-2
iUt freeia

(Mathematical Modelling)

A.2.1 9fHeT (Introduction)

efl XI H g Tt e &l ardfaeh Sitaq st qHesti oh e 2791 1 MM |
¥ 1egH o U WA o &9 W S goh €, 31, ST qfaael o1 FA sich fandt
Aifaer feerfa w1 i waiawor & ifvrdig feeH 81 @ dr W it fee s
ufean ®, fod &n oo w9 & wieHl o1 oRgel o SRR &1 auiH & g Frewl
(Models) &t =1, fafay YR 9 1], STR@1 91 {@Nl, e Wi, Tt i
e o 9F g i B

el wanel § s <@ 7 R, fafay it dereamedi o v 9 afid stfussia
T o Bl o foIT Uk YR W TIUrdtg et eteveshdr dedl B o1d: g8 Hewqul
 for Tifordiia fee 1 e1erem U gues fave o w9 | fRan s =gy

39 ™ (IRRTR) | 79 qA: o fReH @1 e anrafas Siad & 5
Ut greet & foau w31, TS eege, whet aen as WuEe w1 wifatst wn yEn
IERIBS i

A.2.2 Tifurdts fraeis =? (Why Mathematical Modelling?)

ferenfelat w1 sfermifora, ismfor, Freptofafa aen e dumee o7t o s 9o &l
T & F1 9 2| H-Fd 5w wRitafae= T w1 Gifde €9 9 376! T § T
fam1 € W i €1 uRifas= g9l i e S o fau Gifde 9 9 3! e
H WM Y Aavahal uedt 7, eiq difass Fremt qon o gt o 9IR R 1 SAeeEehdn
g g Ifordt aRome 1 S YEifTe 9 9 et St S ek | 3T TR UeAl
%1 T T o [0 BH U hivel 1 Aevdehdl ISt & ol nfurdta frasts wed
21 3y 7 frefafad gwenst w foam &
() Tordlt = =t =g T wE (R &9 ¥ S 76 1 U HE HioT 8l

(i) ot Tiiet o Sehe ¥ TETH I T HIAT (el T ITct shi a1, AT
i, TEETRY g S Yraet W faar #d g) |
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(i) fret R = =€ @ wE (fogvey 9 s" R w1 oY e B8
(iv) ¥ ®! F§I§ 1 AHH A R
(v) @ & Te gea Uil 1 foee o yE w6 fy =i 2 (foen \ma i fman
o= s |
(vi) gl R §SHHM 1A HE
(vii) T HEA U ARG | el Bl YER H1 STHA AT (S FRE Sl wEe &
e F1 AR T 2) |
(viii) Tordt =afed oF TR & Yo <1 STRIGH 91 i1 (Ao o1 T fehTe &1 sTwfa
& )1
(ix) 12009 T H 9RG i SIS H1 STIAH AT (S9 foh T 2009 5. T Tavea
FE FI AR T )|
Suder el T i e e o wE g et TR St Henan € SR Ak
H Tt foman <1 et €1 aqd: T § 9 THES %l Wl i Hi ol s srere
39 TE TS | ST aufy a8 ey 2 afg sy gl T TRe w1 wad
= ag ot fam nfo o v forw) 99 ST9 fora ) &Ear den i fAes st
STETIHA o e hl THS Tohil|
A.2.3 Tfurdta frevie o fagia (Principles of Mathematical Modelling)
Tt free weh fagiage o © o1 sad Hatia oo fagid ©1 31 fagidl &1 w@ey
e St € it fee o $e g fagial S srReere €9 H i gees
fora T 2
() T 1 sTavasdl &1 Y= (84 Hied = €Nl ® ©)|
(i) wiee & T greel/=Ri %1 Geidg S (g9 91 T S 9@d 2) |
(i) SUCe WG kel i eE (A 52 g )|
(iv) I A gRfEfE S TEene (qEHRen, swed) |
(v) Teser sifge fadl & we=it
(vi) UgHIHG:
(a) g TH dTel FHHRTT]
(b) I S Frelt UM
(c) URUTHEEY I gH drel gl
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(vii) 39 wleor i ge=nte fome fefefea st s s weh:
(a) Hied don U9 Fafyd 99 T weqei &1 9d gl
(b) Hisd & YA
(viii) 37 UTEEl I TG S ATSE i GUR Tkl
e o Suge fagial & STUR W e e el o frefafed =o ww e @
=0T 1: e fearfq w1 ge=ty
ST 2: Wl / =R/ o = ST A iifdes Tl qen dteh! oF W g difaen feerfd
=1 o Ated § ufafda wifsa
=IT 3: T YAl o T 9 hitel
TOT 4: T GROTH 1 G Fe (FHE) o Ged § smen i iR sHet (qftem)
TeTonl ST YA W o o)
=0T 5: e GRoMY S Bl @ ®, d Hied ol SRR Sty sren difaw feerfa
T IREBTT / T B TG HITY SR =/ 2 W T
I =N 1 e g9 S W S S ekl @
3aTeTur 1 i fEeM % TER gR T & T HAR St SR ¥ it
&1 w0T 1 Uk & T HER 1 S | e ye i ferfa 21

0T 2 A A fF AB § T HMR € (TR A.2.2)1 I ST PQ WHR &t e
A AT Tk ek ®, Tt it fag P @1 9 ity fom PQ = h den HiAR i
FE HE| IH: 91 oifSu fo deark =) sife 9 MR & frer (3i) 1 s=ea-si
o® 9¢1 | = QB = PC

fafa  [ofw wapar | TrEwE g T wf | e
Ealiiep)
Frasie wherr TRV 3 @ & !
aflﬁm; el ﬁavﬁﬁ‘@ﬁr
._:::aﬁ-[:—,'-q

aTTeRfa A.2.1
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- AC _H-h
tan o = PC |
a1 H=h+1tan o . (D

SIT0T 3 &AM ST foR e h, | 9o ook T Yefeh ki 9 © ofd: aRond (1) 9 gHe
%1 B U Bl

0T 4 39 <M H 56 HHAR T STER ST 81, 37207 519 Y&k ol | 1 714 700 781 8,
a9 W S foh HIMR o SR B w1 fag P o fe@A-sh101 BB 21: A PQB H &H

A _
. A~ A~
,,,,,,, g H-h
——————— H
-~
| ot LS S S Y
----------- 1]
1
! [ v
Q B

T B € R

tanB:%ZID?JT [=hcotf
=0T 5 39 fefa o 59 =0 T Sqevaear € € iR h, |, o den p el o et 1
T
SETEAUT 2 A SIS o T e wH dF YR % IR P, P, 3R P, %1 3eURA
et €, o I TR & wed Wi R, R, A9 R, TN Bl 81 °E S fr we
¥ T ek F, R F, BT HT A0 F E1 A8 A g F wH o I R, R, TR,
=1 Tifad 76N 2, Tk Hed e, S AT R U H o fau Fed 6 R, R, SRR,
T A w1 gHAfEd w]
Tl ©0T 1 39 qEe o wAifqen feufd w1 e Wit €
TIUT 2 A WA o AT e €, S ekl F, Qo E, 1 STaRaehdl &1 i e
21 9 A ST &Y TE B,
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T ST % B U 3T 2, S STUE P, P, AP, 1 U ST oh ScA&H o e
AR, R, TR, 1 3Tawash "st i &0 w2 €1 7@ B i+ U T yR &1
=,

Rl RZ R3

P1 e o o
B=P,|+ « -
P3 e o o
TR0T 3 A AT o A A1 B egel 1 IR (S ogw feefaq § guRefia @)
ffetea sree g/ ww g 2|
R1R2R3
F1|:. N .}
AB=
F2 L] L] L]
Sy areqel 9 Ureehi F, Ao F, o WA 1 Q0 T 8 %= 91 R, R, 91 R, 1
Fifsd AT TG 2t 7
IETET0T 3 IJE 2 o Aled &1 A hifwe, 59 o

340
10 15 6
A= ,B=|7 9 3
10 20 0
512 7
qe ool TS H1 TS HBMG R T 330 THEA, R, T 455 THEAT 31 R, T 140
TR

7 e wifae f&
34 0 R, R, R,
10 15 6 E[165 247 87
AB= 79 3 |=
10 20 0 E[170 220 60
512 7

7T TTT A € TR F, 37, Y AT 1 G0 F % 0 FHed Al R B 335 3L,
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R, &1 467 THTE T R, T 147 THIE B el © S o Fod At 1 Ioered
st § eifush T il diHl SRl w1 Yk gohte o fmfor g wed Al o eTufad
e e €, SEferT 89 o1 i e Aol i SUeis NS o €@ i | L Hehd
T AU BH URH| ¥ IAH! W 1 HH HE H1 o8 H e 2

femoit afe a0 3 3 H AW A, ¥ 91 3, SR

9 12 6
A=
10 200

ufd, 9% T T SO HiT i HH HA o for A S ©,

340
9 12 6
A B= 793
10 200
512 7
FETR, T 311, R, T 436 T2 R, 1 138 Soh1eal STUfed © i foh hedl W1t Bl SqaTe
TS ST R, 1 330, R % 455 7 R, 140 3hiedl § &4 &

@ Tooull |79 AT OH: 39 TR NG R Hehd & T SUersd hew HIe
quidEl TN B S

T YR A ekl BT W B G FH o AU A % 5N FA-9RE KU 9N F,
Al ®H S TR S HA-SRYN Rl XA ¥ T AT Fehdll

USATS USd B A1 UG Fhed H1a i Ui Aensti o forg o1 9, % o Hifeh
1 e, Tk UE g Al s Gehd B, fo o8 UeeRl 9 Sy o Teh R o
3T AT T 39 YRR HENfed Y o SUTe shea Oie quiaan SR § ST )
T I H1 SW e e § o e R
SETETUT 4 WM fAfSe & P, P, P, AR, R, R, 38 TR & S 330 2 H e
¥ WM Sif foF wH oF MR, T 330,R, T 455 SRR FT 140 TR ST T
3R "M o for A9 s+ g gehTs oh 0 o fig &== AR, R, AR,
1 qEG fefefEa orefe 9 9w e ©

141 216 78
170 220 60

Y% IS 1 fohea SehTeal a-1g S fof ST hed At 1 SYFRT Yo & Sa?
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T =T 1 Tefq S 9 veH A @)

0T 2 HA AT foh & P Y x3hTeAT , P, 1 yqell P, 1 ZSH3A1 1 ICAEA HTdl

1 TR e P, % fAIw R, &1 3, P, faw R &1 7 9o P, % faw R &1 5 sehredl

F1 STeRAHA TS € (3TFE B :f@U) iR R, FT FA 330 THEAT IUGH §, I
3x+ 7y + 5z=330 (%= " R, & fan)

T FhR 4X+ 9y + 122 =455 (=4 ¥ R,k ferm)

R 3y + 7z = 140 (F=3 "1 R, fo1Q)

70 (SWiE) Tl e o 3Toge ®U § 1 YR oo Y Tohd €,

3 7 571[x] [330
4 9 12||y| =455
037 ||z] [140

ST 3 URMYE Ufe SR g9, §Y WK BT §;

1 0 0][x] [20
01 0||yl=]35
0 0 1)]|z 5

T x=20,y=235d z= sﬁw%mmﬁpﬁzopﬁ?asampﬁ
5 gHTEAl 39 FT GHdl B

femuit g <t 3@ T € o A foia el F oiR F, T 5 (S See 3§
) W feR U Fo € e ST e Wl % STER SAA 0 1 Ft o
T, @ 9% ITR! AW B QW T B Gl €, HiH F, T P, HT 6 TRl WA @ S
fop fomiar SHeT ohaet 5 gehTsAl €1 &A1 Wbl 2l

SETETT 5 T qal-Fiar M, 3R M, ameal s Seqee- 1S a1 €1 M, T 20,000
amMﬁmoooaﬂw‘f%mwaﬂﬁ%@aW FeeT-E S £, E3AERED
T I 45000 A ﬁﬂﬁ%ﬁﬁ@ﬂﬁﬁ“ﬁ@ﬂ'{m%IMﬁlooo
WW@FWWWWWﬁ3@3ﬁTMﬁIOOOWW¢WW
WWWﬁ1mwﬁ%3mwm¢mW66ﬁmé|Mﬁ
T Siae W Rs 8 T2 M, 1 T siqe T Rs 7 1 &l 21 ga-Fafdr, Feww o
aifsid & 74, aﬁwmaﬁwmwm7

T BT0T 1 Yed Rl o Hqid, HewH e AfSa w8, <ensll M, qe M, &
Saell s T J1d HE

SIUT 2 A TS fF <o M, T x 3R 3 M, &1 yaiael €1 #iifes M, 1 Joie aiaa
WWﬁngamMﬁWWWWﬂRsmﬁm% 3 Ww(objecuve
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function) , T8 ifueam e © 9 for@ Ot 9 fean T 2

Z=7(XY) =8x+Ty

TH SRYI-HeH 1 TrefetEa gfaadl (sTedidl) o sfaid tfushan & ®
(s G oF A 12 WA S |

X <£20000
y<40000
X+ y< 45000 ¢ e (D)
3x+ y<66000
x>0,y=0

SIT0T 3 U =Fael (constraints) (1) o Adid Sriferd &3 OPQRST W—%ﬁ 2
(aTRfa A.2.3)fsgew O, P, Q, R, S @ T &ia & fA3uma HHM: (0, 0), (20000, 0),
(20000, 6000), (10500, 34500), (5000, 40000) &1 (0, 40000) €|

e ifs &

(0, 40,000) T

S
S
A
=
[
I
=
LS (5,000, 40,000)
y =40,000
—R (10,500, 34,500)

Q (20,000, 6,000)
e > X

X' < t \ t t t
Ol / w
* +
' X
Y v *:. 2 N
P (20,000, 0) \ e

\
g %
%
aepfd A.2.3
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PO,0)0WZ =0
P (20000, 0) I Z = 8 x 20000 = 160000
Q (20000, 6000) T Z = 8 x 20000 + 7 x 6000 = 202000
R (10500, 34500) WX Z = 8 x 10500 + 7 x 34500 = 325500
S = (5000, 40000) T Z = 8 x 5000 + 7 x 40000 = 320000
T =(0,40000) W Z =7 x 40000 = 280000

& Y R x = 10500 3R y = 34500 W HewH o 3Afsid eiar 8, S fo Rs 325500
21 rd: fmfar (Iaee) 1 Rs 325500 1 FewH a4 s & o ferg M, &7 10500
q”ql M, il 34500 Sidel ST el =feul

SETETUT 6 WA AT foh Toh U1 RIS 41 Ieq1g o1 =medt €, 56 W oo arma
(feer oiR =X ommd) ol B iR A fifsw fom shoefl 39 Scuig i T e gea
W foaHa T HT A a9t 81 39 feafq § enw-gre % qdiernr 8 U i
Hied dEU|

T BT 1 FEl feifq Tread weEH Ay Bl

0T 2 GAUT § T A © FT AN < IER FF 2, Feer qon =R feer o 3
FT T ¥ WA T € (S R, Yok onfR), 59 o =R A S w1 S Sed
T et ® (S8 wredt, Ufent 3enfe) | URY W gH WA ofd € TR =X el Scg i HE
1 SHANUE © - Y TAN Hisd WXl Bl Wil 81 Ot i o o Tl T gr
W Bt €, R g (FA) FJ8 gHvEa wE TEd @ fF a8 W oA Hewd @
gfeaen o U, e 98 7 ofd € foh qeieh Scaifed gohrd dehrel o= < Sl €

R GID R )
T fifsT fr Saafed aon fawd &1 T ol & g X,
C = SAEA &1 el @rmd & (39 )
1= fasa 9 B arelt el 3@ € (FuE W)
P=hd o9 2 (941 o)
AN 139 TRl (assumption) o ITER C T 9T o e Y S R
feer @ = a (T4 W),
= AN = b (¥IC Ufq IHTE).
SIC) C=a+ bx .. (D)
e € e I fahd qed s (FUT Wi 3ehtE) W R,
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3d: I=sx .. (2)
o P 3T 3R AN o 3 o SR Bl €, 39 TN
P=1-C
=sX— (a+ bx)
=(s—-byx-—a .. (3)

TH YRR 79 g =R e x, C, L P, a, b, d so &= (1), (2) 721 (3) | 9T
YREfieh Hadl o1 Tk T e U Bial 71 g9 °) RISt o1 aniienil 39 YRR B,

LECE X
afyd (was) G LP

gt a b, s

SRS I X, @, b, s, F1 THR € AR o8 P M HT Tehal B

TUT 3 HeY (3) gN B @A € o wH fassed fag (7 #iE @w @ik T %1 i)

& faw P =0, s1erfq, x=Sib§$rs?ﬁ|

TROT 4 A9 599 faessd {55 & four @ eq fehd et gehd # for ol 0 9

a

TohTEAl € Seted Hedl €, e x=gmﬁwgﬁaﬁ€§aﬁ%ﬁﬁaﬁwﬁa€

af%mﬁwﬁam%,amﬁmﬁaﬁwaﬁB@Wﬂmlm

srfaftem, af o foreaed fog sramfas fag el €, a9 *IE 31 Hiead W fran S
ehdl © ol oF YaE W Hefud SAfquronst § GeieE R s g 2
feouft ga (3) 9, T 7@ ot fiorn @ 5,
dp
a:s—b

i, x % GMder P ok URed &1 <, TR s— bR Rk wdt @ St fop scarg o forsha
Hod q STk =R NG o aT oh ek €1 37d: o Ifsid i o farw g9 ufdn
YT BT ST SR T A o oy i ohed o e g oiga eiferes o seaea
FHE TfET T & WY =W AN F FHY HH BT YA o FET Al
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FETETUT 7 WH AT o Tk O | 1000 feret wteo-wier € e ufa feret 250 g e
21200 g/L @01 STl SAe0I-STeA, 25 L/min 1 < § 3 H 371 @I € 91 38 Yeh 9T
s a9 9 O 9 el et @1 8 el &1 t W ° e i ann i R?
T w0l 1 e feufd werd ¥ 9g9H % o 9 2
AT 2 W A o y =y (1) §R Siqaie-dafeaie IR 8 o a8, fordt wma t (fie
H) W, I o Sufterd @01 st /e (el um #) gied () Bl €1 S t=0, s
sidqate-dfeats URY 81 ¥ J& y =250 g x 1000 = 250 kg
oy AT i y § uReda, fason 9 siqafe-afeaie o &R0 g @

3 3 A oAGUI-STel kT AdEiE, 5 kg/min (FTH 25 x 200 g =5 kg) FT T W

TN A & qAT AAUI-STe T dfgaiE 25($)=4—%k9/min (iR t THa W IH

: Yy
T e I A 1OOOkg%)

3T t3F 9Ny O% T a9 HI A § URadH i X AR SHeEr § e g T,
Y _5 Y (i)

g YR ST IHEN &1 UE Y Gied a1 2

=0T 39RO (1) T ek TR 2, f9 e § SRat R S gehdt &1 It
(1) &1 &1 = fean @

ye® = 200e®+C Yy =200+C e ® ()
el C THIeheH 1 3= B
o T o 9 @ fF St =0, y=250. 37T, 250 = 200 + C
o C=50
9 T (2) 99 fafed w9 § gRafia 8 S €,

t

y=200+50 e % . (3)
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- e% _ 50
y—200
50
: = 40lo
37 t g(y—ZOO 4

TH YR GHIHT (4) 98 GWA t 31 €, 5o 3 H 90 i A0 y kg €

ST 4 T (3) G 70 Frad Fraren § w3 y> 200 FiE o w0 F1AH wEw
¥ &l §

3Fd: 3 W A0 AT AAH A1 AT 200 kg (g Seh-2im 200 kg ) € FeRdl Bl
THeh fafta THietl (4) § &9 Frohd fered € fF t> 0 9 3R shaw A

0 <y-200 < 50 eifq A€ IR sheaet A 200 < y < 250 Sieia I o AQU-5el o
Iqate 3R afgdle o YRY eF o o1 a0 H1 A6 200 kg 3R 250 kg o WA @)

nfurdiar fgett o afREimne (Limitations)

areft ek 3R TS Hiew fashad fohT T € iR SeRT SITANT (application)
IR TR 1 TeTa & THeE § qhedrgds fhar 1 g 31 $9 faua 59
e Sifaet, TR etefve, G faue (operations research), Sfa-7fUrd
(Bio-mathematics) 3Tfe, U™ e o (1) qaf=em=n/dHTnelt 2l

W, oS ot e ufiferfaal GE €, feh wiga et s € fwer W s 9
2 T = @ o uRfeeft sga wifea € stuen faefaa dfea AR @ 2|

mﬁawmam ﬂﬁ—W(SuperCompnters)aﬁme{,waﬁ
T 9gd 99! WEA o Ty, TMHER Hied @ H §, g9 9em o e 2

@M@ (fast) T 310 HR & RO I G99 & Gh1 & for &q aifess 7enef
Higel sl TEAT T Wehd € T9Toh R UeT0T oF WY SEal WeHfd Wi i S @ehal 2|

Tty TR 9w, fRdt Tfurdte Atea o wgea fafv= =0 o == a0 & =) &
OodTeh Bq 3T=s Anisis fagia et 1 anad o &9 Ui a1 ©: = 1 =951 ok R
off sfferel o fory wgd &< s g (accurate) WiSell w1 M0 X Tehd Bl Teh
-3k oAk 3] TH =X H1 W& HF § HH WA MU

Teq 3t Sifeet ufifearfaai & nford feei 1 et faviw (fafere) wmend i
2l mwaﬁw&ﬁwﬁﬁmwﬁw (environment),ﬂﬁi{ﬁ%\ﬁ (oceanography ),
SHEE 0 (population control ) affe ok < 729 (world models) o 3T&TaH
H eyt &1 fven w1 weft sransii-iva, swupet fam, i, sifeEtent, geere e
o TfoTda Faeies, 30 A 1 WHAT FREEE HT ® 2

K/
— e —
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