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039630 99bobmemo Imbo399930 T9ay3o3L 3OMyMsds ,, Origin”-do [4]. s 3539000 Bobobl

A

B(¥]

939990 F9OEG0gdol dobg300. 530Bsm30L byFoMmMs dmobodbmls
06dobgds Ctrl+V —mo dmbs399980 99094356905 30r0aGsdsd0 3bOHowol bLaboo:

% Datal

AR

B[Y]

0

2.42424

13.3758

0

25.79618

4.54848

34.3949

1]

41.0828

21.81818

48.72611

70.30303

61.1465

118.78788

76.43312

133.33333

§9.80892

181.81818

103.18471

208.45485

118.47134

264.24242

128.95089

305.45455

142.35669

339.39394

157.64331

317.57576

171.97452

336.9697

187.26115

356.36364

200.63694

336.9697

230.25478

334.54545

244.58539

341.81818

[oom [k |k (b | f— f— f— — f— ] —
= (e e (e o (e e [ e = e [ [SR [T R e P =t

267.51592

336.9697

9L 9mb5308900 33003 MBS Fm0boTbMU. 58 EOHML BYEs 3569 do go8mBBYds BsbxsGS ,, Plot”,

OmIgerdo 9gbgerol 999y 99330de0s 530MR0M™ 4M593030L 53900 Lbgoolibgs ybgdo.
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& Origin 7 - uniTLeD A

File Edit View Column  Analysis Statistics

D| ﬁ,/. Line

" Scatter
|"&' — ~ Line + Symbol

|§ Special Line/Symbol r
@ Datz l Bar

il Column

Special Bar/Column r
¥ Pic

a0 Xy r

3D XYZ 3

3D Surface/Contour Plots

B

—

i 17

Bubble/Color Mapped r
Statistical Graphs r

Panel L4

- Area

M Fill Area

i@ Bolar

Ternary

&3 Smith Chart

bt High-Low-Close
=t Vector XYAM
2" Vector XVXY

[sIz]@|v]|e|m[N\|2 || || ]+

| Template Library...

(o

B396 300hg30m mBEosL “Scatter” , Mo 60Ibs3L FbMEM® F9HEOEgdOL Loboo LwGmsmols
oMM qbsb.
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File

C]

Edit

View Graph Data

e =d = e

Analysis  Tools

Format

Window Help

& 8 BS| & AEDlal 0| ARG

115 I
E= ]

= ]

| B Arial

[<]| | [ — ] =T -] -~

|2 7]

% Datal

=

= || &8

ARG |

BlY]

0|

0

13.3758|

0 Graphl

=N o

25.79618|

4.54848 1

34.3949|

0

41.0828

21.81818

48.72611

70.30303

61.1465

118.78788

SO | [T |7 |Dn (G0 [ [

76.43312

133.33333

9 | 89.80892

181.81818

103.18471

208.46485

118.47134

264.24242

128.98089

305.45455

142.35669

339.39394

157.64331

J7.57576

171.97452

336.9637

187.26115

356.36364

200.63694

336.9697

230.25478

334.54545

244.58599

341.81818

[s[z]@[v]|e|m|N]2 ||| ||+

267.51592

336.9697

W Aods Title

T
100

T
150

X Axis Title

590l 99999 306PB9300 mBE0sL “Analysis” , 993000350 dsldo

File Edit View Graph Data Tools Format Window Help

Dl BIB@  Smolcsn. Bl 3=l & AETlel o &leE s S5k =6l
Smoocthing L4

T Arial 0 FFT Filter 3 I- | J g ||:|J - o :‘ -
,K Calculus 4

% Datal Subtract L4
g 200 Translate vl Graph2 =0 =R =
? 1] Average Multiple Curves 1
E 13.3758 Interpolate/Extrapolate... .
| 25.79618 EFT.. 350 - e e
X 34.3949 i .-
i Fit Linear R
? Fit Polynomial... 50 4 b
7 Fit Exponential Decay L4 % @0 . -
I Fit Exponential Growth & 150
s Fit Si idal g -
— it Sigmoida 100
L Fit Gaussian 0] -
E Fit Lorentzian N

o wama

ad Fit Multi-peaks 3
EES =0 T T T T T T ]
a Mon-linear Curve Fit 4 [ 50 100 150 200 250 0
= 200.63694 336.9697 Y T
£ 230.25478/334.54545
2] 244.58599/341.81818
— 267.51592| 336.9697

@5 306930 J395356 560l Non-linear Curve Fit. 3530 dgligerol 8909 306930 m33osl

“Fitting vizard”



Fit Exponential Decay
Fit Exponential Growth
Fit Sigrnoidal

Fit Gaussian

Fit Lorentzian

Fit Multi-peaks

6.9697
54545

W Avis Title
E-_‘l
1

Advanced Fitting Tool... Ctrl+Y 1
Fitting Wizard... P

o

5356093 Mmg309L ,,Select Function” s 3ot 3603 dm39999e 135bxMH9gddo s306B9g30m

390936005 (Category) Growth/Sigmoidal s 86305l (Function) Slogisticl.

7 MLSF Wizard - Select Function

lata
Select Function

Weighting

Fitting Contral

Results

©535F9MH o3l “next

LT o ===" _o ﬂ

Category Preview

Origin Basic Functions
Chromatography
Exponential

Hyperbola
I_.ogarit_hm -

a
1+ e—i(x—x::.

mi s

;[.' =

New | Edit | Delete | y=a
yi(1)=a k/4
Bolt - —

Hﬁl Zmann k= y(2)=0 (xc.al2)
Logistic

SGompertz ___,/-/

y=0

Function xc=1

m

Slogistic2
Slogistic3 it

[l o P

Add Dielete

e F‘revious| Newt =

[ ]
[ Straight

Current Fitting Selections | | | | | | | | | | |

<4 Back| Ner:t>>| Cancel | |

Function: Slogisticl

Fit Data: Datal_E

“next”. 99356Bg3m 536 Jlods300l LOHBMLEHIL, 0GHYMS30900L

5096005l Imbo399ms ©8¥)853900L5L bo 3350MEHOL Fg0IMPOM
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Display Settings

Reduced Chi-Square = 298.31309
Total rounds this session = 8

Corfidence Bands (%) (35 j a
Prediction Bands (%) ’rj
Fitting Control e
kerations |100 - | Tolerance |1E-9
chi2 | 100ker | Resst |
teration Results 1
——Levenberg-Marquandt— . = = E

Data Display Options

[¥ Scatter  Size |8 - ¥ Az Scale Tvpe | Linear -

v Line Connect Straight b

Current Fitting Selections

Function: Slogisticl Q| | | | | | | |I1[—.:‘||i||i|
Fit Data: Datal_B 14 Eack| Ment »> | Cancel | Finish |

@5 93539000 oL “Finish”. gmggwogg sdol 9999y 0300900 9Ju3gMH0d96E M

dmbs39990%Dg 93909 dMrMEL(Fomgwo ggMol) s MmOl sbsgroBwy®
3990bbEgdsl(Fo®BMT0) Tglodsdolo 30953030963 Jd0m.

MLSFwizl - NLSF Wizard fit of Datal _E to the SLogisticl function

1
400,
3504
300 u =
250 Data: Data1_B
R Model: SLogistic1
rI]IQEIEI_ Equation:
— ] ¥ = al(1 + exp(-k*(x-xc)))
4‘__."215['_ Weighting:
(] ] y No weighting
1004 ‘3 _
Chi*2/DoF = 298.31309
] R"2 = 0.98685
504
1 a 342094578 +7.0757
04 xc 87.15441 +2 54634
0.0445 +0.00404
-50 T T T T
0 50 100 150 200 250 300 = -
Datal_A
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QM3 30300 MmROLEBH03MYO0 JBEMEgdOL

dX_Xl X
= rX(1-3)

dt (1
59mbBsblBL 5d3L Loby :
X,Ke™
X(@0) = —
H - Xﬂ + Xﬂ Ert (2)

t
393940 dMobggwo s 360dzbgwo Xqe” -9, 35806 dog00gdo :

K
X(t)= K =X 39°0053Jdbs gls odmbiobmamgds 999 gabso®a
1+———2%e™
X 0
K- XO rt,
d99m3000m0 50bodzbs X— - € ° 85806 dog30090m
0
K
X(t)= “r(t— 1
(t) 1+ e () 1)

9 BMOIMS 565 MQ0IM05 9Ju39M0d96GEo dmbo399900L 3MMYMsds “Origin”-ob
L53MOgd0m (Bo@9M90E0 565¢P0BOLOL) J0WIOMO FMEOTMEOLS
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Data: Data1_B

Model: SLogistic1
Equation:

yo=alll +exp(-k*(x-xch))
Weighting:

W Mo weighting

Chi*2/DoF = 298.31309
Rt2 = [0.98685

342 94578 +7 0757
XC 87.15441 +2 54634
k 0.0449 +0.00404

565¢0Bol 99009890 800900 Imbs3999d0sb Fsbl, Mmd ax 343-oEOEY odMUBsbogl
335300L (393500008 K-U (1) -gg3m™3memsdo (omaol@oldmmo s9mbsblbols) , bmerm ooy
k = 0.0449 3swmlol 3mgxo30gbGL r-b.

5960350 9439603960 Fmbs399900L ©s3MTs3930L FgIRI® B00WYdS, 0T

303995300L ($H9350mds K=343 £ 7, bmwm dseomnliol 3009530309630 r=0.0449.

93MEMA0MM0 5SIM356900L ©5Fds390s Matlab-ols 53mygbgdoo

85350000 1.35630b0wmm 3319300l gdudmbgbioscnm®mo Dol 3sbmbo, Hmdgwos
3000905 Foe Lol 256¢3Mgd0©sb:

dN N
at "
50 396GHMEgd0L 5dMbIbLBO BHrmenos:
Nt = Noert

535300 58 458MLobMEgdol FM5R030, HMES Bogsw0mdo 25dMYygbgdmo 356dgEHM9dOL
36009369 mdgd0s :
Ny = 100 (3m3<9emsgool beadst = 0 dmdgbBdo)s r=2
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393496500 m-350¢00[5]

n0=100; 335300l BMds EOMOL Lsfgol dmdgb@GHdo t =0,

r=2; 2596530900l 3m91303096G0

t=0:0.2:10; co®mob 0639350 (fargddo)

nt=n0"exp(r."t); 9Ju3MbIBEOI MO BOHOL obEHMegds
figure 26583030L 5boEO RIBKXSGOL AobLBS
plot(t,nt) 2M5x83030L 53905

5353060 m F5-1 cos d0g3000900:

35¢F

25

1.58F

05F

aMA0LE03IM0 OBRIMIHE305IMO ABEHMEGS S0fgOL 3m3szool obsdor®o
BMHOoL ImEgwl. 3o s0fgmlb Lobgmdol swm33sL 56 oMy M™Bo (33C0EYdL
399mbsbB3OMo LogmEob, Bs33900L LOA30MOLS, 3b37IMY6EHJIOL 59EH03MmOOL b 8Eo(39dgdol
5Mb9dMm30L 306>390d0. gl Y0 MIXMOJLOIOM©S 150Gol gobdsgzermdsdo s dolio sg9ds
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©5994MbM Fo079853H03mL BgMBOIELEOL IOMIGOL [6]. Fob BsFMOgsE0ds moLE03MEO
396@™M905 IMbObEgMdOL MoMm©YbMBOL 50sfgM. 356 FoErmMULOL gobEmergdsdo go@sbs
©5353)930m0 Y5OYMR0mo 9360, OGO BOYIZL MomEYbmMdOL BMHOL Lobds®gl. qls
£9360 sbbsgL mbobegmdol 89330609d5L, SOBYGOMBOL Mool 9B ZoL 56 LosGMlGd™
G9LMOLYOOL MoMmEIbMdOL 9300900l odm.

N () =rN@)(K —N())/K

9 396@™Mgds 0blbgds 5650 BMMO© O 5TMBIBLBL 593U Loby:

K

N(r)= » [ -

3525000 2. 33300l Lod3zzmogy N (1) ©s9m300gdIE0s MHMDY s 5036086Mmo x(1),
356539 GO0 r §oM3Mmoa9bL BGHOL LoJsMgl, bmem k - 93ME™A0IMO0 LoLEJIob
339b30se M0 (3935@MdSS.

3939496500 m-350¢ 84964300 s 356350 Tob Lobgero logisticl [6].

function dxdt = logistic1(t,x,r,K)

dxdt = r’x*(K-x)/K;

5306B0M 3560599BHM9d0LIM30L G900 3603369cmdgd0: r= 1;K= 1000 s Lsfyolo 306Mmds
x0 =2. 530l 9999 99330005 hs353BMMm ODE 06@3936M580L 36:m(39000965 0MMmom
069635800 < t < 20005 5353MM 26553030 530LsMZ30L dOMIs6gd5ms 3900 MBS 533M0TRMm™:
[t,x] = ode45(@logistic1,[0 20],2,[],1,1000);plot(t,x)

©535306MHMo enter-b s 303000900 BMBESE Hobs 53m 396530 Jogd e JMOx303L.
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35950000 3.

SbEnd 99333900000 3565393H0M900. 5300B0M 356539EHMO0LsmM30L F999a0 960d3bgemdgdo: =

2;K= 10 5 boHgolo 306HMds x0 =0 .1. 5dob 9999 F9330d0s BogsBe®mo ODE 0b@gatmadols
303907965 [6] O™ 06@ M350l < t < 100 5353 36558030 5FoLsM30L dMIBYdsMS

3980 96s 933M0RM:
[t,x] = ode45(@logistic1,[0 10],0.1,[],2,10); plot(t,x)

©535F06MHMo enter-li s J03000900:

12

10 P

0 2 = 6 8 10
Time t

©@MoLEEH03IO0 OBRIMIBE05MMO gobEMeEgdols 5dmbsblbo

356599¢gdoLom30L =2, K=10 s x0=0.1

35250000 4.

Sbans 53mzblbsm @myoLB03Mo EoRYBEHMMGds MmGo gsblibgzsggdmeo
356599 M0oLsm30L[6]

K1 =10;K2-5.

530bom30L Lo FoMms J934dbscn m-gsow BwMbjsos

function dxdt = logistic(t,x,r,K1,K2)

dxdt = zeros(2,1); 1390 39JBH@GO

dxdt(1) = rx(1)*(K1-x(1))/K1;

dxdt(2) = rx(2)*(K2-x(2))/K2;
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5960250 ,x odxdt gbems MO M obBMB0wgd0sbo. MBS 5GHOBOTBML Ol Bog@o, GmA dxdt
Pomdmoagboros b3gEHo 39dGHMMOL Lobooy/

x0=1[0.10.1];

590l 999099 99330d0s Bogo@edmmo ODE 0b@gadmgdols 3G:m3900w96s

[t,x] = ode45(@logistic,[0 10],x0,[],2,10,5);

plot(t,x(:,1),"-k',t,x(:,2),"-1") 535200 365x3030:

1 2 T T T T

10+ K —

0 2 4 6 8 10

©@MoLEH039O0 ORIMIBE0MMO obEMmegdols sdmbsblbo K
35658930l Mo bgsslbgs 36093690 mdolsmzgol Ki=10 s K2=5

35250000 5.

50m3zblBsc M@ 39-3eEHgMSL 56EMEgds:

U 296H™Me9d5 0009 IMO® s©FIOL IBS3EJOIOLS s Jbb3xM3WOL YYHNOYMHNTMI0IdY-
@qdsL [6].

albzgM3ol Mom©gbmds 50360dbmm  yi-0m, 9Bo390w0l  yz-om. Alb3zgM3eol Mom©gbmdol
BOEOL  LobdsMg  3OM3MOE0MWos  M300Mb oo MMmEgbmMdoLy  (Foeromols  3sbmbo),

OHIgebog 930 9ds 8BO390ol J0gH 2965 MGOMWO MoMmEgbmds.

Yi=Y1—ayiys
Y2 = —Y2+ BY1Y2
28



3ob30bowmm 3960dm dgdmbgags, Mmas a = 0.01, f = 0.02 , O™ 033wgds 0-10 06@gem3zsendo

(356(>0.96O. ).

393496500 m-g3s0¢ BbJ300

function dy=ferxiulst(t,y)
dy=zeros(2,1);
dy(1)=y(1)-0.01*y(1)*y(2);
dy(2)=-y(2)+0.02%y(1)"y(2);

06 dobgdsms 3gardo Boofgmgds:
[T,Y] = ode23('ferxiulst',[0 10],[1 1]);
plot(T,Y(:,1),"-,T,Y(:,2),"-.")

d0300900:

1000 T T

300

300

700

600 |-
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400 -
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359500000 6.

9 3Gm®ds  FobabFo®dgdyzgegdl  BogdBgMogdol  gsdMmagEgdsl  3membsdo 6 Lssmol

396353 mdsdo

yold =1;

t = 1:6;

ynew = yold."exp(1.386"t);
table(:,1) = t';

table(:,2) = ynew';
disp('Bacteria Growth')
disp('Hours and Number of Bacteria')
disp(table)

d0300900:

Bacteria Growth

Hours and Number of Bacteria

1.0e+003 *

0.0010 0.0040

0.0020 0.0160

0.0030 0.0639

0.0040 0.2557

0.0050 1.0225

0.0060 4.0888
End
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