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R T2 RALE H I AT 8, R A T
BiafiuEzs b, R L, W HRE R
18—100 km, 20134F, +HHZF22 e (1) Ozdemir
(2013) KFB R (T2 [ MBS L) B
i, A8 1 X R A TR AN S TS
WS RAT, (AL PR v B AN R T DA 4 R T K
TERIZ AT, JFFIAEREE R E 4 18—100 km.

PR G
FiE

3 /
T T AR 4 3 s 1 9 ] 37 SR v 114
ARATR

Fig.1 The generally recognized range of near space and

typical vehicles operating therein

KFIGE 2 A BAARD B, S LA EZAS
FRE, JuHAE BRI, BREETIZ 51 Y 100 km
RITLAIL, e IRATISRREAE 7E 80—90 km = & B
T 26 17 22 WG M S SR SEAF (Park 55, 2018,
2021), EE “FALAZE” MR T L 80 km
=5 A ARUE  (Langston #1 Pell, 2015), Mifiik &AL
AR AEZ) 122 km 525 T4 32 3 S 8 in 4
SN (Scott, 1985). iXELEUEAE ARG T ¥4k
PAEM L RS2

Jis b, PBR - RITER” FFERERE
2, HEBET—R&SVTHE (Bérend, 2022a), R
PR LA R B Pt IR AR R R
e RIUTEGHEGS, AT SREE S R ) R
RAT T R R, A G A T e B (R g
B I Bt 5B, L S B X6 R B4 37 Ok 83.6—84 km
(Bérend, 2022b). HAR AALFE H X S RE KA
L R AR B AR B L T2 L . FALH TS S55—
B E I, X —FE [ BUE R 100 km,  F6 Ho A
SNSRI BEPRFRME (Gangale, 2016). X
It, McDowell (2018) M4l “AT#ZEMWE NS

SEIHII I HEE LT RITSER, JFHRYE AT
BZHC AR IR ) Z TUITERY 80 km = B
CipSEest i

AT\ S B2 0, 5632 i 2 0 L C e
AT B, FAE2004 A R, £EAITE
HC A5 A 2 ol 1 3T 2 [R] 5 R 9 28 20—300 km
st AH A 5 R TE Bh Z 8] /Y OCHE AR
AKX " (Dinerman, 2004). M T FE¥41Efa &=
F, 29200 km (= B TR LS 0 SIS HUE
W kst 58, 2015), BLXIA ©ATiEshae R
KAEN CATRAE S HUEAE 55 iR IR w1, i
" RO B2

Dempsey Fll Manoli (2017) MIJEETE L. =5[H]
F XU E R ERZ TR T 28 A B A ZE =
[l F (b A Bk 55, 2024b) o DIRg 3 L&
B R AT AR R IRE EE B, HOP A UON ALK 4%
AL B e )G HE . 2% E) 3 SCRE Ay, WA
23 33 [A) FVAR J2 25 ) 2Z 8] Al S — A B IR
WR I, X288 (B RS0 2 25 8] 1 73 A2
TE WP BT TR AR, R BT AR BRI AN T

EEREAUZM, 1919458 (BRAY) &
A1 2% DO LA 4 a3 Ay 58 4 HAR ey 324, (2
T BAT LA X — FEAHE 240 1 b= 22 1y 14 1 B
(Abdurrasyid, 2009). 1 (FMZEZSE L) WAL
1k FE G0 A0 2 28 B A AL, (B AR bl iy
FEINZ A S (Kaul, 2024), fFlln, 28
W DI S AT A L G SR X AR BT
i 25 VAN 2 25 (R R TR W e (B gDy
AE, 2017). [FRERA MU ©AT DIREAY-F- i 2 7
25 SRR TR, A0 n] B DR g A (W) T B U A
LS AR, SR RS B B R IR AL

MAT R BRI AA XTI, DUKR ), HR
i = A JZ AR I B2 0L 4 2R A - 3 JZ 45 1
(Blanchard 5%, 1989). XM, T HuEkFrE X
SR R o T RE AN B A A v, R A
Aty TR SR X, BEAME TR0 v %5
B KA RIS ISR, LU AGERE
Bl 1 AT BEARAE 55 D RE T .

R, ASCEE R 2SSl —id s —
B =By X5, IR gl B R X ]
I, ZJa M ARRL L TR Jzs B A 34>
Yk JE JRIT A2 A, 43 )k 2 i 3 5 ) B € 1Y
238 S0, DIREFE X E R EAUZ M . A SCLA
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SONAL HORIRR SR 4R 2%
2 miEas (A o XAE SR B 42

TEFARZ T, 18—100 km FIE G 5 588
INBE K TR S BRI S E T G . B KAy
AR IR BE 45 %) 53 (Kuprikov, 2023), fij
XoF I 3 225 1) D) S ISR FH %8 BEAE R oy AR, PR
JERAE LA AT K BLE CAT IV A )
S, W FaA (418 km) JEH
ICAO XHiTZs KA IR, HoAa WA vk 2
fith o TR T4k 3 EARKE R E 1Y 2 R Bh ) A B Ok
PR, RV X EAEfE— e O, ELMEL
STH A T S AT H 3R 1S BRI RIS 3. A,
“UR AT ZS )7 — ] P2 BE O G AN B T A AR 0 R
B, #oRH “IGRAS R BR8N E RvE ir. A
IE SRR RIR T IR KA |7 1R iz s 5
K.

— T, SETRAR S R, RARMNELSA
By m A o R L R, HOC
BRI BB (K= K0 F ¥ A A/
TUBSHFRIE R B L) Xt 0L (18 3 2 2 A8 X35 52 s 42
2200 km DL I (Fadgyas %, 2018), WE 2R,
P R zs 1] FBRE M 100 km (Kn~1) 7EHHE A
R T X SR EE, ARG N % L ER
SRR T 208, FES2 L 100 km DA F AT JE a9
ZHAMSTIRX, KRR ISFA L FLiEE
Ik S e R LA AN T 2 A R

200 7
s H 7 Fi X
i TR X
KHEEQS kghm', IS kehknr)) — /
140
£ 120
»‘f»( THLX
2 100 ttﬁggeaswkmﬂ/////
T 480 kg/km’))
.K
60
40 | FELX
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(Fadgyas % ,2018)
Fig.2  Flow regime transition zones of the atmosphere

corresponding to Knudsen number (Fadgyas et al., 2018)

B—J7 1, 847 T 200—300 km 75 FE A AR KL
ETR, BEMRGSE, BRI A T
S E RO R Rt NG S A R = S Y VAN
i 1, W ) FH A AR AT o B A S A i sl e
J#%  (Yakunchikov %5, 2025), X7EW R4 X 1
EESeG RS MR RN A, A R EN
JEIZE T X IR AT R BT I R G S
B

[&] 3 A b 5 425507 300 km Az LR 291 i B A H
bR RAT R SE it . 48 R 280 T R PR AE 300 km
DL biEdfy, HHEBIER N T k5 sZ 2] KA )6
B a5 (Walsh 25, 2021) . XA N H
P i, % 300 km = B, AR RG24
TEPEERITH R E

10°
g0}
i i
R
S i - = -
= 102 ¥
18 2!
B0 e ;
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TREHE
B3 3 Hb SR T 300 km FO7ZESL TR S8t
(R E 20174610 H 16 H)

Fig.3 Statistics of on—orbit satellites with perigee below 300 km
(Data as of October 16, 2017)

[, LAZsee A e, g4 poR, KT
300 km /5 BE (AR % BE VR R R, 200 km DLF 58
PR (R 4%, 2016) . XFR&#H 200—
300 km & —> H AR YRR B F AT, LTI
B, BUEWIRE G K IR E A . L, 4%
I K28 [l 3 5t 4k, DL 55 SRR 4 23 [ Py AR A7 2 )
PRI FAHAT

S, ARSCHE S — AN R S KR IR AR
5RATV A ARSI R A ) o IXHESE i &l 5 f
N, HEZE EEALHE LT 3384,

(1) IRz B Sk (KIGZS ] (Aeronautic—
Near Space), 18—80 km): 55 F-ii)= X H[H])Z2,
KABFEEWE, SR FEEEA, REs
KM R s a8 . KBABETC AL K i 4 7 AT 2
WA B AT EEL S

(2) IR asE P (Hilfk=s [A] (Mesospace ) ,
80—200 km) : I X 38 KA ELL L 10 H H 53 F Tt
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Fig.4 Spatial debris density distribution in low earth orbit
(Data as of 1 August 2024; European Space Agency, 2025)

(3) Rz M4 (FilfzsE] (Astronautic—
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330—
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Fig.5 The near—space partition frameworkk
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KIS B (Su, 2013). 2k, MWFEHRIZEZE
PRz KB, B AR A DO T8 B S 5
LR AL L S50 -

3.1.1 KERBEBSHTK

M BRI R G KR A 2 AR, B
AT R0 A R 4 () S B 30 % 9 At g o S
s Bk %, 2009), RiEZsTEIN, KRS
FEALE T ARSI PEOIRE, REME I 5E )
FEARAT, KA G B IR YRR
FE o PRI, T S AR ) R ) A 2 i
KA AR IR KL -

FA il Zs 8] & DL b, o T 0% R ik
Wiz sl BRI R AR E AR ) EEALE], AN
R (T4, A, ) #HHSFE MR
S EAEY WO 5 AT o R I 23 ) TR O 422 0 1%
WIZH . I, ki (FEHlEE . A
SRR TR ) BB BE I DL HE S L ok Rl 2%
Hi ER (% L3 B sk iR s, REREASORRAL, %
e BB IR R AL

TE B AEE I, o DXOHE 28 5% 4 7 55 P i
JZ FEB Y -50 °C, £ fa) J2 100 5% [ %2 -100 'C—
—150 CHyHbER R FARTR X, P2 THE 1T
(R RIMS23, 1996), G0E 6 iR . SEWZ
K 18—20 km FA7E IR EER/IME X, FLBHE YK P
TR AR B 5 e DI AE 855, AR T B A 7
Ry “HWEZER)Z" (BIHH %, 2022). %X
B 2 iR BHBE T AL A2 W A K
A7 X3,

PO | Bl | KB
o 1) 2 A 300 kmifi ¥ 1k FE 2
A= g |2 KRR

1000 251

|} < -

. lf&llﬁi
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i 5007 =1 ==
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Fig.6  Atmospheric temperature profile (Doornbos, 2009)

KA & SRAE R, R AL EE 7R 29 200 km = i
RbFEE 2500 CAEAT o KFATE S AR, i)z )
FIE A 2 300 km, & B2 S % 1000 ‘CA 4T (Rhoden
45, 2000) ., BB AE 80 km 1200 km (5 4E I}
9300 km) AbHERPE A, AT AR AR R S AU AL
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1E5 COLAR A H £ FHLHI A4 (Dickinson 5,
1987), Ji 2 DX 1 Dt Sl W WK P S5 41 4 B s T
A, EERE AR E B (Hudson Al Mahle,
1972).
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Fig.7 Atmospheric wind speed profile
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Il 2R 25 1] 43 DX HE ZR 52 B 8 35 17 ) IR A N 4
TR FESHREE RSN = IR T4,
H.300 km 3 B0 B H RS 28 1) 4 B TR R B
By B (Lin%, 2022). &8 RS NS
g, fEARIEZS RN, N5 Ot 7 i e
g, WERA (0;) MR Ty R, g
FE18—30 km Y R AJZ 1, O EE{LZ R 10x10°,
AT XS RAT & o A0 LA A R S Uy (B3R 4%,
2008).

gk ) s as |, K FH RSN SR 3 0,
SAFOCEGE M, 1E80 km DL PR H U 4 AO
(atom oxygen) , Ff Bl 57 B HE g ¥ A KR A 2K
4y (Ashruf%5, 2024). 300 km &b 07> 7B 52414
B (P E R A B 2, 2025) . 33X — WA il AR (A
TREMNDFEME PSR, HAO A0S
B2, S EEEAMIET 7.8 km/s 195 KATHR
M FERS, Al PRA=25 eV AU AE R (Seo &, 2024),
IR CAT AR B WA R b 2 S W 28 5 4 R M A Ak
Pk

3.2 MIRMIEFERAE

3210 ESPAENFSHERFEHNEEETWL

i 2K 2 [ 14 2l g 2 AL -5 R oA DA T 7
o E R RGN, R =R KSR 7ER
2 ), gl g 2 S22 A2 R Z B0 B i S
A ] J2 TOORR 0T A AR Al e 5, T ) DA e

DRI B 2 3K 3% 2 KA G5 (Garcia Fl
Solomon, 1985). K PFHARST H J& M A& 1 K<
T ) 8 3, P o B T4 ) AN o T
(Xud§, 2014), 7EfPim=sIa], I8 H TR T3
CHEAFER, 3712 3 ALK 22 S K BB 2841
R FLAEOR O PZ N, DL R R R R —
HOZ BN S A (Vadas 55, 2014) 0 Z &2
], s el m sl G £ 5%, b
PEX 5 W 2 45 B R TE MR 74 TR AR AR
., izt A2 KIH S Mg 1% 352 (Cosgrove Fll
Tsunoda, 2002),
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Fig.8 Variation of atmospheric composition

(Weerasinghe et al., 2023)
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() 43 22 300 I3 o AR AR I 25 [8) B rlfs s 8] F &6
(<150 km), WPk %R, A BB F iz 30 i
Wi dE 325, B ARG B R, HLRE 5
59 (Guo&§, 2024). M il s [B) b &8k ff 22 4~
Fr s | (150—300 km) , Bl 85K AR, H
R [T A 3 L R TR AR, A B R T O R
WG R, R T RS N N/Or—>0—e /Y
ALK o IR I 23 (R g 6] 7 F B8 2% F 21
WX (Qian 4§, 2011), WE9 iR (KLt
TR0 DX 35X 7 2% e e (L X, S ook £ IX 0
Kf R 2SR R IX . foF2 & F2 2 I A% (critical
frequency of the f2 layer) , U H 22T L4 H
Py < BRRAES " KT IR O LR L I 2 R
SR, M EEiE e (4Bk) @ BT
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Fig.9 Typical electron density—altitude profile of the ionosphere (Qian et al., 2011)
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MERE ChiF) W PO A s L, I K2 [ 4
BT — A R ER T w A T R, XN T
WGk F" B PR T SRR BT RS,
& 10 it s (Garzon %%, 2017) (FEH “10%/(m3-s)”
XoF IV 1) A2 v A S A S R 7 B R RPN AT
[ A A% (RRE %), W TR s a0
BEFRE; “U(mP-a) 7 KA BN AR 4R
TR R 8, H TR R A kL
“Vlkm?-a) 7 XF LAY & B AR B AR AR 403 Y
BP0 b v B S AR A A KR
BRI “1 17 XA A2 6.24%10" eV (U REE) .
FEm IS 0], WI9T i 59 26 S K PR s g+ JL T
KGR FZEW, 2 FBUN KRR A 322
“YRIX.” (Kuznetsov A1 Nymmik, 1996). 7EH il %S
], PRI E SMERIREZHEAER,
PRI AR IR BRI E T (0 TF) (Pyras
L 02023) . = A BRRABRAE BL IR A UL
WY, e B R RE AR N W SR Y
(Bellotti 4, 1999), Xbriid AT Mk
BP0tV . ARG ZS 8] (18—80 km), 2RIk
RN FEAr K, URGORE T3 T 24 20 km Kbk 306
{H (Pfotzer fix KAH) (Zhou%s, 2024). Bl BRAE
30—40 km = B0 B IR A IR ST, oAb 2 LR
Tl N SRR KGR T (Zabori %5, 2016).

4 FT TRRBORAA R o ARSI ST

T REBARAE B AL, 1l 2K 2 ) 3 XAHE R )
WHEAE TSR] S X R B W) BB D 1 5 20
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Fig.10  Primary and secondary cosmic rays traversing near

space (Garzon et al., 2017)
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B ATHRIAER (HR 55, 2024), Higit5
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Fig.11  Zephyr solar—powered unmanned aerial vehicle (Sustainable Skies, 2017)
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Fig.12  Various types of near space aerostats

FER T TH, AR B Bl 2 B L] AR
A (Utla %, 2022) FDOGA- AT S PR EE 8 (Choi
G, 02024), RATEE SO0 AR AR AR Y Hh T 4y
PR BRI IE L BIOC R . B, 7GR s R
JCRGH R E SO T, CAT R R —2F,
235 6] 3 HER A AR — 2 CRIDRE b 08 00 53 9% fig
Ji¥tag), RZIRK . HJE, BMEDGEEE fr A
JCRCFTERR/N A2 RT3 1, Ot
FRGANEAE IS LA BB . HLRE Y A
/NG HEERE R DR RO 2E R G i B SR R e
(Wang %, 2025). &4 TR ZAAT WKL &



1534 National Remote Sensing Bulletin i & 54k 2026, 30(6)

PP, BB CRIORT AL, R 2S )
V- 65 8 O 75 DA 3819 500 km 2 1 46 & 20 km
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(a) X-51A (Waverider) (U.S. Air Force, 2011)
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(b) Conceptual image of the SR=72 (Macias, 2018)
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Fig.13  Hypersonic vehicles
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Kl 14 EHE K IT74% (Blue Origin, 2024; Virgin Galactic ,2024 ; Space.com Staff,2011)
Fig.14  Suborbital vehicles (Blue Origin, 2024; Virgin Galactic, 2024; Space.com Staff, 2011)
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ocean circulation explorer) 1 &

(Steiger %, 2013) 5 E—% (K& %, 2024).
AR DR MG RS AR, IR a2

steady—state
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(a) GOCE TLA2 (7% 250—300 km)
(European Space Agency,2009)
(a) GOCE satellite (altitude 250—300 km)
(European Space Agency, 2009)

B 15

(b) 1B —5 TR (& 100—150 km) (Institute of

Microsatellite Innovation, Chinese Academy of Sciences, 2021)
(b) Lixing—1 satellite (altitude 100—150 km) (Institute of

Microsatellite Innovation, Chinese Academy of Sciences, 2021)

AL TR

Fig.15  Very—low earth orbit (VLEO) satellites
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Fig.16  Airspace management framework based on the
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Abstract: The scientific delineation of near-space boundaries is a fundamental prerequisite for the orderly development of related
industries. Persistent inconsistencies in historical demarcation criteria and a mismatch between traditional definitions and current
technological needs have left the concept of near space ambiguous. This study aims to transcend the limitations of the traditional Karman
line by proposing a new, multidimensional partition framework. The objective is to provide a coherent, scientifically grounded definition that
integrates atmospheric physics, engineering constraints, and airspace management principles to guide future research, technology
development, and rulemaking.

This study proposes a three-segment partition framework for near space—the aerodynamic domain (lower near space: 18—80 km), the
transition domain (middle near space: 80—200 km), and the perturbation domain (upper near space: 200—300 km) —based on the
continuous variation in the atmospheric environment and its consequent design constraints on flight platforms. The methodology integrates
prior knowledge from three distinct perspectives: (1) natural science, analyzing the continuous evolution of atmospheric physics and space
environment from the stratosphere to the ionospheric F-layer peak; (2) engineering and technology, evaluating typical flight platforms (solar-
powered drones, stratospheric aerostats, hypersonic vehicles, suborbital vehicles, and very low Earth orbit satellites) to determine
operational boundaries; and (3) airspace management, assessing the framework’ s value in bridging current air traffic control systems and
resolving legal ambiguities between air and space.

The study s findings corroborate the framework’s scientific validity across multiple dimensions. (1) The 18—300 km range represents
a complete Earth system characterized by gradual atmospheric parameter changes and a continuous evolution of dominant physical
processes—from continuum flow aerodynamics, through an aerodynamics — orbit coupling transition, to a rarefied atmosphere perturbation
regime. (2) Engineering analysis of five platform types indicates that 18 km is the feasible lower boundary for long-endurance flight (the
upper limit of conventional aviation), and 300 km is the practical upper boundary where atmospheric drag becomes the decisive perturbation
factor on orbital lifetime. This framework seamlessly connects the continuum from aviation to astronautics. (3) The three-tier partition
provides a clear technical benchmark for bridging the current aviation management framework and addressing legal ambiguities in outer
space.

This definition of near space serves as a research subject that delineates the operational scope for future industry development. For
technology development, the framework, grounded in physical mechanisms, helps the industry avoid blind exploration by forming a
stepwise R&D roadmap from “aviation aerodynamics-dominated” to “astronautic orbit-dominated” technologies. For standard setting, it
facilitates differentiated airworthiness certification, environmental adaptability, and communication standards for each of the three layers.
For international cooperation, the “lower — middle - upper near-space” framework enables a new paradigm of “layered collaboration,”
allowing nations to select zones matching their industrial capabilities. Therefore, this study does not merely extend the current 18—100 km
cognitive range; by establishing the “aerodynamic - transition - perturbation domain” framework, it provides a theoretical foundation for
the systematic understanding and differentiated utilization of near space from an environment — mission coupling perspective.
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