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20214 H 19 H, “HIES” KEEFHL (FHFR “HL
S BRURRBSEKENRFE, FE BN
RJF (NASA) XL/ RE AN KRR K T[1]. X4
0.5 m /& I ELTHHIL B AL T 58 D0 48 JE 0 M ) NASA 1<,
HEE S0 =B G . AR KR IR R AT
B, RRRFEmk3mmE, fiE T —2)L, ik
96°, SRJEHEM T . (HRZIXIK39 s K CATR AEM, B
NE SR NMEHERSN CAT I RAT 88 [ 1]

NASA S “HUE 57 FE I © AT AT
(1, JEEABHSERRIN T o NSRRI E 2402 250 K2
FIPEE 5 R S 2F B PR (4% Jesse Rogerson ¥, JiX — Ik
BEtCadEsE TR T SAMI RIS T HAb R,
B TR F0 A SE Sz ) RATBE S . SR KA A sE
1 RATIREL[2]. NASA IR, “HES” 1 “RJ)57
B (R “Bhs” ) —RATE, BRXHIERYIT
S —iB4r (1. K2) [3]. Rogersonih Ay, “HLE T
(1 22 DL R AL AT 28 T DATE K R IR R i 2
o, WSEIE. PE TR E TR E .

2R E TR K, RIS TR AR (4]
BRG] IR RA BRG] T 40%, (ARSZEER
HHER ERSZHEN 1%, XiEETHIE LR K [5]. &
KRR AT AT A 2 T AE sk 45 30 500 m R K
17, behER B E TN R K AT 4D 5% 20 000 m [6].

X WS, BBIERFERBIBN (e AR .
“Bob” Balaram 5450) THI A 5z K FA 1) R Yk 2 . At AT 1K L
FHUFR PR ZE 1.8 kg [4]. “HLE 57 LA RHN K
B R R EEANAR (5], HE Bl BEAR S R AT 4E I AR

Bl —ZZEARFMDSHE. HhNASA “5 /757 £ K ERMIEER
A, T NS AE RIS L AT BIHUERT 1L RAT ST’
ATHE S S0 2000 m,  $AT KR = E N 12 me SKJE: NASA/JPL-
Caltech.

B2, “B557 T20214FE4 H22 HIH R “HLES” R, X
YO K = R AT — Uit IR ELF, ¥AT T 4m, ¥ T 3R, 5K
AT BT 52 5. SRJF: NASA/JPL-Caltech/ASU/MSSS .«

R R ) ) e B AR VR SR (7] e R XU B e 7 i Tk 4T 4 b
FEHEARGALRL[T], RS- 70 g [8]. X LFEA
SEh, BB “HUES” BRAEKEMERURPE
S IR AN[9]. T AR R B Ty, T AR XS
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WK, MHEEIFEESN 1.2 mo [FI ELTFHL A R R R B A
TR BEIA B4 2400 B, LLHhER b B TR ML R 31 B R
Y5 fE10-11].

“WLE 57 BeRMEShh s AN MUIR M /), HEh
MU 6 Hedr B 7o A f[4,7]. “HLE 57 ERKFAfAE
M AT CAZE FEb 7R R[S, HA T8 K E R HE-90 °CH)
0L IARE AL, REFYL S IR IR [5,12]. BT ek
FE S T 10 min A4 BEHRIA K, NASA [ i 42 il
OAREBIEHITE AN —FEH “HLE 57 [13]. Bk, fi
T “HUES” L1180 T —& WUrihRI[3]. “PLgs”
2 EBNEE BOE L AT, SO ST MARHML
BN R E (HTNREEESEE, UA—NEE
B EBHER B 56 E 51T30[13].

PLET” BEEE “BRIST N, WM RIS —
AT 2021 42 AR KR, “BJ15” HETIEERRIANE
WAL (Jezero crater) [14-15]. £ B THHL 51877 47
B, NASAAHEILEIEIT KM — 1A R
RSH, DS FIRPLZEREE R 17300 m LA L, &%
90 s FEMEF+Z 5 m K= JE[16]. {HAE “HLE S HHIK K
e, BRI E T 10 m s, R T 1175 [10].

Klt, NASA A IREEEE N —HEEHET
B, TR S BRR7]. “PLE5” £
FEANUCAT F M NASA FIFRI “ 587 RS WE N IER
R IXZEETHLE 9 BB 3t R G000 /N kb = ARt 1
20°, BEJESOETZRSGT, ¥ E S A EREZRIERL0,
18]. T H “HUES " JEAEAWIRH g . PSR AT I
B8] 2035 [10]

XAEFHUE R AT LU “B15 7 e RN TS
M 1. fE20214E7 A S H, fEHILKIENAESH, “Hl
BS 7 EHR RV MR AT UL Séitah [X I _E KAT T 2 min 46 s.
KXW, T RIS 7 ki DL 23]
RRAT R “DUE T Be IR E R, TR H S0
Sk A REE R PR S 00 T A RERIEAEH, R ETHIL
W R Ol BRI, SRR S RS (AT
FEER[10]. “HLE 57 BFEhla KikiE 4, ILEANLEAT
WM. a0, HedtABCA YR ok, AR T EE
BAR AT BR R MRS FEFE[10]. ELTHHLAT R B IR i 35 1)
“Rei57 BIBNERRIEE G B 26 [3]. “HLE 57 1E 2021
T H 24 HAT T8 HR AT, BERKIA233 m, [FIF 40
T “Mig il B (Raised Ridges) WA, LAFEBL “%5%
1157 AT R BHRE[19].
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FAHRME TR BRI TRL, 1EIRATAT LG R,
R EFANL, PAFEARK 100 F3HAT KERER, AT
BN RATAES . WS SO B f #5 Bh A 141 1E |
Kl BHEROTHAIEL TR, SRE M Tl F — AR A
) €AT . 7 Datta T fE R TR/ N IEE R — LR E N
20kg iz TH, LN KERZZEFANL (Mars Science
Helicopter) . 1% CAT#A 6 MiEH, 45 kg [20]-

flsut, EIAHHART, JFiEAH30 kg KEEFHL
A TRESLILN, ARk KB B &R LU E] 50 ke
KR 3 TH BARARERE BTN o, (H2 mT BligHa TR A
HoAt/NRLBR Y, IEHRE BhR A g 0 iE BRI X e, e
BBk B B 1,17].

HEeL Rt G RefE K E E AT EANLZ SE
5. 18 “%H157, PLE20214E5 B 14 H &R KRR E
“PLRLE” 21151805, 1T RE AT MU R R R
B AR AR L E T2, T HEOR t280d s ik
8. {272, Rogersoni\ Ay, JHiLfER “HLES5” WhEh “%
71757 PATAES L FE, NASA A JJHEH T EANE
FIT KERZE . il “XEERat s rAl, 2 TR
E5A B T3 5a k0t oe.”

REEETHLE H B A 2 KR . NASA IEFETF K
“HUE5” (Dragonfly) ——— N\ Be#E E AN, K4 H
FHRM BRI T/ (Titan) . X TE AT REE &4
7 E A BT 06 T ) AR [22] X AT 55K T 2027 4F S B
“RIES” BT 2035 FHOE TN, BATEAMKSZE
RN TZE R 4465, B A R b
1K[22]. Rogerson Biid: “ “HLE =" FF6I 7 /N BT
PR ZR KB ZR B BRI el o FRAT K WAETC A WL AR
TAIRR "

References

[1] Witze A. off! Lift First flight on Mars launches new way to explore worlds
[Internet]. London: Nature; 2021 Apr 19 [cited 2021 Aug 10]. Available from:
https://www.nature.com/articles/d41586-021-00909-z.

[2] Roulette J. “Huge leap” for NASA's Mars helicopter ushers new mission
support role [Internet]. New York City: The Verge; 2021 Jul 8 [cited 2021 Aug
10]. Available from: https://www.theverge.com/2021/7/8/22567237/nasa-mars-
helicopter-ingenuity-mission-support-role-perseverance.

[3] Pultarova T. New photos from the Mars helicopter Ingenuity’s 9th flight help
refine Perseverance rover science goals [Internet]. New York City: Space; 2021
Jul 13 [cited 2021 Aug 10]. Available from: https://www.space.com/ingenuity-
helicopter-unprecedented-flight-images-guide-perseverance.

[4] Lerner P. A helicopter dreams of Mars [Internet]. Washington, DC: Air &
Space; 2019 Apr [cited 2021 Aug 10]. Available from: https://www.
airspacemag.com/space/helicopter-dreams-of-mars-180971739/.

[5] 6 things to know about NASA’s Ingenuity Mars helicopter [Internet]. Washin-
gton, DC: NASA; 2021 Apr 5 [cited 2021 Aug 5]. Available from: https:/www.
nasa.gov/feature/jpl/6-things-to-know-about-nasas-ingenuity-mars-helicopter.

[6] Klesman A. How would a helicopter lift off the surface of Mars? [Internet].



1672

Waukesha: Astronomy; 2021 May 21 [cited 2021 Aug 10]. Available from:
https://astronomy.com/magazine/ask-astro/2020/05/how-would-a-helicopter-lift-
off-the-surface-of-mars.

[7] Leman J. Meet the first helo on Mars: a deep dive into what makes Ingenuity
so. . . ingenious [Internet]. New York City: Popular Mechanics; 2021 Feb 20
[cited 2021 Aug 10]. Available from: https://www.popularmechanics.com/space/
moon-mars/a35353442/ingenuity-mars-helicopter/.

[8] Levy MG. NASA lands Ingenuity, the first-ever Mars helicopter [Internet]. San
Francisco: Wired; 2021 Apr 19 [cited 2021 Aug 10]. Available from: https:/
www.wired.com/story/nasa-lands-ingenuity-the-first-ever-marshelicopter/.

[9] Bennett S. What to expect during NASA’ s first-ever Mars helicopter flight
[Internet]. Boston: NOVA; 2021 Apr 13 [cited 2021 Aug 10]. Available from:
https://www. pbs. org/wgbh/nova/article/nasa-ingenuity-mars-helicopter-firstflig-
ht/.

[10] Mars helicopter tech demo [Internet]. Washington, DC: NASA; [updated 2021
Aug 9; cited 2021 Aug 10]. Available from: https://mars. nasa. gov/technology/
helicopter/.

[11] NASA’s martian helicopter, Ingenuity, offtakes [Internet]. London: the Economist;
2021 Apr 24 [cited 2021 Aug 10]. Available from: https://www. economist. com/
science-and-technology/2021/04/22/nasas-martian-helicopter-ingenuity-takes-
off.

[12] Malik T. NASA’ s Mars helicopter Ingenuity touches down on the Red Planet
[Internet]. New York City: Space; 2021 Apr 3 [cited 2021 Aug 10]. Available
from: https://www. space. com/mars-helicopter-ingenuity-touches-downmartian-
surface.

[13] Ackerman E. How NASA designed a helicopter that could fly autonomously on
Mars [Internet]. New York City: IEEE Spectrum; 2021 Feb 17 [cited 2021 Aug
10]. Available from: https://spectrum. ieee. org/automaton/aerospace/robotic-
exploration/nasa-designed-perseverance-helicopter-rover-fly-autonomously-
mars.

[14] Leslie M. Three new missions head for Mars. Engineering 2020;6(12):1336-8.

[15] Billings L. Perseverance has landed! Mars rover begins a new era of exploration

[Internet]. New York City: Scientific American; 2021 Feb 18 [cited 2021 Aug
10]. Available from: https://www. scientificamerican. com/article/perseverance-
has-landed-mars-rover-begins-a-new-era-of-exploration/.

[16] Schroeder G. NASA’ s Ingenuity Mars helicopter [Internet]. Research Triangle
Park: American Scientist; c2021 [cited 2021 Aug 10]. Available from: https://
www.americanscientist.org/article/nasas-ingenuity-mars-helicopter.

[17] O’ Callaghan J. First in flight: NASA just proved flying on Mars is possible—next
up is the solar system [Internet]. New York City: Scientific American; 2021 May 8
[cited 2021 Aug 10]. Available from: https://www.scientificamerican.com/article/
first-in-flight-nasa-just-proved-flying-on-mars-is-possible-next-up-is-the-solar-
system1/.

[18] Wall M. Mars helicopter Ingenuity experiences anomaly on 6th flight, but lands
safely [Internet]. New York City: Space; 2021 May 28 [cited 2021 Aug 10].
Available from: https://www. space. com/mars-helicopter-ingenuity-sixth-flight-
anomaly.

[19] Malik T. NASA’ s Mars helicopter soars past 1-mile mark in 10th flight over
Red Planet [Internet]. New York City: Space; 2021 Jul 25 [cited 2021 Aug 10].
Available from: https://www. space. com/mars-helicopter-ingenuity-completes-
first-mile-10th-flight.

[20] Wall M. NASA’ s Mars helicopter Ingenuity could keep flying the Martian
skies for months [Internet]. New York City: Space; 2021 Jun 29 [cited 2021
Aug 10]. Available from: https://www. space. com/mars-helicopter-ingenuity-
keep-flying-months.

[21] O’ Callaghan J. China lands Tianwen-1 rover on Mars in a major first for the
country [Internet]. New York City: Scientific American; 2021 May 14 [cited
2021 Aug 10]. Available from: https://www. scientificamerican. com/article/
china-lands-tianwen- 1-rover-on-mars-in-a-major-first-for-the-country/.

[22] Karlis N. After Ingenuity’ s successful Mars flight, NASA plans to fly a huge
rotorcraft on Saturn’ s moon [Internet]. San Francisco: Salon; 2021 Apr 20
[cited 2021 Aug 10]. Available from: https://www.salon.com/2021/04/20/after-
ingenuitys-successful-mars-flight-nasa-plans-to-fly-a-huge-rotorcraft-on-
saturns-moon/.



