Operations Research and Fuzziology 1255 5#%12%, 2024, 14(2), 410-420 Hans Y
Published Online April 2024 in Hans. https://www.hanspub.org/journal/orf
https://doi.org/10.12677/0rf.2024.142146

EF SMBFRBOA H SRR
f5t

EFEFE, &R, £ F, & F

VRO A AR, TR T R AR EY S E R E A, HR 22
hEPAER AR, Jba

ks H . 202442 H17H; FHBEM: 20244F3A8H; KA HM: 20244F416H

H E

AT Ao EHER MR DE R IGIESHUR A TR AR, B THIR HRFAER SR . %A CubicZ I
A~ RichardsfLogistic 7 FE=F#FEA, @IU3MARERE(HE. KREEMLREE) KhrE
RRER. £HRKYW, FDPS (Date Processing System)# /& [ Richards F IR AR & IF, Hk
JERBRPE T HAMITE. WA, REAH ARG ER 25 KSR E K 1.61% AR &
#, Richards 7 28 V.15 B B IR B KL E 5 SERRE R & 1IER B [ BOAAEIE « SR TERK E 2 B1A B [B] Trmax
B RFEFIE RV mafE =M ECEFRR TR, R SHHFEER SMA A ENERSERIAR,
BEAFEEEE THE ANERNEREEL B HAXESITRASHARHEMNESPRIYHFER
HEBZIEHRIKR,

ki
HE, KEHE, BEHE, FRER, CubicZHR, Logisticj72, Richards}iE

Study on Filling Characteristics
Medicinal Licorice Seeds Based
on Three Mathematical Models

Feifei Yuan?, Daiyu Qiu!*, Xue Wang?, Fang Bao?

'State Key Laboratory of Aridland Crop Science, College of Agriculture, Gansu Agricultural University,
Lanzhou Gansu
’China Traditional Chinese Medicine Co., Ltd., Beijing

Received: Feb. 17‘h, 2024; accepted: Mar. Sth, 2024; published: Apr. 16th, 2024
CEAER

NEGIA: R, BEE, £, G BT =ABCARMI S TR TR TTL). 2% SR, 2024,
14(2): 410-420. DOI: 10.12677/0rf.2024.142146


https://www.hanspub.org/journal/orf
https://doi.org/10.12677/orf.2024.142146
https://doi.org/10.12677/orf.2024.142146
https://www.hanspub.org/

Abstract

In order to obtain the filling characteristic parameters more accurately and reflect the filling cha-
racteristics of seeds, it can be used to describe the filling process of licorice grain. The Cubic poly-
nomial, Richards and Logistic equations were used to establish the mathematical expressions of
seed filling of three kinds of medicinal glycyrrhiza (Glycyrrhiza liquorice, Glycyrrhiza inflata, Gly-
cyrrhiza glabra). The results show that the Richards equation established by DPS (Date Processing
System) software has the best fitting effect, and its coefficient R? is higher than other methods.
Furthermore, assuming that the initial grain weight of medicinal liquorice was 1.61% of the max-
imum theoretical grain weight, the theoretical maximum grain weight established by Richards
equation was the closest to the actual grain weight at the end of filling. The maximum grouting
rate arrival time Tyax and maximum grouting rate V.« are similar under the three mathematical
models, but other parameters are different. The grouting characteristics of the three kinds of me-
dicinal licorice were different, but their grouting rules were basically the same under different
mathematical models. Correlation analysis showed that the grain weight of three kinds of medi-
cinal liquorice was significantly positively correlated with the duration of rapid growth period.
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1. 5|8

HERNGRZEAEZH . SR FARPAE Y, MIEFRITTEL R =B 4~5 ERE), HH
BB B FORORER R, ERH R RS, MM FrRESE A G TR EE A
HEER, ZREMFR TR BTEE “s” Bk, HAifEh S R RF, 2R
Logistic 7R RIFESR , T8I THEER SRR A EIR SRR 1] [2] [3]. TE/DEE. AKREEAEMOT TR
b, B 3 FEeER A =R ZL T Cubic. Richards 7 #2F1 Logistic 2. 1, Cubic =
R Z Tz Richards 77 FRIECERIER G 4 NRESEL Logistic A 3 MRISE, XESHIIA
BHEYFREN[4]. BT THCABRRE RS, RS FHE S HCR R P RER I T AR .

Cubic 2 TR AR AE BP AT Af 2 HE SR L LR AR 1B . Logistic 77 F2 M1 Richards 2B ¢ 6y 6
AT ] SR HE S AR, MERE AR TR TS BRI, IR 2% 1k B i R e A 3 A O B KR L
B KA € [5]- Richards 7 HEH IS E N NS 53 REL, "B RENE X 40 KPR RE R I Z A H 1) SR [6]. 24 0 <
N<1, BEFRHEFML ML, BAFNBBER . S N> 1, ERERMLmA, EHRMMNTEERL. Logistic
A=K7 B2 Richards RSN = 1 10— PR IE 20, BT Logistic 7 FRAEMEE A REN T N 1,
I Richards /7 FEAE IR 78 70 REUKEIE M 2, FiE FH S H Logistic A2 B BRI E M E . Cubic 2T
M Logistic 1@ S A AEE, E A7 5 FE DL AT IR A& FE RO TIE, H excel AFERPT], #i Cubic Z T
A Logistic Jy PRI V216 FH . #ATM Richards 7 2J8 T-IE&AE RN F2, edd BEERMA R Q (i
SEHHEB/NISEL, A ENYIES BUE A 5T Richards J5 P FEH A EZ 1) — 6] [7]
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AH 5T H Logistic Richards 77 #£Hll Cubic =¥k 22 T xQ = P 5 AR AL 3 Fh 24 FH H S0k b v I 2
ELi 3 FhEA R B (A G 00, B MRS 2500t 3 Rl FH SOFPRL I h A T BRI
B 2GR R RL E AR R IR PR IR I S5
2. RS
2.1. LSRR

AT 2016~2022 LE7EH R BRI R TEARIH(N3I 57, E98°90")idt4T, 36 X Hikb+EiE 1L dL
B, W 1430 m, EFE/KE 80 mm, FETHRIL 8.2°C, SAETLTE M 140 d. % Hh X Ay MBS [ R Fki 4t S f
HHIREKEER, SETEZRY, HRKEREZEKR, BREMERF. HENEEEMXD L, #E
WEAAFER], JBeEAL T, EHHEAK,

2.2, #R#R

AR 25 H 2R 6 AW H B(Glyeyrrhiza uralensis Fisch.) SR H ¥ (Glycyrrhiza inflata Bat.)F1)%
RH%(Glycyrrhiza glabra L.) .
23. WEMBSAZE
FRFE FT T AE AR VER 7045 3, T H e i6 A 10 H) AR H B ARG H 8 & Ae e A 18 H),
B — B0 3 P2 FH IR AR R IC . BITFAEEE 5 REMWHC H/ANER), BGE AU 16:00
KM, AR AR T ERAE RS 15 N IRAR, 3~5 KRR 1 k. K RAEBENL A B 3 AL, R HRRL B S S D
FREUEEE, FA: R ARESAET, BT R E (8] AR 2 e B kb TRL L, THRER R IE S
3] 9]
2.4, ZFEEEERRMERITROER
2 [ SCRRREBE 3 A B B R R E S B0 S A X (5 DPS B, 4 A1~ 22 1) R 4R 4
PRI RIE L, HRIEA PN S, RALXPEHEERRIES . KR 3 FEresaY)
KH DPS A AT E AL, Logistic X A AMER A XGHE ' il ko
2.4.1. ZRZTR(Cubic)tRE
Cubic £ (A JA[5] [6]:
y=at’ +bt’ +ct+d (1)
(Wb y AFFRLTRE,  RFFEERE, wHE: 6 HOHr=-1, 6 H10H =0, HIALARE
s IKRHEACRE R s 6 H18H =0, 6 H19H =1, fEFLALHEHE. a. by ¢ d A Cubic £
KIS H XK PR E R TT L
V. =3at* +2bt+c (2)

—b++/b* -3ac

3a

V, NFFRLHER 8 2 (g/d, 1000-grain seeds). 4 V, = 0 B, 15 2 REHR AL 4G WAL 111 x =
2
W x s x, (x,>x) BRSNS =x, —x = 2—”’3‘3““ o SRR I SR A R
a

d’y/de* =2b+6ar =0, 33 e KW 5 0 % L ) T, :;—b, BT, RANQR, 185 KR EE
a
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o CRERESR LRI 7 i

B _ -b=* (b2/3)—ac
Vo =C——o Mdy/dt =V I}, THEH 2 AN S 1 =

e 3a 3a

U, BRI 10]. BT, =1, 1, dses Ty, =2 ) e

2 tl

i) %2 AL T K AR B R R I = o + b2 4 e, +d , TEIERER Y =S .

2.4.2. Richards ¥ {58
Richards J7f&:

ye A/(1+B’k’ )" 3)
ZH A, By kv N, Hb A N KERRKE. Q)XKRS, BHERKERTRE
,k{
- AKBe @)
4 “k (1+1/N)
N(1+Be )

KA P FEOFSHAT, [ HRESRER TR m AR I 18] ¢ M e,

2 _ 2 2 2 )
f=—In N”+3N-N~N +6N+5]/K, tzz—ln{N +3N + NN +6N+5]/K, BT, =1, 1,
2B 2B

(IOOJN .
&%u%%Kﬁﬁi%@%%%g,g:an%E—f K o SRR R BN A

_ InB-InN . BRHEREE Y :AK(1+N)*(1+N)/N .

max

2.4.3. Logistic #1385
Logistic J7R£[9] [11]:

y=kf(1+e*7) (5)

‘Bl /& Richards BB HERIA N =1 (IFFHCIRES . y UL FORLE, x ATFEIE REL 806 3 Sk A,
B, bk ONFR ORI E

BRI ] DPS BAFEE L Logistios U REN, MIEARRANSH, RN TRO~O), 1E
Excel i3 A3 BIMESAFIESHL

O HERKFERIA G A H[9], 1, =[ 4-In(2+1.732)]/(-B).t, =[ 4+In(2+1.732) | /(-B)

@ BIE Y ik 99% K BENHEIRAIM9], 1, =—(4.59512+ 4)/B

@ BRORHER A AR BIL I WM KR IE 9], T, =—4/B, V., =—-BK/4

BRI AR R Mk, ) = ln[(k—y)/y] y k= [yzz (» +y3)—2y1y2y3J/(y22 —y1y3) )
Hodt y, vy, vy S BRI B FFAE S KA (x) XL HAFRE TR T EA, Mo EERkA L, WEE LI
y=A+Bx, HA =48 =8, RN LRO~B), ki Logistic /T FE#EKSHL.

2.5. HIEALE
BT B R F DPS (Date Processing System)5E /[ 12], #7-%4 K H Excel Ab#E,
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RAEE %%

3. ZERE S
3.1 ZHBFRBERSY LS ELR
i 3 Fh B AR A i a7 25 P H SR HE R T R (R 1) 3 AT RERI R E R R I7E 0.96 L E(E 2).

H A, Richards 1 Logistic 77 FEAEAL Y R4 R® 5T Cubic —IRZ WA, BEIAF )7 ZEKT
Cubic =X Z W . =M R a2 F H SR TS RE k4T #0045, T Richards A1 Logistic 7 A
RPIMERORE L. 280N AT E R AR R, AR HEACR T ERSHNE > 1, &
PR JE T 5930 AR R H B NABAE 0 2 1 22 [8], 2 5wy, FPRL e T om ok R F PR UL Logistic
Jitty= k/(l+e”‘+3") , FHREINRERIESH b 4. B LT8R, Jue /4 RP97E 098 BLEHEN
FHIE, f# ] DPS #1837 Logistic 5 PRI T FERUR E AR

Table 1. Expressions of grain filling equations for three kinds of medicinal licorice

F 1L ZMAREBEFRERAFERER

o H IR At
IEZ%;S@)C 1 =9.241 1/(1 + e4.7694—0.1818x) 1 =10.33 12/(1 + e3.947370,1238x) ) =623 19/(1 + e4,692170.1796.\')
Logistic y= 9.2607/(1 n e(4.370.159666x)) y= 10.4829/(1 + e(3,70170.115954)()) y= 6.264/(1 . e(5.342570.196]37x))
. 1/0.360133 /2.
Richards y =9.2367)(1+135.8496¢ """y 210.8103/(1+ 4530167 y=6.2003/ (1422523 4914¢ ")
Cubic »=-0.0001x’ +0.0079x" »=-0.000059x" +0.004492x" »=-0.000059x" +0.004492x"
+0.058185x—-0.749619 +0.065209x —0.740341 +0.065209x —0.740341

Table 2. Comparison of fitting degree of three mathematical models

® 2. ZMBFRENAELLR

A e RH R BEEFITHQ
o
Logistic (A3) Logistic Richards Cubic Logistic (A3\) Logistic Richards Cubic
H & liquorice 0.9916 0.9917  0.9918  0.9865 1.4583 2.1378  2.1207  3.4836
KSR H ® inflata 0.9925 0.9947  0.9958  0.9919 0.8666 1.5961 12710  2.4486
JRHH glabra 0.9890 0.9977  0.9997  0.9681 2.0019 02872 0.0377  4.0449
¥J{H means 0.9910 0.9947  0.9958  0.9822 1.4423 13404  1.1431 3.3257

3.2. ZHEHFRAERBRAMERRE

Logistic 1 Richards #5415 L a1 2 SEBR WL AS 207, Cubic =R 2 TSR 2 Jd i TH A5
MRSIOESR WIAAME . o, IR SH B 4G S RUE 5 S BRoml il (e A — 25, H B 4h DM bL s
PRIt 3 d, SR HE LRI 6 do Cubic BB 3 Fi2h I H RES R0 I bRt 2215 3.17, &
T RHUN 99.8% (4 3).

Logistic 1 Richards ¥ 1 d fRNAEAY 5 FE 2k s 15 20E SR R UR AR BB, 177 Cubic AN THE
FARIARBE R 1 d BRI G, Logistic BEARESIIK 3 Fh2h FH B ab kL 5 Huwl i 3ME A
1.61%, FRUEZER/N, P57 RECN 65.73%. Richards B2 Ff L 4fk 2 LU (E /& 1.62%, HI Logistic 1M
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e 1ot

RARE &

BEIE, FRUEZEN 0.49, 855 A28 30.44% (£ 3). fF Logistic J7FEM 2 M 7R, 3 Mgl Bl H i ab i
FiE LA E, ARSI 5 R 5L DPS A TS E /D, FEZPM T U I RIA AR
AR HCHE S [R) o SR IR 22 57

Table 3. Simulation of the initial grouting period of three mathematical models

3. ZMBEFRIVEREHRAEN

g R AL ) gt EMBEAOT - ) U S L 2
(H-H)  Logistie(A ) Logistic Richards Cubic Cubic
H# liquorice 6-11 1.0075 1.5668  1.9607 6-08 -3.33
MR H ® inflata 6-19 2.1382 2.6987 1.0527 6-19 0.0691
HRHE glabra 6-19 1.0847 0.5779 1.8354 6-13 -6.2599
“F¥){A means 1.4101 1.6145 1.6163 -3.1736
FrifEZE SD 0.6317 1.0612  0.4921 3.167397
B R CVI% 447975  65.7309 30.4447 99.8046

AR E LB [5] = AR TR EL/ R IR RLEE < 100%. 2R JTRE HE i n H HIME RN SRRy R T S AS B kL 2

33. ZHHFEEREBBILREANESEREILNELR

1% FH B J5 — R AR I A AR T 3 SEBR UL B i R 2 ki . k EARIER R X TR TE, AFH
BOEERRN T 3 A2 H SR B R B AT, AR RERN, TE 4%L R . B B,
K S B R S R KA ROR, HGR R, R RN X5 SEER B R A bR E ) 3
FRAGHH BRI E G R —8, BIKEHEEL > HE > R HR. ER—HFEEAT, Cubic ZIRZ I
5 RECN 22.67%, FHLLT Logistic 1 Richards /N—%8, 3 Pl 2= 5081 ¥ BE 0 B KRB 138 e 8k,
BRESR AR E AR R R BN . RAW AT A B Logistic 7 FEf REEW R BRI, RAAXM
A5t ZHUN 24.68%, 18 DPS EALHIAS T 2 BN 25.04%. 2 1B WPRE LU 22 BIEDN, A8 R R BN
(# 4).

Table 4. Theoretical maximum grain weight and grouting end grain weight of three mathematical models

T4 ZHBFRABCRANESERELILNE

R e R 2 br 3 EEA/ % "
Tt MEIR AL
= Logisti . . . Logisti i . . ava
((/Zf’l%l)c Logistic Richards Cubic CV/% (Z%I%I)C Logistic Richards Cubic CV/% R
li(fl‘o%ce 9.2411  9.2607 9.2367  9.7215 2.5403 90.6927 90.5007 90.7359 86.2109 2.4778  8.3810
R H
inflata 10.3312 10.4829 10.8193 10.4709 1.969 104.9249 103.4065 100.1913 103.5250 1.9443  10.8400
%g;%;frraﬁ 6.2319  6.264 62003  6.6447 3.2824 99.7288 99.2178 100.2371 93.5332 3.1831  6.2150
’35(3%5]\/@ 24.6844 25.0399 26.8201 22.6662 73154 6.7384 5.6384 9.2046 27.2926
(4

YR E ELBI[S] = HER LR E /BRI KR E x 100%.
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TEF—HEME T, KRR S RED, SR TENTS R K. fER—HFEHEMT, 3
FhH B2 R A A8 S R BUAE 5.7%~9.2% 2 8], Cubic HEAIKIAF T ZECN 9.2%, FHEL S 41 Rl
K. Richards #5784 frfS 28 ik 25 LU AR 57 RECN 5.64%, FBILSE SRR iT.

34. ZHRFEAERHNESWLER

T HCEEARR R M AR, 3 P2 H REAERESRACIE I ¢ o FERBT VRG0S 1, MESRIS R =
B B B SR R AL T PRIGHARR S R AL T PGB BARF SR R AL T (8 22 K, 8 55 RAE 18%LA |
Logistics /& Richards iAW —FREERE R,  WH3E 10 RIS EUECNAHIE, 5 Cubic BBV KRS I A]
SRR ZES . BRI YT 6 HERK I ¢ aw BOGERKBORFNAN 8] T UASERFFSE T
X VUL EH , TEAS R BB AR, 28 5 REUTE 16% AR o3 P2 F H 5 1) d KSR R BIAI (/] T
Xof L[ S BB BN, BB RESRCEFRBAR R T, fEA6)E 27 d, IRFH S SRR A R A T
EAE)G 32 ds YR H BRI ERBIAR RIEALG 27 do HERIRESRPRIEHARF S R EAE Logistic #% Hh
4 16.5d, Richards f2%544 16 d, Cubic BE8K 34 ds K H R HER U8 HIRF 8 R BULE Logistic f2844 23
d, Richards %479 26 d, Cubic B0 37 d; AR H EHEIR TRIGHIRFEEREAE Logistic BAIH 4y 13 d,
Richards #i%°4 11 d, Cubic #i%°4 37 d. Logistic F1 Richards 7 & 7 (3E St FER a) %143, 76718 1
PRI HANZEIE I = AN B, IR o5 B KB . T7E Cubic =X Z IR A, SEEUBRIE IR B
A, T A R SR i 1) o LA D s . A SEENT Y Logistic 75 FE HIMESR DUt HA R S R 5L,
HHZ 145 d, KEHHF 21 d, SERHE 15 do PIRESL T A5 B RER N [0 S 88 A7 22 57, Herb o
FORRBARIE T, AR REOR /DN, HARSEIAR 3 R, K/NE 44% LA (7 5).

Table 5. Comparison of grouting time parameters of three mathematical models

5. ZMHFREAVERMNES LK

FEr H 7 (model) t s t t t Tinax T, T, T; T pa
Logistic (A ) 0 18.99 33.48 51.51 26.23 18.99 14.49 18.03 51.51

Logistic 0 18.68 35.18 55.71 26.93 18.68 16.50 20.53 55.71

HE Richards 0 19.50 35.53 5428  27.51 19.50 16.02 18.75 54.28
Cubic -3.46 9.13 43.53 56.12  26.33 12.59 34.40 12.59 59.58

CV/% -200 30.01 12.16 3.83 2.22 18.64 46.21 19.58 6.08

Logistic (A ) 0 21.25 42.52 69.00 31.88  21.25 21.28 26.48 69.00

Logistic 0 20.56 43.28 71.55 31.92  20.56 22.71 28.27 71.55

Ak SRHEE Richards 0 16.45 42.06 82.38 29.25 16.45 25.62 40.32 82.38
Cubic -0.07 13.39 50.16 63.62  31.78 13.46 36.77 13.46 63.69

CV/% -200 20.57 8.55 11.01 4.19 20.39 26.39 40.52 10.97

Logistic (A ) 0 18.79 33.46 51.71 26.13 18.79 14.67 18.25 51.71

Logistic 0 20.52 33.95 50.67 27.24  20.52 13.43 16.71 50.67

YR HE Richards 0 24.29 35.05 44.57 29.67 24.29 10.76 9.52 44.57
Cubic —6.44 7.01 43.75 5720  25.38 13.45 36.74 13.45 63.64

CV/% -200 42.25 13.25 10.14 6.91 23.38 63.52 26.7 15.15

JSAA Total CV/% —243.89 29.33 14.04 18.11 8.63 19.58 42.99 43.09 17.87

t o t a7 HURBERGR I I RIE R 21, 6 00 2 MERIN TIPS R, Tona WECKHESCEFILEIN A, Tyy Tos
T 73 AERER TG DRG], T w2 BEFF S

>

B
2

DOI: 10.12677/0rf.2024.142146 416 B SRR 2


https://doi.org/10.12677/orf.2024.142146

35 ZHRFHRAERRERSWILE

S = BTl 8, e Ty, = 2 V()

2 tl

ERRKERERY, MEX"NBEAIEREESHIEER, TR ABEERAD, &R AME
12.18%~26.51%2 [H], JAAAR ST RECN 20.33% (% 6). 3 MG H BGOSR R Y FHAE 2 H
B> MIARHE > SRR, HA R R EE Y, {E Richards THUEAK, Cubic HHEU{HE i
ANy FERRERHE A, SRERER Y K/NEI Logistic > Richards > Cubic, Yo HE 2ILH Richards >
Logistic > Cubic. ¥ i P AN ZZ 38 0 =B B (10 T ¥ E R 22, AR it R AAE 14.97%~22.79% 2 171,
AR RN o 3 T2 B H BEARG AP 35 O AR I E AT IE 0.2366~0.3092 g/d, T8 AN TR I JA 1)~ 35 98
HIRZEIALT 0.0703~0.1002 g/d Z 18] PRIGIAFIGRERH AL 1, FIE 2 HE > KR HE > bR
HEAEAF BB R, H BRI SEH B PRI ST 3 HE SR 8 3 1V, K/ A Richards > Logistic > Cubic,
SR H BRI H Logistic > Richards > Cubic. PiFH 7 L1 Logistic H 2, BAFERER Y, AR,
PGP B OE 2 Vo A E— B E R

Table 6. Comparison of grouting rate parameters of three mathematical models

? 6. ZMBFREVERRRSHELE

LU it Vinax Vi Vs Vs
Logistic (A7) 0.3523 0.1028 0.3683 0.1032
Logistic 0.3439 0.1047 0.3241 0.0908
n Richards 0.3728 0.1108 0.3274 0.0926
s Cubic 0.2662 0.0823 0.2171 0.0967
I means 0.3338 0.1002 0.3092 0.0958
CV/% 13.9822 12.3611 20.8984 5.7414
Logistic (A ) 0.3240 0.1028 0.2804 0.0786
Logistic 0.3284 0.1077 0.2664 0.0747
Richards 0.2931 0.0848 0.2548 0.0692
iR SR
Cubic 0.2495 0.0823 0.2215 0.0906
¥5{& means 0.2988 0.0944 0.2558 0.0783
CV/% 12.183 13.4832 9.8262 11.5956
Logistic (A7) 0.2385 0.0701 0.2453 0.0687
Logistic 0.2300 0.0645 0.2693 0.0755
Richards 0.3352 0.0869 0.2966 0.0880
SR
Cubic 0.1792 0.0599 0.1351 0.0651
¥J{H means 0.2457 0.0703 0.2366 0.0743
CV/% 26.5105 16.7666 29.9363 13.5689
K Total CV/% 20.331 19.8005 22.7959 14.9723

Vinax NECKFEITER, Vis Vo V3 REWTEI]. DU AT ZZ 0 ST 0T L)1 S8 eI
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3.6. —HARHEFAERSHSNENEXM

MR MCEE HRY, ZHHERRE Y 5PUHIHFSRE T, BRE IEMICOR: AR
Ty SYPSEIIRFE IR T, R UG, S PUEHT SERGE R v, 3 IER OGRS R KL
T, SYSEIPIERGE R v, B TG, WG RE R 1, SPUEHPF SRR R 1V, 2R
IEAHRRZR, VMV, SERKERERY,, HEREZEIEMKKR.

Table 7. Correlation between grout parameters and grain weight of three kinds of medicinal licorice under different mathe-
matical models

7. ZHAREHEENRRFEREETERSHESNERNREXM

R y T 7 R N v Ve Vow
Y 1
T, —0.661 1
T, 0.758" -0.933" 1
T, —0.111 0.038 —0.056 1
Tinax 0.458 0.269 —0.033 0.281 1
Vi —0.070 0.377 —0.383 0306 0372 1
v, —0.426 0.723" -0.841" 0.184 0210  0.742° 1
Vs 0.259 0.011 —0.131 -0.476  0.026  0.470 0.474 1
Vimax —0.263 0.601 —0.633 0247 0307 09277  0.887" 0499 1
“RHP<0.05KFERMEEMN, TAP<00 KFEFRESEME. Y ERHE.
4. g

Tt VEE S ARr VA 56 2 R B I ¥ B A (] ot P B B 24 A, AEHUK R T Y RS B SRR E S 4L
FHIX e 2 H R F A A S VEBUE AL AR 7 b, TR B E 2 S B i AN [ i P R B R B, B3 32 334
BEAAARBR . ARRLE S5 ESR R . MESR SR A ORI FE 45 AN — B, S b RL T H 1) 32 B R AN [
[4]e EAMAFIET/ANE[13] [14]s F2K[15] [16]v KAE[17] [18151EYD, [FIREBIIE HLH IR H B 2550 7
Kb o LIS Fh i B RARAS B S B, TR o 24 b SR ) AR R 2R A T AR
T A5 G ER AP I ER R . Bk E A K I 28 DL R AR SR IR R S BUFFREE SR 12 [19] [20] [21]0 K
Z PP RER SCERAE R SGME P T3 s R RO R S5 PR B AR OGME . MRS BE[22]. SE#H[23]
SEZ 21 P FHESR A SR I, PSR SR A R SO R A TE ARG R, R RFRLT
VIR AR B8 T B T RE SRR SRS (0], EJR S Z R T AR SR s )y, 1K ] BR S AS AR “E - YRR R
AR[22]. LE[24]1FhFREFH RGP MER E R B E Z EAOC. 3 FhE A H B TR E A 5 P Y HE
WIRAR, RS R IR EE EMSRR, SEKEFAEREE KR, RH 3 MAHHE
FERLT PR R B T RE RR M, TSGR TR A RN e RSO 3 Py
B2 H SR PR E S EUS R R A SR, R S P RS KB R B3 IEMIS L R

KH 3 FhEFAE A Cubic £ [EJH. Logistic A1 Richards A2, XJ 3 Fh2y I HE(HE., KR HE
AR B BRI S S R AT IR T, AP H B B SR URAE AN R A R N IR — 3, HY
A = RECERA N, AT . Horh, 3B Richards T RRIINE ROR BT, RETE GFHbathid 1
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AR %%

RO RE M Bh AR, TFUS RS A [6] T SO — 5. BER (61 FH /N SRl “ S5 T 587 BT ESK T 2,
= RPHEAE R Cubic =R Z T, Richards 77 FEAT Logistic J5 R AN & B ¥4 0T . Hrb Richards 7R &
WORII, PoE RE R IR, BSEAF A Q A, AEFEIFdh S Wi it P A E SRR P . 1A [7) 5510k
BEA R 2k Cubic =R Z Wi, Quadratic — IR Z WA Logistic F PRI/ N FFRIEESR I HAES, il
REFEARIL N & Cubic =k Z T, H Quadratic YR Z I=AT Logistic 77 2 B & & B AG A 4L

Cubic B RE S G A el T H A Y, SANEAFAE 2 5, (X o] B R0 AP R R I — A &
TP, FER LA W 1Tt — DR 7T« LHI[SIWF 7 AP AT Logistic #5740 5 L 4f ki 2 LU 7E 2.76%
FEATIE RN I VE SR AR A, X Fh 7 A AT AT MR LE BRI . TIAIE FE P ¥ 3 P2 F H BAE Logistic
AN Richards J5FERES T, ik B HLEIEIMEANT 1.61%75 45, ] DA @ KPR 4t 5 ik 15 K B e R 2
) 1.61%J9XFRIEE R LG I o 3 P2 FH B BEAR S OR E 2 UK R > F>0 R %L, Richards 15241
[ 2% 147 B LB 78 55 R 5.64%, Richards FTf HH B i i OB B8 A1 5 E 2R 246 1 T s 2 (B e AT
5 H A2 E B ARV Cubic 5184, BIT7S (0 B i i AORE B S e S W s B I 24 L 2 [ ST 45 AN I,
FUIE B Richards £ L7E Hp 2507 HE SRR PRI S0 T AT M o — A B 2 B T R E SRS B S U7 A 22 5%
A KV S R BN AV T IR 52 R AR/, 3 P24 FH S (1 S K S S8R BIA I 1) T, AHIE, LT
ANTEIRE AR AT DL s e H M [R] R 45 5 o Logistic Al Richards 75 BRI HE S ) 18] S 08 WA, 5 Cubic A5 7
S HEANZRR . FEFEAE Cubic MIFERRIGIARZ IR G ESEOHE TS, HAl B SZhr i
DME . BRONBESR AR AR 28 - IR 8 VAN R], BT A 3 RN 2 38 I R R I S U A R R E

5. &t

i F = A B AR R g 7 24 B SR RLEE S Rk 30, Richards 7 REHILA FE BT, YeE R R ks
Richards 7] F N B K/ s BWOFF R SR L 35 =ik DPS $f4%2 57 Richards A1 Logistic /7 R 2 4f A 5 L
BIFE 1.61% /47, HARIIE Y k Fif3 Logistic IR E LLEIA 1.41%, IR E 1k 21 f K E R 5 1)
1.61% NFFREE R ECUE A . Cubic [HJE W@ THE B AR BIER MG H; Richards J7 #2815 I 8 5
KORLH 5 SRS 2 R AR AT, 2 bR LU 7 RECN 5.64%, X ULHAMEA Richards 77 F2 4
TS B — 2 R . B DPS @579 Cubic [81V9. Logistic F1A R T A Logistic 2% 1k H L
B8 5 RB 7N 9.20% 6.74%- 7.32%; =FhECAAE AN, 3 R HH B B R E SR I R BIA I 8] T,
FHIE, BORHESRIRZR Y, SR P E SRR R 2 R K MG BT R, 3 P2 A H Bk 5 4R

max

PRI RR SR B AR 2 35 IER SRR R
E&WmE
[ K E AR AE42(31960395);  [H K 25447 Mk B R A R B L T 2(CARS-21).
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