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Experimental Teaching Reform in Materials Science Focusing on Capacity Building
LI Shun, WANG Zhen, JI Bo, WEN Liu, YE Yi-cong
(College of Aerospace Science and Engineering, National University of Defense Technology ,
Changsha 410073, China)

Abstract; The talent training plan for the material discipline in National University of Defense
Technology emphasizes “ability building as the core”. Taking into consideration the present situation
and main problems of experiment teaching in materials science, the teaching content was reformed and a
four-in-one experimental teaching system was established, including fundamental experiment, integrative
experiment, practical experiment and innovative experiment which are based on equipment materials.
This reform has helped to improve the basic experimental skills of students, to enhance their ability to
comprehensively apply material knowledge to solve the material problem, to better their understanding of
typical equipment materials and to cultivate their practical innovation skills and abilities needed in their
future career. Therefore, the goal of experimental teaching in materials science, “ability building as the

core” , has been achieved.

2

Key words: new engineering; ability building; experiment teaching; material discipline

LOREITIERL . MERIE R A NI EBN, JEANRZE

—. 5= BB A T S — BN o O TS — H bR,

A BRI R SE = A e CIE A

TESER) T IURAR S, ERWISSEI T8 5. e Esee . miE Rk ), WA AR R,
AR RAR, LR : @ —Wraets GRREEIERIR AL FEMERE AL W

Wi BHE: 2018 —-12 -07
ESTWHE : 2018 472 W 4 15 1 5 S5 A BB A O e 5 H
EERA: 28 W (1981 -), 5, B A, EETRHRES KB bRl EaR, ML, ZRNFHCARE RO o



2, A5 LAREJIIBEE RO AL R SR B ORI AY 117

JERBHE R AA . BT s A A A

TEH B B A N AR 0 2 B IR R U
NAB i, 2017 427 H 19 H, ) LR AEH
S S 1 [ D R 2 ST 2 b 42 B i DI i)
WA T2 R R HRR R %5 ) R 3
EEHE R, BISEXA HFRARE TR
R R A A B SR, E PR A e
e WENL, FRUT BRI R E R &
FERIE, I8 T RS BAL R R A R B R
JEDT I, HETTHG T IAEE e A A A
TERAR B A A B 35, ISR AZ O G R e =
U A T45 o TR 20 T A R 1 7
SRR T YR A T 50142 33 30 T A3 7 0
A, MR TR LAY, B LI h
BL” A RSB R 12

MRS (5 B RETEIE A g B SO At & &
JRA =R, AR RN 2 2 0 5 SO R
R4 AR B b i AR AT, By ko S
PORMI R BB . U, DAL, Sk bR
ARIGABI40, KB EPIAERI R, b
B R, BOR THEIEEE, e HR
SEREMEFER 7 B, X 2D SRR T A B
P s i, MR R R R A A B R
R, @ RARES MRS LT B B SR
. TWIFERE S Tk ch, SRRl ) AT Al ) 1 9
R AA BT ek b TR R R S R
B, ST IR PR A SRR AR ) R BT AR
S E IR, B < LLRE S B L
Al S0 0 I 2 1K 2R B R B R 2 R A B
Fy EHEI TR ALY L AT T E B
BHHE S b 2 R 52 3 0 IR 2 A7 76 1 32 %5 1)
W, JFFELE < LIBE S R0 R R S
BRI EAT TR

= MHEREZRIFIOR

Il B1 k-5 R 2 B R 22 B B SR B RN N
B, 0T IREEREALIE . AR E . S BT fE
TIRI R R IREFNA, SRR S s s
TEERRSLE: - SRS S E - TR SRR S — R SR
AR R, JFUMRE S EAR” Ol —E a4l

L2/ I T—3LHE) ML O A6 T MR 2l
LGRS -6 . MR 5 TS5 F- 6
MERA TS 6 . RS EER SR 6
R RME BRI 5 L g6 5 MEEEE & . R
PEBATHEFR %, WE T 14 TR, 54 5L
I E, A LR S 66. 7% , LA TSR
22.2% , TRESCERPESCIE: 11.1% . 0 JLAF IR FESE
TAE AT AT, IS0 22 A0 R T 98 3 A7 AE LA
TR (1) S2emi H v 14 1] ERE,
AR, MEBRRANEER, BoNEER
WE; (2) LW H R UEESL I 3, 25
BB I LB AR, SCI TR AN,
LB IEAN F, (A CERMWT Rz
s (3) SEHEmANAMZEMEARR, = AR A,
ANFIF-Re 702 AR 1) TR N RE AR (AR AR )
SECE R TRESCERAE 159 . QDT RE 1N 2 Ko T
gyl s, e LA I AR b 7 2K o

PRI, EBT Y s 0, T X > 32 0 T3 2
BB I S, AR 22 RS2 56 205 1 B AT
A

EMBFERIRRFRENE
B B AR

BRI AR ) 0 5 4% BB AR 51 AT R T
] 75 k- R 1 Dy S e i, 3o 2 A 7 K
SRR e b A A T A A PR B N A 3R
A R oK . AA B IR HARMIRE ) R 2ok, &5
F BB 2 B BUAT S 6 e A A Y 2R A
60 L A B A 5K e 5 Al 5 36 280 T8 )
ST BRI LRI LT bR
RS0 - O IR AR S

DA BN SR MG 3 S O 22 51, DL &5 4R
PR Ok, sRALRERE R SL R RORE,
FIERE TR TSR A AR BE 15 W b o A
o WF AR MR 5, 2w TS
PR PRE, TR A G AR TR 5 AR RE Y
SCEBHT B RE, i 51 RE S PR T R BA A A A
B R R AT 2

T ER BB 51T N, T LN =405 it
TR R e ol (1) i AR B 4
FHERAA TR, B T3 & bR S A
Fh . LRAPESCR . TR SR AN AT M SE g
N—RMZREREREFANERR (WLE 1),



118 AR E M AR

2019 455 2 1) (S5 195 )

(2) MRPEAFRE P R”, HEAr TR AL SR PR
fe, BWAGHIeRE, LR NE, T
ORI R R . Pk ARG (3) LA
AR SR e, A S0 A o i O 7 5
MR, RIEFFRQ, @ HIg s LR
FARHR AR, JERTHE Sk SR

— maesn |
m
fir I
a % w | [L_gatm
(DA h 5
> > A >
Eﬁ%’ L - Y
#
* 5 2 — ot |
e
%

— el |

Bl MEE—EXEHFATER

ML DL A B AR 2
BRBHE N B

W, E R RHOR Y LLRE ) R 5 A%
O MR ER S B E N R B N, BT
FERGVESESS . £ PESIC YR | S M S0 RN B B PR
SR AR Z )RR B N R, B
W

LR M FRB—2 % F A A de it o K 5
Hoae

FERIPE S 50 2 I 2 GORE e ll 38 R
PRffE, AR TR RO ECRE R L B Y, HE
DS ORAVAWN B SR R Y SR T i v
PERESESS . AP BEVERE SE 50 . A RE 2 A J7 125 5K
B OEHE ik 5 B A S g R S 0 2 D 4 S 0
(WE2),

2 DU A A e S 0 AT — 5 L Rk R
SR ARSI . S5 AL/ 2 LA ME AR 1Y 20 A i 1y
2, BOEEMMRIRL . B4, BT el %

Bl S g

T I I I T I E 9%
| e (e ] (e ] B
ANERREARER R
AR AR AREER A RE:
AR AR RE AR ARE.
| (e | || s | | 0] |
g | || 2| (2| D] ]2
w | || |w||w| 5]

B2 MRk

95 . B AE g 2F v RE IR 2 R T BE AR A A
B, g, OGS ERPERE I vk A M A R TE R
BRI AT . W2 S, . BEE
BRFPOC A T MR L 52568 DL 5256 2 it I
AHRE AL I e A RS, FAR S RS
P, GEATHEA R S G, A AR R A OB SRR
Bifil, (% LA A b LM AR N 43 A B
MRHE IR IR BT T R80T 0 1 RE

2. BAMEB—EALFERMHARLEE F L
i

CEATESL R RER R SR MR DU R
YRR, F A B0 2 B R R R R
FHRETT o LA RS20 LA 0 b 2 7 i il 50 28 45 4 )
IBFFERT G, 53 AT e B K A IR AT B SR ) ik
fith b, A FEBER R T2, R IR X
HILACE RE AN RLBEHEAT AL I AN PEAL o £5 A T SL
WA ELHG DU KAt (LI 3) . 4 )@ B R AG R
I, AL Hr S PERE MR 25 & L5 MR MR
B . WA AT 5 PR RE IR 25 A L8 m T
MR RS . G548 43 BT 5 R RE U4 & S e f 2
AR, SRR RE L A R A
FITHF N VI R B AR, 8 i s ik
SERAERE AT B4R, B R RS
iz LA HR A BE 1 A BAUMERE 1, IR 24 5
XERERE CUmA” SC R M HLR, iR &S
TERERE 25 B DL B IF 5% 26 2% W B 1) B AR 2K 3%
AET7,



2, A5 LAREJIIBEE RO AL R SR B ORI AY 119

EZN

K
o

i

4B HHRH B B ) 4 F MR SR
L 4 WO ) RN Bk A
L elfa SEAT 5 PR Ha 4 A 55 AL R IR
A7 55 A 3 52 4 9 LA G
WA Y S L1

H3 SAERREAER

3. ZEMEHE—RGFREENf LR
G

S S50 [ 8 W G S KAk A B I B
DASEERBESR O AE, ar “SAe R HIRFSY . S0k
W . SRR B VAR SCRE T hUIE 4 Tk
RUEAY CPOsE” HepdlyisEst (WK 4) . it A
212 51 E AR BN TR A fil B ) BB R 4, TR
R, . Al s, g, 4k
PRIFAS R FT U S b L (], 2 ) 2 48 254
PEREFE R, PATE B A G Bt ) IR A A 5% S 1k fig
Fial, S HREMERNS 4858, i M
AL NP 53 B 26 28 AR IR A% PR 58 T 8 UL 2R 3408
3, AR R R SO R A8 B 7 ol S
SCHG, PR E S B, 0 R R LT A
IR AN TIN5 A D | IR AN B A DT SE I Y % )
BHERS RSN AT EZZL, AR FHE%
b2 5B B 2% ) B AR AR AR B, 45 5 2 B
MRS EREE ), S AFE W Ak TAE R,

PP
I

I l l l
9z 9z 9: 9
e e £ 4
% s ) Xt
f # 5 fi
ot R 7 W
5 = i %

B4 AR “ms” @il

4. BIFHEEI— IR R A H F R A A
e A1

QB SE B LAA R 2 D1 SR R 25 i
LAV ARRAE T i3 g ik, B SR AR BB R
WHIBUETRE 1o 7 FoE i SE S 0, B
P, SR R AT AR AL, A A
NS Z A SRR, 5 LAk D R Ak T FE A

KL TE . BIAn, B0 2 TH LR 7% 42
JEE TR, RS T LB E T L v SRR Y
PRI BT BVEAS ™ S8, o B I 4 B SRR, AT
Xt P Al 5 i S ok F) S 38 5 5 O R AS (] M A B
355 I A v 2R B A T T T v RE ST, BT S g
A BT SR e R A S X R R R OR PR
FARHE R AR 2 4 v I SCEER G L PR T, 0k 2 B
(27 2] %K, BBOMR S BRI R R R R 23 M R A e
B AT SE PR IR R ) RE 1, B R 2 BT S RE 1 A
ABHEST

i, HiE

ETXS ~J 2 R WO 7 = A F) T 1 g sl i,
BHEOR A B RHEISE “ ARE B L7 /Y
AAFFR AR, Wi B A AN, Bl
TREMR R R, AT, SR
SR ET VS5 PO — RSB B N AR R,
EMGET TR AR S s R, KE T L
REJI BTG 0" HORERH L SR HAR

SE 3k :

(U] BREE skRELL AT R, SO 5 P EFAA R
)] dkS 0 ,2018(2) 162 - 64.

(2] FLL ARE ARG, S5, MR RL 2 R0 " IR AT 5T
TUHCAUCE SR ] AR B E WETE AR, 2015 (4)
117 - 120.

(3] %5, X, Tr iy, 5. MR 5 TR S ey
AR R[] 205 3L, 2018 (17) 257 -
58,82.

(4] EFREE, BLE. ORI R S50 2
FNAERCFESHERT]. SRR S B, 2015(5)
242 -244.

[S] VPR, 2 BRAeE. WBIEE H 5T AR R
LR HA OS] B B 3 %, 2018 (3)
91 -93.



120

AR A AR

2019 4E55 2 1 (545 195 )

(6]

[7]

(8]

B w BIEA Tk, BT R I AR 0 LI B T
IR [T]. S E VTR A ,2013(4) :49 -51.
AR5, A0 , AR B RIAE R D B A B SRR S 5
B—— LI S B R R QA BI)]. S EEE
WFFE24R ,2017(4) ;20 - 24.

B UE, RN, Bk, 5. pEE S TR L
RISCIO B R R BUE R AT [T ] 25,2016 (5) ;54

-57.
BER, A, B2, 20— PR SE e i [ T ]
B EWISTIR ,2014(1) 1116 - 119.
T4 AN A NG TR 1 S R A 1Y B A L A PR
s )]) . HEHFIBE,2016(36) 198 —199.

WAER . )

R IR I S S IR I S LS I S UL e e S S S S S =R S Sy e S S i e S Supe e S S e Sy S e e e Sy e e S Sy e S = =i

(L% 719 W)

(2]

(3]

(4]

(5]

(6]

(7]

Rand. The Other Quiet Professionals—Lessons for Future
Cyber Forces from the Evolution of Special Forces [ EB/
OL]. (2014 - 03) [ 2018 =09 - 15]. https://www.
rand. org/pubs/research_reports/RR780. html.

U.S. Department of Homeland Security. Information
Technology (IT) Security Essential Body of Knowledge
(EBK) : A Competency and Functional Framework for IT
Security Workforce Development [ R ]. Washington, D.
C. :Government Printing Office ,2008 ;.39 —44.

U. S. Department of Defense. Cyber Operations Personnel
Report ; Report to Congressional Defense Committees| R ].
Washington,D. C. ;Government Printing Office 2011 .5.
U. S. Department of Defense. Strategy for Operating in
Cyberspace [ M ]. Washington, D. C.: Government
Printing Office,2011 3.

Department of Defense. Cyber Operations Personnel
Report : Report to Congressional Defense Committees[ R].
Washington, D. C. :Government Printing Office ,2011.
Welsh William. Cyber warriors ; The next generation[ EB/
OL]. (2014 - 01 -23) [2018 - 10 - 01 ]. https://
defensesystems. com/articles/2014/01/23/ next-generation-

cyber- warriors. aspx.

(8]

[11]

Rand. Training Cyber Warriors[ EB/OL]. (2015) [ 2018
- 09 - 15]. https://www. rand. org/pubs/research _
reports/ RR476. html.

Department of Defense. Cyber Operations Personnel
Report : Report to Congressional Defense Committees[ R .
Washington, D. C.:
2011 :49.

Government  Printing  Officce,
Department of Defense. Cyber Operations Personnel
Report: Report to Congressional Defense Committees
[R]. Washington,D. C. ; Government Printing Officce,
2011 :48.

U.S. Department of Defense. Cyberspace Workforce
Strategy [ M ]. Washington, D. C. ; Government Printing
Officce 2013 ;5.

Rand. The Other Quiet Professionals—Lessons for Future
Cyber Forces from the Evolution of Special Forces[ EB/
OL]. (2014 - 03) [2018 =09 — 15]. https://www.
rand. org/pubs/research_reports/RR780. html.

Rand. The Other Quiet Professionals—Lessons for Future
Cyber Forces from the Evolution of Special Forces[ EB/
OL]J. (2014 —03) [2018 —09 — 15]. https://www.
rand. org/pubs/research_reports/RR780. html.

(T HEHR)



