-2
wfurdta freeia

(Mathematical Modelling)

A.2.1 4T (Introduction)

e X1 H g TIfrcie fRei sl arfos Sie i TREAsT oF 5o 3791 1 Mo |
H o1em9H o Th YA o &9 H I ok €, 31U, ST gfasei w1 g ek gt
Gifqer feafa 1 fordia wqiaor § fordig faei 21 W 9] R i faei o
Hheren €, e &n erol Bfe o WiuEl A1 oEqe o SAaer &1 auid & g el
(Models) &t =1, fafay JeR 9 ¥&&l, SIR@l a1 @i, el IR, Aforda g1
a7fE & A gR L €

el seneti & go <@ ® o, fafaer wforda Sereaneil o wam o Hefera sifusmia
T % T o T Tk YRR T O e ST SAevgshd gt €1 o1: 98 Heul
2 for wfordt freelt &1 e1orm o yus oo & w9 o ffn S =)

39 e (IRRTR) ¥ 7W A ke FReE @ e arafasd Sied & $5e
@W?%Wﬁ,ﬁﬁw,wawmmﬁqﬁfmﬁmw
IERIES I

A.2.2 TfordE fevi @2 (Why Mathematical Modelling?)

feranfefa oht stervifora, ssmiford, Feriorfafa qen ek g enfe o wfegsr gvi 1
B & F 9 2| Hf-wdft gw uRftufae= e 1 Gifde 9 9 ST T § 7
o & war wd €1 ufifeefas= wel @ sd & o fau difaes w9 9 Sl e
T W i SRl YSdl €, Ui difder FEml aen e Tdiehl o WANT 1 SAEvIhdl
g g wIfordta aRomet 1 9 iR A 9 o w1 ST Feh| 3T TEqd weAl
%! TS T o T BH Toh hIvel i SE¥Thdl IS4t = ford furdta fraeta wed
2| =13 'Y Frefafed gaens w foen ot
() Toredt ) =t <ieR T & (oRIY &9 | S &) i IR A Hisd &)l

(i) Tt Tiict oF Sk 39 TETH HIT A1 AT (TNl Theh a1 TS, HIETH
i, TEETRET g T Wraell R fo=m 3 gu)|
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(i) fordt AR #1 = A S (fagioey § S« AR & 3id en @) |
(iv) ¥ ®! g H1 AIHH G R
(v) T HE fF ged AR w1 forde & o fy o= @ (fan e e fme
oM S |
(vi) geat 1 SHAM 1 A
(vii) T HOA U 9RG | Al BT YSER HT SHA AN (S R R A
HEA H AR T )|
(viii) ol =afe o6 IR H & 1 3T¥AA A1d A (K 1 W FHehTer i STHtd
& )1
(ix) ¥ 2009 . ¥ ARG FI SHES &1 FATAF G (S TR T 2009 . T gera
FH B TR T )|
Iuder Geft TEEe b Mg Feei o JET gR wXel TR S ekl € SR arkde
o e feran ST TRt @1 a%qd: 3T W B9 qHEIST il WX i i At w1 stere
39 4T UreAgEash | w41 qenfy g e grm AfE 319 SRl T TRel HIH 1 T
¢ gg o for nforg & g few) q@ 29 vford s &rEar den nfordia faes @)
STEYIHhdl o Hew ohl HHS Hohil|
A2.3 Tifurda frevie o fagia (Principles of Mathematical Modelling)
TRt e Tk fagiage fRe © o THd Hefud g fagid ¥ 3 fasidl &1 wey
e it €1 o e o $9 ga fagial i SR €9 e geieg
T%!EITTITIT%:
(i) Treel 1 sTewashal #1 Te=T (g9 Aied i @ ®© ©)|
(i) Aied o foU grEe/=R w1 geas FINT (30 1 10 HET =6d ) |
(i) SUCTe WG Mgl i TeHT (A 52 g3 )|
(iv) TEN A qRiEfal i qeenHe (qEERen, wea) |
(v) T Hifges fmi 1 ge=f
(vi) UgHIHG:
(a) TIH B AT FHIHI|
(b) I S et T
(c) IRUTHEEY I gH drel gal
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(vii) 3 Thern i weEnfy f frefafea site s gen:

(a) Hisd o SEE Fafyd a9 To woqed &1 9d gl

(b) wiEA HI YA
(vii) 37 YTl 1 TEAIT S HiSe 1 GUR Tkl
feel o Sudsr fagidl o MR W e TR ey o frafafed = 9@ e
=0T 1: Sifqen fearfa i ge=ty)
TOT2: el / =) o w9 3R A ifdes et qen wdient oy gry wifaes feafa
=1 oK Ated § uRafda swifsu)
=0T 3: T YAl o6 g G Siter)
TIUT 4: YT GROTH 1 O G (FHE) o <o H e Hifery o sHeRt (qftom)
eIl STET YA © oI Shifadl
0T 5: A YROMH @A Hel @id ®, l Aiel i iR Sifey eren ifqe feafd
1 UREHET / HeqHl ] G ST 3R =01 2 W Ry

ST =X 1 A 9T @ | @1 S Tk €
SETeT0T 1 Mg FEeM % 9ER gR U & T HAR Y SR w1 it
T O0T 1Tk & TE WHR 1 S 6 S gea difqes feefd 2

TUT 2 T A foR AB & T HIMR § (TR AL2.2)1 W ST PQ HiMR &t S
A STl T ek ®, frment st fag PR ?1 WM e 6 PQ = 4 den HHR i
€ HE [: 9F < for Jere o) i@ o @R o fIraw (3fid) 1 s=e-ahn
o® q1 /= QB = PC

AfE | Pt | TR | g | T | gy | T T
fafe  |ofw gopar | TEOA o= e
& U=
Fravi o] RO 7 @ ¢ . ¥
@ | e .ﬁravﬁaﬁ@wn
..., i
UfehedmT 3
Tyl wife| TRom Ao T @ €
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- AC  H-h
tan oL = PC /
a0 H=h+[tan a .. (1)

IO 3 S ST TR Ureret A, 19 oush HIF YeTeh ki TTd @ o7d: g (1) 9 9HE
1 & U BT 2

TUT4 3 T H 59 HIAR T SMER ST 81, SFq 59 Yaqsh 1 [ H1 7E 09 T2 8,
9 A AT fom HI9R o 3TUR B w1 f5g P9 SfewA-shi01 B2 31d: APQB ¥ &
A

. Y W

Q B
JTTeRTd A.2.2
g € R
tanB—QB—lle =hcot B

=0T 5 39 feorfd o 59 =Rur Y SMawaRar T&l § iR A, [, o q B AT o TE e
T 2

SETETUT 2 A WS 5 Tk sAraEifas wH dF YRR % IR P, P, 3R P, T ScEHA
Fdt €, o 9 TR & Fed W1 R, R, A9 R, WA Bl &1 °E e fo we
¥ T WeF F, $N F,@l% &1 AT F 21 T8 A Y fF wH % 9 R, R, TR,
=1 Eifad 76N B, T Hied s, S AT i qU F o faC w7 R, R, R,
i Tre R F

T SUT 1 W THE ¥ sdifaek feufd w1 qeem weftwfa 2

TTUT2 A WA 6 AT e €, S ekl F Qo E, i STaRoedl &1 el e
T 99 AT ® @ I,
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Fl|:. . .}

A=

F2 e o o

T ST foF B UF 3TE €, Sl eI P, P, AP, &1 &% SohTE o IUIRA o Fedl

AR, R, TR, FT Taeash A=et i o w3 €1 7@ B i+ &g T y&R &1
=,

R/ R, R,

Pl e o o
B:P2 e o o
Ple o -
=0T 3 e ST R A 9o B etegel @ Uee (S ogE fufa | gufwfia @)
frafafed eTege gR o e 7
R1R2R3
Fl[. L] '}
AB:
F2 L] L] L]
forerd aread # Ureehl F G F, o WIAE 1 90 %3 e el 4l R, R, 941 R, 1
Jifgd g=md 1 et €
IETE0T 3 3]0 2 oF Hied &l A Hitae, 59 fh

340
10 15 6
A= ,B=[7 9 3
10 20 0
512 7
qe Fel S F1 TS HBIE R T 330 IHEA, R, BT 455 THEAT 3T R, T 140
SHT 2

o AR hifee fh
34 0 R, R, R,
10 15 6 E[165 24
AB= 7 9 3 | h|16> 247 87
10 20 0 E[170 220 60
512 7

g TSN 1 € FF F 3R F, &1 Wi 1 0 H & fag Fea W R F 335 56,
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R, 1 467 SHEE T R, T 147 THE HI SERTHA ¢ S o Fod A1 H1 3T
aenstt § eifies B1 Fifen il ScaTel T Uodeh SehTS oh (IOl Bq shed WIel o STuferd
e ffyed €, SEfery 89 A1 1 e Hiel S IUCTed WS o 9@ i HIT Y Fehd
T AUel B9 UEh! ¥ STH! W 1 HH HE H1 o5 B Tehd 2

feuuit afz &9 3T 3 H AH A W 91 3, Tl

{9 12 6}

A=

10 200

19, A% Teh R ST AT R FH FW & ¢ AE W E, o
340

9 12 6
A,B= 793
10 200
512 7
FETR, T 311, R, T 436 T R, 1 138 SohISAT ST © < fof hredl W1t hi Sqcre
TS i R, F1 330, R, &1 455 T R, 140 shEdl § 4 &

@ fooull |79 AT OH: 39 TR TG T Hehd € T SUeed wed Hiet o
PURRIIEERIL IS

T YR A Aehi hT HIT Bl T F F @€ A F G HA-RY K 5 T
Al I ATEhT o HE-STRE T WA § YW HL Hhdl 2

USdTS U5 B T UG shed A i FHiRa At o fae =0 &0, % o6 Aifeish
1 FerFdd, T UE I died 9 Gehd €, TTEE 98 TRl ¥ SR Y U R o
SO AT %1 TH YRR Heifed Y foF SUeTe shea Wie quiden W § ST )
T I H S Frefafad ssewen o o @ R
SETET0T 4 WM fAfSe fF P, P, P, @R, R, R, 38 T&R & S 30 2 ® fean
g1 WM oS foF wH o WM R, T 330,R, T 455 SRR, FT 140 THEA STAH T
IR A ST foF T See &1 @ 3o o f & fa Fed AR, R, IR,
1 qE Frfefad e 9 9w e

R, R, R

B=P

3 0
7 3
P15 12 7

T IS 1 fohe SehTeal am1g S foF SUTse el At 1 SYFRT Juidan & a2

141 216 78
1170 220 60

=

(S}
w

P

0
O

\S]

w
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Tet =or 1 fefa @ @ vewE a9 2l

IO 2 WM ST fo W P T x SIS, P, T y TN P, T 2 ST BT SCRA hdlt

1 TR 3o P, % fAC R, #T 3, P, faw R &1 7 7o P, <5 faw R &1 5 sahreal

1 SAETIHA TS € (3TE B 3f@w) 3R R, F FA 330 THEAT ST €, I
3x+ 7y + 5z =330 (%== HeA R, & fam)

T g 4x + 9y + 127 = 455 (=4 " R o o)

3R 3y + 7z = 140 (F=3 A1 R, fam)

T (STH) qHiH (e 1 e &9 § 1 YR e R Tehd ®,

3 75 X 330
4 9 12| |y| =455
z 140

03 7
=T 3 yRfte dferd Wfwa g, B9 U B 8

L

TEY x =20,y = 35T =5 foera 21 3TqUa WH P T 20, P, T 35 72 P, 1
5 AT I HT TRl B

feuoit #E «ff <@ T 8 TR afk fmia meehl F, SR E, %1 H (SS9 3 o
?) W foem foru fom & sha sqm&dqoww%WWWwﬁﬂhéﬁT
T, 98 STH! T B G TE F Tkl ¢, HfR F, T P, HT 6 Tohredl Hi S
for frofar STt el 5 SehIEAT &1 a1 Hehdl @

SETETUT 5 U AT M, SR M, Sameal i Seee-arsm S €1 M, 20,000
amMﬁmoooaﬁaFﬁéwfwzwaﬂﬁ%@aWWWW% [EnfciED
9T F 45,000 W £, 5 o I & | ®E off T W wHhA T M, FT 1,000
WW%WWWWWﬁ3H@SﬁIMHﬁ1000WW&?WW
wﬁwmﬁﬁlwwﬁ%amwmé?méma%aéw%lMﬁ
T ddel T Rs 8 T2 M, %1 Ui siqel W Rs 7 o9 Bl &1 - i, Heem e
aifsfa &% 74, aﬁe—cqm‘—raﬁwﬁwww7

B BTOT 1 Y& UREhedl o A, HewH o9 AfSa i =g, <enel M, qe M, &1
Sael 1 G A HEAT

TIUT 2 WM A o T M, FT x 3R o M, FT y et 81 Fifw M, R T e
WW?RS8HWM@WWWW‘HRS7W% 3d: WW(objectlve
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function), 58 s1freram e ® = for@ Tt 9 feon @ @)

Z=7Z(x,y)=8x+T7y

TH SSRYI-Whe w1 TefeiEd giaeel (STeriel) o ofavid fushad e @
(s 9 o 7™ 12 W e S |

x<20000
y<40000
x+y<45000 ¢ (D
3x+y<66000
x20,y20

SIT0T 3 U el (constraints) (1) o SAdid SMifehd &5 OPQRST W—?éﬂ 2
(eTRfd A.2.3)fegsT O, P, Q, R, S @ T &hia o faReme ®A: (0, 0), (20000, 0),
(20000, 6000), (10500, 34500), (5000, 40000) T (0, 40000) 21

B IS LED

(0, 40,000) T

S
S
AO
s
(]
I
=
LS (5,000, 40,000)
y=40,000
—R (10,500, 34,500)

Q (20,000, 6,000)
t t » X

X'

K}

YI

I/ l))I T T
“ &
X X
v - v «
P (20,000, 0) \ Ny,
%\\ Ay
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P(0,0)TRZ =0
P (20000, 0) T Z = 8 x 20000 = 160000
Q (20000, 6000) T Z = 8§ x 20000 + 7 x 6000 = 202000
R (10500, 34500) T Z = 8 x 10500 + 7 x 34500 = 325500
S = (5000, 40000) T Z = 8 x 5000 + 7 x 40000 = 320000
T = (0, 40000) T Z = 7 x 40000 = 280000
& ST fF x = 10500 3R y = 34500 R Hewd o eifsia eiar 8, i f Rs 325500

21 o1 fefar (See) &1 Rs 325500 1 HewH @ SIfSid w3 o fIT M, T 10500
A M, i1 34500 Sidel S haAl =feul
SETET0T 6 HM AT ff T st iIE 791 Seurg oM =med! 7, fo W s o
(feort ok =X o) ot ® 3R A <fifSu fof shoeft 39 Scag il Tk feer qoa
W fashd w3 1 A ST 2139 Teufa | @rw-er o e 89 U e
Hige ST
&1 =T 1 Fl feefd wreq veuE A9 2l
ROT 2 GAOT § B A ¥ HT N & YER 1 E 7, fer qon =R feer o 3@
FT T Y T e € (S R, gok fK), 5 fR R @ Soas ki ge e
Y Fadl ® (ST9 G, T gente) | gRE W B9 HE ofd © foh = AN ScdE i HE@
1 SHANUE € - Y AN Hisd WX 81 Wl 81 el ohi o o Ui T g
W Bl ®, 3R @ (Hul) u% ghfved w3 wedt © R 9% ww eF meww 2l
gfaen & fau, e 98 9H o € o Joe Scufed gohrd dentel o= < S 2l
R GIR R )
M ity o Searfea e fased 1 T SehTEdl i W@« E,

C = ST &1 el @rmd & (T )

1= faa o g arelt et 3@ € (FuEr W)

P=ohd o9 B (941 o)
AN [ ST Al (assumption) o @R C & 9N @ fiet ¢ oar 2:

R @ = o (391 H),
=R AN = b (¥UC Ffd ThTL).

ded C=a+ bx .. (1)
e & o I fawa ged s (F9¢ ufd gehtE) W TR €,
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3Ad: I=sx .. (2)
o9 P 39 3R N % @ o IR Bl §, 36 YR
P=1-C
=s5x — (a + bx)
=(s-b)x—-a .. 3)

TH YhR 37 B =R ARST x, C, I, P, a, b, T2 soh &g (1), (2) T (3) H 30T
YREafes Gel 1 T T Aied e Bl 21 39 9 RIS o1 aniiehul 39 YRR 7,

EEGEN X

sty (was) G, I P

= a, b, s

SARH X, a, b, s, B STHHR 8 3R o€ P A HL Fehal 2|

TTUT 3 WY (3) g B @A ¢ b uH foassed fag (7 ®iE oW @R T %1 i)

aamho,a:{um)c:ibwsﬁ
o
TOT 4 797 599 faesad 55 o four @ g0 frand fraret oo @ & aft ot 3w

W@Tﬁw&ﬁaﬂﬁ%,awﬂx:ﬁmﬁw@aﬁﬁ%ﬁ%ﬁaﬁ?ﬁ%

afwsmsﬁwﬁamﬁ%,auhﬁwaafwﬁsﬁww%W|wﬁ?

sAfaftaa, afs a9 faess forg sramdfa® fag e €, 99 *IE o7 tied Wgad fhan o
Hehdl & A¥E1 7 Yag § Hafud sAfqumonstt § Heed fean s gehar 2

feuoft Hay (3) 9, g4 u® off figern & T,

i, x % GUe P qREd @t <L, AT s — p W Tl et @ < o Seure ok fasa
o T 3Hoh =R AN o SR o SR 1 ;o SAfeid A o faw g9 ufer =i
¥R B B8 SR TR |60 § oy 1fsia s o foe e agd ifees amn sanfed
FHAT =AM WA & W =R AN i HH B T GAH Hf HEAT =AM8ul
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SETET0T 7 UH AT i Tk I H 1000 feaet stao-Ter € e ufa ferer 250 g e
21200 g/L ST STl AGU-STeA, 25 L/min 1 <X 9 3 H 371 T & 9901 39 FehR I
s guH @ O @ R et w1 21 R &or 1 R I | e i ann @2

T 90T 1 e Teufd werd ¥ 9gEH % o 9 2
TOT 2 HH AfSC ff y =y (1) §11 SAqais-dfeaie IRY g o6 a1, et 994 ¢ (fiee
H) W, Ik W Iutkerd @01 1w (frel um #) giud (ehe) et €1 5 £ =0, 27
sidate-dfeats URT 89 & gd y =250 g x 1000 = 250 kg
o AT T y o aRedq, fagon & sfqafe-afeate o &R0 g ©

e 3% H dAU-STe H1 3fqdiE, 5 kg/min (FH 25 x 200 g =5 kg) FT R &

AN A & qAT AGVI-STel T Afgae 25[ﬁ)=4lokg/min (FfF + 999 W IF

F v H A —— kg ®)

1000
3T: 1o WY % T oau T A § URedd H X FEfefEd S 9 WE e ¢,
dy o Y :
o =10 (F17)
AL 1
a dr 40° = - (D

g GROTH YS9 GHEN &1 UE O qied <d 2

=0T 3ROy (1) Tk e T 7, f5E St | Wi fRan S Hehdr 81 SHeR
(1) &1 &1 = fean @

t ' t

ye® =200e9+C W y(#)=200+C e © ()
el C Heher o1 311 Bl
e ST fof A @ fF S| =0, y = 250. 37, 250 = 200 + C
7o C=50
79 T (2) H9 fafed w9 § wfEfia 8 s e,

y=200+50 ¢ % (3

y—200 %
a1 50 =e
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- pii _ 0
y—=200
50
. = 401
1 t Og[y—zooj (4)

TH YRR THRIT (4) 98 THA 131 §, 5 Ik H @0 i G y kg B

ST 4 FHE (3) W W Frmd FeR ¥ R w9 y> 200 A , "0 H A
YTeHsh T&dl §

37d: Ik H oG St AAH WA A 200 kg (TR Siem-diem 200 kg &) B Hehell 2
Theh fded el (4) § &9 ey feed € fF 7> 0 9f€ 3R ohaa 4

0 <y —200 < 50 31eifq afg iR ohaed AfE 200 < y < 250 SFqfa 3k & @EUI-91aA &
fqdfe 3R Sfgdfe o YRY eF & o1 @aU ST AT 200 kg 3R 250 kg o T R

Tt ey &t qﬁ@'ﬂﬂf (Limitations)

aeft qoh ok T Afedt fasfiaa fvw T € SR ST STWA (application)
M Rl &1 TeAd ¥ gHeE § Gwadgds A S g% ¢ 59 faug S
ot fifqert, Tfordia srefemer, wfwan fo== (operations research), Sa-Tfrd
(Bio-mathematics) 37fg, T fe3i 6 (9 GTram=/gHTTed 2l

Wy, e off ¢ ufifrorfaal tEh @, Rk Aige aedt s € foues 98 #Ro 97
? o5 1 A o uRfeaft aga wifea € sruen fasfaa Afea mER s 2

viferremel! N qel -+ (Super Computers) o o 7, aRfeafaat &t
T 984 9e! TNl & fou, AR Aisd 9 o, B9 ge o fan 2

@A (fast) TN S0 FHX F FHRU Jg G949 & a1 ¢ for 70 stfer zpemed
Hieal w1 WA H Gohd & Tk I YeI01 o T S HeHfd 9 w1 S Gehdl 7

qerfy AR 9w, fRdt ftrde Ated # ygaa fafv= = o == a1 31 =W &
ok 29 T=3 Arieyier fagid 7 81 arad o g9 Ui= a1 B: = H1 97 Hieh Rt
Sﬂaﬁ%ﬁﬁama@ﬁ%‘c{wawﬁ (accurate) nﬁaﬁmﬁnﬁaﬂm%sﬂ%
h-3h TeAIh Tq &1 o HI H& FHH ° FHH W@ A6

Teq 1eEn Sfeat uRfefaal & nforde freel ot ot faem (fafere) wmemd i
21 sﬂwaﬁqﬁﬁaﬁﬁm RpICE] (environment),“&l’ﬂi’ﬁﬁl‘f (oceanography ),
SHEE 0 (population control ) afe o o 959 (world models) o5 37T
H ot 21 foren a6t Tl vt -, sogeR fomm, sifaen, sifiafent, qurere anfs
o TRt fesier, 38 AT 1 9E gEETEs Y ® 2

O/
— ... —

2019-2020





