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) ) Zry = o benzer gekilde r

?" * g- = Q, (2.r8)Ey ?x /
(2.I?) ya (2.18) bagrat:.lrrr llo (2.Ir) b.€!Dtlr:-Er.E yarau:.yla \vr $ 'ah (r) cincincea dolerleri bulr:nablllr .

Qx = - o (w-l!- +y.w/j, ) - D (t7l v|J,
Q, : - o (rs,'l'^ *w/;a, )

Qr=->(yir.w::;)
YeJra

Q*=- D(+'y- *9L)=_D.? avz (2.2r)
d x- d7ox' Gx

Ql = - "(# * ##/)=-r * o* e.z2)

2\ t Lsplac. opelatdrii

^a=a?/\ = ?x. @y"

( 2.19 )

(2.2o)

{?.24)

(z.zr)

L "" !'*o (Z.zr) v. (?.zZ) ,dc buf.uos:r def,erlcrl (2.15) ba5:.n-
trarnda yerlne yazrhp drg yiikle deforuaeyoelar arasl"ncakl. diferan -
elycl dc',t tgn bul.\:Dab11lr .
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Blxlu Isplacicn o).arak gdateri.rsek

AAW =A'rv - P

D
A"W- VWu lrc giiltcrLllrB.
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M, = -D(w!* *f w'iy
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H,7.Jn - l'47.dx..o= f - M2".d.7si.,!+ Mx,Tdycozf aklyxdxing=o

Vq.dn-fry cos"fdn - Mx.snagdn+eM*rsin?.corf dn =o

Y ,7 -- Yl y . sia' f + M/. crls"9 - l4ry si-1, z.f
ffi
N Yine gekil (2.r.c) 'da bu kez g ekeenl iizerlndc izdiigiio aLrn:.rsa r

H En. dn - 14, d x s', n I +- M x y. d y-si n r/ +- M x 2 7 "o. 
rP^ M rr.d x. 6stP= o

l't r2n d n + ( U, ; ^.f c.s fa M,a, *t-? f + M x si n I cos ? - M, * coi ? ) d n : o

(?.?6)

Mgn - r..rr= *(M>-M,) sin2? *M*/. .-s29

gcLil (2.5.a)'ae , dx= J?.si.,? Jy=Ag.cnsg

Sekfl (2.5.4) ,ae (?) ekecEi iizerleile l zdiigiiu d.nkLeEl yazrlrrsa :

t ln.d't- M,a.c-.t?d7 - l-1r.sia gdx - Mr* . cosg dx -gxy.*ogdT=o

Und?- (H* *s"P t M, s'*',"? +- 2 14r, ;.i.lq c.,s.P) Jl = o

Mn -- l4r. cos2 ? * Vr. s\,.t2f * g.y.sin?f

M,P

Mn

l''[y. sinz? a

M7. c-osa? 4

Ylr, . ".t",f - 7'4n .

Y1/ - sinzrp+MxA.

sinZg

si-ZP

M 7,r7 = l-1 e,, = i Qt, - t-t)s;nzg + Mxy c-s 2 f

Bu CaatLcaler ekseD dibiliirU ( traato::oaayoa) ecn.Llcalcrt o1arel< adlerdurlrr.
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ltD + If = X, * f,y
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k-B ortogonar (art) lk1 doErultuAa.kl Dorntlcria topl.-, aablttL!.

H r4,< -- -D(wL *r w;i)

N My= _>(wh *f w.!*)

ffi M,*e/=_ D(.r *f)(w!. *w;./)

ffi +#=-D (w:*.w;i)
M*+ Mg Tn

N ';;= 
d'(s denirae ' (?'28)

ffi Jq=_D.l\w e.2e)u aw=-& (2.ro)

I Ae:-k lraztt,,'sa E'w * Jt- 
= -frL?x' dyt D

A AW _ VW= - AJTL I.
i- 

(2.)r)

VW = 4' p.zc) ire bur,rn,'ustu.
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AJTZ ;
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I
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Ag!.t lrazllEaa I

(2,?7)

(2.r?)

(2.)2.)I
fi

,l

a"Jn )'JIL
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Dx2 Oy" I
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e$L e"Jn' 3'w O'w m
-l-=_,.

Ax2 O/, t A*, Dy, D

Brr glsk problenl.nrie oooentler toplaornrn B t-a1t deEerlell
(2.r2) 'deD v rdcu bs5rlarz olarak JAG,fl bulunabit i!
daa v(rry) heaaplaaabllir .

b11j.:rlycrsa

. S cela ( 2. ro)

2 ) fsal aomeatlcrin bu1r:::.us.sr t

Xrrt = 0 olnalr

1(U"- l-Iy) sin z! + V,y . cos 29 = o2' / ,

]q 2Q = 2 frxv Q'rr)d - ta* _M/

tg 2 9 'dn bu degerl (2.26) denklen takrurnda yerlne yazrlrrsa r

c,,st zq= 4
<-,2> ZLf =

M*-Wy
'I + 1Xa zV

sio2.? = fgzQ.,s ZP =

ug -- f, 14* (t - c-..s ? 9) + L r'1, (< *,ns 2 r \ - w*/ s)nzY

= 1 
f{r'.r* 

* r''r y)-*'"e (w*-t'17)- 2 vx7 . s;.zff

MX = t (v* *r<r) 4/ @, M)z + + M,?,

Mqn=o

\f w"-M' *;W

(2.14)

2 Ylxy
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X =Xry

Il {O. iO . Itt -O'vry

lig = M,1 -t- l4*y

W1n= o

x Jog'

l-11= i t4t/

q =n/4 , sn 14

l4q = Mvny

Y =o ,lt /2

(2.)r)

(2.16)

(2.fi)

9 6ziiru yardruryle , ple$:.n keaa -
Calcrl elda cdlllr . Bre]ar ef,ll-

2.9. Sra:,r Srrtlarr

81! plsf probl"Bl.nde ,(t,y)
rlcda kcsl,t buyil}liiLlcrlnla , atn1!

t r R" .d.,^
dx I

za. ..d,\nr, . -E; c,) A;

$cldl 2.6. S.!bc!t r.metlrrd. bu::ubr otklll
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b';r.rlr,a Eonenti 

"r, 
( ya da Xr* ) ve
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ti Q ( f" * \, ) clr. Suur gart larrnrn testn Ltarat sa5_
la::.nasr durunr.r:rca bu keaar biyiitlijid.erinln , eEiLae nor.,entl , burulma
rouenti ve kesEe krl'yetirtrn dt+ deserleri ile aynt ol:rasr gereLir .
Oyea r (rry) gtizii-a:ii ancak 2 s-:.xlr gartln:, saflryacak bi.ginde tertlp-
1eoebillr . Ikl a,,.lr F.rtLn'. I.Bte!l_:l olabi kesi 1Ei.a gu yol lzlenlrr
Ee.a!d'8 eikiyea bu.rloa roentlcrl , k'wct glf tlerl ob.rak lfrde edlr-
siu . Blrh boya ctkly'aa bururna nmentl xo r ily boJ'r:ar etklyln bu-
nflra roaeatl H . dy d.h. ($eidl 2.6,)ry

$tdJ her blr e lenea 191a ort8dan Leaiu ,8pr! , du{eI kurret,Le_
rl.a toplanr 1razrl:'rsa r e€etrya dolru etkly€a ( j$. a, ) nrrvetlerl
bu}:nur . lirlo boya ettsi ed.eo kurret Lsc (#) -'oI* . Deoek ki bu-
ruJ"oa ncmenti ye rine biriu boya etkiyen ' ( "#" ) glddetird.e blr
n egdeger keeoe kuweti i ehlabi1l! . Llteratiirde bu kuyvetler "E I r-
chhof f run ek kurvetlerl n olarak anrlu .
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( z. 19 ) aa Q, = - O (Wii *\/r;'* ) buluruus tu. ( 2. 15) de I se 1,t., 
= -D (. -1.)d* /

V* = Q* * EM"Y
dy (2. ]8)

V/=Qy**.-

Y*/ =- D u-Pw:;/
ay

v* - - D l*:i" + b-1.)w;:;,1

bulwrur. lenzer Eekilde Y, rde yazrl}raa :

Sadece k6gelerde bir aonrr 9 rkz,r
fakat uqtakl.ler toplan:.r t tr.rna

(2.r9)

. DiE€! Lrwetler blrblrini A6t[rur
kii?e kulrve tI i denir .

V*=-Dlw'.:j *e-f)
Vr =- o fwi), + Q-y)
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w::Yf
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Elcr pleL k6,gclerdc tutul-truyorsa r Fla8u kbgelcrl fnj('alt kalkacak Tr
keglt trllrl.ri Ca31iec.k Ce:3eki.i! .

iiat doEatr
l,15

UEt Jriiz

elt yilz

(a)
ha,e:.r donat:.

(J )

alt d onstl

9rE11 2.7. E uarlalrnd8tt basl t Eelnetli plalc

(c)fqrtoracn tutul:ae.arg , (t) vc (c)Xogctcracn tutulnug,k6go donatrsr yok

(a)riiia d.oaat:.Iarr

Niigc}.! tutufur yc Blrrkli t69c donatrar Lcroazsa , (b) ve (c)'ac 5d-

rUldii{ii gibl elt yfizdc dlyrgcnrl I ilrt yuzdr 1r b',oa dik gG ioqc Aat-
lakLar:' g6rtllilr. E6go dooetrlannra C.lo. g8t]sklsJ:'na d1k oloasr a!-
rekl: . (a) 'ac r vr B k6ttlrrlDdokl bu donatrlar giictcrilnigtir . LD-

c.,k dcnatryr' b6y1c yort cA ti::ock pratlk olmaz ; qlrlii bcr dosat:.!:-s bo,'

yu dcllqiktlr . Suor.Ia Frll. C vG D Ldt"lclinde 66rildU$ii 5l'bi r 1r/5

uzuatuErada I alta va UEtc bG! 1kl do$rultr:da (treerr) ko?. donattal'

ycrlcatlrl1lr.

Sidl , EcEBatIsDE blgi.ainc €t!! , (2.24) DIE! difcrsl8iyel
daDklarr.J'r aallaaas:. StrGkaa ernu gertlarrnr ara.gtlra1aa t

A

v alt v6 iistte
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x-1 I

:-1 I

19la 'd = O

19in l{, = 0

fr
rq.klL 2.8. Baslt !.dn.t

r) Yl -0
I r-1
'I

2) y- + tffa I .O. xx , ryl r=lr

$u haldc r:,D:.r grrtlerr g6y1c lfedr

n v = o olaasr ll i |nLn lrfu oisae rnrry

rl .o xl -orly-lr Y lr-1,

olur . E rrcr gcklldc t

*r,lr:ro

,H. l=oII = lr=1
I

rd.llebLIlr t

r) Yl .o
lx'1r r.v1.! alatr gart)'cr, (2.41)

2) Ai. I -o
k-1

grroLtkocz .0 zagalr

r I '.0ry L=r'II
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2) n vl -o
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r I -ov ly-1y
, trlr.r- o x I ro

v- 
I y.rv
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I r-1
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BuradaD gu iincall soBug gtkar t llk ltra ncoatlardc
E.ydalla grluz vc rraLalycar kurvrtlcrl :
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c ) Bos ta tep8r

f = 0

e=0

(2.42)
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(2 .4r)

d ) Sorbcatcc dibcbllaa yc t].!tlk cokcblhu keEa!
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r=1 I

Sckll 2.11

r ) !iI 'o' rl x.I
I

2) y-rr(r)
YY-t'

(r:+1rfrr) .o
I

C - C(y) 
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yey arbltl
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r-Ir
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Ecna.rla.rdc

PIak kenar

Bogta Lanarlar bolrunca H

9u hs,ldr Litedc reekslyor

v -.1ry

olur.

12 ,,

#-o

= 0 oldu8u t91n kii'odr R = e ofr:r .
s,aa1 E@.!t diizlcnleridir .
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B5:;x . ). pr,ax r,jrEJxslysL }EiEErlrjx gozilr tEToTtrx:

E+

.N l.l. Grr1a

,H grkll , s:.a:.r es.rtlrr,' r! ilzcriud.eLi ,lik b.lllli o]3a blr pb}
" p!obh-{ F r giizek dcrcl r

. p (r,v)
AAU=---

iBl]3 LagraDg. dsnt.i6nJntn , BrBlr jartla.rra:. dl aagleyea v (r,y) lfe_
dcsllli bul,-nak dtasktlr . )Gtcnatlk olarak bu clcoklcn , d.ardiiocdt lcrtcbc-:B

t$ dcu ikl tarafu , pe::alcl tiir.v1l , aabit Let'ayrl:. llnecr blr d.trk-
I'cd.lr. (IJIrecnilr 

' 
giLokii til'.v1 -'i.rn hcrhan6i blr iiesii dcaklcodr hrl-

iB 1"5:.rr'ryor). pLak d.ifcraogtyal deakleolnLn honoJcu fo::rgu :

1-* aAu = o (r.r1
IH

,6 n Bl-barasdk dcatlcu " otarek ad land 1rr1:.r .

IE
(2.24),ac v:rlLn plak diferanslJr.I dc.kr co1 , klriglerln d.lfc-

H !aos1y!I GrakLarl

IE # =# o.z)

lf, l1a aaal ogdur . rlcak (r.2) dcnllcni ko).ayukt a gbzUlablllrk.n (2.24)
qt plak dcnLlr'!,{nln g iiziiail biiyitk gtigliitl.r giistrllr . Bu E.Cctr5 Evcut
n kapah - giiziinlcr aayrlld.tr . (2.24) r ilu grDcl girztiru !
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r (r,y) - a(:,r) + S(r,r) O.r)

\ r (r.1) denkr.LlLta boooJcn gd,riiriidilr . Iilkt3 ilglal yoltur.

I Sra:-r gartlar:,Drn b8r,:'surr {aLar: r bazrsrnr s.akrat .
y_ r (Z.Za) gaarl d.nkl lJtl aalleyaa blr 0cc1 e itzifdii!. fukl.P

I :ri::il""IffT*ffi !,'lr'! e*tls*.-

E

il



ffi

Fl
Elj

n,

H

fr
Er

H

81,

tl

w
Iu
agl

E1

*l
tsl

gl

8l

I]

I]
a-r

II

B

E

!
B

t
g

27

ceneL]-lkle kapa.L - 9 dziin buL,,."*.2 ; yaklag rk Detotlsrla roouca
gldillr . 3u yaklag:.k giiz.iin tetotlarrn:- lneeleoeye €egeeden 6acc, Ear-
tezlycu Loordi-aatr'enia 

' 
(r.1) hooojen daaklealaln bazr basit g iizii'le -

ri-El sragiIralu.

AZ\ Y= O booJea aenkll'l'{?,t!
trra kena! kuwctleril €tklElndekl blr
Luolasrd.rr . p1'g}]'gr.t n tiiriine uygua bl!
nenliill! .

l5aErd.a bazr baait gekll f dlkBiyonJ,arrnrn eeqllneslula De Eoau,
veleceEl aragt:.rrlnrq t:,r .

a) w =c olsun . =\" =0xy

g6,ziiriiaiin fiztteel anla.Er , lrBl-
Fla6rn UO(r,f) scblllcriliE bu-
gekl1 fsrkalycou segiloeel 6 -

U) L'..C.x olsun .
.^

c=tsg
Diltiin Eonentle! arf1rit-" .

I:=-D(r;pnyy)=-2c.D

--2cfD:p}lr
=QJ = t.. =vy =o

Wr = CI

W' =0)cr

Bu da rlJit

LIt = Ot

LIn =O 9' =Ow "xy

cislD har€ketidir .

c) iJr =2Ct 'J' =Ot,Y

=2C =O Y' =Oswry

lrir _.t-r - hr-r -olrr lw ry

x
v

f-------l-=.
Eerbaugl bLr elaatlk yilzey rD€l.d ana Ellnez . 3ir rljlt cislo

har€ketl aiiz konusudu! .
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g6zijjn , 6r16Eln x=O LeBerLlda:! a:Lka€ tr:e rr=a
trooentl etbiebCa olan aors'oz uzlE LoDsol b1!

l{
I -Y o = - 2 c'D

4

2e

ucr:.d a1 ud.f ors bir
p1a[t €iiEtelj.! .

( 1.4)
xou= ---. r

E"hstlL yiizay Parabol,ik alllndfudlr. Xy - P I, aaantlaLa olta)ra glL-
Eaal. gdy).c e9 rkleaebi 1l.r r PL,I ?!!1t1.ro ryrrlar idl. , y dof,nrltu.sr:a-

d8 9.b3 yiiztlade b1r d.araira , b8rrDg yiiztiadc b1r gralqlcas olaca.kt,' .
SiirtkLl btr plek olduEu 191n bu dtrlu def,lldtr . y dofnrltueuadr

6, - p 6, garilualcrl r b\ELr!:'! bll.ELell ole.rat de ,, - P ", 
nmcatl

doEar.

a) u.c(r2+v2) olaua .

Yr -?C\I

rF -4tt

f,x'- D (zc +;r 2e) - - 2c

q.5-vr-Yy-o

D6E L. kl ksgltLD h.r Doktas:.Ddr , (rry) tdon brSursu olarak

Y'r-2ey

1T. - ZCw

(r+p)l= xI

=0

-0

x.I
xI -lt o

sablttlr

gcEtl ).1 EDlfo:r cfllr
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. Bu , llelu keaa::lanrnd.e.a r:alJom yayrh lt
elDde olpaet d€aektir . R.r durr:oa nurrlf or:E cfllaer
8e1en ele€tlk ;rlzeyi Breq t rral. rE r

?g

EerDtlEl.E atkl-
dcnl! . Xrfas,Da

(r.r)

. ) ii:g-Ls-

H':'C ' !t

hrr =0-l

o1cua.

i-r = C . r
v

-ow

-0

-I =Ov

Serlt bu:rr].r durulu

SoLtl.a.Ll €ibl airlt
AlEliirttla pIrL gtit

q-9-o
Lc2I ry

lorail,rrl r :+r olur .D-ry
coblt tr loreatlal.a etElsLndary

t{rr =-r(r-p)c

. lrrl .8118
kra8.r:' bs]nEcs

iisii.sr ehasra r

I,=-a,il),
I^

u--. o ' 1 t
A-IT)E tr +'

Elrt1k ydzoy blr d6oe1 pa:nbol,old rd.lr .

Yr' - ll'l -Frry =Er yrr

l{a

f,

., l

,/ l,

/-

5.k11 ,.2. 3ra1t bu:nll .tllllDd. Pl&
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)Y', = lC.t r- + 2 C2 r

lit =5C z+2C^,.t

y.'r =5CI:Ef :'

x, - -D( 6crt+2cr)

Y"rry= o

X =0ry

olur. B6yLe b1r g 6,zila , ii::oe$a , : - O Lenarrnd.an alrkaetrt
r = a kelart bog ta ve bu kenar boyunca I gtddetlnde diizgtin ya-
yrh glzglael yiik etkialnde , y dotrultusuuda eoeuz uzun bl.r pla-
E:' giisterlr .

r*, keBerl boJ,'uDc€ keaan gartla.rr
yazrltraa:
r) x, l -o 2)

lx=a

CZ--)Crr

i
^ - ---t 5D

D.sCr-+75

"J -;F+
5cr.e+2C2-o

-D.6cr.F

l{r=- .s .- r(r-p)
x

r'= - 
=G{Tr 

ry

I=-e

X=+A

x=+A

I--l

f) r-Cr-1 + crz2

r)

2)

Y--b

Y=+b

r--b

Y-+b

olau3 .

"tr= 
o

'.r' = 0''w

r'-;/y= u';- o

11 =ul{yrr

(r'e1

H
U--=r-E-'.O.t\1 - Fl

xu--5fr;"u
I'tr-+IGftIob
xu-+56ftyrt
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W=-E_.x!*-?.a .*, -_ F x2(q _ x ,)

cD 2D 2b ' 3/

w=-E- x" (o -A ) (r.?)2D _ 3/

Mx=-D[. (-t) x+2.8a 
]= --7G-,1 itiT--f Y,,

S4ry = Q-=V*=F

v
A A Y - -i- dlfertaaiyrl dcnLl erhl! tap8'l1 q tiztiEiiyl€ f Lglu

b1r 6nrak t /2/

olalulllr b.U!t11n19t1 .Duz-
plat bu ender ijmekl.er-

Eaps,l,:' e iiriilr buluorsrr-urD 9 ol eDdsr

trft11 yiik etlC.slDd. aaleatro d.alrc ml
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Segiler gekil fonks!.yoau :

?2t(r,y)=c(+ ** -r)=
"o "oolgon. 3..r fonksLyonr:a ernrr gartlarrar saf1ayrp aa$laoadr$rn:. ara€t]r:a_

b-t.QeE€ boJnece'

222t- =t +yo

oliluf,rodaa

v=0
olnr. lcaba 1i-r.'c1 erarr gartr aa€lsnlyo! Eu?

3v ev ? ^?;=E'y = "
?2

r=(L Y '- z *n -r)r!oo
diyelia.

t{ =c . 12

eI., - aF I
=- =.e . -! . 

-

a, ex I _") -v+=2g.p-EIdy ay I

Ee! lkl balratr da F tl f 9"*f gtoa"o ve F gerre bolrunca (O) oldu-
ElEd ar rsaetlerde arrr:-! ?antlarr BaElaaBaktadrr.

Iifera"raiyel denkleode , aJrnr deEllken diinii{iitrii yaparak pareiyel
tii:evleri alal:.n ..:

22F=(+ *J--r;
t r'zoo

r' -L,z
I

Fr =4I ,'
o

F -1JrY ,2
o

IT

FI XEI

o

- o

- P"r - Otw

Fr = 0ry
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Y= CF2

T
Yt' I g P . PtII

$ lr. -2c(r.:+F.trru) lp, -2c(o+F,r.F,:+o)

n r-L= 2c( 2r,t. pi: +r,xr+ o ) = 5c (r,x. -: )

E t'E*=.r.(a]+o)="(+\2-2r.1 t''o "o* ""o-"1 +
ffi rr"-.-2c(F--.r-+o)-2c.4=e4
S rryT '-yt -'-'-'rog -"*

I #.'?#-#=+(zq+r5 +24)=" + =+
p r{

^ -o o," = -6a5-
- -4

., Po t 2 z ?,2.=AT (x +y -ro )-
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1,1,C1f t Fourle! Berlleriyle plak
denkl.eolnin 6ziit!

l{ a y 1e r , 1820 y11:_Eda , ha.aerz Blllder &adeslslne r ddlt
keDalLDdaa !€rb€Etge E€BnetlenEit d.lkdiirt6eo plak]a!1a gift triguooe t_
rik e€rllcrle 9 iiE;itEii Lonus..:nd.a blr --l..l.e vet$.l . Daba, eonra bu 96_
ziiEdeD diEer tresaetleD-Ee bigio.hdekt p18}1artD gdzilaii:xte d.e yararla _
tuld!.

Serb€Etge Eeane+"lenell dlLdatrtg€a plaklama E1]11r gartla,u :

4.o

=0
I=O

=o
x'a

H =o
I v-o

=0
y=b

=0
Y=b

$ekll ,.4. D6rt keneruda! baslt Degl:etll plaktc s:.n:.r gartlau

P

AAV-; plak dcnklear'rrrr g bziirii lQlD f,avler D€ toduD-
de lzleaGa yo1 g6ylcdir I

r ) Pla^k iizerladekl p yulti 91ft cLnils s€rieLna a4rlrr I

_.-
pG,y)=I,f t-, .sia Dii-x.si. niiv (a,a=I,2,]...) (r.B)-ab

Bursdatl pE L8tsafrlurara bu-hnulu , gcaltl,l yltk blgidcrlae Eijlre r

€k l rda lacolarJllg olup , p- rl,cr blllnan deE€rl.rdh .

2 ) D0gcy acuJ.dcr (v) dc alft ll:rUr s.!i.lDc rgrlrr :

ta GO

w (x,y) =Z Z *,,'n. sin hirx S., nf Y G.9).rr:l 'l-, a b

(xavler giiziinu)(r)

Avl -o Avl =o AYI -o [rr
lx-o lr=" ly=o

. !ourJ.cr r.rl}crl IgUr Ekl rys, bakr.nrz .

Y'o

.,.t
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Bugadakr v*r katBafllarl bllinliiyor . Acaba r(rry) aeriai atnu ga!t_
larrnr saallyor Bu ? y = o fartln:J|l BagtandrEt kolaycs giiliilebiur .

2\, 3 o w: = ZZ h/-n . -[ . .* -TY. sin nrY
aab

W'l*=-f I w-, (!!Ef 
";,, 

mirx sio n-iY
\a / a b

3enzer qcklIile :

w;y = -L Z v-n. (t)2. ";7!*. ",,, T'
Aw =- FI w*, ltmy)'"q)'1. n, *!, . s;,. prbv

Altr gizlli olen garpan v(rry) ld.l v; slEl! gartrnr aaf,lad rS:, giL
iiltr-Wtu . Bu da saElar .

1 ) p(rry) ve v(r,y) 'in lrukard"kr agrlra1arr plak diferaael-
ye). denkleo.inde yerlerine yazrluea , ceblrael bir denklen elde edl-
llr . v_ d.e[erlerl buradaa bu].uaur .

AA\A/= ZI w,.-^ ft-1-tt)=r(lrt)'l's,, rnrix. si,nil' r,,,, f\-e--l -'-\-E-7 J *',"--- -"'--r

Z4 *-,lr*Ft*Il1,,' -r*.",,, * =tt;F-,,-$,"ff o.ror

w,-,n\f*\o.) *1n h)l'= %-
vJnn=,, = F-.

tr' D fbl /a') + ( o, / b, )fz

v/cx,y)=$6 LE,pffi6y.si,'?lTx .- -i'
Elaetlk yiizeyl belirLen u(rry) biiylece b€llrleDdlklea soora i9 kur-
Yetl€r:

G' c'
M r = t D L,L, k*h)' * 1. b / a)"fV.,. s i n n;-: x s ;- n-ll Y

( ,. 11)

(r,12)

(r.t )

(r.14)Mr=rr?]{ ft"rtt'*1, Gnllv*n.*, y^ .sin?D

U



U
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F-{

N
NT

|"lry=-n'O {."-a)}{ 4 *^n .o' n'!* c-s o-LY

Q,,= rrED I4*-" *[tg\El'J"",,,j-" .

Q, =rr'P E\ *-, + [efr\+l] sin nf,x . c.s+L

y'. 
=nsD-,f L w*n 7ltgf.1-r7'tz-y1f..' t'* .t,- "-i' (r.re)

Vy=r3Dlf *-- f [tg;'..f+Ifrl)].,."1'" c"sTv 11.re)

P. -2M,, ---2fi"D(a-7.t)f tff rv,n4cor*t.** ().20)

Eenarlanndaa serbee!9e otwaD diLd6rtgea plaklarla 115i1i N a v 1 e r
g iiziinii r ba,gka tilr).ti E€soetleaElg dikditrtg"D plak)-arrn g6ziiaiilde Par -
tlkiiler 9 6ziio o1a:rak tla kullaarlrr . Ia.nl aerbeatqe oturar P1a5a a-i t
v, 9 iizilnii r s1l3.1r kuYYetlsrl ve ooEeatlerle siiperPoze edillr '

, (rry) = ,p * Irh lr.2t)

u aehlld.erlnin bul.ra.roas:-aca aonguz eeri lerln lruLlanrb.asl r genellikll
h:-zlr 3r-ak:.aeak oldu}'lalL 19in , yd,arzca blrkag terinin giiz iiniine a}::o-

oasryla yeterlt yaklag rkl:.t saglaDu . Sadece tek kuvretlelin etkisin-
de yakrnsakl. rk yavag o).ur . i9 kurrstlerin buLuf,nasr u (,,y) 'ln ikln-
ci ve iigiinc.il tiirevletl lle 1l8tli oldu{iu 19i! yakrnsakhk brzr bl-

raz azalrr . rekrt }raklas rkl l,k yine yeterlidir . I'ibkii iaieneD 8ay1da

terioi g62 iiniine alcak olanafr her zaaea vardrr .

6 z e +": Serb€stqe oturaD dikdtirtgen plaklarrn Idziimiinde '
xavi e! Detodr:Du,l kullan:.lmaB:' , dlferansiyel aent-

IeEln g irziiBiinii baelt bir ceblreel denkleae ladlrgedl$i 19in r biiyiii<

kolayhk aaglar . NaYi e r oetoduntn uygula.aa tekrlsini ijzetlersek:

r)xi* blr glft fourier (aiaiis) aeriolne agrlrr '
2 ) Y eehieferi de 91ft elniie eerielne aq:.I:'r'

1 ) Iukardakl de&!le! p]'ak denkleni:rds yerlerin€ yaz r'larek bi-

Illaeyen Y E de}erleli bu}grur ve Y (rry) heeaplaarr '
I )I*, deBerlerioe giire 19 kcrvctleri veren ba$rnt rler (Ir' f,"'

f,ry, A' $, Yr, Y" ) v'azrru .

5 rl Rrit':.:n tu ba$rn+-r1ar I
1rr iyeterll sa1':da '"e:!.1 a:)-nai:ai(

,6

( r .15)

( r.16)

11.iT )

yc I tc deflgtk def,er]er vell]rrck r9r-
bunLs.ru '"oplanrast lIe 66rnu9 buh'nur '

sinE)-
b
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t$
[}'!

:,1.1
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t
3
E
FI

T
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O r n e k ,.l

(a r 2a)

diizg'ila yayrl:.
s!:1 , oaksiu',:n

bc1l..rt'inda Berbestge mesnet,lenai; dlkdcirteBa bir plak

fijkLe yiiidenalgtlr Eleatik yiizayl bellrley.n v ifaae-
aellDe EoBeDtlerill ve kenar realrlyoalar:-n:' bul unuz .

r)

Diizgila yByrlr yilk etk,i slode banlt uesnetll piak

15r
= = 

'o olacal gaklld. 91ft 81Eir6 B€risine agalru
-17. wr

n (/.y1=aGP. EZ n . si., rn'if x . si-, !TY.
| -' 11z rrin o b

u=(I, ), 5,......) 3 u=(1 r),5, ......)

2 ) v e.hlElDl d. 91ft aiuila sarlake aqaLo . YEr deEell igfa
b = 2e yszarsl :

t t P^n 4G tso olt
wrnn = rT-5-fE ;etl"- = ];z;;I;t.rfr,
\^.l(,,v)= nnP'or'LL

'/ r>.1T -

gcEll ).5.

p yiikiinii po.

n=(l ,)r5r...

Xe.kslEu! schlu r - t/Z ,

Sin ( r.,ilx,/a ) . si ., (niry /331-

--;;F;;1n'1a1jz
) I n-(1 ,)r5,...)

,)

v*, = 
16?":4 LL
D.TT'

tF- I nokta!1nd.a (av/9r-o)
(avl6,Y = 0 )

t:n -! ' si-., I
rnn [r."+$]"



16n a4

&ar. D.Ti-6

0,0101 p- a4
=-- D

CArUIdiiSii 61tl gift BlaiiB s€rlelnla yab.Esaklrg:. b!zlrdrr , 1kl
e,lEa} yaterliaur .

(M,1'.,* =19++' I I - -z'l ''-; nii
lr'r"* l-+'+ J t''-A=1!:A:

rnn -t-"* #f2
(v1 

r) ̂ o 
* = e# I Z k"". :!!:::#7 ;;: n"' u

-tf 4 ; ; rn^;'-'* 1-'7', 1]2

a=(r,j tj,......) i D=(1,r,5,......)

3u eerller daha az hrzh yal<raeaktrr . f1k d6rt terloi alaak yeter-
11 yakr " S rkh!,r aaj1ar .

t [=-#-.--rrr. * t"- rs ;ffffiJ." =72 o; Ev

(V- )r=, =-''*,q ff '-'*<z-41] si., h?Y
11 3 dt n r, (rnz + {)2 2a

(V.)--. - -ae*o ll .-'+ tz-e.)€ si., m'rrx- /'t 'lT! r,,, rr n (rn.+ ff)z 
o

ro=(:.,),5,.......) ; n=( r, r, 5,......)

llakeilauo rooentlerin deEerlerini bufursak ( 7 = O,2O lqln )

16o a2(rr)""r. (0.5?2-o.045-{. or5d.oos+o.0o9+c.ooM.ooc8-0.oool+. . )

(x)
' y' rDar.

= 0.I0o o a2-o

t6p e2'o (0.2884. o6F. oro+o. o0r+o.02r+o.0o2-o. ooe+ . . . . )
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Xarcue me"cdu ile kalsllaetrraa'
fttl _ .' 4 , , 4$l , =-+ trl' , =-j- P"'r'

\ ,44 EI -v - 13{ EI

El ', -,-! )4 = 16 - 15
;=U-y ar' !'= f7 Do

{. 1-' yy- IT ro

fll J7, =t. t# I poaz = 0.118 po a2 ; 4, =* ,o "'

$] fi, = i (17 ro)(2")2 = o.o2e po "2 i fr., = iro(e.)2
(-

sr u-),JTt r'?- s ,t,,zTL. q 1 )
ij 

"r- 'r".i vx=t - t. ,1,ir-r"-,= L A'i .0,9M = 0,748t xr=o,oet !o "
n =r .J\t ! 'rr*-?,i r'Wr-|.a.o,o>e-o,807r try= o,o2)poz2
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l.d. lek Iourle! asrlleri.yl.e c6zUn
(Lcvy !1 ctodu)

u (r,y) - ,h + ,p (l.ary

L c v y ..todrEda blrl-acl sdu FrttLiUe! giiziiEii .1d6 ctaeL-
tlr. BuDuo 19lD I

r ) fUgra karq rhkl:. 1kl L.EsrulrD r.rb.stce ugactlcBtl.gl lgt alr
2 ) DIE ! dof,nrltucla plrt uzulu{llllrr[ cO oldutE varse;r:.Irr .

1 ) r ckg."r-c pe.re1c1 k Eltlclde y{11 drdrlnrarn rr:r:. o}duatr var-
sayrlrr

x - o vo :r. r braerl8'lrndao acrbcatgc DE.thDdlglDl Lsbuf odo]1E .

gcl1l ].6.L r v y DtoduDds koor{lDrt alstcd

b - co r.lrerrlilrdlor Aii!. pltL altnkt !r.:[ gu qcklc glrer r

d4v p(r)

;i- '--r-
c6ruJdliEll s1bl h drutlcr ( r.2 ) tlr& itlfonaalpl
logdus . Etrll illfonarlyrl ctraklcd r

a4 rt D

7'n
y- yr (r-f2)

- EID --)t -l-

(t.zz)

dcatleciylc e.aa-

1d.1.

(r,2r',
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(r.22) denkle.i'lh g iiziirii igin Iavler

p(x) = f f,,., .s;., mJx

Wp(x) = * ** d. T*
w| =L W^' '-'1T ' cPs rnfi x

t'r' a a

w':* =-f w- (4'. r;. -t;x

w.!i,=-L w- (sr)i *'*
Wlu =W-(4.f I.si.,'aTx

tLinci adru tJb boooJln 9 dzitriiniin bul.ul.rssld rr .

AA ru=o
EcooJen d"reL1eE{ n i:l 9 6,ziiri! t

uu=r(r)'Y(Y)
gelllade lfedc cdlllraa :

xa".r+2r.r*x.t''-o

uetoCr:::u kullanaLrp I

O,2A)

0.211

$.2s7

(r.22) diferarlsiyel dcnkLcnln-

11,29)

Bu deEer vc (r.e+)'a" verllen p(r) ,
de yeriue yazrl:.rsa r

\^/- (*[)4 f ,;" "r1 =
1

D
P,- L,,s;- $ 3,27)

w^ = ?* ?L,, (r.zey
D.mq fT+

4D-
p (r) - po ieln............r 

P.o = # (a= 1,1,5,...)

4o 
"4r =-4u_3n53,

olur .

( r. ,o)
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4 ':. tek Bj.nii6 seriBl olarak yaza\E :

w;, (x,y) =L Y,- 6i). s',n 'n!L
fn'd

Rn lfade x=o y! r-s lg1u. v-o , AHto rullr gastlsrrnr Eat-
I-. AArl-o denkLenlacc y8!1nc yazrltlsa :

I I+F Y,,9) - " + Y,i <vr * xJ tyd= o o.rz)

3uf.ada,n ,

+ Y,-ry) -,'-;ry"' vJ, tv\ 4Yi 17) = o (r.n)

().rr) d€Btl?El dotdii.ncu acrteled.cn eabl t L8t.8frh llnecr hoaoJea blr
dlfcra.ealycl drnkl nd.lr . BuDEr g6zildl :

Y,.^l;/-- A-.rorh* *B,', m[v .eiaSatrv aC^ sinh fl-l4D^fu cehfiJ (1.r4)

Euradr A" , 3" , C. r D. dtirt kcna:daLL arau gettlaundaa b'oluaacek

lategreayoo aabltlerldlr . Ege! arDrr gartlarr r .kBenlDe t6r6 eioat-
r.lt lsG ateatlk yilzey (y) 'y. Adlc Clft foakaiyon olur .

v (v).v ( -v) (r.rr)

(r.lt)

(r.16)

:.)Xargrlrth lkl kenarl Serb€sice @snetli
?)fifk fcatslyonwrrm gekll,d'itcr ikl kcaara

pardcl biitf,D kssltlerde ayn:' olacak .

0 za,aan C- vc D_ kataayrlan (o) olur re ;EE

Y,,.,,ty)= A-cosh * * B,-.t-3, . sinh mTv

Bdrl.c€ y - + l/2 191n calt arnrr qartleu Ecycut olduf,rrde !

w &, y) = [I *- * t- (l--, . .*a ?' * B- T' . ";-r''-tv)]sr.ru1 1 1. v ;
,//

a .'. -----7 l.crry D€tcdrou uygulsle gartlatl!

ieici.l ),7. :e.ry Btoduad. aiutridea 1'a:.ar1aosa
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Orack J.2

ldrt kea=-rrnia.:r aerbestge ctura:r ur,lf crn yayrh yi.iklii (flo)
bir diHiirtget ;:L€rn sebLurlellnj L e v y lreioduyla beeaplayr.n .

P(x)= L P.,,. si., r.,rixlmo,
o

P.-, = 
t f .eU>.si," hrTx . dx' aJt e

7(x) ='* ,r,- ; P,-n= "!- i'^ -I* d,x - 2P! (a- c.a'nn)
aJqrnTl

, --4-P=- (--=,,3,s. ...)
I rnTIlrn I
L=c: Qn=2,+,e....)

G

3r:aa giire p (x)i siniie serielne aqarsak

p(*)=4Po Z 1.sin mlTx
'Tlrn?aa

:

(.n =1,e,s . . . )

\*/,-= Ap-a\- .,(m=t,",s . )
D rns'lT 5 -

,-=# ^ &P"
' rn Tf

Sdylrce partikiiler giizii.m I

Wo = 4tr..1+ L I .. si., -Tx (rn=-t,a.s . . .. )- DiTt rr-) 
"rr 

t - - 
O.

Eoaojen gtiziia ise !

Wp,=L(A,-..osh'1j!-Y * B,- ?!y .si,,l- r":y )s;-,,aIx

w(.,y) =[g# I # - L (n,^ * + ar1 8,.,, r. ry. s,, r,.frzf .;,,2:- x

Sra.rr gartlau y = i t iCfo r) Y=o, 2) [U=o buradan lici oenklen
elde edillr r

A,n.coshtTb , B,,, mirb .i,nh vtn b 
= - 

L P, o9
20 2a 2a lis.rns

A,n dI:. .o'1, f!l* * b,- * W. si o b fl-h + ? co. E t!b-) = o
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Bu lfarielerCen A ve B

w(*.,)=ftP.s: f < /.,
7s p Zi* 1'-

r1'1

B,EaCa :

14

a bul.unur. Soaugta ela8tlk yiizay :

2calza <o)t Q-r +arn i.t^ anqrhn^- q -,si-\ rt -cnLa-\-7
1+ c"sh 2an 

. o- E*

o^= iZ, n-=4L

$lBii terar plak dlfcraltsl.I8l dcolL.al-ElD g 6ziin octotlarroa
diiael,ira . Proble.n{n ke sLn g oztiEiiniin, ganc),Ilkla, E{inkilD ol8ad:'alnt , bu

nedsnlo yaL\ rL 9 iizth yollarrau ala€tnJdrfrnr bclirtatgtlk .

l.q.Yek1lqrk q6zilu Eetotlrrr

Eldc baz:. f, (r,V) giizilolerl var . Bualenn kegln 96zi1a o1a-
bilncsl i91n r

AAr-i
denkleralnl v. auttr gart).anor Bs{]''r'ael gerekir . BuDlsldBn blrlnl sa$-
laya,n ; fakat d.j.gcrtnl aadlanayan f, (rrV) f cukelyonlarrnrn eksiidiklerl
gldcrllocye gelrgrJ.rr .

J.5.1 - C6ziiniin PIet Denllealn! SeIlayrp . Stnrr Sartlsrur
Sr.(1ao:.reet Dururu t

Bu durudr Y foLalyoau f, f onLelloolrrrnrn toDlael olarak lfa.'
de edll:h . 3

I
y . - | c, f, - ", f, * .Z fZ +..........+ e, f" (r,re)

l=r

f, fonkalyonlerr plek danklc-tnr ss51edr6:.DB g6re u fonkalyou da

?lal dcnkl,enl^l caglayeea.k 1 . aur:.! grrtlrrrnra lee bazrlar,.nr oatlaya-
cak bszrl,ar:.nr lac aa[layaol.yacef tu . .a , 12 ....Br a8blt1.rl , errl
kaLra arnrr gartlurnr :iirlclla o1du{u Lllr- !a{1ay8bllec.k blghdr B8p-

taaoalrd rr . 0 brLda problcl gr:dur :

ra'1erl aesrl eagcJ.h kl , hatafsfl-u toplanr alal.rua olcun ?
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lgaret farkiarr-a:n ( : ) etkjelnden kaguablltse( igin buEu

lfaAe etre< 6.a-\a doBru cl'J.! :

a, ' leri nasrl sege L1n k1 , bii'.':in Lenerlar bo1'unca

taLaru kare leri toplatr, aialauo olsun .

Eatalarrn lar€ l.!1 toplsa':. ? ol suD r

r-r(ar,r2.,...a!)

?F - at - aP

=;r-o'-+'0 """';i=o
Bdylece (.r, 

"r.....a! )'c g6rc r adet denkl.en buluaur

"r ' 
a2 .. .. 'ar ais6e!I.!1 bcsa,plaau .

9u 9ek11de

yaprlaa !ra-

O.re)

. Sualardsa

9ek11 ,.8

Gcnel durude 6ck11dck1 Elbl b1! plek olsra . Farth kcnarlar{a farkh
arnrr gart la.rr aallaaresr g:reklr . Ozacgla r

I Lenarrode Y-o

2UI kcoarDda ;; - o

6 kenarrada
D

Farkl,r oaoetlcrdc , fark),r
slu olEc:,k I

a 2 v a2 v
-- +lI 

- 

rU_ z I ^zd a os

F = f*"ds * r[q-),a, . of ffi_r*),r,Abe
Oacellklc bon:tler:, (d.loaaatycalarr ) dilzr ltlcL Grr.kh
tiiz tonu.cu ol$m.1 blrh boJ.u kara,ktarl3. ctuktc

claetcn hatalarrD karc lerinla toph-:. ulnl-

(r'+o)

lcl , blt top),ar

olopr12r14
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tcrl&nrn boJ,'utuu boooje! krlas.l anac:.y1a konouq fai'l,dr1?ri1r . I '1n
boJautunu aegloek i:re plana alraan stnlr la'rt:'Da ballrdrr . 6::ae!1n

L: o seglisk dcE.lc a.hLe qa::tll1r dlklate elaak dcoektl.r .

3. 5. 2 - C6zi-siil Srrc.u Sartlarrnr Ss,Ilavro . Pl,ak le:kleuiul

EcE@-:
I

,- t-. "i fl '., f, * e.rt"+....... + a, f, (t,re)

. a^...3l' z r
rl rxnHir afi6!6 s8€ls,fac.E 9ck11dc a

. Bunua iqln ferkb yollarden gldllcblllr

e ) Ytno hata)'ar:'n kcrclerluln toglanrn:.a E.lElEuE olnasrndaa ha-
rtL..t ed111!.

r'AAvlP
l.[[x-l'

dl)r.r{r . fltt
!-p,-p-AA.',

Bu hrtalena ku'clcrlnrn toplierDrD alnLsu oLE 51 latrnlyo! .

4=o o}oatr .
?ai

=f zQ-b.^^v)(-D.D#"-w )ar =o

f Q-, adtu)D 4!vt)./FJ t - I,2 .... r)
A

r'T = J tf -b.^Av)z lF

AT.=_
da;

Bu-rdra t tsDe d..nklcD .Idr Gdl:.lr r. e, r lor hocrplearr .

b ) n 1t z E todu ! I{ialrur potrarlyrl rncrjl pnaai}bd.n
h8rekot cdlr .Sl!t ELr' grrgrE drf oro dururu iiylc b1r duru.dur kl , yiIL

vc roocnt gertlerrne uygua bu dundr polaaalyal cocrjl r dlB.r biitilD
aluruEirLr lcld.D d8,h^ lCigiiHitr . Brrb&€l b1! sDdaLl potraalyal currjl
T[- t8. )Tj-. o o]oa-I rd:.r .

llr cllD rtkl cdon brclnrel kuer.tlc! X I I I Z

I.! dctittl*].r! urvrY
friz.t!.l kurr.tla! p, r p, r p,

fcr dcglgthulrrl i, i, i

[2\v=nD
balirlanacak



t

I

f{B

ffi
FJ
(-s

N]lil

H

a(_r

[s

fa
l::!
t':i]

6
R
tird
€J

fs
ES

B

E

E

n

3

!
I
I
a
3

t

Burada li dcfoloasyoa tgidir.
P}.lrlaJda : x-0

i-O
Z-O

4',1

1T = AL-(ltr, +yv*2. lav*! Q,.a*rr.t*p,o)ee) (r.nr;

t =0.I

D =0't
Pr- P Y=t

'lT = A; -{f.-.r,
A

olur.l, ilcfomacyoa lli lse (6"=O ,Zr-O oldu8u batrrlaaaraL)

A r= i I G" z, * 6/ zt *\tLrS av (t. qt)

v
€-* -- + (6, -f ey) ; zy =! (et -f c,);*y=!=4zt*tE

deterlerl yerlerinc yazrltree r

n, = 1- 
fiei * af- zS-4 6 r)+ z (.t +7 ) z-'rJa V

v

5r r6y r zry v€!r!r | (2,9),(2.10),(2.u) 'd. bu}:na'n y

cgdelerlerl yazrlrae :

Ien ikrncl tcriu arfu olur) :

A r= Z I t*: *wir)" ar

btlrn{ altr . Gcael baldc r

G.tzl

(> , +a)

clnsLDdca

t r=fu J{i@__."::rf- u -v1lw!,w{/- (w!?'J} z,dv
V

dY - dI . az yazrl:.p z - 2 d/2 Btnrlar:. araa:nc.a z 'c 66r.c J.atcg-
resyon ya.p:. 1 rraa :

r-
A;=D J{ +UJ.**!rf_ o,-Tspi|wir_{w:rfJ} ar o.4r)

iL'
ScrbeBtge oesratlcncJ.g , kabnl:'f,r Babit ve kcaarlart d og?u ola:r plak-
lerda bu lf.d. dsits baalt1.qcrek (G e u e ! BEri11Bl dlye adlandfr-

O.ae)
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rr = 2 f [o {tu: 

* w;.,)'-, e -pP:^ w i, - M:?' ]} & e / -j k il" d / O.47)
oO

V = c. j, (x,y\ + cr{. (*,7 )+erfr(t,y) +.. .

SursCe

]eta11

alr

h/r,, . s;r, ffi*
q

+ c-{,{*) =f,eJrey) (r.48)

O.cg)

fr
YG

-o

(rry) (1 - f ,2,1 . ....n) f @ksitc(!ler:' .]-arr Eart18rtnt 8aE-

def oru plak yiizcflrcn lecail rdclllrelld lt .

obacr 6'e!cLlr . Bt dc@lrtir Ll' :

Buraya krdsr anlatrlenlarda.n, B I t z nctoduyle plek problem.i-

liB giiztixriiDda e:s::c Aertlar:'nr aaSlaya! vc pte€rD BErg.k dafornc yU -
zeylni yeklag rk olarak belirlcycbl le cek uygua f, (:rl) foaEsiyoalau -
nr.a aaglniain tineci benen srls.?llrr .l{a todun letonilen yak). ag:,k1rlr saj-
La.roe.sr br:rn baf,l:.du .

Uygr:a gcLil f oakalyoalarrnrn eeqllucal 19t! de bu::ada ' tllgo -
noaa tllk f onkelyoe).a.rdaa ve klrlqlerln aehlu forsiillerlnd:n li-ararl,anrLa-
caktr .

Diigay cehinlcrl , def,lgkealerine ayrtlnrg aonsuz blr aerl ole-
rak ifade eoellu .

2n ail aTl- a'iT
Dc, )c. ' &s ac'2

Burada! c. delprlerl baaaplaa:-r .

w G,v) =If 4-. X,,.,c"1 Y-(y)

furaea x, (x) vc ro (V) , 6eri Lfadasi lqlodc r tek be{ ura

!1lec) gpoetrik srnr,r gartlannr asalaraa Ys bc! blri r
y ril fookslymlerr olen terlalerl ifBde cdlyor .

r=o Ya rEa da a€lbast9a remctlennlg keaarla:da

zrrt (n = 1,2,).....)

(, . ro)

(nr9 ac-
ri! vefa

, iirnctia

( r.:r)

blgidndc blr alaiia
tucud.r y-o v. !

S tr/J__ 'r r,n

e.riai ku]lenrlebl11! . i.nze! g.tf:.a" , doErul-

= b lgita B.lbcltgc u&.t}cnrlg kane.rLerda

. sin 9IZ-
b

lr.5?)
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s.riBi kullrnrlabllir . E{er x-o Yc r-8 LcBrrlcr:. ark8att\a lact

,, err>i x tW"n \.,'' - cos 

- 

,,/a
(" =

tlpladc bl! coaj-ni.ia EeriBi kullqnn^lr ya:ar1r
t.ihrl. be8 l E'191c1 p1s5E ort3sl al.rn].!ga :

X-= E w,,,l.r-<-oTcosz?]lx] (E

7=rr. 2
1,r,5 ..... ) o.5r)

olur. f,oorcinat akscnls-

= 1'),5....) O.r1)

(n = r.,),) .....) (l,l>)

lcazcr qckllilo

vt t1 -

t=o r Y-t Leaerlerr anks'st!€ ioc:
GA

T+*^(z- cos *{rl
Xarg r).rkb keaerlar serbc6tge tscsoetLenRiq ve dllcrleri a$k3atr. 1s!

elsiie ve coslDiia earilerlnla bl.r Looliaczonunu blrllktr k'.r11ar.nak

feydeh olur .

tV(r.,,.2)='f t Z W . sin rnTfx 1 n-"ot2n1tv)
2rnnrTlnatt/

(n-1.2rJ 3 a=1,1,!.........)

Trlgononctrlk fonkslyorrlar 'qeki1 foakeiyoau 19i:r tck Beer.nek

d.flldlr . gekll fonkalyonlarr ayal z3EeDda klrlqlcrj! schlu lfadcle-
rlndea yararlanarak dc bulunabllir . tsurua 191n (ay) gcnigl![indc blr
gcrlt klr19 glbl dii€ilniilti! v. klr1g dlfcrsrrriyll draklcu1ni lategrc
cderek cleet,ik cErt denklaui clde edl11r . Klr191n scbiu foroti.l"ii lle
tllgooo&etlil eeril:rin kobinezonu d8 g.kil foakelycau igia yenl bir
olenak ea{lar .
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( u- 1r]r! ..... I B - lr)r5........)
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Topla,a poteaslyal GnclJln1o url-E"irua olEarr rgrn S - o oloeh.
dY*.

Td *^^ (8, -*f -**, s;n d, = o4 -" \ qz ezl mtnTl3

W^^= 32?.a+ in +
rrr"nTf TD (rn?+ nr )z

WG,v)=g?p-av.tS sin(mrl2) .sln,,EL . s^ frz-' D.Tt7 +r' + mzn(rzLnr)z o cl

( ara - 1rrr5......)

l{aLsl-tlrrrrr !.h1r r - y - t/2 Doktrrudrdu . SarlaLo 1lk U9

elaret (r- 1, a-1 ; r. I r n-, l.-), a- 1 )
'1 ,)28) 9^ t4 p^ 14

u = ----.l- - a,w26?, ? (Ec81D g6zii'Da:r. T D

0 r a c k 1.4.

to!l&irl'

Attt
: O,oo26) $-)

Eanerla.r:.ara oten:. z/l - !r1 olea , dilzgiln y8y11l yUkf6 yiitltr
enLaatt€ bir pla{rn aekaLlrn e.hlnlnl buLunuz .

!cfora
1.nti!k

uoktr,rr

$.krl ,.10

plr.t flzryl'+' lL1 aoErlrltl)d.e d. ch.trlL o1oa.a radrs
lqla toofr n.t .k!.n1.!lDl-u b.€ lrs€ag aoH:srnr. ph{ra
laglJrorua .

w (,,y ) = f f \zl - <-'f.-' T1 [^ 
-,-,', ".". "E 
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(c- i,],5,.. I u- ], ),5....)
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fu7..taLt
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3-,r j.faCe Bxtt-r gartlarl:t1 aa€Ia! !

(v)
:=19

/\(r'l
y:tb

lasltlfli BaEls!:,k
rlni .r rbn r

o (-3) =o\ o) r, I=+t. (*g_rr.

J.qta yukad..id fi(rry) lfadcsinh aadccr

(Aw)"d*ry = 
on!.!i (*.#-& I

llts tcri-

w=wl' (,1* .."Ir; (.t + .-*T-L)a"a

Dcf o::aaayon aaerJial !
ob

o,=2JJ
-a_b

D4 kurvctlcrln potaaelyel coerjlsl r
ob

va = - f. J J " 
u,U dr dy =- f- u* o.b

-a -b
1T - 1)T.3:wn2 (* - # .k ) - 7- vo, a.b

= o .......1 *#_(*_+ *f-,):?..o b
oVt

Wr..D.Aq r3un3o4a2o1bz
46 f..''L

v{,, -- ,qe P.a4 4

D.ile 3$aW+2t,
r=O r y=0 i91n Hr, = y."r. olur . a/V = tr5 abnr=ea

AD e'
o,@72r98 +-

AP- r'0'079+ (1=o'5;
Eh-

UEAI.

DAJ.
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. GelerklD !€tcd.u eok deBleik tijrde ploblealere ( ptek ve
kabuklar:',. iciiqiit veya br.iyiil. s€liir'nr r o1s'1arr.Da , lineer veJrB lr.nee!
olroafa.rr tltregln ve Btsbili!€ llobleaL"rln. ) qygulanabflea genlg ka9_
aa'lr blr vrriasyon le tocdur . Burad.a , iizel olarak , kiigiik aehiull plak
probleElae uygulalacalct:,r .

Dergede bu1r!]an bL! trg ry:.cr aleteu ditgiiaelin . )of,a1 olarak
drg kurrsetlerle 19 Lurye.tlerfur toplar:. a:,frr olur . Soocuz kijgitk b1r
cleas.arn denge konuu' t Ttyti dof,rult,auaitall daageyl trade eden uygr.rn

dlferaaslyel deDkLed.erle s4 rkla.uabl J.ir .0ze1 olerak , kiigiik sehld.i prak
problenlnde z d ofruL tusurrS.a d eage yeterlidlr .

n.AAv-p(r,y)=o (r.16)
,::j

l

i .',

$ekil fonkalyonu olan:ak :

D

v (x,y) =f crr, (r,r)
l=l

Ir

B

I
I
T

I
I

Eegello . Bu fonkelyonr,:o biitiia terlulell biitiln arnrr gartlarrnr (gco_
Betrlk ve atatlk) Ba€'ra&a11d.r.r . Fak"t plak diferenalyel denklera-ini
aadlaoaer g€rehez . PlBk dehklel(t ig ye dtg kuwvatleri.a z o ofrul tu_
ala'daki dengeeinden g rkarr ldrf,r.nCan , bii tiia bu kurvetlerin ( 5r ) vfr_
t'.ie1 deplasos.nrnda yaptltr o-:, toplaa 19 r

ff p 
" "* - r, c",v>l lo.,) t* dy = o ().58)

( f . fe) ba,lrntrarnda y Jrelhe ( ,.5? ) .dekl de&ri yazrlrrsa :

; t, lJp.a^w(x,y)- 7-k,il- {,G,s) cr*d7 =o
A

O.59) denkleckln [;1 Inl.n irer Ceferi !gin saSlanabi}oesl k65-ulul

If O.uw - f,.\ [, (*,y) dxdT - o

II <r.aaw - fu) f" G,y) d* d7 - o

O.51)

( ,. 5e)

(o. a aw - f.) f" rr,y> r x dy -- o

( l.eol
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(r.17) 'deLi v ceBlrlelt ().5o) 'aa yerfne fazlld:.ktan scnre pl.a,k trii-
ze)r1nce lntegra€ycn yap:,l:.raa , plak dlferaaalyel deDtleElnln q iiziioii t
basi. t fonkal.yonlrrrn bellrll. i.Dteg].allcrinc lBdlrgenat g olur . BunuD

aonucu da elde sd.1leD llDe€r dcnliealetden bl llaneyeu (", , "Z .., "rr)
kataryrlar:. bulr:sr:r . IN,itU.a aaarJl 5rak1a9 rolar:.ade oldu$u g{bl , oetodwr

IELr !.t lkh$1 , uJrgun g!kl1 ftlrhltcoLe'r:.nra aeglLoctlae br,B1:.du .

0 r a c k 1 . 5.

geklldc vcrilcn d6rt keanr:::dea e.:ctar tro Lara plagrn , p - po

iliizgtla yryrll )n1t ctklllndc , actull tf.dcElnl vr l8trlltE a€blElni
bul]Eruz

g6kll ,.11. DUsStlD fafaL JUk1. ytlklii Lare plak

r,^/(x,y)=f f w-,.,
B

il

t
T

t
I
I
B

ir

oaJ

haLlae geIlr . Bura.dr :

{, Q,i = i (r-."' 2!* )(.- ,*,'Ir')

d.:l!. Bu drBcr Frb6 yez:,I:.rae r

I I lo *,, Aa{, G,y) - r)+, G,y) d*d7 = o

(ra, o- I

4

T
2

(;- c.os 4ulU-.-' .**)

, 5 ......)

aegello . Bu 9ck11 fakrl,Ionu ( ,-o "" x-e 19b )
gartleru:' sagl8r. 06ziilti bslltlcatlrzck !.91.a aadece llk
gdziiailne alabe . 3iiy1cor ysrles)rcn 1f8dca1 :

oa

Ev avv=o Y€ :=- a:- =dr dy
ter1al (o=r ; n=r

0

)
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]. Tgrin :
oa.a oOt, - rr- 4 _

w,,>J l[aa $,u,vtf +,t",/)d,dl = w,,oJJ'E*giA_*?e
oa oo

+{ ({llc"s* co.lI: -L et'\-,,r@1i*riyl Q-"os27,111-^rrt)'8'o/ a o. 16\at ' a,'"J it'-*E-

=w*D(Et^!,-#) =UPL
2. Terh r

aA Ca

f. [l t, k,f&dy -tu 
1 1, -s"!,t )(t-,.,*) d.dt =*
oo

BUylece :

t{ tclnEax.

llEAI.

zw..-D-n1 P.',"
o24

Wr,=Fo!
aDTi-4

W**^ l-_.r-*#n. f, (t *.t \ {.r +< ) = o. oolz B 7- a1

l/-o/z
keeln deler,

A
D i.'

= o,oo126 +-

blr tcrla abndr!:. halde hata 3

( o.oo]28 i=9.o0125) - t.6 f0, oo125
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r.?.Sqn1u f arklar E!todu

1.?.1- Elriele! .tc1q qqrlu farklar r

Scnl,u farklar Eetodu , aaalltik g6ziioii g1i9 olaa birgok prqk
plobl,eEbde b{vr.rruLsa , uygulaoa a}ear 9ok 6en19 , yr,i.}al rk bir nii-
Drlk rtottur . I{etodlE 6rii , plek d.:tferaneiycl denkleni-al e@]u
fa,rkla:rdaa (finlta dlff.:Buee6 ) olugan bir yek].a? rk c€blla€I deair-
leD ditaiisti::F.i(tlr . EobIeEl iinc€ tek boyutlu olara,k dlktsate aLa-
1:,D . Yrd y = f (x) egriarnr 6iiz iiniine algha :

gek1l ,.12. Elr1it! acnlu farkler

I - I - : - I : .......r A r3 E-). E+I E B

olgr:a . Bu .frlnla E noktarlEdall toE€tr-{,, o61E1nl ysd(*)B'i
aa,1u farklar ciDslrrdea 1f&d. ?tl!6k letiyoruz .

tfrr.; t S r" ( r.51)

r (r) tlcrt dalcr ; (2) 6B!i de6e!lelD 1kl dcf,er yazrlebllir

lleri def,er I

.AX
/AY \

=\fr /.tt* t 
' "n

Yt t*r - Y ttt

G.r1 d6e€r r

Ortala.ae( narkezl ) aeger:

AJ
AI

(')

(2)

(r)
J,n - Yrn-r - /.A:/ \

---- .Ax - \EZ / rn' rn-'t

/Avr
\1'3 ,; nr

2 ft*),,*,. - * l*),-, - -,)
- *Yr-r.r - *V-r-.r

?ax-
J,n*, - J- Y.,, - Yrn-t---::,.!x"----'"'-eTa-
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L*J- =*(*)-=f*(*)-
Nrlt

-&$ -* blrin bolzdali CeiigJ.ai-li arayahu .3I

* (*,)-=fr lc*.)-,- (*l).,--, J

.&y _
Y,-*,- / o, Jd -y^-,--.--:,sx_----*-

l'v - .41't Yr-n*, - 2/7n*/tn--t
d x. L/" LAx)"

. r".u d4 f aonlu farkrar cinsioden Easrl ifade edili! ?
d. 14

td4v \ - /,rqv \I-' = t=--l- I\J-sat,n \ L/" lrn

( 
-81-) 

- Yn+, -2/,a, +Yr,-t 
- d e)..\ A:/z/m (.ax )2

N 
diyelin .

/a"v\ lx'a \
E;r=E",i

clacaktl"r. (1.e11 lfadesi l.a'!d rutyla !

L4 4rn+t-2d-+4,n-,
(^x)'

- Ym*z - 2Ya+r +Ynl

4--,

(ax )"

= Y* - 2 /,n-t +Ytn-a.

(5x ).

il Bu de6€ller yukarea yerlne yazrlusa :

-*oy
Axq

(*)-=(#)-=b#

L)<2 -AX = !-*:_- 3_v-,.'t=!__
(Ajr)z

<o

(r.62)

(r,6))

N
t-Y

N
s

N

$

t_s

sHf<

I
;'nq

GI
E

4
t7,+

(/rn+r-zy,r,+r */a,)- (y-,* -2yr,1 +y., -t)z+ (>r,n - zy,n-, +l--t\
(.ax)*

r.o/ 
= _/=*- +,_:-_::j_I=jy-:jl=-

.ax tr (ax)q (r.64)
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Tablo 1.2. Eklgte tiircvl.erln eonlu iarklarls lfedeal lqin
katsayrlar gcoacr

1.7.? - Plaklar lcla Boalu fcrklar :

St'-r1 plak deakledDe gele).ln r

tuda do$Ltkenllk s6z koaurudur . flLAt
E6! doEitkeE B3bLt kabu-I edll.eceSlDdcn

rtyle:dr bu]'ur:r!' 1f.d.1.! gegrr).1 olur

Y - Y (r,y) ; Yaal 1kl d oErul-
paralyal tiimv ahorrken , dl-
, iek bir daBllk.De giiE tii-

l

--t-
A,L

^r+

TATSAYIL.AR 9I.D,IA)I

E2Ax
1

(a,)'

Ay

L1

A;t

gekll ,. 1, . l1&18!Ar acalu f uL1rr atr

a-2 E-l E E+1 u+2
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!lr[r ,.ekl1oe g6riitdii5.i gibl , bLr sE biglEinde d r ve A y €e319I1-
Ein4e iiliGlere aytrldrf:.utzr, , atrn kealn noktalar:.-noaki eehlo-Ler1 soa-
1u fuL{ar olarak g6,aterdt[icizi diigiine).la . (nrn) noktaB].nl aerkez aok-
i;8e). k^tEl eCelln.

Id w \ -
\a ""/-
/?!w \ -\a y+/

W^-Z,n-4W-4,a + 6wrr,n - 4v!nt+t,a.r- u/rl.r-+2, n ().65)
' (Axt"

y4t!t-2 - 4U,l rnz>-t * 6Pe,n - +Wm,D+t +W.n,*2 (1.56)
(av )'l

n - 2WD.1n + \./,11-1 ,n

lLi de!;igkene giir€ ehDan tijr€vl,erl yenld.n lnoe).eyelLu .

(#_)= y-#!. =i*n L*):,****
R*d. Fr,o = I (x,v)",r,

p y-)= -a /zw i =[+g_Ey:.] -4-,,,t - 4,n.n-,
\Vxd>/rn,, A)/ \AX /rFD f Ay J-n ^ ./

drn,n*, - wrn+t 'n+!=Yn'r'nrt t4rn,.-, .Yl:lE+#.!7-

2tY 
= 

.A2 w - (t{,n.,,nrt + w'-. -,, n-,)- (vr.,n** v,-n,,-r) 
11.571a><6y ax.AY 4LxLa

/Eiv \ :G=t;
/?'w\ =-Fa /'/-,,

/ a4u,/ \- .A4w L' laow \ A'z+ 4rn,o., -24.r n e-J,-n,n-t
\-Wl: A"%'/. =tv'\aF/= 

^v"-- L^-/)'z

(, Ltw y (w",,,,nt, -zw-,n*, +wm -, , o*r\-2(v-*., zw^i**. ) .\ax'a.v/
fin

. (V r'..,. n -, - 2 Wa.,n-* V/.r-, r,-, )-@

(o*)"
Wat,n.t - 2v/n'tn '+ Vy'fi,n-,

(aY )'

( r.58)

(1.6,a)

/'*wrrA&w\l 

- 

\=/-l-_t. A*, ayl \zx" zy,1'i. mn

4Wrnn- ? (v*tn, 
, ,*n .+- wlrn- ,n +u/rn -, ,n+ u/-, 

^-t)* - ..
(Ax )" (AY ) 2
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( i.ro)

Plak dJferanslye1 denkleo,i aonLu farElar cinalnCea yaz:.}rrea :

)uu,t - E",.,, ?,w Aqw - - Aq,^, A'rW p_lz
At -' ar'ayt - av" - ax.r - -ax'avt *;;f - D

Smlu fr.rElar J.qia {r,6r),(r.66),(r.?O)a" bu}.raea dcEeller Flleri:re
lraz:'hr.8 t

( x)?(aY)z

be! lkl tarafl ( At)2 ( I t)? tle garprtrr ,u-5 ="4avDenk l eLLn

denlree :

DikdijltEea eleoanler .iqlarplak dentlernia1n sonlu f arLlarla lf adesl

w-nle Q"*!r)*rJ - r.,ft,.*r{)(w--,,,.,+w-,.,,,,}+ ( ^+.<21(y1.,n-,+y/-,n.,j*-. 
.

* o (* $, Y -, i -Y,,*,f -,il.,, n -,) * M*!1." ) 
n * "(y, ":rw-,,., ) = S "< 

a@ Y )a

O-7?)
Efe! Ar= !y olarak ahnrr8a d

Xarc eleoanlar lgln pla.k

=1 olur .

denkfeni

? o w m o - a (w* -,i y*,f; u*,,i V,,.-,\, (V*,*

+ (w,n-r,n+W*+z,n t wm,n-. n Vn,r*) : *

W +w -.t-w )* ..
al f*t rr*trn-t fnrto-t .

.6v)u
() .1))

, A v/.,r., - A (ulr,,n*,+vJt*r, n f Wra-r,n+W rr ,n-,)+ Z (ul,-.r,r,+ r *t.4,-
( -,) 't Yr

Wrn,n-z ' 4V,t,n-t +- GV/rnn - 4.W.'a,n+t +-Wr,,n+z - P
D

(,'.zr )Y)e
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1.7.1- tc kurvetler

'Mr),-r= 
-! f{-.,,r,,,., - 2 \^/,.Dn+\A/.,.r-r ,n)+1< (w.n,n*,-294,,-<-w,n,n-r)

!4 y),- 
" 

= - * k*.', *, - 2 |4,n n + w rn,, -,) * y (u-,,, 
" - 

z w'r.r+ w- -',,)f

(M *r)*r='# ( w*.,, n *, -w- *,,n-, - w- -,, n*, * w^ -,, n -, )

q ". t deEerlerlni bulnak iqin iince t 1AW):ffi -#

dr=2\y=):

6h/)-^ = ft (*,--,,**urn*,,n+v/.a ,n-t +vJrn,r", - ,.*,-n)

Q" =-D3 Aw) --, (aw)**,i(Lw)',,--,,.,
" 2x \ /mn ?LX

= - * [t^+] ;,, 
(#L.,,) *l(#),*;,,(##)- J

(q)-,=-*"(q(*rW-*.,,+4y.i,v,,-*,,,w,,^fi,-;;;;;14-.*,)

(Q/)r, - -\ (^l- rr W^i 4 u/-,-n -, v-, n!" vo*,fnw-., G tv,n*,, n -, - v,n,, n u)

(V*)-, =-fupcr-7>(u.,-,7nv.*,n)*k-V)(gr,*,w*,Jr,*-,*.w-.J.t#,-.;.-,r.;
(vi -," -*?obt",, t,1(u4,".,-v7,^n\ ' {t..;,;g;,5rw,-,"*1 r{;!r',-. ,-, }il.r;rt-)

(r.77)

O.tq)

G.75)

@*)^,=-D (a-r)
4. Ax . AY

trr-[y-) 1ae:

O.te)



t
3

I
I
t
E

H

$

$

I
N

Nu
IE

H

ffi
N

ffi
T

$
N

B

I
T

$

I

1) v .u 3u .u -- tl ^=o' ErIl ErD+,' ErE-:' E'D+Z E'D-Z

V -ZY +V V -2V +VE+t.E EIl E-I.D E.D+:' EI D.n-l
?--iiiii--v'- E'n (Ar). (bt),

b ) l'.- lr arlastrc Lcaa! 1!. t

rAXtAx L Wrn,,n

r) u =Y .Y -Lr -o' ErB !rD-:, !.n+l 11. o

54

a url.!
a).nIr

1.7.A - Srnrr sar:Ierl

Q6ziiriln ta3 olEasl 19i.rt , d.lf aransly.l denklecla 95zii5ii Fiaez I

9art1a$nrn de R 61anea8r €trekl! . SunuD 19l! oerkez noktas:' t

ij.zerlne te{ rnL! v€ pla{:r flktlf olsrak dsYaa cttlpi varsayrlu.

--+.
tr

---+----a-
,lll t+|y'-l I

rl

r,a h+t,,r I ,n+4n

tr-r---l
rl

---+---+-
A,

geEll 1.14

a ) l' - I' bial t Eesaetlenalq kanar lse I

r) yl .o
w^-,11 ll ,

2) AUI =o
IAA'

Ll +Y - 0HlrD l-l rD

a1 
Yt*r.or--Lt.o 

- o

v --YHl rD E-1rB

r) Yl Eo
lu'

2) #l^^;'

( r.?e)

Y rYl+tra tslrE (r.19)
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1)

2)

c ) A - At borta kepa! iae :

1) x I = o' 
'h-e'

2) Y l= o. \l
i^^'

\ s-2(r+x)v +Y +Y +It(u

,)r,o, ,(r-f ) (rr-r,o-rr*r,o) *( z- /") (u"*r,*r-t
+'r- ^ -'J ^ -0D+ZrE D-Z rn

Flktlf nokialar:,a aehl'al.erinl clinlne etDek lgia lk1 ek ifaCe gerekli.

1) (lt )_ _ = -z(r+7*)v.ro-r* .-1ro-1*ur*r. ro-r* ts(Y"ro-z* -, ) = 0
E ra-l

e) (x \ = -2(r+ !)v +v +ld + t+(v ^+Y ) = o'.I' . /'Ern+). &-Irn+l D"+:.rn+t / 'ItrrB+Z ED',
D, n+.l.

Bu ifadelerden V .^ , y . 'rJ . y yok edilirse bogtaE+zrE' H,.rn' rD+lrIF1 ' D+rrD+1,

(eerbest) kenar lqin kataayrlar genasr elCe ediLir .

= ta {} ).,o

55

(tr

(v

+B )=o!rE-t'

-v )+D*I rfFl rl rIl-1'

orn-2

EI, n-L

n rn+2

n rn+2

n-t rn-I

E-f r11

-e + 4f+ 1,

t6 - er- 6r

-8 * 4r* 1r2
E-:'rD+1

Scrb€Et LeDe!
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0 ! n c t a. s .

. Disgila J'Bjrrlr yiil etkJcj-Eda , keacrlarrndt.a g€lbeEtge neoctlc:r-
oJ.g Lerc plak

e) At ' At - L/1 olsu'r.

Yl ' ,2 , Y, bulunscrt .

$cku l.r5

1 ooktscr 191a r , 1 14

)+z(tvr).'"t3'
!o 14-2fr

2OYr-)2Yr+8Y.-r (1)

2 nottalr lelD r

20 v2- a(2 Yr+ Yr+o)+(2 Y2+o{,o)2+ ( Y2+o+o+ u'r) = e

20vz-e(tr+2vr)+4v2-;

24Yz-8Yl -16Yr-B (2)

, nott3ll lgh r

20 Y) - I (2 vA + 0 + 0) + 2 i{! + 2 YL + 2 vi ! .

20Yr-16Yr+2Yr.-l (r)

20 ljl - 8(4 v2

, I 14

" - ro .ttf

Y2-+. 'r-Po'
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.-:
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Y=+ D t4 p- 14

"fu ' o'ocaoza f
Keein 9 iSzilo (serilerle bulr:c-u',rg de6€!:0.m41 

P;1

llotreuil,c! t

-2U +V^+Y^ -2Y-+2Y^
-oH--Hr(.,)' - D ( ---F * f-,-i6- r

-- t2rD (r+f) ( ve-v,
]1

-# * 
"r2 

(r +1)

Setonr:mo L9l! f - 0115 alu:,rar

y - Ot?o le]a

r - o,?, rclE

Serllcrle bcaaplaalrg kesln 9 iiztin I

)

= o,or5l. no r2 (r + 7* )

nar. tl, - O,040165 po L 
2

,
r - or042l2 Po I-

t{r - 0'04}90 ,o [ 2

x'('t) - o'od5 Po 1?P- 0.25 lQlD
I

b) Ar-Ay-1/8 olsrn

' lo'----l
I

,---1
I

I-r
I
I

-"'ro
I
I

-js'
I
I

- ir'
lr

$ekll. 1.15
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Suu ga:rtlarrndaa :

6B

t'r. = Yr,r^ =,.rr. = ir"' o

Yi = - t' H'? =-'7,,'9= -19, H'r.o=-L,ro

Difcralstyel denklcrl d.ligib Bokklar:. igLt yazrltca, 
" = ,o G#I

ohak iigare :

E

t
$

T

T

I
I
t

& f +\t2 - ZiL+ tz

a7k,r=tlT-

M,.=-D{#l; tl#l

ur = 15,508] e

v2 = 7r'4416 a

H, = 12'o111 e

Y4 - 6,6614 a
u5 = t4tr6r6 ,

Y5 = 1I,1952 a

'? ' 6'2065 '
Y8 = 8'742? a
Yg - 4,8598 s
Vro- 2.7!M .

z(vr-vr)-- (arf

T

I

t. Y
:. vz *, r4

"5
Y.

6 t YB ,g v
tro

it,;xi
lo4

1 5 -8 1 e/4

-8 25 ., -8 L -15 6 a
a I -8 20 .8 4 -15 4 2

4 I -8 19 4 -r6
R 1 -8 II -8 1 1 ./z
6 , -8 2 -8 2' -7 -a ,
7 2 -8 I -8 2a -8 I a

I 1 I -8 2 10 -8 I
"/z

9 1 -8 -8 2L -8 a

10 1 I -8 9 "/z

=_2_4s4+-., __ffi.
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p (1/8)4 
= #nor'

l+ - o'25

r, = 16.5081Ear.

191D . kesiB

ro (r/e)4

-'-=

x'= r'2'

Q 5ziio I

t6.608r
61,61

. O,Or54 po 12 =

0,045 po 12

-{
F- 0,oo4o6

nt4
o,oo4r ts

0,0455 lo 12

r14-o

-

l)

ke aia 9 6zilE t

SilrekLl
Eafraa eIeDsDa

a!u-n , ya)-arzcr

valrs,rrlr!. Iira:'
kuwetler ya da

dillr.

b1r ortaa o).el plak , flktlf (' ryali) sr_nuLarla s ool.u
bSlilar,ir . 3u colu , GleEa$Iar1D , blrblrlerlyle beEl{,1tl_
,'rdild.I.![ ooktalarrr Canllen kiiga aoHalar).Dd. olu{tutu
gekllde alecanlana k.Darlrrl_Eda yayrtt dr:rudekl 19
deplrrsi-nl ar. . dUEdtr nokta-l.annd.a yogr:alrgorg ka,bu-]. e _

geklf ].17. (r) lfu6rt$n blr plakta acr'.ru

(f) lfdOrtsea bl! r.Elu r IBB.,n:.D

dakl dcplasorahr

e),eora a{r
d.iililc no}:talann-

!!,(=+DffiG-/rh=ffi",

o,o]5{ (r +y) eo t2

= O,25 igla
I
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SeglLea cretooa 6d.e billueyen olarak diigila aoBl'lal:.'rdBli d e plasei3_lan Jra de ku\.vetler al:_rrr . }.:r:a g6re aonlu eLeca! , d.epl-aaaas ocCelli
Jra Ca ' deEgr oooell" clarak &ila:rdrrrLrr . Coooctrj.k bi! b.kr! Bitrr
".ar.i.rEr l91n €EE.ll1k1c deplao:a nodell kullantlrr . ,iif.i' noktaler.
lgh sirlekullk gartlan raz:. rerak rlneer bir csblrcel den'Eleo takral
elde eclllr . B6y1ec. p).a& .ifere.ralyrl de.kle.lnh 9 dzilrii , cebirsGl
bir deaklco taL:.E'',,, g iiaitui:nc diinilgtiinil'iir olu! . ,oc8r giiziia hrzr:.
blr bllgi eaS'ar yardutr olaatrt zla EiiEkit! deg1ldlr . Xouyla ltgtlcaea _
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'dtrt

Sekll 4.1. Da1!...1 !}i.L

lelrcal plaklsrn lnc€lcnrsloda poh! kooldlaatlsrrn rullaarl-
t!a!1 tily8k Lolsyl:'E !a518r . BEorE lq!'! kart zly€n koord{n'tlerd!! Po-

lerta 6a919 grlGklldlr .

c,.#e

r I r . coa? t-r.!1EI

,f=t",{_)= 
".= ?/*\

p,trao ,--)

#.+

r aV : + J

( 1.1)

,:
h,:

Z. \ 1..91



F

n

l'i

fl!
e)

il

lr

8t

flt

$t

flt

il

II

iI

II

E

il

I
I
T

E

I

r,
treYl

r ve Y tain fonksiyonu
I

olduluna giir€ t{ (r, ()oto

72

l 'e Biire tii-

)w ?w 0. ?vt ef
br A. Ox ?? Ox

!.--* = cos? ?t=-t --,Ex r A,<' xr+t - f

#= "., r.*r.-? "^r #=G.,,r!:)_is;ny?!)e)w (4.4)

g* =* e)= G",* +-i,ar $)(,-vff - !,:-e#)

(a '21

. si^ I Q.t)

, bt 
= sinf ,o ??

/a7 ay

atrnara.t ve 5$

cosLP

3y=s^, P *i.,-"q.?y (a.e;
2YDrr?(

-dk.=s,,+! +:- co.r1av n t .o=rf?! *Lsl"zq2'w - j- s;.zv2v
dY" 'd r. r? a?z r ?r r 'orof 12 a9

(4 '1)

=Ey ,2v .(5; r

Ob -'ri"rq\'u -' coszg7!-f-.ci,, zr?Y - | .in?qTw t...
Ox?y 2 O rz rz 7'? z.' a qt 21 6r

4I cos 2rP A'w
r ErE I

(1.:) vc (4.?) rr..ad.r.ry1r ApV=#*BTf aranlla3 r

A, e'W r Dtw r Eu/tJr*'= lli r-72 aF -; A.
bu.Lwrur . Su hEld. polrr koodlDatlards Irplecc op€ratiirii r

(a.a)

P"v= = ..,t',f!!_ *! sin,g!-*ts;,fp -!s)nzf Y *, s,ize ew
6x2 Arz rz ae"-F'' ' Jr -F'" -' a.aV-fr.'"-' A,p

3c.-ler Eekild.e :

Ew 7w E- Ad a'l
2y or o/ 

",? 
7/

olduf,r t91.a

G.4) ve (1. e ; bsErDtltau dlickate
olauEu brtrrl.arnrak :

(l.g)
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h=- +_ _J-_ _t ?., rz ?9, ro-

7)

(4. ro;

(1.ui
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Buaa gdre polar koold.lnatlarca plek diferaaslyel Cenklecj I

4An'-
F'r1
iai r Aglt lrr,z:.Ir,rsa :

t{- - i* - : * )GY- 
-iY*. :Y) = +e (.1.,rs)

it lc kurve tl.eriu pol.r koordlnatlclda lfedcai I

r,r.=-ufa1r .f (iH-+ #l
Mn=-D (+y#-:'#-t#)
M re = t4 q r - -> t, y ) ]C, .ff) = - o d -7) gya 

ur,

e.=-o3t+r)
Or

A,t =-a ;*@rw)
V- = A- *L 2M.,

rQ?

Vs= Q*.ry?

tAil
r rz ?V

p (r, {
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1..2. !i.!!eze aij!e
Ia1!eseI !19L1rr

4.2. I - Cenel

Fekll 4.2. l{.rL6ze g6rc alnetrlk yuklii dalleBeL plak

)F.ikiln urkeze 66rc slaetrik olnaar deoat r yilk yal.nrz ce ! r e

bsEl:. olarak de!191yor detr€ktl! . p (r,{) = p (r)
Plel dc urkezo Bare alaetrlk ve her yarde oaaact gertlerr cyar .

Biiyle oll.lrca y dc ariece ! ro be$h o1s,r8k dc[ltl! t f 'Cca b:grn-
arzdrr . 19 Li.rvrc tlc! lqlt1 da c:ra1 96y !6Jt1eDeb1lh . Dcnek kt h19b1'r

Eektldc V i. g6rc de$lgua e6z kcnrusu dcS1ld* . $ - O olur.
Br dunnde pole.r koorrllaatlerda I4P13c€ o!.!316!U !

ti

rl

tI

r}

IJ

E

E

!
T

E

ft
i rl

ae

blgrrlnr "1'"' .

ad' r. dr-:+-zr6:r6.r

Ple.L dlfereosly.l dstrkl.El I

(4.rr)

(4. r1)
p (r)

'--ArArY(')
(/: *, a \ Ll'v.+, J_!4 \ =E!l\Jr: rd.)\drz rJr/ D

Jov. tlsvt 2 diV 2
dru'rdrt r. drt ;!

e\"-/ t /J3V I dw r J'Iy'\ r(r)
dr t \Jrl rzJr relrz/ P

duw ,_"_J:W
Jr4 r clrS

I J?V t dw FG)'- +--: - =- =-rz a,rr'l'3 Cr - D

ltclkazlaa A6!r llDtltL drlrraol plr^klerr.a dlfcnaalycl doaklenl .

(r.rr)
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Polar kco:Clnrtlard. i9
0 yezrlrres :

M--__D (l'w- , P
rl'r

Mq=-D(+# * r
MrtT= 17c27 = o

!r l0I'

\ql o

lt -- oIY

eF - o

gekl1 4.1. D81.eee1 pleL elerrnud., Eoo.atl3!

Dlfcreaalycl denLlsolD giizil.all r

cf dellgkcu d6oiisiiniilU Fpalu . dr =a.dg

da4.aAtV/ t ar4 r dW tso4
e S'-? Ss' - V, I-X.*V'' d ? = D

Y - U, +Y,
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ku\rvetlcr 1g1o bulu::.en lfadelexie
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Znt

(t. te;
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ffi :::.T" 
boaojen kre:ar B u L e ! tlli bir diferanslyel Ce:kLerrir .

s 
aarsa-nrarrn iiaieri lre tiirev herteb.l torra.El be! terl'de aablttl!.

ffi t"*iv,_+n+f .r,,=o

SJ Eer 1kl. tarafr !1 lle Ear.pahE !
tfr

H 
?4 f" * 2 9, *. -gz w *gv, = o (+.r9;

i:! 3iiyIe bi! de,rt le,r{n grDe1 g iizii.ui,i I 
I

ii 1 Y = c.i4:* w=c.s^

N ri= c.r y ^-'

ft w'!_\ (s_t) c y )-z
a-:1

Ri w'! t ()-a) (r-z). f^-'
$J

w'I ) 0i0-z)()-:) 6 .s)-u
s
_ Eu ae&erleri (a.lg) deDkletrlEd.e yerlse .rlraek 3g
E 1rc. s^l^(o-t),)-z\ (;-:)az) ()_r)tr_r)_) Q_,)+)l =o
NLE' Paraatez lgindekl deE€r , f (,.\ ) , keraltelistik denklead.lr .

n L.::*::H" II',:', 'z )n , A, , Ao , \4

t 
=Cr S)" *c" s).*C"gA"* Cu g^t

glkfinde ol'ecaktrr . Bu ktiklerden draef,rn lkiei kal,b ktft l.e !

! 
()r=lr*r. ) bu kok-t ere a1t terloter :

t crlL * rEg cl+r. fl:''

t 
biglorr,ae otur .

$1.d1 lcenkt rl.tlL AraLlene d6nella I ijncr A p.""ot"rtoe alel,ru

E {(A)=.li(1..,)ii_=ri;_:)*e(}_,)() _z)_Q_,)+a)

*B
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Xiiteli parantezi sa.leleq .lelln .

+ (I) -- I ()-z) (1"_z\)=.

I <rr = I, (l _r)" -_ o

I,=1.=o

).-- )r, = z
(l.zo;

Yh = c, g]'* -f c, gA.* a, gl"* t gco gA"

uh=cr*lof. c"+cr.gz*cr.g2.1og (a.ar;

e (g) = po ( 3o + B, .f * Bz?2 + ....+Brgr ) (l.zz)

B 
B'.laa giire Up lartlkiiler g iiziiEiiroii de ],Ine f ' fe be{h blr pollnoote :

I 
., (f ) = ro * L{?+ L2rz + \!) * ........* an .fo (a.41

blqlrr''de tfa.de edilebilir . la.ZZ'1 ve I q.U) lfadeleriade r

I !o , Br , a2, B1 .....8! katEsylran bllintror .

t 
lo r lr. , L2, Lr.........,. !D katB3yl1.rl blllrlnlyor .

vo (f ) ryu t'jretlp (4.2r) cenkle-r.de y?rlellne yazahn r

I v;(e) - 
^L+U+r\g2*tl$)*)L5?4.rlrgtsr+......*n.lo.Jo-t

j I 
i!(f) = 2 

^z+6l)S+tz^ol2+zorS?+G-r)rrf2+....+(a-r)n.epD-2
q' 9) - 6^ 

r+24L 4ff;ol5f *G-a) lr'r)'.r'f-'*. . . . . +(u-2) (n-r )o.^J"-]
ltI {tfl - z+o+L2o{f+(r))(r-2)(r-r)'.e=3F-4+....+(u-})(a-2)(u-r)n.r;n-,

T
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o"4B.-Lo D '64
Po "4 8,Ls=-T ,6

Lp = !4 
94* ^r?5*..... ^r*4. 

g'*4 = F'^; ",o"4BB-Br*
,r _ a- (fi yr. * ? ) *......... (".4fu;)t )

y - yE + yP - c, + c2 h *rgt* co.gz.t g*Ii ttt

p*o*tr*, +. . . .+(n-]) (n-2) (a-r )n.ro F-l * ;' [r.r+zaraff5o5 g" *. . . .

f)rr,rg g-Llr+64i.o+zz5gr +....*o21o-z;2 r., go{ =

.4
= f, no(ao+1, g *2r9,*\ gr+....+B= gr)

+(n-z ) (a-r )a. e,,f"l - g'' lur*a1Vru ogz 
*zo5f+. . . . + ( n-:. ) a.ao, o-zl +

- i'Lrl\yttr'f *uog'*irf 4*.e t "-l - -fL n tr ) 
r J

tkl poltaouua cgltlili lgln aym kuwett.ki teriEfcli! kataayrlur
cglt o1oal:.drr .

I =l =A^=l_=0orz)
A

D A,
64to=-.;- Bo

I
! a,'

zz5 L5 = *- B,

Geael terimLeri laceleyelio . Genel terLeln sL.ft!.d8rt farkll.
a-4=r s D=r+4 olnalr . Yelj partikiilet 9 6,zilu yiik

Euad.n { fazle kuyvete keder yaz: Lsa}:.d rr .

ADE,,'(a-?)'rr=FB,
o.4r, _ i3- _-t-! ' 2, ^,2D (n-2,,

A_D A. Br 'o r G.271'r+4 - D ' (r*4)2(r+z)2

Q,za1

(E.z>)

(4 '26)

olir,aar lgin
pollno -

(q.za)

(c.ze1
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I

t,2. i iiziia.lcr I

!=!o
lo= f i Br= Br-,....= O

!=0 ; n=!+4=4

. - 
Po"4 

-lt 
!o"4 I^'*n-F-'G*a-ffi=j-a

l',=#'r'| (r.ro)

,ara+--------+-+_

= (r -p) po

31 =-. 1

AD L'-o'-I,'I-
q

. P'

n=r+4=5
-t
D I'- _o

a4 = -Z-5- i

t+4=5

(a. rr)

G.tz)

A
D E,

^5=-#
, ='o"- 1g1 -?) ,,p D '64 z?5 t

c ) |lerkezCe e:f:.r . kenara d. ol:.u Llneer__-grten wEl

r(f)-ro.y Bo=o
B =r1

AD a'r - -i9-"r- 225D

p (r) - 1:. - 92) no

3o=r I !,=O i
t =2 ::+4=6

12=-1

Ap^ a'

^a 
= -EiT'-

A
D L''o

= - 5i6-
(1.)1)

Ir

o"4
L5 =_c ea = - -L-- -4 ' . 62.12.1

io' , Q'| et---(T-EiE )
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20 parabol P (g) = !2
D, =t I

l=?
aD B''

^e 
=#-

A
P- a'

"p 576 D

'o
.Po

B.=Bl

nr4 =

.g'

=0
6

(4.r4)

E@ojea ciiziirriln iizel durunu

hi = c, + c2. lnf + crg2+ c092. to?

ldi .
r+4H=t_' rrgl+c,+c2 lnf +crg2+cr92.t g

p = o tcln 1n y ' oo olur. PleE1n o"tasud.a Baddi bir nokta bul,rm-
duE'undan , burada 'J = oo e]3aslBcaEuta g6r€ C2 = O oloalrd:.r .

!i,n p,. Qn e -- o.€ 
- 

Belirslz gekl'l
9'o ) J

!;.,, 9-f 
= !;,,, '/g =_ 9" =oP-o 9-" 9*" -z.g'3 2

deloek k1 C4l O olabillr

,
t C{ I de}erini s.raJrB.ll. s

dg'

-.r-t/= (Ei.ar.y'-') *zC"f * Cu Qg. l^f +f)eg
dy= f qc-r) LA;g;-2+zcs +6a(z?.g-z)d32

)
lin f --+ o (+)=e olue . Bu ile prak @r\ezbdekl Born-
tl.a ccrgur Ufyiit d9' olcasr deocH,l! . Bu oleDalcBrz oldutuas gitro
t4 - o oluah '
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crtasraCa bogluan

c:= cr-o

ub = crt\?'

y = cr * \?' *f, , ^r.ft
IC t6a1llerin f cbsinden 1fsd.e61 :

r,--! (# .f H) --+(+. 6.#,
H?--r(i ti.*$,--?,r. fi.r, fr,,

9u halde
plaklarea !

^ i\ , dlv r afu 1
\=-,, \-*;.---

ol- dt !

Qr= o

x"r=\r=o

ornct4.I.

8]

olea)'a.u Bioetlik yjklii dalrescl

Q )r)

Q.ts)

G.ttj

(1.:s)

u -c. *c,?.#.ro
s:..D.r.r tartl.erl t r) r[-o 2) Irl --O
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b) clf t trourler SerlLerl

Plaklarrn incelenroesinde ,genelllkle ,veriLen bir f (:rry) foak-

elyoru , r ve y de&igkenlerlne Ebre ,bir e.iniJs aerislne agrlrr .
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Jr(,,r).srnf ur=I f "*,."**J.*o b D=l n=t o

r-kln lsin f"l"f,si',fdy =oJE

r (,,y) =I I r,,,.sirPE. einff (A.5)

E)=1 n=1

3u ifade ,periyod olarak T = 2 a ve T = 2b de[erleriniD kullantldral

' y i ye 6dre siniis agrlrro ile garprla.n i nxtt e gSre sJ'niis ag:llmr-
Dl g5ster;aek ted.ir . Io, ketsayr.]arttr. elde edebih,ek igin yulardaki i-
faceni-n her lid tarafrnr once uir, ($) ay ile garp:,p ; sonra o i1e

b arasrnda integre edeliE .
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"*,. i . 2 = JIr (r,y).aln$ .',,ff a, ar
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