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. 2 L % ¥ 5h A # & Yk X (dynamic energy budget, DEB) &y # (B 4 &, 52 16 4R 48
DEB##, XAMN FEMEITETEELANHR R On) FMRAIIEE (T). %
LB A AR R R G T T EE [pmls R ECLIRARZE A4 FT T & 00 8 & [Eg) fn it
LR BRRAEFEE Ev] FEAS S UAKBEFHEEZREENESH B, 43 EHHEF
ABE TS &KE TR RN % E & KHIE, Al A STELLA 10.0 2 544 # T 4 ¥ iy DEB
MR, R R, B0, H N 03458, T, F ¥ H (54484960) K, [py]=17.68 J/(cm’-d),
[EGl=4050 J/em’, [E)J=1840 J/em’; #y# ¢ DEB H & 7 DB F i M4 B AR H T2 H
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FIARAN = M4 AR Ak 2R 1 & T (CARS-47); #iiL4A B KR % T (2019C02057); 7° itk T B

BE TR sh S22 kg, S DR IR A e il
R AR ST IF AR SR T AR AS M T
- BH 8 LN A R A T R [ A 127 T B B
FEILEE R DL, AU B Ak 20 S N TR 3
Dl (Patinopecten yessoensis) DEB 4 R A 7Y | 3 33
BB 3 A, i M A 2SR B 0 0 B Bt DL SR A
WEC BN TR IR A

%i W& (Sinonovacula constricta ) J& T i B8 29
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(Lamellibranchia), 7§ %4 H (Veneroida), 47 & %}
(Solenidae), HA K HAY | @M HESI R . F¢
AN A R R AL, SRR ETLTR . WL AR 3
A4 T2 VR RN K PRI B SR A R 2 — . 2017
AF B4 [ 3R 7 10 AR B 583 T hm?, PR IA 86.25
Tit, Hr LA Gl SR AE e i 3055 00 t, JE
SR DU T M DX B 3 5 A ) 4 U i b
JUFHIE AMR T, HEL TR
BF, H TR R ER B =, 4R I Rl A K
W kRN, B RAGEIE BIREH MA% . i
Pk T4 E WA, TEBEFEBAK
P AT T NS, %M rEa R,
AT SR Y AR 2 R L R

UL, ST L3 5 B 65 % 11 4 Bk 2 1 P
AN R 20 25 R S BUE AT, AT LT i 4 1
AR A AR R SO, 40 BT 77 FE K T A0 P R
AT AR A PR XE AN ] 2595 56 Fr 4 e ) AR G B A
RE F 43 T 1 52 MR 5 R AR VT A 4 1% FA 2R 4% 1 R
BERTRL B AT AT, R T R R
W, FERFRIRL, JR AT Ay it 3 45 08 5% 5 25 it 3
Al RN F5 58 7 Ml 1Y) % e $R 60 S

1 M55

L1 REFGSRRE R

A BE & Y 2 (DEB) BUS W AE WAk 1 A=
MR, e, F . WL A RO,
AR — D —HESL N . DEB #iS R i A
A B b B B[R] A6 4 o B R
I, HE Y BN TR I, i £ RE 2 15 B Ab
Fo, MAEEY)EEIE, fiF 5 RE ol b
A Be R R s, [ Ll & (kappa) HT2E
KGRSO, AR (1-k) TR &
hH, FETX—HN, DEB KA BEFR N k#L
MAERY (18] 1), fiff 25 BB S5 % IR 4ERF S5 F ) o,
ARG R AR DGR Y i, Mk
e,

ZE AR DR RE, DL T4
Y. PEMRRE . 4EFRA A ih 3 S HLAE I T Y BE
WIS, £ RZENELERANE 15,
1.2 BRBEEXRSHHIRE

SLIRME T S ANEASE, AR R
(6) BATAE 20 30T UL BE (Ty) . B At ] By A4 FH 4
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Fig. 1 Concept of dynamic energy budget model in

S. constricta

R 2B A BT ifs B9 BE & [pa] [0/ (e’ d)] B B A37 14
FREE R W) 0 T i B BB [EG][V/em’] FLERA (AR B o5
KABAFRER [Ep][J/em’], AE BUEZE van der Veer '
ST . KRB B R0 M k(1815 7E 5P P i
A B A A5 B SR R AL AR, R R
EW/NE B
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180 1~ 43 5l I 7 4 W ) e A< L SRRV .
R ARTBA L E N 1 g/lem™, A[RE Vem’),
FRRIE A V= (0,L), TR RIEAR R 0o

FASLAATRIE (Ty) 69RE RIS AER A
50 FEN R 3 AR A% 4L (AL BRI C
Y1) 11 G 0% S 0 AR HiE 4 B, 0 4 IR A FE AR
[mg/(h-g DW), DW LR T | 5KE (T, #h
SR K) B Ltk 0, BRI AR T

Ty HHHE AR InR=axT'+b ¥, X rp Rl a 4
SHEBRIA Ty o

B3 [puls [Egl #= [En] 89 72 1ZYIN
[Eg] Ml [Ey] N4 DEB #58 fir b 5 B2 %0, 1K
ook gk 2r & s, T 2018 4F 10  —2018
AR 12 H Al s YU SRR R o LR S E AT 2 FE
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#x1 DEBEEGAMEEXRN
Tab.1 List of main functions in the DEB model

i
description

equation

T,
K(T):k,»exp{ﬁf—

RIS AR temperature dependence

}-Oﬂwvﬁfﬂ%+a%ﬁLlﬂD,ﬂ*,Km%mﬂﬁﬁﬁ

Tu T

AR AR BRI BH R T /KR °C); TR B SEIR KIS %R ( °C); ko NS HiRE T A3 %

IIE ZEIME
__ I£]
Rt % catabolic rate Pe= [Eol+kE]

[“T”W*Wj+mu4,ﬁ¢,mﬁﬁ&%ﬁm%%wmﬁ,ﬁ

[Em]

TOR[E )15 Vg DISRAR T AR (em®); 1222 DU B A ) 2 TR (o)

PREZ  ingestion rate

Wi B EE 2 assimilation rate

Jx =f-{Ixm}- V33

Pa=AE-px Jy =f {Pau}- V¥, b, A EWIREE A R (J/mg)

VIR ThEEYE M functional response f= rFFH , N, FAREREWINIRE, FohPBawEE, AP ek ERis R
F 4R & a ik F (mg/m”)

4EFF% maintenance rate Py = [Pu]-V

BEHYERFER  reproductive maintenance rate Py =min(V,Vp) - [Py] - ]k;k

f#%RES) S1%  reserve dynamics dd% =(1—k)-Pc—P,

EMEFAK bio-volume growth i—i/ = (k-Pc—Pu)/ [Ed]

B HHASN /%% reproductive reserve dynamics d(% (k) Pe—Py s R, BRI PR R()

T-#  dry tissue mass DW = /% + k"ﬂ"EE"

TR P9 i A7 10 BE B BB T T FE o Y i A7 1 RE i
HAESEN, 4R T EEARRFHEE, &
W Lk Bt I ) S T IO O B ) AR S SR
ST SOy (L) T Ay
[EGgl=W 1 xCi xk/(T,xV)
o, Wy Ry S A RO R E AR T (g);
C) Ry 2505 245 50 B 4 % AR A WL B it (%) &
HAHLY R ELE (8 000 J/g)!', v o Bk A B A
L (em’), T, R AR R BRI 5 ¥ R AL (T,=40%).
45 1% ) U B 1 5 LR S R A 1) 45 4 ) T R
W2, WL R AR I RE I [Ey]:
[Ev] =k x (Wogx Co—W; xCy)/V
X, Wy MERERE T ERIRE (2), Co WER
1) 4y Bt 4 1% B AR A LA B 8 (%)

1.3 BRE GRS TEMIREEF

F% B PRI 3 K IR R M 4 38 Ik 8 M A R 1 5
i PR, 45 BCARES T E (DW, g) A ELRLAG IR
BASE, SRR KR . AR o YR LI K 4
WA KBUEE H R4 . BRBEHLEURE 30 14~
1.4 #BEWEBITS5HIUE

K STELLA 10.0 B {4 #4 & B AR AL, &/
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7 JiH 4 I B AR K AN 8 A 10 H HF iR 2= K AR
4 J1 10 HEEH, St iwIea e : T8 027 .
7oK 30.24 mm. Bk A 4R R AR 3 5 10
HIFHE 10 7 10 HE5H, G MRIan . ik
W 056 g, 52K 4116 mm. FHE AL KK N
1d, 72 FIBK 0N 4000 i BEDURH 23591k 270
2404,

L5 RIERERMY

TN AE () A0S DA (X) =2 1] f) 485 88 T AR
i X5 Y BQLAE RN SE 5 (R (EME 1R B 95%)
FRIHEZ S y=X H4k 2% 5% W& PE (paired samples
test, P>0.05 Mk JC i 5 1 25 ) SR

1.6  miEHE CBR &I 4

B D REE S f B A P 58 v ) B Wk
FEMTAS A, AT LA WA 5L 30 5 v £ W) %k 4 9% fig
IR ARG fEh 0~1, A
/N, 1 B G G 068 R e g PR R R T R
WK ZR T-dependence S e T AN A/K IR A9 AR 1
D126 A 3 s 7 A N T 2 2% Ui B I S AR L
T-dependence FA{E>0, HM/)N, U6 B K R XF 45 i
KA BR ik, H T-dependence FY i KA
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k3]
gl
2 > 15t
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i 2
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BEMSL WG KATRERIE, ML
P 1 59 07 R R B N 6, HE M 0.345 81 2).

P46 AR E (Ty) 4R BER5ER N
4.296~6.233 cm, AT E A BE S 0.212~
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Fig. 2 Relation between body wet weight and shell length for S. constricta

(a) the relation between cube root of body wet weight and shell length; (b) the relation between body wet weight and shell length

R2 3THBEGEERNEREMFFE
Tab.2 Biological characteristics of S. constricta used

in the experiment

M FeK/em 5 /g AT H /g
group shell length wet weight dry tissue weight
A 4.296 +0.247 4.56 0.212 +0.062
B 5.259+0.174 10.74 0.479 +0.055
C 6.233 +0.456 15.52 2.007 +0.238

3IAMARAL (A, B, C) B4 W #E 4 K 5K
R GATIFIR I, ) BB S R A E R 4000k
InR=—6798.3 T '+ 23.4(R* = 0.954); InR= —4643.6
T'+15.6(R2=0.976); InR=-4903.8 T '+ 16.2(R*=
0.881), & T WM FERRR A XE, 4R
TR T T A5 B (Ty), “FHIED (5 448+960) K
(&l 3),

uls [Egl #2 [Ey]  FTFYURSZE 1 45 9%
HEAZH . 5eK N (524 +£089) ecm, MIEHE K
(10.52 + 0.64) g, K IAFBIE E A (8.32 +0.59) g,
AR T E R (0.93£0.12) go

DU 5236 H 22 40 d, 5256 45 o I 45 4%

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

AT 1 o RN AR S 4 I AR T 59.5% il 86.2%.
SIS FF AR AL A, 4RI AR A ML
1k 81.4% Fl1 61.0%.

S 40 A S 6 B Lk B T 7 28 b 1 100 UL IR 4
TE20 °C B, % 8 AU AE AR AR E AE 0.15 mg/(“>+h),
JEFE A R R AL, AH Y T 5114 J/(1-d)
(1 mL 0,=20.3 D'"; MRIETIR R E, FE ¥
W RESR, 15 [pu] FHIH N 17.68 J/(em™d).

DUk FESE 25 d Z 5, 4a i S PR 38 T 3 fR 4
fH5E, FEAAEFRAE (033 £0.07) g (B 5), MRS
B 25 B DR R A WL & 1 (61.0% + 2.7%)
BEHLY I BEMHE (23 kI /g) VA K 6,,, K5 HLBE 4y BE
AT, MY T 1620 Jem’s SRJG IR DA A K
BRI R EL 40%, BRI 3kA5 [Eg] fE, M 4050
Jem’ (36 3),

W U1 26400 4 i 1 5 DU S T Ay 00 45 4 0 R
Atz 22, Wk DL AR ARG i g i O3
493 kKI/AY), MRAE O, W55 AR SR AR B K
FERERERE , 15 [Em] fH 0 1 840 Jem® (3% 3).

BRI SR IRAA . B0 . N2 FLECHE ok
TR 4,
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Fig. 3 Arrhenius plot (in rate versus 1/T) for
the oxygen consumption rates of

different sizes of S. constricta
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Fig. 4 Changes in oxygen consumption rate in

S. constricta during the starvation experiment
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Fig. 5 Changes in dry tissue weight (a)and storage of
reserves (b) in S. constricta during

the starvation experiment
22 EEEHIRHEN
FHIE AR SRR o B E 65 7—8
Ay K misF] 32.2°C; 12 A BWAFE 1 AKiR
AR K 7.8°C, M4EE a &K 4.16~32.55 mg/m’,
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R3 [Egl M [Ey] HITEER
Tab.3 Calculated results of [Eg| and [Ey]

ZH WIEHE S50E THEEE R
parameters initial value final value calculated value
PATBTEA(D) 0934012 0.36+0.04
dry tissue weight
BARENIE % 814£1.71  61.0£2.76
content of soft tissue
BARE BRI 17.41 5.05
energy content
[Eg] /(J/em®) 4050
[Ep] /(V/em®) 2840

2.3 4ii%H) DEB ARG R

T PO 4 A K B S
FOH 1 e M 01 45 SR SBEADELAE y=x TR 0 1)
Sy AAE DL A AP 7 R A 8 B o BEADL(E 5 S
B 5 B LM OCR (R=0.956 9. 0.926 55 P<
0.01), HHEFIHEZ%S y=x HE&K R, B
{5 SE I TG B 2 P22 55 (P>0.05),

24 GRREEENEC

S5 R BT B EIE S5 R . A AR
GERAFRE I 3 0508 o &1 9 FT/R R Bk 2l 1 4 1%
MY BE A FCRT AL SR . o, 40 C 21 45 R 45 4
Yim iR AR, O 55%~80%. TR
IR ET 80 d, A ECHIE ARG MRERR L, 25
Bl BT R AR, A ECEI A R RE R %12
I 7E 40~240 d, {7 AN e 5 ) 25 H B B R AR
PAR G IC, 1947 5% 09 B8 & R B P Y 35% B
% 16%, ARSI 210d BN B, N 25%,
SRJG 7 ORHERL

2.5 @S KREEF

BT REPE SO £ 8 FNREE BRI OC R T-
dependence f 455 ULIE 10, BN B 4: 1%, 18
FEUAY 1~40d (BI 8 H 10 H—9 H 20 H), T-depende-
nee [H U W /NT fH, BIm /KR 2K R
W ERIAY 51~90 d (BRI 9 A 30 H —11 A
10 H), f{H/NT T-dependence, B & #) 0+ %4
KFRBIPH 75 FERRAIAY 150~190d (BP 12 H 10 H—
WA 2 H 20 H), f{i. T-dependence ¥JJE T 15540
I IE) A B A L, KRS 4 o ) BRI R
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x4 @BFRRENSHEIE

Tab.4 Parameters of the growth model of S. constricta

ZH TRAH L&D ZH IR kR
symbol value unit definition reference
[pml 17.68 J/(em’-d) BAAFIYERFFEREZR  volume-specific maintenance rate 2 VBRI FE AR S
[Em] 4050 Jem® B RKEAAFUiERE  maximum storage density 2R HEAR S 4
[Eg] 2840 J/em® TR AR R SRR BT 75 (I BE & volume-specific costs for structure 2R SR
k 0.78 e T A$L  fraction of catabolic flux to growth and maintenance FRBAR A
kg 0.67 [i] 7 72 P Hh AR it 45 ELA9] fraction of reproductive reserves fixed in eggs TR AR AR
Vp 0.54 cm’ SRR AR structural body volume at puberty 2R SR
Om 0.3458 TEAREH  shape coefficient 2 BRI R
T, 293 K ZHRE  reference temperature PRLEE- ¥ S
Ty 5448 K FTEABTEE  Arrhenius temperature 2 VBRI FE AR S
Ty 303 K HELETR 52 FFR upper limit of temperature tolerance range 2 BRI FE AR S 4
T, 278 K IRPETH A2 FBR  lower limit of temperature tolerance range 2R HEAR SR
TaL 35000 K AR BEAR U 2T AR P BT 4 1 A0 B T PR 2 IMAIIEA S
Arrhenius temperature for the rate of decrease at lower limit

Tan 75000 K AR T BRI B AG 2 TR L IR 2 IR TR R SR
Arrhenius temperature for the rate of decrease at upper limit

Fy 8.53 mg/m’ A HE  half saturation constant [19]

AE 0.78 WU EL . assimilation efficiency [20]

{P.us} 410 J(em’-d) A R R TEA S KUR . maximum surface area-specific assimilation rate [20]

ot 560 J/(cm™-d) AR KR EZE  maximum feeding rate per unit body surface [19]

e~ UMY spring

35 ¢ 35
—— FKZRCEYE  autumn
30 mg 30 +
U% 25 ED 25+
8 20 ¢ = 3 20 ¢
2 9 | S = |
Z g- 15 4o 15
8 10 ¢ % 10
5+ += 51
1 23 45 6 7 8 9 101112 1 23 45 6 7 8 9 1011 12
H by H b
month month
(a) (b)

Ele FEMEKE @) SHEER ab) HEL
Fig. 6 Temperature (a) and Chl. a (b) change data of aquaculture ponds

PR 450, ZERHM 120~200d(7 A 3 W B
1 H—9J 20 H) A=) 20 58 20 09 35 B2 FR i . e
B T TR N, fepigg 1 O DEB BSHERREMNENEEX
1~70d (3 10 H—5 H 20 H) #i[a] bR il & K o DEB 3 25 fis 1 W S7 B8 2 AR 5 e 1 AR 5 Y
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Fig. 7 Comparison of observations (dots) and simulations (line) of dry tissue mass in S. constricta in spring
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Fig. 8 Comparison of observations (dots) and simulations (line) of dry tissue weight in S. constricta in autumn
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Fig. 9 Energy allocation of S. constricta in autumn
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IR o ASBIESE LA B 57 5 G 0O X A
FIH STELLA #x {4457 T DEB A K AR AL, AR
UE 5 LM LR, UESE 1 A5 A A A5 4L 13
I 2R 1y T HEE

TR 2 5T I 0 R TS A5 8 1) g ) A
P B REBEIEN . AW AR BUE DEB # A i
BEAMSHZ —, BRI R Z SRSk
M, G AIEARN, BRI —
SEXERE, T oe A p IR & 7 A, HCR B
RSB FIRB v=(0,L), Bl d 7K 5 R
G R RRHE IR R, CA CHRIGE &7
DEAPARFRECN 0.175~0.3811 210 AW (Cras-
sostrea gigas) - 0.175, WPV W (Mya arenaria)
0.277, YR3E 5 DL (Patinopecten yessoensis) 24 0.32,
G DL (Mytilus edulis) 24 0.332 7, %% 19 A%
s (Macoma balthica) }y 0.365, = B W (Cerasto-
derma edule) 2 0.381, ASHF5E RS 1 43 W6 IR 2
$h 03458, TECAWIFARIERIEIR RBEER N .

DEB Hip i 382 A= 9 AR 1 — A W) 14 i
B, ERE . WAE . R AR RO,
5 T\ A%, TE—EREEEN, se& s
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Fig. 10 Simulation of £value and T-dependence of seedling in spring (a) and autumn (b) with time

B 5 7K T 1 T R T RGN 5 A A R LR
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Establishment of a dynamic energy budget (DEB) growth model for
Sinonovacula constricta

LUO Yunhui', WUBo', XU Shanliang'’, XU Jilin'?, WANG Danli '

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. Key Laboratory of Marine Biotechnology of Zhejiang, Ningbo University, Ningbo 315211, China)

Abstract: The purpose of this study is to establish a numerical model of dynamic energy budget for Sinonovacula
constricta. According to DEB theory, the basic parameters of the model were measured and calculated by corres-
ponding methods: shape coefficient J,,,, energy per unit volume of Arrhenius temperature T, per unit time [p,,],
energy needed to form structural matter per unit volume [E;] and maximum stored energy per unit volume [E),].
Taking water temperature and chlorophyll concentration as forced functions, and based on the growth data of S.
constricta from different seedling sources and water quality factors in ponds, STELLA 10.0 software was used to
establish the DEB model of the system. The results show that the mean value is 0.345 8, the average value of TA is
(5 448+960) K, [py]=17.68 J/(cm’-d), [E5]=4 050 J/cm®, [E,]= 1 840 J/cm’; and the constructed DEB model can
well simulate the growth of dry weight of the soft body part and reflect the energy distribution at different time.
The water temperature of the seedling released in spring was the main growth restriction factor from August 10 to
September 20, and the food was the factor from September 30 to November 10. The main limiting factor was that
S.constricta released in autumn showed a strong temperature limit from July 1 to September 20, while the food
limit ran through the whole simulation period, with the maximum limit from March 10 to May 20. It is inferred
that S. constricta released in autumn could increase the supply of food algae in spring and reach the commercial
specification before high temperature in summer.
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Corresponding author: XU Shanliang. E-mail: xushanliang@nbu.edu.cn

Funding projects: China Agriculture Research System (CARS-47); Zhejiang Province Major Science and Tech-
nology Special (2019C02057); Ningbo City Science and Technology Tackling Project (2017C110003)

o E K P2 % 2 32 /) sponsored by China Society of Fisheries https://www.china-fishery.cn


http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.1016/j.seares.2013.10.011
http://dx.doi.org/10.1016/j.seares.2011.09.005
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.1016/j.seares.2013.10.011
http://dx.doi.org/10.1016/j.seares.2011.09.005
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.1016/j.seares.2013.10.011
http://dx.doi.org/10.1016/j.seares.2011.09.005
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.1016/j.seares.2013.10.011
http://dx.doi.org/10.1016/j.seares.2011.09.005
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.3969/J.ISSN.2095-1388.2014.04.009
http://dx.doi.org/10.1016/j.seares.2013.10.011
http://dx.doi.org/10.1016/j.seares.2011.09.005
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.1016/j.seares.2013.10.011
http://dx.doi.org/10.1016/j.seares.2011.09.005
http://dx.doi.org/10.1017/S0025315400037486
http://dx.doi.org/10.1017/S0025315400037486
https://www.china-fishery.cn

	1 材料与方法
	1.1 模型概念及模型中的函数
	1.2 模型基本参数的获取
	形状系数(δm)的获得
	阿伦纽斯温度(TA)的测定
	参数[pM]、[EG]和[EM]的测定

	1.3 模型中的状态变量和驱动因子
	1.4 模型的运行与验证
	1.5 模拟结果准确性
	1.6 缢蛏生长限制性分析

	2 结果
	2.1 模型基本参数
	缢蛏的形状系数(δm)
	阿伦纽斯温度(TA)
	[pM]、[EG]和[EM]

	2.2 模型强制函数变化
	2.3 缢蛏的DEB模型模拟结果
	2.4 缢蛏能量分配
	2.5 缢蛏生长限制因子

	3 讨论
	3.1 缢蛏DEB 动态能量模型的生物学意义
	3.2 DEB 动态能量模型的模拟作用与实际应用价值


