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DEGISKEN KESITLI KIRISLERIN TITRESIMLERI
(KESIN COZUME DAYALI INCELEMELER)

OZET

Degisken kesitli kirisler; makina, insaat, havacilik gibi bir¢ok miihendislik alaninda
en temel yapisal veya makina bileseni olarak kullanilirlar. Mekanik sistemlerde,
arizalara, performans diisiikliigline ve giiriiltiiye sebep olan titresim, 6zellikle ¢calisma
kosullarinda meydana gelebilecek hasarlarin 6nlenebilmesi agisindan incelenmesi
gereken en 6nemli miithendislik problemlerinden biridir. Titresim karakteristiklerinin
gercege yakin olarak Ongoriilebilmesi ve tasarimin en bastan bu bilingle
gerceklestirilmesi, titresim kaynakli problemlerin bir felakete sebep olmadan once
onlenebilmesi acisindan bilyiik 6neme sahiptir. Bu sebeple, genellikle tasiyici yapi
olarak modellenen kirislerin titresim problemleri 6nemli bir arastirma konusudur.

Bu tezde, miihendislik uygulamalarinda siklikla karsilagilan degisken kesitli
kiriglerin titresim problemleri {izerine calisilmistir. Eni sabit, yiiksekligi dogrusal
olarak degisen ve eni ve yiiksekligi ayn1 oranda degisen kirislerin egilme titresimleri
problemi ele alinmis, ¢esitli sinir kosullar1 altinda, yalin, {izerinde bir noktasal kiitle
tasiyan ve lineer bir yay ile desteklenmis kirislerin boyutsuz dogal frekanslar1 ve kip
bigimleri kesin ¢oziime dayali olarak belirlenmistir. Kalin ucu gémiilii — ince ucu
serbest, ince ucu gomiilii — kalin ucu serbest, mafsalli — mafsalli, gomiilii — gomiilii,
kalin ucu goémiilii — ince ucu mafsalli, ince ucu gémiilii — kalin ucu mafsalli, kalin
ucu mafsall1 — ince ucu serbest, ince ucu mafsalli — kalin ucu serbest ve serbest —
serbest olmak iizere, olast dokuz siir kosulu i¢in kirislerin dogal frekanslar1 ve kip
bi¢imleri elde edilmistir.

Tez; giris, matematiksel formiilasyon, parametrik incelemeler ve sonuglar olmak
lizere 4 ana boliimden olusmaktadir. Giris boliimiinde, ¢alismanin tanimi ve amaci
aciklanarak, degisken kesitli kirisler iizerine yapilan calismalar sunulmus, bu
caligmanin literatiire katkisi belirtilmistir. Matematiksel formiilasyon bdliimiinde,
once, tez kapsaminda ele alinan, eni sabit, yiiksekligi dogrusal olarak degisen ve eni
ve yiiksekligi ayni oranda degisen kirislerin bilinen kesin ¢oziimii 6zetlenmis,
sonrasinda bu ¢o6ziim, lizerinde bir noktasal kiitle tasiyan ve lineer bir yay ile
desteklenmis kiris problemlerine uyarlanmistir. Parametrik incelemeler boliimiinde,
sirasiyla yalin, lizerinde bir noktasal kiitle tasiyan ve lineer bir yay ile desteklenmis
kirislerde kesit degisim Olciisii, boyutsuz kiitle biiyiikliigii, boyutsuz yay katsayisi,
boyutsuz kiitle konumu ve boyutsuz yay konumunun, boyutsuz dogal frekanslar ve
kip bic¢imleri iizerine etkisi olast dokuz sinir kosulu i¢in parametrik olarak
incelenmis, sonuclar tablolar ve grafikler halinde sunulmustur. Son olarak sonuglar
boliimiinde, c¢aligmadan elde edilen sonuglar derlenmis, bu c¢alismanin
gelistirilebilmesi i¢in ileride yapilabilecek caligmalar i¢in dnerilerde bulunulmustur.
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VIBRATIONS OF TAPERED BEAMS
(PARAMETRIC STUDIES BASED ON EXACT SOLUTION)

SUMMARY

Variable cross-section beams are used as main structural or machine components in
many engineering fields such as mechanical, civil and aerospace engineering.
Vibrations, which result in malfunction, decrease in operating performance and noise
in mechanical systems, is one of the most important engineering problems that
should be considered in order to prevent these to occur in working conditions.
Accurate prediction of the vibration characteristics of common design elements like
beams is, therefore, of utmost importance for the design process and constitutes a
subject of continuous research interest.

In this study, the exact solution of the free flexural vibration problem of tapered
beams is studied. The problem of flexural vibrations of tapered beams, in which the
depth is varying linearly whereas the width remains constant along the length and in
which both the depth and the width vary linearly, are considered. Non-dimensional
natural frequencies and mode shapes of plain tapered beams under various boundary
conditions, of those carrying a point mass and supported by a linear spring are
obtained based on exact solution.

The study has a two-fold goal. In the first place it aims to extract as much general
instruction as possible from the exact solution of the tapered beam frequency
analysis. To this end, the frequency analysis results are presented for each case, in
the form of graphs showing the dependence of the natural frequencies on a selected
system parameter; thus facilitating general conclusions to be drawn on the effect of
the considered parameter on natural frequencies. In the second place, the obtained
exact results are expected to constitute a sound basis of reference for studies based
on approximate methods. To this end, it includes a large amount of tabulated
numerical results corresponding to various parameter combinations of the related
systems.

Nine possible boundary conditions are considered for each case. These are clamped-
free (both, thick and thin end clamped configurations), pinned-pinned, clamped-
clamped, clamped-pinned (two configurations), pinned-free (two configurations) and
free-free boundary conditions.

Problem formulations and results are all given in non-dimensional form, to facilitate
generalizations and quick reference.

The thesis consists of four chapters. Namely, “Introduction”, “Mathematical
Formulation”, “Parametric Studies” and “Conclusions”.

In the first chapter, the description and purpose of the study are explained and
researches on variable cross-section beams are presented. A literature survey has
shown that although there are many studies on tapered beams, most of them are
based on approximate methods such as Galerkin, Rayleigh—Ritz and Finite Elements
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Methods. The limited number of researches based on exact solution are reviewed and
summarized.

In the second chapter, a problem formulation is given, covering two different kinds
of tapered beams: Those with only the depth is linearly variable (labelled n=1 in the
text) and those with both depth and width are linearly variable (labelled n=2). The
exact solution of the problem as given by Kolousek is first described and then
adapted to the problems of tapered beams carrying a point mass and to those
supported by a linear spring.

In the third chapter, parametric studies are carried out that demonstrate the effect of
various system parameters on natural frequencies and mode shapes and results are
presented in the form of tables and graphs.

In the first part of the third chapter, the effect of taper ratio on natural frequencies
and mode shapes in a plain tapered beam is investigated for nine possible boundary
conditions. The first seven non-dimensional natural frequencies are computed for
each boundary condition combination. The results are presented on Tables 3.3-3.8
and C1-C6 for certain selected values of the taper ratio a. Along with, Figures 3.1,
3.2, 3.4, 3.6, 3.8, 3.10 and 3.12 are given depicting the dependence of the natural
frequencies on that parameter, making it possible to draw general conclusions on the
effect of taper on the natural frequencies. As a result, it is concluded that an increase
in the taper ratio has the effect of reducing all the dimensionless natural frequencies
(non-dimensionalized with respect to the thickest cross section features) in both n=1
and n=2 cases, except the fundamental frequency of the fixed-free beam with thick
end fixed, which increases with taper ratio. In addition, the first six mode shapes of
the beam with different boundary conditions are also obtained and presented on the
same graph for quick comparison for three different taper ratio values, which are
a=0.5, a=1 and o=1.5. These graphs are presented on Figures 3.3, 3.5, 3.7, 3.9, 3.11
and 3.13.

In the second part of the chapter, a beam carrying a point mass is studied for the nine
possible boundary conditions listed above and the effect of taper ratio, mass and
location of the point mass on vibration characteristics is investigated. Again, the first
seven non-dimensional frequencies and the first six mode shapes are obtained for
each case and results are presented both in tabular form and in the form of graphs.

First, the mass and the location of the point mass are fixed, and the effect of taper
ratio on the natural frequencies and mode shapes is investigated. Results are
presented both in tabular form and in the form of graphs depicting the dependence of
the natural frequencies on the taper ratio. Tables 3.9-3.14 and D1-D6 and Figures
3.14, 3.16, 3.18, 3.20, 3.22 and 3.24 present the results related to natural frequencies
while figures 3.15, 3.17, 3.19, 3.21, 3.23 and 3.25 depicting the results related to
natural mode shapes.

Then, the taper ratio and the location of the point mass are fixed, and the effect of the
point mass is investigated. Results are again given in both tabular form and in the
form of graphs depicting the dependence of the natural frequencies on the added
lumped mass. Tables 3.15-3.20 and D7-D12 and Figures 3.26, 3.28, 3.30, 3.32, 3.34
and 3.36 present the results related to natural frequencies while Figures 3.27, 3.29,
3.31, 3.33, 3.35 and 3.37 depicting those related to natural mode shapes.
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And last, the taper ratio and the point mass are fixed, and the effect of the point mass
location is investigated. Tables 3.21-3.26 and D13-D18 and Figures 3.38-3.49
present the results related to natural frequencies.

The third part of parametric studies consists of investigations on tapered beams
supported by a linear spring. Four different boundary conditions (clamped-free,
pinned-pinned, clamped-clamped and clamped-pinned) are considered and the effect
of taper ratio, spring constant and location of the spring is considered. The first seven
non-dimensional frequencies and the first six mode shapes are obtained for each
case. The results of the investigation are presented on Tables 3.27-3.38 and Figures
3.50-3.66.

In the final chapter of the thesis a general evaluation of the study and some
suggestions for future studies are presented.
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1. GIRIS

En temel yapisal ve makina bilesenlerinden biri olan kirisler, makina, havacilik,
ingaat gibi miihendislik alanlarinda yaygin olarak kullanildiklarindan dinamik
davraniglarinin 6ngoriilmesi 6nem tasimaktadir. Bir¢ok uygulamada tasiyici yapi,
kiris olarak modellenebilmekte, bu tasiyict elemana kiitle, yay gibi bilesenler

eklenerek gercek sistemler i¢in daha dogru modeller olusturulabilmektedir.

Literatiirde, sabit kesitli kirig titresim problemleri iizerine ¢ok fazla arastirma
yapilmis olmasina ragmen, degisken kesitli kiriglerin titresim problemleri {izerine
yapilan ¢aligsmalar nispeten kisitlidir. Degisken kesitli kiris problemlerini sabit kesitli
kirig problemlerinden ayiran zorluk, ilgili sinir-deger probleminin konuma bagl adi
diferansiyel denkleminin degisken katsayili olmasi ve 6zel bazi durumlar disinda
kesin ¢Oziimiinlin bulunamamasidir. Bu sebeple bir¢ok calismada, problem cesitli
yaklasik yontemler kullanilarak incelenmekte, sistem frekanslart belli bir
yaklagiklikla elde edilmektedir. Bu kapsamda, 6rnegin, Rao [1] diizgiin konik bir
konsol kirigin temel frekansini belirlemek i¢in Galerkin yontemini, Thomas ve
Dokumaci [2] ile Gupta [3] konik kirislerin frekanslarini belirlemek igin sonlu
elemanlar yontemini kullanmiglardir. Zhou ve Cheung [4] Rayleigh—Ritz yonteminde
kabul edilebilir bir dizi fonksiyon secerek konik kirislerin ¢esitli sinir kosullart i¢in
dogal frekanslarin1 elde etmislerdir. Gaines ve Volterra [5] da Rayleigh-Ritz
yontemini kullanarak, koniler, kesik koniler, kamalar ve kesik kamalar i¢in dénme
eylemsizligi ve kayma deformasyonu etkilerini de dikkate alarak ilk ti¢ dogal
frekansin alt ve st siirlarimi olusturmus, elde ettikleri sonuglar1 Euler—Bernoulli
teorisi kullanilarak elde edilen sonuglarla karsilastirmiglardir. Klein [6] diizgiin
olmayan karakteristiklere sahip elastik kirislerin serbest titresimlerini incelerken
Rayleigh-Ritz ve sonlu elemanlar yontemlerinin avantajlarini birlestiren yeni bir

yontem onerip kullanmustir.

Lee ve Lee [7], eni sabit, yiiksekligi uzunluk boyunca lineer olarak azalan kirisleri

ele almus, farkli kesit degisim Ol¢iileri i¢in ilgili sinir deger probleminin Frobenius



serileri yardimiyla ¢oziimiine dayali dogal frekans hesaplarini gergeklestirmis ve

sonugclari tablolar halinde vermislerdir.

Mabie ve Rogers [8], eni ve yiiksekligi uzunluk boyunca dogrusal olarak azalan
konsol kirigler i¢in frekans hesabini sayisal olarak gerceklestirmis ve ilk 5 frekansin
cesitli  kesit degisim Olciilerine karsilik gelen degerlerini tablolar halinde

sunmuslardir.

Yaklasik yontemler kullanilarak gerceklestirilen c¢alismalarin yani sira, degisken
kesitli kirislerin kesin ¢dziimiine yonelik arastirmalar da siirdiiriilmektedir. Bunlarin
goriiniise gore en eskisi, Kirchhoff’'un problem i¢in Bessel fonksiyonlarina dayali
¢oziimler Onerdigi ¢alismasidir [9]. Sonrasinda, Cranch ve Adler [10] basit kiris
teorisini kullanarak, kesit degisiminin bir¢ok 6zel durumunu kapsayacak sekilde,
dikdortgen kesitli kiriglerin sinir deger problemine ait diferansiyel denklemin Bessel
fonksiyonlarina ve/veya kuvvet serilerine dayali kesin ¢oziimlerini vermislerdir.
Conway ve Dubil [11] de kesik koni seklindeki kiriglerin frekanslarini belirlemek
icin Bessel fonksiyonlarimi yaklasik polinom esdegerleriyle degistirerek, benzer
coziimler elde etmislerdir. Ece ve dig. [12] genisligi iistel olarak degisen izotropik
kirigleri ti¢ farkli sinir kosulu altinda incelemis, elde etikleri baz1 sonuglar1 Cranch ve
Adler [10] ile karsilastirmiglardir. Trapezon [13], yiiksekligi sabit, eni iistel olarak
degisen, Wang ve Wang [14] kesiti konumun n. kuvveti seklinde degisirken kesit
eylemsizlik momenti (n+4). kuvveti seklinde degisen kirislerin benzer ¢éziimlerini

vermiglerdir.

Kolousek [15] ise, problemin, eni sabit, yiiksekligi konumla dogrusal olarak degisen
ve eni ve ylksekligi ayn1 oranda dogrusal olarak degisen kiriglerde gegerli kesin
¢Oziimiinii vermistir. Bessel fonksiyonlarina dayali bu ¢6ziimii kullanarak, Datta ve
Sil [16] eni sabit, yalnizca yiiksekligi dogrusal olarak degisen konsol kirisin dogal
frekanslarin1 belirlemislerdir. Banerjee ve Ananthapuvirajah [17] ise aymi ¢dziimii
kullanarak, kesit degisiminin her iki durumu i¢in de ¢esitli sinir kosullar1 altindaki
kiriglerin dogal frekanslarini, bir dizi kesit degisim parametresi i¢in hesaplamis ve

tablolar halinde sunmuslardir.

Bu tezin amaci, Kolousek [15]’in verdigi kesin ¢6ziimden elden geldigince ¢ok kesin
bilgi liretmektir. Bu amagla, bu tez kapsaminda degisken kesitli kirislerin olas1 tiim

simnir kosullart ele alinmig, bu sinir kosullar1 altinda farkli parametrelerin dogal



frekanslar ve kip bicimleri tlizerindeki etkileri parametrik olarak incelenmistir.
Kolousek [15] tarafindan verilen ¢6ziim yalnizca gesitli sinir kosullart altindaki yalin
kiris problemlerine uygulanmakla kalinmamus, tizerinde bir noktasal kiitle tasiyan ve
lineer bir yay ile desteklenen kiris problemlerine de uyarlanmistir. Boylece, kesit
degisim Olgiisiiniin frekanslar ve kip bigimleri {izerindeki etkisine ek olarak, noktasal
kiitle biiytikliigii ve konumu ile yay katsayisi ve konumunun da frekanslar iizerindeki
etkileri parametrik olarak incelenmistir. Elde edilen sonuglar, parametrelerin dogal
frekanslar ve kip bigimleri tizerindeki etkilerini goriiniir hale getiren grafikler ve

tablolar halinde sunulmustur.






2. MATEMATIKSEL FORMULASYON

Bu béliimde, bu tez kapsaminda incelenen, kesiti diizgiin degisen kiriglerin titresim
probleminin formiilasyon ve ¢6ziimii ele alinmustir. Ilk olarak, Boliim 2.1°de, kesiti
diizgiin degisen yalin kiris i¢in Kolousek [15] tarafindan verilen formiilasyon
Ozetlenmistir. Daha sonra bu formiilasyon, Boliim 2.2°de kirise bir noktasal kiitle
ilave edilmesi ve Bolim 2.3’te kirisin bir yay ile desteklenmesi durumlarina

uyarlanmustir.

2.1 Yahn Kiris Problemi ve Coziimii

Sekil 2.1°de, yogunlugu p, elastiklik modiilii E, boyu € ve eni bo’dan b1’e, yiiksekligi
ho’dan h:’e diizgiin genisleyen dikdortgen kesitli Euler—Bernoulli (E-B) kiris modeli

gosterilmistir.
Ya
I
! p.E A(x).I(x).(
: % )
h[] ______________________ I LS S >
il [ -
On Gériiniis
X
(Y e | b >
:
|
:
, + Ust Goriiniis

Sekil 2.1 : Diizgiin genisleyen kiris modeli.

Sekil 2.1°e gore,

_b—by och:hl_ho
H ho

2.1)



olmak {izere en ve yiikseklik

b(x) =y (1+ o %) L h(x)= h0(1+ o %j (2.2)

seklinde, dolayisiyla A(x) kesit alan1 ve I(x) kesit eylemsizlik momenti de

3 3
A(X)=boho(1+%%j(1+0th%j : I(x):boho (1+ab§j(1+ah%j (2.3)

12
seklinde degisecektir.
bohy’
Ag=bghy , 1g=-22 (2:4)
0 =Moo 07
denilerek, Denklem (2.3)’teki ifadelerle
o%y(xt) 82 0%y (x1)
A( X + El(X)———=|=0 ; 0<x</ 2.5
PA ()= 3 2 B () L5 25

seklindeki Euler—Bernoulli (E-B) kiris denklemine gidiler ise, bu kirisin egilme

titresimlerinin hareket denklemi

X
82y(x’t)_|_ EIO 60(’ba‘h 1+ah?+6ah2 82y(x,t)

S | T S
(

(2.6)

2
X
(1+och) 3 2 ~4
/ 0 ,t 0 ,t
+ 2%—£+6%(1+ah5j M-F[l-i_ahij M =0

( ox3 ( ox*

seklinde elde edilir. En ve yiiksekligin sabit olmasi (aw= 0n=0) halinde diizgiin kesitli
kirisin hareket denklemine doniistiigii goriilen bu denklem, eni sabit kiris (an=0,

an=a) 0zel halinde



62y(x,t)+ El,

6a—282y(x’t)+62(1+a5j y(x1)

ot pA | (2 ox? () ox®
(2.7
2 A4
oy(x,t
+[1+oc§) y(4 ) =0
( OX
eni ve yiiksekligi ayni oranda degisen kiris (an= an=a) 6zel halinde ise
d%y(x,t 2 2%y (x,t %y (x,t
y(2 ), Elo 120‘—2#%9(“0(5)#
ot pAg| (° OX { ) ox
(2.8)

ox*

+(1+a%j2 M]—O

denklemlerini verir. Denklem (2.7) ve Denklem (2.8), n=1 halinde birinciyi, n=2

halinde ikinciyi veren

2 2 A2

DD B (a2 % 230
ot pAO ( oX

. n=12 (29

+2(n+ 2)%(1+a%j y(x.1) +[1+oc§j2 M} =0

ox3 ( ox*

denkleminde, ya da bu denklemin

_X _y — i * F — EIO
=T - - t ’ - .
u . Vv . T=0 ® oA (2.10)
ile boyutsuzlastirilmis hali olan
2 2
TV | (ne1)(n+2)a2 AT
ot ou o
ov(u,t 20°V(UT
+2(n+2)o(l+ou)——=—=+(l+ou) ———==

(n+2)a(tra0) e s S

denkleminde bir araya getirilebilir. Buradan



E=1+au

degisken doniisiimii ve

frekansh
V(& 1) =o(2)e"™

harmonik ¢oziim kabulii ile

3

4 2 2
299, 5m+2)e T2, (n+1)(n +2)d—‘P—B—4(p=
o

dé’? de?

de’
denklemine ulagilir. Buradan da &, o ikilisi yerine
B
y=23=-&
ve
d=0-y
degisken dontistimleri ile vy, & ikilisi gegirilerek

2(2
s, 20 ate1ds g [l
d'\{4 y dy3 yz d'YZ y3 d,Y y4

elde edilir. Denklem (2.18)’deki 4. mertebeden diferansiyel operator

d> 1d n?)|| d® 1d n’ .
—+=—+ - ||| =5 +=——| 1+ ||=0 ; n
dy vydy Y dy® ydy Y

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)



seklinde 2. mertebeden iki diferansiyel operatoriin ¢arpimi olarak yazilabilir ve bu

operatorlere karsilik gelen

2 2
d_?23+1d_5+ -1 15=0 ; n=12 (2.20)
dy~ vy dy Y

ve
2 2
d_?23+1d_5_ 1+ 520 ; n=12 (2.21)
dy= vy dy Y

diferansiyel denklemlerinin ¢6ziimleri ayri ayr1 Denklem (2.19)’u saglar. Oysa
bunlarin ilki n. mertebeden Bessel diferansiyel denkleminden, ikincisi ise n.
mertebeden Modifiye Bessel diferansiyel denkleminden baska bir sey degildir.
Boylece, Denklem (2.18)’in genel ¢6ziimii, bu iki denklemin ¢6ziimlerinin bir lineer
kombinasyonu olarak, yani Jy ve Yn n. mertebeden 1. ve 2. tiirden Bessel
Fonksiyonlari, I ve K, ise n. mertebeden 1. ve 2. tiirden Modifiye Bessel

Fonksiyonlart olmak tizere

3(v)=Cudn (v)+CoY, (v)+Csly (v)+CyK, () (2.22)

seklinde yazilabilir [15]. Denklem (2.18)’in ¢6ziimii boylece elde edildikten sonra,
siir deger problemi siirdiiriilerek C1, C2, C3, C4 katsayilari ilgili sinir kosullarindan
hesaplanir. Bunun igin gerekli olan 4 denklem, her bir sinirda yer degistirme, egim,
egilme momenti ve kesme kuvvetine iliskin sinir kosullarindan ikisi seklindedir.
Olas1 mesnet durumlarina karsilik gelen ikililer, sol siir i¢in x*=0, sag sinir i¢in

x*={ olmak iizere Cizelge 2.1’de verilmistir.

Cizelge 2.1 : Klasik siir kosulu bilesimleri.

Mesnet Tiirii Sinir Kosullar
*
Gomiilii y(x*t)=0 ; M=0
OX
o2y (x* t
Mafsalli y(x*t)=0 ; EI(X)ya(—z)ZO
X
o%y(x* 1) P d%y(x* 1)
Elx) 22 g o L E(x) 2 | —0
Serbest (x) o, - (x) o,




Bir 6rnek olarak her iki ucu da gomiili kiris ele alinsin, Cizelge 2.1’den gomiilii —
gomiilii mesnet durumu igin siir kosullar1 yazilmak istendiginde, Denklem (2.10),

(2.12) ve (2.16)’dan

X=0 > u=0 - yO(B):é\/E (Sol Sinir)

(2.23)

2«/14-_0(\/6

o

x=0 > u=1 - y'p)= (Sag Smur)

olacag: dikkate alinarak, s6z konusu 4 denklem, iisler ilgili Bessel fonksiyonunun

arglimanina gore tiirevini géstermek tlizere
W) Ya(¥°®) L(r°®) K.('®)|[c) [0

(
L(r°®) YH(°®) L(°'®) Ki(P®)||c.| |0
= (2.24)
L(r®) Ya(r'®) W(r®) Ki(r®)||Cs| |0
( (

3 (r®) Ya(r®) L(re) <i(re)|lc) Lo

seklinde elde edilir. Bessel Fonksiyonlarinin tiirevlerinin ifadeleri Ek A’da
verilmistir. Denklem (2.14)’in C1=C>=C3=C4=0 trivial ¢6ziimii disinda ¢ozimii

bulunabilmesi i¢in, 4x4°liik katsayilar matrisinin determinanti sifir olmalidir:

det =0 (2.25)

Bu, Denklem (2.23) tanimlar1 aracihigiyla, o verildiginde Bk; k=1,2,...boyutsuz
frekanslarinin hesaplanacagi frekans denklemini olusturur ve frekanslar buradan

sayisal bir kok bulma algoritmasi yardimiyla hesaplanir.

10



Ilgili kip fonksiyonlarmimn belitlenmesi igin ise bu Pk degerleriyle Denklem
(2.24)’teki denklem takimina doniip, bu takimin, 6rnegin ilk ii¢ satirindan C, C3 ve

Cs’un Cy cinsinden

YL (1°B)) 1 (1°B)) Kn(v°BO)|[Cog] 3 (1°B0)

Yn(Yl(Bk)) |n(Y1(Bk)) Kn(Yl(Bk)) Capy =- Jn(Yl(Bk)) Ciwy (2.26)

Ya(BI) T (FBY) Ki(YBI)||Caw) [T (rB)

lineer cebirsel denklem takimi ¢oziilerek hesaplanmasi gerekir. Bu hesabin sonucuna

Cj(k) :Gj(Bk)'Cl(k); j=2,3.4; k=1,2,...,00 denirse, Cik’lar keyfi olgek katsayilari

olmak iizere, bu degerlerle Denklem (2.22)’ye doniilerek, yk=y(P«x) gosterilimi ile

8 (vk) =Cu [‘]n (7)) + 02 Bi) Yy (vic) + 03B, (Vi )+ 02 B K, (Yk)] (2.27)

belirlendikten sonra Denklem (2.17)‘den

P (U)= i (Xk) (2.28)
Yk

seklindeki K. Kip fonksiyonlar1 elde edilerek problem tamamlanir.

Denklem (2.25) gibi transandantal denklemleri analitik yoldan ¢6zmek olanaksiz
oldugundan, bu tez kapsaminda, dogal frekanslar, yukarida da belirtildigi gibi,
kaginilmaz olarak sayisal yoldan hesaplanacaktir. Frekans denkleminin agikca elde
edilmesinin de karakteristik determinantin yapisinda yer alan tiirevlerin elde
hesaplanmasinin da bu gergegi degistirmeyecegi diisiincesiyle, bu calismada,
karakteristik matrisin bigimsel olarak kurulmasindan sonra, gerekli tiirev hesaplarinin
sembolik olarak bilgisayarda gergeklestirilmesi, frekans denkleminin ise f(f)=det

A(VB)=0 seklinde yazilmakla yetinilmesi yolu tutulacaktr.

2.2 Bir Noktasal Kiitle Tasiyan Kiris Problemi ve Coziimii

Bu boliimde, Boliim 2.1°de ele alinan yalin kirise bir noktasal kiitle ilave edilmesi

durumunda, kirigin titresimlerinin incelenmesi problemi ele alinacaktir. Noktasal

11



kiitle ilavesi Sekil 2.2’de gosterildigi gibi, Kirisi birbirinin ayn1 Euler-Bernoulli (E-B)
kirig denklemlerine tabi 2 bolgeye ayirir.

y‘

!

| p.E.A(x).I(x)
I

@ 2
W -

€
+—>

F
v

Sekil 2.2 : Bir noktasal kiitle ilave edilen kiris modeli.

Kirisi iki bolgeye ayiran bir noktasal kiitle bulundugunda Denklem (2.22) bi¢iminde
iki ¢6ziim s6z konusu olur. Bu durumda, sinir deger probleminin ¢dziimii i¢in kirigin
her iki ucundan gelecek olan toplam 4 smir kosuluna ek olarak noktasal kiitlenin
bulundugu siireksizlik noktasindan da 4 gecis kosulu yazmak gerekir. Bu gegis

kosullar1 m ek kiitleyi ve €1 ek kiitlenin konumunu gostermek iizere, Denklem

(2.9)’un notasyonunda

yW (0,1) =y (2,,1) (2.29)
6y(1)(x,t) ) ay(z)(x,t)|
X = X (2.30)
X=/{; X={;
82y(1)(x,t) 82y(2)(x,t)
El(X)——~ =El(X)———=
()3 )——z (231)
X=(, X={;
o2y® (x,t) 0 o2y (x,1) 0 o2y\? (x,1)
m——2 [ B | B (2.32)
x=(, x=(, x=(

1

seklinde yazilabilir. Denklem (2.29), (2.30) ve (2.31), sirasiyla, siireksizligin iki
yaninda yer degistirme, egim ve egilme momentinin ayn1 olmasi gereginden
yazilmistir, Denklem (2.32) ise noktasal kiitlesinin 6teleme hareket denkleminden

ibarettir. Bu kosullar, Denklem (2.10)’dakilere ek olarak

12



[ m
A=-1 , =
. u oAl (2.33)

boyutsuz biiyiikliikleri kullanilarak Denklem (2.11)’e eslik edecek sekilde
boyutsuzlastirilabilir, Denklem (2.12), (2.14), (2.16) ve (2.17) yardimiyla da
Denklem (2.18) notasyonuna gegilebilir.

Bir 6rnek olarak, Boliim 2.1°de ele alinan her iki ucu da goémiilii kirise bir noktasal
kiitle ilave edilmesi problemi incelenirse, Denklem (2.23)’e ek olarak, Denklem
(2.10), (2.12), (2.16) ve (2.33)’ten

X=0,—> U=k — 7y (Kitle Konumu) (2.34)

. 241+
. W

olmak tizere, Denklem (2.22)’den

8(1) (y) _ Cl(l)‘]n (Y)+Cz(l)Yn (\()4_03(1”n (y)+C4(1)Kn (Y) ; YO <y< y*
(2.35)
8@ (v)=CPJ, (v)+C2Y, (1)+Ca21, (1) +COK, (v) 5 v <y<y

bi¢ciminde iki ¢6zlim s6z konusudur. Sinir-deger probleminin ¢6ziimii i¢in gerekli
olan, ilk iki satir sol (x=0) siir kosulundan, 3. ve 4. satirlar sag (x=0) sinir
kosulundan, son dort satir ise sirasiyla Denklem (2.29-32)’de verilen gecis

kosullarindan gelen 8 denklem,

3 () % (") () K (¥')
() Ya (1) (1) K; (1)

0 0 0 0

13



""" )40 l) ) | o]
(7)Y () w(Y) Ki(r) ||ce] o
()Y () () K () | [c@| o
(7)) () K () e, @] Lo

seklinde elde edilir. Buradan, Bk; k=1,2,... boyutsuz frekans degerleri, karakteristik

denklemi sifir yapan 3 degerleri olarak sayisal yoldan hesaplanir.

flgili kip fonksiyonlarinm belirlenmesi igin ise bu Pk degerleriyle Denklem
(2.35)’teki denklem takimima doniip, bu takimm, drnegin ilk yedi satirindan C2®,
Ca®, CiO, C1®, C,®, C3@ ve C4? katsayilari Ciy®, k=12,... keyfi olgek

katsayilari olmak iizere C:® cinsinden

0 00 3 W) ) k() e - 0 lew?  @an
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lineer cebirsel denklem takimi ¢oziilerek hesaplanir ve bu degerlerle Denklem
(2.22)’ye doniilerek

8k(l) (Yk ) = Cl(k)(l)‘]n (Yk ) + C2(k)(l)Yn (Yk ) + C3(k)(1) I, (Yk ) + C4(k)(1) K (Yk )

(2.38)

belirlendikten sonra Denklem (2.28)‘den kip fonksiyonlari iki bolgeli olarak elde

edilerek problem tamamlanur.

2.3 Bir Yay ile Desteklenmis Kiris Problemi ve Coziimii

Bu boliimde, Bolim 2.1°de ele alinan kirisin bir yay ile desteklenmesi durumunda
kirisin titresimlerinin incelenmesi problemi ele alinacaktir. Yay ilavesiyle 2 bolgeye

ayrilmis Kiris modeli Sekil 2.3°te gosterilmistir.

yA
I
I
I
I
I
I

Denklem (2.22) bigiminde iki ¢6ziim s6z konusu olur. Bu durumda, probleminin
¢ozlimil i¢in yine sinir kosullarina ek olarak yayin bulundugu noktada 4 ge¢is kosulu
yazmak gerekir. Bu gecis kosullart K yay katsayisin1 ve {1, bu sefer, yaym konumunu

gostermek lizere

y (0, 1) =y (4y,1) (2.39)

15



P xol P xy)
N -2 (2.40)
x=(, X=L,
o’y (x.t) *y? (x1)
El =El
()——3 3y )=z 3 (241)
P o2y (xt 5 82y (x,t
k.y(l)(fl,t)za—X[El(x)% “ El(x)% (2.42)
X={; x={,

seklinde Denklem (2.9)’un notasyonunda yazilabilir. Denklem (2.39), (2.40) ve
(2.41) yine, sirastyla, siireksizligin iki yaninda yer degistirme, egim ve egilme
momentlerinin ayni olmasi gereginden, Denklem (2.42) ise iki yandaki kesme

kuvvetlerinin dengesinden elde edilir. Denklem (2.10) ve (2.33)’tekilere ek olarak

k
El, /(3

n= (2.43)
boyutsuz biiylikligii de kullanilarak gegis kosullar1 Denklem (2.11)’e eslik edecek
sekilde boyutsuzlastirilarak Denklem (2.12), (2.14), (2.16) ve (2.17) yardimiyla
Denklem (2.18) notasyonuna getirilebilir.

Burada da, 6rnek olarak Boliim 2.1°de ele alinan her iki ucu da gomiilii kirisin bir
yay ile desteklenmesi problemi incelenirse, Denklem (2.23)’e ek olarak, Denklem
(2.10), (2.12), (2.16) ve (2.33)’ten

«  2J1+an
e W

X=0—> U=k >y (Yay Konumu) (2.44)
olmak iizere, noktasal kiitle yerine yay ilavesiyle Denklem (2.35)teki ¢6ziim
gecerlidir. Siir-deger probleminin ¢éziimi i¢in gerekli olan, ilk iki satir sol (x=0)
sinir kosulundan, 3. ve 4. satirlar sag (x={) smir kosulundan, son dort satir ise

strastyla Denklem (2.39-42)’de verilen gecis kosullarindan gelen 8 denklem,
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...... * * * * - (2 '45)

() (r) (7)) Ka(r) [ c® | o
(7)Y () n () K(Y) ||c2| o
(7)) () K ()| [c2] o
(7)) () Ke (V) |l @] Lo

seklinde elde edilir. Buradan, Bk; k=1,2,... boyutsuz frekanslar1 karakteristik

denklemi sifir yapan degerler olarak sayisal yoldan hesaplanir.

Ilgili kip fonksiyonlarinin belirlenmesi igin ise, Béliim 2.2°de oldugu gibi bu P
degerleriyle Denklem (2.45)’teki denklem takimina doniiliir, bu takimin, 6rnegin ilk
yedi satirindan Co®, C3®, C40, C1®, C,@, C3@ ve C4@ Kkatsayilart Cigo®,
k=1,2,... keyfi dlcek katsayilar1 olmak iizere C1\¥) cinsinden hesaplanir. Hesaplanan
bu degerlerle Denklem (2.22)’ye doniildiigiinde, Denklem (2.38)’e ulasilir ve
Denklem (2.28)‘den kip fonksiyonlar1 iki bolgeli olarak elde edilerek problem

tamamlanir.
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2.4 Problem Formiilasyonunda Referans Alinan Sinirin Dogal Frekans

Hesabina EtkKisi

Bolim (2.1)’de, degisken kesitli kiris problemi, kirisin sol (ince) ucuna referansla
kurulmustur. Bundan kasit, Denklem (2.2-2.4)’teki ifadelerde bu uca ait by ve ho

degerlerin referans alinmis olmasidir.

Oysa istenmesi halinde, problemi sag (kalin) uca referansla kurmak da miimkiindiir

ve literatiirde ¢cogunlukla bu yeglenmektedir. Bunu yapmak i¢in Denklem (2.2)’deki
X X
b(x)=h, (1+0Lb ?j , h(x):ho(l+och ?j (2.46)

ifadeleri yerine, Denklem (2.1)’den yazilan

b,
(1+oy)

hy

b =
0 (1+oy)

!h0=

(2.47)

esitliklerinin burada yerlerine konulmasiyla elde edilen

b(x):bl( L % 5} , h(x):h{ L, % 5] (2.48)

ifadelerinin kullanilmasi, bununla baglantili olarak da, sonugta, Denklem (2.11) ve

1+ou

Denklem (2.12)’de 1+awu yerine
1+a

konulmasi yeterlidir.

Elbette, problem hangi uca referansla kurulmus olursa olsun ayni1 sonuglari
verecektir. Ancak, Denklem (2.10)’daki o* frekans ¢arpani, referans alinan uca ait A
ve I degerlerine bagl oldugundan, aynt wk dogal frekanslarini verebilmek icin iki
yoldan hesaplanan Bk boyutsuz dogal frekanslarinin farkli olmasi gerekecektir. Bunu

gormek i¢in boyutsuz frekansin ince uca refere edilmis problemde sahip olacagi

O _ Oy

B = =
“ TEl, . [ E (2.49)
pAt P\ 12pt

ifadesiyle kalin uca refere edilmis problemdeki
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7 o O _ Wk
By = =

El, h, E (2.50)
pA,(* 12p0*

ifadesinin karsilastirilmasi yeterlidir. Buradan goriildiigii gibi, ince uca refere edilmis

By boyutsuz dogal frekanslari ile kalin uca refere edilmis B, boyutsuz dogal

frekanslar1 arasinda

Pi = ny By = (1+ OL)Bk (2.51)

ho
bagintis1 mevcut olacaktir. Hem n=1 hem n=2 halinde gecerli olan bu baginti
yardimiyla, problem hangi uca referansla kurulmus ve c¢oziilmiis olursa olsun

boyutsuz frekanslari istenilen uca referansla vermek miimkiin olmaktadar.

Literatiirde daha ¢ok kalin uca refere edilmis sonuglara rastlandigindan, bu ¢alisma
kapsaminda da boyutsuz dogal frekanslarin kalin uca refere edilerek verilmesi tercih

edilmistir.

Benzer sekilde, noktasal kiitle tagiyan ve yay ile desteklenen kiris problemlerinde de

Denklem 2.33’teki

m

B= oAl (2.52)
boyutsuz kiitle biiyiikliigii p ve Denklem 2.43’teki
n= K 2.53
El, /(3 (2:53)

boyutsuz yay katsayisi 1 ifadeleri problem kurgusu geregi ince kenara referansla elde
edilmistir. Istenilmesi halinde, bu biiyiikliikler, Denklem 2.46’daki ifadeler yerine

yine Denklem 2.48°deki ifadeler gecirilerek kalin kenara referansla

m m _ k Kk

= ;M= = 2.54
PAL  pA(L+a) ( El /6 Ely(1+a)"? /8 (254)

ﬁ:

19



seklinde elde edilir. Ince uca refere edilmis p (Denklem 2.52) ve 1 (Denklem 2.52)

ifadelerinin kalin uca refere edilmis p ve mn (Denklem 2.54) ifadeleriyle

karsilastirilmasiyla bu biiytikliikler arasinda, birinden digerine gegis igin,
u=ﬁ(1+a)n i m =ﬁ(1+oc)n+2 (2.55)

bagintilar1 elde edilir.
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3. PARAMETRIK INCELEMELER

Bu boéliimde, yalin, iizerinde bir noktasal kiitle tagiyan ve bir yay ile desteklenmis
degisken kesitli kirislerin ¢esitli sinir kosullar1 altindaki boyutsuz Bk ,k=1,2,... dogal
frekanslarinin ve @, (u) Kip big¢imlerinin, daha 6nce tanimlanan o kesit degisim

Ol¢iisti, pu boyutsuz kiitlesi, n boyutsuz yay katsayist ve A boyutsuz konumu ile

degisimleri ilgili problemin kesin ¢éziimiine dayali olarak incelenmistir.

Bu boliimdeki hesaplamalarin tamami, sembolik hesap yapan bir matematiksel paket
program olan Mathcad yardimiyla gergeklestirilmis, tez kapsamindaki problemlerin

¢6zliimii i¢in kullanilabilecek genel bir Mathcad program 6rnegi EK B’de verilmistir.

3.1 Yaln Kiris Ozdeger ve Ozfonksiyonlar1

Yalin kirisin géomiilii-serbest (konsol), mafsalli-mafsalli (basit mesnetli), gomiilii—
gomiilli, gomiili—mafsalli, mafsalli-serbest ve serbest-serbest smir kosullari
altindaki boyutsuz dogal frekanslar1 ve kip fonksiyonlar1 bu boliimde incelenmistir.
Bu incelemenin sonuglarini sunmadan Once, mevcut c¢alismadan elde edilen
sonuglarin literatiirde mevcut kesin ¢0ziim ya da yaklasik ¢ozliime dayali bazi

sonuclarla bir karsilastirmasi yapilacaktir.

Ik olarak, bu tez kapsaminda hesaplanan sonuglarla, Kolousek’in vermis oldugu
formiilasyona dayali, smrli bazi smir sartlar1 ve parametre degerleri igin
hesaplamalar yapan Banerjee ve Ananthapuvirajah [17] tarafindan elde edilen ve
burada hesaplanan sonuglarla ayni olmasi beklenen sonuglarin, kalin ucu géomiili —
ince ucu serbest konsol kiris ve basit mesnetli kiris 6zelinde bir karsilastirilmasi
Cizelge 3.1°de verilmistir. Cizelgeden de goriildiigii lizere sonuglar incelendiginde,
ayni teorik temele dayali olarak elde edilen sonuglar arasinda olmasi gerektigi gibi

tam bir uyum goriilmiistiir.
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Cizelge 3.1 : G-S ve M-M kiris frekans hesabi karsilastirma tablosu.

Banerjee ve

n Ananthapuvirajah [17] Meveut Cahsma
0=0.25 o=1 0=0.25 o=1
B 1 3.60827 3.8238 3.60827 3.8238
B2 1 20.6210 18.3173 20.62102 18.31726
B: 1 56.1923 47.2648 56.19228  47.26483
B: 1 109.318 90.4505 109.3184  90.45048
G-S
B1 2 3.85512 4.62515 3.85512 4.62515
B2 2 21.0567 19.5476 21.05675 19.54761
B3 2 56.6303 48.5789 56.63035 48.57890
Bs 2 109.763 91.8128 109.763 91.81277
[ 1 8.84619 7.12153 8.84619 7.12153
B2 1 35.4452 28.9518 35.44524 28.95184
B: 1 79.7303 64.9788 79.73034  64.97882
Bs 1 141.721 115.351 141.7211 115.35084
M-M

B1 2 8.82458 6.95659 8.82458 6.95659
B2 2 35.4656 29.1103 35.46564 29.11034
Bs 2 79.7624 65.2277 79.76244 65.22774
Bs 2 141.759 115.647 141.75913  115.64672

Ikinci bir karsilastirma olarak, farkli kesit degisim 6lciileri igin ilgili simir deger
probleminin Frobenius serileri yardimiyla, dogal frekans hesaplarini gerceklestirmis
Lee ve Lee [7] ile gesitli kesit degisim Olgiileri i¢in konsol kiris frekanslarini, kirisin
hareket denklemini elde ettikten sonra sayisal olarak hesaplayan Mabie ve Rogers
[8]’n sonuglarinin, mevcut c¢alismadan hesaplanan sonuglarla karsilastiriimasi
Cizelge 3.2°de verilmistir. Sonuglar incelendiginde, bilgisayar yardimiyla, yine kesin
¢oziime dayali olarak hesaplamalar gerceklestiren Mabie ve Rogers [8] tarafindan
elde edilen frekans sonuglarinin yeterince iyi oldugu, fakat Lee ve Lee [7] tarafindan
elde edilen sonuglarin, ozellikle kesit degisim oOlgiisii o arttikca kesin ¢Oziim
sonuclarindan uzaklastigi ve yeterince iyl olmadigi goriilmektedir. Terim sayisi
oOl¢iisiinde yakinsamasi beklenen yontemlerinde Lee ve Lee [7], yeterli terim sayisi

almamig gibi goriinmektedirler,
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Mevcut c¢alismada verilecek hesap sonuglarinin, gelecekte bu tir yaklasik
yontemlerle hesap yapacak arastirmacilara, yontemlerini test edebilecekleri giivenilir

bir bagvuru kaynagi olusturacag: diisiiniilmektedir.

Cizelge 3.2 : G-S kiris frekans hesabi karsilastirma tablosu.

Lee ve Lee [7] Mabie ve Rogers [8] Mevcut Calisma

a
-Is-g;'l;? n=1 n=1 n=2 n=1 n=2
B. 02 50 3.60827 3.5908 3.7918 3.5909 3.7916
B2 02 50 20.621 20.86 21.222 20.8625 21.2222
Bs 0.2 50 56.1923 57.133 57.49 57.1300 57.4891
B:s 0.2 50 - 111.25 111.58 111.2934 111.6570
B 04 60 3.73707 3.6576 4.0344 3.6578 4.0345
B. 04 60 19.1138 19.987 20.627 19.9879 20.6275
B: 04 60 50.3537 53.729 54.386 53.7378 54.3926
B: 04 60 - 104.07 104.786  104.1440 104.8124
B. 08 160 4.29249 3.7729 4.4467 3.7732 4.4471
B. 08 160 15.7427 18.762 19.824 18.7637 19.8256
B: 08 160 36.8846 48.99 50.12 48.9973 50.1198
Bs 08 160 - 94.1 95.28 94.1242 95.2831

Farkl1 sinir kosullar1 altindaki yalin kirig 6zdeger ve 6zfonksiyonlari, Boliim 2.1°de
Ozetlenen ¢oziim 1s18inda, Cizelge 2.1°de verilen ilgili sinir kosullart Denklem
(2.22)’ deki ¢oziime dayatilarak, karakteristik matrisin kurulmasindan sonra gerekli
tim hesaplarin bilgisayar yardimiyla gerceklestirilmesi seklinde elde edilmistir.
Denklem (2.22)’den elde edilen nihai denklem, o kesit degisim parametresine bagli
oldugundan buradan hesaplanacak 6zdeger ve Ozfonksiyonlar da bu parametreye

bagl olarak degisecektir.

3.1.1 Kesit degisim ol¢iisiiniin frekanslar ve kip bi¢imleri iizerine etkisi

Kesit degisim Olciisiiniin ¢esitli sinir kosullar1 altindaki yalin kiris boyutsuz dogal
frekanslar1 ve kip bigimleri tizerine etkisi bu boliimde ele alinmistir. Her bir sinir
kosulu i¢in ilk 7 boyutsuz dogal frekansin a kesit degisim Olglisline gore degisimi

incelenmis, bir dizi sayisal deger tablolar halinde verilmistir. Kesit degisim
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Ol¢iistintin kip fonksiyonlar: iizerindeki etkisini gorebilmek i¢in ise 0=0.5, a=1 ve

a=1.5 degerleri i¢in kip fonksiyonlari ayn1 grafik iizerinde olusturulmustur.

3.1.1.1 Gomiilii — Serbest kiris

Sol (ince) ucu serbest — sag (kalin) ucu gémiilii ve sol (ince) ucu gomiilii — sag

(kalin) ucu serbest siir kosullarina sahip konsol kiriste n=1 ve n=2 halleri i¢in ilk 7

boyutsuz dogal frekansin a kesit degisim 6l¢iisiiyle degisimi Sekil 3.1°de verilmistir.
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Sekil 3.1 : G-S kiris boyutsuz dogal frekanslarinin a dl¢iisiiyle degisimi.
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Ince ucu serbest — kalin ucu gémiilii konsol kiris ile kalin ucu gémiilii — ince ucu
serbest konsol kiris boyutsuz dogal frekanslarinin, eni sabit yiliksekligi dogrusal
olarak degisen (n=1) ve eni ve yiiksekligi ayni oranda degisen (n=2) 6zel halleri igin
a Olciisiiyle degisim egrileri incelendiginde, tiim durumlarda egrilerin beklendigi

gibi, B,=35160, B, =22.0345, B, =616972.., a=0 (sabit kesitli konsol kiris)

boyutsuz dogal frekanslarina karsilik gelen degerlerle basladigi ve kesit degisim
Ol¢iistinlin  frekanslar {izerindeki etkisinin diisiik frekanslar i¢in ¢ok belirgin
olmamakla birlikte yiiksek frekanslara dogru gidildikge arttig1 goriilmektedir. Kesit
degisim Ol¢iisii o’nin en Onemli etkisinin ise, ince ucu gomiilii konsol kiriste
frekanslarin tamamini algaltma, kalin ucu gomiilii konsol kiriste temel frekans
haricindeki tiim frekanslari al¢altma, temel frekansi ise yiikseltme seklinde oldugu
goriilmektedir. Elbette bu sonuglarin, boyutlu dogal frekanslarla degil; en kalin
kesitin degerleri referans alinarak boyutsuzlastirilmis boyutsuz frekanslarla ilgili

oldugu unutulmamalidir.

n=1 ve n=2 dzel halleri arasindaki farki daha iyi gorebilmek i¢in, kalin ucu gémiilii -
ince ucu serbest konsol kirig i¢in ilk 3 boyutsuz dogal frekansin her iki durumdaki

gidigleri ayn1 grafik tizerinde Sekil 3.2°de verilmistir.
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Sekil 3.2 : n=1 ve n=2 hallerinin karsilastirilmasi.

n=1 ve n=2 hallerinin bir arada verildigi bu grafik incelendiginde, yiiksekligin yani

sira enin de ayni o kesit de8isim Olciisliyle genisleyerek gitmesinin etkisinin tiim
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frekanslar1 bir miktar yukar1 ¢ekmek seklinde oldugu anlasilmaktadir. iki durum
arasindaki farkin, biliylk o degerlerine ve yiiksek frekanslara gidildikge arttig

gorilmektedir.

Konsol kiriste ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlar i¢in bir dizi a
kesit degisim parametresine karsilik gelen sayisal degerleri Cizelge 3.3’te verilmistir.

Ik 7 boyutsuz frekans igin genis bir tablo Ek C’de sunulmustur.

Cizelge 3.3 : G-S kiris frekans hesab1 sonuglari.

_Kalin (Sag) U¢ Gomiilii _ Kalin (Sag) Ug Serbest
n a Ince (Sol) U¢ Serbest Kiris Ince (Sol) U¢ Gomiilii Kiris
B1 B2 Bs B B2 Bs
1 0 3.5160 22.0345 61.6972 3.5160 22.0345 61.6972
1 0.2 3.5909 20.8625 57.1300 2.8716  19.4781 55.7973
1 0.5 3.6887  19.6281 52.3446  2.2446  16.8488 49.6678
1 1.0 3.8238  18.3173 47.2648 1.6380 14.1101 43.2086
1 15 3.9343 174879 44.0248 1.2855 12.3871 39.1009
1 2.0 40272  16.9162 41.7591 1.0560 11.1892 36.2234

0 3.5160 22.0345 61.6972  3.5160 22.0345 61.6972
0.2 3.7916  21.2222 57.4890  2.7116  19.1445 55.4900
0.5 41458  20.3872 53.1294  1.9684  16.2064 49.1144
1.0 46252 195476 48,5789  1.2981  13.1848 42.4940
15 5.0090 19.0649 457384 0.9378  11.3039 38.3496
2.0 53262  18.7715 43.7954  0.7182  10.0051 35.4846

N N DD N NN

Kesit degisim olgiistiniin 6zfonksiyonlar tizerindeki etkisini gorebilmek i¢in, Sekil
3.3a’da ince ucu serbest — kalin ucu gomiilii ve Sekil 3.3b’de ince ucu gomiili —
kalin ucu serbest sinir kosullarina sahip kiriste n=2 hali i¢in, 0=0.5, o=1 ve a=1.5

degerlerine karsilik gelen ilk 6 6zfonksiyon ayni grafik lizerinde verilmistir.

Grafikler incelendiginde, sabit kesitli diizglin kiriste oldugu gibi degisken kesitli
konsol kiriste de k. 6zfonksiyonun k—1 diigiim noktasi igerdigi goriilmektedir.
Ozfonksiyonlar kirisin ince tarafina (sol tarafa) dogru gidildikge artan genlikte
sekiller olusturmaktadir. Ug farkli o degeri icin titresim kipleri incelendiginde, o
arttik¢a, kirisin ince ve kalin taraflar1 arasindaki genlik farklarinin da gozle goriiniir
sekilde arttig1, o kiiciildilkce, kip fonksiyonlarinin sabit kesitli kiris kip

fonksiyonlarina yakimsadigi goriilmektedir. Buna ek olarak, ele alinan o degerleri
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igin o arttik¢a, diiglim noktalarinin her iki siir kosulu i¢in de 2. kip fonksiyonlarinda
kiris sag ucuna —kalin uca—, bunun disindaki tiim kip fonksiyonlarinda ise kirigin sol
ucuna —ince uca— dogru kaydigi gozlenmistir. 2. kip fonksiyonlarinda gozlemlenen

bu fark, daha detayli arastirilmak tizere not edilmeye deger goriinmektedir.

pz(u)

Qs (U ps(u) K vs(u)

P1(u)

¢z(u) P -

P T R I o) ] 9o

(b)

Sekil 3.3 : G-S kiris kip bigimlerinin ti¢ farkli a 6l¢iisii ile degisimi, n=2: a) Kalin
ucu gémiilii — ince ucu serbest kiris. b) Ince ucu gémiilii — kalin ucu serbest kiris.

3.1.1.2 Mafsall — Mafsalh Kiris

Basit mesnetli kiriste n=1 ve n=2 halleri i¢in ilk 7 boyutsuz dogal frekansin a kesit
degisim oOlgiisiiyle degisimi Sekil 3.4’te verilmistir. Sekiller incelendiginde, yine

olmasi gerektigi gibi, egrilerin basit mesnetli kiriste B, =9.8696, P, =39.4784,

B, =88.8264... a=0 (sabit kesitli kiris) boyutsuz dogal frekanslarina karsilik gelen

degerlerle basladigi ve kesit degisim Olciisiiniin frekanslar {izerindeki etkisinin, kalin
ucu gomiilii konsol kirigtekinden farkli olarak, temel frekans da dahil tiim frekanslari

asag1 cekmek seklinde oldugu anlasilmaktadir.
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Sekil 3.4 : M—M kiris boyutsuz dogal frekanslarinin a 6l¢iisiiyle degisimi.

Basit mesnetli kiriste ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlar i¢in bir

dizi a kesit degisim parametresine karsilik gelen sayisal degerleri Cizelge 3.4’te

verilmistir. Ilk 7 boyutsuz frekans i¢in daha genis bir tablo Ek C’de sunulmustur.

Cizelge 3.4 : M—M kiris frekans hesabi1 sonuglari.

Basit Mesnetli Kiris

R . B

1 0 0.8696 39.4784 88.8264
1 0.5 8.1145  32.6408 73.3773
1 1.0 7.1215 28,9518 64.9788
1 15 6.4666  26.6002 59.5969
1 2.0 59949 249505 55.8072
2 0 0.8696 39.4784 88.8264
2 0.5 8.0494  32.7026 73.4745
2 1.0 6.9566  29.1103 65.2277
2 15 6.2086  26.8518 59.9914
2 2.0 5.6560 25.2860 56.3322

Kesit degisim Olgiisiiniin 6zfonksiyonlar tizerindeki etkisini gorebilmek igin, iki ucu

mafsalli kiriste n=2 i¢in ilk 6 6zfonksiyonun a=0.5, a=1 ve a=1.5 degerlerine karsilik
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gelen kip fonksiyonlar1 Sekil 3.5te verilmistir. Grafikler incelendiginde, konsol kiris
Ozfonksiyonlar1 i¢in yapilan yorumlarin basit mesnetli kiris 6zfonksiyonlar1 i¢in de
gecerli oldugu, konsol kiristen farkli olarak bu kez 2. kip fonksiyonu da dahil olmak
tizere tim kip fonksiyonlarinda diigiim noktalarinin kirisin sol ucuna —ince uca—

kaydig1 gozlenmistir.
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Sekil 3.5 : M—M kiris kip bigimlerinin {i¢ farkl o ol¢iisii ile degisimi, n=2.
3.1.1.3 Gomiilii — Gomiilii Kiris

Iki ucu gémiilii kiriste n=1 ve n=2 halleri i¢in ilk 7 boyutsuz dogal frekansin a kesit
degisim oOl¢iisiiyle degisimi Sekil 3.6’da verilmistir.
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Sekil 3.6 : G—G kiris boyutsuz dogal frekanslariin a 6l¢iisiiyle degisimi.
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Sekiller incelendiginde, egrilerin B, =22.3733, P, =61.6728, B;=120.9034... o=0
(sabit kesitli kiris) boyutsuz dogal frekanslarina karsilik gelen degerlerle basladigi ve
basit mesnetli kiristekine benzer sekilde, kesit degisim Olgiisiiniin frekanslar

tizerindeki etkisinin tlim frekanslar1 asag1 ¢ekmek seklinde oldugu anlagilmaktadir.

Iki ucu gdmiilii kiriste ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlari i¢in bir
dizi a kesit degisim parametresine karsilik gelen sayisal degerleri Cizelge 3.5°te

verilmistir. Ilk 7 boyutsuz frekans i¢in daha genis bir tablo Ek C’de sunulmustur.

Cizelge 3.5 : GG kiris frekans hesab1 sonuglari.

GoOmiilii — Gomiilii Kiris

" ¢ B B B

1 0 22.3733 61.6728 120.9034
1 05 18.4700 50.8938 99.7558
1 15 14.9616 41.1656 80.6348
1 2.0 13.9903 38.4644 75.3176

0 22,3733 61.6728 120.9034

05 18.5258 50.9696  99.8390
15 15.1898 41.4765  80.9775

2.0 142951 38.8804  75.7774

N N NN DN

Kesit degisim Olgiisiiniin 6zfonksiyonlar lizerindeki etkisini gorebilmek i¢in, iki ucu
gomiilii kiriste n=2 i¢in ilk 6 6zfonksiyonun {i¢ farkli a kesit degisim Ol¢iisii icin
grafikleri Sekil 3.7°de verilmistir. Sekiller incelendiginde, basit mesnetli kiris kip

bicimleri i¢in yapilan yorumlarin tiimiiyle gecerli oldugu goriilmektedir.
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Sekil 3.7 : GG kiris kip bigimlerinin ii¢ farkli a 6l¢iisii ile degisimi, n=2.
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3.1.1.4 Gomiilii — Mafsalh Kiris

Sol (ince) ucu mafsalli — sag (kalin) ucu goémiilii ve sol (ince) ucu gomiilii — sag

(kalin) ucu mafsalli simir kosullarina sahip kiriste n=1 ve n=2 halleri icin ilk 7

boyutsuz dogal frekansin a kesit degisim odl¢iisiiyle degisimi Sekil 3.8’de verilmistir.
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Sekil 3.8 : G—M kiris boyutsuz dogal frekanslarinin a 6l¢iistiyle degisimi.

Ince ucu mafsallr — kalin ucu gomiilii kiris ile kalin ucu mafsalli — ince ucu gémiilii

kiris boyutsuz dogal frekanslarinin, n=1 ve n=2 6zel halleri i¢in a dlgiisiiyle degisim
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egrileri incelendiginde, tiim durumlarda egrilerin [_11=15.4182, B, =49.9649,

B3 =104.2477..., a=0 (sabit kesitli kiris) boyutsuz dogal frekanslarina karsilik gelen
degerlerle basladig1 ve yine kesit degisim Olgiisiiniin frekanslar lizerindeki etkisinin

tiim frekanslar asagi ¢cekmek seklinde oldugu goriilmektedir.

Gomiilii - Mafsalli kiriste ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlar1 i¢in
bir dizi a kesit degisim parametresine karsilik gelen sayisal degerleri Cizelge 3.6°da

verilmistir. IIk 7 boyutsuz frekans i¢in daha genis bir tablo Ek C’de sunulmustur.

Cizelge 3.6 : G—M kiris frekans hesab1 sonuglari.

_ Kalin (Sag) U¢ Gomiilii _ Kalin (Sag) U¢ Mafsall
n a Ince (Sol) U¢ Mafsall Kiris Ince (Sol) U¢ Gomiilii Kiris
B B Bs B B B
1 0 154182 49.9649 104.2477 154182 49.9649 104.2477
1 0.2 144574  46.0498 95.7102 13.7524 45.3846  95.0430
1 0.5 13.4273 419311 86.7273 12.0171 40.5991  85.3891
1 0.8 12.6892 39.0343 80.4085 10.8081 37.2555  78.6172
1 1.0 12.3001 37.5274  77.1215 10.1833 35.5240 75.1004
1 1.5 11.5564 34.6890 70.9301  9.0144 32.2778  68.4865
1 2.0 11.0206 32.6814 66.5515  8.1942 29.9946  63.8160

0 154182 49.9649 104.2477 154182 49.9649 104.2477
0.2 14.6346 46.2316  95.8972  13.5765 45.2342  94.8968
0.5 13.7859 42.3319 87.1506 11.6646 40.3381  85.1471
0.8 13.1738 39.6084 81.0263 10.3357 36.9520  78.3504
1.0 12.8505 38.1988  77.8512 9.6496 352121  74.8369
15 12.2328 35.5590  71.8939 8.3665 31.9800 68.2646
2.0 11.7899 33.7058  67.7025 7.4659  29.7349  63.6566

N N NN DD DD DN

Kesit degisim Ol¢iisiiniin 6zfonksiyonlar tizerindeki etkisini gérebilmek icin, Sekil
3.9a’da ince ucu mafsalli — kalin ucu gomiilii ve Sekil 3.9b’de ince ucu goémiilii —
kalin ucu mafsalli sinir kosullarina sahip kiriste n=2 i¢in ilk 6 6zfonksiyonunun ii¢
farkli a kesit degisim Ol¢iisii i¢in grafikleri verilmistir. Sekiller incelendiginde, basit
mesnetli kiris kip bigimleri igin yapilan yorumlarin timiiyle gecerli oldugu

goriilmektedir.
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Sekil 3.9 : G—M kiris kip bigimlerinin ti¢ farkli a 6lgiisii ile degisimi, n=2: a) Kalin
ucu gomiilii — ince ucu mafsalli kiris. b) Ince ucu gémiilii — kalm ucu mafsall kiris.

3.1.1.5 Mafsalh — Serbest Kiris
Bir ucu mafsalli bir ucu serbest kiris ele alindiginda, kirisin mafsallandig1 aski
noktasi ¢evresinde donmesi seklinde bir rijit cisim kipi bulundugu bilinmektedir. Bu

durumda [_3 =0 bir segenektir. Burada hesaplamalar bu seg¢enek bir yana birakilarak,

[_3 # 0 6zelinde gergeklestirilmistir.

Sol (ince) ucu serbest — sag (kalin) ucu mafsalli ve sol (ince) ucu mafsalli — sag
(kalin) ucu serbest smir kosullarima sahip kiriste n=1 ve n=2 halleri i¢in ilk 7
boyutsuz dogal frekansin o kesit degisim Olgiisiiyle degisimi Sekil 3.10°da
verilmistir. Ince ucu serbest — kalin ucu mafsalli Kiris ile kalin ucu serbest — ince ucu

mafsalli kiris boyutsuz dogal frekanslarinin, n=1 ve n=2 6zel halleri i¢in o Ol¢iisiiyle
degisim egrileri incelendiginde, egrilerin tamamimin B, =15.4182, B, = 49.9649,

B; =104.2477..., a=0 (sabit kesitli kirig) boyutsuz dogal frekanslarina karsilik gelen
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degerlerle basladigi ve diger smir kosullarinda oldugu gibi yine kesit degisim
Olciisiiniin frekanslar iizerindeki etkisinin tiim frekanslar1 asagi ¢ekmek seklinde

oldugu goriilmektedir.
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Sekil 3.10 : M-S kiris boyutsuz dogal frekanslarinin a 6lgiisiiyle degisimi.

Mafsalli — Serbest kiriste ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlari i¢in
bir dizi a kesit degisim parametresine karsilik gelen sayisal degerleri Cizelge 3.7’de

verilmistir. IIk 7 boyutsuz frekans i¢in daha genis bir tablo Ek C’de sunulmustur.
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Cizelge 3.7 : M-S kiris frekans hesab1 sonuclari.

_ Kalin (Sag) U¢ Mafsall . Kalin (Sag) Ug Serbest
n a Ince (Sol) Ug Serbest Kiris Ince (Sol) U¢ Mafsall Kiris

[ B2 Bs [ B2 Bs
1 0 154182 49.9649 104.2477 15.4182 49.9649 104.2477
1 0.2 144716 46.0722 95.7351  13.7648 45.4059 95.0671
1 0.5 13.4959 42.0336 86.8400 12.0673 40.6916  85.4944
1 1.0 12,4942 37.8005 77.4191 10.2981 35.7531  75.3655
1 15 11.8875 35.1362  71.4143 9.1807 32.6316  68.9011
1 2.0 11.4870 33.2936 67.2111 8.3999  30.4555 64.3624
2 0 154182 49.9649 104.2477 15.4182 49.9649 104.2477
2 0.2 14.6568 46.2657  95.9348  13.5942 45.2657  94.9325
2 0.5 13.8990 42.4911 87.3235 11.7319 40.4719 85.3014
2 1.0 13.1894 38.6337  78.3156 9.7903 35.5347  75.2181
2 15 12.8318 36.2843  72.6590 8.5560 32.4679  68.8525
2 2.0 12.6538 34.7135  68.7559 7.6862 30.3599  64.4222

Kesit degisim ol¢iisiiniin 6zfonksiyonlar iizerindeki etkisini gorebilmek i¢in, Sekil
3.11a’da ince ucu serbest — kalin ucu mafsalli ve Sekil 3.11b’de ince ucu mafsalli —

kalin ucu serbest sinir kosullarina sahip kiriste n=2 i¢in ilk 6 6zfonksiyonun ti¢ farkl
a kesit degisim oOl¢iisii i¢in grafikleri verilmistir. B = Orijit cisim kipi bulunan bu

durumda hesaplamalar rijit cisim kipindeki olas1 hareketin titresim hareketi {izerinde

bir etkisi bulunmayacagi varsayimiyla gerceklestirilmistir.
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Sekil 3.11 : M-S kiris kip bigimlerinin {i¢ farkli a 6lgiisii ile degisimi, n=2: a) Kalin
ucu mafsall1 — ince ucu serbest kiris. b) Ince ucu mafsalli — kalin ucu serbest kiris.
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Sekil 3.11 (devam) : M-S kiris kip bigimlerinin.ﬁg farkl a Olciisii ile degisimi, N=2:
a) Kalin ucu mafsalli — ince ucu serbest kiris. b) Ince ucu mafsalli — kalin ucu serbest
kiris.

3.1.1.6 Serbest — Serbest kiris
Sabit zeminle elastik baglantis1 olmayan iki ucu serbest kiris ele alindiginda, bu
kirisin bir rijit cisim kipi bulundugu bilinmektedir. Bu durumda B =0 bir segenektir.

Burada B;t 0 ozelinde hesaplamalar gergeklestirilerek, Sekil 3.12°de iki ucu serbest

kiriste n=1 ve n=2 halleri i¢in ilk 7 boyutsuz dogal frekansin o kesit degisim

Olctistiyle degisimi verilmistir.
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Sekil 3.12 : S-S kiris boyutsuz dogal frekanslarinin a 6l¢iistiyle degisimi.
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Sekiller incelendiginde, egrilerin iki ucu serbest kiris i¢in B, =22.3733, B, =61.6728,

B; =120.9034..., a=0 (sabit kesitli kirigs) boyutsuz dogal frekanslarina karsilik gelen
degerlerle basladig1 ve diger sinir kosullarina sahip kirislerdekine benzer sekilde,
kesit degisim Olciisiiniin frekanslar iizerindeki etkisinin tiim frekanslar1 agag1 ¢cekmek

seklinde oldugu anlasilmaktadir.

Iki ucu serbest kiriste ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlar igin bir
dizi o kesit degisim parametresine karsilik gelen sayisal degerleri Cizelge 3.8’de

verilmistir. ilk 7 boyutsuz frekans icin daha genis bir tablo Ek C’de sunulmustur.

Cizelge 3.8 : S-S kiris frekans hesab1 sonuglari.

Serbest — Serbest Kiris

n a — — —

B1 B2 B3
1 0 22,3733 61.6728 120.9034
1 0.5 18.6196 51.0962  99.9777
1 1.0 16.7242 455026  88.7111
1 15 15.5862 41.9989  81.5505

0 223733 61.6728 120.9034
0.5 18.7527 51.2738 100.1721

1.0 17.0793 45.9630 89.2139
15 16.1726 42.7383  82.3563

N NN NN

Kesit degisim Ol¢iisiiniin 6zfonksiyonlar tizerindeki etkisini gérebilmek i¢in, iki ucu
serbest kiriste n=2 i¢in ilk 6 O6zfonksiyonun ii¢ farkli a kesit degisim Olcilisli i¢in

grafikleri Sekil 3.13’te verilmistir.
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Sekil 3.13 : S-S kiris kip bi¢cimlerinin ii¢ farkli o 6l¢iisii ile degisimi, n=2.
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Mafsalli-Serbest kiriste oldugu gibi burada da hesaplamalar B =0 rijit cisim

kipindeki olas1 hareketin titresim hareketini etkilemeyecegi varsayimiyla

gerceklestirilmistir.

3.2 Noktasal Kiitle Tasiyan Kiris Ozfrekans ve Ozfonksiyonlar:

Bu boliimde, bir noktasal kiitle tasiyan kirisin gomiilii-—serbest (konsol), mafsalli—
mafsalli (basit mesnetli), gomiilii—gémiilii, gomiili—mafsalli, mafsalli-serbest ve
serbest—serbest sinir kosullar1 altindaki boyutsuz dogal frekanslart ve kip
fonksiyonlar1 incelenmistir. Farkli sinir kosullari altindaki noktasal kiitle ilave edilen
kiris 6zdeger ve Ozfonksiyonlari, Boliim 2.2°de 6zetlenen ¢6ziim 1s18inda, Cizelge
2.1°de verilen ilgili sinir kosullar1 ve bunlara ek olarak Denklem (2.29-32)’deki
gecis kosullar1 Denklem (2.22)’deki ¢oOziime dayatilarak, karakteristik matrisin
kurulmasindan sonra gerekli tim hesaplarin bilgisayar yardimiyla ger¢eklestirilmesi
seklinde elde edilmistir. Nihai denklem, a kesit degisim Olgiisii, i1 boyutsuz kiitle
Olglisii ve A boyutsuz konum Ol¢iisiine bagl oldugundan buradan hesaplanacak

Ozfrekans ve 6zfonksiyonlar da bu ii¢ parametreye bagl olarak degisecektir.

Bu boliim boyunca, noktasal kiitle biiyiikliigii denildiginde, ince uca referansla
tiretilmis p kiitle biiyiikliigii anlagilmalidir. Verilen tiim sonuglar, bu p degerine gore
verilmistir. Istenirse, ince uca referansla elde edilen p yerine Denklem 2.55’te verilen

bagint1 yardimiyla kalin uca referansla elde edilen p gegirilebilir.

3.2.1 Kesit degisim ol¢iisiiniin frekanslar ve kip bi¢imleri iizerine etkisi

Kesit degisim Ol¢lisiiniin ¢esitli sinir kosullar1 altindaki noktasal kiitle ilave edilmis
kiris boyutsuz dogal frekanslar1 ve kip bicimleri iizerine etkisi bu bdoliimde ele
alinmistir. Her bir siir kosulu icin kiitle biiyiikliigi ve kiitle konumu sabitlenerek, o
kesit degisim olgiisiiniin boyutsuz dogal frekanslar {izerine etkisi incelenmis, bir dizi
sayisal deger tablolar halinde verilmistir. Kesit degisim Ol¢iisiiniin u=0.5 noktasal
kiitlesini tasiyan kiris kip fonksiyonlar iizerindeki etkisini gorebilmek igin, a=1,

a=1.5 ve 0=2 degerleri i¢in kip fonksiyonlar1 ayn1 grafik {izerinde olusturulmustur.

3.2.1.1 Gomiilii — Serbest Kiris

Serbest ucunda p=0.5 noktasal kiitlesini tasiyan konsol kirisin ilk 7 boyutsuz dogal

frekansinin a 6l¢iisiiyle degisimi, ince ucu serbest — kalin ucu gomiilii kiriste n=1 hali
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icin Sekil 3.14a’da, n=2 hali i¢in Sekil 3.14b’de, kalin ucu serbest — ince ucu gomiilii
kiriste ise n=1 hali i¢in Sekil 3.14c’de ve n=2 hali i¢in Sekil 3.14d’de verilmistir.
Frekans egrileri incelendiginde, kiitle ilavesinin tiim frekanslar1 yalin Kkiris

frekanslarindan birer miktar asagi ¢ektigi goriilmektedir.
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Sekil 3.14 : Noktasal kiitle tasiyan G-S kiris boyutsuz dogal frekanslarinin o
oOlgiistiyle degisimi: a) A=0, n=1. b) A=0, n=2. ¢) A=1, n=1. d) A=1, n=2.
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Serbest ucunda noktasal kiitle tasiyan konsol kiriste ilk 3 boyutsuz dogal frekansin,
n=1 ve n=2 durumlar i¢in bir dizi a kesit degisim parametresine karsilik gelen
sayisal degerleri Cizelge 3.9°da verilmis, tim frekanslari igceren genis bir tablo Ek

D’de sunulmustur.

Cizelge 3.9 : Noktasal kiitle tasiyan G-S kiris frekans hesab1 sonuglari.

_Kalin (Sag) U¢ Gomiilii . Kahn (Sag) Ug Serbest

Ince (Sol) U¢ Serbest Kiris Ince (Sol) U¢ Gomiilii Kiris
n a (n=0.5 - 2=0) (p=0.5-72~1)

B B Bs B B B:

1 0.2 2.06436 15.87807 47.46045 1.74507 15.24288 47.22524
1 0.5 212964 14.78500 43.39061 1.45784 13.51097 42.57238
1 1.0 222506 13.59637 38.83843 1.14975 11.66998 37.66958
1 15 230846 12.81939 35.90668 0.95193 10.48480 34.55216
1 2.0 2.38305 12.26533 33.83490 0.81332 9.64389 32.36695
2 0.2 219982 16.11425 47.87086 1.72967 15.21238 47.32453
2 0.5 2.44559 15.27232 43.87270 1.40551 13.45216 42.89588
2 1.0 279972 14.36379 39.64071 1.03982 11.54025 38.34854
2 15 3.10564 13.78198 36.94303 0.80274 10.25108 35.46911
2 2.0 3.37715 13.37904 35.05357 0.64056 9.29378 33.41343

Kesit degisim Olgiisiiniin 6zfonksiyonlar iizerindeki etkisini gorebilmek i¢in, Sekil
3.15a’da A=0 (serbest ucunda), u=0.5 noktasal kiitlesini tasiyan ince ucu serbest —
kalin ucu gomiilii ve Sekil 3.15b’de A=1 (serbest ucunda), p=0.5 noktasal kiitlesini
tasiyan ince ucu gomiilii — kalin ucu serbest sinir kosullarina sahip kiriste n=2 i¢in ilk

6 0zfonksiyonunun ti¢ farkli a kesit degisim 6l¢iisii i¢in grafikleri verilmistir.

Noktasal kiitle ekli durum i¢in grafikler incelendiginde, Boliim 3.1°de yalin kiris i¢in
yapilan yorumlara benzer sekilde, 6zfonksiyonlar kirisin ince tarafina (sol tarafa)
dogru gidildik¢e artan genlikte sekiller olusturmaktadir. o=1, 0=1.5 ve a=2 igin
titresim kipleri incelendiginde, o arttik¢a, kirisin ince ve kalin taraflar1 arasindaki
genlik farklarmin da goézle goriiniir sekilde arttigi ve diigiim noktalarinin kalin ucu
gomiilii konsol kirigin 2. kip fonksiyonunda kirisin sag -kalin- ucuna bunun digindaki
tim kip fonksiyonlarinda ise kirisin sol -ince- ucuna dogru kaydigir gézlenmistir.

Istisna olusturan durum, ayrica incelenmek iizere not edilmistir.
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Sekil 3.15 : Noktasal kiitle tagtyan G-S kiris kip bi¢imlerinin ti¢ farkli a 6l¢isi ile
degisimi, n=2, u=0.5: a) Kalin ucu gémiilii — ince ucu serbest kiris, A=0. b) Ince ucu
gomilii — kalin ucu serbest kiris, A=1.

3.2.1.2 Mafsall — Mafsalh Kiris

Orta noktasinda (A=0.5 konumunda), u=0.5 noktasal kiitlesini tasiyan basit mesnetli
kirigin ilk 7 boyutsuz dogal frekansinin a kesit degisim Ol¢iisiiyle degisimi, n=1 igin

Sekil 3.16a’da ve n=2 igin Sekil 3.16b’de verilmistir.

Sekiller incelendiginde, kiris orta noktasina konulan noktasal kiitlenin, tim
frekanslar1 asag1 ¢ceken bir etkisinin oldugu ve bu etkinin tek sirali kiplerde belirgin
iken, ¢ift sirali kiplerde daha az fark edilir oldugu goriilmektedir. Bunun sebebi,
Sekil 3.5’te yalin kirig i¢in verilen kip bi¢imlerinden de goriilecegi lizere basit
mesnetli kirisin ¢ift sirali kiplerinde orta nokta yakininda bir diiglim noktasi

igermesidir.

41



450 -— 430

. _ p=05 m _ p=035 m
.-“. — P ks | -..‘- p— P E

02 04 06 0810 12 14 16 1.8 2.0 02 04 06 0810 12 14 16 18 20
CL L
(a) (b)

Sekil 3.16 : Noktasal kiitle tastyan M—M kiris boyutsuz dogal frekanslarinin o
olgiisiiyle degisimi, A=0.5: a) n=1. b) n=2.
Orta noktasinda bir kiitle tagiyan basit mesnetli kiriste ilk 3 boyutsuz dogal frekansin,
n=1 ve n=2 durumlan i¢in bir dizi o kesit degisim parametresine karsilik gelen
sayisal degerleri Cizelge 3.10°da verilmis, tiim frekanslar1 i¢eren genis bir tablo Ek

D’de sunulmustur.

Cizelge 3.10 : Noktasal kiitle tasiyan M—M kiris frekans hesab1 sonuglari.

Basit Mesnetli Kiris
n a (p=0.5 — 2=0.5)
B: B2 Bs

1 0.2 6.51975 36.11510 66.36681
1 0.5 6.04286 32.57872 60.91155
1 1.0 551798 28.81508 55.39925
1 1.5 5.16545 26.41182 52.00027
1 2.0 490541 2472993 49.64220

0.2 6.65561 36.13898 66.93518
0.5 6.28088 32.68266 62.12642
1.0 5.78910 29.07165 57.32103
15 5.39425 26.80458 54.31861
2.0 5.06370 25.23666 52.16013

N NN N NN
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Kesit degisim odl¢iisiiniin 6zfonksiyonlar iizerindeki etkisini gérebilmek i¢in, noktasal
kiitle tastyan iki ucu mafsalli kiriste n=2 igin ilk 6 6zfonksiyonun {i¢ farkli a kesit
degisim Olcisii i¢in grafikleri Sekil 3.17°de verilmistir. a=1, a=1.5, ve a=2 i¢in ayni
grafik tizerinde ¢izdirilen kip fonksiyonlar1 incelendiginde, 1. kip fonksiyonunda tepe
noktasinin o arttik¢a kirisin sol ucuna —ince uca— dogru kaydigi goriilmektedir.
Ayrica, konsol kiristen farkli olarak bu kez o arttikca 2. kip fonksiyonu da dahil
olmak tizere tim kip fonksiyonlarinda diigiim noktalarinin kirisin sol ucuna —ince

uca- kaydig1 gozlenmistir.
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Sekil 3.17 : Noktasal kiitle tastyan M—M kiris kip bicimlerinin ti¢ farkli o 6l¢iisii ile
degisimi, n=2, u=0.5, A=0.5.
3.2.1.3 Gomiilii — Gomiilii kiris

Orta noktasinda (A=0.5 konumunda), u=0.5 noktasal kiitlesini tasiyan iki ucu gémiilii
kirisin ilk 7 boyutsuz dogal frekansinin a kesit degisim Sl¢iisiiyle degisimi, n=1 6zel

hali i¢in Sekil 3.18a’da ve n=2 6zel hali i¢in Sekil 3.18b’de verilmistir.

Basit mesnetli kiristekine benzer bir yaklasimla, Sekil 3.7’de verilen kip bigimleri
incelendiginde, gomiilii—-gomiilii kirigin ¢ift sirali kiplerinin de orta nokta yakininda
bir diigiim noktasi igerdigi anlasilmaktadir. Boylece, basit mesnetli Kiris i¢in yapilan
yorumlarin burada da tiimiiyle gecerli oldugu, gomiilii — gémiilii kiriste, orta nokta
civarinda diiglim noktas1 bulunan ¢ift sirali kiplerde noktasal kiitlenin frekanslar
asag1 ceken etkisinin tek sirali kiplere kiyasla daha az fark edilir oldugu

goriilmektedir.
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Sekil 3.18 : Noktasal kiitle tasiyan G—G kiris boyutsuz dogal frekanslarinin o
olgiisiiyle degisimi, A=0.5: a) n=1. b) n=2.
Orta noktasinda kiitle tasiyan iki ucu gomiilii kiriste ilk 3 boyutsuz dogal frekansin,
n=1 ve n=2 durumlan i¢in bir dizi o kesit degisim parametresine karsilik gelen
sayisal degerleri Cizelge 3.11°de verilmis, tiim frekanslar1 i¢eren genis bir tablo Ek

D’de sunulmustur.

Cizelge 3.11 : Noktasal kiitle tasiyan G—G kiris frekans hesab1 sonuglari.

Gomiilii — Gomiili Kiris

n o (n=0.5 — 2=0.5)

B: B Bs
1 0.2  13.91411 56.30999 92.35739
1 0.5  13.02204 50.44942 84.90036
1 1.0  12.11083 44.02389 77.48958
1 1.5  11.54038 39.87530 72.88048
1 20 11.13805 36.98029 69.59026

0.2 14.27947 56.33242 93.01024
05 13.77912 50.57789 86.30799
1.0 13.26263 44.43079 79.63680
15 12.89954 40.58444 75.31412
2.0 12.60214 37.96414 72.04694

N NN N NN
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Kesit degisim odl¢iisiiniin 6zfonksiyonlar iizerindeki etkisini gérebilmek i¢in, noktasal
kiitle tastyan iki ucu gomiilii kiriste n=2 i¢in ilk 6 6zfonksiyonun ii¢ farkli a kesit
degisim Olclst i¢in grafikleri Sekil 3.19°da verilmistir. Sekiller incelendiginde, basit
mesnetli kiris kip bi¢imleri i¢in yapilan yorumlarin tiimiyle gegerli oldugu

goriilmektedir.
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Sekil 3.19 : Noktasal kiitle tasiyan G—G kirig kip bigimlerinin ii¢ farkli a 6l¢iisi ile
degisimi, n=2, u=0.5, A=0.5.

3.2.1.4 Gomiilii — Mafsall Kiris

Orta noktasinda (A=0.5), p=0.5 noktasal kiitlesini tagiyan gomiilii — mafsalli kirigin
ilk 7 boyutsuz dogal frekansinin a dlgiisiiyle degisimi, ince ucu mafsalli — kalin ucu
gomiili kiriste n=1 hali i¢in Sekil 3.20a’da, n=2 hali i¢in Sekil 3.20b’de, kalin ucu
mafsalli — ince ucu gémiilii kiriste ise n=1 hali i¢in Sekil 3.20c’de ve n=2 hali igin

Sekil 3.20d’de verilmistir.

Frekans egrileri incelendiginde, kiris orta noktasina konulan p=0.5 noktasal
kiitlesinin tiim frekanslar1 asag1 ¢eken etkisinin ince ucu mafsalli — kalin ucu gomiilii
kiriste tek sirali kiplerde, kalin ucu mafsalli — ince ucu gomiilii kirislerde ise cift
sirali kiplerde daha diisiik oldugu goriilmektedir. Bolim 3.1°deki yalin kiris kip
bicimi grafikleri incelendiginde, olmasi gerektigi gibi, Sekil 3.9a’da ince ucu
mafsalli — kalin ucu gomiilii kirisin tek sirali kiplerinde orta nokta yakininda bir
diiglim noktas1 bulundugu, Sekil 3.9b’de ince ucu gémiilii — kalin ucu mafsall kirisin
cift swrali kiplerinde orta nokta yakini bir digim noktast bulundugu fark
edilmektedir.
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Sekil 3.20 : Noktasal kiitle tasiyan G—M kiris boyutsuz dogal frekanslarinin o
Olgiisiiyle degisimi, A=0.5: a) n=1. b) n=2. ¢) n=1. d) n=2.
Orta noktasinda kiitle tasiyan gomiilii — mafsalli kiriste ilk 3 boyutsuz dogal
frekansin, n=1 ve n=2 durumlari i¢in bir dizi o kesit degisim parametresine karsilik
gelen sayisal degerleri Cizelge 3.12°de verilmis, tiim frekanslar1 igeren genis bir

tablo Ek D’de sunulmustur.
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Cizelge 3.12 : Noktasal kiitle tasiyan G—M kiris frekans hesabi1 sonuglari.

_ Kalin (Sag) U¢ Gomiilii _ Kalin (Sag) U¢ Mafsall

Ince (Sol) U¢ Mafsall Kiris Ince (Sol) U¢ Gomiilii Kiris
n a (n=0.5 —2=0.5) (n=0.5 —2=0.5)

B B Bs B B Bs

1 0.2 10.34052 43.74156 82.65608 9.78239 44.10730 79.76605
1 0.5 9.94670 39.38913 77.03890 8.79984 39.95604 71.54494
1 1.0 9.54222 34.86144 70.99954 7.75966 35.33055 63.48029
1 15 9.28566 32.04993 66.94361 7.08836 32.23310 58.71558
1 20 910123 30.12971 63.90311 6.60853 29.99102 55.53997
2 0.2 10.69631 44.08652 83.24963 9.89587 43.97228 80.21414
2 0.5 10.68589 40.17308 78.23812 8.99101 39.70334 72.62831
2 1.0 10.67845 36.21047 72.73004 7.95303 35.00413 65.38656
2 15 10.64667 33.81119 68.86862 7.21516 31.91340 61.13533
2 2.0 10.59239 32.19420 65.86845 6.64567 29.71606 58.23207

Kesit degisim Olgiisiiniin 6zfonksiyonlar iizerindeki etkisini gorebilmek icin, Sekil
3.21a’da orta noktasinda (A=0.5), u=0.5 noktasal kiitlesini tasiyan ince ucu mafsalli —
kalin ucu gomiilii ve Sekil 3.21b’de ince ucu gomiilii — kalin ucu mafsalli sinir
kosullarina sahip kiriste n=2 i¢in ilk 6 6zfonksiyonunun ii¢ farkli o kesit degisim

Olctisti i¢in grafikleri verilmistir. Sekiller incelendiginde, basit mesnetli kiris kip

bicimleri i¢in yapilan yorumlarin tiimiiyle gecerli oldugu goriilmektedir.

04 px(u)]

@+(u) Ps(u)

I(a)l

_o=1, o=1.5_ a=2

Sekil 3.21 : Noktasal kiitle tasiyan G—M kiris kip bigimlerinin ii¢ farkli o 6l¢iisii ile

degisimi, n=2, u=0.5, A=0.5.
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Sekil 3.21 (devam) : Noktasal kiitle tasityan G—M Kkiris kip bigimlerinin ii¢ farkli o
Olciisii ile degisimi, n=2, u=0.5, A=0.5.

3.2.1.5 Mafsalli — Serbest kiris

Serbest ucunda p=0.5 noktasal kiitlesini tasiyan mafsalli-serbest kirisin ilk 7

boyutsuz dogal frekansinin o Olciisiiyle degisimi, ince ucu serbest — kalin ucu

mafsalli kiriste n=1 hali i¢in Sekil 3.22a’da, n=2 hali i¢in Sekil 3.22b’de, kalin ucu

serbest — ince ucu mafsalli kiriste ise n=1 hali i¢in Sekil 3.22¢’de ve n=2 hali igin

Sekil 3.22d’de verilmistir.
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Sekil 3.22 : Noktasal kiitle tastryan M—S kiris boyutsuz dogal frekanslarmin o
olgiistiyle degisimi: a) A=0, n=1. b) A=0, n=2. ¢) A=1, n=1. d) A=1, n=2,
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Sekil 3.22 (devam) : Noktasal kiitle tasityan M-S kiris boyutsuz dogal frekanslarinin

L

(€)

— =03 F‘

02 04 06 0810 12 14 16 18 2.0

L
(@)

a Olgiisiiyle degisimi: a) A=0, n=1. b) A=0, n=2. ¢) A=1, n=1. d) A=1, n=2,

A=0 konumunda p=0.5 noktasal kiitlesini tasiyan ince ucu serbest — kalin ucu
mafsall Kiris ile A=1 konumunda p=0.5 noktasal kiitlesini tagiyan ince ucu mafsalli —
kalin ucu serbest kiris boyutsuz dogal frekanslarinin, a olgiisiiyle degisim egrileri

incelendiginde, kiitle ilavesinin tiim frekanslar1 konsol kiriste oldugu gibi yalin kiris

frekanslarindan bir miktar asagi ¢ektigi goriilmektedir.

Serbest ucunda noktasal kiitle tagiyan mafsalli-serbest kiriste ilk 3 boyutsuz dogal
frekansin, n=1 ve n=2 durumlar i¢in bir dizi a kesit degisim parametresine karsilik

gelen sayisal degerleri Cizelge 3.13te verilmis, tim frekanslar iceren genis bir tablo

Ek D’de sunulmustur.

Cizelge 3.13 : Noktasal kiitle tagtyan M-S kiris frekans hesabi1 sonuglari.

_Kalin (Sag) U¢ Mafsalh . Kahn (Sag) Ug Serbest

Ince (Sol) Ug Serbest Kiris Ince (Sol) U¢ Mafsall Kiris
n o (p=0.5 — 2=0) (n=0.5-2~1)

B B Bs B B Bs
1 0.2 10.47302 37.71518 82.91702 10.43911 37.91362 83.21434
1 0.5 956612 34.10456 74.85132 9.47971 34.52652 75.49726
1 1.0 8.60256 30.29028 66.27933 8.42691 30.97015 67.35317
1 15 7.99252 27.86156 60.78732 7.72807 28.71735 62.17590
1 20 757212 26.16015 56.92098 7.22081 27.14298 58.55361
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Cizelge 3.13 (devam) : Noktasal kiitle tasiyan M-S kiris frekans hesab1 sonuglari.

Kalin (Sag) U¢ Mafsallh Kalin (Sag) Uc¢ Serbest
Ince (Sol) U¢ Serbest Kiris Ince (Sol) U¢ Mafsalh Kiris
n o (n=0.5 — 2=0) (n=0.5-2=1)
El EZ E?» El Ez 33

0.2 10.54467 37.77503 82.97119 10.53185 38.15531 83.52479
0.5 9.71107 34.26561 75.01621 9.62634 35.11107 76.30688
1.0 8.84725 30.61359 66.63646 8.54758 31.99571 68.91080
15 8.33949 28.32761 61.31846 7.76076 30.01872 64.28830
2.0 8.02980 26.75062 57.60461 7.14670 28.59991 61.03521

N N DD DNDDN

Kesit degisim ol¢iisiiniin 6zfonksiyonlar iizerindeki etkisini gorebilmek i¢in, Sekil
3.23a’da A=0 (serbest ucunda), u=0.5 noktasal kiitlesini tasiyan ince ucu serbest —
kalin ucu mafsalli ve Sekil 3.23b’de A=1 (serbest ucunda), u=0.5 noktasal kiitlesini
tagityan ince ucu mafsalli — kalin ucu serbest sinir kosullarina sahip kiriste n=2 i¢in

ilk 6 6zfonksiyonunun ti¢ farkl a kesit degisim Ol¢iisii i¢in grafikleri verilmistir.

Noktasal kiitle ekli durum i¢in grafikler incelendiginde, Boliim 3.1°de yalin kiris i¢in
yapilan yorumlarda oldugu gibi, 6zfonksiyonlar kirisin ince tarafina (sol tarafa)
dogru gidildik¢e artan genlikte sekiller olusturmaktadir. 0=0.5, a=1 ve a=1.5 icin
titresim kipleri incelendiginde, a arttikga, kirisin ince ve kalin taraflar1 arasindaki
genlik farklarimin da gozle goriiniir sekilde arttig1 ve diigiim noktalarinin, kalin ucu
mafsalli kiris i¢in 2. kip fonksiyonunda kirigin sag —kalin—, ucuna bunun disindaki

tiim kip fonksiyonlarinda ise kirisin sol —ince— ucuna dogru kaydigi gézlenmistir.

-:._. o5 (u)

@1(u) 2 p=(u)k

9+ (1) A ps(w)] N 9e(w)

()
_o=1, o=15_ a=2
Sekil 3.23 : Noktasal kiitle tasiyan M-S kiris kip bigimlerinin ti¢ farkli a ol¢iisii ile
degisimi, n=2-u=0.5: a) Kalin ucu gdmiilii — ince ucu serbest kiris, A=0. b) Ince ucu
gomiilii — kalin ucu serbest kiris, A=1.
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Sekil 3.23 (devam) : Noktasal kiitle tastyan M-S kiris kip bi¢imlerinin {i¢ farkli o
dlisii ile degisimi, n=2-p=0.5: a) Kalin ucu gdmiilii — ince ucu serbest kiris, A=0. b)
Ince ucu goémiilii — kalin ucu serbest kiris, A=1.

3.2.1.6 Serbest — Serbest Kiris
Orta noktasinda (A=0.5 konumunda), p=0.5 noktasal kiitlesini tasiyan iki ucu serbest
kirisin ilk 7 boyutsuz dogal frekansinin a kesit degisim Ol¢iisiiyle degisimi, n=1 i¢in

Sekil 3.24a’da ve n=2 igin Sekil 3.24b’de verilmistir.
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Sekil 3.24 : Noktasal kiitle tastyan S—S kiris boyutsuz dogal frekanslarinin o
olgiisiiyle degisimi, A=0.5: a) n=1. b) n=2.
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Basit mesnetli kiristekine benzer bir yaklasimla, Sekil 3.11°de verilen kip bigimleri
incelendiginde, serbest-serbest kirisin ¢ift sirali kiplerinin de orta nokta yakininda bir
diigiim noktas1 icerdigi anlasilmaktadir. Boylece, basit mesnetli Kiris igin yapilan

yorumlarin burada da tiimiiyle gecerli oldugu goriilmektedir.

Orta noktasinda kiitle tasiyan iki ucu serbest kiriste ilk 3 boyutsuz dogal frekansin,
n=1 ve n=2 durumlan i¢in bir dizi a kesit degisim parametresine karsilik gelen
sayisal degerleri Cizelge 3.14’te verilmis, tiim frekanslar1 iceren genis bir tablo Ek

D’de sunulmustur.

Cizelge 3.14 : Noktasal kiitle tasiyan S-S kiris frekans hesab1 sonuglari.

Serbest — Serbest Kiris
n a (1=0.5 —2=0.5)
B1 B2 Bs
1 05 15.60619 51.00982 84.03688
1.0 14.33906 45.31350 76.41370
15  13.61114 41.74051 71.76859

05 16.13622 51.26226 85.48701

1.0 15.29984 45.94134 78.78911
1.5 14.90106 42.71306 74.74120

Kesit degisim oOl¢iisiiniin  6zfonksiyonlar iizerindeki etkisini gorebilmek igin,
ortasinda p=0.5 kiitlesini tagiyan serbest-serbest kiriste n=2 i¢in ilk 6 6zfonksiyonun

tic farkli o kesit degisim Ol¢iisii i¢in grafikleri Sekil 3.25°te verilmistir.

T
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e
f

?1(u) P=(u) @3(u)

@=(u) ps(u) ps(u)

Sekil 3.25 : Noktasal kiitle tasiyan S-S kiris kip bigimlerinin ti¢ farkli a dl¢iisii ile
degisimi, n=2, u=0.5, A=0.5.
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3.2.2 Noktasal kiitle biiyiikliigiiniin frekanslar ve kip bicimleri iizerine etkisi

Bu boliimde, noktasal kiitlenin boyutsuz biiyiikliigiiniin ¢esitli sinir kosullari
altindaki noktasal kiitle ilave edilmis kiris boyutsuz dogal frekanslar1 ve kip bigimleri
lizerine etkisi ele alinmistir. Her bir simir kosulu i¢in kesit degisim ol¢iisii ve kiitle
konumu sabitlenerek p noktasal kiitle biiyiikliiginin boyutsuz dogal frekanslar
tizerine etkisi incelenmis, bir dizi sayisal deger tablolar halinde verilmistir. Noktasal
kiitle biiyiikliigiiniin kiris kip fonksiyonlar tizerindeki etkisini gorebilmek i¢in, p=0
(yalin kiris), u=0.2 ve p=0.5 degerleri igin kip fonksiyonlar1 aymi grafik {izerinde

olusturulmustur.

3.2.2.1 Gomiilii — Serbest Kiris

Serbest ucunda noktasal kiitle tasiyan, ince (Sol) ucu serbest — kalin (sag) ucu gémiilii
ve ince (sol) ucu gomiili — kalin (sag) ucu serbest kirisin ilk 7 boyutsuz dogal
frekansinin p kiitle biiyiikliigii ile degisimi n=1 ve n=2 halleri i¢in Sekil 3.26’da

verilmigtir.

Kesit degisim Ol¢iisii a=1 i¢in serbest ucunda noktasal kiitle tasiyan konsol kiris
frekans egrilerinin p kiitle biiytlikliigline gore degisim egrileri incelendiginde,
egrilerin beklendigi gibi, A=0 konumunda noktasal kiitle tasiyan ince ucu serbest —
kaln ucu gomiilii kiriste n=1 igin B, =3.8238, B, =18.3173, B, =47.2648, n=2
igin B, =4.6252, B, =19.5476, B, =48.5789 ve A=1 konumunda noktasal kiitle
tagtyan ince ucu gomiili — kalin ucu serbest kiriste n=1 igin B, =1.6380,
B, =14.1101, B, =43.2086, n=2 i¢in B, =1.2981, B, =13.1848, B, =42.4940,

a=1 degerine sahip yalin kiris (u=0) boyutsuz dogal frekanslarina karsilik gelen

degerlerle basladigi goriilmektedir. Egrilerin p ile once hizla kiigiiliip sonrasinda,

ince ucu serbest — kalin ucu gomiilii kiriste n=1 igin B, =12.3001, B, =37.5274,
B, =77.1215, n=2 i¢in B, =12.8505, B, =38.1988, B, =77.8512 ve ince ucu
goémiili — kalin ucu serbest kiriste n=1 igin B, =10.1833, P, =35.5240,
B, =75.1004, n=2 igin P, =9.6496, B,=35.2121, B,=74.8369, ayni o=I

degerine sahip gOmiili-mafsalli yalin kiris frekans degerlerine yakinsadiklar

gorilmektedir.
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Sekil 3.26 : Noktasal kiitle tastyan G-S kiris boyutsuz dogal frekanslarinin bu kiitle
buytikligi ile degisimi, o=1.

Kesit degisim Olciisii o=1 i¢in, serbest ucunda noktasal kiitle tagiyan konsol kiriste

ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlar i¢in bir dizi p noktasal kiitle

biiytikligiine karsilik gelen sayisal degerleri Cizelge 3.15’te verilmis, tiim frekanslari

iceren kapsamli bir tablo Ek D’de sunulmustur.
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Cizelge 3.15 : Noktasal kiitle tasiyan G—S kiris frekans hesabi sonuglari.

_Kalin (Sag) U¢ Gomiilii . Kalin (Sag) Ug Serbest

Ince (Sol) U¢ Serbest Kiris Ince (Sol) U¢ Gomiilii Kiris
n n (0=1—2=0) (o=1—-2~1)

B: B2 Bs [ B2 Bs
1 0 3.82378 18.31726 47.26483 1.63798 14.11014 43.20864
1 0.1 3.25336 15.83193 41.89951 1.49217 13.14597 40.64508
1 0.2 287371 14.77618 40.29865 1.37912 1255848 39.33777
1 0.5 222506 13.59637 38.83843 1.14975 11.66998 37.66958
1 10 172065 13.02037 38.22388 0.93578 11.09818 36.76105
2 0 4.62515 19.54761 48.57890 1.29809 13.18476 42.49403
2 0.1 4.00415 16.90236 42.97663 1.23130 12.66321 41.00231
2 0.2 357066 15.71921 41.24028 1.17378 12.27445 40.00173
2 0.5 279972 14.36379 39.64071 1.03982 11.54025 38.34854
2 10 218011 13.69296 38.96504 0.89183 10.93815 37.19495

Kesit degisim olgiistiniin 6zfonksiyonlar itizerindeki etkisini gorebilmek igin, o=1
kesit degisim Ol¢iisiine sahip kirisin n=2 durumunda, u=0, p=0.2 ve p=0.5 i¢in ayni
grafik lizerinde olusturulmus kip fonksiyonlart Sekil 3.27a’da kalin ucu gomiilii —
ince ucu serbest ve Sekil 3.27b’de ince ucu gomiilii — kalin ucu serbest kiris igin
verilmistir. Grafikler incelendiginde, p arttikca 1. kip bigiminin dogrusal bir
goriiniim aldig1, diger kip bigimlerinin ise noktasal kiitlenin bulundugu noktadan

mafsallanmig (gomiilii — mafsalli) kiris kip bigimlerine yaklastigi goriillmektedir.

Pa(w)f;

@1(u)

_ p=0, p=0.2, p=0.5

Sekil 3.27 : Noktasal kiitle tasiyan G-S kiris kip bigimlerinin ti¢ farkl p 6lgtsti ile
degisimi, n=2, o=1: a) Kalin ucu gomiilii — ince ucu serbest kiris, A=0. b) Ince ucu
gomiilii — kalin ucu serbest kiris, A=1.
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(b)
_p=0, p=0.2, p=0.5

Sekil 3.27 (devam) : Noktasal kiitle tastyan G—S kiris kip bigimlerinin {i¢ farkli p
Olisii ile degisimi, n=2, o=1: a) Kalin ucu goémiilii — ince ucu serbest kiris, A=0. b)
Ince ucu goémiilii — kalin ucu serbest kiris, A=1.

3.2.2.2 Mafsall — Mafsalh Kiris

Orta noktasinda bir noktasal kiitle tasiyan, basit mesnetli kirisin ilk 7 boyutsuz dogal
frekansinin p kiitle biiyiikligi ile degisimi n=1 ve n=2 halleri i¢in Sekil 3.28’de

verilmistir.
450 450
n=1 ﬁi n=2 ﬁi
400 - b ) 400 - e ‘
350 35() e,
300 300
250 250
200 200
H-__ e
150 - 150
100 100
50 4 50
0.1 02 03 04 050607 080910 0.1 020304050607 080910

LL LL

Sekil 3.28 : Noktasal kiitle tastyan M—M kiris boyutsuz dogal frekanslarinin bu kiitle
biiyiikliigii ile degisimi, o=1, A=0.5.
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Kesit degisim Ol¢iisii a=1 i¢in A=0.5 konumunda noktasal kiitle tagiyan iki ucu
mafsall kiris frekans egrilerinin p kiitle biiylikligline gore degisim egrileri
incelendiginde, egrilerin, n=1 i¢in B, =7.1215, B, =28.9518, B, =64.9788, n=2
icin B, =6.9566, B, =29.1103, B; = 65.2277, 0=1 degerine sahip yalin kiris (u=0)
boyutsuz dogal frekanslarina karsilik gelen degerlerle bagladigi goriilmektedir.
Sekiller incelendiginde, kiris orta noktasina konulan noktasal kiitlenin tiim
frekanslar1 asagi c¢eken bir etkisinin oldugu anlagilmaktadir. Bolim 3.2.1°de de
belirtildigi gibi orta nokta yakininda bir diiglim noktas: bulunan cift sirali kiplerde,

ozellikle diigiik frekanslarda, bu etkinin daha az oldugu goriilmektedir.

Kesit degisim 6l¢iisii 0=1 i¢in, ortasinda noktasal kiitle tasiyan kiriste ilk 3 boyutsuz
dogal frekansin, n=1 ve n=2 durumlar1 i¢in bir dizi p noktasal kiitle biiytlikliigiine
karsilik gelen sayisal degerleri Cizelge 3.16’da verilmis, tim frekanslart igeren

kapsamli bir tablo Ek D’de sunulmustur.

Cizelge 3.16 : Noktasal kiitle tastyan M—M Kkiris frekans hesabi sonuglari.

Basit Mesnetli Kiris

N i (@=1-2=0.5)
B: B Bs
1 0  7.12153 28.95184 64.97882
1 01  6.69175 28.91380 61.77103
1 02 633052 28.88252 59.47653
1 0.5 551798 28.81508 55.39925
1 10 466079 2874960 52.31471

0 6.95659 29.11034 65.22774
01 6.66770 29.10057 62.89963
0.2 6.41159 29.09200 61.05666

0.5 5.78910 29.07165 57.32103
1.0 5.06023 29.04895 54.00720

N DD NN DN

Kesit degisim Ol¢iisiiniin 6zfonksiyonlar iizerindeki etkisini gorebilmek icin, o=1
icin, iki ucu mafsalli kiriste n=2 durumunda, p=0, p=0.2 ve p=0.5 i¢in ayn grafik
tizerinde olusturulmus kip fonksiyonlart Sekil 3.29°da verilmistir. Sekiller

incelendiginde, frekans egrilerinden de goriildiigl iizere, orta nokta yakininda bir
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diiglim noktast bulunan ¢ift sirali kiplerde, ozellikle 2. kip biciminde p kiitle

biiyiikliigiiniin kip bi¢imleri lizerinde daha az etkili oldugu goriilmektedir.

ﬁﬁﬁﬁﬁﬁ

@1 (u)f-

= e=(w)t

pa(w)f

@+ ()

Ps(u)

1@s(u)

_p=0, p=02, p=0.5

Sekil 3.29 : Noktasal kiitle tastyan M—M kiris kip bi¢imlerinin ti¢ farkli p 6l¢iisii ile
degisimi, n=2, a=1, A=0.5.

3.2.2.3 Gomiilii — Gomiilii Kiris

Orta noktasinda bir noktasal kiitle tasiyan, iki ucu gomiili kirisin ilk 7 boyutsuz

dogal frekansinin p kiitle biyiikligi ile degisimi n=1 ve n=2 halleri i¢in Sekil

3.30’da verilmistir.
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400 -
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Sekil 3.30 : Noktasal kiitle tastyan G—G kiris boyutsuz dogal frekanslarinin bu kiitle
buytikligi ile degisimi, o=1, A=0.5.



Orta noktasinda (A=0.5) noktasal kiitle tasiyan iki ucu gomiilii kiris frekans
egrilerinin, kesit degisim 6l¢iisii o=1 i¢in, p kiitle biiyiikliigiine gore degisim egrileri
incelendiginde, egrilerin, n=1 halinde B, =16.3356, B, =44.9806, B, =88.1382,
n=2 halinde B, =16.4790, B, =45.1758, B, =88.3528, a=1 degerine sahip yalin

kiris (u=0) boyutsuz dogal frekanslarina karsilik gelen degerlerle basladig
gorilmektedir. Sekiller incelendiginde, kiris orta noktasina konulan noktasal kiitlenin
etkisinin tiim frekanslar1 asagr ¢cekmek seklinde oldugu anlasilmaktadir. Yine, orta
nokta yakininda bir digiim noktasit bulunan ¢ift sirali kiplerde, o6zellikle diisiik
frekanslarda, p biyiikliginiin frekanslar {izerinde daha az etkili oldugu

goriilmektedir.

Kesit degisim 0lc¢iisii a=1 i¢in, ortasinda noktasal kiitle tasiyan kiriste ilk 3 boyutsuz
dogal frekansin, n=1 ve n=2 durumlar i¢in bir dizi p noktasal kiitle biiylikliigline
karsilik gelen sayisal degerleri Cizelge 3.17°de verilmis, tim frekanslart igeren

kapsaml1 bir tablo Ek D’de sunulmustur.

Cizelge 3.17 : Noktasal kiitle tastyan G—G kiris frekans hesab1 sonuglari.

Gomiilii — Gomiilii Kiris

n " (0=1 — 3=0.5)
B B2 Bs
1 0  16.33557 44.98064 88.13819
1 0.1 1515642 44.68765 84.39829
1 0.2 1419232 44.46275 81.82367
1 05 1211083 44.02389 77.48958
1 0.7 1113751 43.84124 75.92543
1 1.0 10.03353 43.65190 74.43403

0 16.47905 45.17584 88.35280
0.1 1565865 44.97207 85.68859
0.2 14.94487 44.80231 83.63270
05  13.26263 44.43079 79.63680

0.7 12.40717 44.25767 77.99331
1.0 11.38309 44.06478 76.30910

N DD N N N DN

Kesit degisim Olgiisliniin 6zfonksiyonlar iizerindeki etkisini gorebilmek i¢in, o=1
icin, iki ucu gémiili kiriste n=2 durumunda, p=0, u=0.2 ve p=0.5 i¢in ayn1 grafik

tizerinde olusturulmus kip fonksiyonlar1 Sekil 3.31°de verilmistir.
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_ p=0, p=0.2, p=0.5
Sekil 3.31 : Noktasal kiitle tasiyan G—G kiris kip bigimlerinin ii¢ farkli p ol¢iisii ile
degisimi, n=2, a=1, A=0.5.
Sekiller incelendiginde, basit mesnetli kirise benzer sekilde, orta nokta yakininda bir
diigiim noktast bulunan ¢ift sirali kiplerde, ozellikle 2. kip biciminde p kiitle

biiyiikliigiiniin kip bigimleri lizerinde daha az etkili oldugu goriilmektedir.

3.2.2.4 Gomiilii — Mafsall Kiris

Ortasinda noktasal kiitle tagtyan, ince ucu mafsalli — kalin ucu gémiilii ve ince ucu
gomiili — kalin ucu mafsalli kirisin ilk 7 boyutsuz dogal frekansinin p kiitle

biiyiikliigii ile degisimi n=1 ve n=2 halleri i¢in Sekil 3.32’de verilmistir.

Orta noktasinda (A=0.5) noktasal kiitle tasiyan iki ucu gomiilii kiris frekans
egrilerinin, kesit degisim Ol¢iisii o=1 i¢in, p kiitle biiylikliigiine gore degisim egrileri
incelendiginde, egrilerin olmasi gerektigi gibi, ince ucu mafsalli — kalin ucu gémiilii
kiriste n=1 igin B, =12.3001, B, =37.5274, B, =77.1215, n=2 igin B, =12.8505,

[_32 =38.1988, Ba =77.8512 ve ince ucu gomiilii — kalin ucu mafsalli kiriste n=1 igin

B, =10.1833, B, =35.5240, B, =75.1004, n=2 igin B, =9.6496, B, =35.2121,

B3 =74.8369, o=1 degerine sahip yalin kiris (u=0) boyutsuz dogal frekanslarina

karsilik gelen degerlerle basladigi goriilmektedir. Boliim 3.2.1°de de bahsedildigi
sekilde, yalin kiris kip bigcimi grafikleri incelendiginde, Sekil 3.9a’da ince ucu
mafsalli-kalin ucu gémiilii kirigin tek sirali kiplerinde orta nokta yakininda bir diiglim
noktast bulundugu, Sekil 3.9b’de ince ucu gomiilii-kalin ucu mafsalli kirisin ¢ift
siral1 kiplerinde orta nokta yakini bir diiglim noktas1 bulundugu goriilmektedir.

Buradan, yine ilgili sinir kosullar1 i¢in diigiim noktas1 yakiinda noktasal kiitle
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bulunan kiplerde, p biiylikliigiiniin frekanslar iizerindeki algaltict etkisinin daha az

oldugu goriilmektedir.
500 500
=1 n=2
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L LL
500 500
=1 n=2
450 - 450 -
400 - 400 -
350 [ 30—
300 - 300 4
B 250- B 250
200 — 200 ———
150 - 150
100 100
50 - 50
0102 0304050607 080910 01 020304050607 080910
L LL

Sekil 3.32 : Noktasal kiitle tastyan G—M kiris boyutsuz dogal frekanslariin bu kiitle
blytikligi ile degisimi, 0=1, A=0.5.

Kesit degisim Olclisii a=1 ic¢in, A=0.5 konumunda noktasal kiitle tasiyan gomiilii-

mafsalli kiriste ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlar1 i¢in bir dizi p

noktasal kiitle biiytikliigline karsilik gelen sayisal degerleri Cizelge 3.18’de verilmis,

tiim frekanslar1 iceren kapsamli bir tablo Ek D’de sunulmustur.
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Cizelge 3.18 : Noktasal kiitle tasiyan G—M kiris frekans hesabi1 sonuglari.

Kalin (Sag) U¢ Gomiilii Kalin (Sag) U¢ Mafsalli
Ince (Sol) U¢ Mafsall Kiris Ince (Sol) U¢ Gomiilii Kiris
n n (0=1—2=0.5) (0=1 —2-=0.5)

B: B Bs B: B B:

0 1230009 37.52738 77.12151 10.18330 35.52399 75.10043
0.1 1157163 36.69925 75.07088 9.52298 35.46935 71.04733
0.2 10.95191 36.06910 73.59756 8.97419 35.42490 68.25259
05 954222 34.86144 70.99954 7.75966 35.33055 63.48029
1.0 8.04494 33.86872 69.08072 6.50583 35.24090 60.02108

s

0 12.85048 38.19882 77.85124 9.64959 3521207 74.83689
0.1 12.31826 37.64913 76.34682 9.22594 35.15886 71.95677

0.2 11.84291 37.19389 75.14987 8.85248 35.11258 69.73632
0.5 10.67845 36.21047 72.73004 7.95303 35.00413 65.38656
1.0 9.30830 35.26535 70.62146 6.91434 34.88583 61.68762

N N N NN

Kesit degisim Ol¢iisiiniin 6zfonksiyonlar tizerindeki etkisini gorebilmek ig¢in, a=1
kesit degisim Ol¢iisiine sahip kirisin n=2 durumunda, u=0, p=0.2 ve p=0.5 i¢in ayni
grafik tizerinde olusturulmus kip fonksiyonlart Sekil 3.33a’da kalin ucu gomiilii-ince
ucu mafsalli ve Sekil 3.33b’de ince ucu gomiilii-kalin ucu mafsalli kiris igin

verilmistir.

5 T,

p:(u) p=(u) cpa(u)_

@=(u)

Ps(n) \‘ / \l oew) H

Sekil 3.33 : Noktasal kiitle tagiyan G—M kiris kip bigimlerinin ii¢ farkli p ol¢iisii ile
degisimi, n=2, a=1, A=0.5: a) Kalin ucu gomiilii — ince ucu mafsall kiris. b) Ince ucu
gomiilii — kalin ucu mafsalli kiris.
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Sekil 3.33 (devam) : Noktasal kiitle tastyan G—M Kkiris kip bi¢imlerinin ¢ farkli p
olgisii ile degisimi, n=2, o=1, A=0.5: a) Kalin ucu gémiilii — ince ucu mafsalli kiris.
b) Ince ucu gomiilii — kalin ucu mafsalli kiris.

3.2.2.5 Mafsalli — Serbest Kiris

Serbest ucunda noktasal kiitle tasiyan, a=1 kesit degisim oOlgiisiine sahip ince ucu

serbest — kalin ucu mafsalli ve ince ucu mafsalli — kalin ucu serbest kirigin ilk 7

boyutsuz dogal frekansinin p Kiitle biytikligi ile degisimi n=1 ve n=2 halleri i¢in

Sekil 3.34’te verilmistir.
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Sekil 3.34 : Noktasal kiitle tasiyan M—S kiris boyutsuz dogal frekanslarinin bu kiitle

biiyiikligi ile degisimi, o=1.
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Sekil 3.34 (devam) : Noktasal kiitle tastyan M-S kiris boyutsuz dogal frekanslarinin
bu kiitle biiyiikliigii ile degisimi, a=1.

Kesit degisim ol¢iisii a=1 icin, kiris frekans egrilerinin p kiitle biiyiikliigiine gore
degisim egrileri incelendiginde, egrilerin, A=0’da noktasal kiitle tasiyan, ince ucu
serbest — kalim ucu mafsalli kiriste n=1 igin Bl =12.4942, [_32 =37.8005,
By =77.4191, n=2 igin B, =13.1894, B, =38.6337, B, =78.3156 ve A=1’de
noktasal kiitle tasiyan ince ucu mafsalli — kalin ucu serbest kiriste n=1 icin

B, =10.2981, B, =35.7531, B, =75.3655, n=2 igin B, =9.7903, B, =35.5347,

B3 =75.2181, o=1 degerine sahip yalin kiris (u=0) boyutsuz dogal frekanslarina
karsilik gelen degerlerle basladigi goriilmektedir. Egrilerin p ile dnce hizla kiiciiliip
sonrasinda, her iki smir kosulunda da, n=1 i¢in [_31=7.1215, f’>2=28.9518,
B; =64.9788, n=2 icin P, =6.9566, B, =29.1103, B,=65.2277, aym o=l
degerine sahip mafsalli-mafsalli yalin kiris frekans degerlerine yakinsadiklar

gorilmektedir.

Kesit degisim 6l¢iisii o=1 igin, serbest ucunda noktasal kiitle tasiyan kiriste ilk 3
boyutsuz dogal frekansin, n=1 ve n=2 durumlar i¢in bir dizi p noktasal kiitle
biiytikligiine karsilik gelen sayisal degerleri Cizelge 3.19°da verilmis, tim

frekanslari igeren kapsamli bir tablo Ek D’de sunulmustur.
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Cizelge 3.19 : Noktasal kiitle tasiyan M-S kiris frekans hesab1 sonuglari.

_Kalin (Sag) U¢ Mafsalh . Kahn (Sag) Ug Serbest

Ince (Sol) U¢ Serbest Kiris Ince (Sol) U¢ Mafsall Kiris
n n (a=1 —2=0) (o=1—-2~1)

El EZ B3 Bl Bz 33
1 0 1249421 37.80051 77.41907 10.29810 35.75312 75.36546
1 0.1 10.64046 33.21928 69.69732 9.59041 33.60675 71.28320
1 0.2 973687 31.72084 67.83566 9.14024 32.46978 69.45553
1 05 8.60256 30.29028 66.27933 8.42691 30.97015 67.35317
1 1.0 798300 29.66927 65.65938 7.94362 30.12836 66.30615
2 0  13.18939 38.63370 78.31557 9.79027 35.53470 75.21812
2 0.1 11.22356 33.84666 70.31374 9.40749 34.29187 72.74175
2 0.2 10.19860 32.20566 68.31721 9.11567 33.43999 71.21225
2 0.5 8.84725 30.61359 66.63646 8.54758 31.99571 68.91080
2 1.0 8.07591 29.91712 65.96517 8.06303 30.95787 67.45996

Kesit degisim Ol¢iisiiniin 6zfonksiyonlar tizerindeki etkisini gorebilmek ig¢in, a=1

kesit degisim Ol¢iisiine sahip kirisin n=2 durumunda, u=0, p=0.2 ve p=0.5 i¢in ayni

grafik lizerinde olusturulmus kip fonksiyonlar1 Sekil 3.35a’da kalin ucu mafsalli —

ince ucu serbest ve Sekil 3.35b’de ince ucu mafsalli — kalin ucu serbest kiris icin

verilmistir. Sekiller incelendiginde, p arttikga kip bicimlerinin noktasal kiitlenin

bulundugu noktadan mafsallanmis kiris (basit mesnetli kiris) kip bi¢imlerine

yakinsadigi goriilmektedir.
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Sekil 3.35 : Noktasal kiitle tasiyan M—S kiris kip bigimlerinin ti¢ farkli p ol¢iisii ile
degisimi, n=2, o=1: a) Kalin ucu mafsalli — ince ucu serbest kiris, A=0. b) Ince ucu
mafsalli — kalin ucu serbest kiris, A=1.
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Sekil 3.35 (devam) : Noktasal kiitle tastyan M-S kiris kip bigimlerinin {i¢ farkli p
Olisii ile degisimi, n=2, o=1: a) Kalin ucu mafsalli — ince ucu serbest kiris, A=0. b)
Ince ucu mafsalli — kalin ucu serbest kirig, A=1.

3.2.2.6 Serbest — Serbest Kiris

Orta noktasinda bir noktasal kiitle tasiyan, o=1 kesit degisim Ol¢iisiine sahip iki ucu
serbest kirisin ilk 7 boyutsuz dogal frekansinin p kiitle biiytikliigii ile degisimi n=1 ve
n=2 halleri i¢in Sekil 3.36’da verilmistir.
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Sekil 3.36 : Noktasal kiitle tagiyan S-S kiris boyutsuz dogal frekanslarinin bu kiitle
biiyiikliigi ile degisimi, o=1, A=0.5.
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Grafikler incelendiginde, egrilerin n=1 halinde B, =16.7242, B, =45.5026,
By =88.7111, n=2 halinde B, =17.0793, B, = 45.9630, B, =89.2139, o=1 degerine

sahip yalin kiris (u=0) boyutsuz dogal frekanslarina karsilik gelen degerlerle
basladig1 goriilmektedir. Kiris orta noktasina konulan noktasal kiitlenin etkisinin tiim
frekanslar1 agag1 ¢cekmek seklinde oldugu anlasilmaktadir. Yine, orta nokta yakininda
bir diiglim noktas1 bulunan ¢ift siral1 kiplerde, p biiyiikliigiinlin frekanslar tizerindeki

etkisinin daha az oldugu goriilmektedir.

Kesit degisim 6l¢iisii a=1 i¢in, ortasinda noktasal kiitle tagiyan kiriste ilk 3 boyutsuz
dogal frekansin, n=1 ve n=2 durumlar i¢in bir dizi p noktasal kiitle biiytlikliigline
karsilik gelen sayisal degerleri Cizelge 3.20’de verilmis, tim frekanslar igeren

kapsamli bir tablo EK D’de sunulmustur.

Cizelge 3.20 : Noktasal kiitle tasiyan S-S kiris frekans hesab1 sonuglari.

Serbest — Serbest Kiris

’ " (a=1 - 3=0.5)
B: B2 Bs
1 0  16.72416 45.50260 88.71107
1 0.1 16.02113 45.44745 84.40965
1 02 1546716 45.40361 81.44303
1 05  14.33906 45.31350 76.41370
1 1.0 1331819 4523134 72.81744

0 17.07933 45.96298 89.21388
0.1  16.60490 45.95732 86.02638
0.2  16.20343 45.95247 83.57114

0.5 15.29984 45.94134 78.78911
1.0 14.36621 45.92954 74.76785

N N N NN

Kesit degisim Olciislinlin 6zfonksiyonlar iizerindeki etkisini gorebilmek i¢in, o=1
icin, iki ucu serbest kiriste n=2 durumunda, p=0, p=0.2 ve p=0.5 i¢in ayni grafik
tizerinde olusturulmus kip fonksiyonlarn Sekil 3.37°de verilmistir. Sekiller
incelendiginde, basit mesnetli kirise benzer sekilde, orta nokta yakininda bir diigiim
noktas1 bulunan ¢ift sirali kiplerde, 6zellikle 2. kip bi¢giminde p kiitle biiytikliigliniin

kip bicimleri lizerinde daha az etkili oldugu goriilmektedir.
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Sekil 3.37 : Noktasal kiitle tasiyan S-S kiris kip bigimlerinin ti¢ farkli p dl¢iisti ile
degisimi, n=2, a=1, A=0.5.

3.2.3 Noktasal kiitle konumunun frekanslar iizerine etkisi

Bu boliimde, noktasal kiitle konumunun c¢esitli sinir kosullar altindaki kiris boyutsuz
dogal frekanslar1 lizerine etkisi ele alinmistir. Her bir smir kosulu icin kiitle
biyiikligi p=0.5 ve kesit degisim 6l¢iisii a=1 degerlerinde sabitlenerek, A noktasal
kiitle konumunun boyutsuz dogal frekanslar lizerine etkisi incelenmis, bir dizi sayisal

deger tablolar halinde verilmistir.

3.2.3.1 Gomiilii — Serbest Kiris

Uzerinde p =0.5 noktasal kiitlesini tasiyan konsol kirisin ilk 7 boyutsuz dogal
frekansinin A kiitle konumu ile degisimi, ince ucu serbest — kalin ucu géomdilii kiriste
n=1 hali i¢in Sekil 3.38a’da, n=2 hali i¢in Sekil 3.38b’de, kalin ucu serbest — ince
ucu gomiilii kiriste ise n=1 hali icin Sekil 3.38c’de ve n=2 hali i¢in Sekil 3.38d’de

verilmistir.

Sekiller incelendiginde, frekans egrilerinin olmasi gerektigi gibi, ince ucu serbest —

kalin ucu gomiilii kiriste n=1 igin B, =3.8238, B, =18.3173, B, =47.2648, n=2
igin B, =4.6252, B, =19.5476, B, =48.5789 ve ince ucu gdmiilii — kaln ucu
serbest kiriste n=1 igin B, =1.6380, B, =14.1101, B, =43.2086, n=2 icin
B, =1.2981, B, =13.1848, B, = 42.4940, ayn1 o=1 degerine sahip yaln kiris (u=0)

boyutsuz dogal frekanslarina karsilik gelen sabit bir iist deger ile degisken bir alt

deger arasinda dalgalandig1 goriilmektedir.
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Sekil 3.38 : Noktasal kiitle tasiyan G-S kiris boyutsuz dogal frekanslariin kiitle
konumu ile degisimi, a=1: a) n=1. b) n=2. ¢) n=1. d) n=2.
Bu dalgalanmalar hakkinda daha genis bilgi edinebilmek icin, ilk 3 boyutsuz dogal
frekansin ii¢ farkli p degeri igin elde edilen egrileri ile p=0 yalin kiris egrisinin bir
arada gosterildigi grafikler, ince ucu serbest — kalin ucu gomiili kiriste n=1 hali i¢in
Sekil 3.39a’da, n=2 hali icin Sekil 3.39b’de, kalin ucu serbest — ince ucu gomiili
kiriste ise n=1 hali i¢in Sekil 3.39¢’de ve n=2 hali i¢in Sekil 3.39d’de verilmistir.
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Sekil 3.39 : Noktasal kiitle tastyan G-S kiris boyutsuz dogal frekanslarinin farkli
kiitle degerleri i¢in kiitle konumuyla degisimi, o =1: a) n=1. b) n=2. ¢) n=1. d) n=2.
Egriler incelendiginde, ilgili kipin diiglim noktalarindan birine ya da kirisin gomiili
ucuna isabet eden noktasal kiitlenin o kipe ait dogal frekansi etkilemedigi ve yalin

kiris frekansina esit bir maksimumdan gegtigi anlagilmaktadir. Aralarda ise noktasal

kiitle biiyiikligi ile frekans degeri arasinda bir ters orant1 oldugu ve frekansin ilgili
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yalin kiris kipinin tepe noktalarina karsilik gelen A degerlerinde ortaya ¢ikan bir

minimuma sahip olacak sekilde dalgalandigi goriilmektedir.

Kesit degisim o6l¢iisii a=1 i¢in, bir noktasal kiitle tagiyan konsol kiriste ilk 3 boyutsuz
dogal frekansin, n, p, A parametrelerinin farkli bilesimlerine karsilik gelen sayisal

degerleri Cizelge 3.21°de verilmis, kapsamli bir tablo Ek D’de sunulmustur.

Cizelge 3.21 : Noktasal kiitle tasiyan G—S kiris frekans hesabi sonuglari.

_Kalin (Sag) U¢ Gomiilii _ Kalin (Sag) Ug Serbest
Ince (Sol) U¢ Serbest Kiris Ince (Sol) U¢ Gomiilii Kiris
n » np (a=1) (a=1)

B: B2 Bs B B Bs
0 0 3.82378 18.31726 47.26483 1.63798 14.11014 43.20864
0.2 0.2 3.27990 18.30314 44.40400 1.63544 13.49284 37.25226
0.2 05 277489 18.29151 42.22472 1.63164 12.63118 32.26105
0.5 0.5 354793 1453108 46.63999 152370 11.26414 42.82321
0.5 0.7 3.45024 13.72487 46.51788 1.48390 10.64456 42.74417
05 1.0 331560 12.85089 46.39012 1.42939 9.96402 42.65995
1.0 1.0 3.82378 18.31726 47.26483 0.93578 11.09818 36.76105

L e

0 0 4.62515 19.54761 48.57890 1.29809 13.18476 42.49403
0.2 0.2 4.05282 19.49456 46.28867 1.29682 12.73678 34.42069
0.2 05 348915 19.44810 44.35202 1.29491 12.09932 32.69659
0.5 05 4.35992 16.53495 48.23917 1.24361 11.09966 42.31358
05 0.7 426321 1578759 48.15870 1.22355 10.56318 42.26870

05 1.0 412736 1492878 48.06815 1.19513 9.93307 42.21708
1.0 1.0 4.62515 19.54761 48.57890 0.89183 10.93815 37.19495

N NN NN DD NN

3.2.3.2 Mafsalli — Mafsall Kiris

Uzerinde p =0.5 noktasal kiitlesini tastyan basit mesnetli kirisin ilk 7 boyutsuz dogal
frekansinin A kiitle konumu ile degisimi, n=1 i¢in Sekil 3.40a’da ve n=2 igin Sekil
3.40b’de verilmistir.

Sekiller incelendiginde, basit mesnetli kiris i¢in frekans egrilerin, n=1 durumunda
B, =7.1215, B,=28.9518, PB,=64.9788, n=2 durumunda B, =6.9566,
B, =29.1103, B, =65.2277, ayni a=1 degerine sahip yalin kiris (u=0) boyutsuz

dogal frekanslarina karsilik gelen sabit bir iist deger ile degisken bir alt deger

arasinda dalgalandig1 goriilmektedir.
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Sekil 3.40 : Noktasal kiitle tasiyan M—M kiris boyutsuz dogal frekanslarinin kiitle
konumu ile degisimi, a=1: a) n=1. b) n=2.

Iki ucu mafsalli kiris igin ilk 3 boyutsuz dogal frekansin ii¢ farkli p degeri igin elde
edilen egrileri ile =0 yalin kiris egrisinin bir arada gosterildigi grafikler, n=1 igin
Sekil 3.41a’da ve n=2 igin Sekil 3.41b’de verilmistir.

80 20

P
70 4 B 70 -

ol 4 4+ 4+ 4+ 44+ ol {1 1 1 1 1 1 11
0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
A, A
(a) (b)

Sekil 3.41 : Noktasal kiitle tasryan M—M kiris boyutsuz dogal frekanslarinin farkli
kiitle degerleri igin kiitle konumuyla degisimi, a =1: a) n=1. b) n=2.
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Kesit degisim Ol¢iisii 0=1 icin, noktasal kiitle tasiyan basit mesnetli kiriste ilk 3
boyutsuz dogal frekansin, n, p, A parametrelerinin farkli bilesimlerine karsilik gelen
sayisal degerleri Cizelge 3.22°de verilmis, tim frekanslar1 igeren kapsamli bir tablo

Ek D’de sunulmustur.

Cizelge 3.22 : Noktasal kiitle tagiyan M—M kiris frekans hesab1 sonuglari.

Basit Mesnetli Kiris

A (a=1)
[ B2 Bs

1 0 0 7.12153 28.95184 64.97882
1 0.2 0.2 6.69809 25.00632 59.79530
1 0.2 05 6.16281 21.96608 57.23761
1 05 05 551798 28.81508 55.39925
1 0.5 0.7 512213 28.78402 53.84540
1 05 1.0 466079 28.74960 52.31471
1 1.0 1.0 7.12153 28.95184 64.97882

0 0 6.95659 29.11034 65.22774
02 0.2 6.64584 2559961 60.29892
02 05 6.23413 22.57835 57.54636
05 05 578910 29.07165 57.32103
05 0.7 546183 29.06129 55.71119

05 1.0 506023 29.04895 54.00720
1.0 1.0 6.95659 29.11034 65.22774

N NN DD NN NN NN DN

3.2.3.3 Gomiilii — Gomiilii Kiris

Uzerinde p=0.5 noktasal kiitlesini tasiyan, a=1 kesit degisim ol¢iisiine sahip iki ucu
gomiili kirisin ilk 7 boyutsuz dogal frekansinin A kiitle konumu ile degisimi, n=1
icin Sekil 3.42a’da ve n=2 i¢in Sekil 3.42b’de verilmistir.

Sekiller incelendiginde, frekans egrilerin, n=1 i¢in B, =16.3356, B, =44.9806,
B, =88.1382, n=2 i¢in B, =16.4790, B, =45.1758, PB;=88.3528, aym o=1
degerine sahip yalin kiris (u=0) boyutsuz dogal frekanslarina karsilik gelen sabit bir

ist degerden gectigi goriilmektedir. Basit mesnetli kirig i¢in yapilan yorumlarin

burada da gecgerli oldugu goriilmektedir.
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Sekil 3.42 : Noktasal kiitle tasiyan G—G kiris boyutsuz dogal frekanslarinin kiitle
konumu ile degisimi, a=1: a) n=1. b) n=2.

Iki ucu mafsalli kiris icin ilk 3 boyutsuz dogal frekansin ii¢ farkli u degeri icin elde

edilen egrileri ile =0 yalin kiris egrisinin bir arada gosterildigi grafikler, n=1 igin

Sekil 3.41a’da ve n=2 igin Sekil 3.41b’de verilmistir.
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Sekil 3.43 : Noktasal kiitle tastyan G—G kiris boyutsuz dogal frekanslarmin farkl
kiitle degerleri igin kiitle konumuyla degisimi, a =1: a) n=1. b) n=2.
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Kesit degisim oOlgiisii 0=1 i¢in, noktasal kiitle tasiyan iki ucu gomiilii kiriste ilk 3
boyutsuz dogal frekansin, n, pu, A parametrelerinin farkli bilesimlerine karsilik gelen
sayisal degerleri Cizelge 3.23’te verilmis, tiim frekanslar1 i¢ceren kapsamli bir tablo

Ek D’de sunulmustur.

Cizelge 3.23 : Noktasal kiitle tasiyan G—G kiris frekans hesab1 sonuglari.

Gomiilii — Gomiilii Kiris
n A n (0=1)
B B: Bs

0 0 16.33557 4498064 88.13819
0.2 0.2 1546709 38.85730 78.48799
02 05 14.26603 33.93565 74.21679
05 05 1211083 44.02389 77.48958
05 0.7 1113751 43.84124 75.92543

05 10 1003353 43.65190 74.43403
1.0 10 16.33557 44.98064 88.13819

1.0 15 16.33557 44.98064 88.13819

R T = e T = T = T S =

0 0 16.47905 45.17584 88.35280
0.2 0.2 15.74565 39.84109 79.60690
0.2 05 1471063 35.12361 75.16184
05 05 1326263 44.43079 79.63680
05 0.7 1240717 4425767 77.99331

05 1.0 1138309 44.06478 76.30910
1.0 10 16.47905 45.17584 88.35280

1.0 15 16.47905 45.17584 88.35280

N NN NN DD DD NN

3.2.3.4 Gomiilii — Mafsalh Kiris

Uzerinde p =0.5 noktasal kiitlesini tastyan gémiilii — mafsalli kirisin ilk 7 boyutsuz
dogal frekansinin A kiitle konumu ile degisimi, ince ucu mafsalli — kalin ucu gomiilii
kiriste n=1 hali i¢in Sekil 3.44a’da, n=2 hali i¢in Sekil 3.44b’de, kalin ucu mafsalli —
ince ucu gomiilii kiriste ise n=1 hali i¢in Sekil 3.44c’de ve n=2 hali i¢in Sekil
3.44d’de verilmistir. Sekiller incelendiginde, basit mesnetli kiris i¢in Yapilan

yorumlarin tiimiiyle gecerli oldugu goriilmektedir.
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Sekil 3.44 : Noktasal kiitle tastryan G—M kiris boyutsuz dogal frekanslarinin farkli
kiitle degerleri i¢in kiitle konumuyla degisimi, o =1: a) n=1. b) n=2. ¢) n=1. d) n=2.

Gomiilii-mafsalli kiris icin, ilk 3 boyutsuz dogal frekansin ti¢ farkli p degeri i¢in elde
edilen egrileri ile p=0 yalin kiris egrisinin bir arada gosterildigi grafikler, ince ucu
serbest — kalin ucu gomiilii kiriste n=1 hali i¢in Sekil 3.45a’da, n=2 hali i¢in Sekil
3.45b’de, kalin ucu serbest — ince ucu gomiilii kiriste ise n=1 hali i¢in Sekil 3.45¢’de

ve n=2 hali i¢in Sekil 3.45d’de verilmistir.
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Sekil 3.45 : Noktasal kiitle tasiyan G—M kiris boyutsuz dogal frekanslarinin farkl
kiitle degerleri i¢in kiitle konumuyla degisimi, o =1: a) n=1. b) n=2. ¢) n=1. d) n=2.

Egriler incelendiginde, gdmiilii-mafsall kiris icin sabit {ist noktanin ince ucu mafsall
— kalin ucu gémiilii kiriste n=1 igin B, =12.3001, B, =37.5274, B, =77.1215, n=2
igin B, =12.8505, B, =38.1988, B, =77.8512 ve ince ucu gémiilii — kalin ucu

mafsalli kiriste n=1 igin B, =10.1833, B, =35.5240, B, =75.1004, n=2 igin
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B, =9.6496, B, =35.2121, B, = 74.8369, ayni a=1 degerine sahip yaln kiris (u=0)
boyutsuz dogal frekans degerlerine karsilik geldigi goriilmektedir.

Kesit degisim 6l¢iisii a=1 i¢in, bir noktasal kiitle tastyan gomiilii — mafsalli kiriste ilk
3 boyutsuz dogal frekansin, n, y, A parametrelerinin farkli bilesimlerine karsilik gelen

sayisal degerleri Cizelge 3.24’te verilmis, tiim frekanslar1 i¢ceren kapsamli bir tablo

Ek D’de sunulmustur.

Cizelge 3.24 : Noktasal kiitle tastryan G—M kiris frekans hesab1 sonuglari.

_ Kalin (Sag) U¢ Gomiilii _ Kalin (Sag) U¢ Mafsall

Ince (Sol) U¢ Mafsalh Kiris Ince (Sol) U¢ Gomiilii Kiris
n » n (a=1) (a=1)

B B Bs B B B:
1 0 0 1230009 37.52738 77.12151 10.18330 35.52399 75.10043
1 02 02 11.09138 32.74865 72.71673 9.91002 31.16397 65.55429
1 02 05 973112 29.61944 70.64137 9.51113 26.93529 60.74864
1 05 05 954222 34.86144 70.99954 7.75966  35.33055 63.48029
1 05 0.7 885124 3436995 70.02605 7.17735 35.28778 61.72214
1 05 1.0 8.04494 33.86872 69.08072 6.50583 35.24090 60.02108
1 10 10 1230009 37.52738 77.12151 10.18330 35.52399 75.10043
2 0 0 1285048 38.19882 77.85124 9.64959  35.21207 74.83689
2 02 0.2 1181830 33.83943 73.64482 9.44703 31.52048 66.24826
2 0.2 05 1058296 30.64419 71.41407 9.14953 27.63480 61.28082
2 05 05 1067845 36.21047 72.73004 7.95303 35.00413 65.38656
2 05 0.7 1006348 3576004 71.69904 7.48476  34.94974 63.57137
2 05 1.0 930830 3526535 70.62146 6.91434 34.88583 61.68762
2 10 10 1285048 38.19882 77.85124 9.64959  35.21207 74.83689

3.2.3.5 Mafsalli — Serbest kiris

Uzerinde p =0.5 noktasal kiitlesini tastyan mafsalli — Serbest kirisin ilk 7 boyutsuz
dogal frekansinin A kiitle konumu ile degisimi, ince ucu serbest — kalin ucu mafsalli
kiriste n=1 hali i¢in Sekil 3.46a’da, n=2 hali i¢in Sekil 3.46b’de, kalin ucu serbest —
ince ucu mafsallr Kiriste ise n=1 hali i¢in Sekil 3.46¢’de ve n=2 hali igin Sekil
3.46d’de verilmistir. Sekiller incelendiginde, basit mesnetli kiris ic¢in yapilan

yorumlarin tiimiiyle gecerli oldugu goriilmektedir.
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Sekil 3.46 : Noktasal kiitle tastyan M-S kiris boyutsuz dogal frekanslarinin kiitle
konumu ile degisimi, a=1: a) n=1. b) n=2. ¢) n=1. d) n=2.

Mafsall1 — serbest kiris i¢in, ilk 3 boyutsuz dogal frekansin ii¢ farkli p degeri icin
elde edilen egrileri ile p=0 yalin kirig egrisinin bir arada gosterildigi grafikler, ince
ucu serbest — kalin ucu gomiilii kiriste n=1 hali i¢in Sekil 3.47a’da, n=2 hali igin
Sekil 3.47b’de, kalin ucu serbest — ince ucu gomiili kiriste ise n=1 hali i¢in Sekil

3.47c¢’de ve n=2 hali i¢in Sekil 3.47d’de verilmistir.
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Sekil 3.47 : Noktasal kiitle tastyan M-S kiris boyutsuz dogal frekanslarmin farkl
kiitle degerleri i¢in kiitle konumuyla degisimi, o =1: a) n=1. b) n=2. ¢) n=1. d) n=2.

Egriler incelendiginde, mafsalli — serbest kiris i¢in sabit iist noktanin ince ucu serbest
— kalin ucu mafsalli kiriste n=1 igin B, =12.4942, B, =37.8005, B, = 77.4191, n=2
icin B, =13.1894, B, =38.6337, B, =78.3156 ve A=1’de noktasal kiitle tasiyan

ince ucu mafsalli — kaln ucu serbest kiriste n=1 igin B, =10.2981, B, =35.7531,
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By =75.3655, n=2 i¢in B, =9.7903, B, =35.5347, PB,;=75.2181, aym o=l

degerine sahip yalin kirig (u=0) boyutsuz dogal frekans degerlerine karsilik geldigi

goriilmektedir.

Kesit degisim ol¢iisli o=1 igin, bir noktasal kiitle tasiyan mafsalli — serbest kiriste ilk
3 boyutsuz dogal frekansin, n, pu, A parametrelerinin farkli bilesimlerine karsilik gelen
sayisal degerleri Cizelge 3.25’te verilmis, tiim frekanslar1 i¢ceren kapsamli bir tablo

Ek D’de sunulmustur.

Cizelge 3.25 : Noktasal kiitle tasiyan M-S kiris frekans hesab1 sonuglari.

_Kalin (Sag) U¢ Mafsall _ Kalin (Sag) Ug Serbest

Ince (Sol) U¢ Serbest Kiris Ince (Sol) U¢ Mafsall Kiris
n i np (e=1) (e=1)

B B Bs B B B:
1 0 0 1249421 37.80051 77.41907 10.29810 35.75312 75.36546
1 02 0.2 1224663 36.48241 69.73805 9.47390 30.93195 70.77972
1 02 05 1204201 3540726 65.43335 8.52230 27.63139 68.60634
1 05 05 10.84548 37.39021 65.64476 8.72120  34.10084 68.12954
1 05 0.7 1048297 37.29912 63.88622 8.36056 33.77375 66.95446
1 05 10 1008519 37.19929 62.19243 7.95818  33.43094 65.80602
1 10 10 1249421 37.80051 77.41907 7.94362 30.12836 66.30615
1 10 15 1249421 37.80051 77.41907 7.72167 29.78156 65.89938
2 0 0 1318939 38.63370 78.31557 9.79027  35.53470 75.21812
2 02 0.2 1282135 37.72978 71.39202 9.18351  31.18363 70.76164
2 02 05 1249533 36.92361 66.92719 8.43319 27.80837 68.37454
2 05 05 1207160 38.07604 68.79867  8.54557  34.56546 68.90498
2 05 0.7 1178296 37.93091 67.00560 8.21477  34.33000 67.60883
2 05 10 1144516 37.76119 65.16020 7.82137 34.06282 66.24310
2 10 1.0 13.18939 38.63370 78.31557 8.06303 30.95787 67.45996
2 10 15 1318939 38.63370 78.31557 7.80495 30.46768 66.82697

3.2.3.6 Serbest — Serbest Kiris

Uzerinde p =0.5 noktasal kiitlesini tastyan iki ucu serbest kirisin ilk 7 boyutsuz dogal
frekansinin A kiitle konumu ile degisimi, n=1 i¢in Sekil 3.48a’da ve n=2 igin Sekil

3.48b’de verilmistir.
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Sekil 3.48 : Noktasal kiitle tasiyan S—S kiris boyutsuz dogal frekanslarinin kiitle
konumu ile degisimi, a=1: a) n=1. b) n=2.
Iki ucu serbest kiris i¢in ilk 3 boyutsuz dogal frekansin ii¢ farkli p degeri igin elde
edilen egrileri ile =0 yalin kiris egrisinin bir arada gosterildigi grafikler, n=1 igin
Sekil 3.49a’da ve n=2 igin Sekil 3.49b’de verilmistir.

110 110
-

100 - — ] 100 -
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A, A
(a) (b)

Sekil 3.49 : Noktasal kiitle tastyan S-S kirig boyutsuz dogal frekanslarinin farkl
kiitle degerleri igin kiitle konumuyla degisimi, a =1: a) n=1. b) n=2.
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Sekiller incelendiginde, frekans egrilerin, n=1 igin B, =16.7242, B, =45.5026,
B, =88.7111, n=2 i¢in B, =17.0793, B, =45.9630, B,=89.2139, ayni o=l
degerine sahip yalin kiris (u=0) boyutsuz dogal frekanslarina karsilik gelen sabit bir

ist degerden gectigi goriilmektedir. Basit mesnetli kirig i¢in yapilan yorumlarin

burada da gecerli oldugu goriilmektedir.

Kesit degisim Olclisii 0=1 i¢in, noktasal kiitle tagiyan iki ucu serbest kiriste ilk 3
boyutsuz dogal frekansin, n, p, A parametrelerinin farkli bilesimlerine karsilik gelen

sayisal degerleri Cizelge 3.26°da verilmis, kapsamli bir tablo Ek D’de sunulmustur.

Cizelge 3.26 : Noktasal kiitle tasiyan S-S kiris frekans hesabi sonuglart.

Serbest — Serbest Kiris

n oA on (a=1)
Bt B2 Bs
1 0 0 1672416 4550260 88.71107
1 02 02 16.63565 42.87921 80.15529
1 02 05 1656135 40.85783 75.86459
1 05 05 1433906 4531350 76.41370

0 0 17.07933 45.96298 89.21388
0.2 0.2 16.87868 44.01029 81.29542

0.2 05 16.69901 42.33948 76.68901
0.5 05 1529984 4594134 78.78911

N N N DN

3.3 Yay ile Desteklenen Kiris Ozdeger ve Ozfonksiyonlar

Bu boliimde, bir yay ile desteklenmis kirisin miihendislik uygulamalarinda en ¢ok
karsilagilan gomiilii—serbest (konsol), mafsalli-mafsalli (basit mesnetli), gomiili—
gomiilii, gomiilii-mafsalli sinir kosullart altindaki boyutsuz dogal frekanslar1 ve kip
fonksiyonlar1 incelenmistir. Farkli sinir kosullari altinda bir yay ile desteklenen kiris
0zdeger ve 0zfonksiyonlari, Bolim 2.3’te 6zetlenen ¢6zliim 15181nda, Cizelge 2.1°de
verilen ilgili sinir kosullar1 ve bunlara ek olarak Denklem (2.39-42)’deki gecis
kosullar1 Denklem (2.22)’deki ¢oziime dayatilarak, karakteristik matrisin
kurulmasindan sonra gerekli tiim hesaplarin bilgisayar yardimiyla gerceklestirilmesi
seklinde elde edilmistir. Nihai denklem, o kesit degisim oOlgiisli, n boyutsuz yay
katsayist ve A boyutsuz konumuna bagli oldugundan buradan hesaplanacak 6zfrekans

ve Ozfonksiyonlar da bu ii¢ parametreye bagl olarak degisecektir.
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Bu boliim boyunca, boyutsuz yay katsayisi denildiginde, ince uca referansla tiretilmis
n yay katsayist anlagilmalidir. Verilen tiim sonuglar, bu n degerine gore verilmistir.
Istenirse, ince uca referansla elde edilen 1 yerine Denklem 2.55’te verilen baginti

yardimiyla kalin uca referansla elde edilen 1 gecirilebilir.

3.3.1 Kesit degisim ol¢iisiiniin frekanslar ve kip bicimleri iizerine etkisi

Kesit degisim Olgiisiiniin ¢esitli sinir kosullart altinda lineer bir yay ile desteklenmis
kiris boyutsuz dogal frekanslar1 ve kip bigimleri iizerine etkisi bu bolimde ele
alimmustir. Her bir sinir kosulu i¢in yay biiyiikliigii ve yay konumu sabitlenerek, o
kesit degisim Ol¢iisiiniin boyutsuz dogal frekanslar {izerine etkisi incelenmis, bir dizi
sayisal deger tablolar halinde verilmistir. Kesit degisim oOlgiisiiniin, n=10 boyutsuz
yay katsayisina sahip yay ile desteklenen kiris kip fonksiyonlari tizerindeki etkisini
gorebilmek igin, 0=1, a=1.5 ve a=2 degerleri i¢in kip fonksiyonlar1 ayni grafik

tizerinde olusturulmustur.

3.3.1.1 Gomiilii — Serbest Kiris

Serbest ucundan, n=10 boyutsuz yay katsayisina sahip lineer bir yay ile desteklenmis
konsol kirisin ilk 7 boyutsuz dogal frekansinin a 6l¢iisiiyle degisimi, ince ucu serbest
— kalin ucu gomiilii kiriste n=1 ve n=2 halleri i¢in Sekil 3.50’de verilmistir.

400 400

n=1

350 - E

350 4

300 4 300 -

B 200 200 -
150 - 150-\
100 - 100 L ——
50 = 50 [~
02 04 06 0810 12 14 16 1.8 2.0 02 04 0.6 08 1.0 12 14 16 1.8 2.0
cL CcL

Sekil 3.50 : Bir yay ile desteklenmis G—S kiris boyutsuz dogal frekanslarmin a
Olciisiiyle degisimi, A=0, n=10.

84



Frekans egrileri incelendiginde, yay ilavesinin, fark edilir bir etkisi olmamakla
birlikte, tim frekanslar1 yalin kiris frekanslarindan bir miktar yukart g¢ektigi

belirlenmistir.

Serbest ucundan yay ile desteklenmis konsol kiriste ilk 3 boyutsuz dogal frekansin,
n=1 ve n=2 durumlart i¢in bir dizi o kesit degisim parametresine karsilik gelen
sayisal degerleri Cizelge 3.27°de verilmis, tim frekanslar iceren genis bir tablo Ek

E’de sunulmustur.

Cizelge 3.27 : Bir yay ile desteklenmis G-S kiris frekans hesabi sonuglari.

_ Kaln Ucu Gomiili
Ince Ucu Serbest Kiris

n @ (=10 — 3=0)

B: B2 Bs
1 02 617999 2156856 57.38585
1 05 545937 2012016 52.53187
1 10 485764 18.62391 47.38897
1 15 459179 17.69878 44.11433
1 20 447236 17.07062 41.82725

0.2  6.24554 21.90814 57.74231
0.5 5.68652 20.84857 53.31207
1.0 540898 19.82146 48.69717
15 545040 19.24540 45.82180
2.0 559492 18.89862 43.85761

N N NN NN

Kesit degisim ol¢iisiiniin 6zfonksiyonlar iizerindeki etkisini gorebilmek i¢in, Sekil
3.51°de serbest ucundan (A=0), n=10 boyutsuz yay katsayisina sahip bir yay ile
desteklenmis ince ucu serbest — kalin ucu gémiilii sinir kosullarina sahip kirigte n=2

icin ilk 6 6zfonksiyonun ii¢ farkli o kesit degisim Olg¢iisii i¢in grafikleri verilmistir.

Grafikler incelendiginde, Bolim 3.1.1 ve Bolim 3.2.1’de yapilan yorumlarin
timiiyle gegerli oldugu, a kesit degisim Olciisiiniin frekanslar {izerindeki etkisinin,
kirisin noktasal kiitle ya da yay gibi bir siireksizlik igerip icermemesinden bagimsiz

olarak her durumda benzer oldugu goriilmiistiir.

85



P1(u)

pe(w % > pa(u)

o "
W b N
r"". L
at’

1 1 1 |
/\ "';::.::::" V\i‘{!}%— A o f
p=(u) ] vﬂ - ps(u) v V pe(u)
2 F o Y A%

_o=1, o=15_  a=2

Sekil 3.51 : Bir yay ile desteklenmis G—S kiris kip bi¢gimlerinin ii¢ farkli a 6l¢iisii ile
degisimi, n=2, n=10, A=0.

3.3.1.2 Mafsall — Mafsalh Kiris

Orta noktasinda (A=0.5 konumunda), n=10 boyutsuz yay katsayisina sahip bir yay ile
desteklenmis basit mesnetli kirigin ilk 7 boyutsuz dogal frekansinin a kesit degisim

Olciisiiyle degisimi Sekil 3.52°de verilmistir.

450 450
n=1 1
400 - }é\ t % 'EI!I\" 400 -
350 350 4
300 - 300 -
_250- 2504
200 -\ 200 \
150 -\ = -\
100 - 100 -
[ — _--""——-___
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Sekil 3.52 : Bir yay ile desteklenen M—M kiris boyutsuz dogal frekanslarmnin a
Olciisiiyle degisimi, A=0.5, n=10.

Sekiller incelendiginde, kiris orta noktasinda bulunan yayin, konsol kiriste oldugu

gibi, fark edilir bir etkisi olmamakla birlikte, tim frekanslar1 yalin Kiris
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frekanslarindan bir miktar yukar1 ¢ektigi belirlenmistir. Yay ilavesinin bu belli
belirsiz etkisinin, Sekil 3.5’teki kip bigimlerinden de anlasilacag: lizere orta nokta
yakininda diglim noktasi iceren ¢ift sirali kiplerde neredeyse tamamen ortadan

kalktig1 anlagilmaktadir.

Orta noktasindan bir yay ile desteklenmis basit mesnetli kiriste ilk 3 boyutsuz dogal
frekansin, n=1 ve n=2 durumlari i¢in bir dizi a kesit degisim parametresine karsilik
gelen sayisal degerleri Cizelge 3.28’de verilmis, tiim frekanslar1 igeren genis bir

tablo Ek E’de sunulmustur.

Cizelge 3.28 : Bir yay ile desteklenmis M—M kiris frekans hesab1 sonuglari.

Basit Mesnetli Kiris

N« (=10 — 3=0.5)

B [ Bs
1 02 969498 36.13071 81.35592
1 05 853972 3264169 73.42378
1 10 7.34994 2895310 65.00149
1 15 6.60463 26.60144 59.60930
1 20 6.08519 2495159 55.81455

0.2  9.62220 36.14441 81.37086
0.5 839428 32.70288 73.51193
1.0 7.11363 29.11065 65.24319
15 6.29146 26.85205 59.99873
2.0 570429 2528621 56.33611

N N NN NN

Kesit degisim Olciistinlin 6zfonksiyonlar iizerindeki etkisini gérebilmek i¢in, orta
noktasindan (A=0.5), n=10 boyutsuz yay katsayisina sahip bir yay ile desteklenmis
iki ucu mafsalli sinir kosullarina sahip kiriste n=2 i¢in ilk 6 6zfonksiyonun ii¢ farkli a

kesit degisim Ol¢iisii i¢in grafikleri Sekil 3.53°te verilmistir.

Grafikler incelendiginde, Bolim 3.1.1 ve Boliim 3.2.1°de yapilan yorumlarin, yine,
timiiyle gecerli oldugu, a kesit degisim Olciisiiniin frekanslar {izerindeki etkisinin,
kirisin noktasal kiitle ya da yay gibi bir siireksizlik igerip icermemesinden bagimsiz
olarak her durumda benzer oldugu goriilmistiir. Kesit degisim Olcilisii a arttikca,
burada da genlikler arasindaki farkin arttig1 ve diigim noktalarinin kirisin sol —ince-

ucuna dogru kaydig1 gozlenmistir.
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Sekil 3.53 : Bir yay ile desteklenmis M—M kiris kip bi¢imlerinin {i¢ farkli a 6l¢iisii
ile degisimi, n=2, n=10, A=0.5.

3.3.1.3 Gomiilii — Gomiilii Kkiris

Orta noktasindan (A=0.5 konumundan), n=10 boyutsuz yay katsayisina sahip bir yay

ile desteklenmis iki ucu gomiilii kirisin ilk 7 boyutsuz dogal frekansinin o kesit

degisim Ol¢iisiiyle degisimi, Nn=1 ve n=2 durumlari igin Sekil 3.54’te verilmistir.

500

450 -
400 -
350 -

i

e —,

0204 06 0810 121416 13820
L

500

450 -

400 -

350 -

0204 06 0810 12 1416 18 20
cL

Sekil 3.54 : Noktasal kiitle tastyan G—G kiris boyutsuz dogal frekanslarmin o
Olctistiyle degisimi, A=0.5, n=10.

Basit mesnetli kiristekine benzer bir yaklasimla, Sekil 3.7°de verilen kip bi¢imleri

incelendiginde, gomiilii-gémiili kirigin ¢ift sirali kiplerinin de orta nokta yakininda
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bir diiglim noktasi igcerdigi goriilmektedir. Boylece, basit mesnetli kiris i¢in yapilan

yorumlarin burada da tiimiiyle gegerli oldugu anlasilmaktadir.

Orta noktasindan bir yay ile desteklenmis iki ucu gémiilii kiriste ilk 3 boyutsuz dogal
frekansin, n=1 ve n=2 durumlar1 i¢in bir dizi a kesit degisim parametresine karsilik
gelen sayisal degerleri Cizelge 3.29°da verilmis, tiim frekanslar igeren genis bir

tablo Ek E’de sunulmustur.

Cizelge 3.29 : Bir yay ile desteklenmis G—G kiris frekans hesab1 sonuglari.

Gomiilii — Gomiilii Kiris

N " (=10 — 3=0.5)
B1 B2 Bs
1 05 1870710 50.89663 99.78823
1 10 1645794 44.98481 88.15283
1 15 1503265 41.16970 80.64206
1 20 14.03512 38.46805 75.32155
2 05 1871516 50.97189 99.86492
2 10 1656001 4517859 88.36255
2 15 1522983 41.47884 80.98169
2 20 1431707 38.88219 75.77932

Kesit degisim oOlglisiiniin 6zfonksiyonlar tizerindeki etkisini goérebilmek igin, bir yay
ile desteklenmis, iki ucu gomiilii kiriste n=2 igin ilk 6 6zfonksiyonun ii¢ farkl a kesit
degisim Olgiisii i¢in grafikleri Sekil 3.55°te verilmistir. Sekiller incelendiginde, basit
mesnetli kirig kip bicimleri i¢in yapilan yorumlarin tiimiiyle gegerli oldugu

gorilmektedir.

pr(u)e pz(u)l ] e ()R A

es(u)t

_o=1, o=15 a=2

Sekil 3.55 : Bir yay ile desteklenen G—G kiris kip bigimlerinin ti¢ farkli a 6l¢iisii ile
degisimi, n=2, n=10, A=0.5.

89



3.3.1.4 Gomiilii — Mafsalh Kiris

Orta noktasindan (A=0.5), n=10 yay katsayisina sahip bir yay ile desteklenmis
gomiilii — mafsalli kirisin ilk 7 boyutsuz dogal frekansinin a dlgiisiiyle degisimi, ince
ucu mafsalli — kalin ucu goémiilii kiriste n=1 ve n=2 i¢in Sekil 3.56’da verilmistir.
Frekans egrileri incelendiginde, kiris orta noktasindaki yay ilavesinin tiim frekanslar

yukari ¢eken etkisinin belli belirsiz oldugu goriilmektedir.

500 500
450 - o=l Wg 450 -
400 - T 400 -
350 - 350
300 \ o
B 250- B 250-
- \ 200
150 K 150 \
100 o 100 mems
S0 s, 50 -
0.2 0.4 0.6 0.8 1.0 12 14 16 1.8 2.0 0.2 0.4 0.6 0810 1.2 1.4 16 1.8 2.0
oL (¥

Sekil 3.56 : Bir yay ile desteklenmis G—M kiris boyutsuz dogal frekanslarinin o
Olciisiiyle degisimi, A=0.5, n=10.

Orta noktasindan bir yay ile desteklenen gomiilii — mafsalli kiriste ilk 3 boyutsuz
dogal frekansin, n=1 ve n=2 i¢in bir dizi a kesit degisim parametresine karsilik gelen

sayisal degerleri Cizelge 3.30’da verilmis, genis bir tablo Ek E’de sunulmustur.

Cizelge 3.30 : Bir yay ile desteklenmis G-M kiris frekans hesab1 sonuglari.

Kalin Ucu Gomiilii
Ince Ucu Mafsalh Kiris
n o (=10 - 2=0.5)

B: B Bs
0.5 13.68989 41.95550 86.75351
1.0 1243014 37.54436 77.13174
1.5 1162997 34.70095 70.93464
20 11.06621 32.69005 66.55371

I
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Cizelge 3.30 (devam) : Bir yay ile desteklenmis G-M Kkiris frekans hesabi sonuglari.

Kalin Ucu Gomiilii
Ince Ucu Mafsalli Kiris
n a = 10 — 2=0.5)

El EZ 33
0.5 1399360 42.35026 87.17167
1.0 1293550 38.20921 77.85821

2
2
2 15 1227382 35.56514 71.89663
2 2.0 1181198 33.70971 67.70372

Kesit degisim Olciisiiniin 6zfonksiyonlar iizerindeki etkisini gérebilmek icin, Sekil
3.57’de orta noktasinda (A=0.5), n=10 boyutsuz yay katsayisina sahip bir yay ile
desteklenmis ince ucu mafsalli - kalin ucu gomiilii sinir kosullarina sahip kiriste n=2

icin ilk 6 6zfonksiyonunun ii¢ farkli o kesit degisim oSlgiisii i¢in grafikleri verilmistir.

9: )l ! pa(u)] ' el 03w

0:(u) 5 9s(@) 9 (w)

_o=1, o=15_ a=2
Sekil 3.57 : Bir yay ile desteklenen G—M kiris kip bigimlerinin ti¢ farkli a 6l¢iisii ile
degisimi, n=2, n=10, A=0.5.
Sekiller incelendiginde, basit mesnetli kiris kip big¢imleri i¢in yapilan yorumlarin
timiiyle gecerli oldugu goriilmektedir. Grafikler incelendiginde, o kesit degisim
Ol¢iistiniin frekanslar iizerindeki etkisi i¢in Boliim 3.1.1 ve Boliim 3.2.1°de gomiilii —

mafsall kiris i¢in yapilan yorumlarin tiimiiyle gecerli oldugu goriilmiistiir.

3.3.2 Yay katsayis1 biiyiikliigiiniin frekanslar ve kip bi¢imleri iizerine etKkisi

Bu boliimde, yay katsayisinin biiyiikliigiiniin ¢esitli sinir kosullari altindaki lineer bir
yay ile desteklenmis kiris boyutsuz dogal frekanslari tizerine etkisi ele alinmistir. Her
bir sinir kosulu i¢in kesit degisim 6lglisti ve yay konumu sabitlenerek 1 boyutsuz yay

katsayisinin biiyiikliigiiniin boyutsuz dogal frekanslar iizerine etkisi incelenmis, bir
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dizi sayisal deger tablolar halinde verilmistir. Yay katsayisinin biiyiikliigiiniin kiris
kip fonksiyonlar1 tizerindeki etkisini gorebilmek i¢in, n=0 (yalin kirig), n=10 ve n=20

degerleri i¢in kip fonksiyonlar1 ayni grafik tizerinde olusturulmustur.

3.3.2.1 Gomiilii — Serbest Kiris

Serbest ucundan (A=0), lineer bir yay ile desteklenmis, ince ucu serbest — kalin ucu
gomiilii kirigin ilk 4 boyutsuz dogal frekansinin, 1) yay biiyiikliigii ile degisimi n=1 ve
n=2 halleri i¢in aynm grafik iizerinde Sekil 3.58’de gosterilmistir.
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Sekil 3.58 : Bir yay ile desteklenmis G—S kiris boyutsuz dogal frekanslarinin bu yay
blytikligi ile degisimi, A=0, a=0.5.

Yay ilavesinin frekanslar {izerindeki etkisi diisiik oldugundan, yay katsayisinin
biiyiikliigiiniin frekanslar {izerindeki etkisinin anlagilabilmesi i¢in her frekans egrisi

belli bir 6l¢ekte yakinlagtirilarak sunulmustur.

Kesit degisim 6l¢iisii 0=0.5 i¢in serbest ucundan bir yay ile desteklenmis konsol kiris
frekans egrilerinin n yay biiytlikliigiine gore degisim egrileri incelendiginde, egrilerin
beklendigi gibi, ince ucu serbest — kalin ucu gomiilii kiriste n=1 igin B, = 3.6887,
B, =19.6281, B, =52.3446, B, =101.2032, n=2 icin B, =4.1458, B, = 20.3872,

By =53.1294, B, =102.0071, a=0.5 degerine sahip yalim kiris (n=0) boyutsuz dogal
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frekanslarina karsilik gelen degerlerle basladigr goriilmektedir. Frekanslar, n
arttikga, ince ucu serbest — kalm ucu gémiilii kiriste n=1 i¢in f, =13.4273,
B, =41.9311, B, =86.7273, n=2 i¢in B, =13.7859, B, =42.3319, B, =87.1506,
aynt 0=0.5 degerine sahip gomilii — mafsalli yalin kiris frekans degerlerine

yakinsamaktadir.

Kesit degisim 0l¢iisii a=0.5 igin, serbest ucundan yay ile desteklenmis konsol kiriste
ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlari i¢in bir dizi n yay biiytlikliigiine
karsilik gelen sayisal degerleri Cizelge 3.31°de verilmis, tim frekanslar1 igeren

kapsamli bir tablo EK E’de sunulmustur.

Cizelge 3.31 : Bir yay ile desteklenmis G-S kiris frekans hesab1 sonuglari.

_ Kahn Ucu Gomiilii
Ince Ucu Serbest Kiris

n 1 (a= 0.5 — 3=0)

B: B2 Bs
1 0  3.68869 19.62810 52.34456
1 5 468624 19.87177 52.43783
1 7 501583 19.97060 52.47536
1 10 545937 20.12016 52.53187

2 0 414584  20.38722 53.12940
2 5 499812 20.61615 53.22039
2
2

7 5.28913 20.70873  53.25698
10 5.68652 20.84857 53.31207

Kesit degisim 6l¢iisiiniin 6zfonksiyonlar tizerindeki etkisini gorebilmek igin, a=0.5
kesit degisim Olgtisiine sahip kalin ucu goémiilii — ince ucu serbest kirigsin n=2
durumunda, n=0, n=10 ve m=20 ic¢in aymi grafik iizerinde olusturulmus kip
fonksiyonlar1 Sekil 3.59°da verilmistir. Grafikler incelendiginde, frekanslar tizerinde
belli belirsiz bir etkiye sahip olan yay ilavesinin, yay katsayisinin biiyiikliigii arttikca,
temel frekansin kip fonksiyonu disindaki kip bi¢imleri tizerinde dikkat ¢eken bir etki
yaratmadigt ve Ozfonksiyonlarin bu yay bilyilikliglinden hemen hemen hi¢

etkilenmedigi goriilmiistir.
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Sekil 3.59 :

o=t .\/ cpetuJ' \/ \/ b
_ n=0, n210, _ n:20

3.3.2.2 Mafsalh — Mafsalh Kiris

Bir yay ilde desteklenmis G—S kiris kip bi¢imlerinin ti¢ farkli n 6l¢iisii
ile degisimi, n=2, a=0.5, A=0.

Orta noktasindan (A=0.5), lineer bir yay ile desteklenmis basit mesnetli kirisin ilk 4

boyutsuz dogal frekansinin, n boyutsuz yay katsayisinin biiytikligi ile degisimi n=1

ve n=2 halleri i¢in ayn1 grafik iizerinde Sekil 3.60’ta gdsterilmistir.
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Sekil 3.60 : Bir yay ile desteklenmis M—M Kkiris boyutsuz dogal frekanslarinin bu
yay biiyiikligi ile degisimi, A=0.5, 0=0.5.

94



Kesit degisim ol¢iisii 0=0.5 i¢in orta noktasindan bir yay ile desteklenmis basit
mesnetli kiris frekans egrilerinin n yay biyiikliigline gore degisim egrileri
incelendiginde, egrilerin beklendigi gibi, n=1 igin B, =8.1145, B, =32.6408,
B, =73.3773, B, =130.3830, n=2 i¢in B, =8.0494, B, =32.7026, B, = 73.4745,

B, =130.4982, a=0.5 degerine sahip yalin kiris (n=0) boyutsuz dogal frekanslarina
karsilik gelen degerlerle basladig1 goriilmektedir.
Egrilerin, Boliim 3.2.1 ve Bolim 3.2.2°de de belirtildigi gibi orta nokta yakininda bir

diigiim noktas1 bulunan ¢ift sirali kiplerinde, oOzellikle diisiik frekanslarda, m

biiyiikliigiiniin frekanslar arttirici etkisinin belli belirsiz oldugu gortilmektedir.

Kesit degisim o6lgiisii a=0.5 icin, orta noktasindan yay ile desteklenmis basit mesnetli
kiriste ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlar i¢in bir dizi n yay
katsayisinin biyiikliigiine karsilik gelen sayisal degerleri Cizelge 3.32°de verilmis,

tiim frekanslari i¢eren kapsamli bir tablo Ek E’de sunulmustur.

Cizelge 3.32 : Bir yay ile desteklenmis M—M kiris frekans hesab1 sonuglari.

Basit Mesnetli Kiris

n 4 (a= 0.5 — 1=0.5)

[ B2 Bs
1 0 811453 32.64084 73.37733
1 5 833001 32.64126 73.40055
1 7 841456 32.64143 73.40984
1 10 853972 32.64169 73.42378

0 8.04938 32.70263 73.47450
5 8.22375 32.70276 73.49321

7 8.29241 32.70281 73.50070
10 8.39428 32.70288 73.51193

N N N DN

Frekanslar tizerinde belli belirsiz bir etkiye sahip olan yay ilavesinin, yay
katsayisinin  biiyiikliigii arttikca kip bigimleri {izerinde dikkat g¢eken bir etki
yaratmadiglr ve konsol kiris kip bicimlerinden de goriildiigii iizere, n=0, n=10 ve
N=20 degerlerinin tamaminda 6zfonksiyonlar hemen hemen ayn1 oldugu i¢in burada

kip bicimleri ayrica verilmemistir.
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3.3.2.3 Gomiilii — Gomiilii Kiris

Orta noktasindan (A=0.5), lineer bir yay ile desteklenmis iki ucu gomiilii kirisin ilk 4
boyutsuz dogal frekansinin, n yay katsayisinin biiytikliigii ile degisimi n=1 ve n=2
halleri i¢in aymi grafik lizerinde Sekil 3.61’de gosterilmistir.
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Sekil 3.61 : Bir yay ile desteklenmis G—G kiris boyutsuz dogal frekanslarinin bu yay
biiyiikliigii ile degisimi, A=0.5, a=0.5.

Kesit degisim 0Olgiisii a=0.5 icin orta noktasindan bir yay ile desteklenmis gomiilii-

gomiilii kiris frekans egrilerinin, n yay biiylikligline gore degisim egrileri

incelendiginde, egrilerin beklendigi gibi, n=1 igin B, =18.4700, B, =50.8938,

B, =99.7558, B, =164.8889, n=2 icin {3, =18.5258, B, =50.9696, B, =99.8390,

B, =164.9763, 0=0.5 degerine sahip yalin kiris (n=0) boyutsuz dogal frekanslarina
karsilik gelen degerlerle basladigi goriilmektedir. Egrilerin, Béliim 3.2.1 ve Boliim
3.2.2°de de belirtildigi gibi orta nokta yakininda bir diiglim noktas1 bulunan ¢ift siral
kiplerinde, Ozellikle diisik frekanslarda, m biiyiikliigiiniin frekanslar1 arttiric

etkisinin belli belirsiz oldugu goriilmektedir.

Kesit degisim Olgiisii 0=0.5 i¢in, orta noktasindan yay ile desteklenmis iki ucu

gomiilii Kiriste ilk 3 boyutsuz dogal frekansin, n=1 ve n=2 durumlar1 i¢in bir dizi 1
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yay katsayisinin biiyiikliigiine karsilik gelen sayisal degerleri Cizelge 3.33°te

verilmis, tiim frekanslari i¢ceren kapsamli bir tablo Ek E’de sunulmustur.

Cizelge 3.33 : Bir yay ile desteklenmis G—G Kiris frekans hesab1 sonuglari.

Gomiilii — Gomiilii Kiris
(a=0.5-2=0.5)

B B Bs
18.46995 50.89378 99.75581
18.54147 50.89463 99.76553
18.58897 50.89520 99.77201
18.63633 50.89577 99.77850

10 18.70710 50.89663 99.78823

N = e
~ 01w o

0 18.52577 50.96962 99.83899
3 18.58282 50.97030 99.84677
5 18.62074 50.97075 99.85195
7 18.65858 50.97121 99.85714
10 18.71516 50.97189 99.86492

N N N N DN

Basit mesnetli kiriste oldugu gibi, burada da n=0, n=10 ve n=20 degerlerinin
tamaminda O6zfonksiyonlar hemen hemen ayni oldugu i¢in kip bicimleri ayrica

verilmemistir.

3.3.2.4 Gomiilii — Mafsall Kiris

Orta noktasindan (A=0.5), lineer bir yay ile desteklenmis, ince ucu mafsalli — kalin
ucu gomiilii kirigin ilk 4 boyutsuz dogal frekansinin, n yay katsayisinin biiytikligii ile
degisimi n=1 ve n=2 halleri i¢in ayn1 grafik {izerinde Sekil 3.62’de gdsterilmistir.

Kesit degisim ol¢iisii a=0.5 icin orta noktasindan bir yay ile desteklenmis gomiilii-
mafsalli kiris frekans egrilerinin, n yay biyikligine gore degisim egrileri
incelendiginde, egrilerin olmasi gerektigi gibi, n=1 i¢in B, =13.4273, B, = 41.9311,
B, =86.7273, B, =147.7975, n=2 i¢in B, =13.7859, B, =42.3319, B, =87.1506,

B, =148.2324, 0=0.5 degerine sahip yalin kiris (n=0) boyutsuz dogal frekanslarina

karsilik gelen degerlerle basladigr goriilmektedir.
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Sekil 3.62 : Bir yay ile desteklenmis G—M kiris boyutsuz dogal frekanslarinin bu yay
bliytikliigii ile degisimi, A=0.5, 0a=0.5.

Kesit degisim ol¢iisii 0=0.5 i¢in, orta noktasindan yay ile desteklenmis kalin ucu

gomiilii — ince ucu mafsalli kiriste ilk 3 boyutsuz dogal frekansin, n=1 ve n=2

durumlart i¢in bir dizi n yay katsayisinin biiyiikliigiine karsilik gelen sayisal degerleri

Cizelge 3.34°te verilmis, kapsamli bir tablo Ek E’de sunulmustur.

Cizelge 3.34 : Bir yay ile desteklenmis G—M kiris frekans hesab1 sonuglari.

_ Kalin Ucu Gomiilii
Ince Ucu Mafsalh Kiris

n 1 (a= 0.5 — 1=0.5)
B: B2 Bs

1 0 1342735 41.93112 86.72733
1 5 1355040 41.94329 86.74041
1 7 1361178 41.94817 86.74565
1 10 13.68989 41.95550 86.75351
2 0 13.78589 42.33191 87.15056
2 5 13.89022 42.34107 87.16111
2 7 1393169 42.34475 87.16533
2 10 13.99360 42.35026 87.17167
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Burada da, basit mesnetli kiriste oldugu gibi, n=0, n=10 ve n=20 degerlerinin
tamaminda O6zfonksiyonlar hemen hemen ayni oldugu i¢in kip bicimleri ayrica

verilmemistir.

3.3.3 Yay konumunun frekanslar iizerine etkisi

Bu boliimde, yay konumunun ¢esitli sinir kosullar1 altindaki kiris boyutsuz dogal
frekanslari iizerine etkisi ele alinmistir. Her bir sinir kosulu i¢in, kesit degisim Sl¢iisii
0=0.5 degerinde sabitlenerek, n=0, n=5, n=10 ve n=20 i¢in A yay konumunun
boyutsuz dogal frekanslar {izerine etkisi incelenmis, bir dizi sayisal deger tablolar

halinde verilmistir.

3.3.3.1 Gomiilii — Serbest Kiris

Lineer bir yay ile desteklenmis konsol kirisin ilk 4 boyutsuz dogal frekansinin, n=0,
n=5, =10 ve n=20 i¢in A yay konumu ile degisimi, 0=0.5 kesit degisim &lgiisiine
sahip ince ucu serbest — kalin ucu gomiilii kiriste n=2 hali i¢in Sekil 3.63’te

verilmigtir.
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Sekil 3.63 : Bir yay ile desteklenen G-S kirig boyutsuz dogal frekanslarinin farkl
yay biiyiikliikleri i¢in yay konumuyla degisimi, a =0.5.
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Sekiller incelendiginde, frekans egrilerinin olmasi gerektigi gibi, kalin ucu gomiili —

ince ucu serbest kiriste, n=2 durumu igin, B, = 4.1458, B, = 20.3872, B, =53.1294,

B, =102.0071, aym o0=0.5 degerine sahip yalin kiris (n=0) boyutsuz dogal

frekanslarina karsilik gelen sabit bir alt deger ile degisken bir iist deger arasinda
dalgalandig1 goriilmektedir. Egriler incelendiginde, ilgili kipin diigiim noktalarindan
birine ya da kirisin gdmiilii ucuna isabet eden yaym o kipe ait dogal frekansi

etkilemedigi ve yalin kiris frekansina esit bir minimumdan gectigi anlasilmaktadir.

Kesit degisim olgiisii a=0.5 i¢in, lineer bir yay ile desteklenen konsol kiriste ilk 3
boyutsuz dogal frekansin, n, n ve A parametrelerinin farkli bilesimlerine karsilik
gelen sayisal degerleri Cizelge 3.35°de verilmis, tiim frekanslar1 igeren kapsamli bir

tablo Ek E’de sunulmustur.

Cizelge 3.35 : Bir yay ile desteklenen G-S kiris frekans hesab1 sonuglart.

_Kalin (Sag) U¢ Gomiilii

Ince (Sol) U¢ Serbest Kiris
n A n (0= 0.5)

B1 B Bs
1 0 0 3.68869 19.62810 52.34456
1 0.5 5 3.79801 19.72046  52.34553
1 0.5 10 3.90216 19.81270 52.34651
1 1.0 10 3.68869 19.62810 52.34456
2 0 0 414584  20.38722 53.12940
2 0.5 ) 423160 20.45772 53.12994
2 0.5 10 431440 20.52817 53.13048
2 1.0 10 414584  20.38722 53.12940

3.3.3.2 Mafsall — Mafsalh Kiris

Lineer bir yay ile desteklenmis, o=0.5 kesit degisim Olgiisiine sahip basit mesnetli
kirigin n=2 hali i¢in ilk 4 boyutsuz dogal frekansinin, n=0, n=5, n=10 ve n=20 i¢in A
yay konumu ile degisimi Sekil 3.64’te verilmistir. Frekans egrilerinin n=2

durumunda olmast gerektigi gibi, B; =8.0494, B, =32.7026, B, =73.4745,

B, =130.4982, 0=0.5 degerine sahip yalin kiris (n=0) boyutsuz dogal frekanslarina

karsilik gelen sabit bir alt deger ile degisken bir iist deger arasinda dalgalandigi

goriilmektedir.
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Sekil 3.64 : Bir yay ile desteklenen M—M kiris boyutsuz dogal frekanslarmin farkli
yay biiyiikliikleri i¢in yay konumuyla degisimi, o =0.5.

Kesit degisim olgiisii 0=0.5 i¢in, lineer bir yay ile desteklenen basit mesnetli kiriste

ilk 3 boyutsuz dogal frekansin, n, n ve A parametrelerinin farkli bilesimlerine karsilik

gelen sayisal degerleri Cizelge 3.36°da verilmis, tiim frekanslar1 igeren kapsamli bir

tablo Ek E’de sunulmustur.

Cizelge 3.36 : Bir yay ile desteklenen M—M kiris frekans hesabi sonuglari.

Basit Mesnetli Kiris

n A 1 (a=0.5)
B B2 Bs

1 0 0 8.11453  32.64084 73.37733
1 0.5 5 8.33001 32.64126 73.40055
1 0.5 10 8.53972  32.64169 73.42378
1 1.0 10 8.11453  32.64084 73.37733
2 0 0 8.04938 32.70263 73.47450
2 0.5 5 8.22375 32.70276  73.49321
2 05 10  8.39428 32.70288 73.51193
2 1.0 10 8.04938 32.70263 73.47450
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3.3.3.3 Gomiilii — Gomiilii kiris

Kesit degisim Olciisii a=0.5 olan gomiilii - gomiilii kirisin n=2 6zel halinde, n=0,
n=5, n=10 ve n=20 yay katsayilarina sahip lineer bir yay ile desteklenmesi
durumunda ilk 4 boyutsuz dogal frekansinin bu yay konumu ile degisimi Sekil

3.65’te verilmistir.
Sekiller incelendiginde, frekans egrilerinin n=2 durumunda olmas1 gerektigi gibi,
B, =18.5258, B, =50.9696, B, =99.8390, B, =164.9763, 0=0.5 degerine sahip

yalin kiris (n=0) boyutsuz dogal frekanslarina karsilik gelen sabit bir alt deger ile

degisken bir iist deger arasinda dalgalandig1 goriilmektedir.
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Sekil 3.65 : Bir yay ile desteklenen GG kiris boyutsuz dogal frekanslarinin farkli
yay biiyiikliikleri i¢in yay konumuyla degisimi, o =0.5.
Kesit degisim 6l¢iisii a=0.5 igin, lineer bir yay ile desteklenen gomiilii-gémiilii kirigte
ilk 3 boyutsuz dogal frekansin, n, n ve A parametrelerinin farkli bilesimlerine karsilik
gelen sayisal degerleri Cizelge 3.37°de verilmis, tiim frekanslar1 igeren kapsamli bir

tablo Ek E’de sunulmustur.
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Cizelge 3.37 : Bir yay ile desteklenen G—G kiris frekans hesab1 sonuglari.

GOomiilii — Gomiilii Kiris

n A 1 (a=0.5)
B B2 Bs

1 0 18.46995 50.89378 99.75581
1 0.5 18.58897 50.89520 99.77201
1 0.5 10  18.70710 50.89663 99.78823
1 1.0 10  18.46995 50.89378 99.75581
2 0 18.52577 50.96962 99.83899
2 0.5 18.62074 50.97075 99.85195
2 0.5 10 18.71516 50.97189 99.86492
2 1.0 10 18.52577 50.96962 99.83899

3.3.3.4 Gomiilii — Mafsall Kiris

Lineer bir yay ile desteklenmis gomiilii — mafsalli kirisin ilk 4 boyutsuz dogal

frekansinin, n=0, n=5, =10 ve n=20 i¢in A yay konumu ile degisimi, a=0.5 kesit

degisim Olglisiine sahip kalin ucu gomiilii — ince ucu mafsalli kiriste n=2 hali igin

Sekil 3.66’da verilmistir.

15.5

01 020304050607 080910
%
B,

++++++++++++++++

++++++++

0.1 0203 04050607 080510

A

4238- =2 @

++++++++++++++++++++++++++

0.1 0.2 03 04 050607 0809 1.0

A

148.4

148.3 -

++++++++++++++++++++++++++++

148.2

01 020304050607 0840510
A

Sekil 3.66 : Bir yay ile desteklenen G-M kiris boyutsuz dogal frekanslarinin farkl
yay biiyiikliikleri i¢in yay konumuyla degisimi, a =0.5.
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Sekiller incelendiginde, frekans egrilerinin n=2 durumunda olmas1 gerektigi gibi,
B, =13.7859, B, =42.3319, B, =87.1506, B, =148.2324, 0=0.5 degerine sahip
yalin kiris (n=0) boyutsuz dogal frekanslarina karsilik gelen sabit bir alt deger ile

degisken bir iist deger arasinda dalgalandigi goriilmektedir.
Kesit degisim 0l¢iisii a=0.5 i¢in lineer bir yay ile desteklenen gomiilii-gomiilii kiriste
ilk 3 boyutsuz dogal frekansin, n, n ve A parametrelerinin farkli bilesimlerine karsilik

gelen sayisal degerleri Cizelge 3.38’de verilmis, tiim frekanslar1 igeren kapsamli bir

tablo Ek E’de sunulmustur.

Cizelge 3.38 : Bir yay ile desteklenen G—M kiris frekans hesabi sonuglari.

_Kaln (Sag ) Uc¢c Gomiilii

Ince (Sol) U¢ Mafsalh Kiris
n A n (a=0.5)

B1 B2 Bs
1 0 0 13.42735 4193112 86.72733
1 0.5 5 13.55940 41.94329 86.74041
1 0.5 10 13.68989 41.95550 86.75351
1 1.0 10 1342735 4193112 86.72733
2 0 0 13.78589 42.33191 87.15056
2 0.5 5 13.89022 42.34107 87.16111
2 0.5 10 13.99360 42.35026 87.17167
2 1.0 10  13.78589 42.33191 87.15056
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4. SONUCLAR

Bu calismada, miihendislik uygulamalarinda yaygin olarak kullanilan degisken
kesitli kirislerin titresim problemleri lizerine incelemeler gergeklestirilmistir. Cesitli
sinir kosullar1 altindaki yalin, iizerinde bir noktasal kiitle tasiyan ve bir yay ile
desteklenmis degisken kesitli kiriglerin kalin ug¢ kesit degerlerine referansla
boyutsuzlastirilmig boyutsuz dogal frekanslarinin ve kip bigimlerinin o, p, , A ve n
parametreleriyle degisimi, Denklem (2.22)’nin kesin ¢6ziimiine dayali olarak
incelenmis, parametrelerin etkileri grafikler yardimiyla gorsellestirilmis ve o, y, 1, A,
n parametrelerinin farkli bilesimleri i¢in elde edilen sonuglar tablolar halinde

sunulmustur.

Arzu edilmesi halinde, Boliim 2.4’te verilen Denklem 2.51 araciligiyla, burada
verilen boyutsuz frekans degerlerinden ince ug¢ kesit degerlerine referansla

boyutsuzlastirilmis boyutsuz frekans degerlerine de gegilebilir.
Yapilan incelemeler sonucunda ulasilan baslica sonuglar asagida listelenmistir.

e Dogrusal kesit degisimine sahip kirislerde, eni sabit yiiksekligi dogrusal
olarak degisen (n=1) ve eni ve yiiksekligi ayni1 oranda degisen (n=2) ozel
hallerinin her ikisinde de o kesit degisim Olglisiiniin artmasi, kalin ucu
gomiilii — ince ucu serbest kiris temel frekansi disindaki tiim boyutsuz dogal

frekanslar1 diistiriicli bir etki gostermistir.

e Kiris lizerine ilave edilen noktasal kiitlenin, bir diiglim noktasina denk geldigi
Kipe ait frekansi etkilemedigi, bunun disina ise p noktasal kiitle biiyiikligiiyle
artan bir etkiyle dogal frekanslar1 yalin kiris dogal frekanslarindan bir miktar

asag1 ¢ceken bir etkisinin oldugu gézlenmistir.

e Kirisi destekleyen bir lineer yayin, kiris tarafindan tasinan noktasal kiitlede
oldugu gibi, diigiim noktalarina denk geldigi Kiplere ait frekanslar
etkilemedigi, bunun disindaki etkisinin ise dogal frekanslar1 yalin kiris dogal
frekanslarindan ¢ok az bir miktar yukari c¢ekmek seklinde oldugu

gozlenmistir.
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Dogrusal kesit degisimine sahip kirislerde, 6zfonksiyonlarin kirisin kalin
tarafindan ince tarafina dogru gittik¢e artan genlikte sekiller olusturdugu ve a
kesit degisim Olgiisii kiiclildiikce kip fonksiyonlari sabit kesitli kiris kip
fonksiyonlaria yakinsarken, a kesit degisim Ol¢iisii arttikca iki ug arasindaki

genlik farklarinin artti§i gézlenmistir.

Bu tezin kapsami disinda birakilmis fakat yapilan galismalar1 gelistirmek i¢in ileride

yapilabilecek caligmalar asagida belirtilmistir:

Sinirlarda ve bir ara noktada kiitle ve kiitlesel eylemsizlik momentine sahip
birer rijit cisim ile lineer yay ve déonmeye karst koyan bir burulma yayinin

hep birlikte yer aldigi1 daha genel bir modelin incelenmesi.
Birden fazla ara noktada tekillikler barindiran modellerin incelenmesi

Bir ya da daha c¢ok noktada kesit degisim oOl¢iisiinde sigramalar barindiran

modellerin incelenmesi.

Euler-Bernoulli kirisi i¢in verilen kesin ¢6ziimiin bir benzerinin Timoshenko

kirisi icin elde edilmeye calisilmasi.

Mevcut kesin c¢oziimden degisken kesitli hareketli kiris problemlerinde

yararlanma olanaklarinin arastirilmasi.
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EKB

DOGRUSAL KESIT DEGISIMINE SAHIP KiRiS / GOMULU - GOMULU SINIR KOSULLARI
OZDEGER COZUMLEMESI

ORIGIN = 1
TANIMLAR:

Eloc,u) = 1 + ceu

Bessel fonksiyonlan tammlaniyor.

In(n. (o u, 3))
yowu.®)"

Ya(n,y(o.u.3))

'\;[n.u.ﬁ}n

glio.u.p.n) =

gXonu.B.n) =

fl{owu.B.n) = gl{ovu.B.n)-»

2o, u,B.0) = glo,u,Bon) -+
Bessel fonksiyonlanmin 1. tirev ifadelern

d
f1dl(ee,u, B 0) = —fl{eeu, B 0)—
( ) . (: )

d
f2dl(ocu. B.n) = —f2{oLu. B.n)—
(ocu. B.n) ™ (ovu, PBon)

. d
f3dl{ecn. B.on) = —f{owu. Bon)—
(e, 3. n) ™ (v, 3.n)

fid1(eu, B.n) = :—ufai(ﬂ,u, B.n)—

Bessel fonksiyonlanmin 3. tirev ifadelen

Fld3(ce, 0. B,10) = :l—lfldl(ﬂ.u.ﬂ.n}—b

f2d3(oc, 0. P.on) = iﬂﬂ{ﬂ,u,u,n}—r

(o, @) = AWV

2]

In(n.~y(o.u.[3))
~loa, B]n
Ka(n 4(o.u.f)

~(o.a. I"!-}]:l

giovu.B.n) =
gdovu.B.n) =

f3({ox.u.B.n) = g3ocu.3.n)—=
4o, u. B.n) = gd4{ocu. Bon)—
Bessel fonksiyonlannin 2. tirev ifadeleri

fi+2 cl2

fld2{evu. Bon) = E(ou) ——=fl{oeu. B.n)—
.d]]‘

fi+2 cl2

f2d2(ovu. fon) = Efou) —=f2{a.u.B.on)—
-d]_\i

fis 2 cl2

f3d2{evu. Bon) = Eloey) T —=B{oeu. Bon)—
.d]]‘

. 2
fd2(cu.Bon) = £ow)™ L fi o B.n)—
-d]_“

Bd3(c.u,B.n) = :—uﬂﬂ[n.u.ﬂ.n}—b

f4d3 (e u, Bon) = :—Jﬁﬂ[u,u,ﬂ,n} -+

VERILER:
m=7 ilk kag 6zdederin hesaplanacag belideniyor
A=05 Kitle ve yayin konumu belirleniyor
po=05 Boyutsuz kitle bayukligu tanimlaniyor
n =10 Boyutsuz yay katsayisi tanimlaniyor
calt =01 Aa=01 oust:=2 Kesitdegisim dlcisinun baglangic degeri, artig, bitis degen
K = 10° Olgek katsayisi tamimlaniyor
TOL = 10 ? Frekans denklemi saglanma toleransi tanimlaniyor
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HESAPLAR:

fl{ee,0,3.0) f2{e,0,3.10)

fldl{e. 0. B, 1) f2d1{re. 0. B. 1)
0 0
0 0

An,0.f) = fi(e ). Bu1) £(e. ). B.0)
fldl{ee. X P.n) f2dl{oe X B.n)
fld2{e X Pon) f2d2 (o X Pon)
_|.—'1] + |.L'|3::I'f‘1[ct.>\.|3.n} + fld3 (o, 2. B, n) |.—1] + |.L'|31:|'f2[ct.:’\.|3.ﬂ} + 2d3 (e, A, P.n)

30,3, 1) f4{ce. 0,3, 1)
f3d1{e, 0.2, m) fidl{e, 0.3, 0)
0 o
0 0
3o X, B.n) Ao X, B.n)
f3dl{ex, A, B0 fAdi{e, A, B0}
f3d2{ex, X, B0 fAd2{en, X, B.0)
|.—1] + |.L-|3::I-f3[c‘t.>\.|3.ﬂ} + f3d3 (e AL B n) |.—1] + |.L-|3::I-f=|-[c‘t.}x.|3.ﬂ} + fd3 (o AL B0
0 0 0 0 ]
0 0 0 0
fl{ce.1,3.m) (e 1,3,0) fi{ee,1,3.m) e 1,3.m)
fldi{e,1.3.n) £2dl{e,1.2.0) fHdl{e,1.B.n) #dl{c.1.B.0)
—fl{oe, kB f2{oc A By —HBlock, B o0k, Bln)

—fldi{o. h. B.n) —£2d1(o . Bon) —F3d1(och.Bon) —fdI(och.B.n)
—fld2 (o h. Bon) —£2d2(o0 X Bon) —F3d2(c0 XL Bon) —fd2 (o0 X B.n)

—fld3 (o X, Bon) —R2d3 (o0 X, B.n) —Hd3 (o X, Bon) —fd3 (o0 X, B.n) |

Aln.o @) = K-|Aln.o.@| Determinant yeniden élgeklendirilerek nimerik hesaba uygunlastinlyor

T

bsfr = (18.0 61.7 1209 1999 2086 4170 3332)

Al = |for o e oalt oalt + Ao, caast
. o — exalt
i— 1+
for j =1.2.m
b« [1+m}-b5ﬁj if i=1
[+ cm}-|3]i_1 i otherwise
A e root{ Al o b) . b)
L] 1+
3
SONUCLAR:
o = oalt oalt + Ao oust
— oualt
() =1+ =
Fatat

Kk tahmini icin =0 boyutsuz frekanslar

for o e oalt, oalt + Ao, oust
o — oualt

@2 =

1e— 1+

for j=1.2.m

[ [1+cm}-bsfri i i=1
[(1+ cm}-|3]i_1 i otherwise

A2
e root{A(2.0Lb).b)
t.] 1+ o
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o =

Al =

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

o=

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.1

1.2

1.3

1.4
1.5

1.6

1.7

1.8

1.9

1 2 3 4 5 ] 7
1 14.634 58.805 05.818 190.43 248,11 307.008 | 475721
2 14,182 36.31 02.368 182.026 | 239.236 378,778 459.225
3 13.802 34.119 80.48 174,519 | 231.978 362.306 | 446.008
4 13.476 52.18 87.025 167.802 | 225.912 347.52 | 435.073
] 13.194 50.45 84.908 161.779 | 220.743 334.281| 425.766
] 12,947 48.899 83.06 156.364 | 216.263 322428 | 417.047
7 12.73 47.501 81.43 151.481| 212.318 311.796 | 410.416
8 12.536 46.233 79.979 147.063 | 208.799 302.238 | 403.858
9 12.362 45.08 78.674 143.054 | 205.622 | 293.619| 397.814
10 12.204 44.025 77494 139.402 | 202.723 285.825| 392.166
11 12.061 43.058 76417 136.006 | 200.053 278,756 | 3860.823
12 11.931 42,168 75.429 133.009 | 197.574 272,328 381.715
13 11.811 41.346 74.517 130.2| 195.255 266.467 | 376.789
14 11.7 40.584 73.671 12761 193.071 261.11 ( 372.006
15 11.597 39.877 72.883 125.217 | 191.003 256.204 | 367.341
16 11.501 39.218 72.145 123.001| 189.035 2531.7 | 362776
17 11.412 38.603 71.451 120.942| 187.133 247.358 | 358.304
18 11.328 38.028 70.798 119.027 | 185.348 243.741| 353.921
19 11.2449 37.489 70,179 117.24  183.609 240.218 | 349.629
20 11.175 36.982 69.592 [ 115.571| 181.932| 236.961( 345434
/2 =
1 2 3 4 5 ] 7
1 14.818 58.811 96.159 190.44 [ 248.579 397.025| 476.257
2 14.5249 56.333 93.021 182.075| 240.129 378.873 | 460.222
3 14.292 54.169 90.415 174.641 | 233.239 362.551 | 447.374
4 14.093 52.265 88.21 168.029 | 227.485 347.978 | 4368.719
3 13.924 50.579 86.315 162.138 | 222.573 335.004 | 427.609
] 13.777 49.077 84.663 156.877 | 218.299 323.456 | 419.613
7 13.647 47.731 83.202 | 152.165| 214.514 313.162 | 412436
a 13.531 46.521 81.897( 147.932| 211.111 303.966 | 405.869
9 13.426 45.426 80717 144.115| 208.012 295.73 399.76
10 13.33 44,432 79.641 140.663 | 205.155 288.334 | 393,999
11 13.24 43.526 78.651 137.531| 20249 281.674 | 388.304
12 13.157 42.697 77.733 134.679| 199,999 273.661| 383.218
13 13.0749 41.935 76877 132.075| 197.639 270.219 378.1
14 13.005 41.234 76.074 129.69 ( 195.393 265.281 | 373.126
15 12,934 40.586 75.316 1274990 193.247 | 260.789| 368.281
16 12.867 30.985 74.599 125482 | 191.187 | 256.692| 363.561
17 12.802 39.427 73.917 123.618| 189.205 252,946 | 358.966
18 12.74 38.906 73.267 | 121.892 | 187.292| 249,512 354.497
19 12.68 38.42 72.644 120.28 ( 185.444 246.355 | 350.159
20 12.622 37.965 72.048 118.799 | 183.656 243.446 | 345.957
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| n=1 / u=05| n=2 / pu=0.5|

500 500
430, 430
400 400
350 350
3000 300
o250 o250

”//

Cl=(-1111 -1 1}T Ozfonksiyon dlgek katsayilan giriliyor

Ozfonksiyonlar hesaplaniyor

[ 2(c,0.8.n) £(a.0.B.n) £(c.0.3.n) 0 0
£2d1(c.0.3.n) f3di(a.0.8.0) fdl(a.0.3.0) 0 0

0 0 0 fl(o.1.8.n)  £2(a.1.3.n)

M(B) = 0 0 0 fldl{c.1.3.n) £dl{c.1,3.n)

(eun.fon)  Bleodh.fn)  fleonfBa) flleh.fon) (o0 Bun)
f2dl{c. . B.n) Hdl{ec k. Bon) fdlfoch.pon) —fldifoch.Bon) —£2d1(cu ). B.n)
\2d2 (o0 X Bon) Hid2 (i, Bun) Hd2(olh. Bin) —fld2(o0 N, Bun) —£2d2(c0 X B.n)

0 0 \ [ fl(e,0,B.0) )
0 0 fld1(oe.0.3.n)
fifo1.8.n)  fi{oul.fon) 0
fidl(o.1.8.0) fidl{a.1.3.0) w(B) = -1 0
Bk Bon) (ol k. Bon) fl(ce. X, B.n)
—fidi(a. . B.n) —fdi(o, X, B.0) fldi(o. X, B.n)
—3d2(c M. Bon) —fd2(ouh.PBon) ) \fld2(cun.Bon) )

sol{B.k) = lsnlﬁ'e[f‘vi[|3k':|.{11k-v[ |3L.H'
Vik u) = Elk-f'1|:c‘c_u.|3k.n} + 5-::1[|3.k}1-f2[c‘c.u.|3k_n} + 501[|3_k}l-f‘3[c‘¢.u.|3k.n}

+ 501[|3.k}3-f'4-|:c‘c.u.|3k.n':|
Vik,u) = 501[|3.k}__1-f'1[c~:.u.|3k.n':| + 501[|3.k}j-f'»"[c~c_u.|3k_n':| + 501[|3_k}6-f3[c~c.u.|3k.n}

+ 501[|3.k};,-f4|:ct_u.|3k_n':|

Vikou) = |Vi(k.w) f u<03

V2k . u) otherwise

116



()

1941

15

KiP BICIMLERI

Py

p5(u) :

g |

117







EKC

Cizelge C.1 : G-S yalin kiris frekans hesab1 sonuglari.

Kahn Ucu Gémiilii — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslar

B: B2 Bs B Bs Bs B

0.1 3.5546 21.4022  59.2297  115.7128 191.0392 285.1960 398.1839
0.2 3.5909 20.8625  57.1300 111.2934 183.5233 273.8085 382.1502
0.3 3.6252 20.3958  55.3186  107.4774 177.0301 263.9677 368.2914
0.4 3.6578 19.9879  53.7378  104.1440 171.3551 255.3641 356.1728
0.5 3.6887 19.6281  52.3446  101.2032 166.3458 247.7675  345.4704
0.6 3.7182 19.3082  51.1061 98.5865  161.8862 241.0023  335.9375
0.7 3.7463 19.0217  49.9970 96.2408  157.8862 234.9324  327.3827
0.8 3.7732 18.7637  48.9973 94.1242  154.2749  229.4505  319.6551
0.9 3.7990 18.5300  48.0909 92,2031  150.9954 224.4708 312.6339
1.0 3.8238 18.3173  47.2648 90.4505  148.0017 219.9237 306.2214
11 3.8476 18.1229  46.5085 88.8440  145.2563 215.7521  300.3374
1.2 3.8705 17.9445  45.8132 87.3654 1427277 211.9090 294.9155
13 3.8925 17.7802  45.1714 85.9991  140.3901 208.3549  289.9003
1.4 3.9138 17.6285  44.5770 84.7324  138.2214  205.0566  285.2452
1.5 3.9343 17.4879  44.0248 83.5541  136.2031 201.9859  280.9105
1.6 3.9541 17.3572  43.5103 82.4549 1343192 199.1187 276.8622
1.7 3.9733 17.2356  43.0296 81.4267 1325560 196.4344 273.0713
1.8 3.9918 17.1220  42.5793 80.4626  130.9016 193.9150 269.5126
1.9 4.0098 17.0158  42.1567 79.5564  129.3458 191.5448  266.1640
2.0 4.0272 16.9162  41.7591 78.7029  127.8795 189.3103  263.0065
0.1 3.6585 21.5947  59.4186  115.9032 191.2302 285.3873  398.3755
0.2 3.7916 21.2222  57.4890 111.6570 183.8890 274.1755 382.5180
0.3 3.9167 20.9032  55.8321 107.9996 177.5566 264.4967 368.8222
0.4 4.0345 20.6275  54.3926  104.8124 172.0303 256.0435  356.8550
0.5 4.1458 20.3872  53.1294  102.0071 167.1593 248.5869  346.2939
0.6 4.2514 20.1765  52.0114 99.5166  162.8290 241.9529 336.8934
0.7 4.3516 19.9905  51.0145 97.2889  158.9502 236.0062 328.4632
0.8 4.4471 19.8256  50.1198 95.2831  155.4530 230.6406 320.8533
0.9 4.5382 19.6788  49.3120 93.4666  152.2813 225.7709  313.9436
1.0 4.6252 19.5476  48.5789 91.8128  149.3899 221.3281 307.6369
11 4.7084 19.4300  47.9106 90.3001  146.7416 217.2559  301.8538
1.2 4.7882 19.3242  47.2987 88.9107  144.3056  213.5075 296.5282
13 4.8647 19.2288  46.7365 87.6295  142.0565 210.0440 291.6052
1.4 4.9383 19.1427  46.2180 86.4441  139.9725 206.8326 287.0384
1.5 5.0090 19.0649  45.7384 85.3438  138.0354 203.8453 282.7886
1.6 5.0771 18.9943  45.2934 84.3195 136.2295 201.0584 278.8220
1.7 5.1428 18.9303  44.8796 83.3633  134.5415 198.4513 275.1100
1.8 5.2060 18.8722  44.4937 82.4685  132.9596 196.0065 271.6273
1.9 5.2671 18.8195  44.1331 81.6293  131.4738 193.7084  268.3523
2.0 5.3262 18.7715  43.7954 80.8404  130.0752 191.5437  265.2660
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Cizelge C.1 (devam) : G-S yalin kiris frekans hesab1 sonuglari.

Kalin Ucu Serbest — ince Ucu Gémiilii Kiris Boyutsuz Dogal Frekanslari

n a — _ — — _ — —
ﬂl ﬂz ﬂs ﬂ4 ﬂs ﬂﬁ ﬂ7

1 0.1 3.1625 20.6476 58.5033 1149853 190.3117 284.4684 397.4563
1 0.2 2.8716 19.4781 55.7973 109.9582 182.1880 272.4731 380.8147
1 0.3 2.6283 18.4770 53.4712 105.6261 175.1783 262.1154 366.4389
1 0.4 2.4218 17.6092 51.4473 101.8479 169.0579 253.0661 353.8742
1 0.5 2.2446 16.8488 49.6678 98.5190 163.6597 245.0799 342.7818
1 0.6 2.0909 16.1764 48.0893 95,5601  158.8568 237.9706 332.9044
1 0.7 1.9564 15.5768 46.6780 92.9097  154.5509 231.5940 324.0422
1 0.8 1.8377 15.0385 45.4074 90.5196  150.6647 225.8363 316.0380
1 0.9 1.7323 14.5521 44,2566 88.3514  147.1364 220.6067 308.7662
1 1.0 1.6380 14,1101 43.2086 86.3739  143.9161 215.8318 302.1250
1 11 1.5532 13.7065 42.2496 84.5616  140.9629 211.4513 296.0312
1 1.2 1.4766 13.3362 41.3681 82.8936  138.2431 207.4155 290.4156
1 1.3 1.4070 12.9951 40.5546 81.3523  135.7284 203.6828 285.2210
1 14 1.3436 12.6797 39.8011 79.9230  133.3951 200.2184  280.3987
1 15 1.2855 12.3871 39.1009 78.5933  131.2231 196.9925 275.9076
1 1.6 1.2321 12.1147 38.4482 77.3524  129.1952 193.9799 271.7128
1 1.7 1.1829 11.8604 37.8381 76.1913  127.2967 191.1586 267.7838
1 1.8 1.1374 11.6225 37.2663 75.1020  125.5147 188.5100 264.0947
1 19 1.0952 11.3992 36.7292 740776  123.8383 186.0176 260.6227
1 2.0 1.0560 11.1892 36.2234 73.1122  122.2577 183.6672 257.3480
2 0.1 3.0702 20.4626 58.3291 114.8119 190.1389 284.2959 397.2841
2 0.2 2.7116 19.1445 55.4900 109.6543 181.8861 272.1724 380.5147
2 0.3 2.4180 18.0216 53.0610 105.2229 174.7791 261.7185 366.0436
2 0.4 2.1739 17.0524 50.9568 101.3687 168.5849 252.5967 353.4073
2 0.5 1.9684 16.2064 49.1144 97.9815  163.1308 244.5561 342.2614
2 0.6 1.7934 15.4608 47.4862 949780  158.2858 237.4062 332.3443
2 0.7 1.6430 14.7981 46.0359 92.2937  153.9485 230.9998 323.4533
2 0.8 1.5125 14.2046 44,7348 89.8783  150.0394 225.2207 315.4288
2 0.9 1.3985 13.6697 43.5602 87.6914  146.4951 219.9765 308.1435
2 1.0 1.2981 13.1848 42.4940 85.7007  143.2642 215.1924  301.4941
2 11 1.2092 12.7428 41,5213 83.8798  140.3048 210.8072 295.3965
2 1.2 1.1300 12.3381 40.6299 82.2067  137.5823 206.7702 289.7808
2 1.3 1.0592 11.9659 39.8095 80.6634  135.0679 203.0394 284.5888
2 14 0.9954 11.6222 39.0518 79.2347  132.7374 199.5791 279.7717
2 15 0.9378 11.3039 38.3496 77.9075 130.5703 196.3594 275.2877
2 1.6 0.8856 11.0079 37.6968 76.6709  128.5489 193.3546 271.1016
2 1.7 0.8380 10.7320 37.0880 75.5155  126.6583 190.5426 267.1828
2 1.8 0.7946 10.4741 36.5189 744332  124.8854 187.9044  263.5049
2 19 0.7548 10.2323 35.9856 73.4168  123.2191 185.4233 260.0450
2 2.0 0.7182 10.0051 35.4846 72.4603  121.6493 183.0849 256.7832
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Cizelge C.2 : M—M yalin kiris frekans hesab1 sonuglari.

Basit Mesnetli Kiris Boyutsuz Dogal Frekanslari

n o« — — — — — — —
B1 B2 Bs B4 Bs Be B
1 01 94139 37.6674 84.7474 150.6578 2353991 338.9716 461.3752
1 02 90223 361304 812788 144.4809 2257385 3250523 442.4225
1 03 86814 348075 78.2878 139.1488 217.3943 313.0255 426.0430
1 04 83812 336551 756778 134.4916 210.1023 302.5119 411.7214
1 05 81145 32,6408 73.3773 130.3830 203.6660 293.2293  399.0740
1 06 7.8756 317404 71.3319 126.7267 197.9357 284.9625 387.8088
1 0.7 7.6600 30.9347 69.4993 123.4485 192.7955 277.5450 377.6991
1 08 74642 302089 67.8464 1204895 188.1540 270.8455  368.5665
1 0.9 7.2855 29.5511 66.3467 117.8029 183.9381 264.7589  360.2681
1 1.0 71215 289518 64.9788 1153508 180.0888 259.2003  352.6883
1 11 69704 284032 637252 113.1022 176.5576 254.0098  345.7324
1 12  6.8306 27.8986 62.5714 111.0313 173.3044 249.3999  339.3219
1 13 67007 274329 615052 109.1168 170.2958 2450525 333.3913
1 14 65797 27.0013 60.5166 107.3405 167.5036 241.0170 327.8856
1 15 6.4666 26.6002 59.5969 105.6872 164.9039 237.2591  322.7578
1 16  6.3606 262262 58.7387 104.1438 162.4763 233.7492  317.9680
1 1.7 6.2610 25.8764 57.9358 102.6990 160.2033 230.4622 313.4818
1 1.8 61672 255486 57.1826 101.3432 158.0695 227.3762  309.2694
1 19 6.0787 252406 56.4745 100.0678 156.0619 224.4721  305.3049
1 2.0 5.9949 24.9505 55.8072 98.8655 1541689 221.7333  301.5657
2 01 94097 37.6713 84.7536 150.6652 235.4072 338.9801 461.3840
2 02 90076 361443 813007 1445068 2257668 325.0822  442.4536
2 03 86521 3458352 783313 139.2004 217.4507 313.0852  426.1050
2 0.4 8.3348 33.6990 75.7470 1345736 210.1920 302.6068 411.8199
2 05 80494 327026  73.4745 1304982 203.7921 293.3627  399.2127
2 06 7.7908  31.8209 714586 126.8771 198.1003 285.1366 387.9898
2 07 75552  31.0346 69.6563 123.6348 192.9996 277.7611 377.9238
2 08 73392 303283 68.0341 1207124 188.3982 271.1041 368.8354
2 09 71404  29.6902 665651 118.0624 1842226 265.0602 360.5814
2 10 69566  20.1103 652277 1156467 180.4133 259.5440  353.0459
2 11 67860  28.5809 64.0043 1134341 176.9217 254.4856  346.1339
2 12 66270 280954 62.8801 111.3987 173.7076 249.8274 339.7667
2 13 64785  27.6483 61.8431 109.5190 170.7375 2455209  333.8789
2 14 63394 272350 60.8831 107.7770 167.9831 2415257 328.4152
2 15 62086 268518 59.9914 106.1572 1654205 237.8072 323.3287
2 16 6085  26.4953 50.1606 104.6466 163.0292 234.3361 318.5794
2 17 59692 261628 583844 103.2339 160.7917 231.0870  314.1330
2 18 58592 258517 57.6573 101.9095 158.6928 228.0382  309.9595
2 1.9 5.7550 25.5601 56.9746 100.6649 156.7192 225.1705 306.0331
2 20 56560 252860 56.3322  99.4926  154.8505 222.4673  302.3312
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Cizelge C.3 : G—G yalin kiris frekans hesab1 sonuglari.

Gomiilii - Gomiilii Kiris Boyutsuz Dogal Frekanslar:

n a — — — — — — —
B. B- Bs B4 Bs Bs B

1 01 213451 588373 1153437 190.6681 284.8246 397.8124 529.6314
1 0.2 20.4695 56.4206 110.6033 182.8301 273.1143 381.4553 507.8531
1 03 197134 543322 1065054 176.0533 262.9887 367.3110  489.0203
1 04 19.0529 525062 102.9215 170.1256 254.1311 354.9374 472.5447
1 05 184700 50.8938  99.7558  164.8889 246.3054 344.0049  457.9874
1 06 179511 494576  96.9354 160.2228 239.3320 3342626 445.0147
1 0.7 17.4857 48.1688 94.4038 156.0340 233.0714 3255158 433.3672
1 08 17.0655 47.0047 921163 1522487 227.4137 317.6110 422.8408
1 09 166839 459468  90.0374 148.8082 222.2709 310.4254 413.2718
1 10 163356 44.9806 88.1382 1456647 217.5718 303.8595  404.5279
1 11 160160 44.0940 86.3949 142.7791 213.2580 297.8317  396.5004
1 12 157216 432769  84.7881  140.1190 209.2812 2922746  389.0996
1 13 154494 425210 83.3013 137.6574 205.6009 287.1318  382.2504
1 14 151968 41.8192 81.9207 1353716 202.1832 2823557 375.8895
1 15 14.9616 41.1656 80.6348 133.2421 198.9992 277.9061 369.9633
1 16 147419 405551  79.4334  131.2525 196.0241 273.7484  364.4257
1 1.7 14.5363 39.9833 78.3079 129.3886 193.2369 269.8530 359.2375
1 18 143432 394464 772510 127.6380 190.6190 266.1942  354.3643
1 19 141616 389410 762561 1259901 188.1545 262.7497 349.7764
1 20 13.9903 384644 753176 124.4354 1858294 259.5000 345.4478
2 01 213487 58.8422 1153490 190.6737 284.8304 397.8182 529.6373
2 02 204820 56.4377 110.6220 182.8497 273.1345 381.4759  507.8739
2 03 107384 543661 106.5426 176.0923 263.0290 367.3521  489.0620
2 04 190926 525601 102.9806 170.1877 254.1951 355.0027 472.6109
2 05 185258 50.9696  99.8390  164.9763 246.3955 344.0068  458.0807
2 0.6 18.0239 49.5566 97.0440 160.3369 239.4496 334.3826  445.1365
2 07 175760 482916 945386  156.1756 2332174 325.6648 433.5185
2 08 171736 47.1516 92.2777 152.4183 227.5886 317.7895  423.0220
2 09 16.8097 461179  90.2255  149.0059 222.4748 310.6336 413.4831
2 10 164790 451758  88.3528 1458904 217.8047 304.0973  404.7693
2 11 161770 443131 86.6359 143.0326 2135196 298.0989  396.7717
2 12 158999 435195 850551  140.4000 209.5712 292.5709  389.4005
2 1.3 15.6446 42.7868 83.5940 137.9656 205.9190 287.4568 382.5805
2 14 154086 42,1078 822387 1357064 2025289 282.7090  376.2484
2 15 151898 41.4765 80.9775 133.6032 199.3721 278.2872  370.3504
2 16 149861 40.8879  79.8004  131.6394 196.4237 274.1569  364.8407
2 1.7 14.7961 40.3376 78.6989 129.8008 193.6627 270.2883  359.6798
2 18 146184 398217  77.6653 128.0750 191.0705 266.6559  354.8335
2 19 144517 393369  76.6934 126.4514 188.6313 263.2373  350.2719
2 20 142951 38.8804 757774 124.9206 186.3309 260.0130  345.9693
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Cizelge C.4 : G—M yalin kiris frekans hesab1 sonuglari.

Kahin Ucu Gémiilii — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslar

n o« — — — — — — —
B1 B2 Bs B4 Bs Be B
1 01 149015 47.8512 99.6386 170.2564 259.7053 367.9854  495.0967
1 02 144574  46.0498 957102 163.4250 249.1959 353.0233 474.9073
1 03 140706 44.4933 92.3156 157.5204 240.1110 340.0878 457.4513
1 04 137300 43.1325 89.3478 152.3573 232.1656 328.7738 442.1823
1 05 134273 419311 86.7273 147.7975 2251478 3187795 428.6934
1 06 131561 40.8612 84.3936 143.7360 218.8958 309.8750 416.6746
1 0.7 12.9114 39.9013 82.2997 140.0910 213.2843 301.8821  405.8855
1 08 126892 39.0343 80.4085 136.7984 208.2146 294.6601  396.1363
1 0.9 12.4863 38.2466 78.6905 133.8067 203.6075 288.0965 387.2754
1 1.0 123001 37.5274 771215 131.0741 199.3990 282.1003 379.1798
1 1.1 12.1285 36.8675 75.6820 128.5666 195.5366 276.5966 371.7489
1 12 119697 36.2504  74.3557 126.2559 191.9769 2715238  364.8992
1 1.3 11.8222 356970 73.1289 124.1183 188.6835 266.8302 358.5611
1 14 116848 351750 71.9903 122.1340 185.6259 262.4722 352.6758
1 15 115564 346890 70.9301 120.2861 182.7781 258.4129 347.1937
1 16 114360 34.2350 69.9400 1185602 180.1180 254.6208  342.0720
1 17 11.3229 338100 69.0129 116.9438 177.6265 251.0687 337.2742
1 1.8 112163 334109 68.1426 1154263 1752869 247.7330 332.7686
1 1.9 111158 33.0355 67.3237 113.9982 173.0851 2445934 3285275
1 20 11.0206 32.6814 665515 112.6514 171.0084 241.6320 324.5268
2 01 149979 47.9463 99.7353  170.3538 250.8031 368.0835  495.1950
2 02 146346 46.2316 95.8972 163.6145 249.3869 353.2154  475.1001
2 03 143168 447543 925867 157.7966 240.3903 340.3693  457.7343
2 04 140361 434663 89.6975 152.7152 2325286 329.1402 4425512
2 05 137859 423319 87.1506 148.2324 2255899 319.2266  429.1441
2 06 135613 41.3240 84.8858 144.2435 219.4130 310.3988 417.2031
2 07 133583 404217 82.8566 140.6673 213.8727 302.4787 406.4881
2 0.8 13.1738 39.6084 81.0263 137.4397 208.8706 295.3261 396.8097
2 09 130052 38.8710 79.3658 134.5096 204.3278 288.8288  388.0163
2 10 128505 38.1988  77.8512 131.8357 200.1807 282.8957 379.9853
2 11 127079 37.5832  76.4633 120.3840 196.3768 277.4526 372.6163
2 12 125759  37.0169 751860 127.1265 192.8731 272.4377 365.8259
2 1.3 12.4534 36.4940 74.0058 125.0398 189.6333 267.7996  359.5448
2 14 123394 36.0095 729117 123.1042 186.6272 263.4950 353.7145
2 15 122328 355500 71.8939 121.3029 183.8289 250.4871  348.2851
2 16 121331 351388 70.9445 119.6218 1812163 2557445 343.2144
2 17 120395 347460 70.0563 118.0484 178.7705 2522401  338.4658
2 18 119514 343777 69.2233 116.5723 176.4752 248.9506  334.0077
2 19 118683 34.0317 684402 1151841 174.3159 2458556 329.8126
2 20 117899  33.7058  67.7025 113.8758 172.2804 242.9373  325.8565
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Cizelge C.4 (devam) : G-M yalin kiris frekans hesabi sonuglari.

Kalin Ucu Mafsalli — ince Ucu Gémiilii Kiris Boyutsuz Dogal Frekanslar

n o« — — — — — — —
B1 B2 Bs B4 Bs Be B
1 01 145170 47.4884  99.2749  169.8927 250.3415 367.6216 494.7329
1 02 137524 453846  95.0430 162.7577 248.5285 352.3558  474.2397
1 03 13.0944 435719 91.3910 156.5954 239.1856 339.1622  456.5255
1 04 125213 41.9913 882020 151.2105 231.0181 327.6258 441.0339
1 05 120171 405991 853801 146.4575 223.8065 317.4373  427.3506
1 06 115694 39.3620 82.8862 142.2259 217.3838 308.3617 415.1603
1 07 111689 382542  80.6424 138.4299 211.6205 300.2164 404.2184
1 08 10.8081 37.2555 78.6172 135.0020 206.4147 292.8577  394.3320
1 09 104812 363498 76.7785 131.8883 201.6846 286.1705 385.3470
1 1.0 101833 355240 751004 129.0450 197.3644 280.0617 377.1384
1 1.1 9.9106 34.7674 73.5615 126.4365 193.3998 274.4551 369.6039
1 12 96598 340713 72.1443 1240331 189.7462 269.2876  362.6589
1 13 94283 334283 70.8339 121.8101 186.3662 264.5064  356.2325
1 14 92138  32.8322 69.6182 119.7468 183.2283 260.0672  350.2654
1 15 90144 322778 68.4865 117.8255 180.3057 2559322  344.7068
1 16 88285 317606 67.4300 116.0311 177.5758 252.0693 339.5136
1 17 86546 312768  66.4409 114.3507 1750188 248.4507 334.6486
1 1.8 84916 308230 655126 112.7731 172.6178 2450526 330.0796
1 19 83385 303965 64.6394 111.2885 170.3580 241.8540 325.7787
1 20 81942 299946 63.8160 109.8884 168.2265 238.8367 321.7214
2 01 144210 47.4022 99.1898  169.8082 259.2575 367.5379  494.6494
2 02 135765 452342 04.8068 162.6138 248.3860 352.2143  474.0989
2 03 128508 433734 912010 1564101 239.0030 338.9815  456.3461
2 0.4 12.2195 41.7570 87.9811 150.9969 230.8089 327.4195 440.8298
2 05 116646 403381 851471 146.2257 2235808 317.2157 427.1319
2 06 111722 39.0816 82.6306 141.9834 217.1492 308.1324 414.9348
2 07 107320 37.9600 80.3789 138.1825 211.3828 299.9852  403.9919
2 08 103357 369520 78.3504 134.7543 206.1784 292.6291  394.1090
2 09 99766  36.0406 765120 131.6437 201.4534 2859481 385.1310
2 10 96496 352121 74.8369 128.8065 197.1400 279.8483  376.9323
2 11 93502 344551 733033 126.2061 193.1863 274.2529  369.4097
2 12 90750  33.7605 71.8932 123.8127 189.5444 269.0982  362.4784
2 13 88209 331206 705915 121.6011 186.1774 264.3312 356.0671
2 14 85854 325290 69.3855 119.5503 183.0536 259.9072  350.1160
2 15 83665 319800 68.2646 117.6423 180.1461 255.7883  344.5742
2 16 81624 314692 67.2196 1158620 177.4318 251.9421 339.3985
2 17 79715 309925 66.2426 114.1963 174.8910 248.3407 334.5515
2 18 77926 305465 653269 112.6337 172.5065 244.9601  330.0008
2 19 76244 301282 644666 111.1645 170.2636 241.7794 325.7185
2 20 7.4659 297349  63.6566 109.7800 168.1492 238.7802  321.6799
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Cizelge C.5 : M-S yalin kiris frekans hesab1 sonuglari.

Kalin Ucu Mafsalli — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslari

n o« — — — — — — —
B1 B2 Bs B4 Bs Be B
1 01 149054 47.8575 99.6456 170.2638 250.7129 367.9932  495.1046
1 02 144716 460722 957351 163.4512 249.2229 353.0509 474.9353
1 03 140997 445383 92.3654 1575728 240.1650 340.1429 4575071
1 04 137776 432047 89.4274 152.4410 232.2518 328.8616 442.2714
1 05 134959 42,0336  86.8400 147.9158 2252695 318.9035 428.8191
1 06 132476 409959  84.5415 143.8910 219.0552 310.0375 416.8392
1 07 13.0272 40.0697 82.4841 140.2842 213.4829 302.0843  406.0904
1 08 128304 39.2372 80.6303 137.0306 208.4531 294.9029  396.3822
1 0.9 12.6536 38.4845 78.9501 134.0782 203.8864 288.3803 387.5628
1 1.0 124942 37.8005 77.4191 131.3851 199.7183 282.4251  379.5087
1 11 123497 37.1758 76.0175 128.9170 1958962 276.9624 372.1191
1 12 122183 36.6029 74.7288 126.6454 192.3765 271.9302  365.3105
1 13 12.0983 36.0754 735395 124.5466 189.1227 267.2768 359.0131
1 14 119884 355881 724379 122.6007 186.1044 262.9586  353.1680
1 15 11.8875 351362 714143 1207907 183.2953 258.9386  347.7256
1 16 117945 347162 704603 119.1022 180.6734 255.1852  342.6430
1 17 117086 34.3246 69.5688 117.5226 178.2194 2516712 337.8837
1 1.8 116292 33.9585 68.7336 116.0414 1759169 248.3731 333.4160
1 1.9 115555 33.6156  67.9492 114.6490 173.7516 2452705 329.2122
1 2.0 114870 332936 67.2111 113.3374 171.7107 242.3454 325.2482
2 01 150039 47.9559 99.7459  170.3650 259.8146  368.0953  495.2070
2 02 146568 46.2657 95.9348  163.6540 249.4276 3532569  475.1422
2 03 143634 448234 926625 157.8761 240.4720 340.4525 457.8186
2 04 141134 435778 89.8193  152.8425 232.6593 329.2733  442.6859
2 05 13.8990 424911 87.3235 148.4129 2257750 319.4148  429.3346
2 06 137143 415346  85.1136 144.4808 219.6560 310.6458  417.4529
2 07 135544 406862  83.1417 140.9637 214.1761 302.7868  406.7995
2 0.8 13.4156 39.9286 81.3704 137.7968 209.2357 295.6966 397.1840
2 09 132948 392482  79.7697 134.9282 204.7555 289.2624  388.4543
2 10 131894 386337 783156 132.3162 200.6711 283.3929  380.4872
2 11 13.0974 38.0762 76.9882 129.9265 196.9302 278.0131 373.1820
2 12 130170 37.5682 757714 127.7309 193.4890 273.0614  366.4552
2 13 129467 37.1036 746516 1257056 190.3115 268.4860  360.2371
2 14 128853 366771 73.6173 123.8310 187.3670 264.2435 354.4691
2 15 128318 36.2843 726590 122.0902 184.6296 260.2970  349.1014
2 16 127852 359216 71.7685 120.4688 182.0774 256.6150  344.0916
2 17 127447 355858  70.9386 118.9545 179.6911 253.1705  339.4031
2 18 127007 352740 70.1632 117.5368 177.4546 249.9401  335.0043
2 19 126796 349839  69.4372 116.2062 1753534 246.9033  330.8676
2 20 126538 347135 68.7559  114.9548 173.3751 244.0424  326.9691
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Cizelge C.5 (devam) : M-S yalin kiris frekans hesab1 sonuglari.

Kalin Ucu Serbest — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslari

n o« — — — — — — —
B1 B2 Bs B4 Bs Be B
1 01 145207 474945 99.2818 169.9000 259.3491 367.6294  494.7408
1 02 13.7648 454059 950671 162.7832 248.5550 352.3829  474.2673
1 03 131183 43.6140 91.4387 156.6461 239.2382 339.2161  456.5803
1 04 125581 420577 882773 151.2907 231.1014 327.7112 441.1208
1 05 120673 40.6916 854944 1465700 223.9234 317.5573  427.4727
1 06 11.6333 394817 83.0230 1423721 217.5359 3085179 415.3195
1 07 11.2462 384015 80.8112 138.6107 211.8088 300.4099  404.4156
1 08 10.8984 37.4304 78.8183 1352177 206.6395 293.0888 394.5677
1 0.9 10.5840 36.5520 77.0118 132.1388 201.9460 286.4393 385.6213
1 1.0 102981 357531 753655 129.3301 197.6621 280.3681 377.4511
1 11 100368 350229 73.8578 126.7556 193.7334 274.7986  369.9547
1 12 97969 343524 724712 1243857 190.1151 269.6677  363.0471
1 13 95756 337344 711908 122.1956 186.7698 264.9225 356.6578
1 14 93709 331625 70.0043 120.1644 183.6658 260.5186  350.7269
1 15 91807 326316 689011 118.2745 180.7766 256.4182  345.2039
1 16 90035 321372 67.8724 1165108 178.0793 2525892  340.0456
1 17 88379 316755 66.9104 114.8604 1755541 249.0038 335.2148
1 1.8 86828 312431 66.0084 113.3120 173.1843 2456381 330.6793
1 19 85371 308373 651608 111.8559 170.9549 2424713 326.4111
1 2.0 8.3999 30.4555 64.3624 110.4837 168.8531 239.4851 322.3858
2 01 144264 474114 992001 169.8192 250.2680 367.5495  494.6612
2 02 135942 452657 94.9325 162.6518 248.4255 352.2547  474.1401
2 03 128841 434352 912714 1564853 239.0812 339.0617 456.4278
2 04 122698 41.8535 88.0919 151.1155 230.9324 327.5464  440.9591
2 05 117319  40.4719 853014 146.3914 223.7536 317.3934 427.3132
2 06 112561 39.2536  82.8302 142.1982 217.3736 308.3634  415.1706
2 07 108317 381706 80.6243 138.4474 211.6600 300.2708  404.2836
2 0.8 10.4501 37.2008 78.6416 135.0694 206.5086 292.9698 394.4573
2 09 101047 36.3268 76.8486 132.0088 201.8365 286.3437 385.5357
2 10 97903 355347 752181 129.2208 197.5763 280.2984  377.3930
2 1.1 9.5025 34.8132 73.7282 126.6689 193.6733 274.7566  369.9258
2 12 92378 341528 72.3606 124.3229 190.0819 269.6547  363.0489
2 13 89934 335460 711002 122.1576 186.7645 264.9395  356.6910
2 14 87668 329862 69.9345 120.1519 183.6891 260.5662  350.7923
2 15 8.5560 32.4679 68.8525 118.2880 180.8288 256.4969  345.3019
2 16 83593 319867 67.8453 116.5504 178.1606 252.6991  340.1764
2 17 81751 315384 66.9050 114.9263 175.6647 249.1451 335.3784
2 18 80023 311198 66.0248 113.4042 173.3241 2458107 330.8757
2 19 7.8396 307278  65.1989 111.9744 171.1238 242.6750  326.6402
2 20 76862  30.3599 64.4222 110.6282 169.0510 239.7197 322.6474
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Cizelge C.6 : S-S yalin kiris frekans hesab1 sonuglari.

Serbest — Serbest Kiris Boyutsuz Dogal Frekanslari

n a — — — — — — —
B. B- Bs B4 Bs Be B
1 01 213546 588503 1153578 190.6830 284.8399 397.8280 529.6472
1 0.2 20.5030 56.4660 110.6531 182.8823 273.1681 381.5102 507.9087
1 03 197802 54.4227 106.6046 176.1574 263.0960 367.4205 489.1314
1 04 191591 526501 103.0792 170.2911 254.3016 3551114 472.7212
1 05 186196 51.0962  99.9777 165.1219 246.5455 344.2499  458.2361
1 06 181467 497219  97.2251 1605271 239.6456 334.5827  445.3395
1 07 17.7288 48.4968 947634  156.4118 233.4608 3259133 433.7706
1 08 17.3569 47.3972 925469 1527012 227.8801 318.0871 423.3241
1 0.9 17.0239 46.4042 90.5393 149.3356 222.8148 310.9806 413.8354
1 10 167242 455026  88.7111 146.2669 218.1929 304.4937 405.1717
1 11 164529 446800 87.0383  143.4556 213.9558 298.5443  397.2239
1 12 162064 43.9262 855011  140.8689 210.0548 293.0648  389.9020
1 1.3 15.9815 43.2326 84.0830 138.4798 206.4495 287.9986  383.1307
1 14 157755 425922 827701 136.2653 203.1055 283.2980 376.8466
1 15 15.5862 41.9989 81.5505 134.2060 199.9940 278.9227 370.9959
1 16 154118 414475 80.4143 1322853 197.0903 274.8380 365.5326
1 17 152506 40.9336  79.3528 1304889 194.3731 271.0143 360.4173
1 18 151011 404535 78.3587 128.8047 191.8239 267.4260 355.6158
1 19 149623 400038  77.4253 127.2218 189.4268 264.0506 351.0983
1 20 148331 395818 765471 1257310 187.1679 260.8687 346.8388
2 01 213630 58.8616 1153702 190.6960 284.8534 397.8417 529.6611
2 0.2 20.5324 56.5058 110.6966 182.9280 273.2152 381.5582 507.9575
2 03 198391 545020 106.6915 176.2486 263.1899 367.5163  489.2286
2 04 192531 527762 103.2172 1704360 254.4509 355.2637  472.8757
2 05 187527 51.2738 100.1721 165.3259 246.7557 344.4644  458.4536
2 0.6 18.3215 49,9539 97.4790 160.7935 239.9201 334.8628 445.6237
2 0.7 17.9472 48.7850  95.0786  156.7426 233.8017 326.2612  434.1237
2 08 17.6202 47.7426  92.9245 1530975 228.2885 318.5039  423.7470
2 09 173330 46.8071  90.9795  149.7977 2232909 311.4666  414.3287
2 10 17.0793 459630 89.2139  146.7947 2187368 305.0488  405.7352
2 11 16.8545 451975 87.6032  144.0485 2145669 299.1682  397.8573
2 12 166544 445003  86.1275 141.5264 210.7325 293.7567  390.6045
2 13 164759 43.8627 847701 139.2010 207.1929 288.7577 383.9014
2 14 163160 432774 835170 137.0492 203.9137 284.1233 377.6845
2 15 16.1726 42.7383 82.3563 135.0516 200.8659 279.8130 371.9000
2 16 16.0436 422404 812779 133.1916 198.0248 2757924  366.5018
2 17 159275 417791  80.2733  131.4549 1953691 272.0316 361.4505
2 18 158227 41.3507 79.3349  1290.8292 192.8804 268.5051 356.7118
2 1.9 15.7280 40.9518 78.4563 128.3038 190.5426  265.1904 352.2561
2 20 156424 405796  77.6319 126.8694 188.3419 262.0681 348.0572
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EKD

Cizelge D.1 : Noktasal kiitle tastyan G—S kiris frekans hesabi sonuglari.

Kahn Ucu Gomiilii — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslar

N n=0.5 - =0
B: B> Bs B Bs Bs B
1 01 204086 1635075 4951401 101.35883 17200985 26147941 369.77361
1 0.2 2.06436 15.87807 47.65045 97.35395 165.09345 250.87951 354.71714
1 03 208694 1546703 46.04037 9389335 15011564 24171658 341.70034
1 0.4 210867 15.10567 44.63303 90.86811 153.88871 233.70332 330.31553
1 0.5 212964 14.78500 43.39061 88.19708 149.27276 226.62566 320.25891
1 0.6 214991 14.49814 4228435 85.81847 145.16131 220.32059 311.29914
1 0.7 216954 14.23971 41.29192 83.68437 141.47174 214.66166 303.25673
1 08 218858 14.00545 40.39572 8L75700 13813891 209.54914 295.99016
1 09 220708 13.79194 39.58169 80.00614 135.11072 204.90328 289.38622
1 10 222506 1359637 38.83843 7840731 13234497 200.65046 283.35318
1 11 224258 13.41646 38.15660 76.94048 129.80707 196.76473 277.81588
1 12 225965 13.25029 37.52847 7558903 127.46840 193.17527 272.71211
1 1.3 227630 13.09626 36.94760 74.33912 125.30506 189.85446 267.98990
1 14 229256 12.95301 36.40854 73.17907 123.29690 186.77146 263.60545
1 15 230846 12.81939 35.90668 72.09897 121.42682 183.90009 259.52161
1 1.6 232401 12.69441 35.43808 71.09034 119.68022 181.21797 255.70658
1 1.7 233922 1257721 34.99936 70.14592 118.04453 178.70585 252.13305
1 1.8 235413 12.46704 34.58756 69.25940 116.50886 176.34707 248.77735
1 1.9 236873 12.36327 34.20015 68.42528 115.06377 174.12713 245.61891
1 20 238305 12.26533 33.83490 67.63879 113.70096 172.03336 242.63972
2 0.1 211037 16.47822 49.62981 101.47091 172.11945 261.58734 369.88034
2 0.2 219982 16.11425 47.87086 97.56947 165.30549 251.08917 354.92507
2 0.3 228522 15.79751 46.35584 94.20455 159.42344 242.02197 342.00396
2 0.4 236701 1551911 45.03534 91.26805 154.28609 234.09880 330.70956
2 0.5 244559 15.27232 43.87270 88.67958 149.75414 227.10602 320.73842
2 0.6 252127 15.05193 42.84004 86.37801 145.72161 220.88106 311.85957
2 0.7 259430 14.85385 4191584 84.31604 142.10637 215.29787 303.89388
2 0.8  2.66493 14.67482 41.08313 82.45637 138.84371 210.25712 296.70019
2 09 273334 1451218 40.32840 80.76925 135.88191 205.67938 290.16559
2 1.0 2779972 1436379 39.64071 79.23059 133.17911 201.50036 284.19865
2 11 286420 1422785 39.01112 77.82068 130.70104 197.66739 278.72448
2 12 292692 14.10286 38.43225 76.52322 128.41933 194.13688 273.68109
2 1.3 298800 13.98757 37.89793 75.32461 126.31033 190.87247 269.01674
2 14  3.04754 13.88092 37.40299 74.21342 124.35409 187.84349 264.68782
2 15 310564 13.78198 36.94303 73.17992 122.53373 185.02395 260.65733
2 1.6 316237 13.68999 36.51431 72.21585 120.83479 182.39163 256.89366
2 1.7 321783 13.60425 36.11360 71.31407 119.24485 179.92743 253.36961
2 1.8 3.27207 13.52418 35.73814 70.46843 117.75318 177.61481 250.06166
2 1.9 3.32515 13.44926 35.38550 69.67357 116.35045 175.43941 246.94934
2 2.0 337715 13.37904 35.05357 68.92482 115.02847 173.38865 244.01476
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Cizelge D.1 (devam) : Noktasal kiitle tasiyan G—S kiris frekans hesabi sonuglari.

Kalin Ucu Serbest — ince Ucu Gémiilii Kiris Boyutsuz Dogal Frekanslari

N n=0.5 — =1
B: B2 Bs B- Bs Bs [

1 0.1 1.87012 16.00443 49.27860 101.16369 171.83941 261.32515 369.63078
1 0.2 1.74507 15.24288 47.22524 97.00641 164.79370 250.61117 354.47099
1 0.3 1.63672 14.58690 45.45969 93.42530 158.71713 241.36390 341.38012
1 04 154179 14.01493 4392326 00.30382 15341457 233.28880 329.94331
1 05 145784 1351097 4257238 87.55535 148.74084 226.16660 319.85165
1 0.6 1.38301 13.06291 41.37404 85.11406 144.58555 219.83047 310.87005
1 0.7 1.31583 12.66141 40.30271 82.92903 140.86316 214.15112 302.81623
1 0.8 1.25515 12.29914 39.33833 80.96015 137.50630 209.02666 295.54653
1 0.9 1.20004 11.97023 38.46492 79.17542 134.46117 204.37565 288.94609
1 1.0 1.14975 11.66998 37.66958 77.54897 131.68421 200.13216 282.92191
1 1.1 1.10364 11.39455 36.94177 76.05964 129.13977 196.24221 277.39781
1 1.2 1.06121 11.14075 36.27281 74.68995 126.79838 192.66114 272.31076
1 1.3 1.02201 10.90595 35.65544 73.42530 124.63544 189.35167 267.60812
1 14 0.98569 10.68793 35.08361 72.25344 122.63025 186.28241 263.24557
1 15 0.95193 10.48480 34.55216 71.16398 120.76525 183.42674 259.18551
1 1.6 0.92046  10.29498 34.05671 70.14806 119.02546 180.76190 255.39580
1 1.7 0.89105 10.11709 33.59350 69.19806 117.39799 178.26834 251.84880
1 1.8 0.86351 9.94994  33.15928 68.30740 115.87171 175.92914 248.52060
1 1.9 0.83765 9.79250 32.75125 67.47036 114.43692 173.72959 245.39042
1 20 081332 064389 3236695 66.68197 11308518 171.65685 242.44007
2 0.1 1.86422 15.98622 49.31899 101.22774 17191783 261.41301 369.72529
2 0.2 1.72967 15.21238 47.32453 97.16129 164.98284 250.82307 354.69908
2 0.3 1.60976 14.54676 45.62903 93.68897 159.03993 241.72649 341.77124
2 0.4 150230 13.96575 44.16857 90.68778 153.88703 233.82159 330.51974
2 0.5 1.40551 1345216 42.89588 88.06622 149.37361 226.88359 320.63012
2 0.6 1.31799 12.99320 41.77530 85.75480 145.38509 220.74127 311.86281
2 0.7 1.23857 1257920 40.77944 83.69972 141.83261 215.26176 304.03189
2 08 116626 1220271 39.88699 81.85875 138.64613 210.34024 296.99062
2 09 110025 11.85793 39.08115 80.19827 13576970 205.89282 290.62154
2 1.0 1.03982 1154025 38.34854 78.69120 133.15805 201.85155 284.82944
2 1.1 0.98437 11.24602 37.67838 77.31555 130.77419 198.16077 279.53625
2 1.2 0.93337 10.97223 37.06191 76.05324 128.58763 194.77445 274.67733
2 1.3 0.88636 10.71644 36.49198 74.88937 126.57299 191.65418 270.19869
2 14 0.84293 10.47662 35.96269 73.81150 124.70901 188.76771 266.05489
2 15 0.80274 10.25108 35.46911 72.80922 122.97778 186.08773 262.20737
2 1.6 0.76547 10.03838 35.00715 71.87374 121.36410 183.59097 258.62324
2 17 073084 9.83728 3457333 70.99764 110.85500 181.25753 255.27429
2 1.8 0.69863 9.64674  34.16472 70.17454 118.43937 179.07028 252.13615
2 1.9 0.66859 9.46584 33.77881 69.39903 117.10763 177.01440 249.18772
2 2.0 0.64056 9.29378 33.41343 68.66641 115.85150 175.07703 246.41060
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Cizelge D.2 : Noktasal kiitle tastyan M—M Kkiris frekans hesab1 sonuglari.

Basit Mesnetli Kiris Boyutsuz Dogal Frekanslar

N n=0.5 — 1=0.5
B: B Bs B- Bs Bs [

1 0.1 6.72572 37.66286 68.84308 150.52833 202.95470 338.40658 411.70301
1 02 651975 3611510 66.36681 144.04118 19558682 323.15835 397.17588
1 0.3 6.34064 34.77787 64.27087 138.30455 189.49295 309.45534 385.43701
1 0.4 6.18301 33.60947 62.47262 133.20372 184.36102 297.17478 375.69098
1 05 604286 3257872 6091155 128.64608 179.96871 286.17559 367.39982
1 0.6 5.91712 31.66183 59.54241 124.55533 176.15487 276.31288 360.19506
1 07 580345 30.84028 58.33067 120.86783 172.80068 267.44934 353.81841
1 0.8 5.69997 30.09943 57.24955 117.53024 169.81699 259.46104 348.08393
1 0.9 5.60522 29.42754 56.27801 114.49759 167.13586 252.23904 342.85432
1 1.0 5.51798 28.81508 55.39925 111.73187 164.70472 245.68898 338.02587
1 11 543728 2825422 5450973 109.20077 162.48235 230.72969 333.51888
1 1.2 5.36230 27.73849 53.86841 106.87678 160.43601 234.29149 329.27137
1 1.3 5.29237 27.26245 53.19621 104.73633 158.53943 229.31457 325.23490
1 14 5.22691 26.82153 52.57560 102.75920 156.77129 224.74744 321.37162
1 15 5.16545 26.41182 52.00027 100.92790 155.11418 220.54569 317.65231
1 1.6 5.10757 26.03002 51.46491 99.22729 153.55374 216.67084 314.05476
1 1.7 5.05291 25.67326 50.96500 97.64423 152.07803 213.08940 310.56260
1 1.8 5.00117 25.33904 50.49671 96.16720 150.67712 209.77216 307.16418
1 1.9 495208 25.02523 50.05673 94.78612 149.34265 206.69348 303.85169
1 2.0 490541 2472993 49.64220 93.49213 148.06757 203.83081 300.62025
2 0.1 6.80272 37.66971 69.14405 150.55205 203.38530 338.44929 412.19951
2 02 665561 36.13898 66.93518 144.12987 196.30087 323.32754 398.07488
2 0.3 6.52115 34.82512 65.07831 138.49023 190.61828 309.82110 386.65079
2 04 639684 33.68395 63.49460 13351017 185.76104 297.78933 377.14451
2 0.5 6.28088 32.68266 62.12642 129.09027 181.60204 287.07589 369.02952
2 0.6 6.17193 31.79634 60.93077 125.14884 177.98460 277.52462 361.94592
2 0.7 6.06897 31.00575 59.87497 121.61815 174.79364 268.99029 355.64172
2 0.8 5.97123 30.29577 58.93385 118.44171 171.94321 261.34328 349.93598
2 0.9 5.87811 29.65432 58.08772 115.57222 169.36814 254.47048 344.69600
2 1.0 5.78910 29.07165 57.32103 112.96988 167.01840 248.27430 339.82291
2 11 570383 2853982 56.62136 110.60104 164.85508 242.67091 335.24241
2 1.2 5.62196 28.05224 55.97870 108.43717 162.84767 237.58837 330.89860
2 13 554322 27.60346 55.38493 106.45394 160.97204 232.96486 326.74975
2 14 5.46738 27.18887 54.83340 104.63050 159.20897 228.74708 322.76512
2 15 530425 26.80458 54.31861 10294896 157.54304 224.88893 318.92263
2 1.6 5.32364 26.44728 53.83602 101.39385 155.96185 221.35042 315.20687
2 1.7 5.25542  26.11414 53.38183 99.95176 154.45535 218.09666 311.60750
2 1.8 5.18943 25.80269 52.95285 98.61103 153.01537 215.09719 308.11787
2 19 512556 2551082 52.54638 97.36148 151.63522 212.32525 304.73388
2 2.0 5.06370 25.23666 52.16013 96.19418 150.30940 209.75731 301.45310
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Cizelge D.3 : Noktasal kiitle tastyan G—G kiris frekans hesab1 sonuglari.

Gomiilii - Gomiilii Kiris Boyutsuz Dogal Frekanslar:

T p=0.5 — 1=0.5
B: B Bs B: Bs Bs B
1 0.1 14.31746 58.80481 95.80530 190.43017 248.10734 397.00810 475.72066
1 02 1391441 5630999 92.35739 18202564 239.23397 378.77763 450.22465
1 0.3 13.57237 54.11884 89.47093 174.51879 231.97577 362.30617 446.00745
1 0.4 13.27813 52.17887 87.01643 167.80193 225.91031 347.51977 435.07287
1 0.5 13.02204 50.44942 84.90036 161.77895 220.74211 334.28110 425.76534
1 0.6 12.79683 48.89827 83.05373 156.36387 216.26160 322.42739 417.64691
1 0.7 1259698 47.49950 81.42469 151.48066 212.31748 311.79611 410.41599
1 0.8 12.41817 46.23197 79.97367 147.06287 208.79851 302.23746 403.85769
1 0.9 12.25702 45.07827 78.67000 143.05297 205.62135 293.61871 397.81406
1 1.0 12.11083 44.02389 77.48958 139.40136 202.72246 285.82463 392.16611
1 1.1 1197742 43.05668 76.41325 136.06540 200.05271 278.75601 386.82287
1 1.2 1185501 42.16634 75.42560 133.00842 197.57351 272.32775 381.71464
1 1.3 11.74215 41.34415 7451413 130.19886 195.25430 266.46675 376.78869
1 14 11.63761 40.58261 73.66858 127.60948 193.07058 261.11012 372.00642
1 15 1154038 39.87530 72.88048 12521671 191.00259 256.20349 367.34120
1 1.6 1144961 39.21662 72.14277 123.00007 189.03434 251.69968 362.77642
1 1.7 11.36456 38.60176 71.44953 120.94175 187.15281 247.55752 358.30364
1 1.8 11.28463 38.02648 70.79576 119.02615 185.34736 243.74091 353.92055
1 1.9 11.20928 37.48708 70.17721 117.23961 183.60933 240.21804 349.62906
1 20 1113805 36.98029 69.59026 11557008 181.93166 236.96076 345.43356
2 0.1 1451279 58.81046 96.14635 190.44009 24857656 397.02534 476.25585
2 0.2 14.27947 56.33242 93.01024 182.07440 240.12706 378.87266 460.22151
2 0.3 14.08562 54.16827 90.40510 174.64042 233.23726 362.55080 447.37375
2 0.4 13.92121 52.26416 88.20179 168.02852 227.48324 347.97772 436.71872
2 0.5 13.77912 50.57789 86.30799 162.13780 222.57193 335.00383 427.60853
2 06 13.65415 49.07573 84.65633 156.87692 218.20755 323.45548 419.61261
2 0.7 13.54252 47.73041 83.19684 152.16491 21451285 313.16159 412.43561
2 0.8 13.44139 46.51959 81.89184 147.93110 211.11051 303.96565 405.86853
2 0.9 13.34863 45.42484 80.71258 144.11441 208.01098 295.72951 399.75995
2 1.0 13.26263 44.43079 79.63680 140.66235 205.15443 288.33324 393.99882
2 1.1 13.18217 43.52461 78.64713 137.52985 202.49538 281.67342 388.50402
2 1.2 13.10628 42.69543 77.72989 134.67826 199.99899 275.66095 383.21756
2 1.3 13.03424 41.93405 76.87417 132.07432 197.63841 270.21893 378.09980
2 1.4 1296547 41.23263 76.07126 129.68940 195.39291 265.28074 373.12569
2 1.5 12.89954 40.58444 75.31412 127.49874 193.24651 260.78847 368.28143
2 1.6 12.83607 39.98369 74.59702 125.48089 191.18686 256.69151 363.56143
2 1.7 1277481 39.42536 73.91528 123.61719 189.20445 252.94552 358.96552
2 1.8 12.71551 38.90512 73.26507 121.89136 187.29198 249.51151 354.49666
2 1.9 12.65800 38.41915 72.64317 120.28916 185.44379 246.35509 350.15905
2 2.0 12.60214 37.96414 72.04694 118.79810 183.65554 243.44591 345.95690
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Cizelge D.4 : Noktasal kiitle tastyan G—M Kkiris frekans hesab1 sonuglari.

Kalin Ucu Gémiilii — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslari

N p=0.5 — 1=0.5
B: B Bs B- Bs Bs [
1 0.1 10.51800 45.66688 85.14043 164.39313 232.37394 356.82696 455.68186
1 02 1034052 43.74156 82.65608 156.46019 22557433 338.72338 442.60359
1 0.3 10.18973 42.08707 80.52601 149.62172 219.77934 323.10654 431.45838
1 0.4 10.05986 40.64970 78.67246 143.67783 214.74034 309.56130 421.69448
1 05 904670 39.38913 77.03890 138.47211 210.28288 297.74555 412.93565
1 0.6 9.84705 38.27445 75.58325 133.88118 206.28105 287.38175 404.91442
1 0.7 9.75849  37.28159 74.27360 129.80680 202.64184 278.24537 397.43589
1 0.8 9.67910 36.39150 73.08529 126.17004 199.29532 270.15408 390.35776
1 09 960741 3558801 71.99905 122.90689 196.18817 262.95879 383.57893
1 1.0 9.54222 34.86144 70.99954 119.96496 193.27940 256.53649 377.03219
1 1.1 9.48257 34.19895 70.07447 117.30102 190.53729 250.78475 370.67827
1 1.2 9.42768 33.59302 69.21385 114.87907 187.93726 245.61746 364.49971
1 13 937690 33.03666 68.40049 112.66897 185.46024 240.96155 358.49424
1 14 9.32971 32.52396 67.65463 110.64523 183.09148 236.75455 352.66848
1 15 928566 3204993 66.94361 108.78623 180.81957 232.94260 347.03250
1 1.6 9.24437 31.61031 66.27170 107.07346 178.63568 229.47907 341.59614
1 1.7 9.20554 31.20143 65.63488 105.49101 176.53297 226.32335 336.36676
1 18 016888 30.82014 65.02973 104.02514 17450607 223.43996 331.34841
1 1.9 9.13418 30.46369 64.45332 102.66389 172.55071 220.79785 326.54178
1 2.0 9.10123 30.12971 63.90311 101.39685 170.66341 218.36978 321.94463
2 0.1 10.70849 45.84496 85.46066 164.62663 232.77818 357.10909 456.11950
2 02 1069631 44.08652 83.24963 156.95089 226.30431 330.35048 443.36502
2 0.3 10.68999 42.58818 81.35358 150.38403 220.76893 324.12256 432.44834
2 0.4 10.68706 41.29692 79.70043 144.71981 215.93253 310.99764 422.83057
2 0.5 10.68589 40.17308 78.23812 139.79736 211.62789 299.62488 414.14603
2 06 1068536 39.18644 76.92826 13549003 207.73529 289.72001 406.13834
2 0.7 10.68475 38.31355 75.74204 131.69717 204.16749 281.05271 398.62618
2 08 1068356 3753505 74.65756 128.33797 200.86020 273.43522 391.48389
2 09 1068152 36.83880 73.65795 12534688 197.76577 266.71314 384.62929
2 1.0 10.67845 36.21047 72.73004 122.67028 194.84885 260.75824 378.01435
2 1.1 10.67428 35.64098 71.86349 120.26394 192.08324 255.46304 371.61651
2 1.2 10.66898 35.12243 71.05008 118.09105 189.44956 250.73669 365.43042
2 13 1066257 34.64817 70.28320 116.12080 186.93356 246.50190 350.46033
2 1.4 10.65512 34.21265 69.55750 114.32721 184.52463 242.69260 353.71421
2 15 1064667 33.81119 68.86862 112.68827 182.21488 230.25208 348.19965
2 1.6 10.63732 33.43981 68.21294 111.18521 179.99822 236.13159 342.92171
2 17 1062713 33.09513 67.58745 109.80199 177.86984 233.28920 337.88202
2 1.8 10.61619 32.77425 66.98960 108.52478 175.82575 230.68877 333.07886
2 1.9 10.60459 32.47467 66.41722 107.34168 173.86248 228.29924 328.50762
2 2.0 10.59239 32.19420 65.86845 106.24238 171.97686 226.09384 324.16145
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Cizelge D.4 (devam) : Noktasal kiitle tasiyan G—M Kiris frekans hesab1 sonuglari.

Kalin Ucu Mafsalli — ince Ucu Gomiilii Kiris Boyutsuz Dogal Frekanslari

I n=0.5 — 3=0.5
B B- Bs B: Bs Bs B
1 0.1 10.21664 45.88087 83.53994 166.97943 227.69899 363.79361 445.94462
1 02 078239 4410730 79.76605 161.03377 217.20801 350.88706 425.43923
1 03 9.40949 42.55561  76.58883 155.67749 208.53746 338.87544 408.92466
1 04 008513 4118256 73.87999 150.80184 201.20254 327.62115 395.51689
1 05 879984 39.95604 7154494 14633240 195.17506 317.08044 384.50234
1 06 854651 38.85167 69.51246 142.21616 189.95645 307.24423 375.31694
1 07 831967 37.85051 67.72798 138.41328 185.45977 298.10345 367.52804
1 08 811506 36.93758  66.14902 134.89209 181.54716 289.63651 360.81125
1 09 792930 3610087 6474205 131.62606 178.11061 281.80921 354.92581
1 1.0 7.75966 35.33055 63.48029 128.59210 175.06508 274.57912 349.69282
1 1.1 7.60395 34.61855  62.34211 125.76972 172.34321 267.90010 344.97821
1 1.2 7.46035 33.95809 61.30987 123.14041 169.89134 261.72568 340.68017
1 13 7.32735 33.34348 60.36907 120.68744 167.66642 256.01121 336.72026
1 14 7.20371 32.76987 59.50766 118.39561 165.63367 250.71497 333.03720
1 15 7.08836 32.23310 58.71558 116.25115 163.76480 245.79870 329.58244
1 16 6.98039 31.72958  57.98439 114.24157 162.03662 241.22768 326.31713
1 1.7 6.87905 31.25618 57.30691 112.35558 160.43000 236.97064 323.20993
1 18 678366 30.81018 56.67704 11058293 158.92905 232.99949 320.23540
1 19 6.69366 30.38916  56.08956 108.91438 157.52048 229.28906 317.37290
1 20 660853 2099102 5553997 107.34156 156.19311 225.81682 314.60569
2 01 10.28151 45.80570 83.76338 166.91673 228.05218 363.73190 446.37549
2 02 989587 4397228 8021414 160.90903 217.93507 350.75124 426.33969
2 03 9.55864 42.37250  77.25736  155.49783 209.63996 338.68399 410.28745
2 04 925952 4096078 7476108 15058030 202.75740 327.41811 397.29869
2 05 8.99101 39.70334  72.62831 146.08652 196.97889 316.92238 386.63961
2 0.6 8.74757 38.57456  70.78631 141.96528 192.06945 307.18773 377.74032
2 0.7 852497 37.55453  69.17961 138.17702 187.84886 298.19790 370.17079
2 08 831996 3662752 67.76532 134.68885 184.17823 289.92189 363.61250
2 09 812999 3578084 6650984 131.47224 180.95003 282.31663 357.83086
2 10 7.95303 35.00413 65.38656 128.50179 178.08054 275.33228 352.65247
2 11 7.78744 34.28881  64.37421 125.75460 175.50420 268.91685 347.94791
2 12 7.63188 33.62771  63.45564 123.20996 173.16939 263.01929 343.61949
2 13 7.48524 33.01477 62.61691 120.84911 171.03515 257.59134 339.59267
2 14 7.34660 32.44481 61.84661 118.65513 169.06878 252.58840 335.81005
2 15 7.21516 31.91340 61.13533 116.61272 167.24404 247.96981 332.22716
2 16 7.09026 31.41669 60.47529 114.70812 165.53973 243.69884 328.80954
2 17 697134 3095136 59.85998 112.92807 163.93861 230.74247 325.53048
2 18 6.85787 30.51446  59.28395 111.26413 162.42664 236.07109 322.36944
2 19 674945 3010345 5874261 109.70361 160.99228 232.65816 319.31077
2 20 6.64567 29.71606  58.23207 108.23842 159.62605 229.47991 316.34275
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Cizelge D.5 : Noktasal kiitle tastyan M-S kiris frekans hesab1 sonuglari.

Kalin Ucu Mafsalli — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslari

N p=0.5 — 1=0
B: B Bs B- Bs Bs [
1 0.1 10.86951 39.30585 86.45782 152.40547 237.16949 340.75716 463.17170
1 0.2 10.47302 37.71518 82.91702 146.14614 227.42003 326.74466 444.12261
1 0.3 10.13018 36.34617 79.86373 140.74302 218.99929 314.63761 427.66013
1 04 983050 3515378 77.19955 136.02392 211.64065 304.05416 413.26630
1 05 956612 3410456 74.85132 131.86075 205.14562 294.70994 400.55536
1 0.6 9.33101 33.17317 72.76347 128.15610 199.36320 286.38855 389.23367
1 0.7 9.12047 32.33997 70.89297 124.83448 194.17634 278.92220 379.07352
1 0.8 8.93078 31.58956 69.20595 121.83646 189.49281 272.17864 369.89542
1 09 875806 30.90964 67.67536 119.11451 18523888 266.05215 361.55582
1 1.0 8.60256 30.29028 66.27933 116.63021 181.35486 260.45710 353.93848
1 1.1 8.45959  29.72336 64.99997 114.35207 177.79187 255.32336 346.94817
1 1.2 8.32839  29.20219 63.82249 112.25406 174.50948 250.59289 340.50606
1 1.3 8.20757  28.72117 62.73454 110.31447 171.47391 246.21724 334.54635
1 14 8.09595 28.27562 61.72575 108.51500 168.65673 242.15560 329.01359
1 15 799252 27.86156 60.78732 106.84015 166.03384 238.37332 323.86074
1 1.6 7.89644  27.47560 59.91173 105.27665 163.58461 234.84081 319.04757
1 1.7 7.80696 27.11483 59.09253 103.81312 161.29132 231.53263 314.53950
1 1.8 7.72344  26.77675 58.32413 102.43971 159.13864 228.42674 310.30662
1 1.9 7.64533  26.45915 57.60169 101.14785 157.11324 225.50399 306.32287
1 20 757212 2616015 56.92098 99.93006 15520347 222.74763 302.56550
2 0.1 10.90907 39.33415 86.48136 152.42622 237.18844 340.77486 463.18848
2 0.2 10.54467 37.77503 82.97119 146.19686 227.46849 326.79153 444.16832
2 0.3 10.22905 36.43924 79.95276 140.82939 219.08388 314.72093 427.74249
2 0.4 9.95343 35.28079 77.32588 136.14941 211.76547 304.17845 413.39018
2 0.5 9.71107 34.26561 75.01621 132.02733 205.31310 294.87796 400.72375
2 06 949672 33.36795 72.96742 12836475 19957466 286.60187 389.44831
2 0.7 9.30623 32.56798 71.13595 125.08554 194.43236 279.18156 379.33528
2 0.8 9.13623 31.85011 69.48761 122.12981 189.79345 272.48423 370.20459
2 09 898399 3120197 67.99512 119.44975 18558385 266.40378 361.91229
2 1.0 8.84725 30.61359 66.63646 117.00671 181.74364 260.85432 354.34185
2 1.1 8.72413 30.07683 65.39366 114.76910 178.22378 255.76554 347.39784
2 1.2 8.61305 29.58499 64.25188 112.71080 174.98374 251.07929 341.00133
2 1.3 8.51265 29.13251 63.19874 110.81003 171.98967 246.74703 335.08641
2 14 8.42179  28.71469 62.22387 109.04849 169.21312 242.72791 329.59760
2 15 8.33949 28.32761 61.31846 107.41066 166.62994 238.98727 324.48781
2 1.6 8.26488 27.96789 60.47503 105.88328 164.21952 235.49550 319.71681
2 1.7 8.19722 27.63266 59.68713 104.45498 161.96414 232.22716 315.25003
2 1.8 8.13586 27.31943 58.94920 103.11592 159.84850 229.16022 311.05754
2 1.9 8.08022 27.02604 58.25643 101.85757 157.85927 226.27556 307.11333
2 2.0 8.02980 26.75062 57.60461 100.67246 155.98481 223.55644 303.39463
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Cizelge D.5 (devam) : Noktasal kiitle tasiyan M-S kiris frekans hesab1 sonuglari.

Kalin Ucu Serbest — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslari

N n=0.5 — =1
B: B2 Bs B- Bs Bs [
1 0.1 10.85270 39.41143 86.61479 15259159 237.37415 340.97461 463.39850
1 0.2 10.43911 37.91362 83.21434 146.49988 227.80978 327.15931 444.55549
1 0.3 10.07894 36.62716 80.28788 141.24937 219.55832 315.23315 428.28242
1 0.4 9.76175 35.50882 77.73932 136.67047 212.35588 304.81712 414.06430
1 0.5 9.47971 34.52652 75.49726 132.63702 206.00607 295.62904 401.51759
1 0.6 9.22684  33.65595 73.50747 129.05312 200.35947 287.45416 390.35037
1 0.7 8.99847 32.87834 71.72799 125.84447 195.30029 280.12599 380.33626
1 0.8 8.79091 32.17895 70.12583 122.95258 190.73731 273.51334 371.29684
1 09 860119 3154604 68.67465 120.33072 18659760 26751131 363.08942
1 1.0 8.42691 30.97015 67.35317 117.94108 182.82216 262.03496 355.59845
1 1.1 8.26608 30.44355 66.14399 115.75275 179.36267 257.01475 348.72930
1 1.2 8.11706  29.95986 65.03273 113.74013 176.17915 252.39311 342.40365
1 1.3 7.97846  29.51378 64.00742 111.88190 173.23825 248.12202 336.55609
1 14 7.84913 29.10087 63.05798 110.16009 170.51189 244.16099 331.13153
1 15 7.72807 28.71735 62.17590 108.55950 167.97623 240.47571 326.08323
1 1.6 7.61443 28.36002 61.35389 107.06712 165.61094 237.03684 321.37125
1 1.7 7.50748 28.02614 60.58570 105.67179 163.39851 233.81916 316.96123
1 18 740659 27.71333 59.86595 104.36386 161.32383 230.80085 312.82346
1 1.9 7.31119 27.41954 59.18995 103.13494 159.37375 227.96295 308.93208
1 2.0 7.22081 27.14298 58.55361 101.97770 157.53676 225.28886 305.26449
2 0.1 10.90668 39.53181 86.76465 152.75833 237.55170 341.15966 463.58904
2 0.2 10.53185 38.15531 83.52479 146.85071 228.18686 327.55474 44496445
2 0.3 10.19854 36.98794 80.76427 141.79538 220.15024 315.85748 428.93079
2 04 989871 3598434 78.38307 137.41804 213.17296 305.68375 414.96794
2 0.5 9.62634 35.11107 76.30688 133.58893 207.05470 296.74732 402.68827
2 06 037688 3434295 74.47927 130.20929 201.64290 288.83018 391.79655
2 0.7 9.14677 33.66076 72.85670 127.20257 196.81917 281.76309 382.06361
2 08 893326 33.04956 71.40497 12450845 192.49013 275.41253 373.30863
2 09 873412 3249765 70.09694 12207881 188.58109 269.67160 365.38682
2 1.0 8.54758 31.99571 68.91080 119.87472 185.03155 264.45369 358.18081
2 1.1 8.37219 31.53631 67.82885 117.86444 181.79197 259.68777 351.59435
2 1.2 8.20674 31.11340 66.83660 116.02178 178.82143 255.31506 345.54772
2 1.3 8.05023 30.72208 65.92210 114.32501 176.08579 251.28648 339.97428
2 14 7.90181 30.35830 65.07543 112.75595 173.55639 247.56072 334.81792
2 15 7.76076 30.01872 64.28830 111.29928 171.20900 244.10276 330.03099
2 1.6 7.62646  29.70054 63.55372 109.94203 169.02299 240.88273 325.57281
2 1.7 7.49834 29.40142 62.86580 108.67315 166.98071 237.87503 321.40842
2 1.8 7.37596  29.11936 62.21950 107.48318 165.06702 235.05756 317.50762
2 1.9 7.25887 28.85267 61.61054 106.36400 163.26879 232.41117 313.84420
2 2.0 7.14670 28.59991 61.03521 105.30857 161.57467 229.91922 310.39530
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Cizelge D.6 : Noktasal kiitle tasiyan S—S kiris frekans hesabi sonuglari.

Serbest — Serbest Kiris Boyutsuz Dogal Frekanslari

T n=0.5 — 1=0.5
B: B Bs B: Bs [i B
1 0.1 17.52034 58.84401 95.11069 190.51442 248.09796 397.14122 475.60116
1 02 1691535 5644471 01.64423 18231006 239.06057 379.21385 458.84759
1 0.3 16.40794 54.38148 88.71605 175.06000 231.59918 363.10609 445.33267
1 04 1597674 5258663 86.20886 168.61947 22532422 348.68371 434.11699
1 05 1560619 51.00982 84.03688 162.87113 219.95890 335.78240 424.57069
1 0.6 15.28468 49.61275 82.13596 157.71782 215.30330 324.22971 416.26561
1 07 1500336 4836574 80.45723 15307831 211.21045 313.86131 408.90309
1 0.8 14.75539 47.24540 78.96279 148.88431 207.57048 304.52877 402.26859
1 09 1453538 4623303 77.62286 14507823 204.29979 296.10192 396.20364
1 1.0 14.33906 45.31350 76.41370 141.61137 201.33388 288.46825 390.58843
1 11 1416295 44.47439 7531616 138.44239 108.62220 28153123 385.33080
1 1.2 14.00425 43.70545 74.31467 135.53607 196.12466 275.20818 380.35916
1 13 13.86061 4299811 73.39638 132.86230 193.80912 269.42825 375.61781
1 1.4 13.73011 42.34517 72.55065 130.39524 191.64953 264.13057 371.06382
1 15 13.61114 41.74051 71.76859 128.11262 189.62461 259.26267 366.66473
1 1.6 1350233 41.17891 71.04269 125.99514 187.71683 254.77915 362.39683
1 1.7 13.40252 40.65588 70.36659 124.02606 185.91167 250.64052 358.24365
1 1.8 13.31072 40.16754 69.73487 122.19076 184.19702 246.81234 354.19456
1 1.9 13.22608 39.71053 69.14285 120.47644 182.56275 243.26439 350.24350
1 20 1314785 3928190 68.58653 118.87185 181.00032 239.97006 346.38776
2 0.1 17.62691 58.86066 95.46192 190.56038 248.53768 397.21922 476.08422
2 02 1713139 5650268 9231072 18247534 239.86255 379.50196 45.68219
2 0.3 16.73230 54.49615 89.66807 175.39468 232.70122 363.69594 446.41719
2 0.4 16.40613 52.76743 87.42104 169.15618 226.67645 349.63281 435.37675
2 0.5 16.13622 51.26226 85.48701 163.63005 221.52068 337.12505 425.94930
2 0.6 15.91048 49.93977 83.80423 158.71045 217.04061 325.98572 417.71790
2 0.7 15.71997 48.76856 82.32566 154.31019 213.09406 316.04156 410.39090
2 08 1555795 47.72408 8101496 150.35694 209.57466 307.13854 403.75881
2 09 1541024 46.78689 79.84364 146.79033 206.40159 299.14275 397.66769
2 1.0 15.29984 45.94134 78.78911 143.55978 203.51262 291.93899 392.00263
2 1.1 15.19656 45.17472 77.83326 140.62265 200.85925 285.42860 386.67714
2 1.2 15.10689 44.47657 76.96147 137.94286 198.40331 279.52711 381.62614
2 1.3 15.02881 43.83823 76.16179 135.48968 196.11450 274.16204 376.80115
2 1.4 1496065 43.25243 75.42440 133.23688 193.96858 269.27100 372.16675
2 1.5 1490106 42.71306 74.74120 131.16193 191.94608 264.80011 367.69774
2 1.6 14.84890 42.21493 74.10541 129.24539 190.03122 260.70262 363.37692
2 1.7 14.80325 41.75358 73.51138 127.47043 188.21120 256.93780 359.19304
2 1.8 14.76330 41.32520 72.95433 125.82243 186.47555 253.47007 355.13918
2 1.9 1472839 40.92647 72.43021 124.28860 184.81568 250.26819 351.21132
2 2.0 14.69795 40.55451 71.93559 122.85777 183.22450 247.30468 347.40722
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Cizelge D.7 : Noktasal kiitle tastyan G—S kiris frekans hesab1 sonuglari.

Kalin Ucu Gémiilii — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslari

n M a=1-72=0
B B: Bs B Bs Bs [

1 0 3.82378 18.31726 47.26483 90.45048 148.00174 219.92367 306.22142
1 0.05 3.50632 16.76777 43.62000 84.25178 138.95616 207.84272 290.97764
1 0.10 3.25336 15.83193 41.89951 81.89772 136.10397 204.59923 287.42238
1 0.15 3.04652 15.21329 40.92298 80.69752 134.75414 203.14451 285.89062
1 0.20 2.87371 14.77618 40.29865 79.97546 133.97236 202.32327 285.04151
1 0.25 2.72674 14.45173 39.86651 79.49462 133.46351 201.79661 284.50260
1 0.30 259986 14.20171 39.55017 79.15186 133.10623 201.43039 284.13036
1 0.35 248895 14.00332 39.30879 78.89534 132.84171 201.16109 283.85789
1 0.40 239096 13.84216 39.11866 78.69622 132.63802 200.95476 283.64985
1 0.45 230359 13.70869 38.96506 78.53721 132.47637 200.79164 283.48582
1 0.50 2.22506 13.59637 38.83843 78.40731 132.34497 200.65946 283.35318
1 0.55 2.15399 13.50057 38.73225 78.29922 132.23607 200.55018 283.24370
1 0.60 2.08928 13.41790 38.64194 78.20787 132.14434 200.45833 283.15181
1 0.65 2.03004 13.34585 38.56420 78.12966 132.06603 200.38005 283.07359
1 0.70 1.97554 13.28249 38.49658 78.06194 131.99839 200.31254 283.00619
1 0.75 1.92519 13.22635 38.43723 78.00274 131.93938 200.25372 282.94753
1 0.80 1.87848 13.17627 38.38472 77.95055 131.88746 200.20201 282.89599
1 0.85 1.83500 13.13131 38.33794 77.90419 131.84140 200.15620 282.85037
1 0.90 1.79440 13.09073 38.29599 77.86274 131.80029 200.11533 282.80969
1 0.95 1.75637 13.05392 38.25816 77.82545 131.76335 200.07865 282.77320
1 1.0 1.72065 13.02037 38.22388 77.79174 131.72999 200.04554 282.74027
2 0 462515 19.54761 48.57890 91.81277 149.38991 221.32811 307.63694
2 0.05 4.28432 17.92281 44.81364 85.44482 140.13097 208.99565 292.10912
2 0.10 4.00415 16.90236 42.97663 82.95910 137.14383 205.61976 288.42665
2 0.15 3.76980 16.21290 41.92008 81.68139 135.72273 204.10035 286.83621
2 0.20 3.57066 15.71921 41.24028 80.91014 134.89811 203.24160 285.95390
2 0.25 3.39905 15.34956 40.76811 80.39569 134.36090 202.69060 285.39374
2 0.30 3.24936 15.06300 40.42174 80.02864 133.98354 202.30735 285.00675
2 0.35 3.11742 14.83464 40.15711 79.75379 133.70407 202.02547 284.72346
2 0.40 3.00004 14.64853 39.94847 79.54036 133.48883 201.80949 284.50714
2 0.45 2.89478 14.49404 39.77982 79.36988 133.31799 201.63874 284.33658
2 0.50 2.79972 14.36379 39.64071 79.23059 133.17911 201.50036 284.19865
2 0.55 2.71333 14.25253 39.52403 79.11467 133.06400 201.38595 284.08481
2 0.60 2.63439 14.15641 39.42477 79.01669 132.96705 201.28979 283.98925
2 0.65 2.56189 14.07255 39.33931 78.93280 132.88427 201.20783 283.90791
2 0.70  2.49502 13.99875 39.26496 78.86016 132.81277 201.13715 283.83782
2 0.75 243308 13.93332 39.19970 78.79666 132.75039 201.07556 283.77681
2 0.80 2.37550 13.87492 39.14195 78.74067 132.69550 201.02142 283.72322
2 0.85 2.32180 13.82247 39.09049 78.69093 132.64682 200.97346 283.67578
2 0.90 2.27157 13.77511 39.04436 78.64646 132.60335 200.93067 283.63347
2 0.95 2.22444 13.73213 39.00275 78.60646 132.56430 200.89227 283.59552
2 1.0 218011 13.69296 38.96504 78.57029 132.52904 200.85760 283.56129
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Cizelge D.7 (devam) : Noktasal kiitle tasiyan G—S kiris frekans hesabi sonuglari.

Kalin Ucu Serbest — ince Ucu Gémiilii Kiris Boyutsuz Dogal Frekanslari

n M oa=1-3~1
B B: Bs B Bs Bs [

1 0 1.63798 14.11014 43.20864 86.37388 143.91612 215.83176 302.12504
1 0.05 1.56007 13.56193 41.68384 83.51894 139.42965 209.46334 293.66510
1 0.10 1.49217 13.14597 40.64508 81.76933 136.93973 206.24281 289.74393
1 0.15 1.43234 12.82022 39.89824 80.60506 135.38880 204.34710 287.54511
1 0.20 1.37912 12.55848 39.33777 79.77997 134.33834 203.10878 286.15027
1 0.25 1.33137 12.34371 38.90267 79.16673 133.58254 202.23960 285.18992
1 0.30 1.28823 12.16439 38.55560 78.69392 133.01376 201.59707 284.48956
1 0.35 1.24900 12.01244 38.27253 78.31866 132.57070 201.10325 283.95667
1 0.40 1.21313 11.88206 38.03741 78.01382 132.21607 200.71211 283.53781
1 0.45 1.18017 11.76898 37.83908 77.76138 131.92593 200.39475 283.20003
1 0.50 1.14975 11.66998 37.66958 77.54897 131.68421 200.13216 282.92191
1 0.55 1.12155 11.58260 37.52308 77.36782 131.47978 199.91132 282.68897
1 0.60 1.09533 11.50489 37.39522 77.21152 131.30464 199.72305 282.49105
1 0.65 1.07086 11.43535 37.28267 77.07531 131.15294 199.56063 282.32081
1 0.70 1.04795 11.37275 37.18285 76.95556 131.02029 199.41910 282.17284
1 0.75 1.02645 11.31610 37.09371 76.84945 130.90330 199.29468 282.04303
1 0.80 1.00622 11.26460 37.01363 76.75480 130.79937 199.18445 281.92825
1 0.85 0.98713 11.21757 36.94131 76.66985 130.70644 199.08611 281.82602
1 0.90 0.96909 11.17446 36.87567 76.59318 130.62284 198.99784 281.73440
1 0.95 0.95200 11.13479 36.81583 76.52363 130.54723 198.91817 281.65182
1 1.0 0.93578 11.09818 36.76105 76.46027 130.47853 198.84590 281.57700
2 0 1.29809 13.18476 42.49403 85.70072 143.26416 215.19243 301.49414
2 0.05 1.26339 12.90355 41.66796 84.10226 140.68200 211.43507 296.38765
2 0.10 1.23130 12.66321 41.00231 82.88907 138.83270 208.89151 293.11441
2 0.15 1.20152 12.45557 40.45643 81.94385 137.45866 207.08287 290.87939
2 0.20 1.17378 12.27445 40.00173 81.18997 136.40411 205.74112 289.27021
2 0.25 1.14787 12.11514 39.61772 80.57641 135.57228 204.71048 288.06177
2 0.30 1.12359 11.97394 39.28949 80.06826 134.90089 203.89604 287.12335
2 0.35 1.10078 11.84797 39.00592 79.64106 134.34844 203.23726 286.37470
2 0.40 1.07929 11.73488 38.75864 79.27722 133.88638 202.69397 285.76417
2 0.45 1.05901 11.63282 38.54118 78.96383 133.49447 202.23858 285.25710
2 0.50 1.03982 11.54025 38.34854 78.69120 133.15805 201.85155 284.82944
2 0.55 1.02164 11.45592 38.17674 78.45197 132.86622 201.51868 284.46402
2 0.60 1.00437 11.37877 38.02260 78.24040 132.61075 201.22942 284.14824
2 0.65 0.98795 11.30792 37.88355 78.05201 132.38528 200.97579 283.87269
2 0.70 0.97231 11.24264 37.75751 77.88321 132.18487 200.75161 283.63017
2 0.75 0.95738 11.18229 37.64274 77.73113 132.00557 200.55207 283.41511
2 0.80 0.94312 11.12634 37.53781 77.59340 131.84425 200.37333 283.22310
2 0.85 0.92947 11.07433 37.44151 77.46812 131.69833 200.21232 283.05065
2 0.90 0.91640 11.02585 37.35281 77.35366 131.56573 200.06653 282.89491
2 0.95 0.90386 10.98056 37.27087 77.24869 131.44470 199.93390 282.75357
2 1.0 0.89183 10.93815 37.19495 77.15209 131.33380 199.81274 282.62474
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Cizelge D.8 : Noktasal kiitle tastyan M—M Kkiris frekans hesab1 sonuglari.

Basit Mesnetli Kiris Boyutsuz Dogal Frekanslar

n M a=1 - 2=0.5
B B: [i B Bs Bs [

1 0 7.12153 28.95184 64.97882 115.35084 180.08883 259.20025 352.68835
1 0.05 6.89680 28.93185 63.23235 114.62732 176.67174 255.75213 348.94641
1 0.10 6.69175 28.91380 61.77103 114.04424 174.02645 253.27365 346.24806
1 0.15 6.50373 28.89743 60.53437 113.56648 171.94261 251.43100 344.24277
1 0.20 6.33052 28.88252 59.47653 113.16907 170.27053 250.01795 342.70741
1 0.25 6.17030 28.86887 58.56268 112.83400 168.90531 248.90497 341.50023
1 0.30 6.02155 28.85635 57.76609 112.54811 167.77298 248.00816 340.52919
1 0.35 5.882906 28.84481 57.06608 112.30156 166.82061 247.27150 339.73277
1 0.40 5.75344 28.83415 56.44641 112.08693 166.00965 246.65638 339.06864
1 0.45 5.63205 28.82426 55.89424 111.89852 165.31153 246.13548 338.50689
1 0.50 5.51798 28.81508 55.39925 111.73187 164.70472 245.68898 338.02587
1 0.55 5.41053 28.80652 54.95311 111.58347 164.17272 245.30219 337.60953
1 0.60 5.30909 28.79852 54.54901 111.45052 163.70274 244.96400 337.24579
1 0.65 5.21311 28.79104 54.18133 111.33075 163.28467 244.66588 336.92536
1 0.70 5.12213 28.78402 53.84540 111.22232 162.91048 244.40116 336.64100
1 0.75 5.03573 28.77742 5353732 111.12370 162.57369 244.16457 336.38699
1 0.80 4.95354 28.77120 53.25377 111.03363 162.26901 243.95188 336.15874
1 0.85 4.87523 28.76534 52.99197 110.95106 161.99211 243.75966 335.95255
1 0.90 4.80051 28.75980 52.74952 110.87509 161.73939 243.58512 335.76539
1 0.95 4.72911 28.75456 52.52436 110.80496 161.50783 243.42592 335.59475
1 1.0 4.66079 28.74960 52.31471 110.74004 161.29491 243.28015 335.43854
2 0 6.95659 29.11034 65.22774 115.64672 180.41331 259.54399 353.04592
2 0.05 6.80763 29.10529 63.99282 115.19755 177.95648 257.20777 350.30197
2 0.10 6.66770 29.10057 62.89963 114.80971 175.89300 255.34591 348.10944
2 0.15 6.53594 29.09615 61.92681 114.47220 174.14750 253.83946 346.33565
2 0.20 6.41159 29.09200 61.05666 114.17635 172.65892 252.60213 344.88078
2 0.25 6.29400 29.08810 60.27450 113.91525 171.37885 251.57148 343.67126
2 0.30 6.18258 29.08443 59.56815 113.68335 170.26915 250.70194 342.65294
2 0.35 6.07681 29.08097 58.92747 113.47618 169.29974 249.95982 341.78566
2 0.40 5.97624 29.07769 58.34396 113.29011 168.44684 249.31991 341.03928
2 0.45 5.88046 29.07459 57.81049 113.12216 167.69147 248.76299 340.39091
2 0.50 5.78910 29.07165 57.32103 112.96988 167.01840 248.27430 339.82291
2 0.55 5.70184 29.06886 56.87044 112.83121 166.41528 247.84226 339.32154
2 0.60 5.61838 29.06621 56.45436 112.70445 165.87207 247.45776 338.87596
2 0.65 5.53846 29.06369 56.06902 112.58815 165.38047 247.11348 338.47750
2 0.70 5.46183 29.06129 55.71119 112.48110 164.93364 246.80352 338.11917
2 0.75 5.38827 29.05899 55.37805 112.38224 164.52586 246.52305 337.79530
2 0.80 5.31759 29.05680 55.06717 112.29069 164.15231 246.26812 337.50120
2 0.85 5.24961 29.05471 54.77641 112.20568 163.80894 246.03543 337.23299
2 0.90 5.18415 29.05271 54.50390 112.12653 163.49229 245.82221 336.98744
2 0.95 5.12107 29.05079 54.24798 112.05268 163.19941 245.62614 336.76181
2 1.0 5.06023 29.04895 54.00720 111.98360 162.92776 245.44526 336.55380
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Cizelge D.9 : Noktasal kiitle tastyan G—G kiris frekans hesab1 sonuglari.

Gomiilii - Gomiilii Kiris Boyutsuz Dogal Frekanslar:

o=1-2=0.5

B:

B2

Bs

B-

Bs

Bs

[

N RO NN NN NN NOMNNMNNOMNMNMNNMNMNRRRRRERERRRRRRRRRRRRPRRE R R PR

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

16.33557
15.71463
15.15642
14.65154
14.19232
13.77251
13.38694
13.03132
12.70203
12.39606
12.11083
11.84413
11.59406
11.35900
11.13751
10.92836
10.73044
10.54281
10.36461
10.19507
10.03353
16.47905
16.05402
15.65865
15.28984
14.94487
14.62140
14.31737
14.03097
13.76063
13.50493
13.26263
13.03265
12.81398
12.60575
12.40717
12.21754
12.03621
11.86260
11.69618
11.53649
11.38309

44.98064
44.82392
44.68765
44.56820
44.46275
44.36905
44.28527
44.20997
44.14193
44.08018
44.02389
43.97239
43.92510
43.88152
43.84124
43.80390
43.76920
43.73687
43.70668
43.67841
43.65190
45.17584
45.06913
44.97207
44.88347
44.80231
4472773
44.65899
44.59544
44.53653
44.48179
44.43079
44.38319
44.33865
44.29689
44.25767
44.22076
44.18597
44.15313
44.12207
44.09267
44.06478

88.13819
86.08339
84.39829
82.99930
81.82367
80.82444
79.96624
79.22218
78.57157
77.99827
77.48958
77.03538
76.62751
76.25934
75.92543
75.62127
75.34311
75.08778
74.85262
74.63535
74.43403
88.35280
86.93105
85.68859
84.59701
83.63270
82.77620
82.01144
81.32519
80.70649
80.14623
79.63680
79.17180
78.74583
78.35430
77.99331
77.65949
77.34995
77.06218
76.79401
76.54354
76.30910

145.66469
144.31753
143.26454
142.42485
141.74270
141.17924
140.70695
140.30593
139.96154
139.66280
139.40136
139.17073
138.96586
138.78269
138.61800
138.46914
138.33396
138.21067
138.09777
137.99403
137.89836
145.89042
144.95539
144.16545
143.49201
142.91280
142.41044
141.97131
141.58468
141.24199
140.93640
140.66235
140.41533
140.19161
139.98812
139.80228
139.63193
139.47524
139.33065
139.19683
139.07264
138.95708

217.57184
214.14706
211.54127
209.51940
207.91770
206.62392
205.56045
204.67274
203.92170
203.27871
202.72246
202.23681
201.80931
201.43025
201.09192
200.78818
200.51401
200.26535
200.03881
199.83160
199.64135
217.80468
215.41053
213.42263
211.75909
210.35427
209.15684
208.12692
207.23351
206.45237
205.76440
205.15443
204.61030
204.12219
203.68206
203.28333
202.92053
202.58910
202.28521
202.00561
201.74754
201.50864

303.85949
299.01663
295.63079
293.16985
291.31645
289.87759
288.73176
287.79959
287.02748
286.37806
285.82463
285.34760
284.93234
284.56768
284.24497
283.95742
283.69962
283.46720
283.25662
283.06494
282.88974
304.09726
300.67284
297.99741
295.87073
294.15073
292.73700
291.55792
290.56163
289.70996
288.97439
288.33324
287.76979
287.27098
286.82647
286.42798
286.06880
285.74347
285.44747
285.17705
284.92904
284.70082

404.52787
401.30611
399.01606
397.32978
396.04647
395.04164
394.23573
393.57614
393.02697
392.56302
392.16611
391.82282
391.52307
391.25913
391.02500
390.81591
390.62809
390.45845
390.30450
390.16415
390.03569
404.76928
402.49134
400.69034
399.24425
398.06462
397.08783
396.26791
395.57116
394.97257
394.45327
393.99882
393.59801
393.24203
392.92387
392.63787
392.37946
392.14487
391.93098
391.73519
391.55531
391.38950
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Cizelge D.10 : Noktasal kiitle tasiyan G—M kiris frekans hesab1 sonuglari.

Kalin Ucu Gémiilii — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslari
o=1-2=0.5

B:

B-

Bs

B-

Bs

Bs

[

N RO NN NN NOMNNMNNMNNMNMNNMNMNRERRRRERERRRRRERRRERRRRRPRRE R PR PR

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

12.30009
11.92054
11.57163
11.24978
10.95191
10.67537
10.41786
10.17741
9.95229
9.74100
9.54222
9.35481
9.17776
9.01017
8.85124
8.70027
8.55663
8.41976
8.28915
8.16435
8.04494
12.85048
12.57664
12.31826
12.07406
11.84291
11.62376
11.41569
11.21786
11.02949
10.84990
10.67845
10.51458
10.35777
10.20755
10.06348
9.92517
9.79225
9.66440
9.54131
9.42269
9.30830

37.52738
37.08366
36.69925
36.36381
36.06910
35.80850
35.57668
35.36930
35.18282
35.01434
34.86144
34.72212
34.59467
34.47769
34.36995
34.27042
34.17821
34.09256
34.01281
33.93836
33.86872
38.19882
37.91060
37.64913
37.41116
37.19389
36.99490
36.81212
36.64374
36.48821
36.34418
36.21047
36.08605
35.97002
35.86158
35.76004
35.66478
35.57524
35.49095
35.41145
35.33637
35.26535

77.12151
76.00756
75.07088
74.27674
73.59756
73.01171
72.50225
72.05584
71.66193
71.31209
70.99954
70.71878
70.46531
70.23543
70.02605
69.83460
69.65891
69.49713
69.34771
69.20929
69.08072
77.85124
77.05480
76.34682
75.71530
75.14987
74.64163
74.18302
73.76761
73.38996
73.04543
72.73004
72.44042
72.17366
71.92726
71.69904
71.48713
71.28989
71.10588
70.93386
70.77271
70.62146

131.07412
128.64632
126.75936
125.26335
124.05480
123.06174
122.23336
121.53308
120.93411
120.41646
119.96496
119.56793
119.21622
118.90261
118.62131
118.36763
118.13774
117.92847
117.73720
117.56172
117.40017
131.83567
130.17471
128.77693
127.59019
126.57369
125.69558
124.93095
124.26018
123.66771
123.14109
122.67028
122.24713
121.86495
121.51819
121.20228
120.91335
120.64816
120.40395
120.17836
119.96938
119.77526

199.39900
198.08319
197.05338
196.23202
195.56498
195.01429
194.55298
194.16151
193.82552
193.53422
193.27940
193.05472
192.85521
192.67690
192.51662
192.37179
192.24031
192.12042
192.01067
191.90983
191.81686
200.18066
199.22659
198.41987
197.73209
197.14078
196.62826
196.18061
195.78680
195.43804
195.12730
194.84885
194.59806
194.37109
194.16477
193.97647
193.80396
193.64537
193.49911
193.36381
193.23829
193.12156

282.10026
275.34274
270.57817
267.08925
264.44603
262.38460
260.73721
259.39339
258.27798
257.33830
256.53649
255.84468
255.24196
254.71235
254.24343
253.82543
253.45054
253.11248
252.80611
252.52719
252.27222
282.89572
278.14879
274.42052
271.44175
269.02159
267.02457
265.35351
263.93761
262.72448
261.67471
260.75824
259.95177
259.23703
258.59949
258.02752
257.51163
257.04410
256.61851
256.22954
255.87270
255.54421

379.17981
378.65899
378.27886
377.99012
377.76377
377.58175
377.43232
377.30750
377.20171
377.11093
377.03219
376.96325
376.90240
376.84830
376.79988
376.75631
376.71688
376.68103
376.64830
376.61830
376.59070
379.98531
379.59131
379.27499
379.01598
378.80030
378.61808
378.46222
378.32744
378.20978
378.10620
378.01435
377.93234
377.85869
377.79219
377.73185
377.67686
377.62654
377.58032
377.53772
377.49833
377.46181
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Cizelge D.10 (devam) : Noktasal kiitle tastyan G—M kiris frekans hesabi sonuglari.

Kalin Ucu Mafsalli — ince Ucu Gémiilii Kiris Boyutsuz Dogal Frekanslari

n M o=1 - 2~0.5
B B: [i B Bs Bs [

1 0 10.18330 35.52399 75.10043 129.04501 197.36437 280.06172 377.13836
1 0.05 9.83700 35.49520 72.87174 128.95805 192.19643 278.72333 369.73725
1 0.10 9.52298 35.46935 71.04733 128.88714 188.29371 277.74461 364.55656
1 0.15 9.23663 35.44604 69.53076 128.82825 185.27271 277.00312 360.80085
1 0.20 8.97419 3542490 68.25259 128.77859 182.87882 276.42432 357.98169
1 0.25 8.73256 35.40565 67.16208 128.73616 180.94205 275.96114 355.79996
1 0.30 8.50918 35.38805 66.22158 128.69950 179.34655 275.58269 354.06738
1 0.35 8.30189 35.37190 65.40265 128.66751 178.01153 275.26799 352.66126
1 0.40 8.10886 35.35703 64.68350 128.63936 176.87925 275.00240 351.49897
1 0.45 7.92856 35.34329 64.04717 128.61439 175.90757 274.77536 350.52313
1 0.50 7.75966 35.33055 63.48029 128.59210 175.06508 274.57912 349.69282
1 0.55 7.60101 35.31872 62.97220 128.57209 174.32795 274.40787 348.97811
1 0.60 7.45164 35.30770 62.51429 128.55401 173.67781 274.25715 348.35667
1 0.65 7.31067 35.29741 62.09953 128.53760 173.10026 274.12350 347.81154
1 0.70 7.17735 35.28778 61.72214 128.52265 172.58391 274.00419 347.32958
1 0.75 7.05102 35.27875 61.37733 128.50896 172.11961 273.89705 346.90050
1 0.80 6.93109 35.27027 61.06108 128.49639 171.69991 273.80030 346.51610
1 0.85 6.81705 35.26228 60.77000 128.48480 171.31873 273.71251 346.16978
1 0.90 6.70843 35.25475 60.50122 128.47408 170.97104 273.63251 345.85620
1 095 6.60481 35.24763 60.25228 128.46414 170.65263 273.55929 345.57093
1 1.0 6.50583 35.24090 60.02108 128.45489 170.35997 273.49203 345.31033
2 0 9.64959 35.21207 74.83689 128.80647 197.14089 279.84835 376.93225
2 0.05 9.43083 35.18451 73.29844 128.75679 193.50744 278.94557 371.64857
2 0.10 9.22594 35.15886 71.95677 128.71360 190.51006 278.21828 367.51126
2 0.15 9.03356 35.13494 70.77834 128.67570 188.01029 277.62237 364.22469
2 0.20 8.85248 35.11258 69.73632 128.64220 185.90221 277.12662 361.57134
2 0.25 8.68168 35.09163 68.80918 128.61236 184.10550 276.70854 359.39513
2 0.30 8.52022 35.07198 67.97949 128.58563 182.55902 276.35172 357.58402
2 0.35 8.36730 35.05349 67.23305 128.56155 181.21586 276.04392 356.05680
2 0.40 8.22221 35.03608 66.55823 128.53975 180.03971 275.77589 354.75374
2 0.45 8.08431 35.01965 65.94540 128.51991 179.00210 275.54052 353.63024
2 0.50 7.95303 35.00413 65.38656 128.50179 178.08054 275.33228 352.65247
2 0.55 7.82787 34.98944 64.87498 128.48516 177.25700 275.14681 351.79441
2 0.60 7.70837 34.97551 64.40501 128.46987 176.51694 274.98059 351.03575
2 0.65 7.59412 34.96230 63.97184 128.45574 175.84851 274.83083 350.36046
2 0.70 7.48476 34.94974 63.57137 128.44266 175.24196 274.69520 349.75571
2 0.75 7.37994 34.93779 63.20007 128.43051 174.68920 274.57183 349.21116
2 0.80 7.27937 34.92641 62.85490 128.41919 174.18347 274.45912 348.71835
2 0.85 7.18276 34.91556 62.53323 128.40863 173.71910 274.35578 348.27033
2 0.90 7.08987 34.90520 62.23276 128.39875 173.29126 274.26068 347.86132
2 0.95 7.00047 34.89530 61.95148 128.38948 172.89585 274.17289 347.48649
2 1.0 6.91434 34.88583 61.68762 128.38078 172.52937 274.09159 347.14175
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Cizelge D.11 : Noktasal kiitle tagiyan M-S kiris frekans hesab1 sonuglari.

Kalin Ucu Mafsalli — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslari

n M a=1-2=0
B B: [i B Bs Bs [

1 0 12.49421 37.80051 77.41907 131.38512 199.71828 282.42513 379.50871
1 0.05 11.37638 34.75537 71.90901 123.08502 188.42009 267.98966 361.83909
1 0.10 10.64046 33.21928 69.69732 120.34298 185.26289 264.50324 358.08719
1 0.15 10.12175 32.31364 68.54093 119.02251 183.82895 262.98688 356.50853
1 0.20 9.73687 31.72084 67.83566 118.25112 183.01468 262.14276 355.64250
1 0.25 9.43997 31.30400 67.36201 117.74646 182.49073 261.60573 355.09604
1 0.30 9.20394 30.99541 67.02244 117.39094 182.12560 261.23422 354.72000
1 0.35 9.01176 30.75796 66.76726 117.12709 181.85668 260.96200 354.44547
1 0.40 8.85222 30.56970 66.56857 116.92356 181.65041 260.75398 354.23625
1 0.45 8.71764 30.41684 66.40951 116.76182 181.48721 260.58987 354.07153
1 0.50 8.60256 30.29028 66.27933 116.63021 181.35486 260.45710 353.93848
1 0.55 8.50302 30.18379 66.17083 116.52103 181.24539 260.34748 353.82878
1 0.60 8.41607 30.09295 66.07902 116.42900 181.15333 260.25543 353.73677
1 0.65 8.33945 30.01456 66.00032 116.35039 181.07483 260.17706 353.65849
1 0.70 8.27142 29.94623 65.93212 116.28245 181.00712 260.10952 353.59109
1 0.75 8.21060 29.88614 65.87244 116.22315 180.94810 260.05071 353.53244
1 0.80 8.15592 29.83289 65.81979 116.17095 180.89621 259.99905 353.48095
1 0.85 8.10648 29.78538 65.77300 116.12464 180.85023 259.95330 353.43538
1 0.90 8.06155 29.74272 65.73113 116.08328 180.80920 259.91250 353.39476
1 0.95 8.02056 29.70421 65.69346 116.04611 180.77237 259.87590 353.35833
1 1.0 7.98300 29.66927 65.65938 116.01254 180.73912 259.84288 353.32547
2 0 13.18939 38.63370 78.31557 132.31624 200.67115 283.39287 380.48725
2 0.05 12.02582 35.49308 72.65692 123.81965 189.13524 268.68475 362.51538
2 0.10 11.22356 33.84666 70.31374 120.94032 185.84244 265.06775 358.63921
2 0.15 10.64061 32.85858 69.07574 119.54477 184.34062 263.49007 357.00493
2 0.20 10.19860 32.20566 68.31721 118.72749 183.48654 262.61098 356.10781
2 0.25 9.85203 31.74394 67.80658 118.19217 182.93660 262.05148 355.54158
2 0.30 9.57297 31.40089 67.43997 117.81478 182.55322 261.66433 355.15187
2 0.35 9.34339 31.13627 67.16422 117.53459 182.27079 261.38061 354.86734
2 0.40 9.15116 30.92609 66.94938 117.31840 182.05413 261.16379 354.65049
2 0.45 8.98781 30.75521 66.77733 117.14656 181.88268 260.99273 354.47976
2 0.50 8.84725 30.61359 66.63646 117.00671 181.74364 260.85432 354.34185
2 0.55 8.72502 30.49434 66.51903 116.89069 181.62862 260.74004 354.22813
2 0.60 8.61772 30.39255 66.41963 116.79289 181.53190 260.64409 354.13275
2 0.65 8.52277 30.30467 66.33443 116.70933 181.44943 260.56238 354.05161
2 0.70 8.43814 30.22803 66.26057 116.63712 181.37828 260.49197 353.98174
2 0.75 8.36224 30.16061 66.19595 116.57409 181.31627 260.43066 353.92095
2 0.80 8.29377 30.10085 66.13893 116.51861 181.26174 260.37680 353.86757
2 0.85 8.23169 30.04751 66.08825 116.46938 181.21343 260.32910 353.82033
2 0.90 8.17514 29.99961 66.04290 116.42541 181.17031 260.28657 353.77822
2 0.95 8.12341 29.95636 66.00209 116.38590 181.13161 260.24842 353.74046
2 1.0 807591 29.91712 65.96517 116.35021 181.09667 260.21399 353.70640
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Cizelge D.11 (devam) : Noktasal kiitle tastyan M-S kiris frekans hesabi sonuglari.

Kalin Ucu Serbest — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslari

n M o=1-2~1
B B: [i B Bs Bs [

1 0 10.29810 35.75312 75.36546 129.33009 197.66207 280.36811 377.45110
1 0.05 9.90012 34.48869 72.85682 125.26188 191.77197 272.43687 367.29453
1 0.10 9.59041 33.60675 71.28320 122.95302 188.72929 268.68597 362.87308
1 0.15 9.34274 32.96110 70.21875 121.49410 186.91579 266.55973 360.47276
1 0.20 9.14024 32.46978 69.45553 120.49650 185.72193 265.20227 358.97831
1 0.25 8.97161 32.08414 68.88335 119.77391 184.87956 264.26378 357.96164
1 0.30 8.82902 31.77380 68.43927 119.22745 184.25453 263.57737 357.22633
1 0.35 8.70688 31.51885 68.08498 118.80018 183.77282 263.05398 356.67021
1 0.40 8.60108 31.30581 67.79597 118.45718 183.39044 262.64192 356.23510
1 0.45 8.50854 31.12519 67.55581 118.17588 183.07966 262.30919 355.88548
1 0.50 8.42691 30.97015 67.35317 117.94108 182.82216 262.03496 355.59845
1 0.55 8.35438 30.83565 67.17992 117.74218 182.60537 261.80508 355.35863
1 0.60 8.28949 30.71788 67.03014 117.57154 182.42035 261.60961 355.15526
1 0.65 8.23111 30.61391 66.89936 117.42357 182.26061 261.44138 354.98064
1 0.70 8.17829 30.52146 66.78421 117.29403 182.12132 261.29508 354.82907
1 0.75 8.13029 30.43872 66.68204 117.17970 181.99878 261.16668 354.69628
1 0.80 8.08646 30.36424 66.59079 117.07805 181.89016 261.05310 354.57899
1 0.85 8.04628 30.29685 66.50880 116.98708 181.79322 260.95190 354.47464
1 0.90 8.00932 30.23558 66.43472 116.90520 181.70616 260.86118 354.38119
1 0.95 797521 30.17964 66.36747 116.83111 181.62755 260.77938 354.29703
1 1.0 7.94362 30.12836 66.30615 116.76376 181.55623 260.70526 354.22083
2 0 9.79027 35.53470 75.21812 129.22084 197.57632 280.29836 377.39296
2 0.05 9.58507 34.85022 73.81801 126.88883 194.11614 275.53178 371.15803
2 0.10 9.40749 34.29187 72.74175 125.19720 191.74391 272.43818 367.32072
2 0.15 9.25235 33.82907 71.89422 123.92738 190.04070 270.30660 364.77516
2 0.20 9.11567 33.43999 71.21225 122.94486 188.76787 268.76181 362.97970
2 0.25 8.99435 33.10877 70.65309 122.16480 187.78464 267.59603 361.65152
2 0.30 8.88596 32.82366 70.18712 121.53187 187.00421 266.68735 360.63180
2 0.35 8.78852 32.57583 69.79332 121.00881 186.37070 265.96032 359.82548
2 0.40 8.70047 32.35854 69.45641 120.56975 185.84673 265.36601 359.17255
2 0.45 8.62051 32.16654 69.16509 120.19621 185.40647 264.87146 358.63338
2 0.50 8.54758 31.99571 68.91080 119.87472 185.03155 264.45369 358.18081
2 0.55 8.48078 31.84278 68.68700 119.59522 184.70853 264.09624 357.79565
2 0.60 8.41938 31.70509 68.48855 119.35006 184.42742 263.78699 357.46395
2 0.65 8.36274 31.58050 68.31144 119.13333 184.18061 263.51687 357.17537
2 0.70 8.31033 31.46723 68.15241 118.94038 183.96222 263.27893 356.92202
2 0.75 8.26169 31.36383 68.00886 118.76753 183.76763 263.06775 356.69786
2 0.80 8.21644 31.26906 67.87864 118.61182 183.59317 262.87909 356.49813
2 0.85 8.17423 31.18189 67.76000 118.47082 183.43589 262.70954 356.31906
2 0.90 8.13475 31.10145 67.65146 118.34257 183.29337 262.55634 356.15760
2 0.95 8.09776 31.02699 67.55179 118.22540 183.16364 262.41724 356.01128
2 1.0 8.06303 30.95787 67.45996 118.11795 183.04506 262.29039 355.87808

145



Cizelge D.12

: Noktasal kiitle tagiyan S—S kiris frekans hesab1 sonuglari.

Serbest — Serbest Kiris Boyutsuz Dogal Frekanslari
o=1-2=0.5

B:

B-

Bs

B-

Bs

Bs

[

N RO NN NN NOMNNMNNMNNMNMNNMNMNRERRRRERERRRRRERRRERRRRRPRRE R PR PR

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

16.72416
16.35048
16.02113
15.72865
15.46716
15.23197
15.01928
14.82599
14.64955
14.48783
14.33906
14.20173
14.07456
13.95646
13.84649
13.74383
13.64777
13.55769
13.47304
13.39335
13.31819
17.07933
16.83181
16.60490
16.39614
16.20343
16.02498
15.85927
15.70497
15.56094
15.42619
15.29984
15.18112
15.06936
14.96397
14.86442
14.77022
14.68096
14.59625
1451576
14.43917
14.36621

45.50260
45.47336
45.44745
45.42434
45.40361
45.38491
45.36795
45.35251
45.33839
45.32543
45.31350
45.30247
45.29225
45.28275
45.27390
45.26563
45.25790
45.25064
45.24382
45.23740
45.23134
45.96298
45.96004
45.95732
45.95481
45.95247
45.95030
45.94827
45.94637
45.94459
45.94292
45.94134
45.93986
45.93846
45.93713
45.93588
45.93468
45.93355
45.93248
45.93145
45.93048
45.92954

88.71107
86.34796
84.40965
82.79880
81.44303
80.28855
79.29500
78.43179
77.67539
77.00751
76.41370
75.88246
75.40453
74.97235
74.57972
74.22149
73.89338
73.59176
73.31357
73.05621
72.81744
89.21388
87.51158
86.02638
84.72263
83.57114
82.54810
81.63409
80.81319
80.07232
79.40063
78.78911
78.23017
77.71744
77.24552
76.80979
76.40631
76.03166
75.68290
75.35746
75.05310
74.76785

146.26693
145.27674
144.50007
143.87819
143.37092
142.95027
142.59641
142.29497
142.03533
141.80950
141.61137
141.43622
141.28031
141.14067
141.01489
140.90104
140.79750
140.70295
140.61626
140.53651
140.46289
146.79466
146.22436
145.74079
145.32674
144.96898
144.65726
144.38355
144.14152
143.92613
143.73331
143.55978
143.40284
143.26025
143.13017
143.01105
142.90157
142.80062
142.70727
142.62068
142.54016
142.46510

218.19291
214.28301
211.31621
209.01952
207.20349
205.73878
204.53629
203.53358
202.68595
201.96080
201.33388
200.78682
200.30551
199.87891
199.49830
199.15671
198.84849
198.56902
198.31449
198.08172
197.86806
218.73679
215.83600
213.43404
211.42890
209.73918
208.30147
207.06675
205.99706
205.06283
204.24082
203.51262
202.86350
202.28158
201.75719
201.28236
200.85053
200.45621
200.09479
199.76238
199.45568
199.17184

304.49366
300.20555
297.20368
295.01840
293.37006
292.08859
291.06679
290.23458
289.54456
288.96368
288.46825
288.04092
287.66868
287.34160
287.05200
286.79383
286.56227
286.35342
286.16413
285.99176
285.83418
305.04884
302.21467
299.99744
298.23195
296.80148
295.62363
294.63958
293.80676
293.09378
292.47715
291.93899
291.46550
291.04588
290.67158
290.33571
290.03273
289.75809
289.50802
289.27940
289.06961
288.87643

405.17169
401.33844
398.62194
396.62947
395.11885
393.94000
392.99725
392.22759
391.58817
391.04897
390.58843
390.19068
389.84382
389.53875
389.26839
389.02718
388.81066
388.61526
388.43805
388.27659
388.12890
405.73522
402.80195
400.48843
398.63746
397.13339
395.89267
394.85487
393.97584
393.22288
392.57139
392.00263
391.50210
391.05843
390.66260
390.30737
389.98689
389.69634
389.43177
389.18988
388.96788
388.76345
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Cizelge D.13 : Noktasal kiitle tasiyan G—S kiris frekans hesab1 sonuglari.

Kahin Ucu Gémiilii — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslari

I 0=1-p=0.5
B B Ba B- Bs Bs [

1 0 222506 1359637 38.83843 7840731 13234497 200.65946 283.35318
1 005 235730 1506275 43.28551 87.22428 146.40224 219.79396 305.20583
1 010 249346 16.48868 46.72499 89.62857 137.12947 195.70891 277.81499
1 015 263298 17.67333 46.43437 79.31676 129.99860 205.72961 301.35439
1 020 277489 1829151 42.22472 77.68313 140.06489 219.92263 283.45100
1 025 291769 18.06628 3954945 82.98066 147.97618 197.14938 278.81468
1 030 305921 17.18972 39.79343 89.21102 13521935 197.49661 304.62371
1 035 319658 16.16790 4199256 89.03331 127.66785 216.25305 284.25845
1 0.40 3.32632 15.32695 44.97601 81.84253 136.49697 212.50151 278.51153
1 045 344462 1477583 47.10155 77.19881 147.43592 194.80789 304.94838
1 050 354793 1453108 46.63999 78.97102 142.61405 203.95434 289.23716
1 055 3.63366 1458244 4426281 8551282 13210388 219.89856 275.67335
1 060 370074 1491044 4166709 90.36593 130.79617 208.39228 302.39444
1 065 374989 1548032 39.70796 88.07860 142.30100 196.29841 296.35774
1 070 378331 16.22146 38.78541 82.90265 147.60830 207.19719 277.54624
1 075 380412 17.00509 39.22234 78.41961 140.28956 219.61801 293.47482
1 080 381571 17.66297 4121790 76.29906 131.89457 208.48584 303.05894
1 085 382123 18.07953 4421601 7859000 127.26651 196.09999 284.63537
1 0090 3.82328 18.26524 46.47655 8576782 13318318 192.72259 270.68536
1 0095 3.82375 1831371 47.20861 90.06545 14638042 214.70406 292.53952
1 1.0 382378 1831726 47.26483 90.45048 148.00174 219.92367 306.22142
2 0 279972 14.36379 39.64071 79.23059 133.17911 201.50036 284.19865
2 005 297019 1590199 44.17229 88.16873 147.45225 221.06820 306.95067
2 010 3.14258 17.40012 47.80178 91.32058 139.70408 197.62442 278.99816
2 015 331604 18.67826 48.08040 8164424 13146277 206.72488 302.25547
2 020 3.48915 1044810 4435202 79.34474 141.12315 221.27337 287.61043
2 025 365980 19.44314 41.60770 84.26301 149.38782 201.15403 280.86235
2 030 3.82514 1878268 4161101 90.33975 138.74321 199.89783 305.80080
2 035 398164 17.91671 4355850 90.93585 131.11641 217.54989 288.47414
2 040 412535 17.18347 46.29356 84.94875 13871124 215.38707 282.03551
2 045 425244 1671438 4832830 80.77639 14873077 199.56508 306.28459
2 050 435992 1653495 4823917 8213192 14524521 207.23257 293.25420
2 055 444626 16.63066 46.46250 87.60458 13637799 221.27114 281.47463
2 060 451173 16.96678 44.41986 9169494 13550567 211.96588 304.27765
2 065 455833 17.48563 4295843 90.14357 144.83542 202.16906 299.62956
2 070 458919 18.09713 42.47415 86.09394 149.15294 211.54148 284.20274
2 075 460796 18.68256 43.15426 8279112 143.45442 221.13949 298.06066
2 080 461820 19.13234 44.86924 8194640 136.98988 212.26933 305.23937
2 0.85 4.62298 10.40025 46.87080 84.71072 134.93460 202.89445 290.13167
2 090 462473 1951586 48.15108 89.40397 14141123 204.27185 281.91069
2 095 462512 1054548 4854729 9161320 14858622 218.86957 301.42348
2 10 462515 1954761 4857890 0181277 149.38991 221.32811 307.63694
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Cizelge D.13 (devam) : Noktasal kiitle tasiyan G-S kiris frekans hesabi sonuglari.

Kalin Ucu Serbest — ince Ucu Gémiilii Kiris Boyutsuz Dogal Frekanslari

—_— o=1-p=0.5
B: B Ba B- Bs Be [

1 0 163798 1411014 4320864 86.37388 14391612 215.83176 302.12504
1 005 163795 14.09330 4278579 83.05861 129.22380 181.47246 252.51295
1 010 163747 1391043 38.94929 68.70632 11520553 183.24727 270.64216
1 015 163570 13.39489 34.10107 67.40991 123.92367 201.65889 297.70754
1 020 163164 1263118 32.26105 72.20613 136.32064 21581073 27858104
1 025 162433 11.87764 3277905 79.07900 143.81204 192.76669 275.87553
1 030 161304 11.30672 34.74789 85.37012 130.74554 194.34190 300.97779
1 035 159731 1096832 37.61180 84.74280 124.10456 212.70166 279.28581
1 040 157702 10.85889 40.75579 77.68832 133.02615 207.87759 274.89217
1 045 155234 1096281 4295631 73.23673 14347075 190.68279 301.00165
1 050 152370 11.26414 42.82321 74.82185 138.41495 200.07491 285.04824
1 055 149170 1174362 40.96338 81.04903 128.00189 215.80380 271.65958
1 060 145700 1236547 38.96696 86.15015 126.22537 204.49915 298.13062
1 065 142028 13.05438 37.75222 84.66431 137.21820 192.07990 292.59163
1 070 138216 13.67452 37.80546 80.34895 14379319 20151507 273.42530
1 075 134321 14.05269 39.33573 77.23357 137.74227 215.77679 287.15036
1 080 130390 14.07248 4174909 77.84520 131.21628 206.43166 299.99787
1 0.85 1.26461 13.74527 43.18051 83.21671 132.07415 197.66484 284.11579
1 090 122567 13.16823 4249516 86.35517 142.65970 207.95592 283.02977
1 0.95 1.18732 12.44856 40.37788 83.24440 141.23713 214.13584 301.54467
1 10 114975 11.66998 37.66958 77.54897 131.68421 200.13216 282.92191
2 0 120809 13.18476 42.49403 8570072 143.26416 215.19243 301.49414
2 005 120807 13.17113 42.10985 8264164 12952363 182.06591 252.69334
2 010 120782 13.03057 38.78216 69.25261 11538293 183.10659 270.33710
2 015 120692 12.65199 34.46874 67.65979 123.76639 201.25801 297.10740
2 020 120491 12.09932 32.69659 7217036 135.86628 215.18355 279.61862
2 025 120137 1154669 33.08219 7874112 14320312 194.09537 276.26958
2 030 128599 11.12022 34.83955 84.67991 131.76950 194.97499 300.32041
2 035 127856 10.86550 37.42014 84.49263 12550451 212.16716 281.15789
2 040 126899 10.78550 40.21146 78.61226 133.37357 208.58459 276.53709
2 045 125731 10.86887 4217985 74.80150 142.77107 193.40410 300.35389
2 050 124361 11.09966 42.31358 76.07160 139.01494 201.37172 287.00279
2 0.55 1.22805 11.45650 41.03244 81.18233 130.33577 215.12783 275.45112
2 060 121085 11.90538 3954912 8541346 129.04915 206.12534 297.91333
2 065 119223 12.38962 38.64885 84.65149 137.80329 196.03116 293.93767
2 070 117242 12.82451 3870492 8144745 14323321 203.99038 278.15124
2 075 115163 13.11187 30.78270 79.16284 138.86364 215.18658 289.93207
2 080 113009 13.17884 41.40546 79.76048 133.93793 208.20292 300.11286
2 085 110798 13.01043 42.44497 83.43323 134.99242 20171377 287.54797
2 090 108546 12.64313 42.09619 8569980 14225064 209.62142 287.91433
2 095 106270 12.13454 4056088 8350322 14138102 214.03544 301.14185
2 10 103982 1154025 38.34854 78.69120 133.15805 201.85155 284.82944
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Cizelge D.14 : Noktasal kiitle tastyan M—M kiris frekans hesab1 sonuglari.

Basit Mesnetli Kiris Boyutsuz Dogal Frekanslar

noa a=1-p=0.5
B: B B B- Bs Bs [

1 0 72153 28.95184 64.97882 11535084 180.08883 259.20025 352.68835
1 005 7.03205 27.09231 5611443 9549395 15093392 223.77599 313.47443
1 010 679104 23.82125 5117899 96.62237 161.05892 243.65787 343.51919
1 015 647477 2215360 53.05833 104.92311 17598962 258.68891 328.20609
1 020 616281 21.96608 57.23761 113.70006 173.83993 228.13705 325.18928
1 025 590086 22.72020 62.06063 112.09009 155.90747 242.38837 352.57726
1 030 570401 24.09143 64.96585 100.35256 165.08494 259.08038 318.26712
1 035 557226 2583367 6230721 99.20752 179.16717 234.42358 333.54270
1 0.40 5.50075 27.59709 57.31317 107.13798 171.41454 236.33517 349.63284
1 045 548413 2878021 54.55113 114.95627 158.01591 258.22325 318.25321
1 050 551798 28.81508 5539925 111.73187 164.70472 245.68898 338.02587
1 055 559885 27.87929 50.28810 103.62009 179.28009 231.05777 347.06775
1 060 572378 26.61998 63.72658 99.89376 174.01526 250.00527 320.64531
1 065 588926 2549334 64.83442 105.06416 16221853 256.10426 337.49009
1 070 6.08977 2472242 62.52096 114.10599 160.99843 238.99387 348.12539
1 075 631576 2443301 59.43364 113.98512 17658684 234.57217 325.25567
1 080 655160 24.72546 57.03754 108.37793 177.95439 257.90707 330.65205
1 085 677485 2565804 5622914 103.23450 168.61583 251.86127 350.96059
1 090 6.95898 27.08651 58.07065 101.65983 161.21950 238.01984 332.01166
1 095 7.07970 2842574 6253679 108.31955 165.46430 235.52651 320.55964
1 10 7.12153 28.95184 64.97882 11535084 180.08883 259.20025 352.68835
2 0 695659 2011034 6522774 11564672 180.41331 259.54399 353.04592
2 005 6.88929 27.45380 56.85798 96.16105 151.32609 223.99762 313.60449
2 010 670859 24.43424 5177854 96.95116 161.23944 243.75796 343.58400
2 015 647064 22.80749 53.49246 10512943 176.00044 250.22512 330.64068
2 020 623413 2257835 57.54636 113.82033 17525332 230.20235 325.97757
2 025 603506 2326090 6222585 11314428 158.01882 243.10112 352.86312
2 030 588730 2453294 6517280 10259986 166.07577 259.49697 321.50609
2 035 579252 2613929 6328528 101.07847 179.39689 237.58298 334.79003
2 040 574754 27.74732 59.08783 108.09959 173.30981 238.52162 350.65348
2 045 574789 28.86433 56.67292 115.18442 161.44809 258.51414 322.56384
2 050 578910 29.07165 57.32103 112.96988 167.01840 248.27430 339.82291
2 055 586681 2848343 6050208 106.28154 179.59366 235.70587 34857634
2 060 5097643 27.58373 64.08743 10337122 17574527 251.73191 325.84728
2 065 6.11246 2676477 6517991 107.62213 166.06238 257.26691 340.47954
2 070 626775 2623739 63.61568 11455925 165.73678 243.11535 349.56491
2 075 643276 2610692 61.34758 114.79727 177.65288 240.75398 330.54803
2 080 659533 2641709 59.71027 110.61127 178.98794 258.44577 336.80467
2 085 674146 27.12943 50.49442 106.95283 171.79278 254.04209 351.87386
2 090 6.85720 28.05059 61.17096 106.78264 166.94493 243.39904 336.69298
2 095 693121 2881963 6392420 111.89456 172.23150 245.00096 331.45413
2 10 695659 2011034 6522774 11564672 180.41331 250.54399 353.04592
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Cizelge D.15 : Noktasal kiitle tagiyan G—G kiris frekans hesabi sonuglari.

Gomiilii - Gomiilii Kiris Boyutsuz Dogal Frekanslar:

a=1-p=0.5

B:

B-

Bs

B-

Bs

Bs

[

N NN PN DNDPNDDNDNDNDDNDDNMNDNNNDNNMNMNNMNMNMNDMNMdMMNDMNdDNdNdNMbdS™bNdDSNSNDdSPREPRPPRPPRRPRPPRPRPRRPRPRPRPRPRPRPRPRPRERRRERE

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

16.33557
16.31138
16.04783
15.31224
14.26603
13.28106
12.54756
12.09063
11.88392
11.89790
12.11083
12.50691
13.06879
13.76436
14.52826
15.25173
15.81293
16.14994
16.29557
16.33287
16.33557
16.47905
16.45571
16.21528
15.58098
14.71063
13.90806
13.33016
13.00103
12.89876
12.99475
13.26263
13.67578
14.20001
14.78485
15.35953
15.84525
16.18664
16.37819
16.45776
16.47764
16.47905

44.98064
44.51492
40.35686
35.47130
33.93565
34.79642
37.05363
40.11053
43.23128
4495055
44.02389
41.55872
39.10065
37.35862
36.67287
37.31199
39.37877
42.23175
44.27963
44.92907
44.98064
45.17584
44.73086
40.96007
36.53644
35.12361
35.95415
38.10019
40.94194
43.71489
45.15103
44.43079
42.50766
40.64338
39.47573
39.28614
40.16397
41.88364
43.70740
44.81425
45.14935
45.17584

88.13819
84.64642
70.11252
69.19177
74.21679
81.21969
87.38140
86.05748
78.81540
74.97622
77.48958
84.04944
88.13085
85.35010
80.20412
75.92025
74.07841
76.63781
83.71254
87.77657
88.13819
88.35280
85.04647
71.35719
70.30275
75.16184
81.92592
87.67861
86.57236
80.39730
77.29359
79.63680
85.15016
88.34656
86.21145
82.20708
79.18813
78.68878
81.63616
86.13549
88.17069
88.35280

145.66469
130.57429
116.95489
125.89333
138.38675
145.46308
131.79692
125.95101
135.42919
145.43668
139.40136
129.23923
128.95223
140.67840
145.10043
137.61075
129.36001
124.99591
131.20637
144.10557
145.66469
145.89042
131.57700
117.98371
126.70569
138.94934
145.70762
133.43926
128.21749
136.87296
145.69726
140.66235
132.25939
132.62436
142.15313
145.46812
139.55571
133.31369
131.62357
138.24462
145.13054
145.89042

217.57184
182.92175
185.11111
203.65131
217.51430
193.99719
196.52010
214.87494
208.81635
192.11405
202.72246
217.56967
205.35181
193.85242
205.62059
217.14783
205.85089
193.61993
190.56166
212.49031
217.57184
217.80468
184.22701
185.89351
204.23942
217.75092
195.96813
198.17905
215.37619
210.13702
195.59223
205.15443
217.80321
207.57806
198.60097
208.90540
217.48703
208.41173
199.28955
201.05726
215.43730
217.80468

303.85949
254.17495
272.53838
299.63624
279.69962
277.99511
302.94214
280.22259
277.24162
303.07083
285.82463
273.77281
300.67852
293.41242
275.00367
291.82121
300.47968
282.06965
268.33436
290.42614
303.85949
304.09726
255.17328
273.17752
299.99573
281.33365
279.41240
303.25032
282.65542
279.94665
303.41100
288.33324
278.53693
301.53484
295.35169
280.51756
295.31052
301.44082
286.36584
278.50316
298.04780
304.09726

404.52787
345.65867
378.25754
402.66408
365.71196
399.77818
374.08212
379.11487
402.43896
366.55255
392.16611
393.32963
367.02189
400.10488
389.41153
368.86268
402.87793
389.03313
365.22123
376.32443
404.52787
404.76928
346.42286
378.79461
402.98388
367.23501
400.25833
376.55854
381.05676
402.92241
370.75007
393.99882
395.05723
372.84502
401.25120
391.98144
376.17338
403.55316
391.96905
373.76186
391.63101
404.76928
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Cizelge D.16 : Noktasal kiitle tasiyan G—M kiris frekans hesabi1 sonuglari.

Kahin Ucu Gémiilii — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslar
o=1 — p=0.5

B:

B2

Bs

B-

Bs

Bs

[

N RO NN NN NN NOMNNMNNOMNMNMNNMNMNRRRRRERERRRRRRRRRRRRPRRE R R PR

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

12.30009
12.00037
11.24213
10.39960
9.73112

9.28932

9.04923

8.97711

9.04681

9.23992

0.54222

9.93851

10.40613
10.90781
11.38889
11.78839
12.06540
12.21936
12.28305
12.29896
12.30009
12.85048
12.58536
11.91481
11.16884
10.58296
10.21115
10.03288
10.01592
10.13266
10.36053
10.67845
11.06219
11.48008
11.89157
12.25252
12.52838
12.70738
12.80241
12.84053
12.84983
12.85048

37.52738
34.41168
30.09039
28.87546
29.61944
31.42231
33.79330
36.16464
37.49393
36.83585
34.86144
32.78866
31.22897
30.43303
30.55340
31.68294
33.67552
35.80954
37.11090
37.49728
37.52738
38.19882
35.31457
31.16398
29.93819
30.64419
32.39009
34.65957
36.88020
38.14220
37.73456
36.21047
34.58867
33.44050
33.00168
33.35563
34.44032
35.93574
37.25669
37.97561
38.18281
38.19882

77.12151
65.48431
61.58945
65.05761
70.64137
76.00122
76.04820
69.72646
65.31658
66.11888
70.99954
76.20556
76.46127
72.54185
68.22834
65.23231
64.72263
68.07734
74.03701
76.87747
77.12151
77.85124
66.64664
62.55781
65.92342
71.41407
76.65458
77.07988
71.72335
67.84897
68.52850
72.73004
77.06199
77.40150
74.38471
71.07486
69.14297
69.58655
72.68067
76.27792
77.72564
77.85124

131.07412
108.53482
111.92817
122.01927
130.79763
122.30216
112.13892
117.34156
127.96193
129.64724
119.96496
114.01684
119.25872
129.72620
128.99623
121.46774
114.68054
112.14595
119.50447
129.93342
131.07412
131.83567
109.54353
112.69260
122.70244
131.47035
124.34130
114.74696
119.23995
128.95259
130.76769
122.67028
117.86603
122.44837
130.75758
130.30213
124.35634
119.43662
119.19828
125.81757
131.26922
131.83567

199.39900
168.40405
180.99318
197.16230
186.24449
174.36868
189.21132
198.85684
181.25545
176.76229
193.27940
197.08859
182.93031
177.50209
193.38425
197.59969
186.15392
175.74667
175.17496
195.48215
199.39900
200.18066
169.18768
181.63983
197.77021
188.56278
176.52422
190.42305
199.80085
184.42598
180.32564
194.84885
198.39191
186.54257
182.77026
195.63783
198.84345
189.65151
182.25720
185.70972
198.32359
200.18066

282.10026
245.53595
268.00929
278.91380
249.33730
270.23336
277.61184
250.65979
267.67040
280.22643
256.53649
259.85173
282.08022
266.79823
253.92836
276.20373
276.71330
259.42658
248.19715
271.24761
282.10026
282.89572
246.18643
268.58553
280.27793
251.43371
271.27681
279.13852
254.30790
269.57845
281.41842
260.75824
263.95704
282.86765
270.15069
260.36928
278.51783
278.66636
264.62524
259.16550
277.96464
282.89572

379.17981
339.38530
371.94295
346.08027
355.68739
377.47513
340.27466
369.23833
364.48034
343.69473
377.03219
358.97319
346.04763
378.94465
359.37451
346.40248
379.05028
361.90628
340.46452
355.02298
379.17981
379.98531
339.96072
372.49219
348.87445
356.82804
378.61715
343.57216
370.50416
367.11317
348.09163
378.01435
362.51615
352.08139
379.76667
363.31122
354.32718
379.87589
365.77214
349.95379
368.88837
379.98531
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Cizelge D.16 (devam) : Noktasal kiitle tastyan G—M kiris frekans hesabi sonuglari.

Kalin Ucu Mafsalli — ince Ucu Gémiilii Kiris Boyutsuz Dogal Frekanslar

oA o=1-p=0.5
B: B: B B- Bs Be [

1 0 1018330 3552399 7510043 129.04501 197.36437 280.06172 377.13836
1 005 10.17688 3528784 72.93814 118.16394 167.73265 23352842 320.16829
1 040 1010491 32.99592 60.98519 102.29583 16526995 247.98253 349.18796
1 015 0.88640 29.19121 57.75041 108.66295 181.34904 273.22858 377.07729
1 020 951113 26.93529 60.74864 119.31563 196.73498 265.26348 337.75553
1 025 905720 2649100 66.10582 128.56990 181.46207 250.86055 366.72213
1 030 862064 27.32724 72.05916 12222116 173.49048 27457507 359.83715
1 035 825066 29.04973 7509016 111.33550 188.94489 268.21858 343.83498
1 040 7.99536 31.34494 71.30641 114.01681 196.08750 249.19669 376.20284
1 045 7.83001 33.73752 6583423 124.44629 179.17909 271.21102 350.47663
1 050 7.75966 35.33055 6348029 128.59210 175.06508 274.57912 349.69282
1 055 7.77978 3520135 6568584 120.57478 19157678 252.61859 376.69439
1 060 7.88704 34.00247 71.09040 113.18674 195.10064 261.76479 349.41855
1 065 807891 3240079 74.97364 114.43813 181.89258 279.65027 351.74728
1 070 835169 31.05917 73.70434 125.00541 175.28584 262.84818 375.79028
1 075 869632 3026229 70.12860 128.62698 189.70055 252.25042 352.06617
1 080 900179 3021023 66.85816 122.94150 196.35823 276.08901 348.88180
1 085 949790 31.07990 6520359 116.66384 18655885 274.03282 376.43332
1 090 0.85468 32.84167 66.62179 113.86766 177.63075 258.71163 356.93195
1 0095 10.09780 34.73987 71.87212 120.46383 180.61786 254.22255 343.16139
1 10 1018330 3552399 7510043 129.04501 197.36437 280.06172 377.13836
2 0 964959 3521207 74.83689 128.80647 197.14089 279.84835 376.93225
2 005 964421 34.99320 72.81678 118.60250 168.69159 234.19410 320.53325
2 010 958693 32.98029 6178803 102.97280 165.62401 248.16369 349.25916
2 015 942205 29.66351 58.49713 109.03651 181.47522 273.14447 376.88144
2 020 914953 27.63480 61.28082 119.44006 196.51315 266.14758 339.04298
2 025 882551 27.21653 66.40272 12833168 182.70060 252.03937 366.89355
2 030 851571 27.97366 72.00014 122.90366 174.99976 274.64294 361.22584
2 035 826224 2953859 74.83461 113.20021 189.35684 269.41009 345.87231
2 040 808268 31.58585 71.80055 11550392 196.13034 252.06936 376.02739
2 045 7.98047 33.64969 67.25217 12476131 181.50891 271.89867 353.29530
2 050 7.95303 3500413 6538656 12850179 178.08054 275.33228 352.65247
2 055 7.99582 3500525 67.29765 122.02123 192.23223 256.44186 376.61768
2 060 810350 34.21878 7164358 116.10055 195.44700 264.68213 353.16202
2 065 826963 33.07289 74.69345 117.53134 18450022 279.58192 356.16544
2 070 848513 32.13950 73.94023 12569951 179.95376 265.74915 375.95531
2 075 873620 3166944 7132746 12857370 191.44791 258.24286 356.15992
2 080 900227 31.79488 69.01439 124.37551 106.49948 276.82783 355.89922
2 085 925563 32.54216 68.22260 119.77993 188.96064 275.33924 376.48489
2 090 946489 33.71565 69.80129 118.76205 182.80023 263.38424 360.84339
2 095 060206 34.79161 73.13662 124.22339 187.63419 263.73332 353.63380
2 10 964959 3521207 74.83689 128.80647 197.14089 279.84835 376.93225
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Cizelge D.17 : Noktasal kiitle tagiyan M-S kiris frekans hesabi sonuglari.

Kalin Ucu Mafsalli — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslari
o=1 — p=0.5

B:

B2

Bs

B-

Bs

Bs

[

N RO NN NN NN NOMNNMNNOMNMNMNNMNMNRRRRRERERRRRRRRRRRRRPRRE R R PR

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

8.60256
9.52542
10.45832
11.33366
12.04201
12.44245
12.44794
12.13041
11.66884
11.21389
10.84548
10.59618
10.47699
10.49072
10.63625
10.90629
11.27923
11.70695
12.10914
12.39314
12.49421
8.84725
9.81361
10.78806
11.71254
12.49533
13.01675
13.18938
13.04604
12.72641
12.37233
12.07160
11.86537
11.76868
11.78354
11.90382
12.11463
12.38885
12.68420
12.94709
13.12637
13.18939

30.29028
33.80000
36.77944
37.72355
35.40726
32.47846
31.16840
31.58977
33.26157
35.53160
37.39021
37.70202
36.53587
34.87246
33.39567
32.44693
32.26186
33.06365
34.88342
36.93881
37.80051
30.61359
34.17974
37.28553
38.62980
36.92361
34.20691
32.78227
32.96522
34.35915
36.35228
38.07604
38.62452
37.94160
36.74408
35.65029
35.00087
34.98778
35.69126
36.94357
38.15320
38.63370

66.27933
73.85423
77.28906
69.69822
65.43335
68.27572
73.70341
77.39130
74.35316
68.65098
65.64476
67.27412
72.65151
77.13176
76.27900
72.70687
69.29741
67.45857
68.71992
74.04958
77.41907
66.63646
74.29801
78.29227
71.69901
66.92719
69.23605
74.35417
78.18175
76.27676
71.50328
68.79867
69.97339
74.25905
77.95063
77.67688
75.07916
72.58856
71.58247
73.04818
76.50485
78.31557

116.63021
129.30712
124.24441
113.91488
121.20172
130.49927
125.70253
113.90227
115.30965
125.74884
131.20033
123.66876
115.83992
116.27233
126.76289
131.08634
125.50671
119.10511
116.11471
122.60764
131.38512
117.00671
129.85003
126.32515
115.15812
121.83594
131.09755
128.13398
117.32206
117.75887
126.92227
132.26596
126.44887
119.95694
120.44427
128.56273
132.19188
128.13349
123.36713
122.11655
127.56754
132.31624

181.35486
199.31127
178.20288
183.74166
198.66160
185.17227
174.86649
189.95497
199.01757
182.58839
176.87096
193.01629
197.89165
184.76265
177.50944
191.43355
198.84827
189.08730
180.00800
182.78288
199.71828
181.74364
200.05118
179.99585
184.31331
199.23893
188.58018
177.43909
191.04223
200.31241
186.41188
180.95019
194.60786
199.48050
188.74403
183.27302
194.30526
200.16956
192.68250
186.30310
190.96780
200.67115

260.45710
282.06193
254.22407
274.93092
269.27966
251.93179
275.67852
272.27226
251.30988
272.39884
277.77016
255.49838
263.14150
282.17420
265.67826
254.48455
278.06626
276.57365
261.16359
256.45793
282.42513
260.85432
283.21304
255.08481
275.31403
272.60459
253.98203
276.39664
275.18914
255.36993
273.85551
279.91522
260.62920
267.00592
283.28641
269.86597
261.55943
279.95434
279.08965
267.00111
267.09439
283.39287

353.93848
373.92597
352.71802
379.50856
339.22701
367.57735
364.37517
345.15711
378.02264
354.05065
350.96452
379.27593
352.45570
353.24044
378.39472
354.79418
350.78803
378.88522
359.42340
345.47003
379.50871
354.34185
375.82716
353.17981
380.44391
341.80947
368.27081
367.73101
348.04050
378.78100
358.47536
354.77754
380.39309
357.56351
358.63672
379.77492
360.14156
358.88050
380.12431
364.53041
357.05461
380.48725
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Cizelge D.17 (devam) : Noktasal kiitle tastyan M-S kiris frekans hesabi sonuglart.

Kalin Ucu Serbest — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslari

I a=1 - p=0.5
B: B- Bs B- Bs Bs [
1 0 10.29810 35.75312 75.36546 129.33009 197.66207 280.36811 377.45110
1 0.05 10.09822 32.84684 64.02369 106.93015 166.68469 243.76656 337.59488
1 0.10 9.58868 28.58911 59.88745 110.07627 179.10377 266.11584 370.07129
1 0.15 9.00241 27.14629 63.15257 120.04250 195.25918 277.46579 344.80300
1 0.20 8.52230 27.63139 68.60634 128.94672 185.14002 247.53997 353.61573
1 0.25 8.20722 29.21224 74.00642 121.21225 172.47603 268.07354 376.02260
1 0.30 8.05408 31.43268 74.59503 110.57843 186.96167 276.41134 338.54467
1 0.35 8.04510 33.81940 68.60240 115.11606 197.32732 249.12120 366.89575
1 0.40 8.16326 35.51418 63.77635 125.68283 180.30404 265.17743 363.64006
1 0.45 8.39394 3551799 63.78018 128.31603 174.66085 278.93673 341.56153
1 0.50 8.72120 34.10084 68.12954 118.98071 190.70587 255.57362 374.74582
1 0.55 9.12075 3242722 73.67100 112.24155 195.89539 257.18710 358.25176
1 0.60 9.55055 31.24992 75.17586 116.04043 181.97322 280.23615 343.70227
1 0.65 9.94349 30.92935 72.16809 126.89801 175.01419 265.98902 376.94093
1 0.70 10.21523 31.64475 68.60540 128.19329 189.56536 251.72451 358.59494
1 0.75 10.29665 33.29066 66.86091 121.83136 196.75314 272.07794 343.28076
1 0.80 10.16919 35.08437 68.65494 116.94804 186.97057 276.53553 376.75145
1 0.85 9.86550 35.74663 73.50576 119.67922 180.44306 261.83044 363.07019
1 0.90 9.44068 34.91053 75.24789 128.72131 191.94119 264.02115 351.06291
1 0.95 8.94746 33.13744 72.25585 126.50112 195.71088 279.54280 377.41085
1 1.0 8.42691 30.97015 67.35317 117.94108 182.82216 262.03496 355.59845
2 0 9.79027 35.53470 75.21812 129.22084 197.57632 280.29836 377.39296
2 0.05 9.64188 32.95623 64.46282 107.15678 166.61816 243.53628 337.27681
2 0.10 9.26152 28.95993 60.02843 109.92607 178.80978 265.74691 369.68415
2 0.15 8.81293 27.45488 63.08213 119.74549 19491230 278.04985 346.97772
2 0.20 8.43319 27.80837 68.37454 128.67594 186.84419 248.79550 353.73891
2 0.25 8.17622 29.24212 73.66052 122.60972 173.76224 268.06289 376.37173
2 0.30 8.04661 31.29419 74.79314 112.46278 187.09868 277.22989 341.05116
2 0.35 8.03294 33.50606 69.95047 115.99986 197.42088 252.05077 367.04390
2 0.40 8.12117 35.15714 65.63652 125.60442 182.88871 265.94553 365.72399
2 0.45 8.29729 35.47072 65.37720 128.62864 177.30465 279.35242 345.02225
2 0.50 8.54557 34.56546 68.90498 121.06502 191.15098 259.18144 374.66440
2 0.55 8.84477 33.31728 73.54354 115.36041 196.43411 260.19065 361.26136
2 0.60 9.16384 32.39433 75.17153 118.36172 184.97183 280.07799 348.70729
2 0.65 9.45966 32.11942 73.14738 126.99207 179.46766 268.76727 376.78771
2 0.70 9.68168 32.60650 70.45061 128.60320 190.98671 257.32761 361.97904
2 0.75 9.78582 33.73077 69.18239 123.85471 197.09633 273.63085 350.30708
2 0.80 9.75049 34.96818 70.51777 120.23289 189.63282 277.67747 376.64750
2 0.85 9.58170 3553375 73.79652 122.48126 184.97251 266.05790 366.22287
2 0.90 9.30440 35.06121 75.18032 128.67389 193.43461 268.73370 357.77616
2 0.95 8.94990 33.76679 73.04829 127.23606 196.23810 279.77914 377.38433
2 1.0 8.54758 31.99571 68.91080 119.87472 185.03155 264.45369 358.18081
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Cizelge D.18

- Noktasal kiitle tagiyan S—S kiris frekans hesab1 sonuglari.

Serbest — Serbest Kiris Boyutsuz Dogal Frekanslari
a=1 — p=0.5

B:

B2

Bs

B-

Bs

Bs

[

N RO NN NN NN NOMNNMNNOMNMNMNNMNMNRRRRRERERRRRRRRRRRRRPRRE R R PR

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

11.85719
13.22228
1457819
15.77407
16.56135
16.68532
16.19571
15.47125
14.84008
14.44855
14.33906
14.51158
14.93845
15.54680
16.18570
16.63154
16.70000
16.36878
15.74202
14.94451
14.07338
11.73841
13.12679
14.51155
15.76913
16.69901
17.07611
16.87224
16.35317
15.82325
15.45159
15.29984
15.37645
15.65875
16.08972
16.56525
16.93983
17.07930
16.92930
16.52256
15.93080
15.22478

37.09371
41.44670
44.87634
44.85142
40.85783
37.92535
37.74728
39.61307
42.49499
44.98433
45.31350
43.58505
41.45612
40.00861
39.82597
41.23356
43.76170
45.43944
44.85878
42.70670
39.90601
37.03360
41.42428
45.02746
45.66316
42.33948
39.35371
38.81033
40.27859
42.81773
45.18916
45.94134
44.90290
43.29973
42.13376
41.92643
42.87363
4459528
45.86060
45.62712
44.05506
41.72023

76.66752
85.40438
88.01330
77.92954
75.86459
80.90432
87.17807
87.67012
80.78019
75.61122
76.41370
82.48863
88.25269
87.32794
82.99842
79.64574
79.94860
85.28761
88.70284
85.62694
79.84490
76.62511
85.44111
88.85782
79.60801
76.68901
81.19172
87.28614
88.73388
83.26984
78.55706
78.78911
83.63265
88.58102
88.49241
85.30214
82.73771
83.01801
86.68024
89.21305
87.06228
82.13244

130.61002
144.60902
135.74472
128.16729
138.02582
146.26562
134.21362
125.91892
134.10805
145.38471
141.61137
130.94346
128.20227
138.79683
146.21697
140.38286
133.67021
134.18661
144.89341
143.63723
134.00761
130.57939
144.76089
137.63354
128.76267
138.08374
146.74641
137.15077
128.62172
135.25721
145.65251
143.55978
134.59290
132.14754
140.43986
146.79457
142.72091
137.56009
138.25739
145.65417
144.96456
136.63624

198.92836
218.04442
194.08624
203.77008
218.17741
195.99749
195.34680
214.03757
211.53504
193.47523
201.33388
218.05355
207.54787
194.61909
203.10900
218.17522
209.03364
200.03824
210.06170
216.53975
202.47363
198.90555
218.43747
195.23746
203.79797
218.60361
199.44104
196.77237
214.26025
213.77226
197.56394
203.51262
218.45348
210.52823
199.75759
206.66160
218.73364
212.02388
205.23587
212.90723
217.62614
205.35616

281.62507
303.53520
276.00104
299.42700
282.37845
276.71054
302.60666
283.35542
276.20852
302.80991
288.46825
273.64843
299.78988
295.53287
276.03122
288.78925
302.54240
286.63594
285.18414
303.94027
285.27576
281.60783
304.43132
276.29469
299.36160
285.98006
277.76503
302.76639
287.03957
278.73163
303.09637
291.93899
278.55464
300.55675
298.20569
281.94993
292.66733
303.85693
291.26556
291.21893
304.72408
288.35303

378.70129
396.99839
379.51959
404.09694
364.83027
398.82978
377.50251
377.70574
404.10046
368.15271
390.58843
395.75164
367.86917
399.05137
391.53168
368.95736
401.63487
392.54840
377.00899
405.17113
382.43085
378.68820
398.73051
379.47742
405.16785
366.34795
398.90828
381.43824
379.17089
405.13221
373.06574
392.00263
398.34038
373.99544
400.10848
394.87232
376.48182
402.62042
396.01425
384.45490
405.72346
385.66149
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EKE

Cizelge E.1 : Yay ile desteklenen G-S kiris frekans hesab1 sonuglari.

Kahn Ucu Gomiilii — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslar

n o n=10 —2=0
B B B B Bs [ [

1 0.1 6.53077 22.21420 5951817 115.85969 191.12802 285.25538 398.22643
1 0.2 6.17999 21.56856 57.38585 111.42436 183.60263 273.86168 382.18830
1 0.3 589299 21.01640 55.54756 107.59514 177.10159 264.01559 368.32581
1 0.4 5.65617 20.53835 53.94422 104.25063 171.41998 255.40765 356.20406
1 0.5 5.45937 20.12016 52.53187 101.30041 166.40507 247.80727 345.49898
1 0.6 5.29487 19.75105 51.27705 98.67562 161.94062 241.03885 335.96377
1 0.7 5.15667 19.42273 50.15383 96.32288 157.93643 234.96619 327.40698
1 0.8 5.04009 19.12871 49.14178 94.20010 154.32140 229.48188 319.67762
1 0.9 494141 18.86382 48.22456 92.27361 151.03865 224.49999 312.65492
1 1.0 485764 18.62391 47.38897 90.51617 148.04212 219.95093 306.24103
1 11 478636 18.40559 46.62417 88.90544 145.29406 215.77767 300.35578
1 1.2 472562 18.20606 45.92121 87.42295 142.76323 211.93300 294.93280
1 1.3 4.67379 18.02300 45.27262 86.05325 140.42353 208.37749 289.91664
1 14 462955 17.85445 44.67210 84.78336 138.25299 205.07791 285.26061
1 15 459179 17.69878 44.11433 83.60224 136.23294 202.00608 280.92504
1 1.6 455057 17.55457 43.59474 82.50047 134.34745 199.13790 276.87605
1 1.7 453213 17.42063 43.10941 81.46995 132.58280 196.45262 273.08448
1 1.8 450880 17.29590 42.65496 80.50366 130.92711 193.93230 269.52510
1 19 448904 17.17950 42.22843 79.59550 129.37008 191.56135 266.17596
1 2.0 447236 17.07062 41.82725 78.74013 127.90266 189.32610 263.01786
2 0.1 6.55773 22.39440 59.70566 116.04971 191.31885 285.44664 398.41797
2 0.2 6.24554  21.90814 57.74231 111.78727 183.96804 274.22851 382.55604
2 0.3 6.00621 21.49854 56.05759 108.11645 177.62768 264.54445 368.85647
2 04 5.82390 21.14932 54.59485 104.91794 172.09473 256.08681 356.88611
2 0.5 5.68652 20.84857 53.31207 102.10302 167.21809 248.62650 346.32233
2 0.6 5.58473 20.58736 52.17735 99.60427 162.88281 241.98920 336.91956
2 0.7 551124 20.35884 51.16602 97.36945 158.99981 236.03977 328.48737
2 0.8 5.46032 20.15770 50.25869 95.35743 155.49889 230.67167 320.87566
2 0.9 5.42743  19.97970 49.43991 93.53539 152.32396 225.79975 313.96441
2 1.0 5.40898 19.82146 48.69717 91.87675 149.42963 221.35506 307.65639
2 1.1 5.40209 19.68023 48.02026 90.35976 146.77871 217.28112 301.87197
2 1.2 5.40447 19.55374 47.40076 88.96646 144.34045 213.53122 296.54528
2 1.3 5.41426 19.44011 46.83164 87.68185 142.08919 210.06633 291.62128
2 14 542997 19.33777 46.30699 86.49330 140.00331 206.85360 287.05361
2 15 5.45040 19.24540 45.82180 85.39013 138.06449 203.86516 282.80295
2 16 547458 19.16186 45.37182 84.36320 136.25706 201.07718 278.83569
2 1.7 5.50171 19.08619 44.95337 83.40465 134.56757 198.46919 275.12292
2 1.8 553115 19.01756 44.56329 82.50770 132.98436 196.02347 271.63962
2 1.9 5.56236 18.95525 44.19884 81.66646 131.49733 193.72459 268.36405
2 2.0 5.59492 18.89862 43.85761 80.87577 130.09761 191.55911 265.27718
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Cizelge E.2 : Yay ile desteklenen M—M kiris frekans hesab1 sonuglari.

Basit Mesnetli Kiris Boyutsuz Dogal Frekanslar

N n=10 — 1=0.5
B B: Bs Bs Bs Bs B
1 0.1 10.21370 37.66745 84.84016 150.65804 235.43233 338.97184 461.39197
1 02 969498 36.13071 8135502 144.48164 22576569 325.05308 442.43502
1 0.3 9.25337 34.80798 78.35238 139.15006 217.41657 313.02686 426.05361
1 0.4 8.87232 33.65574 75.73240 134.49335 210.12063 302.51384 411.72977
1 05 853972 3264160 73.42378 130.38511 203.68108 293.23157 399.08059
1 0.6 8.24651 31.74134 71.37165 126.72920 197.94818 284.96513 387.81390
1 07 798576 3093575 69.53356 123.45116 192.80583 277.54788 377.70310
1 0.8 7.75210 30.21005 67.87610 120.49234 188.16259 270.84850 368.56957
1 09 754129 2955236 66.37260 117.80589 183.94532 264.76198 360.27048
1 1.0 7.34994 28.95310 65.00149 115.35388 180.09483 259.20330 352.69012
1 1.1 7.17531 28.40444 63.74514 113.10527 176.56264 254.10280 345.73373
1 1.2 7.01517 27.89992 62.58897 111.03439 173.30865 249.40288 339.32288
1 13 6.86766 27.43415 6152083 109.11980 170.29938 245.05538 333.39207
1 1.4 6.73125 27.00260 60.53049 107.34346 167.50663 241.01980 327.88611
1 15 6.60463 26.60144 59.60930 105.69008 164.90648 237.26172 322.75820
1 1.6 6.48671 26.22739 58.74985 104.14659 162.47849 233.75176 317.96830
1 1.7 6.37656 25.87765 57.94579 102.70174 160.20510 230.46464 313.48201
1 1.8 6.27337 25.54980 57.19163 101.34582 158.07110 227.37848 309.26955
1 1.9 6.17644  25.24172 56.48261 100.07037 156.06327 224.47426 305.30500
1 2.0 6.08519 24.95159 55.81455 98.86802 154.17005 221.73534 301.56571
2 0.1 10.17328 37.67136 84.84200 150.66539 235.43883 338.98035 461.40004
2 0.2 9.62220 36.14441 81.37086 144.50740 225.79158 325.08291 442.46582
2 0.3 9.15338 34.83532 78.38767 139.20138 217.47018 313.08631 426.11425
2 0.4 8.74847 33.69921 75.79266 134.57486 210.20735 302.60828 411.82695
2 0.5 8.39428 3270288 73.51193 130.49974 203.80431 293.36445 399.21798
2 0.6 8.08106 31.82122 71.48947 126.87874 198.11000 285.13858 387.99376
2 0.7 7.80145 31.03486 69.68202 123.63663 193.00743 277.76313 377.92674
2 08 754980 30.32864 68.05565 120.71421 188.40451 271.10615 368.83763
2 09 7.32160 29.60048 66.58331 118.06424 184.22768 265.06220 360.58311
2 1.0 7.11363 29.11065 65.24319 115.64853 180.41743 259.54594 353.04716
2 1.1 6.92279 28.58123 64.01746 113.43585 176.92509 254.48751 346.13479
2 1.2 6.74689 28.09567 62.89145 111.40040 173.71040 249.82913 339.76741
2 13 658403 27.64854 61.85290 109.52066 170.73978 24552257 333.87941
2 1.4 6.43266 27.23528 60.89156 107.77853 167.98498 241.52722 328.41555
2 15 629146 26.85205 59.99873 106.15868 165.42204 237.80866 323.32807
2 1.6 6.15932 26.49556 59.16699 104.64801 163.03050 234.33745 318.57962
2 17 603529 2616300 58.39000 103.23528 160.79278 231.08830 314.13307
2 1.8 591856 25.85194 57.66226 101.91077 158.69368 228.03934 309.95955
2 19 580843 2556029 56.97902 100.66603 15671999 22517155 306.03315
2 2.0 570429 25.28621 56.33611 99.49369 154.86016 222.46830 302.33123

158



Cizelge E.3 :

Yay ile desteklenen GG kiris frekans hesabi sonuglari.

Gomiilii - Gomiilii Kiris Boyutsuz Dogal Frekanslar:
n=10 — 2=0.5

B

B2

Bs

B:

Bs

[i

B

N DD NN NN DN DN DNDDNDDNDDNDNDDNDDNDNDNNDNNDNdd NS SNSdSNPEP PP PP PRPPRRPPRP PP PP RPRP PP RPRP PR P PERPE R

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
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103.01276
99.86492
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90.23718
88.36255
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85.06196
83.59976
82.24359
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145.66830
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140.12257
137.66094
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133.24546
131.25578
129.39173
127.64103
125.99297
124.43819
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182.85047
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160.33918
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284.85642
273.15471
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246.40492
239.45697
233.22319
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222.47836
217.80745
213.52180
209.57292
205.92034
202.52998
199.37290
196.42439
193.66320
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188.63159
186.33119

397.81264
381.45618
367.31255
354.93947
344.00740
334.26540
325.51881
317.61413
310.42857
303.86264
297.83483
292.27764
287.13470
282.35850
277.90873
273.75090
269.85537
266.19646
262.75184
259.50197
397.81849
381.47668
367.35340
355.00438
344.09878
334.38476
325.66707
317.79177
310.63576
304.09936
298.10089
292.57277
287.45853
282.71062
278.28869
274.15824
270.28960
266.65710
263.23840
260.01398

529.64593
507.86461
489.02935
472.55161
457.99273
445.01867
433.37023
422.84299
413.27343
404.52904
396.50127
389.10022
382.25082
375.88979
369.96343
364.42584
359.23752
354.36428
349.77638
345.44782
529.65119
507.88444
489.06982
472.61666
458.08491
445.13954
433.52072
423.02358
413.48426
404.77006
396.77226
389.40086
382.58072
376.24851
370.35050
364.84078
359.67983
354.83346
350.27195
345.96927
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Cizelge E.4 : Yay ile desteklenen G-M kiris frekans hesabi sonuglari.

Kalin Ucu Gémiilii — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslar

N n=10 — 1=0.5
B B: Bs Bs Bs Bs B
1 0.1 1543722 47.88256 99.70209 170.26579 259.72894 367.99043 495.10858
1 0.2 14.89807 46.07953 95.76040 163.43509 249.21377 353.02922 47491578
1 0.3 1443760 4452121 92.35560 157.53080 240.12442 340.09418 457.45717
1 04 1403897 43.15868 89.38002 152.36768 232.17580 328.78037 442.18636
1 05 13.68989 41.95550 86.75351 147.80772 22515545 318.78604 428.69614
1 0.6 13.38114 40.88391 84.41506 143.74583 218.90159 309.88141 416.67643
1 07 1310570 39.92237 82.31738 140.10050 213.28873 301.88822 405.88662
1 0.8 12.85812 39.05389 80.42318 136.80743 208.21792 294.66590 396.13699
1 09 1263408 38.26480 78.70268 133.81520 203.61001 288.10198 387.27578
1 1.0 12.43014 37.54436 77.13174 131.08216 199.40088 282.10535 379.18002
1 1.1 12.24352 36.88326 75.69062 128.57417 195.53801 276.60135 371.74896
1 1.2 12.07193 36.27414 74.36296 126.26297 191.97790 271.52817 364.89920
1 1.3 11.91348 35.71075 73.13511 124.12496 188.68424 266.83418 358.56106
1 1.4 11.76661 35.18784 71.99559 122.14025 185.62644 262.47586 352.67584
1 15 11.62997 34.70095 70.93464 120.29196 182.77852 258.41630 347.19371
1 1.6 11.50245 34.24625 69.94392 118.56566 180.11829 254.62390 342.07208
1 1.7 11.38309 33.82047 69.01628 116.94893 177.62665 251.07153 337.27430
1 1.8 11.27106 33.42078 68.14551 115.43104 175.28707 247.73566 332.76867
1 1.9 11.16564 33.04469 67.32623 114.00263 173.08519 244.59584 328.52758
1 2.0 11.06621 32.69005 66.55371 112.65553 171.00842 241.63419 324.52690
2 0.1 15.50683 47.97567 99.79582 170.36267 259.82568 368.08829 495.20636
2 02 1503329 4625776 9504280 163.62351 249.40319 35322069 475.10783
2 0.3 14.63371 4477755 92.62163 157.80549 240.40206 340.37477 457.73943
2 0.4 1429118 43.48695 89.72452 152.72368 232.53715 329.14565 442.55463
2 0.5 13.99360 42.35026 87.17167 148.24040 225.59613 319.23177 429.14630
2 0.6 13.73212 41.34036 84.90241 144.25093 219.41749 310.40362 417.20453
2 0.7 1350011 40.43623 82.86982 140.67409 213.87600 302.48321 406.48898
2 08 1329249 30.62137 81.03696 137.44593 208.87300 295.33023 396.81017
2 09 1310532 38.88259 79.37437 13451533 204.32960 288.83248 388.01657
2 1.0 12.93550 38.20921 77.85821 131.84089 200.18196 282.89907 379.98547
2 1.1 12.78054 37.59253 76.46901 129.38872 196.37777 277.45558 372.61632
2 1.2 12.63841 37.02533 75.19066 127.13080 192.87377 272.44038 365.82594
2 1.3 1250746 36.50161 74.00972 125.04371 189.63384 267.80203 359.54483
2 1.4 12.38631 36.01631 72.91490 123.10774 186.62756 263.49718 353.71446
2 15 12.27382 35.56514 71.89663 121.30617 183.82912 259.48907 348.28515
2 1.6 12.16903 35.14446 70.94673 119.62473 181.21647 255.74624 343.21446
2 1.7 12.07111 34.75111 70.05817 118.05112 178.77064 252.24168 338.46586
2 1.8 11.97935 34.38240 69.22489 116.57473 176.47524 248.95199 334.00776
2 1.9 11.89315 34.03595 68.44161 115.18632 174.31600 245.85681 329.81268
2 20 11.81198 33.70971 67.70372 113.87780 172.28044 24293836 325.85656
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Cizelge E.5 : Yay ile desteklenen G-S kiris frekans hesabi sonuglari.

Kalin Ucu Gémiilii — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslari

n o a=0.5 - 2=0
B: [ Bs B Bs Bs B
1 0 3.68869 19.62810 52.34456 101.20320 166.34584 247.76746 345.47041
1 05 380334 1065224 5235385 10120805 16634879 247.76945 345.47184
1 1.0 3.91396 19.67643 52.36315 101.21289 166.35175 247.77144 345.47326
1 15 4.02089 19.70067 52.37246 101.21774 166.35471 247.77343 345.47469
1 2.0 412441 19.72496 52.38177 101.22259 166.35766 247.77541 345.47612
1 25 422477 19.74930 52.39110 101.22744 166.36062 247.77740 345.47755
1 3.0 432220 19.77370 52.40043 101.23229 166.36358 247.77939 345.47898
1 35 441690 19.79814 52.40977 101.23714 166.36654 247.78138 345.48040
1 40 450904 19.82264 52.41911 101.24200 166.36950 247.78337 345.48183
1 45 450877 19.84718 52.42847 101.24685 166.37246 247.78536 345.48326
1 5.0 4.68624 19.87177 52.43783 101.25171 166.37542 247.78735 345.48469
1 55 477157 19.89641 52.44720 101.25658 166.37839 247.78934 345.48612
1 6.0 4.85487 19.92109 52.45658 101.26144 166.38135 247.79133 345.48754
1 6.5 4.93626 19.94582 52.46596 101.26630 166.38431 247.79332 345.48897
1 7.0 501583 19.97060 52.47536 101.27117 166.38728 247.79532 345.49040
1 75 5.09365 19.99542 52.48476 101.27604 166.39024 247.79731 345.49183
1 8.0 516983 20.02028 52.49416 101.28091 166.39320 247.79930 345.49326
1 8.5 524442 20.04519 52.50358 101.28578 166.39617 247.80129 345.49469
1 9.0 531750 20.07014 52.51300 101.29065 166.39914 247.80328 345.49612
1 95 538913 2000513 5252243 10129553 166.40210 247.80527 345.49755
1 10 545937 20.12016 52.53187 101.30041 166.40507 247.80727 345.49898
2 0 414584  20.38722 53.12940 102.00710 167.15934 248.58691 346.29387
2 05 424117 20.40994 53.13847 102.01188 167.16227 248.58889 346.29529
2 1.0 433388 20.43270 53.14754 102.01666 167.16521 248.59087 346.29672
2 15 442413 20.45550 53.15662 102.02145 167.16814 248.59285 346.29814
2 2.0 451209 20.47834 53.16571 102.02623 167.17107 248.59482 346.29956
2 25 459787 20.50122 53.17481 102.03102 167.17401 248.59680 346.30098
2 3.0 468161 20.52413 53.18391 102.03581 167.17694 248.59878 346.30240
2 35 476340 2054708 5319302 102.04060 167.17988 248.60076 346.30383
2 40 484336 20.57007 53.20214 102.04539 167.18282 248.60274 346.30525
2 45 492157 20.59309 53.21126 102.05018 167.18575 248.60472 346.30667
2 50 499812 20.61615 53.22039 102.05498 167.18869 248.60670 346.30809
2 55 507308 2063024 5322953 102.05978 167.19163 248.60868 346.30952
2 6.0 514653 20.66237 53.23868 102.06457 167.19457 248.61065 346.31094
2 65 521853 20.68553 5324783 102.06937 167.19751 248.61263 346.31236
2 7.0 528913 20.70873 53.25698 102.07418 167.20045 248.61461 346.31379
2 75 535841 2073196 5326615 102.07808 167.20339 248.61660 346.31521
2 8.0 542640 20.75522 53.27532 102.08379 167.20633 248.61858 346.31663
2 85 549317 2077851 5328450 102.08850 167.20927 248.62056 346.31806
2 9.0 555875 20.80183 53.29368 102.09340 167.21221 248.62254 346.31948
2 95 562319 20.82519 53.30287 102.09821 167.21515 248.62452 346.32090
2 10 568652 20.84857 53.31207 102.10302 167.21809 248.62650 346.32233
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Cizelge E.6 : Yay ile desteklenen M—M kiris frekans hesab1 sonuglari.

Basit Mesnetli Kiris Boyutsuz Dogal Frekanslar

n o 0=0.5 - 2=0.5
B: [ Bs B Bs [ B
1 0 8.11453  32.64084 73.37733 130.38297 203.66598 293.22926 399.07404
1 05 813635 3264088 73.37965 13038308 203.66674 203.22937 399.07436
1 1.0 8.15811 32.64092 73.38197 130.38318 203.66749 293.22949 399.07469
1 15 817981 3264007 73.38420 13038320 203.66825 203.22960 399.07502
1 20 820144 3264101 73.38661 13038340 203.66900 203.22972 399.07535
1 25 8.22302 32.64105 73.38894 130.38350 203.66976 293.22984 399.07568
1 30 824454 3264100 7339126 13038361 203.67051 203.22995 399.07600
1 3.5 8.26599 32.64114 73.39358 130.38372 203.67127 293.23007 399.07633
1 40 828739 3264118 7339590 13038382 203.67202 203.23018 399.07666
1 45 830873 32.64122 73.39822 130.38393 203.67278 293.23030 399.07699
1 50 833001 3264126 7340055 13038404 203.67353 203.23041 399.07731
1 55 8.35123 32.64131 73.40287 130.38414 203.67429 293.23053 399.07764
1 60 837240 3264135 7340519 13038425 203.67504 203.23065 399.07797
1 6.5 8.39351 32.64139 73.40751 130.38436 203.67580 293.23076 399.07830
1 70 841456 3264143 7340084 13038447 203.67655 203.23088 399.07863
1 75 8.43556 32.64148 73.41216 130.38457 203.67731 293.23099 399.07895
1 8.0 8.45650 32.64152 73.41448 130.38468 203.67806 293.23111 399.07928
1 85 847739 3264156 7341681 13038479 203.67882 203.23122 399.07961
1 9.0 8.49822 32.64160 73.41913 130.38489 203.67957 293.23134 399.07994
1 95 851900 3264165 7342146 13038500 203.68033 203.23146 399.08026
1 10 853972 32.64169 73.42378 130.38511 203.68108 293.23157 399.08059
2 0 804938 3270263 7347450 130.49821 203.79212 203.36268 399.21268
2 0.5 8.06700 32.70264 73.47637 130.49829 203.79273 293.36277 399.21294
2 10 808457 3270266 7347824 130.49836 203.79334 203.36286 399.21321
2 1.5 810211 32.70267 73.48012 130.49844 203.79395 293.36295 399.21347
2 20 811960 3270268 7348199 130.49852 203.79456 203.36303 399.21374
2 25 813706 32.70269 73.48386 130.49859 203.79517 293.36312 399.21400
2 3.0 8.15447 32.70271 73.48573 130.49867 203.79577 293.36321 399.21427
2 35 817185 3270272 7348760 130.49874 203.79638 203.36330 300.21453
2 40 8.18919 32.70273 73.48947 130.49882 203.79699 293.36339 399.21480
2 45 820649 3270274 7349134 130.49800 203.79760 203.36348 399.21506
2 50 8.22375 32.70276 73.49321 130.49897 203.79821 293.36356 399.21533
2 55 824007 3270277 7349508 130.49905 203.79882 203.36365 399.21559
2 6.0 8.25815 32.70278 73.49696 130.49913 203.79943 293.36374 399.21586
2 65 827530 3270279 7349883 130.49920 203.80004 203.36383 300.21612
2 7.0 8.29241 32.70281 73.50070 130.49928 203.80065 293.36392 399.21639
2 75 830048 3270282 7350257 130.49935 203.80126 203.36401 309.21665
2 8.0 832651 32.70283 73.50444 130.49943 203.80187 293.36409 399.21692
2 85 834351 3270284 7350632 130.49951 203.80248 203.36418 309.21718
2 9.0 8.36047 32.70286 73.50819 130.49958 203.80309 293.36427 399.21745
2 95 837739 32.70287 73.51006 130.49966 203.80370 293.36436 399.21771
2 10 830428 3270288 7351193 130.49974 203.80431 293.36445 399.21798
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Cizelge E.7 : Yay ile desteklenen GG kiris frekans hesabi1 sonuglari.

Gomiilii - Gomiilii Kiris Boyutsuz Dogal Frekanslar:

n o a=0.5 - 1=0.5
B [ Bs B Bs Bs B
1 0 18.46995 50.89378 99.75581 164.88889 246.30543 344.00491 457.98742
1 05 1848189 50.89302 99.75743 164.88902 246.30602 344.00503 457.98769
1 1.0 18.49383 50.89406 99.75905 164.88915 246.30662 344.00515 457.98796
1 15 1850575 50.89421 99.76067 164.88928 246.30721 344.00528 457.98822
1 20 1851766 50.89435 99.76220 164.88941 246.30780 344.00540 457.98849
1 2.5 1852957 50.89449 99.76391 164.88954 246.30839 344.00553 457.98875
1 30 1854147 50.89463 99.76553 164.88967 246.30898 344.00565 457.98902
1 3.5 18.55336 50.89478 99.76715 164.88980 246.30957 344.00578 457.98928
1 40 1856523 50.89492 99.76877 164.88993 246.31016 344.00500 457.98955
1 45 1857710 50.89506 99.77039 164.89006 246.31075 344.00603 457.98981
1 50 1858807 50.89520 99.77201 164.89019 24631134 344.00615 457.99008
1 55 18.60082 50.89534 99.77363 164.89032 246.31193 344.00627 457.99034
1 60 1861266 50.89549 99.77526 164.89045 24631252 344.00640 457.99061
1 6.5 18.62450 50.89563 99.77688 164.89058 246.31312 344.00652 457.99087
1 7.0 18.63633 50.89577 99.77850 164.89071 246.31371 344.00665 457.99114
1 7.5 18.64814 50.89591 99.78012 164.89084 246.31430 344.00677 457.99141
1 8.0 18.65995 50.89606 99.78174 164.89097 246.31489 344.00690 457.99167
1 85 1867175 50.89620 99.78336 164.89110 24631548 344.00702 457.99104
1 9.0 18.68355 50.89634 99.78499 164.89123 246.31607 344.00715 457.99220
1 95 1869533 50.89649 99.78661 164.89136 246.31666 344.00727 457.99247
1 10 18.70710 50.89663 99.78823 164.89149 246.31725 344.00740 457.99273
2 0 1852577 50.96962 99.83899 164.07626 246.39547 344.09678 458.08066
2 0.5 1853529 50.96973 99.84029 164.97636 246.39594 344.09688 458.08087
2 10 1854481 50.96985 99.84150 164.07647 246.39641 344.09698 458.08108
2 15 1855432 50.96996 99.84288 164.97657 246.39688 344.09708 458.08130
2 20 1856382 50.97007 99.84418 164.97667 246.39736 344.09718 458.08151
2 25 1857332 50.97018 99.84547 164.97678 246.39783 344.09728 458.08172
2 30 1858282 50.97030 99.84677 164.97688 246.39830 344.09738 458.08193
2 35 1859231 50.97041 99.84806 164.97609 246.39877 344.09748 458.08215
2 40 18.60179 50.97052 99.84936 164.97709 246.39925 344.09758 458.08236
2 45 1861127 50.97064 99.85066 164.97710 246.39972 344.09768 458.08257
2 50 18.62074 50.97075 99.85195 164.97730 246.40019 344.09778 458.08278
2 55 1863021 50.97086 99.85325 164.97740 246.40067 344.09788 458.08299
2 6.0 18.63967 50.97098 99.85455 164.97751 246.40114 344.09798 458.08321
2 65 1864913 50.97100 99.85584 164.97761 246.40161 344.09808 458.08342
2 7.0 18.65858 50.97121 99.85714 164.97771 246.40208 344.09818 458.08363
2 75 1866802 50.97132 99.85843 164.07782 246.40256 344.09828 458.08384
2 8.0 18.67746 50.97143 99.85973 164.97792 246.40303 344.09838 458.08406
2 85 1868689 50.97155 99.86103 164.97802 246.40350 344.09848 458.08427
2 9.0 18.69632 50.97166 99.86232 164.97813 246.40397 344.09858 458.08448
2 9.5 18.70574 50.97177 99.86362 164.97823 246.40445 344.09868 458.08469
2 10 1871516 50.97180 00.86492 164.07834 246.40492 344.09878 458.08491
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Cizelge E.8 : Yay ile desteklenen G-M kiris frekans hesabi sonuglari.

Kalin Ucu Gémiilii — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslari

n o 0=0.5 - 2=0.5
B: [ Bs B Bs [ B
1 0 13.42735 41.93112 86.72733 147.79752 225.14775 318.77949 428.69341
1 0.5 13.44062 41.93234 86.72863 147.79803 225.14814 318.77981 428.69355
1 1.0 13.45388 41.93355 86.72994 147.79854 225.14852 318.78014 428.69368
1 15 13.46713 4193477 86.73125 147.79905 225.14891 318.78047 428.69382
1 20 1348036 4193509 8673256 147.79956 225.14929 318.78080 428.69396
1 2.5 13.49357 41.93720 86.73387 147.80007 225.14968 318.78112 428.69409
1 30 1350677 4193842 8673518 147.80058 225.15006 318.78145 428.69423
1 3.5 13.51995 41.93964 86.73649 147.80109 225.15045 318.78178 428.69437
1 40 1353312 41.94086 86.73780 147.80160 225.15083 318.78211 428.69450
1 45 1354627 41.94207 86.73911 147.80211 225.15122 318.78243 428.69464
1 5.0 13.55940 41.94329 86.74041 147.80262 225.15160 318.78276 428.69478
1 55 13.57252 41.94451 86.74172 147.80313 225.15198 318.78309 428.69491
1 6.0 13.58562 41.94573 86.74303 147.80364 225.15237 318.78342 428.69505
1 6.5 13.59871 41.94695 86.74434 147.80415 225.15275 318.78374 428.69519
1 7.0 13.61178 41.94817 86.74565 147.80466 225.15314 318.78407 428.69532
1 7.5 13.62484 41.94939 86.74696 147.80517 225.15352 318.78440 428.69546
1 8.0 13.63788 41.95061 86.74827 147.80568 225.15391 318.78473 428.69560
1 85 1365090 4195183 86.74958 147.80619 225.15429 318.78505 428.69573
1 9.0 13.66391 41.95305 86.75089 147.80670 225.15468 318.78538 428.69587
1 9.5 13.67691 41.95428 86.75220 147.80721 225.15506 318.78571 428.69601
1 10 13.68989 41.95550 86.75351 147.80772 225.15545 318.78604 428.69614
2 0 13.78589 4233191 87.15056 148.23242 225.58991 319.22658 429.14408
2 0.5 13.79637 42.33282 87.15161 148.23282 225.59023 319.22684 429.14420
2 1.0 13.80683 42.33374 87.15267 148.23322 225.59054 319.22710 429.14431
2 15 13.81729 4233466 87.15372 148.23362 225.59085 319.22736 429.14442
2 2.0 13.82774 4233557 87.15478 148.23401 22559116 319.22762 429.14453
2 2.5 13.83818 42.33649 87.15583 148.23441 22559147 319.22788 429.14464
2 3.0 13.84860 42.33741 87.15689 148.23481 22559178 319.22814 429.14475
2 3.5 13.85902 42.33832 87.15795 148.23521 225.59209 319.22840 429.14486
2 40 13.86943 42.33924 87.15900 148.23561 225.59240 319.22866 429.14497
2 45 13.87983 42.34016 87.16006 148.23601 225.59271 319.22892 429.14508
2 50 13.89022 42.34107 87.16111 148.23641 225.59302 319.22918 429.14519
2 55 13.90060 42.34199 87.16217 148.23681 225.59333 319.22944 429.14530
2 6.0 13.91097 4234291 87.16322 148.23721 225.59364 319.22969 429.14541
2 6.5 13.92133 42.34383 87.16428 148.23761 225.59395 319.22995 429.14552
2 7.0 13.93169 42.34475 87.16533 148.23801 225.59427 319.23021 429.14563
2 7.5 13.94203 42.34567 87.16639 148.23840 225.59458 319.23047 429.14574
2 8.0 13.95236 42.34659 87.16745 148.23880 225.59489 319.23073 429.14585
2 85 1396268 42.34750 87.16850 148.23020 22559520 319.23009 429.14507
2 9.0 13.97300 42.34842 87.16956 148.23960 225.59551 319.23125 429.14608
2 9.5 13.98330 42.34934 87.17061 148.24000 225.59582 319.23151 429.14619
2 10 1399360 42.35026 B87.17167 148.24040 22550613 310.23177 429.14630
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Cizelge E.9 : Yay ile desteklenen G-S kiris frekans hesabi sonuglari.

Kalin Ucu Gémiilii — ince Ucu Serbest Kiris Boyutsuz Dogal Frekanslari

n A 0=0.5-n=10
B: B: B: Bs Bs Bs B

1 0 5.45937 20.12016 52.53187 101.30041 166.40507 247.80727 345.49898
1 005 5.28366 19.91043 52.40944 101.22027 166.34965 247.76782 345.47050
1 010 5.09455 19.75789 52.35158 101.20424 166.35312 247.77860 345.48158
1 015 4.90073 19.66584 52.34885 101.22498 166.36886 247.78094 345.47436
1 020 4.71044 19.62966 52.37641 101.24045 166.36052 247.76813 345.47308
1 025 453052 19.63787 52.40436 101.23045 166.34633 247.77450 345.48244
1 030 4.36595 19.67480 52.41190 101.20975 166.35331 247.78366 345.47330
1 035 4.21988 19.72366 52.39579 101.20396 166.36776 247.77312 345.47331
1 040 4.09386 19.76943 52.36849 101.21864 166.36381 247.76831 345.48127
1 045 3.98818 19.80104 52.34804 101.23566 166.34891 247.77929 345.47310
1 050 390216 19.81270 52.34651 101.23587 166.34800 247.77943 345.47271
1 055 3.83442 19.80404 52.36378 101.21975 166.36087 247.76869 345.48029
1 060 378307 19.77910 52.38914 101.20490 166.36520 247.77108 345.47377
1 065 3.74592 19.74463 52.40853 101.20628 166.35423 247.78002 345.47158
1 0.70 3.72055 19.70805 52.41254 101.22153 166.34585 247.77537 345.47902
1 0.75 3.70448 19.67570 52.40070 101.23522 166.35284 247.76754 345.47507
1 080 3.69532 19.65158 52.38021 101.23510 166.36427 247.77321 345.47063
1 085 3.69083 19.63685 52.36078 101.22283 166.36400 247.78071 345.47775
1 090 3.68912 19.63010 52.34890 101.20969 166.35379 247.77595 345.47850
1 095 3.68872 19.62824 52.34491 101.20381 166.34673 247.76864 345.47185
1 1.0 3.68869 19.62810 52.34456 101.20320 166.34584 247.76746 345.47041
2 0 5.68652 20.84857 53.31207 102.10302 167.21809 248.62650 346.32233
2 0.05 552157 20.65606 53.19442 102.02470 167.16343 248.58735 346.29393
2 0.10 5.34766 20.51476 53.13744 102.00779 167.16581 248.59725 346.30444
2 0.15 5.17257 20.42758 53.13234 102.02633 167.18060 248.59968 346.29774
2 020 5.00339 20.39033 53.15590 102.04070 167.17316 248.58765 346.29613
2 0.25 4.84572 20.39258 53.18058 102.03202 167.15994 248.59287 346.30452
2 0.30 4.70345 20.42031 53.18756 102.01344 167.16539 248.60094 346.29650
2 0.35 457883 20.45873 53.17401 102.00753 167.17767 248.59191 346.29622
2 0.40 447272 20.49488 53.15073 102.01912 167.17448 248.58754 346.30289
2 045 438491 20.51954 53.13294 102.03293 167.16204 248.59640 346.29614
2 0.50 4.31440 20.52817 53.13048 102.03317 167.16091 248.59654 346.29563
2 0.55 4.25964 20.52077 53.14302 102.02037 167.17086 248.58794 346.30159
2 0.60 4.21872 20.50089 53.16188 102.00857 167.17418 248.58960 346.29651
2 0.65 4.18953 20.47407 53.17611 102.00921 167.16578 248.59632 346.29472
2 0.70 4.16988 20.44614 53.17874 102.02024 167.15936 248.59281 346.30021
2 075 415763 2042187 53.16975 102.03001 167.16430 248.58698 346.29728
2 0.80 4.15074 20.40409 53.15472 102.02969 167.17237 248.59095 346.29402
2 0.85 4.14741 20.39342 53.14077 102.02082 167.17203 248.59616 346.29899
2 0.90 4.14615 20.38862 53.13240 102.01158 167.16482 248.59276 346.29944
2 0.95 4.14586 20.38732 53.12964 102.00751 167.15995 248.58771 346.29485
2 1.0 414584 20.38722 53.12940 102.00710 167.15934 248.58691 346.29387
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Cizelge E.10 :

Yay ile desteklenen M—M kiris frekans hesabi sonuglari.

Basit Mesnetli Kiris Boyutsuz Dogal Frekanslar

n A 0=0.5 -n=10
[ B: B: Bs Bs Bs B

1 0 8.11453  32.64084 73.37733 130.38297 203.66598 293.22926 399.07404
1 005 812813 32.65618 73.39259 130.39749 203.67937 293.24126 399.08450
1 0.10 8.16661 32.69451 73.42281 130.41707 203.68840 293.24170 399.07936
1 015 822406 32.73775 73.43867 130.41073 203.67288 293.22935 399.07606
1 020 829278 32.76705 73.42621 130.38916 203.66719 293.23863 399.08475
1 0.25 8.36452 32.77080 73.39786 130.38442 203.68164 293.24170 399.07537
1 030 843137 32.74869 73.37859 130.40098 203.68372 293.23000 399.07901
1 0.35 8.48651 32.71070 73.38305 130.41265 203.66945 293.23525 399.08266
1 0.40 852471 32.67200 73.40458 130.40284 203.66829 293.24187 399.07414
1 0.45 8.54278 32.64648 73.42332 130.38615 203.68097 293.23200 399.08056
1 050 853972 32.64169 73.42378 130.38511 203.68108 293.23157 399.08059
1 0.55 8.51670 32.65679 73.40654 130.39931 203.66882 293.24058 399.07406
1 060 847667 32.68389 73.38588 130.40851 203.66788 293.23546 399.08088
1 0.65 8.42392 32.71165 73.37733 130.40079 203.67875 293.22934 399.07935
1 070 836355 32.72964 73.38584 130.38672 203.68016 293.23678 399.07414
1 0.75 8.30090 32.73188 73.40325 130.38384 203.66981 293.23869 399.08052
1 0.80 8.24119 32.71834 73.41567 130.39440 203.66664 293.23054 399.07891
1 085 818915 32.69429 73.41405 130.40421 203.67536 293.23169 399.07409
1 0.90 8.14881 32.66808 73.40013 130.40117 203.67957 293.23855 399.07970
1 095 812327 32.64820 73.38419 130.38938 203.67194 293.23472 399.07898
1 1.0 8.11453 32.64084 73.37733 130.38297 203.66598 293.22926 399.07404
2 0 8.04938 32.70263 73.47450 130.49821 203.79212 293.36268 399.21268
2 0.05 8.06119 32.71688 73.48899 130.51215 203.80506 293.37433 399.22287
2 010 809442 32.75213 7351734 130.53069 203.81363 293.37470 399.21786
2 0.15 8.14356 32.79129 73.53183 130.52454 203.79881 293.36279 399.21448
2 0.20 8.20159 32.81715 73.52002 130.50425 203.79310 293.37105 399.22242
2 0.25 8.26118 32.81977 73.49387 130.49931 203.80582 293.37382 399.21392
2 030 831556 32.79956 73.47594 130.51342 203.80766 293.36338 399.21691
2 035 835915 32.76579 73.47877 130.52340 203.79523 293.36765 399.22006
2 0.40 8.38794 32.73166 73.49625 130.51511 203.79391 293.37321 399.21278
2 045 839975 32.70873 73.51153 130.50105 203.80420 293.36501 399.21794
2 0.50 8.39428 32.70288 73.51193 130.49974 203.80431 293.36445 399.21798
2 0.55 8.37293 32.71310 73.49817 130.51070 203.79448 293.37152 399.21269
2 0.60 8.33846 32.73287 73.48169 130.51781 203.79347 293.36754 399.21789
2 065 8.29454 3275327 73.47451 130.51193 203.80163 293.36273 399.21674
2 0.70 8.24534 32.76641 73.48022 130.50121 203.80270 293.36817 399.21274
2 075 819510 32.76794 73.49259 130.49874 203.79502 293.36959 399.21735
2 0.80 8.14783 32.75804 73.50139 130.50607 203.79253 293.36365 399.21620
2 085 810708 32.74069 73.50019 130.51292 203.79855 293.36432 399.21271
2 0.90 8.07578 32.72194 73.49039 130.51078 203.80145 293.36904 399.21654
2 0.95 8.05609 32.70784 73.47926 130.50262 203.79619 293.36640 399.21604
2 1.0 8.04938 32.70263 73.47450 130.49821 203.79212 293.36268 399.21268
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Cizelge E.11 :

Yay ile desteklenen GG kiris frekans hesab1 sonuglari.

Gomiilii - Gomiilii Kiris Boyutsuz Dogal Frekanslar:

0=0.5 =10

B:

B2

Bs

B-

Bs

Bs

[

N RO NN NN NN NOMNNMNNOMNMNMNNMNMNRRRRRERERRRRRRRRRRRRPRRE R R PR

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

18.46995
18.47046
18.47620
18.49404
18.52694
18.57217
18.62239
18.66820
18.70085
18.71442
18.70710
18.68129
18.64259
18.59826
18.55543
18.51965
18.49400
18.47878
18.47194
18.47009
18.46995
18.52577
18.52626
18.53170
18.54813
18.57747
18.61643
18.65805
18.69415
18.71781
18.72496
18.71516
18.69127
18.65840
18.62251
18.58903
18.56189
18.54293
18.53195
18.52714
18.52586
18.52577

50.89378
50.89500
50.90651
50.93348
50.96545
50.98442
50.97881
50.95165
50.91831
50.89663
50.89663
50.91583
50.94207
50.96103
50.96388
50.95088
50.92967
50.90998
50.89809
50.89413
50.89378
50.96962
50.97080
50.98173
51.00650
51.03469
51.05006
51.04343
51.01878
50.99002
50.97195
50.97189
50.98686
51.00668
51.02027
51.02146
51.01110
50.99524
50.98098
50.97259
50.96985
50.96962

99.75581
99.75788
99.77359
99.79736
99.80451
99.78623
99.76216
99.75691
99.77266
99.78931
99.78823
99.77143
99.75711
99.75951
99.77532
99.78884
99.78820
99.77555
99.76230
99.75641
99.75581
99.83899
99.84102
99.85592
99.87761
99.88323
99.86601
99.84451
99.83993
99.85303
99.86632
99.86492
99.85125
99.84000
99.84178
99.85342
99.86299
99.86212
99.85284
99.84347
99.83941
99.83899

164.88889
164.89184
164.90875
164.91963
164.90506
164.88929
164.89703
164.91120
164.90629
164.89149
164.89149
164.90461
164.90835
164.89700
164.88889
164.89626
164.90770
164.90721
164.89686
164.88978
164.88889
164.97626
164.97914
164.99516
165.00484
164.99095
164.97662
164.98333
164.99524
164.99075
164.97839
164.97834
164.98858
164.99123
164.98238
164.97626
164.98161
164.98968
164.98911
164.98176
164.97686
164.97626

246.30543
246.30919
246.32420
246.32105
246.30606
246.31288
246.32155
246.31062
246.30652
246.31769
246.31725
246.30650
246.30932
246.31818
246.31324
246.30549
246.31136
246.31881
246.31395
246.30661
246.30543
246.39547
246.39913
246.41333
246.40999
246.39604
246.40208
246.40948
246.39988
246.39637
246.40547
246.40492
246.39631
246.39845
246.40508
246.40125
246.39551
246.39969
246.40485
246.40134
246.39626
246.39547

344.00491
344.00933
344.02016
344.00916
344.00775
344.01688
344.00750
344.00811
344.01583
344.00740
344.00740
344.01487
344.00814
344.00617
344.01362
344.00951
344.00515
344.01233
344.01303
344.00635
344.00491
344.09678
344.10110
34411131
344.10074
344.09937
344.10743
344.09904
344.09951
344.10589
344.09882
344.09878
344.10460
344.09927
344.09774
344.10324
344.10013
344.09696
344.10199
344.10238
344.09776
344.09678

457.98742
457.99233
457.99799
457.98749
457.99542
457.99125
457.98959
457.99568
457.98776
457.99296
457.99273
457.98769
457.99434
457.99004
457.98888
457.99407
457.98849
457.99013
457.99440
457.98910
457.98742
458.08066
458.08544
458.09072
458.08072
458.08792
458.08406
458.08254
458.08768
458.08094
458.08518
458.08491
458.08087
458.08598
458.08264
458.08174
458.08549
458.08142
458.08256
458.08547
458.08179
458.08066

167



Cizelge E.12 : Yay ile desteklenen G—M kiris frekans hesab1 sonuglari.

Kalin Ucu Gémiilii — ince Ucu Mafsalli Kiris Boyutsuz Dogal Frekanslari
0=0.5 -n=10

B:

B-

Bs

B-

Bs

Bs

[

N RO NN NN NOMNNMNNMNNMNMNNMNMNRERRRRERERRRRRERRRERRRRRPRRE R PR PR

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.0

13.42735
13.44218
13.48324
13.54188
13.60705
13.66763
13.71425
13.74056
13.74398
13.72566
13.68989
13.64292
13.59167
13.54250
13.50030
13.46798
13.44629
13.43408
13.42882
13.42745
13.42735
13.78589
13.79898
13.83492
13.88549
13.94051
13.99016
14.02660
14.04503
14.04406
14.02552
13.99360
13.95383
13.91192
13.87283
13.84010
13.81560
13.79952
13.79066
13.78692
13.78596
13.78589

41.93112
41.94638
41.98258
42.01832
42.03398
42.02211
41.99012
41.95495
41.93354
41.93458
41.95550
41.98503
42.00938
42.01860
42.01034
41.98960
41.96532
41.94574
41.93485
41.93141
41.93112
42.33191
42.34613
42.37947
42.41166
42.42493
42.41335
42.38439
42.35328
42.33433
42.33427
42.35026
42.37276
42.39080
42.39699
42.39006
42.37423
42.35629
42.34217
42.33448
42.33211
42.33191

86.72733
86.74239
86.76985
86.77890
86.76067
86.73525
86.72794
86.74343
86.76378
86.76837
86.75351
86.73399
86.72760
86.73908
86.75750
86.76731
86.76171
86.74662
86.73332
86.72787
86.72733
87.15056
87.16488
87.19062
87.19866
87.18147
87.15806
87.15097
87.16370
87.18042
87.18392
87.17167
87.15596
87.15073
87.15918
87.17260
87.17941
87.17502
87.16408
87.15470
87.15093
87.15056

147.79752
147.81175
147.82846
147.81841
147.79957
147.80254
147.81978
147.82205
147.80639
147.79757
147.80772
147.81973
147.81540
147.80166
147.79837
147.80961
147.81986
147.81654
147.80520
147.79834
147.79752
148.23242
148.24609
148.26187
148.25218
148.23445
148.23664
148.25149
148.25331
148.23996
148.23244
148.24040
148.24972
148.24620
148.23560
148.23302
148.24111
148.24829
148.24573
148.23771
148.23298
148.23242

225.14775
225.16079
225.16736
225.15169
225.15090
225.16472
225.16017
225.14808
225.15478
225.16392
225.15545
225.14778
225.15611
225.16194
225.15333
225.14792
225.15624
225.16250
225.15621
225.14886
225.14775
225.58991
225.60252
225.60870
225.59374
225.59263
225.60486
225.60080
225.59022
225.59565
225.60307
225.59613
225.58993
225.59627
225.60060
225.59407
225.59003
225.59593
225.60023
225.59574
225.59067
225.58991

318.77949
318.79110
318.78980
318.77953
318.79020
318.78868
318.77949
318.78852
318.78884
318.77961
318.78604
318.78943
318.78058
318.78296
318.78931
318.78277
318.78038
318.78831
318.78777
318.78086
318.77949
319.22658
319.23786
319.23654
319.22661
319.23622
319.23482
319.22659
319.23420
319.23441
319.22670
319.23177
319.23439
319.22744
319.22917
319.23385
319.22899
319.22721
319.23275
319.23229
319.22752
319.22658

428.69341
428.70346
428.69742
428.69645
428.70293
428.69363
428.70035
428.69920
428.69389
428.70163
428.69614
428.69535
428.70116
428.69457
428.69640
428.70020
428.69392
428.69707
428.70071
428.69503
428.69341
429.14408
429.15387
429.14799
429.14684
429.15275
429.14429
429.15007
429.14905
429.14447
429.15077
429.14630
429.14558
429.15004
429.14497
429.14628
429.14902
429.14445
429.14664
429.14911
429.14518
429.14408

168



OZGECMIS

Ad-Soyad : Seving Aycan Yetim

OGRENIM DURUMU:

« Lisans : 2016, Akdeniz Universitesi, Miihendislik Fakiiltesi, Makine
Miihendisligi Boliimii

MESLEKI DENEYIiM VE ODULLER:

e 2019 yilindan beri Istanbul Teknik Universitesi’nde arastirma gorevlisi olarak
calisiyor.

YUKSEK LiSANS TEZINDEN TURETILEN YAYINLAR, SUNUMLAR VE
PATENTLER:

e Yetim S.A., Turhan O. 2021. Degisken Kesitli Kirisler (Kesin Coziim ve

Parametrik Incelemeler). 20. Ulusal Makina Teorisi Sempozyumu, Eyliil 15-17,
2021 Diyarbakir, Tiirkiye.

169


uluhatun
Rectangle


