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Abstract

In order to solve the problem of acceleration overload of semi-ballistic jump reentry, the accelera-
tion protection effect of gradient pressure trousers was discussed, which provides a basis for the
improvement and application of the pressure trousers. 11 volunteers were selected to carry out
peak 5G overweight tests in supine and lying positions, respectively. Among them, 5 volunteers
carried out the peak 7G overweight tests in the lying position. The manned centrifuge was used to
simulate the acceleration curve of the spacecraft during the lunar-earth reentry. Under each
working condition, the volunteers wore pressurized trousers and non-pressurized trousers, respec-
tively, and two experiments were conducted as control. During the experiment, the physiological
indexes such as heart rate, blood pressure and blood oxygen saturation were monitored, and the
subjective feelings of the volunteers were recorded and scored. Compared with no pressurized
trousers, wearing pressurized trousers increased the blood pressure of the human body before
the test. Under the peak 5G condition of supine position, compared with non-pressurized trousers,
the change of heart rate at the second peak was significantly decreased (P = 0.019), and the sub-
jective perception score was significantly increased (P = 0.039). Under the peak 5G condition of
lying position, there was no obvious protective effect of wearing pressurized trousers. Under the
peak 7G condition of lying position, 60% of the volunteers indicated that the symptoms of pressu-
rized trousers were alleviated, and wearing pressurized trousers delayed and slowed down the
decrease of blood oxygen saturation. The gradient pressure trousers have an obvious acceleration
protection effect in supine position, and also have a certain acceleration protection effect in lying
position in high overload conditions.
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AR S R B B, 2 A R AR B R B, WK B AR A i 2 AN B AR R AR S . 3R
MNRURSEERANIT T A AR, FFEE i+ Gx A IRHTR S0P D REANTE A D e 2 — R B, A {EfHTR
S BUR BB [1] [2] [3] [4]; #58:m+Gz A M & 5 Sk r (A 2 7 A AL R 2= R K (5] [6]
[71. PRI, 75 EERIUAT e B AR5 ek s S8 A AN RS, i v R Ik B2 I BT 32 8. F A
K] A SRR I P Bl 4 16 it B S UK B2 S B BT 7 RS BR ARSI AN s L 0 s e
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KIALIK, Bfar ARAE AL 25 i R AT 45 52 14 T P 977 4 1 1) B2 FH [10] o Ay il P AR 5 3 ) A
PR AN N, ek R EE R ARG I RGO RAEA,  DASEIR BT AR Bk A sk okt 2 et
I8 F 58 A EAIAE F DL 2 HE 3R AR FH (38R A AR 6 R BETh e . ZE MDA BE A I, Hodar il T DA
B B A B RSBy, R B ERRLR B AR BT AR VR RS, Busar At mT AT Ji R B o
NI AR E &, e N AR IR /A IEH [11]. B it 555 B R A P iR a0 3 2 n] 4 A =
e Je3E FERATATAN, TR R E R Z R EPiai iR & Xy RO/ 7 L
e P RE A 2%, ABAE A MR W E 2 KA AT I 8 B — Ak B P i, AR
IEATR AEFFNBL G ABESE N 51 S (1 52 R [ 7] o 30 ST Xof 35 AN [ A st R FRD A 2880 R AR e 28R R4
TWHIE, Pias IR AR S s B A BB ORI T i . Bl R 0%, ARIZEA
P IR A A E BT 5 2R [12] [13].

AR —FioHT B 77 TV R B R I [14] [AS]FEAS R 00 R B9 3 R4 T 7 A 78 o AR ST i
Gy M SR AE R SR N B T A R AT R M (AR B R AR, PR A TR AR A )
WUERSZ,  DASHIE I R4 8RB R B0 4 4 F R AR BRI, e FEE T 0 40 1) eSGE A0 2 FH 4 1t
R ARHE o

2. HE
2.1 EEE

MAL S FE RS RS 11 46 56 &), Fi#dN 20~45 5, Erim 160~180 cm, {4 55~80 kg.
RIGHT SR E B AT AR . RGLEHRE, B GRS S AR T E SRS ARIA. AR A
ELR BRI G RO R, RIS EFICH R R SEZAE. T B EWTS T RGN I
BT aERESR.

22 REg&

BRI IR IR 1) AR gty , KR M A IR 350, RSB H V0wl id i R TR, B B . KR
/NBRAS A, JI7E 10~50 mmHg T, SRR FREME S, WA E BIMTR SRR — AR 51 B ik
AT ASFRAS B 75 5K [15].

e TR SORHIEI 2R 0 98 AN B9 Co UL S A ] BRENUTE IR [R5 A rh i sk P il 4, XY .
EHLEREA 8 m, B IEE AN ARSI AR, I THUR . AT U E IR AT AT R+Gx. +Gz
YRR REE T AR A i o AT 70

FIFH HYGO8 B0 4P A (H A ), Aid F2 3% 42 W5 .0 i (electrocardiography, ECG). <02 (heart
rate, HR) A IflL 40148 411 B (oxygen saturation, SpO2), 7E IR 4 il A5 L1 ik 213 & Us 47 1% (systolic blood pressure,
SBP)fl1%7 5K [ (diastolic blood pressure, DBP).

Figure 1. Gradient pressure trousers
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Figure 2. Acceleration overload curve
B 2. iR S E Lk

AT 6 HikES, BRI e BB E TR A, &4 EEE IR ARG [BA /N T 4 /NS,
RIGWE WAL 1. ok, W 11 44 ERH AT 80EE 56 M. S T IRUERSEE R I E - ES, o
FITEEMEFIMZORE T, LERE R EEMEE IR, 7 L. w5, SREFEEEE
JIRERT, TR R SIS BRI JT: /NBEHEE 45 £ 10 mmHg, KBRER 30 £ 10 mmHg, BEEEEE 20 £ 10
mmHg. FAEEZRESFERBERE, M HYG08 AL BT L. B 0L AT IR TR B4 A 22 3 M
JS7 R s ENASRERA T MR 200, EERE H TR SRS TS M 00, BREIA S B, PR TE LS
BR[16]. IR HEN A P Ay, I JRaAes b i) 2 i aae Ay RR R o B S 5 L BRI IEAT A A
e E, B ONIZ IR I Bt 2817 . SERIEAE 5G WG, X 5 44 Bk B EE R IE(E 7G 1T #
BHZORAS N RATBA R R I I 4 2 R A, IR FR ) b a2 b2k B 3 VR S AR B
K LFEKT 180 K/min, Bi/hT 60 K/min; OEERE, FANBOHUER SRR UK R, B
PRk R, B A E O R BRI L ANIE R R

Table 1. Test setup
=1L ORERE

A=] HIEEH W IE(E BE T
1 11 5G fib i i
2 11 5G fib i &
3 11 5G IS %ﬁ
4 11 5G IS &
5 5 7G Pt i
6 5 7G i &

hed

A EEER EWRZIATIT 0. TRHEAE, 570 MEMA A, R 47 B
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FEJEREHE 2, PP, 34, PRURRMEEN S, REERE, R, F, 24 BERIZL B, TR
mh, R, RS, 147,
2.5. GiitFAbE

KH SPSS19 GEil 43 A 4 S RIS B IR 3E AT et A AT b B, BUECRA X +s o B SHRI E T
DTS t A . IR E R ZPE K H Wilcoxon FF 585 . P<0.05 INAERAE S %= .
3. R
3.1. E ¥ ERSE

TR RIS AT 5 5605 0 LR (R 2) %A SR (P > 0.05). iRIGHT, &I & I8 I 14
JEANEF 5K 3 A = T ARG R IR s, (RIS B B2 7 (P > 0.05). &5 &8 R x40 4
PRI 75 B I ) e AN B 4 (P > 0.05).

Table 2. Blood pressure before and after the test (mmHg)
= 2. WIERHTERIE (mmHg)

i ) Wi kR
T REHIE IV S - o e

XL HI IS5 GG HI IS5

] % 111+11 111+7 63+6 64 +6
BMZIEAY 5G (n = 11)

= 115+ 11 115 + 10 67+7 67 £6

, %5 116+ 7 118 +7 70+7 72+9
BRI IE(Y 5G (n = 11)

= 120 £ 12 117+ 12 74+5 72£5

o & 124+6 1217 76+7 74+9
B 7G (n =5)

2 126 +8 124+ 8 78+6 77+8

3.2. Eh#ERHLRNR

N T BGAIE IR A 2R IR, o B RIS T 10 R (R )T E R T . BMERE, FHE
DI RERLORA LIRS, (HARAFIREMEZ TP =0.071). SRS, HHHE R PR O F
7 AR i 2 52 (P > 0.05).

Table 3. Heart rate before the test (bpm)
% 3. NI ATAYOZR (bpm)

T
B HEIE IV — - —
BMM&IEAE 5G (n = 11) B IE(H 5G (n = 11) HHZSIEAH 7G (n =5)
%5 67+10 65+9 74 +13
& 73+11 66+8 74+6

RPN TR SRR TR I B O ARG AT (AR LI 3. BME 5G T, AXF IR
YEBIY, 2 IR O AR RN, 7RI RS I AT W 2 (P = 0.019). HHRTHLN, HES
WA O R AR = AL B 252 (P > 0.05).
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Figure 3. AHR at different time points compared with before the test
3. AEIRTiE) SRR I ATAY R

3.3. [EH#EX IS aFE R
RIG AT LR SpO2 W72 4. W EFE 14k At i 1f 5 77 R A () 1 42 v R B8 722 26 B4 (P > 0.05).

Table 4. SpO2 before the test (%)
= 4. I ETAY M EIBFE (%)

T
RBEE IV
A BMZIE A 5G (n = 11) HHULIEAE 56 (n = 11) §HRIEAE 7G (n = 5)
i 96.8 +2.9 96.6+ 1.8 97.4+09
R 975+16 97.3+2.0 96.8+1.1

SRR T AR T A B 4 R 2R R AR R B ARG LI 4. I fE 5G iR, B R
JIREANS ML SV R AR A 7 A2 B B RE I (P > 0.05)0 58 7G LHL R, & R IR P 15 L4 R FeqE s,
FEBR — WIS A5 T A i UL A B2 /0 R B 12 4%, IR iRIR I e P 22 1 ifn S A EE A B s B A
6 P s 4 75 7 S £ 1 SV A0 S AR AU R R B Y 2 P 22 R (P = 0.072)

2 2 2
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g s S
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Figure 4. ASpO2 at different time points compared with before the test
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3.4, EURZRHETES

BMZUEMH 5G T, AHXTTEESIWEIRAS, 9 N(82%)FR /N I JIHEAERER IR, 2 N(18%) KR %
B AEREIR IR EZARIUAERT I b TC R FIHERAS R WP R TR 3, 36 0 DR 2 I PR R e 3 2
Ty SIRIRAS B RS A e . IR 5G T, MIXT LR IVRIRE, 4 N(36%)FnE K SHEAE
FERIRAE s 7 N(64%)FRARTZEM o Bt EWBCRA B, IR 42 P55 IR PR A 2 A T A e &% 7
Bl HHZIEMH 7G 0L, AN TECE DR, 3 AN (60%)FR /L IHEATEIE RN, 2 AN (40%)FK R E
il o TCIE ST H BT 5] ) S R IR M R — R s SRR, TR R IR R B

SR AR L, 5 R R R E RS B R T E A (WL 5), HERMZIE(E 56 T
N EARENZERP <0.05).

Table 5. Subjective perception score of volunteers
5. HEEHEEWNRZITS

B IE T IVE - . Lo :
BEMAIE(E 5G (n = 11) BRI (H 5G (n = 11) PHEIEAL 7G (n = 5)
%5 32+1.0 34408 24+05
2 39+08 3608 2.8+04
'P=0.039, SIIEIWERHILL.
4. i

AR SEERR I, fEHIR KNS ERAR, & B IRATATR 53 Lo o Bas IR LR (2R 38 s i)
BKIE[L7]o AER—FEEE B, 6 B 4B N A IS AR R L 1, BRI T R a5
ik %) TR AN S B ik RIS EBR ST, AEREENIKE o ARASE AL, M BE s 04 B AN [F (R B 4 AL
e

Wl 5G I #E T, ZHIEEMNORASES, BRI R T ERENERZ, Wb Tl e
%0 R AR . BNRASAFAER A M (+G2) I H, 4 REWE BRI+ Gz 5 B0 B0 2 B /N ik if 354
ik, By MRAE R PR ARE 2 . B R IR RE S A4 FR B, PR IE R B O i i .
AN B B AR I B E IS, ARTEEMZRAS T W B AR BRI A AR T (4] JE3d
JIERY, BRI T RBALAI AL RS AT, HEMTER G T O K I AR, 180 T +Gz Wbt i & ML
PPERZ I o Sl FRGIIEAL, R MR I T AR AN R, R R H TG 3 I A R R A e
1 FE MR .

W 5G HT, X TMZRE, EIERITFBERAHE ., GRS T+Cz M, AFETELIRE]
ORI K R A A A B 2 PR ML A2 (5] TEB IS, +Gx X NAARAE B BN, IR % T
B . BhAt, R IR R R B B A . IR I6 R R 48 /N BE AT K IR B 43 VA T I E T (NBE 45
+ 10 mmHg, K/ 30 + 10 mmHg)HK , EMNEIRZES X i+Gz A 28R I 77 3 154 X5 475 (20 + 10 mmHg),
SM+GX B 8UR . AR E PRI T, R [L2)AE R SRR P IR K B, B
TRENTR A IR R FERENL, EFEHE SN 30~40 mmHg L (IR EE S e YE L), BEE L
T P EASOR () R AR 28 2 2 b, B O+ Gx i SZ T (3G, O Bl i PRI 3, e B AR 1k
RERRES . 75 TG, SEENUR 013 5838 vT AT 5 iR, XS REEE TSR /INBE n e 24
52 mmHg, RGN TR B ER 77, SIS B R A [7]. SR, B AR 2 B

DOI: 10.12677/jast.2022.104009 89 5] b A 2 i R R


https://doi.org/10.12677/jast.2022.104009

NG 4

JBAA KRR TSR R 2 6 T S I 1 B S e D IR B G, AN R SR 7 iy e B AN TR A1 PR e RG22
2D I8 R Z i A2 B 5 T A L ar SR AN S B DI s 7861

PHRAS, VA 7G TOLN, BRI A i ACR . MECTI8{E 5G oL, WME 7G THLx A
PRAE PRAR FR AN LS P A ORRE I, A A H BB S O R DR AT I 48UE[ 18] BR 1A RIS, T
JIMER) R BRI AT ARG S8 A8 A 2205 2y, I ORI DO RE[19]. IR R IR, BB R MR IR MRS T IR I
Z0 M S VAN L PR BEARR 0 77 L A5 Y L S P R DR AT 5 o S 85 7™ B ANIENE R P L3R B
AR 22 2 A R o

5. &g

AN T WUE s mT R RO FE I AR RN EE T 4 R R AT T =R O R E K. A
THURGE R S BB AT AL B E 0 IR IRAE IR SR, BT 45

1) WIS T, B X FE A O R0 of S CHE R P2 T W S R, A e A AR R R A s 5 T
%, R BLERF B Ik % -

2) BMETOUR, R A 0> N B R A, B B R, B R Rk
FEBTIRBOR -

3) ML TR, BRI BUR(EAE 5C) L BB o R AW, I B a1 m; 1R
e (VAR 7G)ied 3 53 B 5 A 35 ANk % ML S VAT PEE PR B AL, 7 LE PR Y S R SRR 2L S 38 ™ EE AN
Mk, B — R ROR .
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