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RESEARCHES ON RAMIE BLENDED FABRICS
& THEIR PROPERTIES
ABSTRACT

With the booming development of domestic economy, consumers have put
forward higher requirements for apparels. Ramie fabric possesses good wet absorption,
air permeability, medical effect and rough style, which are suitable for good dressiness.
We are focusing on improving its property, expanding its domestic market share, and
reinforce our textile competitiveness in the world market. Due to such reasons, we
plan to blend ramie with other fibers in order to make fabric pertaining good qualities
of both components. In fact, blended/compounded fabrics have become a hot-spot
nowadays in finding new textile clothing. There is less pollution in manufacturing
blended fabric than improving ramie product properties through dying&finishing, and

the blending process is feasible and cost-effective.

The experiments and tests contain such works mainly as follows:

Blending ramie sliver/roving with fine polyester sliver, silk roving and cotton
roving respectively at various rates and then spinning; Weaving,

Yarn quality(eveness/hairness/tensiling propertity) test and fabric quality(normal
index: wet absorption, wet/air permeability, draping, crease recovery, heat insulation,
abrading resistance, tenacity&elongation, as well as FAST system testing) test,

Comparing yarn and fabric qualities of various blending ratios by several
mathematics methods. The relation equation between yarn quality and blending ratio
is established; relation equation between single fabric quality and blending ratio is
established too; and finally finding out the ratio of the best blended fabric.

Conclusions:

(1)For yarn quality, ramie/polyester yarn and ramie/silk yarn are better in
eveness/hairness/tensiling properties than pure ramie yarn. For ramie fiber has much
higher length than cotton length, those qualities of the blended yarn are worse than
pure yam.

(2)There exits critical point of blending ratio in blended yarn strength —blending
ratio relation curve which has been accepted by most textile experts, and in this

experiment, the crtical ratio is anticipated to be the transition point of yarn elongation



curve. That means, when ramie with higher initial modulus and lower elongation is
blended with other fiber that with higher elongation, the breakage elongation-blending
ratio curve shows that the breakage elongation of blended yarn maintains at pure
ramie yarn's breaking elongation until the transition ratio, and then the curve rise up in
proportion to the blending ratio's rising. For ramie&cotton blending series, the
transition occurs when cotton rise to 75% percent; and for ramie&silk series, 56.2%
silk ratio; for ramie&polyester series, 51.4% polyester ratio.

(3)As ramie product pertains good permeability and casual appearance, polyester
pertains good crease recovery and excellent draping, their composing proved to be the
best in enhancing fabric's qualities, and the fabric could be used as both formal and
casual wear apparels. Ramie products blended with silk also got good handle and
luxury appearance, which could be used in making underwear/high-grade shirts.
Ramie products blended with cotton gains good permeability, easy appearance, which
is applicable for casual wear clothing.

(4)With fuzzy mathematics methods, we find out comparatively better ratio for
each series which is listed as follows:

Ramie/polyester fabric series: 20ramie/80polyester fabric 1s recommended,;

Ramie/silk fabric series: 20rammie/80sitk fabric 1s recommended;

Ramie/cotton fabric series: 80ramie/20cotton fabric is recommended;

Pure polyester fabric or silk fabric pertains better dressiness comparing with
ramie fabric, the better blending ratio is anticipate to be higher; cotton is somehow
similar to ramie, 5o, a lower ratio could help to improve its property.

Key words: ramie blending ratio blended yarn yarn quality blended fabric
fabric property
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HE M clo | 0.1230 | 0.1387 | 0.1689 | 0.1345 | 0.0880 | 0.0537 | 0.1250 | 0.0363
T RYRE | 23] 3545 | 291.88 | 404.63 465 567.13
AN) | Sie 372.12 | 416.24 | 428.49 381.13 3182
W R | ] 2173 | 24.78 | 2668 12.07 16.56
K BR(%) £ ] 21.86 | 22.06 | 2826 18.62 45.26
BRI | W 3433 | 31.79 | 51.14 31.03 74.34
OETS 3755 | 40.03 | 51.84 29.50 70.16

AR RFHZ a/F R R E
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U SRR R AR
R 423 FRERGAYEIEEIE
» ﬁf(m‘“) 10 | 20 | 30 | 40 | 50 | 60 | 80 | 100 | 140 | 180 | 300 | 420
B4l RE 10.2282{0.48610.7182/0.8781/0.9400[0.9568]0.96330.9677/0.971000.9710/0.9781/0.9774
80 JBK/20 £8/0.1533(0.3369{0.5180[0.685410.830000.9115[0.9570/0.96670.9737/0.9737/0.9803(0.9808
60 FF/40 £5{0.1539(0.3439(0.5150{0.6662{0.8108(0.9065(0.963410.9740{0.9771/0.9780(0.98410.9846
40 FE/60 £8/0.1327(0.3091/0.47020.6358/0.7818/0.8882]0.9608(0.9725/0.97620.97870.98370.9837
20 JFR/80 £B(0.1438(0.3034{0.4469/0.6002/0.7476/0.8656/0.9611(0.9722/0.9758/0.97840.9823(0.9827
AE2E 10.1399(0.30300.450710.581410.719310.8348}0.966110.9893(0.9935/0.9961/0.9994) 1
% £ FR3T470.2434(0.480110.6833(0.8327/0.9172{0.94570.9608{0.9653{0.9698(0.97370.97930.9787
T 4-2-4  FREBIRYGIEY) FAST RHAMEE
RF AR LRI
> BO JF 20 4860 Bk 40 2540 J4 60 48 RO Bk 80
ok Rk BO I 20 260 IR 40 2H40 R 60 B ROFR 80 2B | i | s 1o
E |12 0.501 | 0.501 | 0.397 | 0.454 | 0.366 | 0.261 | 0.289
4% | T100 0.287 | 0.285 | 0.272 | 0.301 | 0.271 | 0.162 | 0.192
% ST 0.214 | 0.216 | 0.125 | 0.154 | 0.095 | 0.098 | 0.097
Z [ C-1 24.2 | 26.3 24. 2 20.0 | 25.4 | 25.7 | 15.5
| C-2 24.0 | 23.7 23. 1 17.8 | 20.2 | 21.3 | 217
B Bl 17. 7 19. 7 15. 3 9.2 18.3 | 14.6 | 3.6
BE | B-2 17. 3 14. 4 13.2 6.6 9.3 | 8.2 9.9
E5-1 0. 2 0. 2 0.1 0. 2 0.2 [ 0.2 | 0.3
E5-2 0. 3 0.3 0. 1 0.3 ] 05 [ 0.3 [ 0.2
E20-1 0.6 0.5 0.4 0.7 | 0.4 | 0.4 | 0.9
1 | E20-2 0.8 0.7 0.5 1.2 .3 | 1.0 | 0.7
{8 | E100-1 2.3 1.7 1.8 3.0 3.0 | 11 | 2.1
# | E100-2 2.4 2.4 2.3 5.3 10.5 | 3.5 2.8
§€ | EB-5 2.5 2.5 2.5 3.3 2.8 3.5 4.9
F-1 0.52 | 0.40 0. 28 0.29 | 0.33 | 0.20 [ 0.13
F-2 0.55 | 0.43 0. 33 0.39 | 0.50 | 0.35 | 0.31
G 50 50 48 38 43 35 25
TR M, BERRADLEIE RSN, RERYREIERENEIE,
B ERENE ML RETH T T M B RN BB WSO HET
RIS AR A REBYET R, ENRYBHIREELF: WEHTZ,

U Etgw, e RERSRAYEITN.

WEE FAST WiA{E, WH: EEELGIARE, KRR

£
)

)%’ :@%ttﬁﬁ!

X S BUE T, BISNI R 20 BR/80 48, EiE
MIEERE TFEEE, HL2EHES
20 BR/80 BRI

ﬁl‘liﬁ y

EJ%%’J\ ’

X 2R IR — L,

P A A2 A ] EXYES A
NI/, BB,

i
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BIUE ZEESAMLEETN

ZFmIgAR, BTEMmicsy, FERE. REHHEE
&, BT 20 BR/RO B 5, RUTEY
i B AR AT R H 1 B /IR 20 FR/80 45, 20 BK/80 LBHIR LA
=i, (EREEARBLF. M

B,
A 7 (4
it R

T ZIIETE, RYPRMAHS
IR RAY), MBI RD, IRWEESX, 5T5
HEEANE: RYEFFRIFINS
W REARN, R BRI RER/ NI fEREER.

E R . BIUINI

SRR, RHRE

b 45 48 i i Pee
FE(E R IX A

E S

b, 2BE)E, [YRTEREEA RIS SHE T4 AR,

4-2-2 BRI

thil, PAfgS4r~. BTel, T
FEIRFXTITVELE, EE BT B W)
eI R S VR, BEIEREE, K1
RRER, HBARUBFEHERE, BEHESTFIES!
“ERURT. “BEET. AT IXHERIVRE; BEEAREL
BlIRPr3R, s VR EE3RIFIE

S AT 25 TR

i

AR BE TR I R E
X HPRERHF . 6. RBEEFRS

- R 25 R

Y1 5% E bR PRI KRB D,

BEER, ANREEURRH T, FF
XETTRER EE.

PPIARELS RIUTTIE.

’ ﬂﬁﬂ%f/\

=,

KB e B AR B iR AT VT

H 137

JHEEXR, SEBENARAY SRR

J

23

RS
KBRS . K LRI
MR “BF".
R L
(X IBEEE8 H1  22 5-J4H L1R

BRRRARFRRYHR . IFL

]

5 e B

- — 2R LR R B R IR AP BE AT
ZENARE U TEI N ESGSE

FEVR S L R A7 B

FA BB, BB, SBEHSNR. RRAYEERE. BhG5

BENEAFRE, HZRAYDIEXTH.

T
BRI E IR RERET ZNEEN— B E R E T

=]

IHIRR. BNA, EAHRE

X

R BASREHMBERRAS

FMPERESE RS A MBI, el EREDFK

RGN, BICYWERE. BWREREEHTEEK,

PAF BB BN R P it

Cil:nF

:Eﬁ‘ﬁ
XA PP TR
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FN#E =BRGEDIEEFH

B E TR B R BT
4-2-2-1 16k, XA RBERIERE

EEL T HIASATeE, BN B R gE TR R R R R W Y X R X 45
SHEREEBITEZ. XEGHELEEAEEENK, B TRERE
70 0 F0 1 SXBEISRE, BETRHREELYEEPIN . BE, B
|EET G S R TER{E, NRBE T WBIRNRSG A LHE

T4 BT .
BER: KAEKXE[100, 1000]; E 0.20
BIE. FHKXME[30, 90); HLEO0.19
RiE: FRXME[0, 51 HE 0.09
M. FAXE[0, 0.2]; AE0.07
8UE: KHXE0, 50]; REO0.18
$rak. FKFAXE[50, 300]; E 0.27

4-2-2-2 TFERBRER

ik ISR EA R —fT R B A=1(0.200.190.090.070.180.27],
A EMERELEFKE[mn max], ERARBRE. F— 1K
FIEHE, BATERIEASE, HBESKBE, $#(data-min)/(max-min)
EW G RERBANERE:, MeSEMWNEBERE, W8/ T, &
(max-data) /(max-min)## h R B R BERNEME. IEREBREA
AR R, HE—ITRERFAENE -1 EH, 8 5XRE—ES
Lh BRI, B3 B=AXR, BIAI G HARS MR HFESHEREE
FiH®R B. BRALRBEREFEZSEGRL.

FESEBE S=1830.0000 510.0000 517.0000 479.0000 430.0000 610.0000

58.5000 65.7000 704000 64.1000 61.7000 60.0000
2.6100 2.5500 3.1000 3.3100 3.2300 3.2700
0.0580 0.0600 0.0580 0.1260 0.1190 0.1570
16.010 15.330 15.390 13.270 14.380 13.990

93.5000 111.5000 143.8000 183.1000 2323000 241.2000]

HH R RRBBRE:
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FENE =RBORYEEETEN

R1i=(S1;-100)/(1000-100);

R,i=1-(5,;-30)/(90-30)=(90- S,;)/(90-30);

R3=(S3-0)/(5-0);
R4=1-(54;-0)/(0.2-0)=(1- S4;)/(0.2-0);
R5j=(55j-0)/ (5 0-0);

Rei=(Se-50)/(300-50);

RBEREIERE R=[08111 04556 04633 04211 03667  0.5667
0.5250 04050 03267 04317 04717  0.5000
0.5220 05100  0.6200 06620  0.6460  0.6540
0.7100  0.7000  0.7100 03700 04050  0.2150
03202 03066 03078 02654 02876 02798
0.1740 02460 03752 05324 07292  0.7648]
LFETERE{E B=[04633 03846 04169 04432 04981  05391].
CA_EvHEAE R Matlab 4558, VE RIS
4-2-2-3 THE LR
£ 4-2-5 HRELYHFEHE
AFF R | B0BR20 4R | 60 FR/A0 LB | 40 BR/GO 4B | 20 BR/BO 48 | &4
SEYEEME | 04633 0.3846 0.4169 0.4432 0.4981 0.5391

MNTREGERT, EENEBRKNESBESENRYORRILA.
BEEANFEHERRTE, REFALETESRA, NEHAEE,
MARREN T IR EA, BRERMESERE: WERNAED, WA
fEREE RN R, REMRMMME. BT, S8/ 20 /80 HiH

YEEEEE T 2RK, S NIRELE L8] 6 FE1E, B RYPIEESHERET M.
FRLL, BREBIBGTRYEAREEE T b, BRELBIA BB 60%, DL 20%F|

60%Z I8 0 1E, HAELBIREEL.

4-2-3 SUB L FE T
Bl4—17T 0., EBER SRR LRTH SR EEEEREE-

I
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FNE ZEBRGINYTERETY

HARZ Yy, H ARSI RE AR LL B AR oS 25 o A A /. 100 439
fa, dige)libe T, HALZWNE R XRS5 E A RERML
Vi et gEADE, RS BERHAYIESLBERE, HSEEENRY
s R B T e . ZEBR 5 RIS NARE A, B IRE

il

| 5
—&— SOKE,/ 2048
| —f— GO, A0
—— 10RE/608 |
—N— 20K /8048
—8— M

—— RERTR

0 10 20 30 40 50 60 80 100 140 180 300 420
K B B) (s)

% 4-2-1 RN YIBE LE B

4-2-4 Givt r T S e L RE S B L L R R
{5 HH spss 2 {4 statistic »data reduction — factor THE, 73 5| BT
HERE S ErRY X R MMAE.

1By, =807.35-1459.02x +1689.68x ~ 449.07 x> (4-2-1)
AFE: y, =58.15+69.50x - 137.93x2 +70.25x° (4-2-2)
WREE: y, =2.56+0.24x +3.09x% — 2.66x°; (4-2-3)
I BE. 3y, =0.06—0.09x+0.40x% —022x*: (4-2-4)
BUB: y, =16~148x—621x2 +5.82x (4-2-3)
8. y, =94.78 -14.62x + 468.72x% —305.9x° ; (4-2-6)
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HINE 2RRRGADHE TN
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14.0

135
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.2 00 2
Wik

AN
4 B 8 10 1

2

* Observed

» Cubic

& 4-2-6 BiEES5HRITHLR =K B

B, T ERIEN AW EBRET S,
8. —IREMABUFHMIRAL T &

SPERE. &2

pal:kiz=4 1R
188 541 o

BHiE
72
T0 A
r; \L 1
68 f?whﬁb '
£ 7
£ t
66 /Y iy
Jr.I' ! '\‘\\
§r 3
64 E/ HAHR
fy
62 ! - -
80 it « Observed
ss| / I
-2 00 2 4 6 8 10 12
HEE

& 4-2-3 BERBSEBY LR =1RhL

el B

6y

14 4

B 4.2-5 B SERBEGHLEH=Rihs

B

260+
240
20)
2001
1801
180
140
1201

100y
wl -

° Observed
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" Cubic

.2 00 2 4 8

Han

8

10 12

& 4-2-7 REIR A SEBY R =K 2R

LI AE 2R A L E

£ 2 MRY

ERVE 20 E=N

t. RITAYIHIE

=N RAGIRY); RiRaeIREALS| LT
EH TR A EBERAYNEBEANE,
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FUE ROV

4-2-5 &Eip

P

H

e,

H

TLAE

AR BEFNIE M

B

FREAR ST PRIET

TR, BRI R AT Y,

, BEEERAD L HHI RN, BRE S ger s,
RN R BR: IR I B M B R s 5 2D (R 4

A E&w, RS RERALYIHITRN.

RO 2 M AN AR vk ik ¢
AN, 45
T HiLH

PEPEAR

ISR TR S5 Lo 2 20 BR/S0O 48. 44
KT s NH—RBRYERE T, EFENe.
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BUE  TRRST AR

BEA RRBSRYHEREVEAT

4-3-1 LI ENRS . BHE MO L

% 4-3-1 BE KRR 25 2R ER kS
=Y # E(R/10cm) & FE (%) o
R &% % &% % HEE | (gm)
£ K 232 260 45.24 50.7 73 141
80 FK/20 ¥R 231 296 45.05 57.72 76.7 149
60 FK/40 8 241 23] 47.00 45.05 68.5 147
40 #E/60 18 234 270 4563 52.65 74.3 168
20 FK/80 1 225 270 43 .88 52.65 73 .4 166
248 246 264 4797 51.48 74.8 167
7 60 BRAO KR T | 207 231 40.37 45.05 67.2 147
£ 55 FE/45 # ° 212 238 41.34 46.41 68.5 132
FRIRB 24 36Nm, i%ih3kg 227. 2 X 257. 2 #2/10cm
1. A ERYS) A 36Nn, WiFEIE 236X 236 §1/10cm
2. BBIITEERYG A RELA 36Nn, =iHHlE 205X 188 2/10cm
#* 4.3.2 KBS R SR B e s
BB | L | BOKK | GO | 40FK | 20K | %/jg 5% 55 Bk
Ei=g RO | /40%8 | /6088 | /80 18 5 /45 1
EHES R Vm’s | 855 543 488 306 260 230 588 912
BEEMO) | 535 60.5 62.3 64.0 63.0 62.3 500 62.3
REH(%) | 2654 | 2578 | 2598 | 2833 | 3373 | 3213 | 2.508 | 2.476
it A (g) 0.056 | 0.051 | 0.050 | 0.049 | 0.046 | 0.043 | 0.048 | 0.052
WIEHE(%) | 2406 | 18.60 | 1618 | 1044 | 14.08 9.5 1560 | 17.88
&k | 2w | 50.2 52.3 64.0 753 82.6 95.0 54.9 62.6
B &Em | 570 62.5 67.7 78 .4 880 | 1083 | 613 62.3
RO [ BF | 1072 | 1148 | 1317 | 1537 | 1706 | 2033 | 1162 | 1249
w B clo | 0.1815 ] 0.1723 | 0.1708 | 0.1662 | 0.1641 | 0.1686 | 0.1965 | 0.2165
WrdoR| Zem | 453 373 280 260 238 328 360 383
SN | &/ | 532 497 264 470 361 425 393 511
WRifh| 2m | 1621 | 2246 | 2134 | 2047 | 1749 | 18.03 | 234 | 2028
J‘é,f #Zm | 1253 | 1752 | 1923 | 1832 | 215 277 | 2096 | 14.96
WiRh £m | 2.13 2.39 1.66 1.69 1.34 1.71 2.37 2.13
O | &m | 1.97 2.32 1.36 2.10 1.99 3.03 234 2.22
popbaefE | 05299 | 04274 | 0.4197 | 03815 | 0.4166 | 0.4312 | 0.4326 | 0.5098
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HINE ZRRRSAYINEREIRR

£4-3-3  FRIRBALYIRCREE

{F (m) 10 | 20 | 30 | 40 { 50 [ 60 | 80 | 100 | 140 | 180 | 300 | 420

248 ]0.095(0.18310.2857]0.3811/0.4821/0.5879/0.775410.9206/0.9604]0.96770.9741/0.9728
20 /80 18 0.1408(0.27850.4179/0.5646/0.70060.806410.912110.9434/0.9535/0.9605(0.97560.9662

R

40 FR/60 k8 10.1044) 0.216 0.3334/0.4677,0.592 |0.7075] 0.873 0.944210.9589(0.9649/0.9716/0.9732

60 BR/40 4 10.16180.3359] 0.52 | 0.6860.8053(0.8827/0.9301] 0.943 0.952410.9588/0.9679(0.9701
80 JK/20 #3 | 0.18610.36770.54740.6974] 0.818 10.8844[0.9248] 0.935 10.9453(0.9524/0.96290.9604
B 0.24060.4643[0.6771{0.8127/0.8804] 0.905 [ 0.921 /0.9278{0.9366/0.9373(0.9465/0.9462

£ 60 FR/40 1 0.156 [0.296110.4673/0.6433/0.8042{0.89770.95380.96190.967710.97350.9777,0.978
% 55 BR/45 H80.1788)0.45810.6963]0.8345/0.8901/0.905800.917900.919410.9301/0.940700.9489/0 9498

#* 4.3-4 WMV Y24 FAST $E
IR FE . 80 BE 60 Bk 40 B 20 Bk 28 R 60 BK | ¥R 55 K
& /2088 | /4088 | /6048 | /80 48 /A0 R | /45 R
% T2 0.555 | 0.569 | 0.564 | 0.541 | 0.562 | 0.560 | 0.537 | 0.507
45 | T100 | 0.326 | 0.335 | 0.387 | 0.368 | 0.377 | 0.374 | 0.362 | ©. 328
E‘E ST 0.229 | 0.233 | 0.177 | 0.174 | 0.185 | 0.186 | 0.175 | 0.179
o C-1 24. 2 25.9 28.9 24, 7 24. 2 25.9 23. 1 24, 8
#h | C-2 25. 2 24.9 21.9 23. 4 22. 1 20. 6 22.0 24. 7
# | B-1 19.7 | 25.4 | 25.0 | 24.9 | 23.0 | 28.4 | 17.7 | 19.8
B2 | B-2 22. 1 22. 6 21,2 21.1 17.5 14.2 15. 3 19. 6
E5-1 0.2 0.3 0 0 0 0.1 0.1 0.1
E5-2 0.2 0.1 0.2 0 0.1 0.1 0.2 0.1
E20-1 0.5 0.6 0.3 0.2 0.2 0.4 0.5 0,4
#r | E20-2 0.6 0.5 0.8 0. 4 0.6 0.6 0.6 0.3
{8 | E100-1 1.9 2.3 2.5 1.8 1.8 2.4 2.8 2.2
# | E100-2] 2.3 2,2 3. 6 2.3 3.0 4.3 2.5 1.6
B2 | EB-5 3.2 1.8 2.0 0.5 0.5 0.1 1.4 2.0
F-1 0. 40 0. 63 0.73 0. 40 0. 31 0.71 0. 52 0. 45
F-2 0. 60 0. 62 0. 60 0. 57 0. 56 0. 52 0. 42 0. 36
G 38 68 90 224 264 922 90 60
WL LIRS 4, PEEMLTENMA, BYRYHRIEN
e FRENE EFH, 20 BR/80 FRHIREBHERERIL; ESFEEMEEN
AR ES, RELT BRMEREZENHFENER. SRR EERLT,
HUR 80 BR/20 M), HERYTS N B EH: L LA B L )

L

A AT R, IR PR AR LG BT . T R R R
HEAD K. FRRHEFIBKAYWRR B8R, BHER/D, B,
ENXAIKERI T THERE. PSR, JLEIHRY eI E

[TTT
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HIE RRSAYTEREFN

(] T (e R KT 2 R AR MRS, Rl R MRELBIRE 209
i, BRI EE RN

WEE IR FAST {8, "IB DT 4ik:

MEMERRERERD, RARYREELBHNE: 80 BR/20 FEIE
EERLEKER, WHAEERFER &

45 R A Rl A Bl iy 3 i’éﬁﬁ{ﬁiébn, i, B H

=
e

IPEREZEE K, AT RN, RS 5 E

A T B AT )2 80 BK/20 RPN 60 BK/40 M FNLLG]. HHX
FH B UINIEE R OKK, MLtk E SR, STUIRIE R EPURE R, %
A EAMRPIB IR, T ARyt W8, IA—E
HIRR, SCERAYRLRME il KPE= R .

4-3-2 MERA LRI B e ik S T R F & PERE
FifB S REE LR 4-3-2 B JE—H=.
SHTBRFEBYIRY), BTPEYRRRTERERISTE, 9. &

FefERErT, BTLL, REENESE KR a@ e m T, MREtd,

HEEE, AVAERSHE T AEREANE: KUSE%LF, HE

FRREE, HARER. BEEEXR, EREKRESHERES, B

FEREE T IR HEREMAZER R, MM T XA AL . NEBE,
K IRHESFERE : 4 k> H>80 BR/20 #5>60 BE/40 #5>20 #K/80 #5>40 BE/60
fr. VBGIX A AR A E, ANEE 40 BR/60 K5 E] 20 BR/R0 Mi 216, T
T TBECRBPIRE, SEEFE MBI, 78 60 BR/40 15 1
BAEIL /DT 8 55 BR/AS WMSE, BB A= i) R &% J5 T B
WERENRENLTE, HaERE: HFHAYHERNTLRETEEHF
Moy, NEMBLEFH P RM. BiF.

4-3-3. BB

ot
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SNE ZRBRGDVLEEN

—@— 20WE/SOM
—— A0HE,/ 60
—th— GOWE, 4048
il — B0, 208
e 5K
i~ JLO00E A08g
b SEE5RE/ 4518
£ |

0 10 20 30 40

K 4-

A0 60 80 G0 140 180 300 420
W B 1E] (s)

3-1 FEFREGE T i 4

WA 55 /A4S RRTRER M S 2R LT3 AN B g,

60 7181 5 FH IR e N 218 1)

BRI R oAt JLPPER 20 BR/80 AREE tEHLE

|T

HEET 40 #R/60 t5L,

R MEREE SRS B 2RM LR, W

100 43 e j5 HIER B SR IM & B R W& M R, JeA L, 100 9405
MER B A (AN, J AT R,

4-3-4 Tt TR R BT B SR GTH R R R

B B

900 66

800 54]

700 624

600 60 {

500 58 {

400 L 55J1

300 " Observed 54 ] = Observed

204 ] Cubke 52 | "+ Cubic
-2 00 2 & 6 B 10 12 -2 00 2 4 6 B 10 12
CES LES

€ 4-3-2 BREEMBS L =R & 4-3-3 BERBEWBH L =R
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FNE =RRBSTAME R

A i i %
34 058
056
3.2
054
3.0 052
050
28 048
26 J— 046 —_
: u Obse .
oL rved 044 __?hsarvod
2'4 > - r - ur = - y Cublc *042 8 - = w - - ” ‘ CUbic
-2 00 2 4 B8 8 10 t2 -2 00 2 4 6 8 10 12
Y R o

A 4-3-4 R|ES\RY LK =K dh4k ®4-3-5 NENSHBRESGLN=Xiig

e e s
26 220 i
2 200
22
20 180
18 o 160
16 4
14 140
12} _ _
<0 » Obgervad 120 * Observad
8 - — - L - - d -'_E:Ubb 1m L, - — o o - - d . Cumﬂ

-2 00 2 4 6 8 10 12 -2 00 2 4 8 8 10 12

max mak

H 4-3-6 HERSHBH L= RiE B 4-3-7 bR A 5BBSHLH=ris

MRYE spss UH B R IAMERE 5B YT HE X R

IES: y,=841.2-1488.22x +1309.72x% — 420 4x> ; (4-3-1)
BT, y. =53.63+42.28x - 56.39x% +22.8x° ; | (4-3-2)
RAR: y, =2.69-232x+7.18x% ~ 4.20x3, (4.3-3)
it B%: y, =0.056—0.03x +0.46x2 —0.3x’ ; (4-3-4)
HUB: y, =24.27-37.49x+44.38x% - 21.06x° ; (4-3-5)
Pra%: y, =106.45 + 40.88x + 52.73x2 + 2.2x° (4-3-6)

MR LHIHhER, FEEMESKPHRSNMM, AUk, By
SYIMIRBPERE LT, BRI, BB TR BERNIARREREY
ik RIOLYIRR B IEIGR, THTHEIR RN, s,
AT ST .
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HUE “FRRG AR

4-3-5 /N&E

BR. FRPAFP AT YE BB A M RRIT, RAM A X BRI B &
P E R FRAETR, SYREHEERRE.

A ENB YT LR YR 2 S BE R HITB 25 LE &2 20 BR/80 #5.
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BIE  MRRRY AU REF IR

BT RBRBSG SR TN
4-4-1 LR YA B iR 45 SR
x4-4-1  FRIRBHRYHRE

fEbx % B (HR/10cm) B (%) nE

v 4 % £ £ REE | (@)
4 Bk 220 254 40.7 46.99 68.6 146
80 FK/20 % 228 234 42.18 43.29 67.2 143
60 FR/40 % 233 248 43.11 45.88 71.6 138
40 BR/60 % 242 254 44,77 46.99 70.7 149
20 BR/80 ¥ 251 252 46 .44 46.62 71.4 163
2% 252 304 46.62 56.24 76.6 177

F 45 BR/SS ¥ 230 226 44 85 44.07 69.2 134

Ha, BRIRIBY RF 40Nm, #1134 227. 2X257. 2 $3/10cm
AT BRI RN 36Nm, i EIRE 220 X 228 $8/10cm.
F4-4-2  BRIBRBYIRYN BB MR RA

R P SOBK | 608K | 408k | 20 BK - IF 45 FF
TRHR 208 | /A0 %% | /60 %% | /80 ¥%& /55 %
% S B (Vm’s) 687 649 274 272 229 232 1029
BRERBE (%) 62.4 71.7 71.7 71.5 53.4 48.3 57
% 8 (%) 2567 | 2228 | 1494 | 1280 | 0585 | 0347 | 1.086
i Bt (g) 0013 [ 0.029 | 0023 | 0.020 | 0011 | 0010 { 0023

BB E%) 2462 | 2934 | 39.07 | 3222 | 1838 | 15.01 | 3487
5 £ ] 55.4 62.2 92.1 750 | 1364 | 1106 99 4
gig & 5 ] 58.7 52.6 76.2 937 | 1162 | 1396 97.2
B O] 1141 | 1148 | 1683 | 168.7 | 2526 | 2502 196.6

5. % {H(clo) 0.1377 | 0.1634 | 0.1653 | 0.1624 | 0.1738 | 0.1841 | 0.2307
WiReR | W 587 471 386 487 727 738 530
HIN) | HE 687 595 566 544 812 758 532
B | R | 1935 | 2183 | 272 223 | 4892 | 4243 | 2485
KE%) | %m | 1478 | 1773 | 2239 | 3198 | 4447 | 4939 | 2347
Hr3Th | £ 3.36 3.10 4.34 3.93 160 | 15.56 5.66
() 5 ] 3.05 3.05 4.15 735 | 17.59 | 15.69 5.83
oM REE 0.4874 | 0.4365 | 0.4539 | 0.4270 | 0.5062 | 0.5044 | 0.6699

443 FRRIBOSYNENIE

@] 10 1 20 {30 | 40 | s0 | 60 | 80 | 100 | 140 | 180 | 300 | 420

2HF [0.2462/0.4526/0.6659/0.8034/0.8787/0.9073)0.9246/0.9293(0.9375/0.94470.9527 0.952
B0 BR/20 3% 0.2934/0.5565/0.7679/0.87790.9151{0.92730.9347/0.9366/0.9436] 0.95 [0.95770.9567
60 AR/40 3 10.3907)0.69640.8905/0.929310.9392/0.9433)0.94680.9478{0 9535/0.9591{0.9654] 0.963
40 JBR/60 ¥ 10.3222/0.596210.8304/0.9067/0.9232] 0.936 0.9435/0.9464]0.9539/0.9613/0.9698)0.9665
20 BF/80 ¥ |0.1838/0.3638| 0.579 [0.7988/0.9599/0.9907/0.9929(0.9927]0.9942] 0.995 [0.9974]0.9965

£k 0.150110.3084/0.4967/0.6686/0.8576/0.9713]0.9895/0.9909/0.9925] 0.994 [0.9952/0.9955
5 45 JR/55 #%]0.3487] 0.639 |0.8735| 0.94 | 0.953 [0.9545{0.956910.95680.9616| 0.965 0.9698| 0.971

A
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SHE SRR EE RN
F4-4-4 FREEHRY FAST BB
R 80 K 20 | 60 Bk 40 | 40 FE 60 | 20 BX 80 ‘ % 45 K
> £ R , 2R
fetr iR %% V& b3 /55 ¥k
E{ T2 0.449 | 0.467 | 0.453 | 0.429 | 0.423 | 0.499 | 0.480
] TI00 | 0.298 | 0.313 | 0.312 | 0.313 | 0.316 | 0.360 | 0.304
EE ST 0.151 | 0.154 | 0.141 | 0.116 | 0.107 | 0.139 | 0.175
| C-1 25. 7 23. 8 20. 5 23. 8 18. 0 21. 4 19.7
g | C-2 27. 5 24.4 24. 0 21.0 21.2 16. 1 20.9
1 B-1 24.5 18.9 11. 7 19. 6 9. 3 17.1 10. 1
BE | B-2 29, 8 20. 3 18. 8 13.5 i5. 2 7.2 12. 1
E5-1 0.1 0.1 0.1 0 0. 1 0.1 0.2
E5-2 0.1 0.2 0.1 0. 1 0. 1 0.1 0.1
} | E20-1 0. 4 0.4 0. 4 0.3 0.4 0.3 0.6
E20-2 0. 4 0.6 0.3 0. 3 0.4 0.5 0.4
ff | E100-1| 2.1 1.8 t. 5 1.3 1.6 1. 4 2.1
E100-2 | 1.4 1.9 1.3 1.5 2.2 2.6 1.7
% | EB-5 1.8 1.6 1.4 1. 3 1.5 0. 8 2.3
F-1 0. 50 0. 34 0. 21 0. 31 0.17 0. 27 0. 25
BE | F-2 0. 54 0. 51 0.26 0. 21 0. 28 0.18 0. 22
G 69 76 87 96 84 148 54

BERETIINA, BRESKVEN T HER S FERRZEL. FRE
EIFEH L L R GREEREF, T 60 BR/40 IF LB, SEFEMEAL R BIE
B0 K, BRDRFHTENRBIHE LI, 20 BR/80 ¥ BEHM
AR, rEBIEAEEARIEA, 20 BR/80 BIBERLK. BEE
o= H BT R ) A RAP AR EE K, R T B AR L B RS T 4R .

M2 FAST i {H, BHALARYEREEERMELPAWKSEY Sy E
£, RBIVRGTERME Hied, SEH, TihRiEREERS L,

ZHTEEG, $FHE 60 BR/40 B2 S B thiEsE, CEESBRAY. &%
FERNAYREEASMBRRY), "TRERENEEE S sk, KK
fPRA K S /MM T RMRKEEAKRERE. TRIE 2%
HIEe ] BT i i .

4-4-2 K P BRI 2R AL R Bk VR 4R -6 P e
SREMERRENR 4-4-2. BRRBY FEHR FRRAOKE R BEE
MEREMFHI RIFIESRIFERE & . BENERRY, SEaHae 20
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BOUE  SRRAEYIEL RN

BR/80 35> 4> 2 BE>60 BE/40 %>80 BK/20 #>40 BE/60 . X1 H,
CEVRYT, BRI E AR, SRR RAE 40 BR/60 B E] 60 BR/40 B L

1), 4%

BeH —Eer o, WEHT A ME R LBt RE A, JONVEETT. A

T 3 A5 45 BR/SS BREIE &L 0.6699, FHIRK, HAYHIES r’f
S EMLLHHE L EIR B, “ﬁﬁ&%?ﬁtﬁﬂfﬁﬁﬁz{ﬁﬁﬁ
FERETIAR, ST, SEAMEGER TS KR,

4-3 23

-\

YRR R 4 th

ol HE
— i B0k, 205%
:—i— BORE /4055
| — W 40HK/603%
-~ 208R/R0% |
[l I !
e $RADHR/O5TR

ol

0 20 30 40 3% 60 8D 100 140 180 300 420

# 1B a] (s)

B d4-4-1 HFREHAMEEILEN

MEGE BSER , VIEENR L 60 BR/A0 k. 40 FR/60 1% 80 BR/20
IR T k. (LRI 20 BR/80 R T &Mk, 1./ Rt AT Ik
M ET ARR. HF 20 BR/80 BRdT 60 e S EA AR T
AU A HAWINE B ROE . BIAVK, HRERETERZ,
BB SR, KRBT

4-4-4 LRI RE R YT X R AR E
[FIFEH spss B B K R MK R h £k
3B y, =715.7~762.8x - ??4Q3x +778.94x" ; (4-4-1)
BT y, =62.68+110.31x— ;4; 45x +116.2x°; (4-4-2)
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AT ZRRRGARYLEIEN

WiE: y, =2.58-182x—-1.80x2 +145x°; (4-4-3)
it BE. p, =0.01+0.11x— 0.26x> +0.14x> ; (4-4-4)
HUIB: y, =23.13+83.17x~157.49x% +64.9x° ; (4-4-5)
P19 y, =1142-72.25x+543.37x* —330.67x; (4-4-6)
AT BE
BOD . 80 » o
700 |
600 701
500
60 § ‘
400
300 — 50 § ——
200 :_Obw i * Obsarved
100 | * Cubic 40) * Cubic
-2 00 2 4 6 8 10 12 -2 00 2 4 8 8 10 1.2
#xak ®3R

H 4-4-2 BB ERBHLLH=Z XL

8
3.0

25
20
15
1.0

5

0.0 . :

-2 00

T §

2

4

8

A 4-4-4 TRER HHREYTH =i £

g
40 «

20

10

-2 00

*a Nl

2

4

&

8

10

1.2

# 4-4-3 BERBSRBYLLA = IR L

Cf
.0t
* Observed

¢o@ } . 1 " Cubic

2 00 2 4 € 8 10 12
2 XS o

A 4-4-5 W BEYE L HRIB YT LLAY Z IR Hh 4R
I

Priakradru—

260
240
220 | |
200
180 | 'I
180
140 .
120
100 . Cubic

e

.2 00 2 4 6 8 10 12

#ak

& 4-4-6 WBEERBHLMN=RBE B 4-4-7 TEEIH A SRR = KL
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SUE  ERRS RV R TR

BEE IR T TR LR R LB LT, BT R BER L TG
B FmESMHRE. BBHREEARE TREBY, gUBMHREAMEE LT
b, Praplel E RN . BRRTES RYETI B A e gy Ry .
4-4-5 £8P

BRERIR TR AT HhSKIR T HERE B R, H ok B R TE 47 i &
LR, HErlRETTERSERE.

LB IR VR G5 LB =2 20 BR/B0 #5 .
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FUE ZRRGAMIE RS

BT FESW

AEIFTEHRW T ABRIES LT E YL ERIE A
LA ARG R . BTRATERETERR. FAST #I0{E.

BT FH PRI 7 v AT 8898 4 LA T =
BB A IR 4 R BT
B WA TE tER, A X ERY, RHENZ
VI R L 2 R LRI AR T 5 5 B 4
RS spss, BB ZTEHERII IR SRS L2 (A
HEF 3w
RS — IS5 e
(1) HEGRINEDHEERE, EBERE, BETH, T4
BFRE MR ZE, BRI, RIFhGEAPHERARRY T
B & 20 1¥5/80 Bk ;
(2) BMREBERGRIADRER TR, BBUETF, ERERE,
e R LB RYIF . LLRITF RS RRER A1
R 45 Ee ] R 20 BR/80 25;
(3) MRBFRBGI RINARERFEH, RERTHRREESHMLS, X
BT THESMRERIFANS . REBARKE T MEHE
fE. BIFHITES LR 20 BR/8O .
(4) X, ULERMAINEES T HEBRRIS R, B HERL, BRE
RINBE ST RHBISERARNEREAE. THER: BRREHN
RWamEL, IEX. R IRE B &,
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ROE HukEE

BhE GwkkE

AT, ARG T A, KGR

1. STFRRE. BRI RIS, BHTEMNBYD LA T, Wb
EF, MERBLRIFER, RSP, FELRFHIE, XKHT
MK R S RRAE, BUBRSIY & TH %L, BKEFHEERD,
FEIRENT B RIFEE N = NBY RIS RN R ERY s 57 R i

BN, WREKETHRRRZ GEidt— 55, XElhR &0 52N
L 0.75 BF, ¥kLb) 0.514 BERIZELRH) 0.562 B . XESHL B TES2)
SR RERE, UNEBRAYRMAtEsE, BR8IFIERgTHG.

2. BRBBHARIISAHARK, BENRE, BEEEH,
WEEEE MR E, BREAL. RIFHESREL SRR LLEZ
20 £5/80 BR; EA T HMARRES R, HEEE

3. BRERYIRINADRMBTRGE, HEMEEL, ERB M,
TG RIR BB RS IR . R s & RB IR R FR ST
B R 20 BR/80 45; HEA THMBGARXMEEF 2. T M,

4. RBBHRIAYRIMBLFER, BEFETHREEZTSHRA,
YEB THREAGRRERIFAHEN A RS MRIFET T MELYEEE.
BRIl R 20 BR/80 % MREBRRPIDTTHMBSIEZ, IEAR,

PR B R

5. X

Lo dkd

u—--ul-._l

PR

A%ﬁﬁﬂﬁﬁ‘ﬁiﬁﬁiﬂ'}%%lﬂ@ ISE PR A P TR R

5By, ERTFTUAKTHRSNES, BXEESLBRENDR

R, {HIX

=

SHEE AT, BT SERR A= R R ZE 7 I A

K, BTSRRI H T X — A

A AL E PR EIR R AT GRS ORE, BT A SKREFIX

e gy BT A B E, TN T 2001 FE2ERYG S IR M ARG RS

TNEIHZTER, AREMAIE:

AL P

Y

B IR) RO HRT IR, SR UE TAER R#AT: RIRY, 44

63




FLE ZekESE
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B 1 BRI MRS Y gE 4 MATLAB B 7

B8 T REEAGSERES NI SRR A K R R AR SE e T aE.

1 \ BRI #L example.m:

function z=f(a)

x=[0.20 0.19 0.09 0.07 0.18 0.27];
yl={a{l,:)-100})/(1000-100};
y2={(90-a(2,:))/(90-30);
y3={a(3,:)-0)/(5-0};
vd={0.2~a(4,:))/(0.2-0);
y5=(a(5,:)-0)/(50-0);
y6={a{6,:)-50)/(300-50};
v=[yl;y2;y3;v4;:y5;y0];

2=X*y;

BREE R G a2 -

a=1{830.0000 510.0000 517.0000 479.0000 4300000 610.0000,
58.5000 65.7000 704000 641000 61.7000 60.0000;
2.6100 2.5500 3.1000 3.3100 3.2300 3.2700;
0.0580 0.0600 0.0580 0.1260 0.1190 0.1570;
16.010 15.330 15.390 13.270 14.380 13.990;
93.5000 111.5000 143.8000 183.1000 232.3000 241.2000];
example(a);
Mg R
z=0.4633 0.3846 0.4169 0.4432 0.4981 0.5391

AR R <2

a ={855.0000 543.0000 488.0000 306.0000 260.0000 239.0000,
53.5000 60.5000 623000 64.0000 63.0000 62.3000;

2.6540 2.5780 2.5980 2.8330 3.3730 3.2130;
0.0560 0.0510 0.0500 0.0490 0.0460 0.0430;
240600 18.6000 161800 10.4400 14.0800 9.5000,
107.2000 114.8000 131.7000 153.7000 170.6000 203.3000];
example{a);
AR
z=0.5299 0.4274 0.4197 0.3815 0.4166 0.4312

pREE RS2
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a=[687.0000 649.0000 274.0000 272.0000 229.0000 2320000,

62.4000 777000 71,7000 71.5000 53.4000 48.3000:
2.5670 2.2280 1.4940 1.2800 0.5830 0.3470;
0.0130 0.0290 0.0230 0.0200 0.0110 0.0100:

24,6200 29.3400 390700 322200 18.3800 15.0100;

1141000 114.8000 168.3000 168.7000 252.6000 250.2000];
example(a);
By &R
z=0.4874 0.4365 0.4539 0.4270 0.5062 0.5044
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o BT RSSO B R —BE . BRI BRI A

Mg Z R OIBERT . SEEREH TIEMERIRFMFEZW TR, SRIHER. &

HRALZITEN AL L. BEE@RELE!

ARALRAN L, RREBEKR, HEGBTEAEZMOESMNHE. M4
e IR P ORIFRCEINE . XIFHITE. 0lstREM%; KRB PO/

Wt i2hh: SigRUPLHRTNZEMAGEENS, Ek—FEE. fueE

B R AT R Z IR T AR MR, B8 T RFKEIESMEL.

[RIB 1 BT W Bl ik ) 1R 2 0 T 38 LA 70 i
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