
˸˻˿˴˻ˤ˿˴ˮ˯ ˢˤˮˢ̇ˮ˻˹˹̍˯ ˮ˹˿́ˮ́̂́ 
όͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͚ͫ͟  

͙͍͔͙͔ͯͤͪͫͭͭύ 

ñɸʜʝʢʚʘʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʣʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʦʮʝʥʢʝ ʧʠʣʦʪʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ò 

ʇʨʦʬ. ɸ.ɺ. ɽʬʨʝʤʦʚ, ʜ.ʪ.ʥ., ʜʝʢʘʥ 

ʬʘʢʫʣʴʪʝʪʘ çɸʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘè 

ɼʦʮʝʥʪ, ʄ.ʉ. ʊʷʛʣʠʢ, ʢ.ʪ.ʥ. 

ɺʦʨʦʥʝʞ, 2017 ʛ. 
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ʆʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʠʣʦʪʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

Wright Patterson (USA) 

NLR (Netherland) 

NASA Ames (USA) 

ʎɸɻʀ 

ʄɸʀ 
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ʇʨʠ ʦʮʝʥʢʝ ʇʍ ʦʧʨʝʜʝʣʷʶʪʩʷ 

1) ʆʮʝʥʢʠ ʣʝʪʯʠʢʘ ʧʦ ʰʢʘʣʝ: 

- ʂʫʧʝʨʘ-ʍʘʨʧʝʨʘ; 

- PIOR 

ʄʝʪʨʠʢʠ ʰʢʘʣʳ: 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʜʘʯʠ; 

- ʢʦʤʧʝʥʩʘʮʠʷ ʣʝʪʯʠʢʘ. 
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ʇʨʠ ʦʮʝʥʢʝ ʇʍ ʟʘʧʦʣʥʷʶʪʩʷ 

- ʆʧʨʦʩʥʳʝ ʢʘʨʪʳ 
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2) ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʘʚʣʷʶʱʝʡ ʨʝʘʢʮʠʠ ʣʝʪʯʠʢʘ ʠ ʩʠʩʪʝʤʳ 

ʩʘʤʦʣʝʪ-ʣʝʪʯʠʢ 

( )pW jw ( )cW jw

en

i e

-

- ʏʘʩʪʦʪʥʳʝ 

 

- ʉʧʝʢʪʨʘʣʴʥʳʝ 

 

- ʀʥʪʝʛʨʘʣʴʥʳʝ 

( ), ( ), ( )p OL CLW j W j W jw w w

, , , ...
i i e eee e e n nS S S

2 2, ( ), ...
i ne e es s s
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ʇʨʦʙʣʝʤʳ ʦʮʝʥʢʠ ʇʍ ʥʘ ʧʠʣʦʪʘʞʥʳʭ ʩʪʝʥʜʘʭ 

1. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʇʍ  

ʥʘ ʧʠʣʦʪʘʞʥʳʭ ʩʪʝʥʜʘʭ ʠ  

ʚ ʣʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

2. ɿʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʙʨʦʩʳ 

 ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʠʯʠʥʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ: 

ȹPR 

1

E 5

E 
2

J 

5

D 
R

1 

9 

R1

X 

1

0 

5

A 

4

D 

4

A 

1

D 

2

A 

1

1 

1

B 

2

D 

T6_55

0 

T6_55

0_5 

T6_50

0_3 

- ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʙʘʟ ʜʘʥʥʳʭ (ɹɼ); 

- ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʝʪʦʜʠʢʠ ʦʮʝʥʠʚʘʥʠʷ; 

- ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʥʝʘʜʝʢʚʘʪʥʦʩʪʴ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
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ʘ. ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʙʘʟ ʜʘʥʥʳʭ 

ɹʘʟʳ ʜʘʥʥʳʭ: 
- ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʥʘ ʙʦʨʪʫ ʃɸ ʩ 
ʧʦʤʦʱʴʶ ʙʦʨʪʦʚʦʛʦ ʚʳʯʠʩʣʠʪʝʣʷ 

21

2 2 2
2 3 4

2 2 2 2
3 3 4 4

( 1)( 1) 1

( 1) 2 2
1 1 1

c

sp

sp sp

pK p
W

p p p p
p p p p

Jtt

t z xz

w w w w w w

++
= Ö

+ å õ å õå õ
+ + + + + +æ ö æ öæ öæ öç ÷ç ÷ ç ÷

- ɿʘʜʘʯʘ ʧʠʣʦʪʠʨʦʚʘʥʠʷ, ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

- ʉʦʚʦʢʫʧʥʦʩʪʴ ʦʮʝʥʦʢ PR, PIOR ʜʣʷ ʢʘʞʜʦʡ Wc 

- ʆʧʨʦʩʥʳʝ ʣʠʩʪʳ 

PR PIOR 

NS1B 3; 5; 3 1; 1; 5 

NS21 2; 2; 3 1; 1; 1 

HP36 5; 4 2; 2 

NS2A 4; 5; 4 2; 2 

HP312 7; 9 4; 5 

éééééééééééé 

LW
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ʀʟʚʝʩʪʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ 

- ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯ ʧʦʩʘʜʢʠ: Neal-Smith (51), Have PIO (17), 
LAHOS (49) 

- ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʠʯʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ: Neal-Smith (51) 

- ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯ ʜʦʟʘʧʨʘʚʢʠ: 

 Neal-Smith (14), ʜʨʫʛʠʝ (14) 

ʅʝʜʦʩʪʘʪʢʠ ʙʘʟ ʜʘʥʥʳʭ: 

- ʆʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʦʮʝʥʦʢ ʜʣʷ ʨʷʜʘ ʢʦʥʬʠʛʫʨʘʮʠʡ (ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʦʜʠʥ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʦʜʥʘ ʦʮʝʥʢʘ PR); 

- ɿʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʙʨʦʩʳ ʦʮʝʥʦʢ PR ʜʣʷ ʨʷʜʘ ʢʦʥʬʠʛʫʨʘʮʠʡ 

(PR1=8, 5, 5; PR2=7, 4, 4). 
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ʇʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʙʘʟ ʜʘʥʥʳʭ 

- ʆʪʙʦʨ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

ɺʳʙʦʨ ʪʦʣʴʢʦ ʪʝʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ: 

- ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʧʦʣʝʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʘʚʘʣʠʩʴ 

ʦʮʝʥʢʠ PR ʠ PIOR; 

- ʦʮʝʥʢʠ ʧʨʠʥʘʜʣʝʞʘʣʠ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʫʨʦʚʥʶ PR. 
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level I-II

level III

ʫʪʦʯʥʝʥʥʘʷ 

ʛʨʘʥʠʮʘ

% ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʫʨʦʚʥʝʡ ʦʮʝʥʦʢ ʠʣʠ PIO 

ʉʪʘʨʳʝ ʛʨʘʥʠʮʳ ʅʦʚʳʝ ʛʨʘʥʠʮʳ 

ʂʨʠʪʝʨʠʡ  73,8 92,8 

ʂʨʠʪʝʨʠʡ ɻʠʙʩʦʥʘ 85,7 97,6 

p BWt w-
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b. ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʥʘ ʧʠʣʦʪʘʞʥʦʤ ʩʪʝʥʜʝ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʘʜʘʯʠ 

Shrouder 

(NASA Aimes) 

[1] 

Nguyen 

(Wright lab)  

[2] 

MAI  

[3]  

 

ɾʝʣʘʝʤʘʷ:  

ȹX, ʤ ° 7.5 °7.5 °7.5 

ȹY, ʤ 1.5 - 1.5 

VZ, ʤ/ʩ - 1.2 1.5 

ȹV, ʤ/ʩ ° 5 ° 5 - 

ɸʜʝʢʚʘʪʥʘʷ: 

ȹX, ʤ ° 150 ° 150 ° 150 

ȹY, ʤ 7.5 - 7.5 

VZ, ʤ/ʩ - 2.4 2.5 

ȹV, ʤ/ʩ -5/+10 -5/+10 - 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʝʩʩʦʚʦʡ ʩʠʪʫʘʮʠʠ 

ɸʪʤʦʩʬʝʨʥʘʷ 

ʪʝʨʙʫʣʝʥʪʥʦʩʪʴ 

ʄʦʜʝʣʴ 

ɼʨʘʡʜʝʥʘ 

ʛʘʨʤʦʥʠʯʝʩʢʠʡ 

ʧʦʨʳʚ(1-cosɤt) 

- 

 

ɻʘʨʤʦʥʠʯʝʩ-

ʢʠʡ ʧʦʨʳʚ 

ʇʝʨʝʭʦʜ ʦʪ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴ- 

ʥʦʡ ʧʦʩʘʜʢʠ ʢ 

ʚʠʟʫʘʣʴʥʦʡ 

 

- 

 

+ 

 

-(+) 

ʀʥʪʝʨʚʘʣ ʦʮʝʥʦʢ ʣʝʪʯʠʢʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʘʯʠ ʠ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ 

ʧʦʩʘʜʢʠ ʥʘ ʧʠʣʦʪʘʞʥʦʤ ʩʪʝʥʜʝ 
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ʄʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʧʠʣʦʪʘʞʥʦʤ ʩʪʝʥʜʝ 

ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʧʦʨʳʚʘ 

( ) (1 cos ) ( )kW t A t f tw= - *2w w=

*w - ʯʘʩʪʦʪʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʠʢʘ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩʘʤʦʣʝʪ-ʣʝʪʯʠʢ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ 

*

2
T

p

w
=

T=2ˊ/ɤ

T*=2ˊ/ɤ

*

T*=2ˊ/ɤ

*

1 2 ɼʚʘ ʚʘʨʠʘʥʪʘ ʬʫʥʢʮʠʠ f(t) 

ʈʝʟʫʣʴʪʘʪʳ:  - ʨʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ DPR ʜʦ 5.5-6 (DPR=4 ʥʘ ʥʘʯʘʣʴʥʦʤ 

  ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ);  

           - ʫʤʝʥʴʰʝʥʠʝ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ PR. 

ɺʚʝʜʝʥʠʝ ʩʪʨʝʩʩʦʚʦʡ ʩʠʪʫʘʮʠʠ 

ʘ. ɺʚʝʜʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʧʦʨʳʚʘ ʧʝʨʝʜ ʩʭʦʜʦʤ ʩ ʛʣʠʩʩʘʜʳ 

ʙ. ʇʝʨʝʭʦʜ ʦʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʦʩʘʜʢʠ ʢ ʚʠʟʫʘʣʴʥʦ ʧʝʨʝʜ ʩʭʦʜʦʤ ʩ 

ʛʣʠʩʩʘʜʳ 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʇʉ: ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʜʘʯʠ ʠ PR 

65% ʧʦʩʘʜʦʢ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʝʨʚʦʤʫ ʫʨʦʚʥʶ 

ʧʠʣʦʪʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 88%, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʪʨʝʪʴʝʤʫ ʫʨʦʚʥʶ ʇʍ, 

ʚʳʧʦʣʥʝʥʳ ʩ ʪʦʯʥʦʩʪʴʶ (ȹX, ȹZ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʜʝʢʚʘʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ. 

ɺʳʚʦʜ: ʧʠʣʦʪʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʠʥʘʤʠʢʦʡ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

2. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʜʘʯʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʠʥʘʤʠʢʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 


