTHUX MUJIJIMOHOB JIFOEH, CTABIINX




Whenever I gaze at the moon, I feel like 'm in
a time machine. I am back to that precious
pinpoint of time, nearly 45 years ago, when
Neil and I stood on the forbidding, yet
beautiful, Sea of Tranquillity. We both looked
upward at our shining, blue planet Earth,
poised in the darkness of space. I now know
that even though we were farther away from
Earth than two humans had ever been, we were
simply the spearhead of a community of
participants. Virtually the entire world took
that unforgettable journey with us.

CBUJAETENSIMU 3TOTr0 3aMe4aTeNIbHOTO JJIst
YeJI0OBEUECTBA JOCTIIKEHHSI, MbI OBUTH He
onuHoku. [IpubnusurensHo 600 MUITHOHOB
4eJloBeK Ha 3emMJie, Ha TOT MOMEHT camasi
Ooublas TeIeBU3NOHHAS Ay AUTOPHUS B
UCTOPUH, CMOTpeNH, kak Mbl ¢ Hunom rynsem
no Jlyne.

Bcsikuii pas, xorga st cMoTpro Ha Jlyny, s
4yBCTBYIO, YTO HAX0XKYCh B MalllHE BPEMEHU.
51 BepHyJICs B Ty IparoleHHy0 TOUKY
BPEMEHH, NOYTH 45 JIeT Ha3a], KOra Mbl C
Hunowm crosinu Ha 3arpeTHOM, HO IIPEKPACHOM
Mope CnokoiictBust. MbI 06a cMoTpenu
BBEPX, HA HAIY CHSIFOINYIO TOJyOYIO TUTaHETY
3emurst, OaNaHCHPYIOLIYIO BO MpakKe KOCMOCA.
Terneps s 3HAKO, YTO XOTS MbI OBLTH JAJNBIIE OT
3emn, yeM ABa YesloBeKa Korma-audo ObuH,
MbI OBUTH TIPOCTO aBAHTAPIOM COO0IIECTBA
ydacTHUKOB. [IpakTuuecku Becb Mup
COBEPIIMII 3TO HE3a0bIBAEMOE My TEIIECTBUE
BMECTE C HAMU.

With Neil’s death, I was joined by many
millions of others from around the world in a
global mourning for the passing of a true
American hero and the best pilot I ever knew.
It had never come to my mind that our Apollo
11 mission commander might be the first of us
to pass.

My friend Neil took the small step but giant
leap that changed the world, and he will
forever be remembered as the person who
represented a seminal moment in human
history.

I had truly hoped that on July 20, 2019, Neil,
Mike, and I would be commemorating the 50th
anniversary of our moon landing. Regrettably,
this is not to be. Neil will most certainly be
there with us in spirit. Surely, if we had all
been together, we would have collectively
supported the continued expansion of humanity
into space. Our small mission that was Apollo
11 helps make that possible. But like our
fellow citizens and people from around world,
we all will miss this foremost aviation and
space pioneer.

Neil did not see Apollo 11 as an ending.
Rather, he saw our touchdown at Tranquillity
Base as a first small step for humankind into
the cosmos. He was truly a gifted engineer,
consummate astronaut, and leader. Yes, he was
soft-spoken and reserved, advocating quietly
for space exploration from behind the scenes.

Co cmepThio Huma ko MHE NpHUCOeIUHUIINCD
MHOI'M€ MUJJIMOHBI APYTUX JIFOJEH CO BCEro
MHpPa, KOTOPBIE OMJIAKUBAIA KOHUUHY
HACTOSILIIEr0 AMEPUKAHCKOIO repost U JIy4LIero
MIJIOTa, KOTOPOTO 51 KOraa-anoo 3Hain. MHe
HUKOT[a HE MPUXOIUJIO B FOJIOBY, YTO Hall
KOMaHJIUP MUCCUHU «ATOJIJIOH-11» Moker
OKa3aTbCsl MEPBBIM U3 HAC.

Moii npyr Hun caenan ManeHbKUH, HO
TMTaHTCKUN CKa4OK, U3MEHUBIIUN MUD, U €T0
HABCErA 3alIOMHSAT KaK 4eJIOBEKa,
MPEACTaBUBLIErO 3HAMEHATENbHBIM MOMEHT B
HUCTOPHH YEJIOBEYECTBA.

51 uckpenne nagesncs, uro 20 uronsa 2019 roga
Hun, Maiik u s1 6ynem ormeuars S0-netue
Hauell Beicanku Ha Jlyny. K coxanenuto,
sTOMy He ObLTO He cyskaeHo. [lyx Huna
HaBcerna Oyzner ¢ Hamu. KoHedHo, eciii Obl MbI
BCe ObLTH BMeCTe, Mbl Obl KOJUIEKTUBHO
MOAJEPKAIH JATbHEHITYIO SKCIAHCHIO
yeyoBeyecTBa B kKocMoc. Hamma HeOombInas
MHCCHS1, KOTOPO# Obl1 Anojuton-11, moMoraer
cAenaTth 3TO BO3MOXHBIM. HO, kak 1 Hammm
COrpakJaHaM M JIFOJsIM CO BCErO MUPA, BCEM
HaM OyZeT He XBaTaTh 3TOrO BBIAAIOIIETOCS
MUOHEPA aBUALUU U KOCMOHABTHUKH.

Hun ne Bunen B «Anossione-11» xonen.
Cxopee, OH paccMaTpuBall Hallly [IOCaJAKy Ha
basze CriokoiicTBUs Kak NepBbIi MaleHbKUM
mar yeynopeuecTsa B kocMoc. OH Obu1
MOMCTUHE OJAPEHHBIM UHXKEHEPOM,




He didn’t seek fame or honor for the work that
he knew so many others had done to make our
moon landing achievable.

May Neil’s vision for our human destiny in
space be his legacy. As he once observed, there
are still “places to go beyond belief.”

We both expressed that sentiment during
periodic visits to the White House, where we
discussed U.S. space policy with a succession
of Presidents. Conversation in some cases
turned to where the next step into the future
should lie: Return to the moon or on to Mars?
For me, Mars. Neil disagreed. He thought that
the moon had more to teach us before we
pressed onward to other challenges. Still, while
we disagreed at times on that next destination
and how best to get there, we were both
resolute and shared a common belief: America
must lead in space.

Neil’s passing was also a time to reflect on
those who gave their lives in pursuit of making
real the dream of space exploration: the
astronauts of Apollo 1 and of the space shuttle
orbiters Challenger and Columbia. We can
honor them all—and the U.S. President who
set in motion the moon-landing challenge
before the country—by renewing our
commitment and resolve to space exploration,
and pursue it with the same fortitude and
durable commitment to excellence that was
personified by Neil Armstrong

HENpPEeB30HIEHHBIM KOCMOHABTOM U JINJIEPOM.
Ja, oH ObUT TUXHM U CEPIKAHHBIM, TUXO PaTysi
3a OCBOEHME KocMoca U3-3a KyJauc. OH He
WCKAJI CJIABBI WJIM MTOYETA 32 PabOTy, KOTOPYIO,
KaK OH 3HaJI, MPpojieNali MHOTHE JpyTHe,
9yTOoOBI CAeNaTh HAIlly BBICAKY Ha JIyHy
JOCTHKUMOM.

Ilycte npensunenne Huna namei
YeJI0BEUECKOH CyabObl B KOCMOCE CTAHET €ro
HacnenueMm. Kak oH ofiHaX bl 3aMETHII, €CTh
ele «MeCTa, KOTOPbIE HEBO3MOXKHO
MIPEACTaBUTDY.

Mp1 00a BeIpakasid 3TO MHEHUE BO BpEeMsI
MEePUOANYECKUX BU3UTOB B benblil oM, rae
MBI O0CYKaJTH KOCMHYECKYIO MOJUTHKY
CHIA c gepenoii npe3uaeHTos. Pasrosop B
HEKOTOPBIX CIy4asx CBOAWICA K TOMY, T1e
TOJDKEH JISKATh CIeNyoIui mar B Oyyiee:
BepHYThCs Ha JIyHy wiu Ha Mapc? [ mens
Mapc. Hun se cornacuncsa. OH nymai, 4To
JlyHa MO’keT HayuuTh Hac OONbLIEMY, TIPEXKIEe
YeM MbI PUCTYITUM K PELICHUIO PYTUX 3a4ad.
Tem He MeHee, XOTsI Mbl BpeMsl OT BpeMEeH!U
PacXOIMIUCh BO MHEHUSX OTHOCHUTEIBHO
CJIEYIOIero MyHKTa Ha3HAuY€HUs U TOro, Kak
JIy4Ille BCEro Tyaa A00paThes, Mbl 00a ObuIH
MIOJTHBI PEIIMMOCTH H pa3Aessuiu odiee
ybexxaeHne: AMepuka J0/KHA JTUIHPOBAThH B
KOCMOCE.

Konunna Huna crana Takxe BpeMeHeM, YTOOBI
MOyMaTh O T€X, KTO OTJaJ CBOH JKU3HU B
MIOrOHE 32 OCYIIECTBJICHUEM MEYThI 00
OCBOEHHMHU KOCMOca: 00 acTpoHaBTax
«AnosnoHa-1» U KOCMUYEeCKHUX LIaTTJIOB
«Yemnenmxep» u «Komymous». Mbl MokeM
MOYTHUTh UX BCeX — U npe3uaeHTa CLIA,
MOCTaBUBLIErO MEPEA CTPAHOH 3a1auy
BbICAAKH Ha JIyHY, — BO300OHOBHB HaIly
MPUBEPKEHHOCTDb U PELIMMOCTb OCBOEHUIO
KOCMOCA U TPOJIOJIKAsl €ro C TOM K€ CUIION
IyXa U HEU3MEHHOH NPUBEP>KEHHOCTbIO
COBEpPLIEHCTBY, KOTOPYIO onuueTBopsn Hu.
ApMCTpPOHT

Continue the Journey

IIpoxo/zKuM NyTemecTBHe

My call is to the next generation of space
explorers and their leaders. It is now time to
continue that journey, outward past the moon.
The three of us on Apollo 11 traversed the
blackness and vacuum of space to win a
peaceful race with a very capable competitor,
the former Soviet Union. Apollo 11 was, at its
core, about leadership. A young American

51 obOpammaroce K clenyoIeMy HOKOJISCHUIO
uccienoBaresael KocMoca 1 UX JHAepaM.
Hacrasno Bpemst npoOKUTE 3TO MyTeLIeCTBHE
3a npenensl JIyHsl

Me1 BTpoéMm Ha «AnosioHe-11» npeononenu
TbMY U BaKyyM KOCMOCa, YTOOBI BEIUTPATh
MHUPHYIO TOHKY C OY€Hb JOCTOHHBIM
conepHukoM, ObiBIINM CoBercknM Corozom. B




President challenged himself—and all of us—
to think daringly and not withdraw from a
shared vision of what we could do in space.
The path that John F. Kennedy motivated us to
choose was, indeed, not easy. In truth, it was
very hard and audacious in scope. But it served
the betterment of America, and ultimately
contributed to ending the Cold War.

It was an honor and privilege to be a part of the
Apollo 11 mission and share in that pinnacle
moment within the U.S. space program. There
arc those who look back at that time and ask,
What did it mean that America was first on the
moon? The right question to ask, however, is,
What can America do now to build upon that
accomplishment decades ago?

OCHOBe «ATmoioHa-11» nexano TuaepcTBo.
Monoaoi aMepuKaHCKUN NPEe3UAEHT MOCTaBUI
nepen coOoi U BCEMU HAMHU 337a4y MBICIHTD
CMEJIO U HE OTCTYIaTh OT O0LIero
MpeIBUIEHHS TOrO, YTO Mbl MOKEM CJlleNIaTh B
kocMoce. I1yTh, Ha KOTOpPBINH HAC MOTUBUPOBAJ
Jlxon @. Kennenu, nelCTBUTENBHO ObLT
HerpocTeiM. [1o mpaBae roBopsi, 3To OBLIO
OUYEHb TSKEJIO U Aep3Ko no pasmaxy. Ho sto
MOCJTY KUJIO YIYUIIEHUIO AMEPUKH U B
KOHEYHOM HTOre CIIOCOOCTBOBAJIO
MPEKPALEHUIO XOJOIHON BONHBL

Jlnst MeHst OBUIO YeCThIO U PUBUIICTHEN
y4acTBOBaTb B MUCCUM «ATONIOH-11» u
y4acTBOBAaTh B 3TOM anoree KOCMUYECKON
nporpammel CIITA. EcTb Te, KTO orsiibiBaeTcs
Ha TO BpEMs U 3aAa€TCsI BOPOCOM: 4TO
03Hay4aJIo TO, YTO AMepuKa NepBoil Okaszanach
Ha Jlyne? OnHako npaBUiIbHBIN BONPOC
3aKJII0YAeTCs B CIEAYIOIIEeM: YTO AMepuka
MOXET CIeNaTh ceiiuac, YToObl pa3BUTh TO
IOCTIDKEHUE, KOTOpOe ObIIO JOCTHTHYTO
HECKOJIbKO AECITUJIETHI Hazan?

Apollo 11 was rooted in exploration, about
taking risks for great rewards in science and
engineering, about setting an ambitious goal
before the world—and then finding the
political will and national means to achieve it.
Even today the voyages of Apollo seem
incredibly bold. Looking back at that time, we
are continually stirred by the enormity of the
endeavor, one that was energized by the
teaming efforts of people from all walks of life,
from industries big and small, who worked in
tandem to attain a long-term goal of
magnificent achievement.

The crew of Apollo 11 was backed by
hundreds of thousands of American workers,
the greatest can-do team ever assembled on the
face of Earth. That team was composed of
scientists and engineers, metallurgists and
meteorologists, policymakers and flight
directors, navigators and suit testers, and those
on the shop floor, such as the seamstresses who
stitched the 21 layers of fabric for each
custom-tailored space suit. They devoted their
lives and professional energies, minds and
hearts, to our mission and to the other Apollo
expeditions. Those Americans embraced
commitment and quality to surmount the
unknowns with us.

All of these lessons are worth learning anew

«Anonon-11» ObLT OCHOBAaH Ha
HCCJICIOBAHMSIX, HA PUCKE PaId BEJIUKUX
NOCTUKEHUH B HAyKe U TEXHUKE, HA
MOCTAHOBKE aMOUIIMO3HOH 1eJTN TIepes] MUPOM,
a 3aTeEM Ha MOHCKE ITOJIUTUYECKON BOIN U
HALMOHAJIBHBIX CPENCTB JJIsl €€ TOCTUIKEHUS.
Jaxe ceroasst myTewmecTsysi ATOJIJIOHA
KQKyTCsl HEBEPOSITHO CMeNbIMU. OTJIsAbIBAsCh
Ha3aJl B TO BPEMsI, MbI IOCTOSTHHO MOPAYXKaeMCs
IPaHIUO3HOCTH 3TOTO MPEANPUSITHS, KOTOPOE
OBLJIO BBI3BAHO COBMECTHBIMH YCHITUSIMU
JIIOIEH 13 BCEX CIIOEB 00LIeCTBa, U3 OOJIBIINX
U MaJIbIX OTpaciiel, KOTopble paboTau B
TaHJIEME JJIs1 TOCTHIKEHUS JOJITOCPOUHON
LIEJIU. BEJIUKOJIEHIHOTO JOCTHIXKEHHS.

Dxunax «Anosiona-11» nognepxkusanu
COTHH THICSY AMEPUKAHCKUX PabOUUX, 3TO
ObLTa camasi CHJIbHAsI KOMaHIa, Korna-iuoo
coOupasiasicss Ha 3emyie. JTa KOMaHaa
COCTOsIJIa U3 YYEHBIX U HHKEHEPOB,
METAJUTyPrOB U METE€OPOJIOTOB, TTOJIUTUKOB U
PYKOBOJIMTEINEH MONETOB, INTYPMAHOB U
ucneiTaTeNel ckadaHapoB, a TAKKE TEX, KTO
paboTan B 11exy, Harpumep, HIBeH, KOTOpbIe
cmmBaiau 21 ¢a0¥ TKaH! ISl KayKIoro
CIIIMTOTO Ha 3aKa3 KOCMUYECKOro ckadaHpa.
OHU NOCBATUIIA CBOK) JKU3Hb U
poeCCHOHATTBHYIO SHEPTHUIO, MBI U CepALa
HaIled MUCCUH U JIPYTUM SKCIICIUIISIM




today. Yes, we live in difficult times. We face
these challenges together.

I believe that valiant strides forward in space
not only reflect our country’s greatness, but
summon us to make discoveries that, in turn,
improve our lives on Earth. I also sense that
national leadership and a coming together of
the American people are the ingredients that
make overcoming obstacles possible. Apollo
11 is a symbol of what a great nation—and a
great people—can do if we work hard, work
together, motivated by strong leaders with
vision and resolve.

What Apollo 11 means to us today is realizing
the dream of exploration by way of
determination—and it is a message we need to
carry forward into our future.

My vision for our space future is founded on
the Apollo tradition. But this time, there is no
moon race. Rather, I see the moon as a true
stepping-stone to more stimulating and
habitable destinations. The moon should act as
a new global commons for all nations as we
venture outward to Mars for America’s future!
It is not outside our reach.

That future is already being cultivated as U.S.
space entrepreneurs are opening up the space
ways to tourism for hundreds of ordinary
individuals. This future I envision builds upon
the International Space Station, which should
become an orbiting research center for all
nations—including India, China, and other
countries that aim to explore space.

It is a future in which we travel to Earth’s orbit
aboard new reusable spacecraft, successors to
the now retired space shuttle fleet. These are
multipurpose international and commercial
ships capable of runway landings and
supporting an assortment of space duties.

Amonyiona. T aMepUKaHIIbI B3sUTH Ha ce0st
00513aTENIbCTBO U KA4eCTBO, YTOOBI BMECTE C
HaMH MPe010JIeBaTh HEU3BECTHOCTb.

Bce 3Tu ypoku CTOUT 3aHOBO BBIYYMTb
ceronss. [la, Mbl )KUBEM B TpyAHbIE BpeMeHa.
Mp1 petraeM 3TH poOJIeMBbl BMECTE.

A cuuraro, 4To 1OOIECTHBIE MOPHIBBI B KOCMOC
HE TOJIbKO OTPa’karoT BeJIUYHE Halllel CTPaHbI,
HO U TIPU3BIBAIOT HAC K OTKPBITUSIM, KOTOPBIE,
B CBOIO O4epe/ib, YIy4IlaroT Hally )KU3Hb Ha
3emiie. S Takke 4yBCTBYIO, YTO HALMOHAJIBHOE
JUIEPCTBO U OOBEIUHEHNE aMEPHKAHCKOTO
HapoAa sABISAIOTCS COCTABISAIOIINMU, KOTOPbIE
JIeNar0T BO3MOXXHBIM IIPEOAOTICHHE
NpensTCTBUN. « AnosioH-11» — 3To cuMBoOn
TOrO0, Ha YTO CIIOCOOHA BEJIMKAs HALUS U
BEJINKHIA HAPOI, €CITH MBI OyIeM yCepIHO
pabotarth, paboTaTh BMECTE, MOTUBHPOBAHHBIE
CUJIbHBIMU JINJIEPAMU C TIPEABUACHUEM U
PELINMOCTBIO.

Ceronus ans Hac «AnosioH-11» o3Havaer
pean3aIHio MeUTHl 00 HCCIIETOBAHIH
MOCPEACTBOM PELIMMOCTH — U 3TO MOCJIaHHUE,
KOTOpOE HaM HY’)KHO HECTH B Oyay1uee.

Moé npeaBuaeHNEe HALIETO KOCMUYECKOrO
OyayIero OCHOBaHO Ha TPAAULIUU ATIOJIJIOHA.
Ho na sToT pa3 nynHoii ronku HeT. Ckopee, s
paccMmatpuBaro JIyHy Kak HaCTOSIIYIO
CTYNEHbKY K O0Jiee CTUMYJITHPYIOIINUM H
MIPUTOHBIM IS KU3HU MecTaM. JIyHa nomkHa
CTaTh HOBBIM IJIOOATBHBIM JOCTOSIHUEM IS
BCEX HaLlMM, KOrja Mbl OTIIpaBiisieMcs Ha Mapc
panu Oynymero Amepuku! ITO He BHE HalleH
JOCATaeMOCTH.

3o Oyayuiee yke KyJIbTHBHPYETCS,
MOCKOJIbKY KOCMHYECKHE MPEeANPUHUMATENN
CIIIA oTKpBIBatOT KOCMUYECKHE MTyTH AJIs
TypHU3Ma JIJIsl COTeH OOBIYHBIX JIIOeH. ITO
Oyay1uee, KOTOPOE 51 BIKY, OCHOBAHO Ha
MexxnyHapOaHONH KOCMUYECKON CTaHLIUH,
KOTOpasi AOJDKHA CTaTh OpOUTAIIBHBIM
HCCJIEZIOBATENbCKUM LIEHTPOM JIJIsl BCEX CTPaH,
BKiro4ast Muauro, Kuraii u npyrue crpassi,
CTpeMsiLIuecs] UCCIeA0BaTh KOCMOC.

Jto Oyayuiee, B KOTOPOM MbI Iy TEIIECTBYEM
no opbure 3emun Ha OOPTY HOBBIX
MHOT'OPa30BbIX KOCMHYECKHX KOpabiei,
NPEEMHHUKOB HbIHE yCTapeBIIero ¢guora
KOCMHUYECKHMX YEeJTHOKOB. JTO MHOIOLIEeIEBbIE
MEKIYHApOIHbIE U KOMMEpUYECKHe Kopaduy,
CIIOCOOHBIE MPU3EMITATHCS Ha B3JIETHO-
MOCAJOYHYIO MOJIOCY U BBINOJHATD pa3JIndHbIe




KOCMHYCCKHEC 3ada"n.

The space station is the ideal test bed for long-
duration life support. We must use our station
know-how to prototype specialized safe-haven,
interplanetary, and taxi modules, hardware that
can be combined with Orion-type crew
vehicles for missions that cycle back and forth
between Earth and the moon. These cyclers are
eventually stationed at lunar vicinity, those
special places beyond low Earth orbit that I've
written about earlier, the Earth-moon L1 and
Earth-moon L2 slots. Once in position, they
relay communications and double as refueling
depots. Making use of cyclers, we also fly by
comets and intercept asteroids, particularly the
menacing to Earth space rock Apophis.

This is merely a snapshot of what is
practicable.

Who knows what the future may bring, what’s
right around the technological corner or what
new revelation in physics is yet to be found?
Propulsion via gravity waves, space elevators
on the moon, satellite power beaming from
point to point in space, our first contact with
extraterrestrial intelligence? All of this is part
of our 21st-century pursuit of new knowledge
and the ongoing process of discovery.

By implementing a step-by-step vision—just as
we did with the single-seater Mercury capsule
and two-person Gemini spacecraft that made
Apollo possible—we will plunge deeper and
deeper outward. On the agenda of solid
stepping-stones in space exploration:
multination and commercial use of our
neighboring moon, several human landings on
Phobos, the inner moon of Mars. Those
exploits are prelude to our historical and
milestone-making commitment to homestead
the red planet itself.

KocMuueckas cranuys — HUaeanbHbIH
UCIBITATENbHBIN MOJIUIOH ISl JIUTEIBHOTO
xKu3HeoOecreueHus1. Mbl TOJKHBI
HCIIOJIb30BaTh HOY-Xay Hallel CTaHLUU JJIs
CO3/1aHUs MPOTOTUIOB CHENATN3UPOBAHHbBIX
MOy JIeH-yOeKHUII, MEKIIJIAHETHBIX U TAKCH-
MOyJIel, 00OpPyIOBaHUs, KOTOPOE MOXKHO
KOMOWHHUPOBATD C MUJIOTHPYEMbIMU
kopabssaimu Tuna «OpruoH» IJIsI MUCCHH,
KOTOpBI€ LUKINYECKH MePEMEIAIOTC MEXIY
3emnéit u JIyHol. DTH LuKiIepbl B KOHEYHOM
UTOTE Pa3MELIAt0TCsl B OKPECTHOCTAX JIyHBL, B
TeX 0COOBIX MECTax 3a MpeaeaMu HU3KOH
OKOJIO3€MHOM OpOUTBI, O KOTOPBIX 5 ITHCAT
panee, B cioTtax 3emus-Jlyna L1 u 3emns-
Jlyna L2. OxazaBuiuce Ha MO3ULIUU, OHU
NepearoT CBSA3b U BBIIOJIHSIOT POJb
3anpaBovHbIX cTaHIUH. C MOMOIIBIO LIUKJIEPOB
MBI TAK3KE TIPOJIETAEM MUMO KOMET U
NepexXBaThIBAEM aCTEPOUABI, B YACTHOCTHU
YTPOKAIOLIYIO 3eMJie KOCMUYECKYIO CKaJy
Anoduc.

DTO NPOCTO CHUMOK TOT'O, UTO NMPAKTUYECKU
BO3MOJKHO.

KTo 3Haet, 4TO MOXKET MpHUHECTH Oyay1uee,
YTO HAXOAUTCS MPSIMO 32 TEXHOJIOTMUECKUM
yIJIOM HJTH KaKHe HOBBIE OTKPBITUS B (PU3HKE
ellé npeaCcTOuT HaiiTu? J{Brokenue ¢
MOMOLIBIO I'PaBUTALMOHHBIX BOJH,
kocMmudeckue JudThI Ha JIlyHe, sHeprHs
CIYTHUKOB, Nlepefaroascs U3 TOYKU B TOUKY
B KOCMOCE, Hall MepPBbIi KOHTAKT C
BHE3eMHBbIM pazymom? Bce 3To siBnsieTcs
4aCTbIO HAIEro CTpemieHus 21-ro Beka k
HOBBIM 3HaHUSIM U HeNpeKpallaroerocs
MpoLecca OTKPBITUI.

Peanu3ys nouarosoe npenBuieHne — TaK e,
KaK MbI CAEJIaIN 3TO C ONHOMECTHOM KarncyJjon
«Mepkypuii» 1 AByXMECTHBIM KOCMUYECKUM
kopabnem «/>keMHHIY, KOTOpBIE CAETaN
BO3MOYKHBIM «ATIOJNIOH», — MBI OyieM
NOTPY’KaThCs BCe TyOske U riryOxke BoBHe. Ha
MOBECTKE JIHS TBEP/IblE CTYIIEHbKH B OCBOEHUU
KOCMOCa: MHOTOHAIIMOHAJIbHOCTh U
KOMMEPYECKOE UCIIONIb30BaHUE COCEHEN C
HaMH JIyHbl, HECKOJIbKO BBICAJIOK UeJIOBeKa Ha
®oboc, BHYTPEHHIOO JIyHy Mapca. Otu
MOJIBUTH SIBJISIFOTCSI MIPETIOANEN K HalleMy
HUCTOPUYECKOMY U 3HAMEHATEJIbHOMY
00513aTeNIbCTBY MO BO3BPALICHUIO CAMOM
KPaCHOM MJIAHETHI.




If collectively we have the vision,
determination, support, and political will—and
Apollo clearly showed us that these elements
can be tied together—then these gallant
missions of exploration are within our grasp.
I have a message in a time bottle for the
candidate who wins the 2016 election for the
U.S. presidency.

There’s opportunity to make a bold statement
on the occasion of the July 2019 50th
anniversary of the first humans to land on the
moon: “I believe this nation should commit
itself, within two decades, to commencing
American permanence on the planet Mars.”
Making that declaration will be predicated on
answering a set of questions:

America, do you still dream great dreams?
Do you still believe in yourself?

Are you ready for a great national challenge?
I call upon our next generation of space
explorers—and our political leaders—to give
an affirmative answer: Yes!

Ecnu KOJIeKTUBHO Y HAC €CThb NpeABUACHHUE,
PELINMOCTb, MOANEPIKKA U MONUTHYECKAs! BOJIS
— a «ATOJJIOH» SICHO MTOKAa3aJl HaM, 4TO 3TH
3JIEMEHTBI MOXKHO CBsA3aTh BOEAUHO, — TOITa
STHU CMellble HCCIIeI0BaTeNbCKIE MUCCUN
BIIOJIHE B HAIIUX CUJIAX.

VY MeHs ecTb nociaanue B OyThUIKE BPEMEHU
IUISl KaHAUATa, TOOEIUBIIEro Ha BbIOOpax
npesunenta CIIA B 2016 rony.

EcTb BO3MOXKHOCTB CieNaTh CMENOE 3asiBJICHHUE
IO cily4daro npasgHosanus B urose 2019 roga
50-neTus nepBoi BbICaJKU YesoBeka Ha JIyHy:
«S1 cunTaro, 4TO 3Ta HALMS TOJKHA B3ATh Ha
ceOst 00s13aTENIbCTBO B TEUEHHUE ABYX
JECATUIIETUH HaYaTh MOCTOSIHHOE MpeObIBaHUE
AMepuku Ha riaHere Mapey.

Cospmanue 3TOro 3asBieHus Oyaer
OCHOBBIBATbCSI HA OTBETAX Ha Psifi BOPOCOB!
AMepuKa, Thl BCE el€ MeUuTaellb O BEJIUKUX
MeuTax?

Bri Bce emé Bepute B ceOs?

I'oToBBI 11 BBI K OONBLUIOMY HALTHOHAJIBHOMY
BBI3OBY?

51 mpusbIBaro cieayrlee NOKOJEeHNe
UCCJIeIoBaTeNel KOCMOCa U HAIIUX
MOJIMTUYECKUX JIMJIEPOB AaTh yTBEPAUTENbHbIN
oTBeT: fa!




