(Mathematical Modelling)

A.2.1 9T (Introduction)

el X1 H g TR e &l ardfaeh Sitad i HHEsT oF e 3191 Rl TOTE |6
H 3177 o U YA o ®9 § S 9ok ¢, 190, ST Faseii 1 WA Fieh fh
ifeer Teerfa =1 Tl wulao & i fee @1 W@ 9R W e feeE
Hfren ®, forem &n orut wfe o wierl a1 a%qeti o SAUER Wi 9ui s Bq e
(Models) =T =1, fafay TR ¥ ¥&&l, STR@1 a1 @i, Seged TR, o 3t
K o FA gR F T

Tieett senetl o go @ ® o, fafaw wforda Sereoieti o v o Hefeq sifusmia
Tl o B & oI Tk YR § T e 1 sievashdr vedt €1 ;e Hewyul
? fop Tifordier Foieei™ o1 o1eem wh guek faw o w9 # e ST =fEw

39 ™ (IRRTE) H 89 q: AR R 1 Sered adfae Sted & 5
Q@W?%%mﬁ,ﬁﬁﬁw,wamwmaﬁm%ﬁ%ﬁaﬂm
IERIES I

A.2.2 TfurdE fE9i @7 (Why Mathematical Modelling?)

Foremfe i 1 ST AT ST Aen T S A % e e
T HH 1 IH 21 Hf-wedt 7w aRftufas= gv w1 Gifaw 9 9 ST TR § 1
o & e w1 IRfefaera T g9 w6 o fau difds ®9 9 ST T
H M 1 TEvashdl Ut 7, 1eiq difass Femt qen 5 gl o TEn w1 e
TS99 9 T 9RO i1 9 YT A S el i S 9eh| 3T 9d Tl
i T H o T BH W hivel I SAEwIhdl qgdt ¢ e wiurdta freei wed
g 31y v et gaenst W R Wi

() foreht =& =1 =e 9@ Fe (fovi &9 9 519 T B IR FHA HleA )|
(i) Tordt et o e B HeTH I FIA HEAT (TS ek ol T HAE, HEAT H

TR, TEETHET g 3T Tl W faur & gU) |
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(i) TR HR FT FEE T H (FIRTEY ¥ S HHER F1 9 S e =) |
(iv) g *! §dg &1 dq9HH [ HET
(v) o e foh ega Uil o6 forme o want s foy @ @ (e e s femen
o S |
(vi) et T SHAM A4 BT
(vii) T HEA U UG | Al Bl YSER H1 AR A (ST FRE R wEe &
H1E HY AN T 2|
(viii) TRt =Afort oF TR H & 1 3T A1 A1 (Ao 1 W hTer &1 g
T )
(ix) §12009 3. H ARG I SHESA F STTIH TR (9 foh T 2009 3. T FeiraT
F HI SEla T 2)|
Suder Teft TEEe i o Fee %y g el fran S HeRar € SR A
H oot o < g1 @1 95 T 9 9 guesl % W wE H1 fafdi @ srere
39 3 UISAYETR B HT| TG 28 ey 2 A 319 k! T e L T YA
w g ot for nforg o v fowu 99 39 nfora &1 ewar den i faes
STEYAHAT o Hew | o Hohil|
A.2.3 ot fe9i= o fagia (Principles of Mathematical Modelling)
Tt e TR Tagiaeer fha € o Tl Heitud g fagid 81 5 fagidl &1 ey
e JRifR §) Tt fee % 3w g fasial S sTReeTe ' ° T gees
ERIREIES
() feet =t erevashdr i Tt (29 Hied # @ ® €)1
(i) Hied o fau geEl/R w1 geeg T (39 F01 @ FHE =6 ) |
(i) SUTe WA Mgl i wEwT (I A gen )|
(iv) WEF A qRiEfaE S 9geny (JeEHRen, Hed) |
(v) T ifqes femi 1 qe=rtm)
(vi) eI
(a) TIF B AT HHIR|
(b) =T S ATelt UM
(c) URUTH=EEY I gH aTel gl
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(vii) S eI i ggEie e frefated S wt ST 9k
(a) TIeA q ITH Hafd a9l ©d FeuTen w1 9d gl
(b) Wied HI YA
(vii) 39 U=l @I TEEIE S WIS i GUR Feh |
e o SugE fagial o STUR W ed e e o Frefaied =0 W e @
=0T 1: wdifaess feaf 1 gg=fy)
TOT2: qrEel /=R o waA 3R A ifaes el qen wdienl o want g sifaes feafa
! iU Atea ¥ uRafda wifsm)
SIOT 3; O Y9l oF 8l §Id hifeig
FITOT 4: T UROM Y Yol W (THEn) o w3 H s R iR sueht (uftom)
TeToT 3Tefel JANT | el ity
=0T 5: 9 GROMH e Wl @ 7, 9 "ied i SRR ST sF=en difges feufd
1 UREET / Heql ] FUHE BT AL =/OT 2 W BT
ST =N o1 e ST @ W @ W ekl @
SaTeTor 1 TR YR 6 TR gR U & T HAR Y H9R 9 i
o wOT 1 YU & T TR Y SeEE [ e g odifae feafa @

T 2 A S R AB & T HRR € (T AL2.2)1 HH ST PQ AR Y %
T STl T etk ©, frwent sff@ fag P ®1 WE iy o PQ = 4 den WHR
SO H 7l G: F oifew fF dereh ot oifg @ 9HR & R (i) @61 s=ea-wi
o ® @41 /= QB =PC

A | Pt | TR | gt | W | oy | T T
Rafd  [ofw vt | Frewla o= e |
& U=
1 Frerote iR TRUT ¥ @ § ]
aﬁ'ﬁ_ﬂ{ ."~.__. ﬁ‘awﬁﬁw
« afteer |

STTeRfd A2.1
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- _AC_H-)
tan a = PC ]
el H=h+1tan a . (1)

=0T 3 o ST foF 9=, 1991 o % A YTk bl Fd © 3T aioms (1) | He
%1 B 9 Bl B

TOT4 39 SIM H 56 HAR T TR 3T 8, i S Y&k ol [T AH F1G 781 o,
e W ST foh HI9R o 3R B w1 fog P9 S1eMHA-shio BRI @7d: A PQBHE gH

A _
e } 7 N
_________ 5
——————— I H-h
——————— T“ H
Ra)ﬁl """""""" ~C
I
N | v
Q B

e B € T

tanﬁ—g—(;:??iﬂ [=hcotf
=0T 5 39 Tefa o 39 =01 1 STevaehdl 6l ® il A, [, o T P AT o HE A
T 2
SETETT 2 W A o T Aefasw H qF JehR o 3R P, P, 3R P, W1 IR
FYdt ¢, fSTH fF TR % w3 Wt R, R, 91 R TA B 2| HW Afow R
¥ T e F, 3R F, @03 HT AT FA 21 F€ A Y fF wH o I R, R, MR,
=1 Tfad 76N 2, TF Hed e, S A R g0 H o fAau Fe 7 R, R, R,
T A & GEEd a1
T 90T | 39 g9eq § Aifqe feefq w1 ygem et 2
U7 2 W AR o AT e 8, S WeHI F, AN, 1 SToReehal 1 f&aq s
?1 79 AT &9 TH B,
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A ST for B T @1eg €, S SaR P, P QP %1 Gcish Soh1E o ScUIS B hed
AR, R, TR, FT 3Tavash A=st i F&faa wear €1 7@ B = e T R &1
=,

=0T 3 e ST R A 91 B egel w1 oERd (Siogw feufa § guRewnfwa @)
frefafed eege g 9 e 2

STE9 aT&da § Weehl F, 92 F, o HEASSN 1 90 T 8 %=d A R, R, 91 R, 1
Fifsd AEME T4 2t 2
FETET0T 3 SEE0T 2 o Higd i oA &hifee, 5 fh

T Fed A HT @S AAG R FT 330 THEA, R FH 455 THEAT 3 R, F 140
AT
T A HiteT TR

IE ST <M1 € R F, 1R F, 1 BT 1 0 % o fIT hea W1 R, T 335 T,
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R, %1 467 THE T R, FT 147 THE I SToRTHA & A fF Foa WA 1 3900
aene | eifen 1 Eifer dil Scael 1 Ueieh SehTS oh THIU B hed Wiel o STuferd
aend ffyed €, sufery &9 =1 al e |l 1 SUeTs A % SgH i | Y Fehd
& Y BH WEH! ¥ ITh! HIT 1 HH HTH I EET B Thd &

femuit afe a0 3 3 H AW A, ¥ 99 3, T

e, AfE e <N TG Wi 1 HH HE o oI 7AW €, @

TETR, T 311, R, T 436 T2 R, 1 138 SISl ST © S foh hedl W1t h1 STl
S Stofq R, FT 330, R, 455 T R, %1 140 Thisdl § &7 &

| 149 R ?Aﬁﬁwwa@f%wm%ﬁuﬁwﬁmw
A]Ta?@%zg 35”% ks
B=p, P

P, 5

90 9 o vy e TEET T W W FW F AU A, F G FA-o U 5 F
12 T7%H I TEhi o HA-SAR B WA T T HT GehaT 2
UBATS U1 B AN SUCTed Fhed HIa i FiRa At o6 forg 1 89, % o diiaeh
1 e, Tk UE g wiget s Gehd B, foR o7 UeeRl @ ST e T R o
STO W R T YRR WG Y fF SUCTed sedn Wil quiden SUE H o7 )
T Iud 1 SR Fefafed saeo o o e
SeTeul 4 M fafse 7 P, P, P, TR, R, R, SH JohR & ST QX0 2 H fam
T E AT fm wH % TR, H 330,R, BT 455 SRR, FT 140 ThTAT SUC B
R WM AT o T SR T g $hE & i % fag w=d AR R TR,
1 " Frefalea orege @ wrw g €

TS IS i TRl SohTeal aFTg S fof SUeTse hedl |Gt 1 START YUidal & e ?
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o =T 1 feufq wear 9 veE A 2

0T 2 HA AT Toh &H P 1 x 3h1edT , P, 1 yqel Pl z SRISAN b1 IcAEA HLdl

21 iR e P, % faw R, &1 3, P, faw R &1 7 9o P, 5 faw R &1 5 shreat

1 STEvIHRA TS ¢ (T B 3f@0) iR R, #1 A 330 Tohedl ST T, 7
3x+ 7y + 5z =330 (%=4 A R, & fam)

T TR 4x + 9y + 122 = 455 (F=4 HiA R o fom)

3R 3y + 7z = 140 (F=3 @1 R, fem)

39 (SW) THIHl T & o8 &4 § T JohR oo Y Tohd €,

ST 3 URfies dfe WiRA g, 89 U el §;

T x =20,y =357 z =5 facan ¥1 @UE ®H P T 20, P, T 35T P, I
5 THITAT I HT T 2
femuit ¢ <t 3@ T € o Az foia Jmesi F s F T 5 (S 33 3§
?) W fo=m foru fom & shaa sw@%w%%&j{qﬂwaﬂa{aﬂﬁﬂhﬁm
€, @ 9% IHT WM H W TE B FehAT €, Hk F, A P, T 6 TohTAl WA © W
o THfar ST el 5 TeRIEAT &1 9 Hehdl B

SETEYUT 5 U - M, 3R M, Tamedl 1 SeeA-AS S €1 M, & 20,000
HWMaﬁ4000OW€FWWWﬁ@§qWWWW% férg ST
T e 45,000 F S a7 < H ¥ HE F @ T "RA €1 M, T 1,000
WW#WWWWWﬁ3H€ﬁIMHﬁ1000WW#WW
WWWﬁl%W%HW%W%MW%H@W%Mﬁ
T Sidel | Rs 8 T M, %1 Ui sided W Rs 7 o9 Bl &1 o1-Fafar, Team e
aifsfd & =g, MWWWWW7

F BTOT 1 Yed UREheTl o Hqd, HewH o9 AfSd i Bq, qene M, qe M,
ael 1 G&A A HET

0T 2 A S & 7o M| T x 3R 91 M, T y Siqa &1 Fife M T g S
WWﬂngamMaﬁWaﬁamw:me% o: STRTI-HE (objective

BO@ O
8559 0:
(B8 7



x<20000
y<40000
x+y<45000
3x+y<66000
x20,y20
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function) , 7@ atferrad e © = fore wefientor 9 fean = 2
Z=7Z(x,y)=8x+ 7y
T SRYA-Her &l fEfafaa gfaadi (reridl) o sidia stfuehad we ®
(g 9T o e 12 WS S |

. (D)

ST 3 YA AU (constraints) (1) o i SR & OPQRST W—?ﬂﬂ ?
(aTRfd A.2.3) 68 O, P, Q, R, S T i o f=eme HH;: (0, 0), (20000, 0),
(20000, 6000), (10500, 34500), (5000, 40000) T (0, 40000) €|

e Hifew &
Y
F N
B S
r' 3 g
"' =
o
] I
=
] S (5,000, 40,000)
»=40,000
0, 40,000) T i
(0, 40,000) T| LR (10,500, 34,500)

Q (20,000, 6,000)

> X
0
\ "

aTeRfa A.2.3

X' < o) t l").
v *A
YI
v
P (20,000, 0) “

%
‘2
[~
[
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P(0,0)Z =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
2 AT f x = 10500 3R y = 34500 W HewH o Al g 2, it f& Rs 325500

1 o1 fiar (SAeE) i Rs 325500 1 FewH @1 A F o I M # 10500
dA M, 1 34500 Sided Scq=1 HTA! =MeTl
IETETUT 6 | Y o Tk ot g T91 Seurg ST et 8, 7979 W s e
(feer 3 =) @mTd) o1t @ iR 7 <fifSu i sot 3@ Scas &1 T feor goa
W faa & &1 A g @1 @ feafa o enw-gita % qderon 8q U i
Tied &MU
e ST 1 el Teufq eqeden wewE A 2
0T 2 GAUT Y BH T ? KT A I YHRR T B F, TR qon =R fer A s
1 TS W T el € (S R, Yook NfE) , 5 TR R S Seas shi W sed
Y et © (S8 wrlt, UfenT genfe) | URY W gH | ofd € TR =R el Seig i HEe
I SHANI € - Y TAN Hisd W & Sl 81 HU ki Fw oA U faswa gr
W e 7, SR 9% (F) TE GHREd FA Aed © R 9 W oM HewH 2
gfeen & T, a7 98 9F ofd € o qoieh Scaifea g dehrel o= <t Sl @)
TS Aige
M S o Scarfed qen fasea 1 T sehEdl S g@Ax R,

C = SIS &1 el @ € (T9E H)

1= fosha 9 e ol e o ® (FuE H)

P=ccl @19 ® (¥qdl W)
WIWW (assumption ) éh‘ailjﬂ'l'{C 3 9 9 e Y I B

TR @ = ¢ (39 W),
=R AN = b (T Ifd THE).

Aque C=a+bx . (1)
e & e 1 fahd ued 5 (39T Wi geRtE) WA R,
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Ad: I=sx .. (2)
A P A 3R AN o S o SeR Bl §, 36 UER
P=1-C
=sx — (a + bx)
=@s—-b)x—a .. 3
T YHR 319 g5 R AR x, C, P, a b, 98 s a1 (1), (2) A1 (3) H 3T
URETe Heiel w1 ek T Higel 9w Bl €1 3 = IS w1 iRl 36 YN €,

EERE X

Aty (WaA) C,LP

IEN a, b, s

IAEF F x, a, b, s, B AFHT & AL T8 P A T Fehall B

TOT 3 ey (3) §N €W 2@d § b uH foesed fag (7 g ey SR 7 %I ei)

o ferg P =0, a7, TohTEAT|
=0T 4 9T 59 faesad fag & fouR 9 7w frekd freet @ond € R Ak s 9o
TRTEAT & ScqIfed R 7, 3tefq Tl @ %Y B Al 39 g el ok Ak 9

fush genTgal Scalied sl ®, e THEA G Afus @ U A9 T 3EeR

sAfafta, afs Tn faessa fog sarafas fag g 2, 70 ¢ 37 oied g3 fohan s
Hehdl & AYET ¥ a8 § Fafid stfqumonst § Heiea fwen s gehar 2

fewuft wey (3) 9, 89 g8 o foean ©
=s—b

T, x o AU P ok IR F1 R, AR 5— b R FR F7cht € S 7 3= o6 fawa
o qe IHoh R AN o 3R o IR 1 31: o Afeld &< o faw 5@ ufyn i
e BT 1T SR T A | oy stfsid s o fore gd =g sifurss @ Sanfsa
HET Y WY B Y =R AN Bl HH HE b1 GG i HET =FMieq)
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SETET0T 7 HM wE foh W 3 | 1000 Tere eem-ster € foes wia feet 250 g @@
21200 g/L @07 STell SA0I-STeA, 25 L/min 1 < 9 3 H 37 @I € 91 390 FohR UIed
s THM 9 I 9 areR et @1 @) fRE &1 4 3 W ofer i unn e 2?2

Tl =0T 1981 eufd Serd 9 9w S oh A B
0T 2 A TG & y =y () BRI SAqaie-afedis IR M o @18, fordt w73 ¢ (e
H) W, <% | sufterd @awr w1 A0 (foelt o o) giad (Whe) Bt €1 S| =0, teifq
Siqatg-dfeais URY 8H ¥ & y =250 g x 1000 =250 kg
eI Gt fom y & e, fagor # siqete-«fedie o %1 € 2

3 3% W U5 1 3fqdiE, 5 kg/min (FTE 25 x 200 g = 5 kg) HB W F

T A B AT AN T dgaAE (FifF ¢ T R IF

. Y
o @Eu i A mkg%)

3T: 1% WY 3% T au t AE § URadd 1 X FIAfaiEd a9 § I e €,
= (F?)

7 =5 (D)

5 RO Yed e F TE A0 Aed 1 8

=0T 3R (1) Tk e g 8, 99 et 9 we o s g 8 e
(1) =1 & == fean g

t

ye® = Ay (f)=200+C . (2)
el C FHIehe 1 3T B
w7 ST o o @ T Stz = 0, y = 250, 37T, 250 = 200 + C
e C=50
g9 i (2) T foafed w9 § wfefda & S e,

t

y=200+50 e ¥ .. (3)

y=200
50
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a0 e _

50

y=200
T YHR GHIH0T (4) 98 O (31 &, o IF H 90 1 Ay kg Rl

U 4 FHERIT (3) © BH frehd feprerd € o @ea p>200 iR o1 AE wEw
¥TeHsh TEdl ©

37d: 3% § 0 HY ZAAH =B @ 200 kg (7R S 200 kg ) 2 Gt 7l
7ok ffafied Tt (4) § 9 frohd fisbred € & 1> 0 3R iR Shaw afg

0 <y—200 < 50 31efq =g 3R shered ARG 200 <y < 250 Feia Ik o TAU-5eA o
fqdie R afgdle o IR €H & o8 @au S A6 200 kg 3R 250 kg o WA R

T fesie @ oA T (Limitations)

a1sft qeh e TS Aige fashfaa fory MU € SR SRt WA (application)
IR TR 1 TeTd § THeH § Gheldigds fHar 1 91 31 $s faua s
T ifaet, TTdE stefvmes, S foee (operations research), SHa-Tfum
(Bio-mathematics) fE, Tfordtg feg & (emam) waiger=iaaref 2|

Wy, ol oft w2 el v ®, ok Ated el o €)1 fges 19 wRu 97
2 o =1 o o uRfeefet sga wifea € steen famfaa afed TMEHER s €|

MIESNII] Eh"?E'ﬁ e STﬁI—?‘?Eﬁ (Super Computers) o faertd =, afifrafaai =t
T 9gd € & & oy, e Aied 9 H, g gerd o e 2

@M@ (fast) TN 30 HHR & ®RU Jg G99 & Th1 7 foh 70 aafersk Fened
Higell shi TEAT T Tehd € TSToh R UeT0T oF W S8l WeHfd W i o ehdl 2|

iy BAR I, fRdt o Aea o ygea fafv= = o =9 a0 31 o &
qoaTsh Bq 3T=8 Arisyis fagia 7t 21 arad o &1 Ui a1 ©: =R 1 =97 Hioh R
off stfhel o fofu ogd &% @k e (accurate) Aieall 1 Fofor wT Tehd € 3ok
IH-3Ik oA 7q TH = HI WA HY ¥ HH W@ AUl

Taq Aeran Sfee uffeufoat & o et w1 st foew (fafvre) T g
21 38 YR w1 qRftefaai W 9ok (environment) , ¥9% foRM (oceanography ),
SEEn f=E (population control) 3T o @k f8ET (world models) & 3139
H ot 71 foren =61 weft wmEnsti-Tio, Sged famm, difqewt, st gueme sk
& TfUrdtg fevie, 38 A &1 G 9Edgde Y ® 2

% —
L

3d: t= 40log e (4)




