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Abstract: Coarse-grained (CG) models based on molecular dynamic were developed to analyze the
flowing process of polymer melt in nano-sized channels on a mesoscale. Firstly, atomistic models of a-
morphous isotactic Polymethyl Methacrylate(PMMA) were built by Materials Studio, and initial CG
models of different mapping centers were then developed based on the models mentioned above. After
the structure optimization and kinetic analysis of the atomistic models, the statistic law of potential
energy of the system was obtained and the initial force field forms were calculated by Gaussian fitting

function and Boltzmann inversion method. Then, the formula of force field was iterated and modified
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according to the relative strength and the relation of bond, angle and nonbonded potentials and an op-

timized CG model was obtained successively. Finally, the static properties of the CG model, such as

mean square end-to-end distance and mean square radius of gyration, were compared to those of atom-

istic simulation, and obtained relative deviations are 0. 68% and 6. 6% , respectively. The results dem-

onstrate that the mapping center has impact on the models and the optimized CG model reproduces the

atomistic model well. It can be used to analyze and explain the flow and mass transfer behaviors in the

nano-injection molding process.

Key words: coarse Grained field; molecular dynamics; Polymethyl Methacrylate(PMMA) ; nano-injec-

tion molding

1 7]

Uu\«

TE SN T A BB v ol T 52 58 BF 5 Y Jeg PR AR
AR IS 73 BT B ME BE L T8 W R BE T X R AW
SR T 5 | 70 S ok R R AT AL L SR L X R T
ST AZBR AL 7 R 52 TH B
B TR R AN A A R T, R
RONE R 3G 5 R G W e AR 0 B 3l 2 I B A
KL R AR RS ) 6 B AT O JE T A B
(89 BR TG40 BT J7 6 ME LAV At 4 348 1 40 1 B AE T
I P10 T 3N % 5 I A R DKL AR 43 T 8
% (Coarse Grained Molecular Dynamics, CGMD)
FEFRR T A S Ry vk L i AL kL Ak
O3 -2y 3 AU ) S B A T A B R SR R
TRASERY i & ) i 2 S5

AR SR Bk B 2 Y 5 O H OGS e
T AN IR R R E R L L IR S Y
(0 8 AR R R B i TR AR S, 1
AR 4 8 ) 2 e AR A ) R P
AR 53 7B 19 3L 3l 52 ) R AR F 98 T A SE O 30
nm J8E N R OIS IS . HX TR A
TR Z 3 05 3 A S A WL RUBE b A it 3
I3 s AT R S D B A O R Y 38 5 A2 ORI
IRACRREIE T A OB 2R R T B
S, 72T T AR KA Marrink! " 48 A
Tk T T A R TR R LR AR T
Martini, #4873 F 5% M 19 A 6] L 8 ) 37 38 47 a7 1k
I3 R R & 1SRRG AN Y. N,
JeJa A WHoEE X PNIPAM 43710 (ROR 2R
BAWEE A iy d TR ) 5 . 0t et
WA BT M GE T S AR 90 1 T R AL A S .

Carlos"™* 4387 1A R e 55 HE ) PMMA KL AL
TR 7 FLASCAS ORI 5 2R 5 R P 2
B s Tr ik 0E 5T T PMMA G IR A9 i 25 AL
A RE .

ASCEE X PMMA 4[] 520 1R & L DL A4 5
PRy — A KR i 57 1 MR AR R 3 O g 1 2R
PR L H SR T T AN [ e S O 7 X A TR
PARZ1ibE A TP E NP3 IR TR Rt R S T RN
FEBHES R R A SR AR P-4 25 00 RS i
SO ER TR A LS M 1A A R A T Y Y
2 UL Bl e T 45 3 A5 5

2 BAMFEAARET K

2.1 2EFRE

ST AR AT R AT A T Bl 1R
R TR W TCE T B PMMA 4 Ji -5
LN 20 2B A TE M=20 ()4 %4+ PMMA
KRR K/NK 3.8 nmX 3,8 nmX 3.8 nm, F
FHAE 2 e/ MEJ7 IR LA R AL, 15 31 T O 4 R0 25
LA E 1C) s .
2.2 fHRfER

DA AR IS 1 4 SR T80 O B 4 8 PMMA
HURLAE A . DL MMA BR Sy — A KUK F
2 RECT s L 1 7 kT Y R B A
AR 3 F R W 1(h) (1) iR, BT
PMMA & 43 4% i HY B 9 46 1R WP I (MMLAD &
B Ry it R A s B 3 R o
Martini J3 37 il P8 1) P3 8 P4 ki 12580,

R F 5 B ST H O R R AR R I T B 5
BB FE R AR SCHE ST 2 Ff A () B S e R KL AL
RETRY, LW S v 43 ) 3 MRAE 3 B b 0 2R i i T
AR TR BT E G B RARLTD .



JEI W B8 5 45 AN [ 53 vt 1) PMIMA UL A6 73 1 3 g 2 4 7 1539

(a) & J5 PR

(a) Atomistic model

(b #URE AR 7=

(b) Coarse-grained scheme

(¢) PMMA UL AL 15
(¢) Coarse-grained model of PMMA
Bl 1 PMMA {k F i HURL AL 4 o 7
Fig. 1 CG modeling process of PMMA system

2.3 #UAE

[ e L] B (Y S U B e 0 o S S K
B DA B BEE S L i L B A Sl AL A T 5 1 2 1
FI8) R EL A FH D = S A SHAE S 8 B 2 0T R A A B
£ F. & & % #% PCFF (Polymer Consistent
Force Field) J I RIER G W Z BB R
Harmonic(4 5%) 18 5 o6 BRI B 14 45 2 B8 E... F0
S A Ee s X Lennard-Jones(L-] 12-6) 3
RERAE 7> T2 18] 1 R S 25 H B U, - B7 25K 50
I3 9A

k’"(R*Rm)Z, (D

Estr - 2

k;"d(cos(@)—cos(ﬁbmd>)2’ (2

Uan=te((2) —(2))>

T sl N B 455 85 280 R DA AT B & o D9
F0 S 1 H R O V- 155 5 AR 2 o R 5T T £ - Al
WIS e WIONEE G RE.

Epa=

TENVT REET (AL B, R R
BN ZEERB V. RGEEE T JEE) % i fE
/MU B R A AT B 1 F b, K
R RO R LT ARG A IR XS
HHEAT = 3 pR BN L 15 3 H bR R Z 1R B
SEEAR TR DA AR ) 43 A R R B T S i R 2%
Ay FRAS BRI ) g AT 2. o
B BRE P (D RN IR 25 2 7 40 07 R VD 43 58
P() = Z;ahA;?aﬁnexpc—Z(u—de/w?),
(4)
V(D =—k;TIn(P) , (5)
oo HIEEECH s A NPV T A s 0 IR TE 5 L,
RHUERL s T MR R B 350 Ksky N IR 2L 2
WG Bk 1.38X10° % J/K;
R0 45 1 FA R A9 AR GT 58 38 R AH 5 ) 56 FRAK
YO 45 TR HEAT BL A IE . S REAH X 3R 2
[F1) o e e 47 4 e o o B S Y B OR 22 Y B R BT H
D) X 5 555
E..—>Eyi—Eu. (6)
FHT O T 260 K A A R 5 4l S T A
SO AR Z A SRR A R L o] e LA IR
ol 245 4, Ll A D A L 2K 4 . A ) B 2 B S
filh by SR FH AN R AR B AR MR AT I IE AL

P, ()

Vg+1(7"):Vi(T)+kBTln Pl(i") .

7

3 BMERSN

3.1 BKAH

Ry 3 B RS e X LA A A AR K L T 37 2 8
[ 52 M, Y8 SC A6 J5 IF 5 R s Y BT X6 7 1) K A
A R 38 L SRR AL S e S k.
3011 BA ] ekt KkoH

A WS o 18 BRUAE 32 B Y FR e i B (R
IO N R R 25 5K 0T LU L K o A A
— AN EBEG=D K 2 iR, BN
FH A W {E 1 e i ok 500 L4006 L B S R R DR
255 B4 7 R L A5 B A A A i b 2

A 2(1—1y)°

w1 m w%

H TR - 22 () ) B i 4 ) Sy $RE oR BN AL A%
19— B 3850 20 (8) Hh i B 2 04K R RE 2 e/ IMb

Va(D)=—ksT[In 1. ®



1540 b=

e TR

%21 %

—a—all atom

4 + —e— inital CG
—a— final CG
g 37
=
=]
o
O 2t

0 1 1 1 1 1
022 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38
Length/nm

K2 C-CHAR AR L (BRI )
Fig. 2 C-C bond distribution (model [ )

MR SE B T2 AR A, X
(8) i1 — Y i AP 5 1 24 3 3R ik SCAR XS Dz . ol
15 21 4 J 1 B o0 A R BORHLRL 1 B 0 A e
oo Fookn eI /E 15 SRR A NG AR A -

avD
f=—52 )

“all atom” {2k Ay 42 J5t A5 UL 15 21 19 20 A1 R
B £k , “initial CG” #1“ final CG” #l £& 73 ] S W) Ik
FURL AL B R e 20 AL IS AR B A e L . f A
2 AL, 0 UCHUARE A AL 25 1 T A e AR T 4
Jir AL Y W g s 0 O R T 4 D AR AL
T L NI N R b e e G|
1) 72 15 0 25 K B DT ful 75 B 43 A1 51 R
e LA AT i B IG5 PR O 5 B3 2 8/ ko H . B
2 2 K& EAY G,

M by=4,801X10"] emol ! * nm *H R, =
0. 287 nm M MUK BT E DA 2] i Hh 2k e 5 4
Ji R A ALl W) S A AR LT
3.1.2 MA aysk koA

Ao R LA B I it o A DR et (SR
D BN EIE 2 N IEE(=2), XK
KR WA 2 FORR Y 3 B0 . AT
A7 (8 55 ST 400 R O 25 2 e i 0 o A 300 B A 4
IR Y n=2 B MR I IR 2% 2 e i 7 A2
At A B ek B AT AT B AR

A 201—1,)"
Vi (1) = —ky T[In — 20— 22t 9y
- ez W
/eBTln[lJr‘:Zwl exp(ZU*le)-72(1—21@)—)] _
12 w1 w>
(10)

ST EEHT, 2 PMMA g & 2 4> PAoki T2

AEAE 3 NS0 P3 R+ B, T A3 g 1) Martini
T 1 16 W AR R S 0 ) 67 T BRI 5 A
FEOE S50, O aT 0, R R o A7 78 G T £
VR Ao 47 A% 08 3 9 N A W) 7 43 4 . P3-P3 i
P3-P4 i, W ERR LB IEARSHE.HHY
SRR A G Y oA 2L aniEl 3 i,

—=—all atom
+—initial CG
—a—final CG

0.8

0.6

Counts

0.4r

02F

0.0

Length/nm

B3 C-C A A Xt b AL T
Fig. 3 C-C-C angle distribution (model ] )

IR e B B 45 S RE 2 Jin & 1 TR
i I B T AT 0, P3-P3 R ) B 4 B R
0. 357 nm K% (E 47 A KLRL A6 A5 T Hh gk 47 452 41
P2 BB B B AT O 0. 242 nm, BAE T —E
APl 25 o 77 A D 22 4 D DRT AT R 301 7 P A6 2
i T BRAR T PR AT D A ER AR LA i R R
S O E A P HORL T 2 8] A7 A A 8] 45 0 22
St B TRLAR RS e K U 9K R G
e R i B S A /B e g e I BUB G R LK S
RS RAMRIT ARSI REREAR Y
FEEE R PRy — 2L

R1 BREEBSHL

Tab.1 Parameters of stretching energy

B4 ky:/] + mol ™' « nm™* R, /nm
e A 3 k R, R,
P3-P3 1.4X10° 1.99X10° 0.242 0. 395
P3-P4  8.08X10° 1.10X10" 0.470 0.475
3.2 ®#EANMH

3 AN SERIRL T BB AR A B 5 1 i e e
JORH AT » AT P SR BB AL 400 B K 20 A1 18 7 3 WF 5
2 FiORLRL P A T I 368 07 14 B8 £ 0 A LA fie X
ETHREHMARES .



55 6 0 JEI W B3 25 AN [R5 HpC () PMIMACRLRL AR 735 3l ) 2 B 1541
3.2.1 BEA | a4t oA — S A 4 2 SRR IO IR R 2

LIRSS e R (e s U R 3 R o
D el PRl b A i B 2 A ai
e, 13X 3 1A 28 TAL A A T ol AS [ A 257 i 5 B 2
T o S R UL v e P AR 2 5, B E PMIMA
AT S A YR B — MUK O P4 KL T
FARNE D P3ORLT-. il T8 K 20 A i 57 T 5 A
S5 AL A B AR A 3 BE S MM 2 B S B RE 1Y
SO . T L ORI 1R 04 B Ak 48 35 BE S BUIR B A

2

0.030
—=— all atom A“A
#— initial CG
0.025 +f?naJaCG
0.020
§ 0.015
O
0.010
0.005 | A
0000 L L 1 1 1
80 100 120 140 160 180
Angle/(°)

Bl 4 C-C-C i oh A x e (BR[O
Fig. 4 C-C-C angle distribution (model [ )

K2 BREHMBSHLL

Tab. 2 Parameters of bending energy

. —1 °
e Fiena /] * mol Ovena / (7
ko k; 0o 0,
P3-P3-P3/ A
7.45X10* 1.15X10° 128.1 119.5
P3-P4-P3
P4-P3-P3 4.01X10° 4,43X10° 149.0 152.6

4 N B AR o A X EE DL B R S R G B
o Bk ENG .2 Fl &g AR 4.
A SR 2 PR,

3.2.2 BMANMERSH

B S35 rr O SR T SRR BT 0 L A 3 Y i B
SPATINE S iR, 2R FEMT AT 0 =
94. 31"/ A5 I 3l » Hk s R .

W01 16 S B0 AKLRLAR ) 3 i 45 5 4005 42 3
AR O A U LA AT 20 Y S o A A N ER
S oA I SR P A B A 2 Ol 3. 767, AL
THEf WG 2 SRR T L F 2 7R [/ — JL A 7
B FREEES ., BuRENRE BRI R X

[ 2 B 4 568 O 1y HE T 15 46 308 o — 38 AR HLI
HEIPE. I 7250 708 R BLF A A7 A1E R
TE T HEE S AE .

006F
4 —a— all atom
0.05 - J| +— initial CG|
—— fixed CG
0.04 J
% 003 1
ol |
0.02F | \
|

0.00 .
-20 0 20 40 60 80 100120 140 160 180 200
Angle/(°)

Bl 5 C-C-C oA 3 b (R 1D
Fig. 5 C-C-C angle distribution (model ]I )

T8 1 7 b e 5 O 5 A 6 L R B e B RO Y
Ao P ECHRAL ) 3 K A B AL B A
J P BEAU AR W) G 5 5 W 5 vt 38 BOAE 3 4 1) 2
e J5E 7 i, LA | B AR BB A3 A AL TR ) U
B PR T A B
3.3 EEEHEE

P B B A A R EE AT T R RY T RIS A A
i PMMA HURLAE AR R . B, 76 55 B 25 4
FHF S BB T #HATIRA T

Y T & o B A% 1) 43 A R E(RDE) 222
By L) S 3 BR 3R B T L 8 SCRIRGE TR 1 2
(i) P A% 1] 4 A7 R R B o 1A R b Al S 2

£ Martini HLKL Ak J1 3 . P3 . P4 KL Z [i]
1 L-J RIS R 1A, RGeS 80 e i, |
e0=4.98X10°J e mol™ ', 5,=0.53 nm, {HX}T

12+ -

10 b t1

08 —=— all atom
S +— initial CG
(=) L —— final CG
2 0.6

04 L

02+t

0.0 i . s .

0 0.5 1.0 1.5 2.0

Length/nm

Kl 6 PMMA {4 Z )42 i 43 Aii pR 40
Fig. 6 Radial distribution functions (RDFs) of PMMA



1542 e KE IR

%21 %

Sk 1R O T HEAR R L R 3% A 1 R IBOKS o 1
S, & 3 Wk E. 2 Faomthk s
B RO RS A 6 fron. It e =
2.51X10*J «» mol ',5,=0. 64 nm, 48]
B o 7E£ 0. 63 nm F1 0. 76 nm [ff T B}, 4% 1) 43 7 Wl
LRV BT /N MR EE A 0 5 T 2 o M 1. 50 nm
I3 A BRECE IS I R A I T 1.
3.4 REWNEEKRE

Hi i — > MMA B 7 DR Al 15 B vp g
TR a ik AR R & VAR iR A R A RV g |
HA SR FERIY 1/15 2247 H i TR R il
ol B P D5 5 B R X 5 58 i R O T[]
RS H S i A AEAE LRI E T . B L%
HURL AR Y 57 5 v ROR T A B B AR &, 3t
BACRH BT 2R PRk 3 s, 5
F A MU A RS RUAH L HO T SRR A i dd = .

®3 ETFEEMENACERTHITEREL

Tab.3 Comparison of atomistic and Coarse-grained models

B 2 2 5T R A 1 7
BT ECH /A 6 040 100
B R L 5 000 300 000

I AT b B/ A 12 9
BEIE /s 1538 587

R4 EFEFEMMBRLELTE PMMA
HHRWGEMY G OFEFEITLE
Tab.4 Mean-square end-to-end distance and mean-square
radius of gyration for atomistic and

Coarse-grained simulation of PMMA

B R R A%/ (nm)? S2/(nm)? h2/S%
4 i AR R 6.226 0.991 6.283
HE L f AR AR 6. 268 0.936 6.697

907 A BRI 5 [0 242 ST 2 A g
A R LR ] T i PMMA @& 73 1 8 A
R AE S T BUN Sy AR S VS DR DS

S % Lk

[1] TOFTEBERG T R, ANDREASSEN E. Multiscale
simulation of injection molding of parts with low as-

pect ratio microfeatures [ J]. International Polymer

St 53 A1 3% 5 [ 2 2 4% L O e ik BURE AL g 3 9 A 5K
Yo X ECE R 4 Prs .

1% 3 n) 1, 5 Z (] A X DR 22 20 Bl R
0.68%0H 6.6, X T 1 Hh&5a BEsk [ e f% 5
CBI s 306 ) » 2470 140 T J095 K, L2 75 oK i
B X T e A E AR ELAE O 6. X R B o
R R R AT 7R —E R L e

i3 X PMMA i 25 M 504 23 A & B 4
FRHURLAL 1 37 E 8 55 3t 52 B 0 1 3l ) “# B
T 2. W% 1A 25 FP (9 T 1 e S R S S A T A
OUT » SR APHURE AL 7 3 45 40045 21 9 45 SR AK R REAR
AT A el TR gt L. X RV
AE DR TIEASE DLV A P8 1 [ 1 B DR O g A A DL AR
A TR )R AT AT AE

WICR > T30 S22 75k B RGBT
T2 Bl oL R 9 PMMA KU A6 B 58 i
X AR Ir T8 1 T g A B IE T A
F N T HEZ 0] B B AR S AR B SR T O 2
B IR HEAT T AR Y R A9 B T AT Z AR
HURLALEE R R R I - 5 2 iR R B HDRE
AL BB PR UIE 017 A T 550K 12+ L RE X R JE 2 055
THEERLAS . T A A O 2 AN 700, Bk
St xr PMMA DR Y e Hh 39 2 806 &
YA, p TR R A s ()2 A AN 0 R4 A
RAAFTEZFOR TR 5 2 3E AN R i e .
13RI (1B s o w0 = /3 [ U R W
B 5 SEA A AL A R 5 B

T SCF — 25 ) A st AR KL A 5 Y 3 A
PMMA I A7 A R BE 17 P9 )0 SR 25 i ol 1
BB G O TR A T RS WA RNl E
1% i A

Processing , 2010,25(1) :63.

[2] CHOISJ, KIM S K. Multi-scale filling simulation
of micro-injection molding process [J]. Journal of
Mechanical Science and Technology . 2011,25(1)

117-124.



% 6 39

JEI W B3 25 AN [R5 HpC () PMIMACRLRL AR 735 3l ) 2 B

1543

(3]

(4]

(5]

[6]

[7]

(8]

9]

XIE L, ZIEGMANN G, JIANG B Y. Numerical
simulation method for weld line development in mi-
cro injection molding process [J]. Journal of Cen-
tral South University of Technology, 2009,16(5)
774-780.

WANG C, XU J J, CHEN H Y, et al.. Mass
transport in nanofluidic devices[ J]. Science China
Chemistry . 2012:1-16.

IR mar PR Ay Tl s R L.
&4 F i@k, 2011,(10):154-163.

sUO H X. Progress on Goarse-Grained molecular
dynamics simulation of polymers [J]. Polymer Bul-
letin, 2011.(10):154-163. (in Chinese)
FARHADIAN N, SHARIATY N M, MALEK K,
et al.. Coarse-Grained molecular dynamics simula-
tion of lysozyme protein crystals [J]. Chemical
Product and Process Modeling » 2011,6(1) :1-21.
TR 6, AR k. FTE IS VR VE AT O A AL RL A A
W] 4wz 8t &, 2012,24(10) :1890-1896.

CHEN J F, HAO J CH. Coarse-Grained molecular
dynamics simulation of surfactants in aqueous solu-
tion [J]. Progress in Chemistry. 2012, 24 (10)
1890-1896.
A X F. AT Martini /1 3% R ¥ 89 va 2 b R A4 R
89 ARG T AL M D] I AR I TR A%, 2012,
ZHONG T P. Rsponsiveness of polymer brushes .

(in Chinese)

coarse-grained molecular dynamic studies based on
martini force field framework [DJ]. Guangzhou:
South China University of Technology, 2012. (in
Chinese)

MILANO G, PLATHE M. Mapping atomistic sim-
ulations to mesoscopic models; A systematic coarse-
graining procedure for vinyl polymer chains [J].
The Journal of Physical Chemistry B, 2005, 109
(39):18609-18619.

[10] WANG Z L., HE X J. Developing Coarse-Grained

force fields for PNIPAM single chain from the at-
omistic model [C]. The 3rd International Con fer-
ence on Bioinformatics and Biomedical Engineer-

ing ,Beijing,P. R. China, ICBBE, 2009, 1-4.

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

PADDING J T, BRIELS W J. Systematic coarse-
graining of the dynamics of entangled polymer
melts: the road from chemistry to rheology [J].
Jowrnal of Physics: Condensed Matter, 2011, 23
(23):233101.

Fek %, P ST AFM R R R Y
STE NIRRT R F A% AR, 2008, 16
(11).:2072-2075.

HUANG Y F, LI H P. Molecular dynamics study
of AFM-based nanoindentation of monocrystalline
copper film [J]. Opt. Precision Eng. . 2008, 16
(11):2072-2075. (in Chinese)

KISARAGI Y. Molecular dynamics simulation of
injection of polyethylene fluid in a variable cross-
section nano-channel [J]. Chinese Science Bulle-
tin, 2011,56(17).1848-1856. .

MARRINK S J, RISSELADA H J, YEFIMOV S,
et al.. The MARTINI force field: coarse grained
model for biomolecular simulations [J]. The Jour-
nal of Physical Chemistry B. 2007111 (27)
7812-7824.

RZEPIELA A J, LOUHIVUORI M, PETER C,
et al.. Hybrid simulations: combining atomistic
and coarse-grained force fields using virtual sites
LT
2011,13(22):10437-10448.

Physical Chemistry Chemical Physics
RAO SH L, LI X J, LIANG H J. Developing
coarse-grained force fields for polystyrene with dif-
ferent chain lengths from atomistic simulation [J].
Macromolecular Research » 2007,15(7) :610-616.

PERLMUTTER J D, DRASLER W J, XIE W, ez
al.. All-atom and coarse-grained molecular dy-
namics simulations of a membrane protein stabili-
zing polymer [[J]. Langmuir, 2011, 27 (17).
10523-10537.

HERNANDEZ S. Molecular dynamic simulation
of thermo-mechanical properties of ultra-thin po-
Texas

ly Cmethyl methacrylate) films [ D].

A& M University, 2010.



1544

%21 %

EER N

FRREE (1989 —) . 51 . i s MR A o 1
WF5EAE 2011 48 T fg K2435 2 &
L, EENF RGN R Ty
HE BT 5T . E-mail: zmy0714 @ yahoo.

cn

Fhm 22 (1963 —) . I3 Wi VLI 0 AL 3
1A W, 1983 48 T AR L KA AR
a2 7, 1990 4 F g Tl K2
(Lo P R 20 A B 2 6, 2004 4F:
T RFPRG LS00 R
ZEL S LR B R S R B, EENH
TR S T L 3R 5 0 I K B
ARG BB R B A T T R AF Y. E-
mail :jby(@csu. edu. cn

&3 B (1976 —), 5, 1 8 Bk A F
i, 1997 4F (1999 4F,2006 4F F 4 Bl
HOR 2 43 AR A5 2 b A R L A
L5 32 % DA = B A I A BT R A0 5 T T
BIBF5E . E-mail; rodk. lu@ gmail. com

B (1990, 5 LA AL+
WFFE A, 2012 4B T K2 3R 3 % &
27 BT AN T I T T T
4% ,E-mail :309147043@ qq. com

(FRILERE REWW FEEH)



