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Diferansiyel Dealklemlerin  Sniflsrdiriimes:

Fizik? bﬂimlyde, muhendislikte , sosyal bilimlerde , blrcole dneml
problem , metemstilksel terimlerle formijle ed:‘)d@lndz , bit fonlesjyonva
beliclenmesine - ihtiyag cyyulur, 8ilinen bir problemi’ formile edes bu. |
matematiksel ifadeler ) bozen aranan fonksSiyonun en a2indaa birinci
nertebe Qega...-dsha Yiksel mertebeden tirevierial jcermelet edlin
iste by Gesit matematiksel ifadelere diferansivel derlklem doie.

Ernggin _3_.3_.,. Shyy=sX  bir diferasiyel denblemelic,
X X ‘

Adi ve lusmi Difersrsiyel Desblemler |

Bir diferensiyel desblemde bir veya cshe fozle d@qaa oagiml
agi\sw odméasing largin , eper Yol bic bapimsi2 depislken var ise bu
denblene o4t diferarsiyel denklem deair Rgpmb oLegﬂshéAM telk olmast
halinde , gerellitle bagimsiz defisker X ile ,bgmh <kjisker y ile
- Pstedlin. Eger diferasiyel denllem s birtele Tbg‘:knh cleplsleenin ki veya
Tu Adaha fazla sayds bapimsl2  degighen cinginden toreylerin ’/’<;er(~10r5&,
L by tip derlelemlere kismi diferaasiyel denklem deair.

56'\.@:'0, Ayl oo Yz) bismi difesnsiyel deblomdin
glx& - A

mer:te,be. : |
8 diferansiyel deklevia mertebesi, dmklemde bulvran exw\yuksek
mertebede tirevin mertebesidir,
F(X,g,y,...,ﬂ(")) =0 N. mertebedoadir.
YY) =0 ilirci mertebededit. Labyl edelim ki,

\‘j‘h) = 'F(an/ ---'/3“") £2i..(2)

obsun ve ¢é2dml visr olsun.




..“q:'&ﬂm// = <X<R aralg Uzerinde (2) adi:dffefm(yeln'n so20mi

(n)

bir 4) foaksiyosvdur leb ki s (b,q),,_‘, LVBfE V@ |

0™ 0x) = £ (X, 0%, $00);- ., 92 (x)
eﬁ‘cl@a‘n{ V Xe(®p) isin Sajler.
Rir do‘jef §ehnlde venlmed@ zaman f nia, reel d%fcfl! fonksjyon

ow &

oldygunu kabyl edeaajlz ve reel qozumleri bu’ma&e Sala,sscgf:a.

Lineer ve Lineer Olmayar Difersrsiyel Denllemler
F(Xlﬂ'ﬁ'/'-'/\é"))?'o 7
dentlemine lineerdir denit. Eger F 2 yuy') .., 4" ‘ye gore lineer ise, k.
by tama gére en geeel anlgmda ‘n’inc{ mertebeden lincer 4:‘fereas:’gel
Qo (x)9™ +a,(x)\n5)"">+... + Snt (1)y'+ 30 0y =9kx) | 1

SRS SRS |

sellindedir. 7 . 3
o frx2 iy ty=0 lineerdi’r. il ' ' . | e
@ i G itz _
. d Sia(xty) = O zil

S i) £0- <8

® 1+ ZJ '+ :—O -”o
LRI dep

i .
o A T SR proat M i
~Ahstrmalar
[— Asagida verilen fanlésgmlafln , verilen Aife?‘a«sc‘&el derklemlert
sagladigim 323'5{;&:'/))'2. GG
3) %;-‘;L +y=0 YP)=siax  y.(x)= cosX

b) y'+y = secX o<x<_z_ Yi(x)= cosXlihcosxt X sinX
T Tel v B2 '_se ¢ + ¥ ?
Géabm by, y'= —sinXlocasy + Z3I0K easxt sinX (easx) X
Y = — slax)ncesX — siax +sinX + XcosX i
y

Y = TsinX IncosX t XcosX

J” = —casXlhead X + %oﬁs-i -ginx) taosX t X("\SMX)




&”‘l’\\j = SecX ? : {.‘-l;, GH i Y F 693

= —cosX InaosXH SIATX, +tapsX mKsix drcosXinessX £ ) SihX

=X T4
de smix +eas X = SINAX+&a8X, L b Lisas X
‘casX @SX c2sX ~

2~ kebul edelim b, asgprdali dlfer&ﬂa@el denklevllaf \\j 67( formuoda
Gozime sahip olsunlar. Venlm herbir dafer&qs del dmuw igin u\@w\ ~

}
1, ob:gerle.rim bulvavaz. )
i ) Y'-3y'ty=0
e b) 3”—3’+33—
y : J”w By . (i \ s { x
Goeum =% 3:3 =5 J’z,-ex" _-_3\9// - ,izexr' '

Y’ 3y’*ty = r"ex"-s re""f'exr & o™ (r —:;r-H) O

2 6+J" |

. _
rtgetl =0, =y F o
/4

3 ~ Kabvl ecelim i, 853§ <laki drfefé/l&jel deallevier Y=x° (x)o)
formunda  zé2uUme Sahip o!sunlsr. Ve,rnkm herbir d.fer&nsuel dorlelom 1§11
Lygun 1 degerlerini bulum)z. !

3) X\g -3Xy ty=o
b) X{y"-Xxy'+Hyy =0
<) X \.," ty=0
Gdaum = J;X' ;)‘3’= X1 =py¥ c,r{r—l)Xr-z
Xy"ry= X2 (c-DX"24 x° = x"(r(-D) = 0
r(r-1) =0 = =0, ry=f
4= ui(ng) = cosheoshy , Lalky)=ia(x?1y?) s Lxxtuyy = O

- Y Sk ! ! : .— U (RN 5
(-——L‘ixt + j;z -O) Laplace d@k”lamf)m gdzum.'e?r: OH@MU gostesiniz e

v dia g2 Bl 2= X? | 2(abaxt)

"X X'z,wz dx2 (XQ"&?\)Q’ o (Xz+31)7_ /
dva - 29 d%W, _ 2(X%ty) =hy? | 2(x%-y2)
c.{g XZL\,Z : oL\’ : (x ijz)z : (X'z.'gq_)z //
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Birinci mertebedm Diferssiyel Deallenler
Ro bblomde, 9’=f(x19) - --. )

2
2

sellindeki dn{eranslgel denlelealesin Qmelm bzerinde durécglz

Y2y =>4dL =f(x) => dy = f(x)dX
dx X

= 3=ff(t)a+ e
YtPY=9(K) - - -. (2)

£, y'ye gbre bir denklem ise bv durum elde edilir. Kabul edelim ki,
3(x)=0 olsun.Ve P(x) sabit olsun. y+ay=0 olur.u toktirce ,

3’«}@& S0 =iy = e_ax J&zar.sah/

Y e3* =0 -olr.

‘ray mglre> 41 oty =] - fot)dt e

= & [by] = W) g/ + b)) y by =e®

= )y’ +abl)y =9(x)HX) (donklomi bix) ik sopeet)
N fi[éwj = otye*

323 eﬁ

(fg(t)ea{clf +c> . olur,
érnek// Y "35 = $InX  dealdemin qozﬁnuz.

0 e X derses , gt a6y = ek

= e Hy= fe J*S:nt dt 'fc = Y= ea"(fe tsint dt +c)

fe’“sflst dt= 1

( fudv; -uv—f\/du )
! X
L=sint et yt=dy s;'nt(-l. e':‘f) +f—‘-— e~ 3t st d4
) 3 3
dy = cost dt —é-e-zt, ABM LR
~Lesint + L @ teast dt )

e tdt=dz
'j—e."x*: 2

)

—_—
—

s=cost
ds==sintd+




:‘fe'“cost dt = cost (--\{—e‘“) ..f,% 6'“(-&»’0&)&{;

5.
= __J_ -3t -— _4_ =3t <
Fe cost fq e"Ytsintdt

Y — - ""T'f "r'ﬁi—l"'_—: .

X
fe’l’fsin{- AV @St 00 o L -fi e tsint dt)
3 5 R 3
Leine - Lttt - L et
iQfe*%Mdé ==l edtgat_ L e Wteast
9 N 9
fe":‘*.sm'l:d-t =_2 et o 1 e-Mtost
10 10
= y= e3x(__3_ esinX -l e wsx ) + e
10 1o
=l B sioXi ol aanX doaido L Al : :
2 L <o = 5 Io(ﬂsrnx-rco.sx)i-c//
eru// (\gH) (32+23+5)X2 dealleminl linger durume @einr;'o 20002,

Ytray=90) . Yt eygx)

= uly’ tA)p)y= plNax) - ... (1)
= L[ 2] =uax) = == [ neoy]= 210y w(x}y - -a (2)
= 21X = ) px) —, /c'((x) =PX) =y In /L(x)':f;(t) dt
M(X)
X :
=) p(x) = ef F&)‘-“i- ST (0 A x) cinteral gaspani.

- X
2 [ui0g] = Mogl) => xldy =f gl dt +c

]

&y u= ;fzx—)[:f/f(t)g(t)élf +c]

Ornel / Y3y = =X denkleminin geel GOzUmibad  Lulvwa.
&
Mx) = f et o

3 z
= etf'y +3Xe?x2 = e%x X3

=) —--[eTx J* —X1X3

P(x)=3X , 9x) =X 3

= ey = ety jyhe

6%



X 5
\ fa%f1.t3dt 9 =22 = duv=tdt

p X
=fe3°ma;,  (Jodv = vv=fyds “dan )
2y 4y
2(Lued 4 W) o 227l 2. ¢
At ) = T¥ 7 R
-3y

=) 3:(.&.% 2-).;ce‘ Y

Omek// 34'@& J denk\emmm 3e\d qozomunu bu)unu: X>0

Y +P(><)& KLY

ﬂ(X)::e‘r -{olt_ 3Mx_elnx = x3

X
e 4,3 ={ oot ¥a et X
s[fttdwc} Lo te _}ch

9= 4;— = Ylxe)=ye

= Yol gy ey Lizdte mezo -x‘r
e i et M : e //

Omp,b,// Jﬂb(x)y 3[x) denlilemind \9azénu~z alahm.

a) Eger 3()() O ise ‘30.5'&&:/“1 Lu, \\gukandalu dg\kwnm Ga2imy

Y= Ae fP(f)‘H: olsun , (A ~Sab;t>

g =0 = ytply=o

n | f Pt
Ay’ +plx) Py = © = px)= e ,

d = —
e /‘[x = = = C =) =l
’ax[ )33“01_73,?‘@)3 P 9 Ty

—f p(t)df
=) 3 =

b) Egef 3(3() # 0 se lkabul edelim b, wl(@\ Ag/;klemm qozumd

Y =Ax)e "f P(t)dt ,,,,, (2) ‘ fornmundadir.

Y'tP0)y = 9x) - (1)
(@) ‘9f (1) de yeine koyarak gostenniz ki,
TP te)dt
AN (x)= 3(x)e.
Gz, ' = A'X) € “SPWIE _p0x)pe)e

Y/
= 9'tek)y = AR E PO = AP SCPOH L e

omandire
St

—f P)de

=g(%)



X
=5 h'(X) 33()() erfﬂ)d‘t--,-_‘(é) _ | , 692
(@) delt A(x) goaullr ve (2) de 3en'na konursa cbaim ‘elde edilir.

Buns parametrelesin defisme metodu denir.

=xe® de/tkle/vxfm Yukandakl metodu lullsraral $526n02.
i St

<) Y “23
=> A’(x) = X2e2X
._—_- Xze?_x e"zx =X’L
AU =K = A= L re = y=(fre)e”
A) Yty = Seasax , x¥o  (Sdev)

Bernoulli Diferensiyel Desklenmi

Y+ P(X)g.;:@(x)g_(ﬁ?. e Asliddlingf. sslioilzif gl

tipindeli denlklemlere Bernoplli dife‘aﬂs'@zl denklemi deair. 3a2) lfneer

Olmayar diferarsiyel dentleler Vardic ki , bafmh degliskenin. uygua
surette delisticilnesjyle linces dertleme déabislirler ve Yolarida
belictt{gimiz Bernoull’ diferansiyel dentelomi 'bu tip dmk@wleée uygun
en ghzel draettic. \9’+P(x)3~\9(x)g("’) duklzmmde,, |

N=0 ise dmb.lm, Ytelx)y = B (%) hneefehf'

n=1 ise denlklem Yt (P(x)—g_(x))g =c>, )iaéerdir.

N¥ol ise denklem , |

é: SUETNE g Ay =3 d_vs o d=
i .)ZT (_ el dx a (4-4:;3 ax

" (11/\) 31\ cd«l; +P(X)& 3(‘)50\) olur. (gi_ ;le. q@P@’MQ )
Q\/f\\) . .
ey %% + (1-n) P(x) 2 =g9(x) olur, bi by da br'ldn'sfmia lineer dt'fcf‘éﬂébjel

denelemdir. Bir once by leesinde 35(‘&"5qu.’2 teknikle kolsyce cazilyr.

OrneJL// y’ -2y =x3y4 , X0 dedddeminl  cS20n02.

23\9 T4 73 =) .é.;—_—; "J\tﬁ"" .jﬁx,' =) _d_-i- = J

_!_
ol X N

O,IQ.
*in

=_f"J.-§‘; Jq:d& £ .z =x3
P I gxg deqn-xzx

= 2= x*é(f'txéwai re)



22 X4 4en-b 8 U R4 ipexb oy yds U
9% ¥ X4 pex-é
: 1o
y) =4 = “ =) c=?2$_o
-16 +C» :
Jieis Lt | 4 ,
Yy = =9 3 =
x« D e Ll IKs 3 -8 W/
+Zox , fo x /
Ornele, 29 = L bemoulli diferarsiyel dentlemint GO20ni2.

ax  Xy-x3y3

L xg—xﬂg‘ =) % 7)(?33

X -

dy Y

X't0(9)x =91 ()P Ex L @i9)= X3 n =3

Degiskenlere Agmlabden Dsferanaagel Denklmler

M)+ N (xy)y’ =0 .- . (1)

y'=flxy) = Y'=flxy)=0
= M (xy)=-fy)
=) N(xiy)=1 ve M veN si‘)rek’h' fonlksiyenlsc.

E5er (1) deableminde mly) Sadeca X'in fonlsiyonu ise e N(X,y)de
sadee y'nin forlkeiyorw ise by tir derklewlere ,degiskenlere ayrilsbilen
difersrsiyel desklemler denir. '

mxiw) + N(iy)y’ =0 . _.. (4)

M(x) + N(y) 4’ ; . v(a)
H(x) = m(x) , #:'(y)=N(9)
f; Hilx) f.&dg Ha(y) =0 (n)'00+ Hz’[a)éo);

. 2=y3 Y1-x320 => 2,dy 3x* X = 2yy9’-3x*=0

{. Ocneky ArcterX + (1+x2) 4:343.3'-‘-‘0 o<x< Z

—y ArctanX +ta«53' =
1 xe

= M(x)= Arcteax [
AtXx2




=027 = [ A dax o L(Arets)d o Lol 699

frxt

o[ 2] = tydy=-heosy =My)
Hit) = 4 (Arctanx)t , Haly)= -Ineasy

A

00t Haty)=c. = ..21-_ (Arc taax) - In cosy = )

=
ol
E z.c‘:’meu,, éd% = 2_‘23‘:(_ ifadesi Aegiﬁk_enlye adnlamez.. Cbsterinz .
:j Y 4 .
i Eger Y= X.v  bapmh dgi‘shen d8niysimi) Yapllabilirse d@;shm(en‘ne
’T ayrilabilic. | j
+ < " i \
(23—)()63 “(X'?.\\,)dx =0
Y= Xavii=> dy = Xdv tvdx = a9 = V+X‘ é.\L
al x adx i\
‘=) v+x§l=x—zxv =i’2\/
X 2Xu=X 2v—-1
oy XAV _ 1=2v _\ = 1-2v-2yt+y _ —2yiovil_ |
adx 2v-i bl et o R AVES (s ‘ Ma
oy X L L 2vsl d
=) = sV
X ~2v 2y 74}
Tam Difcraaéigel Deale lemler
G(X'ﬂ):c 7 i
dG(xg): _QQ_ c‘g-}- ..a_é_d)( =0 _ -4 (2)
9y X
m(X/:j)"f‘ N(xXY)y' =0 ‘
,gﬁ = Gy=My) (y7ye gbe luswi tieu shcsa X'ler goziieme2 )
4 98 . Gy = N(Xy) (x’e obre ismy tirev alinirsa d’la@észiéwu)

4 ) S
i = GyX =Nx(xy) =elxy) =my(xy)

Nx (Xiy)= My (X/&) s
e 5(xw)=fxm(t/3)d‘f th(y)

* ey(Xy)= fxma-(fw) dt+h’ly) = N(Xu)



g = Nlx9)- S g')y.(t; y)dt
h(y)= S Nixs)ds =S 2 my (.5 dt ds
%% dX 4 %j_ dy = 9
Gx= Mlng) 7 =) Sy=Gyx. 1 -
Gy = N(x1y)
6'(x,¢,)= cy
#*  (y)= S MRt 1 hix)
%  Gx(xy) = Nx(xt)dk + h'(x)= m(X:y)
h'(x)= M X;g) —[Pxdxit)ds
YRRy 80 WY @ STN IR TR ,
&)= S ) +'f}(v)'(s’,35a'§’—»f S Ry (xt)dtds - ---(2)
a(Xy) = fxm (£1y)dt+ M(x,s)ds-fﬂfxm3 (t,5)dtds- ---(3)
Eger My=Nx ise veriler deallem tom difersasiyel derklewdir.

Orneb_// (&cosXJrlXeM) +(SinX tX°¢ te¥-1)y’ O denkl.wm Qé’agnﬁz-
m(xey) N’(Xlg) 4

My = d(Xiy) - cosx+2xe¥
4y
' gﬂ'@*kbk Md»feramswe) dmkfmddtﬁ
Nx = SN09) _cosX+2.Xe A
aXx

o) = [ V(xt)dt +hix)
=f%55nx+xze*—l Ydt +h(x)
Gx (x19) - ,3c$sx t2xedth'(x)=mix,y) = y cosk t2xe ¥
hN(x)=0 =) .hl)=c
é(xlg) = ysinX + X%ed-y tec

Ornele), (3X*-2Xyt2)dX t+(by'-X*43)dy =0  dertlemini <;32.:3m'32...
mitkiy)  Mxig) .
@M = —2x N o -2X
Y : X

My=Nyx o halde duk&am,im diferansiyel @entlemdir.

AL N
: il




r;b'mek// Siny = X3 deslleminin  tam diferensiyelini ahna .

=> c0533'=3x* = COs\\’ i__;ﬂ(_ = 3X2%

= cogydy =3x"dx
altw)=c => do(xy) = 3G gj dx 4 éﬁd& ¥
6[)(13):3;03')(3

deXiy)= -3x2dXtcasy dy (S:n\y = x3 =3 ArcamX3>

IOrnek// &(X)1y) = XSiny — ycosX twm d»ﬁermsuehm &liniz.

) de(xlsﬁ)" X eﬁ___fe ‘the-\l 3&3&2‘53’2‘&‘!,
= de(xy)= (S'hg?ysan)dx —( Xessy T @SX)dg =0 f_)

d&(xy) veildjginde , S(xy) nasil bulwur 2 |
Tersten Oidersek /
My = cosy+sinX
} dentlem  tam" diferansiyel hsline gelir-
. Nx = cosytsinX
& X ‘
& (n9) = [ (singt ysint )dt th(y) e
= Xsiny —ycesX th(y)
By(X1y) = Xeo3y = cosX +h'(y) = X casy —cask
=) h’(9)= 0. =) h(s)f,c-_ |
= G(x,3)= Xsiny—y cosX +c Y
: iﬂte@ral Garpant
Bu bdlomde , bazi tan olmayar difersnsiyel cenlelemleri, bz
- o02el fonksiyonler ile Garpsrak tem difersrsiyel deallen holine

geld@ini \965'terece§ iz .

7ol

m(X,y)t N(X:9) y’ =0 dertleminde egper m\,#wx is€ bu dekleam

'tam diferensiyel desklem depildir. Bu durumde

,u(x,g)M(x,y) T p(Kg)Nly) 9! =

(M X,J)M(X/y)) (/‘(Xz_y)N{X/y))x olur. Agikga :fadc ed:hrée ;

My MMy =uxNtuNy _.....(1) olue.



{°) p sadece X‘in fonlksjyonv olsun. MtNy =0, My # Ux ise)

My = pex N tpuNy

- —f My-
e A

Lav gl -_-_/l’\_a:_U.L dax buradn b ulvnur.
=) _7'{—‘- ( - ) - ‘

g \9"*?()()\\9‘3()() denldennt  vesilsin ,
+P(X)5 ax) =0 _guv‘xiﬂ‘(f’(x)g-g(x))dx =0

: N(X13) M(Y,:,)
My = P(X) Ny =0 oluh&uradanr her ki tarafry m ile C;arpa'sak,

jey mdy tu (PIX)y ié(x))dx =0

= gty = /th’»(x) = f‘;'-*- = p P(X)
: 3 i, ,
= B - P)AK oy Jap = [ PlH)dt
Lo e e
== ef i - olur. By ds Mte\grai Garpandif.

Omek,, (3Xyty?) +(XZ+X3) O{am d!fer&a&de_! dentelems  midic ?

m&_ 3X+-2\»}
‘ tam diferaasiyel deaklem olmasz.
Nx=2Xty 25 =)
('Tem' dif. haliae \3&‘6{”&\4& i M ‘?U,maluoz.)
MY -Nx  _ 3x+2y-2%X-Y _ X9 - !
N LT MRy X(xty) X
dit o B dX = Ihp=inx = YL S

s
Dalemi X e qa,rpa'rsat,

= X(JIgty)t X (x2#Xy) 9‘_;4_ =0

sy (3N yxy)’r(ﬂmj) =0 (mtny’'=0)
My= 3X*+ 2Xy

%o halde denklem tom dif. deaklem haling gelir.
Nx= 3K 12Xy g

X
6(,('_\5):,( (at2yt ty?)dt+h(y)
= XL‘B h_;:xzyz +h(5)

T S T S L e R R Sy Sl TR PR Ty (O ersrcy I-eety (WOTN FON NN L m " (WY U RUN (ST ARSI WY M



MyMtumMy =uNy ... (2)

i -t

dy M
—y dMA = (Ny=My)d burtadar m bulunut.
e e

’ <

¢ pliy)=y't2y olsun el
py= 2912 =y QA = 2912 -
9y

du =(2y12)dy =) dM = 2y+2
(2412)dy Soway

1. 'O'rnek)/ X +<:-’§- -siny)dy =0  diferarsiyel df”‘ue”""" | ?323031 ’

M}(—Mi: —?—4_-0 :L
M & J |
i fNx=My \dy —y dM o Ay = G

= Ihp=loy =) u=y
Denldemi m=y ile gaspalim . |

=>. Yk Hi(Xk=ysiny)dy =0 ol
T ST

My = 1 o | il
Ni=4 O halde don dif. deabtomdin

: ) S
6(x',5)=f.3dt thiy) = Xyt+hly)
Gx (Xy) = %% = X+ h'(y) = X~ysiny

h(y) =-ysinyg = h(y) = ~(=geosyt Siny) = ycosy-siy
6(X,3)= Xy T yecosy —5:’1\3 Fic 4 |
2. 3mek// eXdx + (eXeoty t2y cosecy) dy =Q fnt%ral Garpsinl
bulup , denlelem ) quﬁnﬁz.
My = e’

My F Ny
U)(:exCo'ty % 3



Nx=My _ eXcoty=-0 _ coty s
i m eX ; | i

=) 5‘15;.-.: Cotydy =) /O,u. = /06;1)3

=y m=Siny dertlemi sing ile sarpslim .
=) -5)'03 eXdx + Gh\\g (ex cot\g +2\9 coseca) d3 = O.
=) Sinye*dx + ‘siq&(e"%%?f_ r2y _5_4@) dy = ©

= SinyeXdx t(eXcosyt2y)dy =0
Mgy T i

My = cosge,x
3 my= N x
Ux= eXCosg

() =S singetdt +h(y)
= sinyeXth(y)
%é—"—' GJ(X,&)z 'exCoS\\j 'fh/(y) = exCQSJ +23
Y . !
=) h(y)=y?*+e
G(x1y)= e*siny *37‘{-02,4,

3°) E£ger Nx-My  _Rr ve R yalnzea Xy ‘ye bafh ise
¥ XM=y N ‘9 ." v 6

bu talktirde, M(Xiy)+t N(xv)y’ =0 diferansiyel denklemi H#(X,y)
oldugunda bir Integral garpanmna sahiptir.
/LyM—ﬁ'f/,cM&:,u.xA/f/LNx WS W )
X ='l: O’SUﬂ. =9 t= X3 ~'.=>‘ =f'-.a_i.—
N 9 Y X 5

9y
My = 2L =§_ff_.%§_ =t X

Y ot
L L ot
Aopa G o OM (SN Ll g sl dead] nedRMct
X dt X - dt =YX +X] dy
3 AN it- éﬁ'
= (M XM+ puMy = ike N+ N 3X QY

= At(XN=ygN)= (Nx=My)pm

kY
N m 4 4 :jz"Rdt
= =(NA=Y -9) =) A4 - R.u = EM =
e (XM—gN g dt il 2

Rdt -_:)/‘Lé‘e— //



o 5rnek,/ (ax+£ )ﬂ:»(xz +32 )gd‘.‘fi =o' derklexinin gerel corumy 12

m = :
> 52 3 % tawm dif.denklem dgﬂ'ldxr
=l |

2X _ 39 b ;

- £ \-y(Xx2: 39
XM=yN x(:w& j(s‘? ¥ ) Y
Xy . .
ViR b i b r .

M= 45?_)(1"4 i Xy=+t dersel,
M= ef 5 = MX& Ay denklemi Xy ie Garpahm.

= xylaxe- )+ )(3.(25—33 +3%) %‘Lx =

=) (3xyt6x)+ (x1t3y?) & =0

Mxey ) _M(:x’:yf))
m3= Xt L '
ton  dif! deaklemdir. My=Nyx
Nx=3x* |
& (,9) = f m(t,g)de +h(g)

_&E y*r6L thly)
G(Xy) = X 3*3)(?'* h(y)

Gy(Xiy) = é—— fmg(tm)d’dhf&) /u(m)
-j 3E4dt+ h'(y) = X3+3y?
= X3 +h'(9) = x3+3y? '

h'(9)= dy* =) h(y) = y° Tc
= | Glhy) = 23 1t Pte //
- Homojen Denklemler
Dahae 8ncelel ki bolumdy aksine , by bilimde bazi derlelemleri
degigleen d&nb'@{}mij «teun@iy}e c;éizmqye, Qahﬁaca})z'.
Y= = f(x,y) derllenine hOMQ)&&ir denic.



.E-j-a( fir Xvey ‘nin QYel, Qyr -.foakaiaon.u_' dej" fakat , 70%
_i;, veys .;(9.. in fonksiyonu ise denklevie homojen deatlevi denic,

O halde dentklew , %e F(<) focmundadir.

=<

e dy _ Yl+Xxy - (—M->2'+ 2 3)?._ homg)@\dpr

alX X2 X Ll oty
' = =
s dy o fnx- Iny $ Xt8 = n X + X( \) =dt St '\+ X homojenclir.
alX X=Y Jx(1- T RPN TR S .,
o dy _ 334—2)(3 g_ 2 .Y homor éasasal ) s
= —F( 2)% 2_x_ ( omo\)q degil) .

Verilen deaklemin homofer omasi igin X veya Y, garpsr olmamalidir.

® ‘d-#_ - ) ;g_ = —3_ - n-
™ Sin % I°3 & hommeddar

%:v degisken ddnligbmi yapilirsa, (F(V).-.'_ ,:(%))
=X.v = dy=Xdv tvdX . (dxe bilersel )

_y, dy _y dv derklemde Yerine yszarss
o 2L =xSLiv ,( iCourar- nty )

= Vaxdy - F(v) =.X 9% = F(v)=v "
> G (v) X5 (v)

/
)

ST PR olur. Bu da’ defiplerlore  ayrilabilen bir

X Fv)~v ‘
difef&s.gel denk lem dir, Go2bmi kolayea \g@pl‘hn‘ “
Riceati Difersrsiyel Denklem
Ba;n""oh'fera/r\sigel denllemler basit déabsumlerle lineer denlkelemlese
Iadirgez)élbilmektedir. Riccati dif erarsiyel desklemi’ de bunlarm  en
onemlilerindeadir. Genrel sekli ; | ‘-

e QREIIOCRE L O VS ST RN O

olor diferssiyel denklomine , Riccati diferarsiyel derklewi deair-
"93(x) Sxdey olarak sifir olurss, (1) dentleti | e er dﬁuklme,‘

Ay (x) ozdes olarak sifir olrss Rernovlli dertlenine indicgenir.



B ikl halin isinda (1)  deakleminin Jenel c820minln  buluamasi
oldvkgs zordur. Go2bmidn 3ap:|ébilmeas' igin  bir yardimel fonksiyon
gerelir. Su @ardmd fonlksiyon () jardwa dmkl@iﬁm‘h ,:ga Soru e
birlilte ya da bizim bulaé&&;m:z bir 620.1 cozumudr

God’e bir ¢o2uim, 3,(}() Ise bagmh dgmbem f

ek L ara)
Y00 = 0i(x)+ Lt
ile degistiriciz . Torevi alesal ,
dy _dy _4_dv. . () de Yerine yoszarsal |
dx  ax v dX '

29 49
=) “q'+q23|+-—%-fQ3&‘z+—%iL+—v%
=) .__.d\"“ ‘\2 4—‘] e dv. - 92 2q3"ﬂ—+ a3

3 ‘*dx*,,__, 3‘ ‘?33 Ve ax v g Kl YES

=) é——— qi"")?,&g"'q 3’ 382&b;”f;2..

=3 Ond fdv, - el w1298 Q3 (-v2) e carpalim.
3O poniih e b ¥ Lok ¥

-——) —_— =

o él- Vv q “’qur ' "'_‘»»"-q PN S TR oY E S (15 SIS
» ALy (92 T2 gi)isi=Agh b izai(3)
ouc. Bo da Y TP(x)y=olx) pellindeli lineer dentlomdir.

Hon N

Yani (2) donvsumi (4) derklemin , 3) linear denklemine /f\ohfaef‘.

Ornee |, %:1”1_2“@1 Riceati diferarslyel deskleminin

113 '

genel ¢ozuminu kulunuz.(:ﬁerdomct fonksiyonu Yy, () = X ahniz.)

Y= Yx) ¥y — vm =) 3(x)—x+-\—/-[-7 :

;ré}i_g_'.Léz_ derlklemde  yazarsak
ilE e X | J §

.

ST pegeeey Wheees e




) ,9""—\4,‘{'37 - ’(fx 2K (xrd );(ﬂ.{/.)’- Sl & SoniTo?
- ACab gt 2l

-4l dv =1 _.3 S VARG IR O S O o
Vé dx V2 ax ’

T AT SAT o ‘3(§)=¥X+_

g

V(x)
_4_-‘1.;___‘__;9_ » Rfcca{i diferansiyel derkleminin’ qenel
ar| KA fery 9
I—H ad2timind , Szel go20mi \9,:% alarak bulvnvz .
N ma L e bl Ay JEl4] | Wy
~al X 3 553 TR I p)ma Ll Qe gy O SR L Lt
5 s Vi) X TS X% vEoax
—L TR (AR V.-::_"/.(l RS SR R A
i T /iL/ vzﬁ? 7'§ ‘i”"v’)x *(x o)
i dest i uieia 2ol LA T I iy lools ol
P T Tva T e T v
| = -tdv - 4,41 (v ile Gaspalm )
Ve dx Xv vz :
=) _d.l. = —_\/_—1
4 IRl b X
* £z j; +_¥- = —1 lineer denllem sctklfm' alir.
| fP(t)df:
1 ( YRy =W , k)= )
: = ux)= € f *dt e™ = | (-her i taraft =X ile carpaln)
2y v =ib , EETL
o SO ¢ LA AR ARSI 5 JEREEY X SL +'yp=—X
ax 1 X ax
b = ._d.— | = =X
: vaten
= Xevix)=-X% 41
I by VKol ke libal 1 )08 Lo )= bt
L & 7K o L Eb T
. = Y(x)= _.‘...+ fis / genel g &2umdir,
9] KL b e



*Ornel 37 Gy _ 2cos™X-sintXtY?  Ricesti dekleminin 3@»&'
aX 2 cosX

Gé2Umbnl) , y) =sinX Szl gdzbming Lullsrgrab buluava.

ylx)= &r(x),»b_'h_o o3 Y= sinX+ e = dy = cosk~-LiSY

Vix) X vz dx
inx+) 2
o cogh- L dv cohx— st S
| V2 dx 2coiX | TomeX
i X
L=, 4 dv o &isiet + Qs\in m}’{ o
L Ve ax . 2¢A3% | 2ceai %—»sx 2.v’-cosx < Ly st
), -4 dv _ faaX 4_J_ secX (—-v" lle Garpalm)
1 S V2 ax Vot isc@ivid
=y NE dv = _vtax .- L seck (9+p(x)9=0x))
ax iR P e TR
=) %.. tv -t;a,\x = — ..L secx ol lineer denllemdir
A j }
f»taquX lnsecx

= secX donklemi pm =segx |jle qar,oe;hmi
=) secX él,,. v tarX Se o Xuz= ..J..‘ secX
dx ledls « Ak e

- _—-[secx v:\' _-2— se,cj-)\(. -

= seckov= —4 [sectdX = seckv= niltsxrey)

A\

-

[ i ) ki | L 4L
=) V= _ L[ tanX+Cl ’) b & e 5 via 5 %
< SeeX! 7 L.l ‘ 3

-

=) 3()()— 510)(4— o

: enel qgu‘)'Md{)'r.,
__I__(t‘erc: / 3 @
8 i

SecX.
Alistirmalar
- a) SX-bH dMU@Mpm qézl.'mui
dx- 198X
) LY -
= 89 - x(3- 3¢ = BLX homajen dlfefan.syel denl lem Air.
aXx x(_i,_a) i _%_3 :

~ v dénbibmbyle, y=v.x = dy= vdX+xdv

K!&:

=) dﬂ_ =\ 4 ’é_‘./. O'Uf;
alx ax




=) de - J'V'szfJV
alx v—23

- . ‘2 :
* ey x dv - V +2V1"3—l Fao~
adx V=3

{ Syfgr g
=]dx =/v—:s s
X vit+2y+4d

AN _Ivtuwg A

\ Y

b) ::_%: 8x-9 | X(3 ;7(_) TS % homojea dif. dentetormdir.
Jy-% x(3...--4) ;35(2.-4‘ - _

._l_o-—-:. = ‘—"x'v — dj = \/ dV 'S

3 V= Y 1 FXEL o

Y T A xdv = 3-v _,
ek 3y 1 R
=) X dy n 3-u=3v ey
X Sv—|

kol | B nim s

-~

=54 Sv—1

-j.d.&.— bl dv
3-3v2

— 4 4 h 4 4

= InX =——L Ifi‘(5—3v1)"f'-‘—:lln(v-l) -}‘-L/A (VH) S
o nex = in (33D 4 o (v- :)‘/bm (w:) e

= MCX = s (3 ~Jv2) /?-(v 1)l/g, (UH)

T AR I (a/x_,)l/e by
Ny (v 1) |
G s/
<) gy - IX-Y+S  dnklemial qdzaﬂﬁz- |
X  gqy-x-3

* dy _SXtbyte dmldwmdel
adX A Xtbiyte

e S i S s

+ O ise dentelem Gdailebilir.

& by
Xve y nin kuvveti birinei drecedendir. Ve homajen diferansiye |

Gmklantare Aénls t Ur Llea dif eansye! dmklc:mle!ehr




X=X=L ve $ls Y=-4 OLSUAI?r. (4 sabitler)

= dx=dX-0 , dy=dY-0 %9)? =§_)Y?_

_, AY _3(%-b) -3(y-D*5 _ 3% -3k -3¥r38+S
ax 3(Y=4) = (R =k)=3 N =IR-RxAlk=J

sabitler toplavin sifira esitlemeliyiz.

23/ -3 1344S5 =0
=31 +k-3 =0

C

. t “ { '!
—fk=-l2 = k=3 , f=-L

(-1
i 7 P
= =9td =y=-_=
Fs Ala (v N e
" (\3 3(%) ) : (X‘ A+I> Ghay X2 Xtk = X'*'%
L A\
O )6
=) c(x+§-) = (’” 3
z 3_3{3“,/2. )2 '/2, (3’”1 +1 1/6 //
\x+3/2 MY,
2- a) E§em Mlxiy )t Mxy) Y’ =0 denklemi homgjen ise gosteriniz lei,
1 = p(xy) Yerilen derklem igin bir integral gacpsnidir,
XMHYN oy iy it B = ;

M_ 4 N _ 9 =0 (tem dif .dedlem ise) .
XMAYN  XMtgN - : S

( m ) :( N ) olmah . Lism? olif'eféns@ei}n'n' alalim .
XMiyn /Y XMtYN / X

_y Ma(xMt9N) —(XMy+N+9Ng)M _ _ Ne(xm+un) = (M X MX +9NX N

(XmrYN)? (XN1YN)E
= YNMy ¥Nm-gMN$ = XNy ~MN=X Nllx
= N(YMy +XMx) = M (yNy+ XNx) =0
homajen fof\!csfgofslar jqin Euler teoreminden ,
= yMy XMy oM, YNy tXNg =N
=> NAM—MaN =0

0 halde (xy) dentklemin inegral c;a..rpamdor.‘



ﬁ"eorem ! (HoMQjm Fonksiyonlar iqin EULER 'T'eor'é/m') o5 e : #13
| - Bir f(x) ‘fonkaigonuna homgjendir deane, E5er,
F(2x,29) = A f(Xy) (2>0)

olpyorss. Her i karafin A lya ydre +iceviai slalim.

LEAX v=2y = fluv)
(‘F(UIV)>I= 'FU-U) ‘rF\/.Va
-y y —an P (xy)) (Ayasbe Liveu)
oV oV et Y2t
= x9f 4 9f y = nfx/y)
ax . 9y B

b) <Y _ 3X=Y  deslleminl inkegral garpam: metodyyla' gézelim. .-

alX Jy—X
= (3%-y)dX - (3y-x)d¥=0

m\L, = i ¥
i 4 :)S My # Ny
(_:, "Ny = _
E ,M(X/Jd) = i - ' 1 = - : i 3= 1
. XMION X (3X-g)=y(3y=x)  Ix=dy?  I(x%y?)u
:} denlelemde  her (ki ‘L_c’f&‘fl M ;fe Gefpahm. e :
|'JF = (QX"M )dx .(é_ﬁ__l‘_)_.) 3 —o 1Ll
- 3(x%-y?) J(n2 =9 hnal ol e Wil ST v dilniy

L AE ~

G(xy) = fﬁf"’ dX +h(3)__._m(xz ’-)+‘ 'n(x-g)-_/n(XQg)-Fh(g)
-y

G(x )=z =2 TS IO S E Il AR B L o g R 4
63 il (ng)i) 6 x-y 6 X+5+ (5) xz.\'.,t*xz—yz

=> h’(_\,) DI E) h{g) <

CB(X/M)-— In (%2 2)+ f ln()(-:;).._._ln()(-tg)+c //

3— ZEger, MtNy’ =0  delklen/, (f(xa)q‘&()fg))
Y T (xy) dX &xﬂ(m) dy=0 seklinde ysazilabilirse s98steriniz i,

k! e |1
AXy) = 1 = bir inteeral carparicic,
9) XM=yN Xy:if(xg) "5()(3)3 i £ _

o ook S Pt e il 2l Lt sk i - s e



x{£-95  wif-of

= (—i——) = ( 3 ) lismT df{eraos(geh'ni Slalim .
X{f-93 gif-93/x

fuX TF-03—X{fu=993f & OxIof0d-uifx-9x39 .
(X 1f-93)* (32f*33)2

i
i

= Xy*fy U9~ Xy? Ufy-991 = X 33:(2{-31 X gf,(-ax}g
Xy=t derset = (F(6)y = fe-X
= Ky2fe If-95 ~x29tife-0td £ = Xyrgelf-g) ~X* Ife-gls
et dojru ol -
Ocneley — y(1rXy)dX +x(1Xy=xtgt)dy =0 Lismi  diferarsiyel

denlkleminin genel GOzUmvnY bulvavz. -

FEOTENSE R NI RIS AT bl AT WA
Xin-yN  Xy(lrXy) = 9X (119X y?) X&('*&é-’-mﬂ‘v")
#{Xg) = fnte:yral qefPMldI(. xg—Z

X3y

G(X/3)=f.)'(_g.3)(f_olx+h(y) tam dif desk. |

Birinei Mertebe Dife.rmsu'ge_l De/\klemlerin

Vs:-hb. ve Teldile De,zgerle.rl

f ve 'Si R2|x)ga, lyl<h dahdor{@enmde surek)i olsuvalar,
' J
Ru talktirde , lxl & sralg) vardir ki, by arahHa 4
= f(Xe9) |
b ()
y(e)=o

baplangts deger teoreminin bic tek sonucu vardir.
3’if(x,$)‘ s Yo)= Yo w:g—go S= X~Xo

2 - FStXe,0tye)  W(0)=0O
S

Simdi gesici Olarak kabul edelim ki, y=§(x) fonksiyony

var ve bu verllen baglangig deger teoreminl  ssglar.

TR TN RN |

e S o e

PO S VR SOV Y s " Ay Sy

oo

T e S Tngn— (m—— gy

s — et -



By talktirde (X)) ,x'in shretli fonk\squur.Dolaj:.syla - I
() in integrali ahnsbilir.

¢<X)'=of:°(t,¢(t))df RERARTS) & s
Olur. (2) denklemise integral denklemi ‘adi verilir.Agikga 33/‘5.’1)&:@;" 33
bzere bu esitlie vaslangis deger teoreminin  géaliomi isin  herhayl
bic formil vermez .Tersine simdi Labul edelion ki, (2) denklemini
saGlayacak sebilde y=d(x) sbrekl fonlesiyonu: varolsun. Bu talticde
Y=PX) , )i de saglar. Glnkd (o) =0 Ar ve H(x)=£(X@x) dir.

0 halde (2) nin gbelmi), (1) 'in de cd2limidir.

@) nin bir tek gheume 'sehip o)dujmu gostermek gesitl yollardan
olasidir. Bunlardar birisi ise  PICARD ardisik (yaklagimlar  metodudur.

Bu metodu kullsamale igin o ’1 belirlemel gerelir. Basit olaralk ,

Qolxlmiol ddmni(a)
segelin. Ve devam edé.rek 2 |
- |
$100)= J £ (£, ()t -~ - - (4)
X
cpz(x):off(»c,cp. (t))dt - - .. (s)

ve genel olarak ,

Qom0 =S Fle, o))t - .. (6)
bu §el¢i’d¢‘de,vam ,ederek,an:g: ¢o/¢1/---/4)n fonlesiyonlarmin  dizisin l;
belirlemig oluruz .Dictat edefim ki, bu aileain hecbic lyesi baslongs
sartini S&Slar. Fakat higbici genel olarat di{yansyel‘amzwmi sajlawaz.
Rununla biclikte kabul edelim i, kel bir yerde 3@51 Olsrst ,
Doy (x) = 4’9_(}() buldok . Buavn anlami , Pu (x), (2) nin q‘o"zfif;?ﬂolﬂr ve'})
dolayisiyla (1) in gdalmbalr. Halboki gere) olarak boyle bir durumle
kar@:l'aoma\\,nz.&ggibi dorumlerda Uretilece k Sonsuz Seriyl ddgsnme b
zorundayiz . 0 halde @) yi ispat etmek lgin su dért temel SO Uy

cev&fs)&v\é\'. zormda\\,pz



15 A ={@n] dizisinia tim elemarlast var mudir 2 Veya  iplen bell bir Y&de
birhe Mi'.’ : |
{{- Dj2 yalkmsak micic 7
(- Limit fonksiyonuaua Szellilelerd' nelerdir. 6zoible (2) yi, délag;sz\gla
(0 sagler an ? '
(v~ Gd2im tel midic? veya diger ¢dzumler var midic ?
6.rnaQ,/ 3’=ax(l'r3)‘, y(o)=0 695\81\815‘ def@' ,pro‘bleminfn Qenel
Seabmind buloavz.
Geo2im Egér problemi picard ardisik ystlagmlar metodyyls Goemeye
Gehirsak , elde edilecel integral denklemimiz, .

X ;
¢(x)=on_Jc(4+d)(e))dt ;s Go(x) =0 segelim.

$i(x) -f 24 (11 Qo)) = fzeae xR
¢z(") f 24 (44 ¢y (¢))de = fzt(irfz) f(2++2{3)d+
T
X"+>‘9_ com e (8)
du(x) jz'e(“d)z_(t)dif fat(w,t%zt_)at
—f{2f+2t3+£;5)dé = x2+X-+ Xé‘ | (9)

- N

(

i

i 3 2 et 7Y . i
Cbn(x)' -K-L+3, +---+-g-‘-,-—- T aleild 4o)

B

Runv -l:ﬁmé?anm)e \Spailaaabglnrlz.
=1 igin Gylx)=X2

N= k igin epitll dofru olsun. n=ktl igin 7.

2142
(X)—X+..., .--+"’Lk X
Pen + A
® 2b42
ol okl L2k Hoos HIFS t”‘ B ogtladie, oy KPS
of ( L4 ) Xt Xty i

n=k4l igin dejry olduguadar epithik dajru olur.

) A
(10) daki seri , M_E'-%-T-E serisinin kismi toplamidr.



Eger v seri yakinsak ise, nllamaa % (x) limiti vareir. ' 12
Kabvl edelim ki, P(x) fonksiyonn olsun ve bu fonksiyen , integral
dealelemiai sajiasm.O halde ,

: X
P~ Pix) = f 24(Pr)-Q(e)) dt ~ % (04
0

| olirikabu) edelim ki, X»0 olsun ve her ilf tarafin mutlak egesini

alahm . ‘

[po)- wo] =] f | [ 24(4c)- pie)de] s S lzt((b&) wm)ad
olur. OKXS A, 2t SA olur = sAf "1 0w)- (o) dt
olur, Eger,

v =J 10w vewlae
dersel , U(0)=0 ve U(x)>0 . (%).
olur, Ve V/x) = | )= V(v)) dir:
= u(x) € AL U(x) |
= V(-AUK) =0 = (e~ um)’=0
= ey = e‘A"’,é O olur. (bsbe olemaz)
0 halde , U(X) € 0 (%) omaldir. U(X)=0 oclmali- |
U(X)=5rx’¢(t)-tp(f)ldf =0 |
= |40-vwl=0 = ¢u)-Y =0 = ¢ = Qi) '
olur i, bQ da-hipoteze ayuridir. jspat tamanlaamig olur.
(DTzWr{ tim elemanlart vardic , yansaktir , imiti vardic ve
problemin tet Gozlml vardir. )

y'=ax(1ty) 3(0) O

= ®x = = dy = 2x(1+
y=0Ex) = = n' e (1t9)

2
=) _LT\ = 2XdX =y In[tyl = x2+c = {1y =’ 7€ (c=eY)
3

3 2 X |
Y(0)=0 , y=-l+ce* = ylo)=-l1¢y =¢i=|

2
=) y= -1 +ex //



an:_ﬂ; fu 50} pe ine® =e%=|
nldx" Xx=o £ ; a=l ise 2xeX'=0  n#{ obr.
U ; n=2 ise 2eXt4x%e*! Jxz0
x)= drXPexle. . . deatlon

& (x) :ngoanxn Sesisinin tayler seridh sellinde Ifadesidir.

Eger fnte:granef a!msbub\yor.sa, Va;lw\ bnr \Ser&) ana hitik fonkSIyOﬂa
gevirmek igin, picard archsik ya&laplm)ar metodun Wilanrrz -

bmelc//‘ (coszg smx)dx 2tanX sin2y dy=0 denlenins c;ézun

r‘W(’x/‘g) IU()"IJ)
I)’)&: -—2.8”')23
' % M3#NX
Nx = ~2sec?X sin 2y
My-Nx = —2sin2y +2sec*Xsin2y Y puaateing aknd§ [gin
: M sede X’e baghdir.
= ~2sih2y(1-sec2X)
(M:ﬂ'Ux)dx___ dpm _, Z2sin2y (1-sec?x) dx = SM
N M =2 sin2ytaX M
aly M I-sec?X dx = am - 1= (Irtan?x) 4y
M +tanx ad ) taax
oy OM _ X dX = K = —tanx dX
" +aax Z

= Inu = =(=Irncosx) = ’n,u.,: INcosX =) /“z,“:""x

=) cosX(cos 2u~siax)dx = @osX 2 SinX 'sin2y dy= O
sX (eos 2y =slax)dx Sk 'sin2y dy

=) cosX(cos2y —sinx)ax - & sinX sin2y dy Fo

) ‘ :
(X,9)= ) = 2sinX sin2t dt *h(x)
1 ,
& —o_s*mx/ Sin2t d+ + h(x)

2sinX —42-_-'co.523 +h'(x)

’ G}XU) = sinXeos 2y +h’;fx) = cosk(caSQJ -sin*)
= h'(x)= —cosX sin¥X
=> h(x) =--5— sintX tc¢

&(X)y)= anx:o.szd sm"X Y Y



" ‘I . t 1% "
Ornal Xdy —ydX =(X3) *ax . . dentlemini GO2uNi2 . : 719

I R R 1R P
= el g = () S

= Y=u.X = u= -,%— d;@eh'm.

= dg = denle ! de ing 28hm .
> =) U+de klemae yer Yazah

Ui J
b du - y+u”? - d =L)/l
=y Y X GLL = =5/ X. b

)/ X i : X

= 202 = X +e
=0 __)/z = InX +¢ //

5me,b.// (2%+1) %.1. = y-ye* denlklemini ¢82unla.

= (eft) dY = y(i1-eX) =) eX+l dy _
ax Y l—eXx aX J

=) (i":."-_)(_)dx = dy =) Mg) —,—fﬂ_*-___e",dx
el Y _ I#eX

eX=u = duzeXdt = du - du _dx o
2 =dx,

e
=) )ng f_‘j:_g_ d:))
+u
bl nals 58 w8 da] b ATGe
U TR v(i+w) ‘
_— ‘ f—1—~— 2y : taw s -',_6:-
=5-lay, ( ”U)a.uc A

=) l.nﬂ'-—-A'n eX — 2In (1+eX) + <y
’ iinci Mertebeden Diferaqsyelvl)muwur
Ru 68lGmb, 9” =f(X,y,97) ----(1)
deslkleming 362&61@ alaralk ba.sladahm-.&rsnci mertebe des difefan&yel
deaklemler igin ki bonlar y'= -F(X)Q) idi, gorddk ki b, ‘difersnsiyel
dentlemlerin Gozbmleri, herhengi bir Sabit! kapsar.Halpuki Iinei
Mertebeden denklemler | ikinel mertebeden tUreylesi Lapsgyacal)



i lgin, kabacs ki integral fslemine Gd20m fgin ihtiyag aduyvlur. o)

Dolayisiyle (1) denlleminin go2Umil /hérhafg;' i ssbiti kapsar. 5:‘&25:“0,

\9”’*—‘30()‘ denleleminin g828mil ,

Xt
3'&Xrb +f f@(s)dsd-t
&"aﬂf—f\g(f)d{r =) J”— ) ol
Birinci mertebeden diferarsiyel deA!e)emlefm )gn aumli oma st
igin gerelli pert, bilinmeyen -fmk\siyonun heshangi bic nolktads
degerinin biinmesiydi. Buradan hareketle , Hdnc‘i dereceder denlilemlerde
tel gélm elde edilmesi(iyi tanmh omasi) igin yetesli sart,
bilinmeyes —Fonks@boun ve degerinin € a2 bir noltads biliamesidir.
Y =ax(ity) 2 Y =—{tceX’ , Y(o)=o0
3=—l+e_'x2
Teorem 3.1. Ejer £,4y ve fy' , Xuyy/ Ug boyutlu v2aynin bir )R 4»a<;;e

bolge sinde surekli ise

5//=f(X,3-,3’) ) 3(Xo)=\90 y 3/(X0)=3o'
denkleminin  Xo civarinda y=§(x) olacak sekilde bir tel gozimo
vardir. ltinei mertebede diferansiyel denlelemleria li'nee.r Olup omaditlary,
ayn birinci mertebe derdlemlerde oldugu gibidir- Buna gore ikinei
Mer tebeden @1 genel anlamda bir lineer &n’{eram@el denklem |,

PX)9At Q) y tR(X) y = B(X) '
-F«ormunolaol’fr. Labul edelim ki , ¥Yx elemans igin P(x) # O olsun,

Bu 'hab.tfrde/ ; o
"+ G(x) / R(xz _f Jx) | y
o) P(X) 3. P(X) 3 7S] /

"4 plr)y’ +4(x)y =9(x)  selklindedir
Teorem 3.2. Ejer p,q ve g ; X<XLPB e arahginda sbret |,

ﬁor\usgonler ise bir ve yalnz bir y= ¢(X) -fonltsyonu var ve by



Y7 Py +q Y m9(x) - s YMe)= Yo, Y lke)= Yol 721
dé/\ldw"m' XEp igin saplar. pie i 244

3”+‘P(x)g'+q(x)@ =@
 derllemi homgjen denllemdir. Hangi y\ degederi igin cdabm bulunur,
Bu gb20me -&amamlagncl qéﬁzﬁm denir. Doha sonra  y"t P(x)y'+ 9(x)y =9(<)
622l go2imll dertleminden gerel Gézim elde edilie. (Yo = Yitys)
cenel olarak ikinci mertebeden herhangl bir diferanswel denttemi
Fozemeyiz . Ama agagidaki bazi- bzel curumlarda bu diferaqs{&el
denldewlesi dnce  birinci mécfebcge-;dﬂaﬁ‘erea gdzebiliciz .

1°) ¥ abul ede.l;'mi i, y”=£(x,9.9’) deslleminde X yok olsun.

Bu taltirde 3”=f‘(g,g’) olr. y’=v , y'=v’ depisken dc‘in'b'p{:b‘r'

mesi vapilic sa , (3”= vi= de odv.dyg oy dv

flyv) = v v

3 5rnet// Yy HY)t 0 derblemini gozlinlz.
| Y’z v degiplen dmwturm@u Japalm. y"=v dv. olve.
Y
Dmkwv\de 50’1{\«6 \pzarsa&
= uy VQ-—-O = dv , dY — 0 = lInvtiny=dne

Ak)—-‘i-d& + ikl ) Y ‘,
= Adnlv g Rnz K 49000
=) V"&_—;c
V.yesine deferini yazarsak , :

= ‘Y= — SL“.L = =) Ydy = cdX

g - S R T P

= 1//

k. Brnet// 2yty” 1240wt =1 « dedlemini gozbalia .

.. MI:\/ ) 3”:.\/ G‘V
Y

=) l\gzv%t\;_liy vi=| = 2y*vdy +,(23v’-,—l) dd‘zp




My=4yv ’

Bl :{ tam dif. denklerndir.
Ny = Gyv . :
o (yv) = f2gtvdv +hly) =y’ vt th(y)

G = 29v? thi(y)=2yv?-|
oY

= h/(y)=-1 = h(y)=-ytc
WX?-y+re =0

o ( )‘ch =0 = é’_:-(_c_-g_)'fz

=)f_§.§=‘2— =fd X
(c—g)'/‘l

y=e-u )

- - _E—dv'l’ L do
e phe

4 J) 1=
= —c 2(e-y) 4 %— (c=y) = ey =X /)
2°) Eser dentlemde y yob ise denelom , y” = f(Xiy!) sedinde olur.

Py SISy (V- A -F(x,v) Ayn i 19) dell gibi gollir.
! aXx |
bének// x{g’/uxg'J 20 2 %@ O

ey f yhe SYe deklonde yerine lkoyalim .

yeve9Tm oy y J

=) )02_4_\/_ Joxv =1 =y dv

+2v =1 linesr dentlem.
ax dx X Xt

v a2 [k dkre] o vm xTeex

.=> dy = y-lrex = fdy = [t +ex)dx

{ ¥ )

=) \9=)f\x_—§'+C1 //



el /. 2% °GYa(pld SRGSH oD ainsleldinll Loy e lid  wjatal - | 728
Y’ =v (e :‘_\)’( denllemde yerine yazalim.
= o.xz_g_v_ s v3=2Xv =),/d_v;§_:-_\£ (bernoulhi )
X »

=) 2 =V’.:s =) d_z_ :-_i_ dv .—.;) ﬂ:_"\ﬁ S‘-ﬂ- denlelemde dazéhm.
X e BN o SRR
22

=-tvida v o _ vl o, da

_ y-2 (X kbl -2
a t,»c)__z.x +cX
bagt b o L Qe o Al @ aXdfe
Vi 9—XX> Xf V2 2x+x?
( 2
Ut 2X+X2 dy -( x2  \"
=\ =
X+c alX \ | G
= daﬂ Xt )"‘ax =y fl X
/ c+Jz_x <C+X’>fh
=) ?i'=u =) X=2u = dy= 2du
il 2u. 28y 4 4/ v dv
(G’HJ ,4C+U
V=t U /4 ‘dv =d0
U= Vv=—c 3
syl @l Laly |l rilanee | gl e di ok afie: -4y
>)
DA e i Eamos

= &f"”zév -4ef v ltdy = 4-39:"3/‘ et ol
3 .
i _g_ vt\la__ac v teyp. = %—(cfu) al 8e (CTU)”?‘ 1oy

2 4y %
=) _%.,(c:# .’,(E) a-—Agc(CT%) e

; . 4 Nt g
= ys&(erhte(eg) e, g

2



Homgjen Diferarsiyel Defdenlerin. Temel Go2im Kimeleri
Pve 9, u<x<p araolifinde slrewli fonlsiyonlsr ve ’de it
defe di fer&&aeuéaeb‘:lir bir: fonlksiyon «Olmele Lzere bir L opemté'ré’nu" b
L{pl= 4)” tepd'+ 9¢ seklinde tanmlgyahm.
LIGT ) = $" 00+ P(x) §(x) 900 x) = 0
L(y) = y'+ Py! +9y  sellinde &az,iae.‘m

i = ot W i

draafin ;  GGO=Sinx , POO=X? , 900 =X slrsal

LLsinX] = —sinX t X2 (casx) + Xsla X

Teorem 3.3. Ksbul edelim ki, \9=\9'(X) ve y=y2lx) ,
L(y)=y+ Py/tQy=0 ... (1)

doldeminin goéavmleri olsun. Gosteriniz ki,

c yi(x) + ez Ya(x)
dorklevinin cézbmleridiv. (cy ve 'c, herhangi ik Sebit)
lSpat// w0, (1)in gdalmi oldygunder  Lly1)=yi”t Py/*‘lgi =
Y, ()i Y 4 L(ys)= Y. "+ Cyf #9220 i
L(q&; +Cagz—]‘= (qw +czgz)”'+ P(cutvfczgz)/*Cl(cw/+c:3¢)'
¥ .c’4(3,”+P3,'+CI3|’)#cz'(e,l’/f 952’4—‘)31)

= el Es?s]‘* ca Ly ]
< e

fsu oza."@ 833’3;‘180 L fonksiqonu Hn'ee.ral{r.r
(c.aKX)ch yz(x) = gmel qowmdur ) 1
1. Orael / \L} '_3 =0 3!0()-6’(, 3,,(") e olsun.
it)= X, yMx) =e* ,
i ’/’3— eX-eX =0 linger !c;Mb.'/\'aé&mienm alalim .
= (qe"i—cze X)=(cyeX+cze ) O}
Bu verilen deallem 3"+ Py’ )y =0 c\uutwmm bl halidic.

Burada P(x)=0, A(x)=1 elarak verilmistir.




Byl ry ’Q\\OI\SUA‘ , Yilx)zeX- | 725
eX -eX¢| ﬁD Ya(x) = 2eX=2 =2 (eX-1)= 2 yy(x). verilsin.
=).20%=2e% ¥2 F4i, « O0holde. derleloms. Seflompt s 1 |

,5rnel¢ v Y'tyr=0 s ) ve Yao(X) desllowin gozlbimlert ise

CrYi(x) + e Y2 (x) 7dmcw|m o2umb. olur.
LLyl= v/ry2=0
LLod= g'ryd =
LE%Q]‘&:.”*&?"O
=) L[qgﬁczyzj“ (clﬁl"'CZlﬁa)” < (C4UI+¢292)1 =0
' ocm,fcggg +C|gq t2ciea Y1yt vt 0
O halde bu denlelemin Jld 820mb de denlelemi ssalamaz 8o delelem
' hc\ee:‘ oimayan d'farans@el denklemdir.
Ispat edildi ki, er y; ve Y2,(1) derletertinin Glzbmlest |
.bmlarm lineer komb,nas,:;oou olan .ciyitecaye da (')admldmim?s.. JGozim
leridir. Gc‘a'rﬁlecgo‘ vzare (1) deldemiinia , o ve c, Y depigtirerete
sonsvz tane Gézuombnll elde edebiliriz -Simdi Sy Soruya cevap ayalm.
Ry sonsvz gdaum (4} cealelexpinin i Ea momitn goadmlerini kapsar an
Eaer (1) denkleminin her gbelmi y) ve Yo' “aia linear kombmaagonu
darak yulab.hr ise Y ve Yo ye temel gdaum kimelesi adi verilic..

~ Teoren M Kaobul edelim ki, Pve @ , <X <R aral@: Ueasinde surekh
fonkswom@r, Yl ve yg f1) deskleminin c;o:.umlyi ohsun £9¢ bu 9ozumler
XYL R sraligindali her noktads

Y160 g2 00 = y/ (Y2 (x) FO
st sfliyor lsr ise bu sralheta (1) clef\we/vumn her ¢d2UmUn Y1 ve
Ya. nin blr lineer kombmas\u)onu olarat blr 4—8& seleilde 'fade edilebilir.

ispat, Plgelim ki, Y=9() werilsin. ve Xoé(h(/ﬁ) aral\gmda “segelim.
YHe)=Yo , y/(xo)=yo’



b (o) 7 cryr (o)t ey yo o )=Yo
d)' (xo) = a1y (Xo)+c232 (Xo) = 30

Yi(Xo) Ya(e) | = Yplxo) Yz “(x0) =y (Xo)gg( )#O olmalieirs
Y (Xe) ya'(xo) o #0

¥Xo ligin olcluju/\ da/\ Ozl olarék X nqm de .Sﬂlzwr.
3.0rmel , 3”’3~0 | ;(x) F o z(x) oy G
(Eser bir denlelem feinei de_:eczdm ise en forle 2 chrumid vardir, )
Y1003’ (x) 792 (I9lx ) = eX(Ce X)) —eXeX =-2 # 0 |
shX ve chX , y"<y=0 derleminin G2 bmleridice,
Otx) = caglx) + cpyale).

= cieX tcye™™

Shy = e¥-e=X C{—.}: C2 :-——'Z- Seger set BN S0nVG Grkar.
—=X J
chx= éx_tz_-é.— =) CI:-;%- co= % SCeersel # ¢ &

Z,Ornek// Gosbernmz ln/ yl(x) X % \ce_ 32 (’<)=',i<'/
2% 31/ +3x3 EY.2 o , x>0 denleleminin +emel cozim umelesidin
', 1\ YAV = R e : Ry} A v/ (g
, zxz(xlz) +ax (x'h) (x’/z)-gxi( J;X 2)+.Q?_f(.x h- X2 =0
. L\ AL Y S O S . § e
ax* (g ) raxdse)= (B0 %5 x =0

X3 1Az
Y)Y )=y’ (Xya ) F0 7 7
1 (=)= (Lxd )= S 075 #0300 olignden -

X% Bir aqik srahits diferansiyellencbilr yi ve ya fmhsighééléﬂ serilsin,
h1Yo' "3:_34’ ff&dui Yt ve 3;_'m'n Wronslkiea /- Olarak bilinir ve
J1 . 92
‘ CIMRTY 7
W(yiaga) (x) o W(K)  olerak gdsterilir.

w(@l/&iz) - | 7’*’»‘:’!‘32"&23!’ Olarst \(jauhr.’

.w(qi;\x/COSX):" ) W(e-x/éx)= 2.



zorem 3.5. °<<X<ﬁ sral(g Ozesinde suretli Puqtfonks@onien verilsin . 727
Ve Labul edelim ki, y ve Yo , (1) deableminia by eahbkts 55 Gmlers
olsunlar. 8u ‘ér&’thta; W(yYiry2) ya Szdes olarat sifira derktir: veyd
higbir 2aman sifir olemaz.

Yy, (1)'in goebad oldygundar L) =g "t Py’ t Yy =0 [ya. . (a
Yl {in] = e & Li(yz)_"' 32”,+sz, +9y220  Jy| - (b

R T PR "323,// +P(x) (3132/ ’3234'), =0 (91b - Ya @ (daq)

= W)= 91 00% () +b) () -9 05(0 - ga (g1 "o,
= WX F (W) =0  dpiskerlring syrile biler  Jif.idene. dir.

W' (x) P + o) W 20 (rctomi w). ile Garpasat )

P(x)d
2 .j_.;i(.[fmu wi) =0 = wix). e X =
e—fP(x)ax

=) WX)=c. //

P(X) soaly bir degeré Sahiptir e siretli plduiunrdar , in tegrali

Sific dlams2. W forusiyonn Sifira esittir. integral degesi == glur.

Ya da highie 2amen Sfirdan farkh olsmaz.Fopksjyon 0 erahuta
'r syrekl oldngtmda»\ =0 ise s:far&;a@\k‘kir.

v ,Rbel tarafindsn L;oatlanmls b/r teare)vtc\o?‘-C:eefr dersinde
Ve analizdeln e,hpl:lt denlelemlersin qézumlur/ldc &erdw\c: olur.

jSorne,k// g_xzd”r:sxd e =0 X>0
AN s N
Y == =0
Y XJ a2
_fP(x)dx N, W7V 2. -3
g = e e KL o 5

=0 I'C,‘iﬂ SI‘FI/& denletir. Yt ve Yz Lemel qazam ki(”” ;d}"-. t

”6

: =3
Sl At el shrsak ,  Wlyy)x) = ~2 X2 olr

Teorem 3.6, Kabul edelim ki, Pve 9, «<X<g @rafgmd.a surekl) |
fomsiyonla— olsua. Gu taktirde bu acalik Uzerinde , %



o4 denldewain daime teuel sS20m kumelesi vardhr

-~ Yo& [¢)R) alahm. Teorem 3.2 dey b di{oraaayel deAelentin

bir ol vardir ve teltir. €abu) edelimel bu Go20Mm Y Ve_yp. olsu.

WPy Faly =0 gilxe) =1 , gjd=0
9 Py HA Y2 =0 Yilke) =0 \921()(@):4

W(guga) (XO) = =4 # O
O halde Y1 ve Ya %avel 5G20m bumw;d:r

A h;tnr malar

= K byl edahm Lu ) J d)(x) /g”i»P(x)g +‘\(x)3 ’3()() (s(x) #0) 1

denleleminin - GBzgmi elsun. y = c¢(x) in vmle/s derlelemi < F1 igin
sajlama&ac&\gml @oster;n [ | |
Qozumj/ Y= () derklem] sajlugor ise
$7(x)  P(x) ¢(x) +<=r(x) b)) =gk)
=) 4>”(x)+l’(x)¢>(x)+ﬂ(x)4>(x)—31x) o
=) (cpoo) "+ Pi) (c90)'+ 96x)(ch0)) ~a) =0
=) c(«b"(x)+ P(x) ¢t +q(x)¢(?()-3(x))+ (c-l)a(x) =0

B o A POy

= (c")\g(x):oﬂ =3 c;—l =0 = ==| olmah.

2- Uksby edelim ki, ¢,¢,,¢z diferersiyellerebilir  foaksyonlor oksun, =

Gostesiniz ki,

W(¢4’:,¢4>a) ¢ Q)(‘pn(j’z) dir, |

Gl w(cp.c».,cb@z)--’ o 09- ( = 4y (/0. +0/9)- 00, (4 + 091")
"‘P\'@ ¢z“’¢ Gy 02 - &Nb b, =0, 0/

©90)' @9-)

’¢(¢I¢2 CMP:)
'=¢“‘W(¢n¢z) // '

| ol J hﬁ

J A v | i I fie



8 — Labul edlim i, \\9”‘*%;‘;@'* efy FO derlleminig tewvel cb2lm - 729

kimeleri ofsn - yj ve Yo \erlimis olsun.ve W(yi9:)(1) = 2 oldy§una

gore wlgny2)6) =2
g !
”fP(xf,d.,x:ce_ Z_M?(:.g._?__

'o'zi.'!M// W(@,,Qz)(!)‘c e X

wWlyiy2) @) = -C;—:‘R‘r = c=2.,
Wy2)®)= B = AE di y
L 4~ Ejer ,P(x)g”m(x)d Ry =0 (1) denllemi ,
[Py ) tLEme] =0  seulinde yazisbilise, @) derkleming
ton’ difer srsiye) danuém adi verilic. (1) deklominin tem diferarsiyel
denklem olmasi ;angan: 5&!&, 3‘o'sbefihiz ki , ’ |
PUX) = ' (+FR(x) = O omasidir.
‘c;b‘zbm// = POOY+ PUX)Y £y’ £/(x)y =0 .':;-~-(€3@U'~'ﬂ"af3§)
0010y * 111y =0
= P/ = AX)  ve FIUX)=R(x) olmshdsc.
= PIOOHX)=4/(x) = PP ) FR)= 4/ (x)
=3 pn(x) = (x)+@Q =0 = tam dif- deaklendir.
o) y'rxy'ty=0 4  P=l IK)=x | R =1
=) PY-q’tR = {41 =0 FIXOFROQ =1, £(X) =X
= [1y3 +xwl =0 formunda yaeusbilir,
=) &!/;“ x&’w:o olur, l'ntgyra) alrsak , e ;
fd/”dx +f[x3]'dx =f0dx-'+c 0 z
= y'+ Xy = & lineer dif. deakles - ,fr.wbebedm-
-xPZ[I x*%z X q] Nt )
b) \9//+3x\9 tXy=0 POO=1 a(x)/X* R(x) =X
P/ -g'1R = o-#-éxu’:-—sx o (x#9)
0 halde bv doaklese X#0 igia ton difersneyel dealelon dg’»ild.r
(P(x Uy Q(x)g ﬂe(x)y Oulal ZatyT)




.6- Efer bir tkirci. mertebeds hamgjen alifersasiyel deallem: tem c@"se}
bir Integral gaspan vasitasyla g ) tle suplaat tam ysplebilr, |
Bunn mlami) efer (4) denklemi  mlx) e cafp:)dgmda P
H(X)P)y”+ xlx) 9(X)y” + mX)R{X)Y =0 ,
donbleni , [ plx) FfX)37]/+ [f‘(x)\«;],=0 - seldinde St Thrav alirsale,
= PRy H ) APy 0y £ /00y =0
= pX) PO ) P+ £ = 1 0)A(X). ve px)R()= 1) olve.—,

e e e

Telrar -(;drev ehrsak, st
= P( X)u(%) ¥ p 1) PIxX) T p(x) P’(X) * /u(x) PAx) * HO)R(X) = p ) 90) + V) 1)
= P)u(x)t ,u'(X)(zf”(x) - 4(x)) +/‘(X)(P"(X)+e(x)—9'(x)> =0 |

Bu denlleme (1) derlleminin el difersisiyel detklemi derir.

Llneer Bagmsizhl
lkinci merte beden Wnees diferarsiyel dablmw’m Gerel Goatim

kaurami , i goalimbn lineer komiiNagyonu, ki bu Srimlerin Wronkien %ain
sifirdan farkh omast , il fonksjyonun lineer bapimsiz omasyyle ilsilidir. |
2 <X<R archfnda f ve 9 fonksyonlerma lineer bapmhdir denir. Eger
kyve by sabitleri var ve her ilisi de sifin degll, @yle ki

Lf()+ kaglx) =0  ise. : | ]

Aksi takticde f ve glye linees bspimsizdir deair.
1 b'Mek// Goésteriniz ki, sinX ve coa(% +X) 'fon‘téf\«jon’afl Nheesr bgffmhdm;,

kqve Vzl sabitleri Var ve bunlar Sifrden forkeh soyle Li, ]
Ly siaX ths cos (xtL )20 i lal
= s+ k2 (@.S\X“Oj%- siax sin %) ='O.
= (k4= L2 ) sinx =0
Wy=lkyo #0 a!él,m,bu talktirde Oﬁsiox =0 =) sihX ve w@(x*g

linees baSlM'l fonksivonler d.

'ﬁ e,"+kze'x' =) Iy = kg =0 olmahdir, Linger Bafellerdii




.£>}-nel¢// Gésteriniz ki, eX ve X fankslyonlari  |ineer bafimsiadir. 731
' kyerti,e?Xi=0 =S R, T O ise lfner bafimsizdir.
Yo€ (WB), 11Xty e?X® =0m (i,

G tXo s XE(E) , ke ri,et =0

K&{-sa lar maters deterniaaat)
2% ( Y

'e—;o e °l= Xa+'x'(ex" xo) FO ise' tel qdzuM vardr
et |.gth # Z 0’de Sifir gd2lmdiie.

ki 2lky=0 dir.)
eorem 3.7. Labul edzlim ki, fve g diferarsiyellerebilin (x<x<B) fonksi -
Yonler ve herhsexi bie Xo € (ouB) igin W(f,8)(xe) #0 ise bu aralbta;

'  fveg fontsymlan lheer b%'g“tms;zdll‘. Vey a her Xé(éhp) iGiay )l

3 W(F9)x) =0 ise f ve g fonksiyenlart lineer bepmhdir. ¢
}spat// Lifx)tlagx) =0 , (linear oxfimlidir.”)

j Herhsngi  bir Xo € (4R) olsun.

B kif(xe)t ka2 glKe) = 0

= bif(le)tlag'(te) =0 ol ki bu de tirevidir

£(xa) 3lxo)

(%) 9/(k) =f("°)d'( Xo) —olto) f (a) # O

-t w ('Flé) (Xo) =

0 hslda fve g linear bggimsiz fmkswanlardnr(c halde. deslelem &J‘l:wmm
- tek gaami vardir. 0 ‘ da sifir godmdin) ’
ome&/, k,e"°+& Hezo

ke’ °+2kze °=

Xo 6 : 3)(0
xa 2€2x° = FO  derilem s»s-é-wmm —tck

W(fr9) () =

,L_f#_-Jg e T M VRS

A qozUMu vafdw
brm// Gosfeﬂ/ﬂz ki, SMX Ve coa (JH'I) fmksuonlyn hnees befimhidir,

| SihX —sinX
W(f/g)(x) >

coSX | TieoSY

frofespetief <

l = =SinXcosX + SinXeosX = O

O halde o fonksiyonlar lineer begmhir.

LR



- Simaliye kadar vephigimiz islers asgprdali selilde b’za’c@ebih’ﬁ;. b
Kabul edelim ki, Pve 9 ,*<xX<E  avslginda sirekli ve yiveya

de , 3”*!’(;()\9’1"!()()& =0 denkleminin go20mleri olsunler. Bu tabktirde
@&5»&9&.‘ ddrt durum  dealtir ymi biri  diser Ggund @aeué,‘r_;‘n
1= L<XLR awld) Uaesinde It Ve Y2 temel coziim lwmeleridic,
2- %L ¥<p & ” i lineor bg‘im&tzd:r. ,
3- Herhangi bir Yoe @Eyp) igin wW(ynyz) Fo dire
4; Her x& (vB) igin W(ytsg2)(x) #0 dir.

Rl@tnrﬂ:&lar :
1= ksbul edelimiki, yjve Y /

J”"’P(X)g)'f 4(x)y =0
derleleminin Ihé@ﬁ“&@ms:z Gb20mleri olsun- Sosteriniz ki,
c191, €292 de vesiler detelewin lineer befimsiz gozimlesidie:

R T 2 R : | y #
T CIYIC2y” T Clyl’ce Y

€19Y E29¥

| _ wciyr sc292) =
=cic2 (Y1ye’=81'9e ) # 0
O halde c<ci1yi ve c2yz hneesr bsjﬂﬂsm G«'ﬁzﬂmlszdfr.//,
2~ Labul edelim i Y4 ve Y2, Y7 P )y ra(x)y =0 denleminin Ifneer
bafimsi2 qézbmw»‘ o@ua_,‘,@&s{ef{m‘z ey ,

Y= d1ty2  YuTYi—Ya temel sSaim leumeleridir.

' 93 94 | _ : |

(-U(QJ /3‘() = ‘33)’ U")'I ‘ ok 3‘1/ _Jj‘fjsl A
= (91492)@1"-92") - (Yimy)(9/*y2") |
=QL§|[+\‘5I37,’ .""329)”’&.2‘:‘21/" wll ‘Jl\‘jz/"'\t-)zjj/:f '-
5T W / , il i 32318
= =Yg tY2d1" =392’ t Y2y |
= =2 (yy,y,) 0 |

¥

D halde Yy Ve y, linger befiansiz




3 - Gostenniz i, yy ve Yy, lineer bapimsiz visey, Yy ve Yz tewnel G8z2im
' 733
Limelesidies

_ ( Temel ¢gz&m deqlelemin GE2Gamms, lincer kombinasyan olacal ve lineor

e e

k:a}lmS)Z.)
( .
ONeelsf sorvdé ; -—2UJ(3;/37,) Fo cld\:}?u/ldaa Y Ve yp linger b%:m»

- Siz olur
5 mertebe Disurdlmesi
Eger leinei mestebeden linecer oir diferansiyel dentlemin  bir
eeel gozlin bilinjyer ise cdeaklemin gerel goalimi, dolayisiyle ikinci
lineer Lafimsiz  Gézumi as€pda verecefimiz DlAlembert smetodyyle '
bulunvr.

Simdi kabv) edelim ¥, yi(x), 4"+ P(x)y’+ dgso denleleminig

bir bzl Go20myY olaral verilmis. olsur. Qu talktirde 3ésterildv' el
crg) de by dlifersasiye) dertlemia GE2liuibdin. Simdi <4 yerine Herh anpi
bic V(x) fonks:,aau Yyezelim. Ve ksbul edelim i, verilen diferengyel
denllem 3(x) gq(x) v(x) formmde btf\guel Go2Ume \Sahlp olsun .
Y= 900 v(x)+ 9y () v'(x) '
Qj 'QO”(X)V(X) T2 9¢' () v(x) +&1(X)V”(X) derelende yazalim .
e ( 3,"(»0 v(x)* 293 °(x)v'(x) +w(x)V”(x)+ f’(x)(\u)q'(x) \/(x)fm(x}v’(x)) +
Hanlv() =0

SR omr i Lkt SN (900 o0y A0 06) V1) =0
. o i

= GOV (2900 (09 OIV) =0 YilX) e bdlelim. ,
=) (V”(X)-,L_ 29) 4 P(x))v’{x) =0 Vilx) e 331e linger deaklor di'r.
Ji(x) :

V) =u(x) dersek,  u/(x) +(_%MT’Q<)L+P(x>)U(x)=o olur.
11X
PNt AL R 8 e T TE,
Kg,m)z ' e-JPX)axX
Yrln)?

V'(X)=U®x) = ¢

= W (x) d@e)im.




=) v/x) Te.ux) = V()= c fuy(x)edX+ey
= 41 (W) =Cyix) Juib)dxt eryr ()
9= i) s 9 =ya 0= 9u0d Lo dx o ( fuilodx sabit

olmadiginds ,
Yl Ve y, lineer b@nm'w)n)
Orneb.// gx\,'/mxd —3 Q. | x28a /5i(x)=x'/2

Y= XUz V(x) = \9 x WX)+ X’lz\l'(x)
13415
PIIEG 3SR V(x>+X"" v’(x)+x‘/zv"(x) dorkade yazalim.
=) 2K(-4 X (/(x)+x’/*v'(x)+x"zv"(x)) +3x (4 X '”‘v(x) +x”zv’(x))—x v(x)
v/ {

S/

= 2X v"+(2x3’?+3x‘)v’=o

=yt 5xv = =) 4yl ye \9&@ lineesdir.

e e

3 x'/?_ ( _é__cx'312) ) &l()() :XUZ’ Jz(x):s(‘_ O,aféb. bU’MU{:

\)aa
/\;ff)_ /,.—— 3 O fordmwna mdn@eglf £ (3”+P(>()& +‘\(¥)33"©)

S S o T i o i S e T —‘é-f—‘ﬁ—?-

: —fP{x)dx

oo © AT

V'(x)= (X)'

- .;- . y o Iyn
c e f.a;x““( === den go200r
x - it L

Brnek// Gésteriniz ki, y=X. (“xz)du"zx\yl“%y‘O L el xS

denkleminia bir ¢d20midir. eine)  lineer ,b&jlmtz q&t‘)'ﬁﬂ bulvnuz .

, b

tﬁ:l.\/(x) /(X)- e_fplx)dx = —i—z ¢ e+r_"x"' i

(2 (3. x)? T

: i —in(-X2)
’ ¥ 2 2 =0 HiE e

o j—x2 Y +e —x2 X

= <
x2(t-x2)

U(X) = C[K-——t (’-:_Xz) aX+ <)y

1< X< O j~s’;f,r "da  gozum Yoltur,
o< X<\




- \}(x)_c(—+ In(t+)= £ Inli=x)) ¥ ¢y | 735
:C( )( + I’)(”X ,/2)+ Cy

Y=2x V) den, ' ,
Y="& +c N .(—L‘ : % 4 Xl Sly Al :
U\i(x)cx

Y2(x)= =1 +X |n ( >/z | (C'—'f alarsl)

Alistirmal ar
1— N bir negati f olmayan tmagl Olmale Szere ;
Xy'=(X+N)y’ +Ny=0 - x>0
derllenini gozéndne  alshm.
8) Gésterinz ki, y (x)=eX vesller deklemin bir GG2jmd) diie:

b) Gostesiniz lei , ikinci lineer bgpmsiz cozuom Y, (X)= < efx e "dX

fomundad:r. N={ ve _N=2 igin Y2 (x) 71 hesaplgyerat ) c = -F"-
B % N i
L Olmale  Uzpse Yz(x)= H’% +%- _.-+—N-T- <ofUr.

&&W//‘a) XeX = (X +N)eX + NeX = feX= xeX =NeXt+NeX =0  olur

b) 9 =ﬁx v(x) ’(X) ¥ "fP(x)dX’__
A (9:1"))2

" =letn)y’ + Ny =0
oMy (eXV(x)) ‘-(xm)(e*wx}) +M(e*’V(x)) o
= xv”(x)"'(x—u)v'(x) = , :
=) ”(x)+(_&>:(1‘-’-)v'(x):—c> (mw dentelea )

R - ; L B EE O

- " Hx)g’$9(¥) ‘

¢ - - N — X / 3 i |

Vix)s ce SR = o g N 3 P G
S /*(X) ek

V(x) cfe Xl &y JfP(x) -9()()

- ! , [P6)e

0L g Xt -0 9= 5 <

V) X f
= v'i((x} dx+ j_‘:_ﬁf. dxX = lavi(x)+ X—IAX” =

h mV/(X) = —xtihxNie =



ViR & L. Ll L T 8 e

-

| fe'*)ép;:er v
¢ = cyixd JeT XXV AX Feigioe)
yix)=ex
Y2 (x):cexfe"‘xﬁax olur.
e N=l fafn YW= ce*feX xdx
ze e"(—vxze’ X_ e"?‘)

e =% =1)

N
o f i TR 2 X
T ] shok IV

—I (qll\ —H’X |
o2 i ) gutre e e fextx = caX(Hiariesnet 2u)
:C_(—X‘L-’ZK'Z)

= 4+x+2‘i
2l |

27 Uskyl edelim ki, Yi o gHR0)Y FA)y=0  derldemiain Sific olmaysy

bic gb2bmb olsuA, ieinei lineer loggimsia g6z0my veriler dpbleamin

gﬁdahn vesilen F&ki’d@ debulunébil'ecgidir. o ) MU - 5 g\,-.f"r
3) ( ' “—’(34/'41)_ v _ : ' {a '
Y1 \9\ v L 2 | ‘
(_9.2-_-)’.-: Ho-vige = 91y2/—v29! ispat -EaMew\lamr.
o =frdX : CC—fPOLX
#HK 92 ):—.‘ b P b ::)f(;‘é& dx :ﬁ"“Cf il . dX +cy
o Chivd) : h x)
=t &2 [ ~fee0dx ks
=) LA ey
N i)
e~ JPOOdX
0 halde e f 1l dX + e
97 TSI
W
Y=Y (X)/ e, P Qz(X)FJc(Xyef((x)éx d x- ikinei gd2imelir,
Yi(x) _

WMWM
Sorv 1 Yilx) X ‘.)sig'"-}zx&"—‘-%y‘f—jo / X>0




denleleminin  bic Gozo My oldviunas gdre Jlbac] lineer c826my verilen 32
focmd g&rdnmyla bulunua.

_—)\9 +._..3 _._.& Q X.>o

2
vfe—S &d |
32(x)=)f_§_xf.;’i_f, ol X!z i ";Lq,dx =é:(2 denblemde ya2alint.

&Z(X):6:(z deaklesmia bir d@e- q&éﬁmi’) olur,

Sabit Katsayili Homgjen Di{-‘erans'ud Desklemler
80 bSlmde &b, ve ¢ birer sabit ve a#0 clmalk Jzere
3y’+by +cy=0 tipindeli diferarsiyel deaklemlerin geel
c;Bab'mlm‘ zerinde duracagia .

&\9”*‘*:&’*03 0 - (1)

|
|

- (1) derklemini cdamek igin ,onae! (1) dsAblemmm \tj—ex" formunda

bir cé20me sah,P oldvgy labul edilic ve  “nin s ld| 9 d%?a‘lere
9ore genel Goatim olystucvlur. Yaai y=eX" ,_,-(2) .
@), (1) de yerine kenursa ;
arteXTtbre Xl +ceX =0
= exr(ari}gr+c)=o =) AFEbr+a =0 Ngie (3) ofur Quna
baraktesistit (yardmer) derklem ach vesilic By ,ikinci Dereceden ‘
bir bilinmeyealy cebirsel (kuadr@éi&} den'tlwdir;

Hiride —bT{b-4ac dedelemin  gozmlerial verir.
2 :

1°0vrum ° Kebul edelim &i, b*-4eec YO olsun.

Bu kaltic de - veriled clealliml ¢6153ml£/f

Y= i)z eT¥ (= SELEEZEEET .
Y= g=e™ (rzs-b*ma) Goabm b dmeleridin
Zea



-wa bgmm oldguny géstermele igin Wronskien e bakalm..

O
.Zﬁ) l X e,f'zX (rz r‘)e(ﬂfﬁ.)x ( bi- é&c ) - /a 7“'0
(X X
ne 7“0
0 halde ui(x) ve ya(x), dg,:\kwn‘a temel cd2im kimeleridir,

Y =c|er'x‘l'c2efzx ((3) Un reel ve falkh il Skl olMahdLr.)

Ornek 1., y'—y —ey=o0 7 , ylo)=0, y(0)=2
dmuwviain q'dzﬁm't'mﬁ bulunvz,
Go2lm, Dotlem sabit batsglph oldgund d=e" T formunda bir goaiime
sahip midic 7 One bakahm . |
= & (c%r=6)=0 100
A (starse)s (r—s)(r»rz) F=8,r27=2
= P 9 S ezx
yfo) =<citc2 =0
Y= e e¥-2e87

71 S me bl y @R T,

=£ sx e—ZX
=t G =i

Ornek 2, \9”#*’23'—45.:0 , deakleminin genel gozdminy bulunuz .
Y ‘-'exr =9 er(" z-f,er-q)-.-o',

(r2+42r=4)=0 = 174G . r=11V3
3 Ve

\9=<=1c-31 B rkae!tl®

2°0prum ¢ Kaby) edelin Wi b*=4ac =0 olsun.

B toktirde (3) denkleminin galkiplk ik LoD verdir ve bu kil

)
w .
fa.= g = o8 dir.

S | .

. B | - et f
Yani (#) denkleminin ~ Yyzyix) =€ 28" sellinde bir goz20ml vesdin :

i | ‘ i

Verilen dealom  ikinel desecé dea oldygundas ki gozim bolpane. 062/‘ |

lingi lineer bafmsiz gozumi) , mertebern dusirilmes’ metodu 1



. asefdaui selile buiunzr :

: —‘-—-—x 7
Y= gix)vlx)=e 24 4 V(x)
-0 y
ﬁx b 28
y Vv e & £/
&)/..e’féxv”.._@_e 2@ V/+-(,%_§e RV

Bu deperler (1) deakleminde yerine \yazohrs&,

’O - x

—-b
Derklemi e~ 28X paartczine alaim |
V¥ K

J;> e u"(av”+(-b+b)v +(——— ‘;bgi-*C)V):o

1

T 1{b~2 R (ot-Gac =0 oldyjndsn)
" 4a _ i
avl/':O =) v'l;_-o =9 V(X):‘ c’x-'rcz
W
oF e% (e1X +ea) (1) derkleminin genel’ cbzbmidir.
3 $

= R
&’(x):e%x : \[92')(6 2ax

(q Bzdm’ o ldugunden  herhagl bic C katr da sozlm —plur. )
Ornele 1y Y’tdy'+ay =0 ,y(e)=1 ,y9'(0)=
deneleminin baplaagis - degerierini sgglayan 82 Umiinl bulunyz.
Galm , y= =Xl = X7 (r2+4r+4) =0
= (F244rt4)=0 =) (r+2)2 =0 = r=-2
O halde y= e.'?"_(c;X-#ca) olur. (derklemin gerel  géelimidir.)
; ylo)=ca=d , yilx)= -2 e~ (eix+ey) v ¢y =3k
= Y'@)= ~2catcy O
T gpE2cyg =20 =2
O halde y =e 2 2x11) veriler denklsmin baslangis sartlaring.
5&3’6&6& So20mbAr . -

3° Durum * Kabo) edelim ki, b*-4ac <O oclsyn.

By +taltirde (8). denl learinia k_oszeks(eﬂem'k).fki Lol Vardir.

—=b—-t{bac~k2
2.9

) 2

a3

=> 2 e.%xv//__g_e_é&x I 4b2. e Zaxv>+b (e 2 v -—_.bie 26‘V +c e \/ D)

732



, ‘ ’A—-—Ebg— # /1, .ig--—_:_b—i ddﬂir.sa % j

AHIMAIX |

1 [x)= é ' : Ay bi

Y= g % w(e(ﬂt,u)x/e(?ﬂ :,ﬂ)‘x) = :
Y=ga)=e ~ |

eO\ MK e“(;%i;&))( | = e e
= (ﬁf{}‘) e(?ﬂi})x | (7‘_ {70 e(?-,i.,u)x

= M(A-ip-A=dp)= =2lue™ $0 o
e{/‘x = cospuX tdsinpuX  (Euler 3{,‘}/?-07})

ay"r by ¥ ey =0 | L]

EPHPI% | (M-iOX 2™ cospx reel BE

ST pIX_ o (M 0 o PainpX | lompleks 3

W(e?‘xCa-S/AX y = X\sf/},ux)’f O 5 L) '
WW
e X + = oot N
\9 ze C'cga/u.x o »Mﬂ)() Goz2umeayr.
e e e T T T T —

{. Braew ), y"+y’+1y =0 diferasiyel derkleminit  gerel sdabmind bulunwa .

Gé2imy Deglelon sabit katsay 0 ldygua de y=eXr Go20my vards 1 oo
eX(r*r4t)=0
=) r2+r+’ =0 =) r’l"- = _‘:F {’G ,._,."_‘li
S ' Lo .

—Lx (

20rnexy '+ 9 =0 , 9(L)=8 , y(E)=b olsy dertlomin

Wil 67

G020MVAY bulxm V2.

e (r*+2) =0 =) t*9=0 = FEmO (=)= 34 Ij

\9:(51 coséx-%'cz\Sl'h%X)

’ 3(%):(@ cos?%’. +cp Sin §-1T— = a
C'g:?"‘d 2
= —ﬁ.q -f—czﬁ- =a PoppunuQ 18
z z

\9'(x)=('-5.5508x-c, +3c2co.s$.x)
YE)= ~05hS cy+ 3eos AT =

By = b c.‘."g*-"»,? Y= _écr,a,s AN 5 Sin%%
s

~



Aligticmale : ‘ \ : ' 741

- \5”+P(X)3)+q(x)y TO dekleminde badmsiz deglyleenin yygun
 svrette d@»’;&irilme\si&le elde edileceu diferansiyel denelem, bazi
el P(x) ve A(X) dggesleri Vgin Sabit katsagh bir difef@\syc} denkleme
donbebibir- Sinadi', P(X) ve a(x)in Dzerindetef sartlert ird_e)ejerl;’m:
z=0(x) diyelim. '

_Qlﬁ.z_c_‘ﬁ_-_dg_ olur.

dx oz dx
d2y - 4 ( du. ., dz arpmin torevidir, 3. (dy. Y- d . ds (d
dx2 dx(dz aX s : aX (dZ ) o2 é%(ﬁ)
T _ & [dy gy
4 d2y (_42_)2_’_ dzz ig_ =F (:f:. g%ls)
de® \ eX dx? &2z (dentlovde Jazaim) :_C_’_‘L‘ & lur.
cle
2 2 ¢
dz \°d d3z <y dz q(x)
7 (dx T o) oy 29
L ( +<§f}. relx) 22 :‘.’i (x)\@ o q(x) #o |
- iy gigt Ty L |
L \ 400 : i S |
) \\\j(i)SébH: T séi/:f \ 87 , : l
a2 2% H(x =) d2 = (9 fh
X ) ) a¥ ( ))
|2 o -t )
_;S 'jﬁff' ) F(X)ETE'_ B ook =l ¢ @(X 4'(x)+ P(X)(‘?(X)) alle) + 2p(0x) s(x)
¥ (¢ ) 2 (x) 236

3”4P(x)3’+ “in(t‘»i»)g“:O derlelmi  yubardalkl sebit katsagili derklesm’
selling ,d?)féf,&t. | | :
| 5"/16!«_// Xy "Hx>-1) 9  tx3g =0 , o<x< = dl'feféqanbu aleatelesin’ sobit
botsagh dellove  ddavjtirerel  ganel Gozimuanl bulunua,
3”+M\9'-r xz\‘ﬂ:@ 440K S e

Py A=l qpy=x?
(ca(x))"2 ()" = =X =32z X i

‘1’(x)+2P(x)Q(x) ._-2X12< g A
2(am)) 2x3 e, i




ok dY +_E‘2. +yz=0 (ssbit Latsgull homgjen cliferarsigel deatlen )

a2t /
yze™ = e’ (riec +1)=0 /
/

\\

) (qca ﬁ- +ec, sm-El z)tcc,‘éz(}m{id[}n
dz2 —x jdi z=_X. olur,
dx 2
Py o, S %)
ce i clcas BB x2pe,sinld X2
J 2( . ikininilia B dnc )

6mel¢// g+ >(3J’ +)@ =0 x>0
(4 x))’2 dz _ o=y QISP R | T 9_><+2x3'>(~’-#5&“;c @fgﬂd"")

- cmm— e

dX g RO s s eRXE
0 halde bv dfferaqsé’el delelem hichir 2ousy  Sabit dffeféisfdel '
dentlem efildir,
9 — Xve B biter Sab olmak Uzcre gosterinlz L, (x>0)
Xz\kj/"+b<xy’+ﬁ3=0 (EuLer difrarsiyel d@vuw?)
difer&asgel dealelemi , her zamar sabit ketsayil  bir d@klm& donii sy
3:/+§‘—&+£5'o ;X0 |
Y <Ry +p Wx)y=0
_j_%x. = (q(x))"l -_-.);‘(_./ => z=InX  depisber deadpimiyle dweum

sabit kat;sjm dealelem olur.

2 fzc!:.,.‘__
Q) +2RONAK) - T XITTX X2 _ (x—{) spbitir.
2(a(x))le 2 RLs ttpyk

d% d =

S (A1) S0 4Ry =0

dzz ( )dz kY

a) uX%y’+3xy’+ Sy=0 , X¥0
II

e .20
g ‘v"“j +9xi‘d

=ik |, 18 & +(,_-i)éi +24y=0
da? dz 4 -



= .d__L J—-_d_g ..gc -0 743
d22 ¢ da & J i
y;erz = e¥(r- T r+.§'.) o r‘-qlr +3 =0

Fy sk 4/4;\‘ Ne-5 L A e 1S
2 8

{2 :
J‘@E— (C[cos-r—g?-zf’ca 5!'\_‘%2.2) (2:7MX>

L Inx
Y= &F (c.‘ ca.sﬂéi In¥ +c2 sfn.‘gi. Inx )

= Y= )(1/6 (C‘c c&sf‘g_s_ (NX tc2 sfn_ﬁgf_ [nx) olyr. Y

3-  Begimh degiskesin Wygun surette degistirimesiyle, [kine; mertebe
lineer homeojen denklamlerle , birinei mes l:eée cderblemlesr arasinda
ilski lurvlsbilie. |
a) Eger .:5;_’=—u deafr ise 3"+P(x)3 ‘+ $(x)y =0 dlrf({&‘lél:jél deakle -
minja Riceati difearsiyel ckiklenice ddnlsecetiai gisterinia
9/:_()& e yll‘-_: __(U/yfu\lj/),
—_{g’\g*uy{)—&F{x) u.\gfa(x)& 0 (y ile bsleret)

(A

/) - Fas
ey —pltps—PlBigt & (0 =a

v'= V% =Pl F ()

-S_)%..-_of(x)-ﬁ(x)wu‘ dentlmi Riccat! “yi saplars

b) -%;—/—: Qox)r 1w+ 92()w? oler Ricest! "'difefans»}je) dealelomiag
© 96200 aklm . Gosteriniz i,

w.—;—.if_ traasformu  Riccati desleming
992 !

qu)J’—E}{(x)f%(x)% () ]9’ +9:%x) Yo(x)y™ 0 sellindelj jkinei

mertebe linees dealleme déndgtirir.



hohad B L B SRR L R RS LS AT TSR e B R S AR B

— -
- e e

St g9, ? Y29y
9198/ =99, 49079 t99°9: 7 _ o f‘h ) + (.&i
fl‘/ 32“22 ij

=> ‘d’iy@z%j“»fiz :aS"‘lz' = qog% B = Ayl 92 "M’f (ylye 'ba!efe,k)

= ‘703%2-‘!49232-»‘3”‘12 Y79,/ = 0 e '

= 9”92 (%Wt %)y’ t 92 %y = =0

=) YW ) = [ql&)* ‘lt(x)qz(x)ly’*qt(v %(’Oy 20"

4~ Bszen Tkinei ertebe Hﬂeer diferansivel dv/}lctwkfde, ,b;‘f‘inc? turevin

ok edilvesi isterebilic .E5er " telx)y'+a(x)y=0 etk lovinde
) Y J J

g = uX) v(x) yaahesa vygun segilecek M(X) ‘ler isin (1) derkleminl

V/1fx)u=0 pelklindeli bir derklene lhdisaek mdmelin dyr.
V(X) ve £(x) 71, P(X) ve a(x) cinsinder (fade ediniz,
Qé'zﬁm/,‘ p’+fxJv =0 _._ (3) bulalm.
| y=uvivi
Y’ =uvt2uvr v
(u”v*lu’v’f vy) *F(X)(u’v+V’u)+ i(xJov o

=) W H2v 4 PEv) v’ + (w4 Pl +‘}(x)v)U 20
=0
V _éf?{}}ﬁf (Q)

2dyv Oy Y L Py e pEal i
“x TPV =0 -‘.dx+z, )

U",v +(V’4-l’(x)v’+‘?(x}4)u =0 (V 'ge: 'e;mek)

= 4l (—T+P(X)_—+ ‘i(X))U =0 olur by ise (3) dablemidir,

S —

e R

f(x)

Py =0 = 2v'HP)y TPV FO  (tirey slyal)

am V//:_(P’(x)uﬂ;’(x)v’) ,(\/”d& Gelerek)
-

\\//// + Py L f PI()() (V Je bg{if&k)

0 hale 1 +(+P’[x)-}_—+3; PYX)*F P3(x) +40x)) u=0

£ = et EJLL'.J




/ P,(X) 1 Pyl ¥ =
uﬂ/ ) _ Lt fr(x))u ) s

fix)= B - Levrac) o, ,

Homgjen Olmayan Diferassiyel De.nUen;zle.r |
ay"toy'tey=0 sabit katsayih homgjen da‘{armasi?g} daaugmmm :
bir géedmb  bulnabilir. \5”‘*‘%‘\9/”5“3"'? denk leminde & ve =
sabitler jdi.
Bu Lslimde /e§i4:l:3{n ing tamsfi ‘snf:rdaa férkh d& denle leat ~
lere  Gakacafie. :
| a\«,”*b\‘j’-i-c\g =3(x)
Y Py + amy=s(x)
L{9d =960
L{y2] =9() |
LCw]- LCy2J=0 = L[y-y2] ""OA

{ - Belirsia Ka'tsadda(‘ Metodov *

Perelem , Qy’+by’tcy = gx) formurds olmahehr. ‘
Pn(x)-'-aox“-fal X" tan
Qy"teytey = g(x) [ €<X Palx) 1%
e2X PalX) S cospX formlarindaa  birisi  olur.
SinfX - S
3(*)=31(X)+33(X)f---- +Ga(X) sellinde yeairsa, detlewi: dael
4$zﬁml¢é’ ayirabiliria ..
Ly])= 8Y"'thy't cy =4(x) =g, (x)t92(X) t-n"?Galx).
L[‘&'] =41 (x) => &64

LL9a)29:00 =098, § 95 296198t ---*Ysn  olur
/

LL9nd =90 (x) =) Y3,
Oraek {, \9”*43=H‘X't¢c:.sx

Wipe & " iha
Y +4\7—4’_ =) \90; -'7:—



3e dmk‘t»mmm 82| Qo‘umunu huhuntia,
;f/"( ! ) =.3/ef§ olmahd:r—. Alsi Mldz Y (aulunamaz.
351 (x)-"iAezx lseki;:nde Szl GBaime Sahip oldugunw kebul edelim .
( belicsiz Qa»tsadl) g%
4Aezy—6ﬂezx-:4Aélzx=‘Je” | (dé\klaua 3528)’5&)
= —6Ae}4=3az‘; '
= As=l = gyoe-Le¥
Ornel 3, y'-3y/'-4y=2sinX d&tLeMmm ozl go2Uminy bulvnva,
A ) m2eiK | fEehlnis
Yo(x) =ASINX
—AS}AX BAcos X —4AsihX =2 sinX
Bu selilde bir A nin segimi Mumkmmc‘(g))dsr AAcak/
—~SA sInX = CSAcosX’:Zsm)(
A_:;.'s A0 dlamat . Vé,
J"(x)- Asmx*ﬁ ;osx \sjauhms,
= "(Asmx 'f&c.osx) 3(ﬁcosx - B8inx) = Q(Asz-r(Scosx) 2sinX
=> ("AtSB—A)sMx +(-B}—Gﬁ—qs)cosx=25mx ~

5/ —SA+38=3 *
S | - 8823A % 0

- - ) 2=2-SINX P
A TS &5.-’_._} _\go(x) ﬁsmxn?cmx

//

Omelke 4y Y'=Qy'm4y = 4x 2 derlleminin Szl Go2Uminn  bylmuz .
o) = AX? | |
2A-HA2X—gAXE =X
=) A=0 A=-| olamaz.  yi(x)= AX1BX1C  diyelim.



i:)-—4Ax‘+(—5A-(,e)x+ 2A=3B ~4CrE X2
| A== |
—6A-48=0 = ~gg==6 =Rz 3/,
28-38-4c =0 = 4e Foamime s = c=- 08

SR AR ‘{@3— olwr.

&5(")"’ (ﬁx*g)e-ax olvr. Ruwadamn gozpm Ja‘mhr.
L Ornel € y'=3y'-4y=e*

B us) = A

J”—SS&’- 4y =0 Gdulirse ,

yeer =X (ri=ir—) =0

r*=3r—4 =0 = (M) (r-4)=0 =)r=-1 ra=4

Y=g e+ c.e%

bzl §8zimin gerel formilind  lineer bepimsia  yapmak Isin
Ys(x) =A-_)£e"x Ya28ri2. Yaul X il garparia . Darklomde Jaaehm.
2he X+ AX e X +=3(Ae X —AXe™X) —4Axe™ = =¥

=) A=_| -} ¢ R -X

== % Yo(x) Xe
_. —X+ (7) 8o =X

\9@ FCie ca€ Xe ‘

formv  elurs

Ornel g Y’ tuy = Xe¥ TXsin2X denkleminin bzel §620mbnlin gesel

formvnn  yaziniz,

Y'tay =0 => yp=c(cos2x *czasinz x

S

B F(AKIR)EY +(A1X764®‘=aszx+‘(f\z Xt Bz);’_}?fs.‘nzx

olma)iod nr

,,.—,» DA TI(2ANEB D (AXIrEXEE) THX ? iisliesia ) (a) 85 ot

AeT43Ae” —4Ae X e = o=e7 or i,

derblevia Sl gozumidin

dealtlemin Ozl goéGmbaln gerel

y 2

747

£3
| ™



Qy''tby‘tcy =9(x) derlleminin oxl gqoaumunun guel formunun olvstoruimag:

g (%) il L 109, |
(1) Fed=aor®+ax® ... +as XS(Aox™+ ApX" ¢ .. An)
A(z) Pr(x) =e™X KS(AoxP+AY XM . v An)eE S
(3) fatx)=e> ity XS[(Aox "+ X114+ An) & Kaspx

+fBox"+ 8 X"+ #80)e™ Ssin px |
Bureda S =0,1,2 dinEjer herhaygi bir derim homgjer lismin.
hqé'zﬂrmﬁ ise X veya x2 lle Garpacafil. |
Di\j@ﬁm bl Qylrhyty=g(x) desklemhde g(x) yerine (1) Olsyn.iing
Bu deatlemin el gézmbaga goel formuny bulalim . |
YOX)= Ag X" - -t An dertlomde  yazalim - e
8(AoN(n=1) XP-2 4 4 A=y )t b(Ag n_x”"-fm (-1) X" ) te (RoXx .10 t
. * i@ x"%a. X"t tan i
cho=2ao —
bAstcA) = 5§
Ejr C=0 e J6(x) =X (AoX"t_..+An) olur.
Eaer ¢=0 ve b=0 ise ‘Jé(x)ﬂ_f(ﬂo)&"-r..-’rﬁ_n) olur,
Eser c=| {sgfe\lg”‘rbd' -’-fP/)(X) ciM,
: *ag’"fb:j =X PA(x) olur.

Eger -c =0 ve b=0 ise fa\\j""ff’h(x). den

ag")(f’f)(x) =) ad:xzh,(x) olurn
6rnety y'ry=asin2X tXces2x  deaklominn 39/»@] qb’;brniﬁinb buluava.
\9/*3--0 =) Y=< SinX tcacos X Chr.
Dze drdmiin genl formunu yazalm .
Yty = 3sin2X Jg'(x)-: Asia 2x-)‘434m2x
~4 (Asinex + Beos2X) + (Asinax+ § cos2y) =3 sin 2X

“4yA+A =8 | A= -1
Ahai bt ‘{S'o 33,(x)==8irh2X




i d”-i\g_:XcasZX o 82 (X)=(AXTRYSIn2X T (X Gr)icaS 2K e (- 749
=> (A (4 cas2X— 4K sin zx)+4,€-4 32X =4 X c—asax,}) + (Axsinz yt
+ A1 X c.as?.Ax)" 4 (CS sin2y 1 Blcos?_)() +(Bsi02,\r—|8|‘cas 2)()'—'* Xecoas2 X
= 4A- 4R tO =0 = 8=

-4a~atB8=0 =) B=0

“4AtA =0 = A=0
mM M=l = M=ol

Yoa(X) = - -é- chszx Jp(x) == Sihax —-3—'- Xcos 2 X

Yo = €1 sikt caeos X —sineX -—Jf— X cos 2X

;v—arnet// o’ twetu = cas Wt denk. gerel coeum. bul.
L Vw0 T YeTcosWot tez SinWot
2 Yo(t) =(Asintot +BeosWot)e £ olur,
: jr once i Snugfi/) aynisi .

ém@tc/ \9”+43 =X +3<-3 Y=o Yio)=2

\9”"'43 O uEmk gy = C,clei'cgsméx

Y500 = AXEteXte +DeX sl de yazralm,
= 2A tde® ‘*4(6)(2 1ex+re) +DeX =X 43"

YyA=1 -==>.;q=I/4

48=0 =) =0

ICt2A=0 = C= "é‘

50;3 =) O= .}/5

Yo TCicos2X tcg sinaX 4 )(" é_ +’§§" X

ylo)z cyghrd =0 = c,:é--_g_:-_fz%

Yix) = —2<=inaX t2coco82X 4k X +3;_ o

2 42 coseXx+_ 2 sin2 X .L- .y . ex
Je 4o fo 188 &\ ~7



“ya2 - Operator Metodu *
LCy) =9 "y tey =sl®) verilsia.
— 7.+ : - s._d_
=(D*+bD t)y= 3(x) (0=4)
= (D-ry )(D-r2) y =9(x)
Mecbtlbitc o, azb=dbtoge
2 | &

(0"’2);4"”(*) = d""%y ['-“U(X) =>3(X)=erzx[f¢_r‘{1(x)dx+c,]
(D-r1)u =9(x) = u=nu=g0) = ux) =er'x [fe_rg(x)d xn:;]
Ornet y y"“3y’—4y= 3 derkloninin  gerel qb'zﬁm:.'f
LLy] =Y "3y'-4y= (0?30~ ‘f)y ¢ Jet
-—(D—q)(oﬂ)g"aez" 24 re=-A
(oh)y = ob) R
(0-u)ufx) =3
<> v(x)= e”[fe“”‘se,”dx 4:;]

= "‘..3- e”‘l'c;e,"x

2
(D) y = -2 e**+ci e

yx= 2 [f('-éezx'fclel’x)exd)( +ch
Y(x)= cze"" -tL(-—-e?’Hr.—L )
dxjelos g e tghal L
Ix)= c;z_/a:ifgig:ﬁx— z" . !(2,50’/\-@{!\ ﬂynm)
Yo A | Y8
3~ Perometreler) Degisme Metodu *
Y2 P(x)y’ +alxy =g(x) +ipindekl difesarsivel danécawzéu% bze
Go2umlesing bulsk fsin oeligticilea jfi\e:todch,)r.
yreloy’+alx)ys gla) ~-.. (1)
Y7 Pl () Yz O - o -~ (2)

(2) homejer dealleviain  Goalimy bulunmalidir,



Ye=cigixX)tcafp(x) - - - (3) : 75|
Y30x) =V (%) yo () ¥ Uz (X yalx) .- - . (4) ‘

(1) de/ubtwfm'/a (4) sellinde ozl G & by bls.un.

Yo'(X)= 0y tva t iy tue yo oo (s)

Kabul edelim ki , '

DY)+ V2’Y2 =0 olsun. - -~ (&)
/.
ULCORSTICTI P YS PREUPRN € 9
&b//(")" v’y "'Uzzvz'*vt'w"f”z Yo --(8)

| W, ¥,8; (1) de yerine yszihrsa ;
= vty tyy) syl + P(")(in *Uwz) +9(X)(u;3g+uz32)-30<)
(w”,tP\(XM*q(x)WU: +(33M+9(X)ya)uz W9’ t02'ys) = o (x) ... (9)

B
o ' (horwz)eﬂ deale. gozomy  old, osM)

I

i CTK 10" y2! =9x) --.- (10)

| (6) ve (10) desllemin 3&&3/@ alalim «
U'ys+ b2Yz = O .
WYitU2 Y2 =g(x)  bir cobirsel denklom s 'stemidits

Bu deklem sisteminin Craver metoduna gdre qaRIMD ;

U,'(X) L =Y (x)9(x) 7 Oz’(x).—. Yilmalx) (1) M Ay
W(Yirye) W(strye) i

ESe (”), deki fonksiyonlaria integeali alinic, (4)) te yesiie
yazilirsa, ) deﬁklmini/x Ozel gdziiml bulunmus olyr,

iy ) ol JL(f)glf) dt +‘9 X) -glf'f)\?('f)df
7 A Y1) 9 le) ~ W) g [t) i 914) 9 (D -9/ (B y, (1)

1, 6rm,l¢” &//4-'\9 =sec X o< x<£ -2— d{{efaas{ye! denklmianin gerel
Go2Umbnd  bulunva . |
y’ty=0 homojen Lisming gouelim ,

Ye=cicoskteasink = olyr.

Ii J2
Yo(R)F 0i(x) cosX +ua(X)sinX



VX = - ﬁzf'*_{'iﬁ’% ee USSR __ SX (X)) lnjcosx |

W(:u,:g 00 ey 5‘“*' cosX
-Siak <osR :

{
02 (%)= 9i(x)s(x) B LSRR o 4 Wy pa(X)= X
Wrss2 ) x) 1

Ysx)= Co,\XlA{@SX)‘f‘ X-Sl.;lx

Yo= Yt 1Yy = cqeosXtca SinX taaaX I [eesx) + X sinX

\

deatlesinin_ genel goa Umind buluaya .

20mely 9'-2yty = S

\9”"2&"\“&56 => Jt = C43x+cz e’ X

Uo'(x)-;':‘iﬂz(’()ﬁ(“ =X - x
Wignya)ey | €% &X [+X 72
Oy (x)= =L In{1+x?)
eX
,(X,)" 3'”()‘30() :Q T T =) Uz(K): Are taaX
W(giey2) (x) e* l+x? , L LNk,

Yat)y= V(X ye () 2 (x)yz ()
=—'—;—e XIn (1X2) +)('e"arcta»\x
Yo = __, X1n(1+x2)y + XX ArctanX wcjeXtey XeX

3.5mek// X23"+’—})(&’+5&=x difer&/!si'dc-l' “dealeleminin genel cozuminy bulunuz.

ng FIXY +Sy =0 z=lhX dfishen dé‘nﬁtsfémégie
\9"‘*63/";53:0 sabit katsayih difearsiyel derelan olur,

=) d__—erz =) erz(r"+6ri’5>"0
r"*fér')'s:@ =224 rp=2-F 4

-4 -3
\9.{:3646 tc,e ol

Jemei€  te e =St olur.
X
S Yem) = VIO ()T V2 () ya(x) dusel

’(x)——-?i(—x-zﬂ’fl bulmak igin  derlelariniz
Wyry2)X) 28

&"-r P(X)n")"](X)\l, =0  formunda Olmalidir.O halde )



g T Y} P i - o E i
G e T T X , | ¢ e
__X—s { = -
\)‘,(X):: X _-— X R Vi(x) = 1 p &
Al ikl =4x=t. - 4 & ) g
[-x*2 Y s
=t
0000 = Qo). = X" 3m o L Ly ) s
Wlaig) ) —4x=? 4 X372 4 26 .
'. spo Y=t 1t 4] yp i i 6 o X B
3)

E J@=3t+yé=%‘-+-§§—-+-‘ﬂx Vi
:4 ornek y Eger y”t P(x)y'+AX)y = 9(X) difersrsiyel de/tklwmm homg]m kisminia

[ bic 820) Go20m biliniyonsa, by diferarsiyel  dertlomin gmel s20mi ,
mestebenin digliiimesi wetoduyle &sagtdahu Jekilde bulw:w-
Diyeliam i 497 yt(x) homgjer desklomin ¢daumd olsyn.
\9 ml0 v nizail [idhee 3o arslveldasd lavienenstid ssi.
\9/=\«5, v+3¢v Gapiels dildaeayell | gilisendal. ponskwe devvgs ~ |
' \9”{3,”\/ +254’v’+3,v” . dotklonde a\gazéhm .
IV A2V g HPOX g vV )t 400 iV =56) |
GVIH9 )V (91" rP(x)y; fq&)g:)v =9 (x)
y;v"+(23;’rP(x)g;)v 7o) 1"

v’ e gore wbirine wertebeder linar  diferaasiyel deaklomdir
29 X SPix)d X
Ml)= € f( ' =yi¥(x)€ |

v | -fPin)dX 2 JPo)aix alx)
Yl me [f\m (x)e il dx+ciJ

o SPe0dx SPxox | | |
v/(x) = 3‘2() [/ Jix) € 3(¥)4X+C:] |

V(%) = 3_%;)@"[”’0“ s (x)ejm )3(0@!)27‘/ - fP“)dxx+c2
|

C 8y deger (1) de yerine koarrsa ogenel goum elde edilir.




verilsin . 8u denle lemin guel Gz Umny

Py 2 / = _'___L
S.Ormkl/ X\g"'f'}xd T % =X Y x) X

bir orcely Srnel ile sozelim.

3"+%J’+% =.).%_ YR &) uin)

viy)s fx e T e:”"x (Ax)?- *'fc,)( e - ¥ax dx +c2

X1 6 -:z’
Sl
-.’2 4 X : Ca |
\9‘(’()’-—'—(-)(-2--' LN "-fcz) P N A ™ Cz)(" ) 34
X' \d2 e LG

Lineer Diferansgd Dmuﬁlain Kuurvo_{: Sesileri Cinsinden Gézimu *
{1- kuvvet Serilen'm'n Jakinsakly , Yakinssakhit Jorigep!
a- dnee, 3(x)— 2 anX" , a#0 (1)
kuvvet serising 9oz babnline alslm. He/hsvgo blr )( X1 reel degeri igin eger,
':é;aqx‘n reel sa\\jllsr top(aMl bell bir sadtge \c.,ak'agyor ise , 0 zemsn
‘Juka}oci\ab.a vertles (1) numarah tuvve.t serisine X=Xy noktasinda
&aklhsalctif denir. %er by toplau belli bir ‘S@ja Yetlasmuyor ise , o  2aman
seriye X=X| noktasmdé \raksald:u' daur‘
a0 s&yishn , Serinin Sifirdar farkle bir sabit tesimi oldygy g828mine
alme ise , bbkOn - kowet serilesinin ¥=0 da galknsalk oldugu AGlkga
ﬁzsrmtsr. Aym selilde efer kuwet serisi Yx) =n%:> an(x-%)" setlinde
verimisse ,burasda X=Xo noktasnds seri Yakinsak olvr,
?\: 0°=1, 0'=0 ‘ |

X-0 X20 ffy
¢

\

% y=lim XX => Ing=Jim XInX = h'g;_lax_,g% L' Hoptal “cen
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Bir serinia datmsakl@: gerel olarale limit lawaw wullanilarak 755
opafidali setilde tanf edilic =
a) Ejer x’iﬁ hefh&rgi bir degeri »c;m AIL%O % an(X-xo )" belli bir. .
‘d{_’gere 3eua.syorsa n%: aa(x—Xo) serisine X noktasinda Ydlmnsak tir
deanir.
b) Genellitle her wuvvet sesisinin bir R yslinsakhle yarigep! varein
Burads, yakinsakhk yarigapl O RSS2 pellinde tarif edilen bir

sqv1dir. ve IX)]<R oldvgy zemen seri yalusak ve |x|>R olduygu zamen

| Seri };rab,salulznr. Baska bir ded{ple Yx) =:§{; anx" kuvet serisi, sifir

| merkezali R yarigeph bir arelik igindeki tbm X degerleri igin Yalkmsak ,
bu algn dipndaki X deferleri igin walksaltir Asligin s noktala -
Finda ,seinin yslunsak veys irakssk olchgu , her seri igin Qyrica |
belickilin

<) xger, Eolan(x#(o)"‘ Serisi yalnsak ise ;é: éA(x—XO)" Serisine
-X nottasinds mutlak yskinsak denir- kolgyes ispatlanec ki, mutlak
Yakinsak olan bir serl yalunsaktir

d) Bir lwvvet serivinin Mutlsle  yso insalelgini belirle/_wet p'gin en |y metod,

oty testidir. Eger X'in herhangi bir deZer igin, éraegin X=Xy igin -

ngf&éﬁ.tL_’fL:ﬂ— [x) . IM )M_‘ =L lse ve burada ;
an Xy

L<] ise seri Yelnsal ,
L ise seri irgksal ,
L={ lgln birsey Séylenemez -

Ornel // r n(xu) kovvet sesisinin , X'in hasgi degeri igin Yalinsatk ,Oidug‘uau

'bulu!wz.
{
lim| 2| = i a6 gy \XHI(M’) JX+1] hrv\ (H—%)
N=eo| ap A0S A () Nmee
= =L Ixn| <4 = ’4<X-H<1 =) =2 X< O yaknsakhk

Z &fé)ijmh(‘.
Jakinsakhe ysis9p1 R=1 dir. »




U0+ Uil oot Balx)= B On(n) serlsi - Fer o s
Un)zanlx=xs) , 0=0,4,2,--- ise lkuvvet \Serviéid:'f.{
e) luwet Serilesinin Diferansiyeli 2 (4
Labud edelim ¥, .s an(x—xo)" Luwet Serisi bir I= Elx xol<e§
aralez Yaerinde tanmh bir f(x) forksijorwrv tammlasin.ve bu
Luwes serisf ;) T aralig Uzerinde mutlak yalinssl olsun.Bu teltirde .
£00) ¥ :gooan (X-Xo)" serisinin dc’ferémigei{,;s; n&n()(-)(o)“'l dic.ve
bu kowet Sesisine I aralg pzerinde mutlel yalkwnssbhir ve yskinsadig
fonksiyon {/(x) dir.Bv sekilde devam ederek  bir Serinin L:«terild@kadar
difermsigeli alnabilic ve elde edilecel seriler yhe aym I areh;‘gt '
Uzerinde yalmsel olacaktir.
) kowet Serilerinin 5&‘&@3@!:’ p
Jueanidsll f(x) Lovet sesisinin j'ntearah'
\9&311'5\.& ki

terim terime alinarak
= é"\_(’.‘:?!"_ﬂ‘ seklindedir. Li pu seri T ars\@ Uzerinde bir
n=o 611 ey

3(x) fonus@muna \960,1%&!‘ ki 3'(x) f(x) dir ve 3>(o) =0 dir.

g) hnalitile Fonles iyonlar isia T@tar 5@15! ; ;
Labol edelim ki, 2 an(x-Xo)! serlsi , poaitif \upkm.sau:t qu&ph
bir sei olsun.Bu taktirde , <fer bu sesfnin taanmlod(g fonksiypnn x)

lle J&terfr‘sek "

f_,\;(..:.(‘_’)_=an (“‘-‘é,f,.... ‘/'qfn.)‘ olvr
Tasw? b f(0) fonksiyonu ve br Xo noktésl vérilsin.’%féf,
£. ﬂ’_‘a_ (x—xo)“ éed’s.,Pozstnf &aurnakhk Yar15op) ise f(x)
fonusuonune Yo rolktasinda ansh-l:»&hr‘ denif. (Yawnsal bir sen, analitie
folesiyonw belickic.) Yukandski serige, £ forksiyonn  Tagler serisi deair.
Arshtil fonksiyontara érnetler *

HUMAQg\' bic dereceder ©IF polinom ,her Yo noktasinda am)itiktic



7 Doha dé otesi. he.rha/g}wb:‘r_ polinonur ir Tayler sensl Vsl Yolunsplehie
Yar1gapL sonsvadur. Braggin b
3(x)=5x‘+2Kf3 Xo=1 olsun g(x)7i tylor sesising @qalim.
o) =20 18y (X-Xe) *jéz (x=Xa)?
:’?(o) =an h=o)2 ) 5 gU)=toxt2.
. a:

| e glX)=to
9() = 10 + 42(X—I)+ =T (x-) ¢

=104 42x—12+5x —lox+s =96x2 +zx 13
(Tayler serisi olr fonksudona pelmaml& daU&@mé&.tlf‘)
 Adt Nolkta Civerindas ﬂﬁth (qozum)

P(x)g”ﬁ'Q(x)g tRUY=0O ----. ()
Q) 4. ROU o
y'+ P(x) TN Flx) Iz
Yt Ayt ey=o._ ... (2)

Xo noktasina () deaklemni ve delygrsiyle (2) dealelemi igin bir ad?

nolkta wn‘r,ege.r AlX) ve G(x), Xo civantnda Yalkinsal uvvet -sesisl

L

agllimna sahipse. &ger A veya G(X) bgyle bir agilma sahip <lefilse
Yo noktasine ekl novta desir. Ozel darale P(X),QU),R(x) blrer
polinom ve Vighir ortak. gapan yol. ise ,eger Pllo)#0 ise Xo’a
bir adi nbkta desr ve eger P(x) =0 se Xo bir tekil noktadin
braet (1'),‘-'2‘)3"* (1-x*)y’+ Xy=0  dekleminin tekil noktolemi euvluya .
| P(x) :/(i—X’) Q)= (1-x?) R(x)=X §P
PX)=0 =) 1-X2 =0 =) X=F +tel) ,euum dﬂ:am,dakil@f adi noktadw.

 Teorem : Egerj Xo , (1) deskleminin bir adi noktast ise , (1) deskleminin
geel go2iml S0 481 birer sabit omak lzere ,
ylx) = EO an(X=Xo )" = S0 golx)+a1 Yi(X) selinde dir.
ve elde edilecat Yolx) ve yilx) serlleri , |x-Xol <R afalifinda  yak =

Solbir, Buradaki R, adl noktage @ yakn olar telil nowtarn uzallfichh



Bmek” 5”—43 =0 al[fdmsi&el denlelominin qé’;?aﬁm"nﬁ kuvvet seriler!

Yardimyla Xo=0 cwe@ninds byluavz.

P)=l  Qe=Cc  Rex)=—4

PO /I SIfic Yyapacsk goeim yoltun Doloyisiyla Xe=0 by dentlon
iqin' bir ad’f nottadir.

2 o n-l
e = a0 XM A xgis 2 an-nX
\9 n=0 4 dx n=i 07 de

= g S ﬂ(ﬂ—l))("-z
ns2

- = (]
2 an.n.(n-l)xn 2-—4 = &nXA =0 olur.
n=z n =0

Z ap.n(n- a)x”"%’eax +3.2 93 X +4- 3 X 2o -
n=z 2t 2+z

]

By 2

Smtz (mn)(m;') XM

ﬁ =Nt 2. \\\\ ’ o} | 8

|}

o Snva (nt2)(n#1) X"

o0
E o (2 n0¥'= 4 Z 00x" =0
n=o Z, '
= N
=) |né.-_o(éﬂ t2 (ﬂtz)(n“).(‘ &) xN=o

= ap(nt2)(0n)—4Gar =0 a0

Tebesror formbld ya da Regllans bafintis) deair.

ANtz = 4 an
(re)(net)
Ao * g . / Q) =y
N=0, &p= 4 8o ATT RPN TR SR SETY Y IPRPIRE PRIy T
[ < st T3z ¢ 4.3
2." = %24 Lo,
_ﬂ-"\}/ @5:__4_. as _ﬂ.—-———é, 3,:;},;-2“:
1 5.4 5.4.3.2 ' 4!
5' m=9o fC,“\ a0
2 sm=t igia €2 » zzm
S2Mm = ——= 3o Smyy = 21
(2m)t : (emu1) !

oo
Y= & anX? = sptaX 1 X 4.

N=o



Y= do+a( X+ "?’é X’#* o x3y 42("8 X +_é"i oS 1y 159
i
|

2m 2MHL
2 X )

= &o(u.'.%_z_xzf.%‘_“.x"f.- )+a.(x+2‘ VR Ll R TN
2 4! 3! S 1 (2m+1)

= 2o (42X GRS 0y, e03, S
o(H S R () YraL( o P 4T )

= Qo cosh2x +_82_«_ Sinh 2X

J'-4y=0 = y=&* = e*(r*-4)=0 = r=¥F2

: /3
\953 C‘ezx tco e r

ci=e3tey ,ez22c3~¢cy shroak
5(53 fC{( )ezx“'(CJ “Cq)g‘zx
- i e, (P

efe 3= L2 ve ¢, =%L alinirsa  istenen Sonug elde edilir.

|y aMﬂ.XnM+2 );. )(2 h'fv\ Zwtz) ! X" hM ‘A Lok Q¥ 3N
. v k

;r M- am._ yam M= po e m-es (QMH)(mfz)

j R=>= ol (Ysknsakle yarisepr = olur.)

;5met¢// Y+ (x-1) &"-*(x"-l)gzo difeasijel denklerting eovet serisinia

/
’ G 62UMUNY )(°=4 cwarmds bulvavz. | X e | 1 ST
‘ in ' Y e ! /"(
(Xo | Aoktas bir dch nokta Mld(r ") né'oaq-{:-"“ den |
5 -» q.é'zutfl .(
xog»n i nalka.. clablidin “ m tex-] Sde=dx [ .
OR) ~ 2-()(0\*%()\0)@* i XD () Sel2y p g2y ratrtd), =0
XQ»I 2(x-:)-r(x i S %) dt? @ Y

x °°+9~\X~ O +2 (x<1)>
Y= nzp an(x )" = a0 Yo(x) + a1 9¢(x) A 20 K1) 2

—

=3 h%;e,\.n(nﬂ) (e +(x-.)inz-’ an n.(x-n"! t(x*-1) nz an (x-N" =
= = : -N£o .

-} - 2:2 ansn(n-1)(x-1)""* +2 8n.n(x t)””+22 @J\(X‘O +£ anx-n)" 2=0
| TAmata -
=) 2sg+663(x4)*r24 an-n(n- f)(x f)"‘2+£ &mt(mO(X-i)M t2a0 (X-1) T
r\—ﬁ N A
+ 2 é aa(xd) +2 an(x1)"20
f\-—mﬂ
=) 283"’(633 +2&o)(x4)+n279 amq(nﬂ.)(m,?)(x-) % Z aqﬂ(ml)(x— )m?

1'22 a,,,,(x ;) 1—2_ an (x- 4)'”2

P «



= 2
=2 2az+(6s3*2&c)(x-i) *n‘?é [anm (nte)(ne3) 1t a4 (n+112)+anjxm e

| Brnekl/ (1-X2)y"-2Xy  +X(xt1)g =0  erklemine Legendre (Lésmdir)

81"0 6&342aa=0 =) 53:—:!?_ ao

—_ apil (M 3)73n
NH T kg ) (ata) i

P (RS | -J_...__A_._AJ

L] .
J:ngg (X)) = 50-1'&;'()(»{) taz(x-1)*# ag(x-1)3+...

= o +ay(x-1)*+(~ & 90)~ —‘33'1—-&-3-(): L

- ao[(i sl (x-l)"—.f.‘-z_ (x-1)% ...}ra}gx )= (1) _'I

RN ST N CRUW NI Shonr TURW TS SRS DU TUSRY (pawee gy

cenkleni adi Verilir, Buraclsli & bir sabittlr ve de ssdece -l
utumuvny incale&ecg‘iz‘. <<~ n';se
K== (o) dndgluigle  <tl=Y SRS
°<(<><+|) ¥(d+1) elr L Ay df/zkwm e qazfﬂup oluruz bina gesret *
Jyeltur. © halde *>-! {gin Xo=0 civemda bu dsf@'a;&‘je! denle lomin

bwvet sesisinin g dzomunl bolalim. | o) S - (XS

Xz0 adi noktadir. (Xo=l @didokts’ degildir. )
Y= éamx"

n’o
-~ & P (Sid
st (D gzan nén-1)x " 2-‘-2.xn§l an.n X" +o(»(o<*r4)-ﬁ§o anx =

-z o8 . f o =0
- Z an.nn-1)x" z-nzz an. n(n-1)X -znéi an.n X" *“(“H)nzoanx%a
N=2 ne; = = .

A= a0t 2

nN=0

7 ;
= ¥ arsa (it ati)x? —rzzan n(n -1)x" -Qn%j an X"t o((om)n%;&x’\ =0
i= = =

=) 25 *661X’f ": anm(mz)(ml)x" Eanﬂ (a-1)x" - 25.)( z an X"+ (o t)(ag tag X) T

N=p - | A

+ o +42§; X2



=) 2y K(H) a0 + (683 ~28¢ + ()3 ) X j\%’z (aare (ar2)(an) ~an(ata-1) + 76l

A N 24n
k) _ +2n—-n><(o¢.“)>x =0
82 %=t 2 e

‘93:_(.3.:%&*1))&1 , anre = (20— RK(&+1)on (n-oz)(ﬁ#am)an, ny2
8 (ni2)(Ar1) (12 (A1)

2ot = ) (o))

=y a3 = (-xXot42)a1
é

n=2 isia, a,,- (2-et) (3+e)d2 _ (2-at) (3t X o((m;)) 9o

4-8 ol G2
g 5
n=3 jsin ag= Bzx)(4te) a, ..(l &) (3 —ec)(Rrex)(4t) o,
4 S.4 : &.5.4.
| ‘ : Sl
L Ym0 teXta Xtz X Sta, K tras X 2P
o Y =80+ K- °_¢.(5LL. X2y "*")(fxa) ax3— o((o(ﬂ)ia‘-x)(zfu)é‘xl.
(4 +
Y= éo(,_ “i';fﬂlxz °<(°<ﬂ)(4z. «X 3 tex) x“+ oy XUFR) (2 ot)i e
_,,(zm-z-zz)(a:rw),-(m -1¥el) xi’f}, 3 (K+ (t=o)lxr2) y2,
M)l ‘. J!
s (1-20)(3 ~«) (212Y4 o ) e +(4—a; {2m- ,_e()(gm)._(am,,“)xmu )
k1 (2ni)!
X =N=0 5@56.""1“ P - . =2=4 X =3 =n
Y s 4 iy
\.9(’0‘5 ‘// - J_{)(): l—-\jj\‘E/ &(x)-:x_% X .’3,7
XKepn=| — = | e =)o
AFL2Yl=X (dereieni seglsr.)

x=n=3 = (1-xy " -2x y/ tx(an)y=0

~ (-R2)10X~2x (1-5x2) tl2 (x- & X“) =0 bulur,
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- : 78,1808
— Dul2gln Tekil Noktsa Civannda Go2idm — SAL| 763

Eger Xo Noltssl, 3”(x)1-A(x)3 (x)m(x)&(x) O  delblles inin
bir &t mb.tas) degilse bu f\olutéya telkil nolts adl verilir. Teleil

noltalar kend! awlarinda dugun veya ddgd/\ olme}ax\ te bl nobts
dmale 2ere asefidaly sekide smifladinlr.

Eﬁef (X-Xo) AB)ve(x-X) 2R (X)  Xo ‘cda  anali-tik seler yani

kU fonkgyonler Xeo ciwarnde pozitif Yisaph Yakinsale kyvvet
serilwie savip ise xo'a dizein telil roeta deair Gael olysl
P(), ax) ve R(X) birer polinow iseler ve efer P(X0)=0O ve

i (X~ Xo)ﬂQQ. ve lim (X—&)Q.&(__ limikler) Var lse Xo‘a dizpin
X=3Xe X=2Xo TF

tekil | @L@ denir. Bger bic telkil nolts Algpin telil noleta dg?}kse,
0 noktdya ’gﬁ' N olmgyan telll nolts denir. ¥

Cricl ;; & ve b birer reel ssbit olmak {oere gosterhiz ki Xozo noktas)
2 ”+ax3 thy=0 denkleming bir dugﬁ/\ tely) roetagidie. ‘
) =x2 9()=aX R(Xx)=b imx@X = & <so' i X__-k,(,p

' X0 X2 X340 X2
limitleri de meveut oldygndan ,

venlen denkloR“Xo =0 acltas bir dizpin telil toktsdir.
Frobenind  Metady ¢ | \
Not: Eger d'ffﬂ&\&&jé' dakle/w’mfz (N‘Yo)" %) B (X-Yo )y ey (x)=0

tipinde ise £=x-x, yezip, verile d:&f&\%&el dentleni ,
(1)___,P(>Q9 A%y’ (0t R()Y(X) =0 formna donlsiir.

Gir dnceli braekte gordygimiz difesrsiye) deaelon , d221 elarale
Eoler denlelemi ilenei vestebedn Algpun telkil roltaya Sahip denklovler
Igin temel 't:e,sb;l edilir. Oaha gerel d@?U@ﬂzf ki loun)ar o Uzplin tekil
noltaya sship asafidaki teoremle gozimin ver g ve 6@&!@ goranti

edilir,

B R e e e R SR BT e

£ s

ey



L Teorem® ¥abul edelim ki X2@>o(1) -deaklemialo S.bf'ﬁ\..d'ﬁteﬁﬂii}'felei)
noktas) olsun . Bu taltide (4) denlelaainia y(x)=x"n%';a4x“7- ’Zg)
30 F0 , X>0  formwnda bir gézoms verdir ve bu Seri en azndan

£x<R aa!jmda yalunsale buiadali R, X;g’a en yalin telj/
noletays ©laa Uz.&khkt:r |

Teorem * Kabu) eclalw\ ia X=0 () dealleminin  boir duzgu/\ 1telil noltass ,
ve denklemin indise\ deaklewi il feel weke sabip, gyle i <y

bu toltirde (1) detdemi Yy Ve y, ik il licer bgpmsia gozbme
sahlp ve bufada verilen wi(x) , (2) deki \cji(oio\ir‘. Ve \91 (X) asaf—
dalilerden Wi gibidir.

&) Eger,Ni-r2 bir teusqyidaa forkh ise (ry-r2 #IN)

S S A NRY SETAY MERNC JSReay W ey SRS ARSI [ IR R

Yo (%)= e 2 bax "
b) Efer,f1 ¥z ise Wa(x) = 3.{x)lnx + X 2 cnX®
) ES@'/ Fi= f‘z bir ppzttnf 'taMéqy’ ise (rj=ry = Nf)

Y (x)= a wlx) lnx+ X" z: dnx"  dir

s-\bl* Jo‘j)

@uuandam herbir durvmda seriler 04X SR aaliginda Ja&msc;& 5
buradali R , X=0 ‘s en Yakia teld) rovtaya olsn vzatlitbin
Craek,, 4Xd"* o (1-X)y+ Xy =0 cenlleminin Y (a)'»*:s |
i \r—\)’(x) b sartlann saflayen Go26mny X = =0 m\ic!mda L9V

X->ot
YUwet smlén &w&nm J)a ‘boluavz .

Xo) " P‘O):O : 3
M x_(i_,gf,)...,2.<eo i Yrih o0 See ,5
X0 » h\\\jm ‘LWVQ-Q,—j o 4 X 4
oo n.ﬂf\, ’ oo NHE =) 0o e N1e
= = an (ntr) X = Z  3n(nir) (PEr=1)X
$IZ X', = = e (ntr) N T (M) )

(i
B> 4y g o (ntr)(ngr-1 T 202 X (1=X) -2 an(nto)xt" +6xé "o

<({a/; (Mt )(nre=1)T 2 3 (Mr))x (5 ~2.5 (nar))x™" *,

o
n— N -1 4

(\"o



"_V"(M)’fif')&oxr‘fé' 28"(0")(‘1‘\*[‘ L n%; bar—1-281-1 (’mr-;))x’?” = @uilanges

-
f md;.ml deallean] denir-

i _
P(r)~ 4r *—Gri2r —Qr(ar-—t) o

r‘:"zL, r=0 =t E" N 5l s (2) & siklidir

e (-1 120) 00X+ Z Bon ainfler-2) + sn-g (6 -2 (nre-1) T = 0

R b 6*2(")“".') | N3\
2n {r)= — e D)
{ ) (n1e)lbnt br =2 ¢ ;

§-200-F) a0 | n>)
(n+Ly(aan 2-2)

AN ==

Sn-= a-_t;ﬁ.ﬂ._an-ﬁ,ﬂi’ | (ﬁ’f/z igin telesrir f’orMi.Slii'>

1

i

o 2n(2n+1)

- 3 - R o o

B ol E e b NE iy Bg =TTl SNF B 2 o
A : 2 (341) ‘ A DR L

i) =X (1B P e )

4 20

(20 foln teberir formbly)

3 '&n~-—.§:.?;fl__.&n-4

—

n(an-2)
hr‘ , Bz~ Lag az—-—z—qéa,_ao
3—‘—,_’%—5?_——_._2;_30‘ @4:&,5-’:__, = &
'IO éo

J2 (X )= 4AIXAX 2= e x B Y=Y (x)tca ya(X)
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‘\')a 3'2 Y3
= |9 ya! Ia ¥ i = =N W(m/ﬁz'iﬁx)(x)
a1 el T PLRRRE LT AL ‘

W (wsz/ys)(x)"f o | w(&uya/ ‘:Jz)(x)
W (1142092 )00 = Ce—fcu(f )d+
2 - Gosternla iy ssapida  verilen foh&bo/)laf, vesilen denllgmlanin
cozbmlenidir Ve c;c'iszWa'A Weonsleien *1al hesaplayima « l
ytry’=o 1, cosx ,sinx

- i

&I(X)"OSX /,&/(X)_».'.»S,’/\X 7 &é'(x): -3 X 330{) SinX *

Y= hlx) =o
Ui)=sink - 9" =X yq ”/X)=—5MX 92" )= ~es %
, I 1 @3x i siax :
W (1, @3x, sinx) 2|0 =SINX asX | =
© -—Cas)( —SINX
33— B yilx) , d”/(x)""h(x)y”(x) f%(x)gj'T bk (X)j =0

denkleminin bir Szel ¢é2imd ise, oisderinte i p e

i Y= 3,()&) v(x) yazihe ise Jukandaks denlbilem , v/ /qm R
V" 3ty )V (Sy "+ 291 "tazy)v’=

denklemine d.a'nd,sﬁf 4

c;owm// 9Py =2 Y '3/‘/1\/ I
Y =gy vy |
\9"' =\9’”v*34”\/ ‘r231”\/’+Q\tjgvl,f’\\)q'\/"—fw\//"
JJ/l =4, )1!\/*3\9‘//\]/*3\5'/\,1:431 V/II
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L shiade.  BiI0=X x>0

. 0-0 +t6x—6X =0 ol

YFIOIV(R) = XVR) - degisleen  ddadsimilyle
Wy ML 0 % r_ 6 I

Yo gt rgaiiastigo=n

X\I,” + (3—-‘;"2—— X) \/” ‘l’(-' 5?—'}';6—7:)() Vif;o

b s = S——

o &}
‘\/”:’C 5 V—'C—X'f"c-l /U"c_&}.'.c’)("l'C-&
LBEYOVX)

= X(cy X troixteg) =S xd + Cfxz-r_c:\?x

g 3 (xaz Ny 60+x) -
s gisi xf/xm& xezm)‘9 x

XAt | alesiy XZ[X13)
-
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X13
\INI L Xtz ) Iy
Xt 3

Vi) = < —-G W (xta)—6lay +4 M (xn)

//(x) & c:
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FEEEE s ——

Bt o abard)d
(X )R(X'fﬁ) Bzt MYy Xé

V)= < f( o e +~—-)dx
V0 = c'(_%{;&'_&._xé 5)(5)
Q=91 (X)v(x) cden
MRl g derdre) r2lod-

Xt X8 X4 & xS

e e A sl se e e L =

-4

~!4

8y metodyidullanarat X3y 28X ylh6 X y! —6y= 0. clenbiernini
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Sabit Katsaylh Homagjen Diferasiyjel Deaklemler
(30;81,-+, an) [ler birers sabit olmal (zere ,

‘f\ ”»f,,.,.'f aﬂa =,O -.-sa-(‘)

Lw] = éo 3“’13
denklemini gézénine alalm.¥Yine ikinei mertebe delemlerde o)dt@*u
gibi, (1) denkleminin Yy=eX™ formonda bir ¢detime sahip olduunw
kabul edelim.Bu taktirde ,

L[eX]=eX (asr” +a L

seatdp) =0 =X z()
selinde. yaziabllin. Agikgs gordlecefi gibi , z(r) =0 ‘i Lblleri
b bunua igin L[eX J=0 ol Dolayisiyla y=e*" de (1) derleminin
goziml olaral kabul . edilir. 2(r) ye tarakteristic polinom ,
z(F)=0 ifadesine de ltarakteristik denblem adi verilir.
Ofger yardan ,

2(r) = ao(r—n)(r-rz)...(c-ra)
seldinde. Jazllabikced‘?i icin z(r)’ﬂo ‘in_ kllerinia dorvmuna @éére,
d.‘feransn‘&él dentlemin gé2imu , YN ibinef mertebe denblemlerde
old@u gibi-. g ayri sekilde ‘inco_lenebﬂir. |

{ - Kdkler reel ve {‘a:Ue ige kv taktirde (1) in cozumu

~ w” T

ybo = qer"‘*@ze“‘" to.. tcpeX . formundadirs
et

e et e ity
\/\—’\“"‘-' o

L. 5""3'(// Y ‘43”-:1'3""6*:0 :

oo

\gzexr =) e_xr(r Sy ?y r#é),-‘— o : : 3

roe 4%t =0, ry=—1 koktlr.

iy e 2 ‘rz—sr»rs r“-—4r 116 = (ru)(r"-—ﬁrté)

-Sr £+ v ‘ i
-5t % (c+i)(c~ 2)(r a) 4
6rt6 X 4 3
TerT6 . mas-l Lrar2ls =3 |

o}
.DO‘@&\S(\\,"& \9@?&3 q&lﬂm /

Y=y e* X*Caezxfc;sesx //i olr.



1 78l
d— Kkler lomplelks ise ,bunlar lomplelks eglenile durumvn'éad:n, i3

Ui 9\+¢,u kdl ise 7\—¢,u ‘de kdetirglinkd deaklemin kat -
sayllen reeldir. 0 halde difersmsiyel dealiemin gerel gé2imd , a4t

fkincy mertebeden denklemlerde old\isu esbi

o (AT o AX A
. & yering.i e cos/u.x ye’sSinux &Mll&rak buluaur.

N s ,.-.._,/\

ornek. YyY=y=0 derlkieminin gerel cdzdmbnl  bulunuv 2 .
YY-yzo D y=eX = eX(r4=4)=0 = (r*-) ()= 0
rée—t=0 => 0= pra==l, .
Tl =0 = kékler komplele stir. ,,
Fl =0 =iy Ral, pmabi) it B defolive —. 2y sialng
I(x)= ex-)c.ze"x‘t-\csca.s)( t<, SinX / olur.
i— dler calbipile ise , r=ry kbl =z(r)=0 dmkléqinin,
(s<n olmat Bzere) s defa kol ise bu taktirde . |
» eMX geX, x2 nx/_”/_xs’énx
D) ‘d‘e/sb.’l?mfofn gézimleridin | PESTPEY b TCHRES
E3er Atim  laraleteristil polinomin s defa Ldkd lse.A
bunun kompleks esi olan A-iu de karsbteristic polinomwun
S defa kokldbr. Qunlara learsihik 5-8 tane | komplels Segerli 4
sbabn wardinYhe ikinci mertebe deklemlecde oldygy bt by
komplell.,s'/dgferli fonlesiyon yerine ,
‘é(zﬁ,u)x/ Xe(?uiﬂ)x/ xze(ﬂﬂ'»)x/.- wEy Xs-ie(m{,u)x

bunlarin reel ve kompleks - lsmlsrint go2im olersk yazsbilic'z .
Yine by fon{z_si\«,onlafm lineer bzgln’mz olacaklart agiltir.

e cospux e™sinuk , xeMesux , xe? sm,u&',_“,x o cz;s/uX
' : E%ed e“"dm,ux
Verilen dlenklemin g &2Umleridic, © helde ,

¢

(1) derkleminin genel sézimdu,

AR 3R RS S e s



3j‘5me"// YV +2y"’ty=0 preiary. ek e
'\9:5_9,)‘" = eX¥(r%12r2+4) =0
(Fz+!)(r2rl)=é = () z0 = o= , rp=-i
\.9: ciCosXtez SinX tcg XcosX ¥y XsinX : st
4.0rnel ;, YV +10g"19y=0 derleminin - gerel 826mbnl  bulunpz.
greXri= X4 10rt+9) =0 = r9t/0r*19 =0
(r®1) (rt49) =0 = ==, F%==9
rpE=d o ry 2 diEs ry=s 34 Lying =434
\9(x)= c,éosx tcesinX + cjcos3X t <4 SInd X
Komplels Saylaria Kutopss (Agissl) Gdsterio
Z.=X+’U verjlsin.

R= (X z‘fg")"/ 2

=z = Xty =R (cos0+{sinB) =Rel®
= 2= Re® = 2" =R"el®” = R (cosnB +isinn ) = R (cosBrising)”
WY1y =0  denlleminin \«fex" formunda gézumi vardir.
X (FUH) =0 b4l =0 = rheaf = = (-1)h
==] =) cos(Y+2k'ﬂ‘)"f isin (T+2LT)
F= (-1)4 => (cos(mzur)f isin (TfZUT))""= Cos Iiiil +£in Z.I%’Q_f

k=0 , T, olur
225@ ¢ Sfbgge ("‘)

r. :J— ] Q_:o £ ¢ i r‘ - ‘i_ ' ¢ - ¢ 1
| 3 (4‘“) i1g14, 3 - ('H) L= 151N
r“‘j%(-ni) k=) isin il 4, 2 lle 3 birkinain €slen/ )
ﬁ\ ,/‘fz‘x [ ) \
y=e" (o cosde xteasings X )+
’W'x— . e 4
V- rv-«j te 7° (cscas-";z-x tey sing X1y J




oroel ;, YV-8y/ =0 dentleminin gere) gbaliminl bulvnwz. a0 783

y=eX = r4-8r=0 =) r(r3-8) =0
M=0,r3=8 = (%-8)=(r2)(r+2)2 =0
y= c/;ﬂ’f cie+ cgeT it <y Xxe ¥X . olue. vy
Relirsiz Kotssylar Metodu
leinel mertebeder diferssiyel denklemlerde oldygn gibi
ylksel mestebel difér&«myel denklemlesde de bu metodun Kygulena =
bilmesi igin derklemimiz sabit katsgylt ve ikinel tasftak
fonlesiyonlarin /fkinc) mertebe diferansjyel deillemlerde bel/rtti—
Jimiz gibi olmasi gerekir:
Y P L any =9(x)
brnek ,; Yy ~4y! =X t3cosx te™*  denkleminin genel goaiming buluave .
\9://_4dz=o = y=e ¥T : 5
eX(F¥ym) =0 = (rfg)=0l | Ir=0 ca22 |, (352
Yt= S tecpe®tcgzem®X
Yo = X(AX16) = A X*+8X
=> -8AX~=4L=(X] =3 8=0 , A=-F
Yo = ‘é‘xz V4
I = AlcosX + & sinX
=5 —AISinX—8)casX = 4(- ApSinX + 6 cosx) = eosx)
-S8jcosX =3cosX = Qie=f  A4=0
EJERS T ebHain Lafiaizad - fin |
Y= AXED Y= Ao 2axem 2% = 13 fo-2X g Axem X
=>  12Ae?*- 8AXE X —¢(Aem*-2AXe” ) = 72X
AR T e S e T |
Je = < #cé.e?—’{.+ cge~X- —é— Xt- 2 sihxt —é—)(e"zx 2

S A A B e s Ei e e B s A B e e o S L L



wdirnek , Yl'=3yltey/=xteX , yloy=1, YUo)==7 +1y"(0)==%
3),,*:53'/*'2&,:0 =y =e X
exr(r3—6r2f2r): o =2 r¥3ctor =0,
c(r2=3rt2)=0 ,c(r=0(-2)=0 . =0 ,0234 =2
LYt = ctezeX tege X
= (AXH)X . y!'=—6A+4AX +28. =(x7

A=L —b6A 12830 ol pinind
4 -2 t26=0 Q= Y%

Y= gAEHLX 1
Yha= ApXeX gl = AeXipxe® = 2heXiAy xe¥
Jae ¥t AixeX - bAle X s A XeX r2A ¥+ 24 XX =X
= et/ T i X ’
Ay=-1 Jo, = —=Xe® ,
Y= crrese ¥ 1cge X +Ly2r T x — xeX
\9(0)= C4+Cz-f*c6, -_-—_4
\‘j/""‘ C;ex+2c eax‘f x,f-ﬁ _ex,xe
\9/(‘0)3 Cz+2c3f%_":_,/q 3 c2+268=o
\9/) = c&ex chéezxfi_ —2eX— xeX
Y'0)= c,t 4eg “"2""3/2 RPN P
C2+4C2 =
Cit2e3 =0 ca=3=0 < =t
<y +CE.+C3:.O :
== .L NG Sy X
S R e X Xe /
: Parametrelerin Degisme. Metody

LCyd = J”’ i q:(x)y{""Lr et Gp (09t I (xJy=9(x) - -~ (1)

denkleminin  G=2el ¢b2iminl bulmak igin gelisticiimiy bu metod ,

lkinei Metebe deallenlerinn gael gtaimbnld oulmak igia gelipticimip

ol parametreleria dgn‘ﬁme metodunun 3ami§|e-|:i’mi§ veklidir.
e qynm gekilde , by metodun wyguienabilmesi |gin denllenin

homgjen krsmimn qoz Umleebilre st (‘%fe“ﬂ

O



Labyl edelim bl yny2s---,yn (1) desbleminia homJG’/) kisminin

785
tome) ¢o2Um kumeler) dsup, Bu taltirde

Itg )= él\;)((X) tca yo () f--."fcn Gn(x) L (2) :
Qﬁ(')iq () = U0 Y160) 12 (Y2 +. - .t (Myn (X)) - - - . ()
- peldinde. denklenin bir Beal Glaiime sship oldfun kabul ederiz .
Dendlende agilega \95ru"lecg'fu' vaere n taie bfh’nm.eéjm f‘aﬁk&@on
vardhr 0 halde N tae sartin bilinmes: gerekir.
Y80 = vy taye +o .t Uayn’ + oy T2 32 Y. +qun
U’y ! t’}l""-.'fuagn—-o '
@oq”(x) = V0292 o +Undn”’w45( ‘ru.a Y2’ te - tunyn?
VY 2"y +---’runyn"'0 ban
Ve b'égle, devam éedarsele (n-)) »t_m‘ aenklen Gulrvz lj
(n-1). inci dmklew;tﬂii H U(y (n-2 021\y (-2 4 4 va' ga n-25 _

UU!( Z)fuzyz("’z)f L o 3(n-az>

™ !”),,Uw =) 4 - . tUagn-)

;;..-.—> OY . . Funya™ + vy &((" Y. run'yal® + 9000 (wigi ™% . fUA\ﬂq(n'O)f
i— L WS ‘?n(x)(uwn‘n--fungn) =9(x) _ |

g U'(w"’”q'(&)@ g ) et oy Ok a2 g0

. vy (1'02 a*---fm’yn 5Q
§ ; & N denlglgm -
- Uy tﬂ *szz --.TUalyy’ = O A bilismeyen

4 ¢

¥
Ulgl(" "ty '36 r--t ualg ") =0

r 6rnek,, gV +10y" +9y = = sinx
IY oy t9y=0  y=cysiX tcacosXtes SindX 1o, cos X
Yog = LEX)sINX LX) ca\sxwa(x)smax *t uq br)ees X

i:urac;lg/\ S Nré tufev BIIRS&‘L



vlsinX 4 Uz cosX +ug’sind X o, /eos X = 0
L) ‘COSX— Up'sinX 1303 cos 3XJughsing X =0
~p hsin X —02’c08 X =9U3'sinIX - 91)4'603 IXFQ

—)y/cos X + plsinX 22 Ug'cos 3X 27 W 'SInIX 7 —SiaX

>
]

n

U I(X):

it

Uy (x) =

U ()

0,/ 60)=

UQ,(X)“J

S ;!\ X co3X an\’SX casix
cad¥X: =sinX  JeesdX —3sindx
A X —pSX =9sihdx -9ce3dX
- 3X SINX  —2%<c033X 23 S8in IX
0 © i -8shax  ~8esdx
%l B Rihued 1  —260o33X | 24 SIATX
-SiInNX =X : -9513X . 983X
~osX  sih¥ | —236083x 27siAdX
o ConX sindx coadX
0  —8inX  RcosdX. “sihde
O -—@sX =—951m3X -9casiX
—-sinX  SitX —23%osdX  2¥FsiniX
192
0 0 —8sindx des3 x
0 -3SinX JeadX  -3s8indX
0 —wosX —951'n3§< —9;os3x
-sinX  SINY —234@33X  27$inIR

sihx(sinx

192

-8singX ~8eosax |
-93IMX —%0siX|

"
:
k
&
|
-

L

192//

e b —

~8sindx — 8emsax
JeasdX  —4sSinI X

)

192

- Ty
co8X T"%)L = U,’(x)-——?ém)(caé)( u,(x)— costX 2

= -Gm)(

Z S)!\X (o} Sin3x
cosX = O RcoSIX
Zsiax O -9sindX

—@3X TSIX —2Fcosdx

192

o 0] ', -8sindX

9 0 , -2 453 X

-sinX O W Sin 3N

—C o -sz)(, -27 go53X

cosdX

—-3sind X

=9 o3 IX
2F3INIX

e e O e P

- 832X
24s)n :)X
~ 933X
22sind¥X

/(%) = Sindx

192

va(¥)= £ X— L sinax

= 24.8. sinty

24.8




SinY . casX - B . cosdX 0" lcilhand “BasaX | 782

@3X —glax @ —)5ndX © © -S$hX 24a&m3Y

=S¥ _~osX | 0 — 9 €253X | =S¥ resxt o —9sAX

—@sX  SInX =sinX 29sindX —©$X siny =SioX 294503 X
T 192 s 192

! "TH 2 _
| + (8I6P +cos2X) (—SSi'nYcasifx) Sz 30y == 5:’/\;(.2,;;5




N0 Hygaute.. tynM" (2} } : &
N ‘o "3:. va --; *JA’UA O

i s 2.
I Uf'*&z"*sz—.,'tgn‘”m 20

!
\

(- (19 - . ; % £, R G
3.(" '2). & JPERPE I 7 Up! = 9 ise. by deslens Sistemin qéuimu >
Um’(x)—; Q(X)WM(X) y M’(/Z/e_»/ﬂ

W00l by
R i e e M
Wi (X) = I —ne Onnyn
\9. 9 ! ‘\9{)/ I
| t
U'«\ \)3 R T -3{,"'”

R ,.\a—m-ﬂvv e B SRR R

Jo) = = am(x) _QEA%WL;QLEL d+t
W(t

5rnek.//\9m'fd’='téﬂ>( ,  OLXL Ty
Y1y =0 ,y=zeX = eX(r3tr)=0 ,rdtr=0
=0, R= i-, ra3=—1
Y By +czsosx+c;\s?m<
Ybg = Vilx) T va(x) €osx T y3(x) sinX
. codX i48i6+X

—-sinx cosX | = 1
O ~@$SX =SiAX

W) =

{ 0 cosX Sihx

taa X } 0 —Siax wosX

y 1. —SX =8inX
Vi(x) = ; ] . = ta X

O(X)= =N casx

1 10! sinX
taX| 0 0 coaX
0 1 —siax
U, /()() > — _ =—AsX cozX ="sin X

!

Vg (x)= cosX



1 <cosX O
O —s/0x O

O —aask *l = —tanx sinX =— Sl
4 v - @S X

tanax 789

LQ’(X) —

Us(X) = = SINX+ N (See X+ +81X )
Y85 ™ ~Incosx T €25t — Sin X +sinX In (secx-ttmx) |
# «Incas)( +sm)( In (Sac:)( +tan)()

}net// \9/”.:1-3& H+\3&’_:& =

Y=exr = e)‘"(r;—-sr’*-r:w—-{.)\: 5 reT.  shalasd
(F-1)%=0 == (T Feg =g =
&t; c:|ex+czxe,x+cs Xzex |

Jde = ul) e X+ uy(x) XeX+ Uyx ) x e X )

Xy ¥e X X e ¥
W) = [ eX eX(xH) 2XeX+@*x?
leX  eX(x+)treX 2eXreXaX+eXxl+axeX
- e X ¥e % e")'(z
e’  (xH)eX eX(2xtx?)
er  (xr2)eX ex(2+4x+Xx*%)
a 0 -e¥ - 2xeX
| 40 -e¥ - 2XeX-2eX
eX  2eX4xeX  2eX+4XeXrxEX
) 0] - - 2% NN L
W) =eX| o -t w2 | = 223X
Jalantr 2 x2t4xt2
h £ foMbles . - Nig!
X, L | o ex(l+x sl zx 3
I U{/(X> -kve X | ..,(‘, i B g (2)( phi i )
e = 2@3)( TR 2eﬂx
s THEC

= AUl e s O L | .
S XZX‘, | »

\)!(X)=.3’__X+ lgf I "%f 11X

aX ol | aitg ]
ex p (axXixtle¥ |-
[e% 4 (2t6X+XVeX! = 4

2e X AR

-

U2/(x) = &

{4 0| 2XENT F S .
| 1 2+q¢x4x?




Up(x)= = Ia%

exX  XeX [6)
wiol.eX. eXfer) . o
S30 |ex exrz) | e o] |
U\’{'{X): = 1 | itx o ]:J_.._.
2e 3X 2X2 g uerx ! 2Xx?
Jy (%) ) 3(X) L

Doha Sonfa bu clgef'ef @50:) de verine Ja‘zﬂ&a l«.' Songea A)QJ;i'AJ
Laplace TTransformu ' LA
b)férmsgél denklemleri gdamele igin @eli\sﬁrﬂmif metod lerdaa
bms} de integral trarsformudue. Eger bu“\'t;ransvformd,atf' gelirdele
fonksiyern Yerie K(S;tg =St Slarsa s bu transforme Loplace
transformu denr
£(s)= fe(s ) Flt)dt
Bu teansform ozellikle leinel yaali denllemlerde, Ger fonlesigenua
suUreksiz oid@u ;\ok‘tslsr versa , glifer metodlafle q{)’zgued,‘sinm‘g '
bitgok - problemi . by brassform vastasyla kdeygs sozeria.
a’;_rLoplsce trans formuaun taam
Labul edebim ki, £20 ign f(t) veilsipn, ve fmles'aaon braz
sonfé  Ifade edecegimie srtien seplasin.Bu taktirale ft) nin
Laplace traasformu ¢
Lff&")f =F(s)-—-ofe-f§-ffrf)dt ---(1)
seinde tammlanr. :

b f forksiyoruns a$t<h amlginda, pargall Surelklidir dlenr .
Egef by &k, sonhy sqyidé Noltalaa qynilsbilic gsi '
a=to i< . <tn =k Qe Li

- tio) < €< E] sralgnda £ slrekli , by alt ersliklara her
bicinde £ seg ve sol limitlere sahip ,Qyle ki, yine bu limitler



o alt sralita kaliyorsa ; bir Jdiger if&d.edta fle ast£o ofdltg”}da

721
parsal csurehlmh'r deaf: E’ger 0, ey sgyida sbrekslz rokte

Aisinda svreu. ise.

borem l.: Eger t%a lgin f ,oerqeh surelelf , 2M (M bir sabit)

- oldygunda Jf(t)l < glt) ve f 9()dt ykmsab. kse ff(t)dt
jékm.sald:tr £5ec £2M (gin f(t)>g(f) ve f 9)dt  Irksalk  ise.
f flret e i8lSaLEIl. (A teoren Bir &aﬁe eride. )

~:ot y E3er 1, agtLb avl§nda pargali wrekh ise gdsterileGilir ki,
| f f(t)o\t {oe \gsm Yaknsaktar. 2.4.95] SALL
e Fout= tim [bwat  (Gsk Ansliz TS, 31)

d i 4!—“-l] [ B

E§er f(t)=e‘-'°, &0

Of:dd{ = lim gAeCfdé =AL@°' (Ja (E11)) ) <o (ratsscte )
‘-"-é- c=0 ise Soasuedor,

Tanm * Bic £(¢) ﬁﬁké:gmuna Xt SR awhifnda pargoh stcellidir dear.

Eger -bu asalgn bher alt a;& asaliinda f siceel’ ve by sk slt

arahlelanin her bicinde § sonlv hmite Sahip 3&’& ki, bu limitte adi

- gpen alt asahktadir Qir dﬁef ?fade\‘jle fe, xstgp asalginds

porgal slreklidic denir. EFer by fonksiyen bu arahtta soly Says

Slgrama §euin&kt‘ SUreksiz noktalar herig her Yerde suretlf ise . ‘
Yine eleerter {oha&\'jon)a* vasitasiyls efer i

//F f kolayce integre edilemlyernse &f Fl)at nin

Yelnsakhk tanmmi Lygulamak zordur. 8w

(0(
- durumda 35%3:&@&; karsilagtitma -teoreni kullanihr,
. o0
Not,, Rir {onk&i\gmua pargalh sUrekli oimast @nun af £lt)dt psellindel
gerellestirilmis fnte\.grés\\,ownm Plunsak olmast. isia yeterlf defiklin



4“T'eoren Egesr f22 Igin flt) pergelt sdrell| ve t>M oldygund a
(M pozitif Gir sebit) o |f(e)l < gte) Ve f@(t)df yolunsak jse
J, fa@)t de galans&ktcr il
E§e f(t) 23(t) >0 < 4+2M iqin\va I&j’;(f)dt [caksdl /3¢ 0 ol
Qf ;‘}t)d{; de rsksaktie. - (ispat “Andliz dessinde vareir. )
2.Teorem' YLebul edelim i )
1= Herhang) bir A poatif seyist isin 0 SESA asalginde £ parsals
stireklidic ' : | | 9
2-K,a ve M reel soubitler 6'3@ ki (:e. ve' A faz?t‘)f) tZM oldugunds
et € Ke3t olsunaBy. wmbbirde 0 ol
LEF(t)j F(s)= f e’“ Flr)dt tf«sdéét olaa f/in L.splaeca
traasfetmy s> isin meveuttur.
fe’s)‘f(t)dt<’w

f e f{(e)a.g S e‘“f(t}ou festte) dt
jakmsah

Ornek//-F(f:)-( 30, F(s)="
Lidbs fe’“‘l dt =g _3401 23, 850

; /
O(’ﬂ@k// F(-t)sea'{‘/ t>o
~(s-ayq>°
Lzea‘tz:ﬁ ~§t atdt"" rf (s )El 26—'!2 S
2 -5t@ : ) |
flt)ssinat
Or’l&'t// Z\W\éfﬁ fe Stsinatdt = |m fe’St ““dt { %*59:‘
o0 Stig
eots csattishat = im (zg e ~fs-1a) )l
ae)
il (’ | )= a ey
S*’iﬁ Sitat
($11a) //
iCOQS":S 2"‘32 // ‘

_tabul edelim ki , f1’ in L-cuPiécQ- trms{ormu s>l igin var V2
f2'nin kaplace transformy s>az igin Varolsun. Bu telktirde

sOMeX (andz) igin bu forksiyontaria  herhaapi linger kOMbr'n&@onumJn ]



Laplace teaasformy veardir . oy A ~ 1293
LScifilt)te, ﬁ(e)? f(t: ﬁ(t)\maﬁs{ﬂ} SEabl pignalud
L C| I & S? (t)df tes f’@ s%z(t)éﬁf alansaletar

S,)é) i g{;;z‘ ‘(5>Max(a4/@z)

Lie®tcosbt { = fe's*»a*-‘ bt fﬁefﬁ'sééf fotictt: | NoshiosT .
= ~(S-a={b)t
—R‘L(s S i ( -s 5-1b" (e’o")

‘Q‘f{b) s
= ¢ YETALRL© Rt Re 2 .lm -
= s-a ' __@‘é)f tb
AR 72 YT // (s-9)t+p2

r(pi)= fe—"‘xfdx ,mtesrab sonsvzda VP isinydlinso bt Eger |
_pco ise bu 5f'rte:§r&l geneliegtirimiy Intejealdir. (has olmaysn integral.)
:  6mumla citlitte ispat edilebilir it ‘0>—4 isla X=0 dea fﬂt%ﬁfc‘;lfndlz

| ypansaLtin | A el \
a- Sdsteriniz W T(pti) =p F(F) dir
= fexXde PR A foil%j:xXF‘gx
; =pl(e) p

b - Gésteriniz b, F(l)‘! dir.

ry=g Sax ek |2

- ’E\Sef P Poantaf tansay fse f'(nﬂ) n’ d}'r.

s — P> olmae dzese +P nin Leplace dmu’gummd §8281Gne  alalim.
L?t’o&z ! e"‘s‘.t-tedt ‘; f(F.”):Df E?-—.KX. ol X
St=p ise /'n*t%vrélz'Mfz ¥ 5
- P o dt= = \
AT = L M (ST |
ofe ('s‘.l‘s’.,uf‘;l;ﬂ!?‘”d“ {
"’&Fﬁ— b



2% d- Lft"23=3{;‘%2 / S>0 : 2 ' 1

Ba,slsn\glq Peger  Problewlerinin Gézlimu
B bAlimde vir linew dn‘{&-_raa&yal (Ssbit katsayih) denkleminin
Laplace tFMSbeMUJIa esil glalileblel§ini \9‘0’6'&6&”{?).

3. Teorem * Loby) edelim i, 0SS A aulFnda £ sirelll £ parsal
Sorekll dsvnave yie Lsbul edelim ki =7 M igia [f@)| <kedt
olacal selilde ¥ja ssbitlesi bulunsun. 8L Bltirde s>& igin
L{F/®)] verair ve Lff/(t)f SL §f(t)3 Flo) ar.

Ispat, Teolem ,sFai— afm.ek »gm f e~St f/(¢)d+ m-tejrahm 3&:5/70%

slolion. kabyl edelim b, Aydy-.. tn ; fHUE) nin SUcekl olmsdg!
noetalasr olsvn.Bu talktirde ,
ﬂe'sf{’(i)d’c fe‘s?(f)d-é t fe““f'{é)dét-- * fe’“ ‘((¢) dt
=g Sffa)l +s f e-5+f(e)at+ “S’efl{)l
-+f @;’S*f(t)+-- +e’5tf(f)’ +2; 6’“?‘;)&6

--—f(o)—hi( e““f(-e)df
PP )t = L (—f{o>)+sfe"5*fcf)df

A-c2 o
L= fio)+s L]
Yine ayni ,Se,lu!de, wwn(ebmr ki L?f”(t)E S Lff(f).))\g;cafg)'f’(o)

T o Al

8o teltitde flve ! deli partlar teeorevdel’ fie " detr

- sestlyin avniéndnr. Ve Laplace traisformu S>a igin dagrudr,
5(/1@[(1/ \5”—@’—2dzo y)=1 Y’(e)=0 denkleminl Lsplece
transformu kollerarale  gozbnla.
L{y'-y’-29]= L]0
,(ooe‘“(d"&)-—J’(U 2y(¢) dt =
fe—s* "(e)- f )dt - 2,5” g(e)ae; =0

ZL%@I 59(0}‘-3’(0) SL& ) tylo) -2 L0y(6)] =
Y(s) '

. 4 4
ok ) 1

T e e e T



Y(s) (s*s-2) =s—I

Y(S) - _.__‘§:.'_.... o= _§_:L______
S%s5-2  (stI)(s-2)

A . 8. .57 A=l = SA=2' AL Ok
SH S-2 2R 18 =1 | : '

Y(s)= 24 it
S+ S—2

L-'8¥®)] = 9i) =1L ¢ S’;/T" + A
Ters Laplace traz;sformu da lireer bir dénGsdmdyr.O halde,
= g1 / : 1
_'-”5‘/(5)3 =2 L"Z ol el W

bmeb—// J"-9=-6y=0 3(0)—‘ ¢ y'(©=-I

L") ~gie)- 69y =L ol

PUON LZg(f)Z-éLfg(t)f Lgog

s?LY®I - sYo) y’(O) + (o) ~sLIy(e) {- 6L53(t)3 o

Y(s)
STY(s) - s H-g Y(s)=‘—6‘r’(s)+l 2O
V(s)aS=2 & Sci g W5 s, 3

Shos_g ‘Ste)swl) i is—g - S2
L-'ZY(5)3='3(‘c)=L"£—’-[L —&-f

stz
b2 N { % §+ L Zsfz !
-Z't
. b -,—_é.e% -h.-g_er - 5

Leplace Treasformuamn Razi Oz2ellficles!

tobul edelim ki, f pogall sdrekli ve skl bir forksiyon
: olswun. Qu talktirde A.

i~ L.Cf(&)]~%. F(/a) dir. (a#o)
' = [eStflat)at i atey dt=de
O e'S%-f(u.) du

Q9

Ox

|

S2Y(S) —s —SY(S)+1=2Y(s) =0 by Y 195



o R e v = Lifen]=5 F(Y) ar
- Litf)I==F(s)
L§e2f(0)3= F/(s)

Lief= [T Stf@dt == F1(s)
HU:! : | y / ‘ %
8Lkl e s flyzsing f”&)a@h” "= s @_"Sfﬂs? ‘Sffa)'f’(ag‘

s Li-sintl= S* F(s)-! !
—Listh-—*—F(s) m |

(1132) F(s)=4 =) F(3) = ;—:—;1 = sk

. Lisnat]= = ”-i@“)‘z =iy

f£)=sint flat)= sina+t

F!(s)= — fue=Sf () du
AT ()&

o LZtSin&tj? 7 sinat: f(t)

R 2&*:
F(S) (74&1) Sz,'az)? //
o L f-&c.v.saﬂ z ‘
. st
o0 . Lo e “'dt=dy
= [ e et v =nd et
o SB'| -
=L tavatye S*J +af.sL e (crsat tatsinat)dt
o2
. = fJ— e~ Stcosatd t = % j Stéémm‘. dt
3 o ‘
s

b8
g e-Sdt=dvy ~Llg |

b4 -3t 7 ' (V2 ’S,a )

— .L ol SO a [ A -3¢ ‘nA -..__é 5 Case
= f\s e eosa‘f‘ 'i’( e Jmmat)lo = gghg{:'ra _,

(o]
P N ) 7 a -5t o t
'Of—s—* @saédé——;fe .s*métdi R afé‘ iCo.sa't'dtﬁL

- s 82_"2
A e St cosat dt = S R e &
( e f ? S‘ s%ati.. St strer s?(stter)

g F(s I _éi:.é...’:.'-;" F(s)s Stat
i Lol s Sy e A




: | D6adsimin  Otelemnres| el poiedal . 899
_ “Uha»aoi bir b ssbiti lgin L jePtew) ] =2
| F(s-b) = [ st eltrdt - f""e—t(s-bhc(t)dt s
' F(s)= f €s'°f(t)*dt - Fs-b)= f e’t(s bece) de
8ic Fonlesiyonon otatmm;
LIH(t~6)f (t-b)§=e”®S F(s) dir
Quradskl H(t) , Heasviside bicim fonkesiYonu —ve taam 2
6 , +<0 isin '
H(t)= ?
15m  t 20 isip

CaDT1 /. el =ik <o
H(t—b)# }

1, tb>0= £20
L {H(t-0) fle=b)3=] e SEH(L-0) f (t-0)dt

t-b=u desek dbt=du sy i |
o2 W0 = H(p =O§
=g e’ Y () pry e / | [
_ [fo-sue) oy, Hopg sl g

° oo
= e"“’! 34"’7%)0‘” =" F(s) V4

rr@&//”;): (;}2 / fsgzé pAargah Sabit fank.sboqunu G&2dnine alolm.
R £26 f) vl birim fonubmlar cinglnden fade edin.
o $ 4oL
LZﬂ(t-T)g‘fe’SfH(t—-r)df t=T=p dt=dy
/ "f 8"(””)H(U)du AP 'STH(U)du ’

0

= -s-r}'esudu___é_‘es'r



L= Sz €76 =g e din
Delts  Fonksiyonv (Dirach ) '
L93i(¢)] =1 dir. Laploge  trons formu A olsa hiskir fontsiyan
Joltur, Bura rafmen Matematik Owékdmlh\s'&ih'(mfp foak\s'uonlar
-bzo/iéfﬁgligtirilabilir ki jburada S Afonks|yenu jyi taajmhidir:

LIst-T) 75T e 20- t<o

t)= 20
=L -ST
LiH(t"T)K G e bit i fa,‘k‘ 9{‘ tilreulesened
H (t-T)=e~ T =8(-T) din svreley d'{'c“f |
w2 ' d o2

sxf(0)=f S0-DF(@dT =f&) dir | _§ 0 (E-THe=l
[Ts@)dt=1
-2

AX(t )+ -X()+ Cx@) = F () , 20, X(0)=f , X'(0)=@Q
beglowiq deper pro blewia @‘&8/&5/&. algp, q&«_a,(im.

LY AX"E) R X ()t X(t) 3# IRYIGK!

AstX(S) “AsX(0) —fX/(0) HREX(s)—8 X (0) t € X (8)= F(s)
X(s)(As*tBS t C)~ASP-AQ—BP =F(s)

ASP—(AQHRP) F(S) - |2
AS%t@stC AS RS t+cC

x(s) =

X(s) = (8)+H(~S)

=__'___.._ F(S): Y(S)F(s)
1(s) = Astigsie

: &wgda‘u Y(&) fonu&u&onu Yukeridaly vesilea dnfefawde.) denklem igin

trorsfer fonksiyonu adwn ahr ve Y(S) in dess lapleca trans forow

&5'ﬂ'l.‘..’:_.,f?’.‘yfs_'&o_’_’l)(_ adint ahr.

95%5'“\6&: veriler fonlsiyonlana 4ers Léplsce déndsuming bulvauz ..

._..!\ S z____q
is ~3s42 -

O R RN Q T R C P

[ et R




1m ¢ Lol edelim i, f(t) ve g(t) / Lo0=) da pagall e sieekl - plsun.
| 0o
frow)=J p(do(t-tld7 2

' isemine f ve § ain Convali}s\yo/s sarpi denir Ifx g sellinde yazile.

ﬁ&gyuda' S2elliblert vardies * . P ey LN s vine
i - fRe(t)T 9k flt)

! i~ £X[(gtn)(t)] = F£3(t)+ h xh(¢)
ii- LY fx95= F(s)6)  dir.

AR T Ay (7:7)
1. : ST 0

LRl 1SS D SN T
(s*)2  s%) s+ 2S ds 574

7t
Lgfa_c@S:Lz !smz)sin(t—?)dtz

y
'
3

Sin a.'sin(a—b)':_i_; [cos(e-b)= cos(ate) |
L . coT-¢+27) _ <s(T+t-7)
: 2 , £
t ) 4
L ﬂ;f Zi co§(2?‘f)— -é— cos 1‘:]#?3
=L§ %’- 6/‘0(2?—-»&)- -21 CQs-tb’t K
( H g ¢
:sz—élﬂt iz,,smf +“Z‘,'§'”bj
| o sit
Sm‘t‘ C:st a A’Z
& ,,)S 7 T A
| =g
(,:m) ~Fis) Lol TLHf ZshTdT] s e suer
v 5 ;
g};, tsinat des.
Orml‘/ L_"’g { =0
S(stt]) . , L
: €
T i 4 &
=l L E < sTrTg' L fl_zaf so'/\Z.‘dtjz aa.sfo)

=-aitt| = |- st




| -

e
P2 e

Asggidale fonksiyeniarnn Laplace tsns formunn  twlvnyz.
C+. 0<tLT fse

flt)= z - . j% —%(e‘s"ﬂ)sz..ﬁf{f)@
Qu, “E20. - ruse
Crnele, Y tult2 g = - HE=T) +< T
g WP T f
Yoy=0  Yllo)=o ; Y
; L
SHY(s)+SY(s 2 W) s t8= L[] 4
Yis) = __,,_.é_ii A eS8 W
S sl+s+§) 3G z+s+.__) 6(5‘454 ) |
RS t+C AtR =0 AtC =0 _5_;9 =/ A=4 ‘\):
S .ghsta ; ol
24 .‘ é : C;___é__:@
(- &™) s LS -%
3 S5ty '
—Fs
= ({- ") & M el | =S { S+4
‘e )5 2 5*"3*5/4> g )( S?«rsf%>
L(s B S M T3 A RAT Lit)s 4 -etecas L t
=z (5 (s,n)zu/t,) A% 2
L Je(£-Td H ('t-Tﬂ =g~ts F(s)
- 11§ g § = (& —e (T eos £ (61 JH (4-7)
Yit)= dretost e - (& +e M os L e )ie-m)
: € , 0<#L T/2
”+4 (0)=y'lo) =0
J Tfo— Sy v = p ylods
S t tLTH aysia
'l:‘('t,"%f} Hr(é-—g)z §%~ 3 M L Jfl-bIH(6-0)] =™ “F(s)
f(-t) £ =L Sfw]=F()3
Ylthy = - (—tﬂf-’f)H(t T ) ‘. z—_,“ |
eei= 6’7772'5 ) S - {
SY(s)t4 ¥(s) = 57 e | en :
=< [ e2s) | |
' -IL ( -Is
p [ee*Esy L . 1
tle)= gapgerey P62 e uber g - } |



=) bl €, o JE 4 ‘ i
Y(t) 2 gsnet T cat ) ) o ‘ Gl gol

ety Y'+29/40y= S(=T)  Yl)=ylo) =0
L?ﬁ” +2\’ 1'2\\’\} L 68(‘\5 W’)f ‘ ’

S?Y(s)t2s Y(s)my(;) Py |
o~=TS ~3s ? . ' i)
) st 2sr2 Gt1) 2+ = Ten f—i- g‘e—gin

(s
L~ 5Y(s)]= L"f(g%%,f D=
Y= e'-'('é'f)a)’n (t-71) =elle " tsint H@e-1) P
rnet Y11y =8*-T).e25¢  9[0)=0 y/o)=|

S AY(S ) A5 )= :)(o)—y’(o)-—ﬁzo)v - 8(-& -T) co3 (+-71)
e Zs(t-ﬂ) cos(t 1)3 25l

v(sist1)-4 - 7%

I Il S Y -4 o

DErr 2 e R T ]
Y@)= sint — H(t- 77)81/\(6 T = sm{- + <
t>T

brrek ) o/ +y= H(t=-L )+8 (¢-7) - -H(f""%z) ) 9lo)<y!lo) = 0

=T = a
STY(s)+ys)= e 25 L e TS g HS

S S
~4T ¢

=

s § 7S
~p4 (e 2 TS e = )
S)= -+ e -
b ST\ | o s

—e
TS

ATy AT LGChaTs 2 1 i Ca
Lo! Pwiedd = el S edidn (4 LD
Sl =urtfeEs ] fe fars € i

®u bt bk i :
BT ARL |l A e A LT

| YW)= H(-F)- cos(e-2)H (= E)tsin(e-n) ti(~T) = t (¢ T ) —

| . -Cos(t-ﬁrg)ﬂ(t-—ﬁzz_‘:)“

-t
!
.
S

A

ol
i




EOmely gty =0 3(o)=l Y')=0 > L[{%.z —,\9'(5){
S*Yis) —$ty'(s) = _ ,
; R E IR, - .33
Ys)t s2Y(s)=28: - y($)= c€ T -re 3, . |e Msuals
LY
‘=c:ea-!-e f"eazdu
5deu// (1 =ty *2@’ ol (k) y =0 -ylo)=0  Ylo)={
(Legendre bentlemi ) .

. Perturbation Serileri (Liore Yslkin Seriler)

Linees oh{a\\ja’a diferarsiyel denllenleri  goemele igin bir onemli
diges e tod da ) perturba tion metodudul- Qu metody kullamal igln cenlelende

bolunea  linews olm\gaa tesimin E 916l Wbl Hr paranetre olmas @e%eu‘f

f)glmh degiphen Lovet serisne dsarak bir cozom elde edebiliriz.
" DOFflng “in deallemini gozenvne alehm, |

d% 4ay+ k‘@:’:O a=l b=g , y(0)=1 ,y’lo) =C elun.
al x2 '

Y(x) = Yo(x)t €9u(x) t si,ztx) tid

J

8
I
i

(9700 + Emn 00 + 292" 00 (o) Egu () Edl(X))*E(&O(’(,)*E\;V«")*EJZCX))"O

9ol Yolx)+ € (90019100 TSN €2 (9500 £9209 +3yd Y)Y - -

Yol)tyelx) =0 , \9.’(x)+yx(x)+@°3(x) =0, &L'&)rgz(x)m& (K (¥) =0
12 yol0) + Eyilo)+ 2‘3:.(0) LI
0 =Yo'(0) eyl o)+ £42! (o)t - - .
yE) =t Yo)=0 , Yil0)=31'0)=0 , 4y 0)=0=y2lo)
Yox)zeosX , 9"ty =-as*X
%’fq‘c‘ cosXten sin ¥
oo = 1 (Naos¥t €z (%) SINX

= SN oy cite - £22 4K

culX)= 52.5:1.’.‘. =) q(x)—.—-X+ smzx-—-af—ca.szx

95 = - SN psiny (4 x+ LsineX-Losex)

#.00 (3); ]
f

f

d=d

¥

7Y e e

1

#_»
’_._




méq’yl‘rq(")*&lé's(’f) dehe sonre yl0)=0=<cy ——é O =)y =
3'/(0) :’Cz—-é—— =) Cy_z—é— .

J)= 7 Césx—g'—-sx'Ax—CO,squ + Sinx ({X-}ésinzx-?f—cas 2x )
L Y =Yo ) Egilx)t €292 00+ .. 2

" ARG Ees =X : 1LY R O N 2
Y= casX+ € (lé.c.asx £ SinX = =2 + Siax( ZX+Z‘—omzx &%Zx)ht .

4 £
£°% ve dij¢lesinl  umal Uzun olddfndes ﬂllma ya“um
iR R L Y)=0, fx=

Y'=l-gy? v dus =dx
“E\y" !
“jc[ E ::1/..\ \fzdg =vdu
- (@: )2 .
oAy (el Lo X:J—-{:&\"h\r‘g +c
e SR A8

e
\9,@ £ah{E X

yiinegt | L ysd syt
(o't Ey’) = 1- E(Yotrzy)?
&0/:[ ’-"”Jo’éx

Yiltger =0 = ylm-yot =1 Y /z —x2=> gz — X2

s
Y= X’%— (‘ﬁh)( n ,ﬁé\yl.ar agthanidir. )
\90(/6) “&O(X)‘f Eyi(x)+e’ Jz,()()*--— e @J[Dr ag tlimi

ar‘ssmclau. il nedir?
W.k.B. (Wertzel — Uromers — Brillovin ) Yslklasimi

g* 4 = £y - (1) £ % parvetre
5 ' F60 ¢ verilea {omsijm

| Labul edelim i J(X?_)’agoj Y)=yo! veriivilg olsun, & taltirde
a@l\héemi'\ GOzumb vardir. By dejklemlre Wi metodu vyguleair.

hip) Lrayso |

J'u(x)\’(x) =5 [ o) HE) u=0 | idi. ]



\f

bl olasel, 52___2_@ o s Yley=0 ;9()=t smr defor problem)

X :
vesimis  olsun .Bu a:faafts‘yel cedllevin  sbaliming  balealim. r
£2 )\t 4] 2O =) N = F4 e (j=e,7‘x 362&'3&)

Y= c12s¥e +C2§3(\-)V£ =) c) =20

- & K T RN RORAR § 59 36 NE?

ecsinte = = lsilley  y= O

Bucads Pesturbation  lkullaailamsa. .
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