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ctRts
tu(t1y RC- qurgr.rlar (ARo-sxemlar) rcz1st1v gticltsnd.1r1c1, tntuny6 mtqavlmat elementlarl asaslnda yaradllan analoq radlotexnlKl

qur&-llara dey111r.
AXC -sxemlorln yaradllmasl g0clu maqnlt sahstarlnda

1g10tl11o bllan dlcmo slstem1arlnln ya tezllx dlapazonunun alqaq
va lnlraalcaq oblastlarrnl manlmsamaK flQ0n eleHtrrcn qurBllsrlnln
yaradrlmasl l1e baghdr.r. Bela ssralt 0qun lndurtly 

"ar6aclurdanlstltada yararstzdrr. Bu18 sabab, alQaq tezllKlar uqun sargac1n
6lAtllar1n1n bdyux o1masl, onun 1SC1 xaraRterlstlxalarlnln 1dea1
haldan daha Qox Kanars Qlxmasr va stabl1 otmamasl vo nahayat, 1n_duKtly sargacu lnteqral texnologlya UQon yararll olmamasld]r.
Buna g0ra da lndu(tly elementslz sxemlarln _ ARo_sxemlarln slntealvb yaradllmasl elefttron texnlKasrnln asas lstlqamatlarlndon
b1r1 sayrl1r.

Indu(tlv elementslz sxeml8rln yaradllBasl mlHroeleKtmn j kan.l n
metodlarl 1la m aslr radloeleKtrcn qurgularrn tay1h61and1r 1..1. mas l
n1n 1ru(l$af1 sayaslnda mum(un olmusdur.

Elefttron sanayesl ARC - sxeml€rln l$Ionllmasl 1lcttn genlq
aesldda polulabrlEatlar - amallyyat guclandl rlct 1or1 (OG), gtratorlar, elextrlE suzgBclorl, 1angld1c1lor, xorretorlar yq dtgar
mlrfinsxemlar lstehsal ed1r. Be1ts potufabrlftatlanjan lsrt_fa,fa
1Ia yaradtlan eleKtrrn qurgusu 1qt1sad1, texnoloJl, K tla voqabarlt cahatdan daha yilftsarc g6ster1c116ra mallE ollrr-llar. Sazlaruna, xoklonma vs xarakterlstlxalardrn etabl]Ilyl cohot_
don da AXC sxemlar RLC- sxemlardan Ustondllllar. Genlg tezllH d1d_
pazonunda ('10-r - 107 Hs) elefttrlx slqnallsrln]n se1eKslyasl,
rrcI.IEKslyasl va Qeyrllmoslnde ARC_sxemlsrdon 1st11ad€nln
lmranlar1 nazorl asaslandlrllnt$ va tocflIbsda stbuta yetlr1lm1$_tnr t1-41. ARC -Bxemlor1n slntezl ya 1$lan1lmBs1 Uzra nazarl



blllKlarln ya praKtlKl yErdl$1ar1n itsllannast "Elimtr..n
texnlxasl" 1stlqamatl. rlzta ftadrlarrn haz l r'1a)irnasrnd.r .:.,i1 !.i1i
yaclb elemFntlarir,dan biIt,i'i r'.

Vasaltda aKtrv R(l sil,iqFclarln nnll i1inr. !iirt;,i1ir. ';.
parinnr. trl ilrlnl n qiymil,l:,r1,1i,'llu.iiini, irtr'rrl rr'. 1:.lrl,8ir, rirI,-ril.lr'; Ir
ti)hl11lr,1 as.rirliliirll t'marl, hF r,iaLl L nrrir r 1 r r i silr"atl;iniijrrni,ri
nirtl,riili'rf l mflnllylriil rrlmah II,r,lsr){i l Ili v,rir,iJi- tlir,f jtavl inr!itrl '

darll ,,r1t rr1,j{1 lt. l,,ll;ifti,l iiii, i,t ,iirl li, '1:, ntr:'-ir. (;i1ri" I ,ii-:,,i1., '

paRcl,ln,lan if.; ii fri,l.t ',irrrrir'.
"fu;tiv siizg;,r1iti': 6thr1n;i lurirslyal.rrtnltl lni,rlil !-.r 'tl,,irl,riti

siemlarlnln hei.]aElanfiasr" (1i]rs vasaltl Il.1OOOO "EleKl,rnn
texnlfiasr" lstlqam€t1 tlzra todrts proqramrna qy€[m hazlrlanm]6 va

'Anal.oq elcKtrcrnlKasrn, "Gilc eleKtrcn1Kaslr', (EIeKtmn dov-rslarl
va mlxrosxom tcxnlxas'1" fanlarl ilzra praKtlKl mA$galalarli'r, rillrrl
Ya I aylha l.nnrl i tmd 1$1ar1[1tl yeriria yetIrLIrflasin(tn lialal]alerii ri,iiririi
maqsailll a ya:i1irn1$d rr.

Vasalt sxerno [e;mlKa 11e maFg]l olan ma€1strLBr, asl-r1ran1,lai
ya mflhanrllr]l Br rll)iin ,1F dayar'l t ola b1Itsr.

Va$ lll laKm1l La$d lrarjaK Ki:Isr Lsl qeyrl va iradiarlnt bll,lirh,raii
1x1;1sas,tr1ara milal I I f iiz r.nzrltA]n't va 1;B$aKKilrfutil o j l al1rLr.

onYan: Sunqaylt D(5v1at Unlyersltetl,
"EleKtron (l1f6z1ar.] va av l,omitt-
la$drflna yasla1t1a1.1" Kafedr.a$i



AI(TIV SUZC,ECLORlN HI,A.SS1}'THASTYASI VO OTURMA

PI]NTiSIYAI,ARININ TOHIIII

Afit1v silzgaclar ham tezllK sec1c1. ham dts eleKtrlK s1qna1 '
larlnrn savlyyeslnl }'ilrs€ldan (gucland1r1c1) elextrln qrr8ularl-
dlrlar, PrlnslpJaL efeKtrlft sxemlnda xattl nsJlmda 19'1a.ll1an

amallwat gtlclandlrlcllarlndan Ya passlY elenent1ardan
(rEzlst1y mtlqavlmat (R), tutum (C) va hdu(t1v (tr) elementlar)
lstlfada olunur. Axtly silzgac sxemlarlnln 191an11mas1nd0 1K1

Usuldan lstlfada olunur. 0sullardan b1r1 LC- sUzgaclBrln
yaradllmaslnln Klasslft metodlarma asaslanrr, lafi1n rca1
lnduxtlv sargaclar a\,azlna onlarrn s,(em efiv1Ya1entlar1
(glratorlar) lst1Iad.a olunur. Bu Usul mtlroKftabdlr va stlr€pc
sxemlnln 1$lan1lmas1nd.a Qoxlu sayda e 1em€ntlani.an 1s t lfsdo
olurunasrnr talab ed1r. D1€|]r tlsul lnduxtty sar6acdan lsilfada
etmadan RC - s0zgaclarln yaradrlmaslna asaslanr-r Ya claha

Kompaxt qurgu yaratmags 1fiffan verdlylndan genls tatblq oIumr.
Bu bolmada afit1y Ro-suzgaclarln (a$(ad1arl8 tglan11mos1na va

KasKadlarl reallasdlran stlzg,ec yo manqalarlnln ,Jttlflna lunKslya
lal-]nln tah1111no baxll1r.

Axtlv sUzEFcln osas xeraKterlstlxasr onu:I s1qna11 dl.Urmc

lunKs 1yas1d1r:
C(S) = Uz(S) ,/ Ui(S). (1.1)

(1.1) lladaslndo U2(S) ya Ut (S) - u.yBln olaraq sllzgacln arxr.s
ya g1r1g garglnllKLarl, S=J.o, J - xayall vahld, o=2rt - dalravl
tez11x, f-xatt1 tez]1ftd1r. (1 .1) ottlrrno funrslyas] Eomplexs Ka-
mlyyatd.lr:

c(Jo) = lc(Jo)l.exptJq('r)1. (1 .2)

(1 .2) lfadoslnda A(',') = lC(Jo)l- srlzgacln Bmplltud-tezllK xa-
raHterlstlEasl (ATX), g(o)- sUzgacln taz-tezllJ\, xaraKterl8tlra-
sl (FTX) adlanlr- AfX- n1n qlymatlandl-rllmQsl UQIIn loqsrlfmlK
vahldlard.an da lstlfad€ olunur:

a((r)) = -20 z8ta(o)l (dB)' (1's)
a(Lr)- ver1Im1$ tezllxda slqnalrn zalrlama tsmsall adlanrr.

SxemotexnlKada lstlfada olunan afit1v suzgaclar ATX-n1n
Iorrnasina gflra, A?X ya FTX-n1n fonnalsrlna gdra, ATX-n1n fonnastnaya zaman xaraK terls t 1r(ss 1na gdra 1glen1I1rlar.



Afx-nln fofinaslna 80ra 191an11an g|zgaclor{a s1qna11n

s8yljryolarl tezllxdan a811.1 otsraq A(o) vs ya o(o)- nln
qlymatlarlla moayyanlsgdlrlllr (s8ft11 1.1). o(o)-nm s zgac uQrln

tslab olunan 01 = d(Grc ) qlymatdan yurarr olmad18lna Wgun tezllK
d.lapszonu stlzgBcfi bursxma zolagl (1), 01- qlymotlna uy8m

oc, olcr, oc2- tezllxlar s1qn81m KBsllma tezllxlarl adlanular.
a(o)- nm tatab olunan c2>o1 qlymatdon 83481 o1madl8ma w-
8un tezIlx dlapazonu stlzSocln slqnall saxlsma (ud$8) zolagl (III)
qz - nln qlymatlna Wr&]n or, (,)2 - tezllxlarl 1sa s1qn811 s8tl8-
ma tezl1xlar1 sdfanlrlar. Idea1 sDzgec UQttn oc = (,)1 o1malld1r-
Larln praEtlKada ldeal hals n811 olmaq flrtuudln olmur (oc ( (,)1 va ya

oc > oj). Ka811no tezl1y1 oc Ya saxlama tez11yl (,)1 araslndakl ob-

I;st Keqld oblastl (II) ad.Ian1r. Tezl1K dlspazonunda buraxma (1)

va saf,lana (III) zolsqlarlnu qarsl11qI1 YazlJryatlarlna 80ra tez-
l1x seclcl sozgacl8r aga81 tezl1Kl1 (saK1l 1.1'a), yujrarr tez11K

11 ($BK1I 1.1, b), burarfla zolaqll (soK1l 1.1' Y) Ya udma

zolaqh (rEJeKtor) (gax11 1 .1 .q) olurlar. SaKll 1 .1 - 'da

tasylr olunan buraxma zo1aq11 (Y) Ya reJeKtor (q) stlzgacl ar
UCUn d18ar xaraKterls t 1xa l ara oro* marriozt tez11K, hl = t,1", .. r,r,.,

zo1a81n en1, Q = oo/hr -keyf 1yyatl.1l1K ansa11, 89a8l (ot'uc1 ) Ya

yuxarl (oca,(,2) KeQld obtBstlarL slddlrlar- Agagl tez11It]1 ea

rcJextor stlzSoc uqon SUclsnmo amsa11 I( = A(0) ' yuxarr tezl'lK11
sllzgsc oatln lse E = A(co) H1fl1 tayln olunurlar. Hesablsmalarl
asanlagdlrrnaq Uqon han tezllyln (o/oc), hom do A(o) -nln
(A(o)/K) nonn81l8gd.1r11m19 qlymotlarlnd.on lstlfada olunr:l-r.

oksar sUagec lglomal8rlnda oc- Kssllma tezll!! A(o)- nln

maftslmal qlymatdan {2 date azalmasms Wgun g6ttlrU}0r. Bu hal
Uctln ar= 3 dB vB bela ta'yln olunsn oc tezllylndo s1qna1 3 db

zoyllloylr va y8 dz maEslma1 qlymatlnln ?0.7 %-na borabar oIur.
Ham ATX , hom d€ FTX Uailn qoyulan taloblara WBm lslanllan

s0zSsclara ntlmrna K1m1 I8z stDdgdtlrtlcU Ya Bessel stlz,ga.l ar1 sirs-

tamaK ol .lr. Frnlar a$881 tFzl1K]1 sflr6ni' iir\errlarf i"^hsl'iie

lslantllrl:r va ls1an1lma rlli] arparllrr Ki, Liu-atrll rj(ilaiElJ,,iir

ATX nin sabl t'Llyl ya l'TX-n1n xatt111y1 to'm1n ollnur. Iaz
stE{sdUructl stlzgac uoiln asas raraftterlstlKa elqnalln langlma

mudda t 1d.1r :
d

T (ur)= - -nD Q ((,)) i1 .1)
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$ekil 1.1. Ata& tezlikli (a) , yuxan tczltli O) , buraxna zolaqh (v) ve
djelcor (q) s0zgecleria eryliM - elt xaratcerigOtairrntn tesvirleri :
I -buraxma zola$, tr - kccid oblast, Itr- sadama zola$.
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Sfu,,€Fc sxemt yasltFStlir q)((,). = -.r'(,. liutll firnxt:1ya ta,m1n
olLmars:r, (1 .4 ) lfadaslna asasan T ((n)-x=consi a'lrrrtq-T,ak1n nazera
al rnnahdrr K1 , e(r)- xatliillya yaxullasdllda, Al,X- tiihrlf olunur.

ITX -nin hrlraxma va sarlame xolaql:,rtnda rlaylFluir fr.r11,16o11.,,

,'Ii:,i'i, dir fiilrgi,.il ar farql and I 1'11 1 r i er:
[1rrt15r's;,,;'1 ]iilzgarl - ATX hHm h!lc,rxtlri, herrr rli sal ,-,m.r irol aql anda

iJx)noi(rlidlln;
. Qr,l)t{|'r riili:!i,.t {T}i tjllt.,ri:rfla ,(llilptnd.l I).rrlirat. ,litJni ijn, sit)il ama
:iolnglr]dir lsi, .nr)Iir'londrr;

Invers CGt)r$ey siijiiSac - Ail')( brtmxmrr zoih8,r,(la Llh:,I. L!)n, saxl.ama
2ol ag] nda Jsir barabar .10yilran(l1t';

E1l1l,ttx ( Zolotaryov-Haupr ) silzga(l - ATX hhm f,rraxma, han da
saxl ama,io l agt nda baratrat' riilyilnnndlr'-

AKtly Rc- sxeml;.ipin 1gla11 i6as11:1 ;1aly112n

ilmrmr i talHhl.rl

ARC sxeml arln lSlanllmeslnda meqsarl qoyll.rn talablara crrvab
veran f,assalaro mallK eleKtron ql[Rlsr.ului yaradt ].mas td 1r. Bn
tal abl ar l Qarlslnda en mtlhtlmit qut'guun tezllK va ya zaman
xaraRterlstlKaslna WEun slqnallarrn saylyyaslrrin r.atab olunan
httdrddan Kanara Qrxmamaslnl ta'm1n etmaxdlr. lfit1v silzgoc
qurgusrmda talab olunan hrldudlar gaK11 1.1 a r\ygun olaraq (r1 ya
oa -nln qlymetl.?rlIe ta'y1n o]Lmurlar, Burrdan basqa, rllgar talab_
1aI dE, m.1salFn, qm6_mru xarBfitel-lstlKalarrnln stah1l1ty1, KtlJrtI
vo qcyrl -r-ai.i1 tahrlflarl, K,lr{.lenmaslnlrr ve sazianmaslntn mtlrufl.ln
oImaBl, tpxn()IoJ'111yi ya sFmFrAltyl va s. rral.r.]ra ?i1 rnmalldtr.
Lllnnllari (Ilrgl stebllllyl Ir()lj;ilti V;r daylirma (11af,r2tollr.t rrLA,ltrrB o.lan
faElorLal'lrr [r]rga ia'trlt l DaraltindF irl,lsmar ol.ul]l[',
DestahlLlaFdlr1lll taxtorlar lsl,1smar F|'ospslnda quruBrun
xaraKt.rl,1gtlKa1ar1nl. yo1 vcrllan iraddan Kiinafa ,l txannamaltdlr. 19
proseslnda g1r1S slqnaltn saylyyasl doylria bilar. BIl sababdon,
qrrrE$nun sxemJnda dlnamlE ('llalraaonun , qeyrl-rtstt1 tahrlftarln va
Ktlyiln saylyyBlarl da ta'rn1r olrrunaltdrr, Qur'4urun pr1ns1p1a1
elektrlK sxFmlntn lelanllmaslri(la lstlfada olLulan eI.-mentlarln
nomlnallarma ya sayma da mahclud.lyya tlBr (I)yl.r] rtr. ?utun
olementlarln sayl rnlnlmrm oltnal L(111"- ARC- sxcm l,lAiin h1hr1d
texnologlyri nouaMa tlll,r-]l r r','ril l,Ilrullrn va Inill:rvlII,-[]lt 1s;11rlgJi

1.1



pmsesa IjJIAUI mohdud. qlymatlal"l naz1ra allnnal1drr. Ba,zI ha1_
lanla qur8unun gUc sorllna da mUayysn talablar qoyulw. cor0nduyu
k1m1, ARC - sxemlorln lglanllmaslnda qoyul an talablsr Qor-
Saxol1 ya afisor hallarda qarglltql.1 zIddlyyatl1d1rLsr. Bu
sababd.Bn ARC-sxemLarln tam 9ak1ld.a opttulal 19lanllmasjnl t6,m1n
etmaK rOflHUn dey1l. LaKln elefttr|on sxemlorlnln slntezl
nazarlyJraslnln natlcalarlno asaslsnsraq optlfiala yaxu n0xemnal
ARC-qrlIgu yaratmaq mDndlndor.

ARC -sxemlsrln 1$1Bn1lmosln1n 1Ix1n marholaslnl taleb olunan
xarafttcrlsi1xilara mal1K dtllnna furu(slyastn1n 1fad.asln1n allnnasl
to$rcll cd1r. AKtlv silzgaclar ilet[l bu fr,mfts lya m va n tsrtlbll
1K1 pol lnomuti nlsbatl gaKllrrda g1star111r:

, a .s'

(r.r.1)
: b .sr

Burada a. va b - hoq1q1 sabltlor; m,n = 1,2,3,..; m < n; n-
srlzgacln tart1b1d1r. y KsaK tart1b11 s zcgaclarde ATX -Iunldeal hala yaxtn olmasrna baxnayaraq, tartlbln srtlrrlmasl 19_
Ian1lan sxeml moraKKab1a$dtr1r va onut:l dayarlnl arttrlr.(1.1.1) lladaslna Wgun m sayd.a slftrlar (O(Sy=g1 ya n
sayda qUtblar (o(S)=co) m6ygu64ur.. tfad.ado ao, dan bagqa bUton
6i ?omsallar B1l1r olarss uygurl e0zgac pollnomlal ad.tanlr. firtlv
suzgacler1n 1glsn1lmas1n1n 1Klnc1 marholaslns seQllnlS OttImB
ftlllKslyasura uy8un s0zgacln qur]Iu.g sxemlnln toqK1l.l al(Hlr.
S0zgacln qurul.u$ sxemlnln 19LBn11m0s1 tsu118rr Coxdur ys bu
.0sullar1n genlg 1st1rad.o olunsnlarmdan b1r1 (1.1.1) Ot0]ma
frmK.slyasr-nt ,- sayd.o btrtartlbll ya J_ sayda 1k1tartlbll po_
llnomlar nlsbatlnln has111 ftlm1 gdstarllm8slna as8slanrr:

2

a .S + a.S + a
2r tj oJ

52 + br r.S + bo,
(1 .1 .2.)

a S+a
1! oi

c(s) = n =---.,n
. S+b

(1.1.2) lfBdas 1n., asasan eoxKasxadll qw.uluF sxeml yaradtlrr. Buhalda suzgac ard.tclt blrt8sdlrl1mlg manqsl ar'tlan to9;l1 olr_mur. Bumaqnalap b1r-btrlno ta's1r gostor8rak msxsugl dtorma



furu(s1yaIarul d8ylgdlmlrse, Um]ml sxem n tart1b11 s0zgac
lurftslyasml yerlno yet1r1r. Qeyd edaK x1, lnteqral Bc-Lar 1deal
hslda sonsuz g1r1$ moqaylme tlna Ya cox K1Q1Ic c1x19 mUqaYlmatlna

mal1x qur8ular oldugundan onlardan manqalar arasl rablto x1m1

lstltad3 etnak 61ver1s11d1n.
AIrtlv stlzgoclarln Ksskadlarla 191an11mas1nda n>2 YB ctt tartlb

stlzg€c talab olunursa, n/2 sayda 1K1nc1 tortlb sUzgac manqasud.an

lstusda olunur ve s0zgacln otulIna furu(slyas1ntn lf8dasl
-2

n/2 dz js +al s+8ol
c(s) n ---S'+birs+bor

(1.1.3)

IC1m1 olur, n>2 ya taK tartlb sozgac talab olunarsa, suzgoc b1r
adad blr1n.i1 tortlb ya (n-1 )/2 odad. II tartlb stlzgac manqalarl
asasulda 1$lon111r Ya onun dttrrna luru{s1yas1

<n t)/2 2
ars + ao - orrS I arrs raoj

c(S)=- " {1.1.4)
S + bo r=1 S? + br, + bo,

K1m1 lfada olunur, Qeyd edaK n1, (1 .1 .2 ) , ( 1 .1 .3 ) va (1 ,1 .4 )
lfadalarlndo vuruqlsrdan har b1r1 s8b1t adada Ylu.r-rla b1lar va bu
sablt odadlarln hasll1 yahld olmalrdrr.

BeIel1KIa, b1r1nc1 tortlb sllzgac manqasrna uJrgrm s](em

P(S)
c(s) = _ (1 .1 .5)

S+co
6t0ma funxslyasml r€allagdlran sxem olmalldrr. Burada

P(S)-blrlnc1 va ya srfrmcl tortlb pol1nom, co - sablt adad.1d1r.

lK1nc1 tartlb suz88c manq8srna uygun sxem

P(S)
G(S) , ^ __ (1 .1.6)

S'+b'S+co
Otltrma funxslyasml real.lngdlran sxem o1ma]ld1r' Br.rada, P(S)-
1K1nc1 yo ya ondan a$aAl tartlb po11nom, b, co- s8blt odedlard.lr.
1s1anl1tsn stlzgac sxemlarf ucih c: 5-maxsusl iezllya, c: s/b-

Keyf 1yyat111 1K amsallna uJt8rdl[.
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1,i:. iliaqt t.zl LE11 Jlollnomtzrl stlsgar! vil msn(lslarlnLn
ilttlnna furxslyalarrnrn taill111

A$a&r t,rz.llKl.1 sflzgac va manqalarr Uai]n 6tilnna fuffislyalarl
asaAldaKr verllanlar asasrnda 1$1an111rlar:

1. r,r" slqnalm kasllma tezl1y1;
2. o, = siu.;-5uraxma zolaglnda (o < 0r < o") slqnalrn zaltlano

- amsal 1n1n maxslmum hadd.1;
3. ro, - slqnalr saxlsma tezllyl ya ya tr,r = 16, - oc) - neq1d

zolag1n en1;

: 4. (lz - cr(0rr)- saxlama zolag ds (o1 <u<a) s1qnal1n
zalllama amsa11nln mlnlmum haddl;

5- K = A(0) - guclandlrma amsal1:
6. ATX -n1n rlayl$ma xarakterlna uygun silzgBc ndv[ (Batter-

{()fi, (eb1$ev, tnvers Qebr$pv, el11ptlK)-
S'Jzgac narvlarlndan Battervort va CebLSev pol1nom1al, 1n-

vers Ceblgev ve e111pt1K 1sa qeyrl-po11nom1al srlzgaclar{1rlar.
Po11nom1al sUzgaclaro uy8m dtoma furu(slyasrnu thuml lladasl

(1.1.1) da a. = 0 va a,J I 0 sartlnd.an a1rnlr:

c(s) =
K,bo

Sn + br.,-r.S' t+..+ 
b1 ,S + bo

Nonnal }a$dlrl1m1s stlzgac ilcun (1.2.1) lladast b1r ya 1x1 tar
t1bl1 sUzgac manqalarlna WSr 0 tttrfia lu:rKslyalarlntn has111
E1m1 8flstar111r.

K,C r (r_r,.2 K C

G(S)=( " u) n " -_L----L ,(n - 2,3,...). (1 .2.2)
' S + Co t=t S'+ Br'S + CL

(1 .2.2) - da n taft olduqda r=1 , n cut olduqda r=0 gottrulur.,
, E = i{o.Kr .I(2 . . . ufium1 g0.c1endlnna omsall, otonno furixslyasr-

na uygun suzgac manqalarmm gttclandlnna amsallartnln has1l1
K1m1 ta-ytn olunur. -

Batteryort suzgac Uqtln ATX-ntn dayl$masl hom buraxma, ham da
tcafi1]mo zolaqlrlrlnda rTr)noton(lrx'. TezllK artdtqca l?X-nrn monoton
az,almas Ln]. ta'mln etmoK r),li.in (1.2.2) dturma frmxslyalarlnrn
Eomplelts qillblarl, Co, Br ve Ck - amsallar1 a$aAtdaEl K1m1 to.y1n
olunurlar:

11

, (n=1 ,2,3,...). (1.2.1)



L, = stn (zk-l )?l * I cos -(?I:-11! ;'2n2n
Co = Re(l, )^=, ; B*= z.Re(lk) i

(1.2.3)

2

cr = l^.r | (.2-1\
ATX- n1n lfada8lAsa81 tezlfitI1

a9a81dar1 Klnldlr:
A (o) =

(1.2.5) llsdeslndBn

Battervort sflzgac UAon

x
, (n = 1,2,3...). (1.2.5)

(o,/{rJo )'z"

gdl'tlnduyu klnl tez11a artdlqca A(o)

12

monoton azallr vo o = 61. qlymot1ltdo A(o) = K/ fi' ot* "" b,
da or= o,1r,r" )= 3dB qlymato wgun 8811r. suzSgcln tartlbl artdrqca
ATx 1dea1 hala (to = 0) yaxu olur. Laftln yUkseK t8rtlbo WR]n
elextrlx sxeml daha Qox manqa taleb etd1y1 ya daha rfltlrBrc(eb

oldu8u uaun, s0zgac lBlenllarrc8n ver11m13 toloblera Wgun
mlnlrnm tBrtlb Bea1lnal1d1r, Stlzgacln tartlbl ATX - n1n
(1 .2.5) lfadaslndan ts y1n olunur:

2
18 12. p -1 )n=-.
2.18 0)

(1.2.5)

Burada O = @1/ @c ya p = A(Uc )/A(o1 ) K1m1 ta yln olunurlar.
(1.2.6) lladoslnl o , a ys to - 11o llada etssR:

t2

?g tz.rso'1(%-ar ) - 1l
(1 .2.7 t

+ 1)

to(H8 )
81anq. Qeyd ed€x k1, K1fl1d1r.

f. (Hs )

MoBeIe 'l ,2,1. 01 = 3 dB, a, = 20 dB, l.= 103 Hs va

, < 3m fls yerllsnlor esaslnda 894&1 tez]1K11 Batteryort
stlzgach dttlnne furu(s1ya8lnl tertlb etDB11.

Halll: 'Ioth Cod" totblql prcqramlar paftetl 1Is alrnsn
natlcolor 'futtenrnn - ]{?" pr\cqrann1nln motnlnda verl]mlsdlr.

O = 1.3 , n = 8.'l@ q1ynet1and1r11l". Tortlb tam ol-nalrdLr,
to < 300 l{s ta'm1n etmax tlqun n b1r yahld artIrrl1r ta "floorr
lurnrslyasl 1lo t8n h1ssa, n = 9 gottftllur, 'foot" luru(slyasr 118

toJ
0"

to
(r-

?19 (



q r= 3 dB d1'z
0.1 [o -d I

Lz rlh r= I0

A = 1.3

Battelrort - AT

:= 20 dB fc := 1OOO

l'tor'ln'= l:-l .'
Ltc.l

n (O) = S,?82

HD := 300 Hs

[rq(2 h - 1)]n(o) .= l.--l
I z.rogtor I

nt := floor(n(O) + 1)

n := n1

ro = 291.012

1t

= (2.k - 1). 
-2n

t* '= "t"['*] * i cos 
[c*]

i'= ['-l]

O := rooE (n(O) - n1,O)

r := nEd(n1,z) r = 1

I n- r
2

j ,= 0 + i

0

Eo :- fc

n=9

o = 1.291

(o-1)

k

Imn l
Ir.l

rd'3Efl
To:E6-a
lo_54',1 I

r6':5ar1

l*r-ll
BkE

E

C

Tit-ltr
H
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",", =l " ln[-li,,J-cl I 2
I ol k l(j or) +

t

C
k

B lo+C
k

F (o)

1.1

= 0,0-01 ..2 A(Gr) ,= lG(q)) I

0)

arE)liEud - Eezlik xarakEeri6Eika

.j

Faz - tezlik xarakEerisEika
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arg (G ((,)) )

A(o)

F (o)



n = I qlymato uyBun O ta'y1n olunur. 0 = j.291 qlymat atlr ya bu-
na uyAun tor = 291 .012 < 3OO Hs ta'mln olunLlr. .flKxXln,Zl" luru(slya-
sr lla n taK adad olduqda r = 1, c0t adBd otduqda r = O qlymatlor
altr. B1z1m halda n taKdlr yar= 1 qlymat al.1r. n=9 qlymata
r ryElm dtiulna ftuxslyasl b1r adad b1r1nc1 tartlb ya dord odad
lrrlnel tartlb pol1nom1al s zgac manqalarlndan lbarotdlr. SUzgac
malqrlarlna uyglln KclmpleKs qUtblar - Al yil edadl amsallar Co,
Br,iJ* va manqalar i.lzr€ Keyllyyatllllx amsallarr Qr= iCrZB,
q1,'ma[landlr[1]r. Nofinal lagdtrl l mt$ dtt[fla ftrI]xslyas ].n lladasl
tartlb olunur. ATX va FTX-nln t8svfu'1ar1 quulur.

Nornal1aqdlrtLmls qlymatlariBn moxsl,lsl q1ymat1ar€ Kecmafi uQUn Lr

:- r,t/r,t , C(u) := G ((,r) .II K.-ayaz1amalar1 aFar111r. \. -manqalar Dzra'-!r
pay1a$d.rrl1mts gUclandlnno amsallarIdlr. yerllan tolablora Wgun
fl tilrna fu,lxslyaslnrn amsallarl Co = co,oc, B* = br.o. yo
c,. = c,..o] K1m1 hesablantrlar.

ASaAI tez1lKl1 Ceblgey s{lzgac tlcon da dturma tuu(s1y8s1 (1 .2.2)
lfadaslfa te'y1n olunur. Cebl$ey silzgac Ueill:l xsraKterlx cahat
ATX-n1n d.ay1gmas1n1n buraxma zol8&1nda barabar doJrillxan, saxlams
za1a81nda lsa nonoton olmas1d1r. 0ebrsev suzgacln dtflnna
tunKllyastnln KompleKs qtltblarl va suzgac manqalarrnln 6tuma tun_
Kslyalartna uyBxl Co, Bk va Ck - omsa11ar1 (1.2.8) vo (1.2.9)
lfadalar1 lIa ia yln olunurlar:

r.r= 0.5(€ s^r )etn (2k:!)r r J.0,5(s+e-1 1"6, 14I:1I ,

f)rrar'l3 e-

Co = Re(1,,.)", ; Bt =2.Re(lt); Ck = l2,kl (1 -2.9)

Po11nomlal srlzgaclor laarls1ndo on optlma]l Oebl$ev silzgtsc1d1r.
onun ATX-s1n1n lfadasl agagrdaKl K1m1d.1r:

K
A(U) = (n=1 ,2,3.... ), (1.2.10)

t *ezcf trzq )

sablt tsdad]ar. Cn((l/q )_

C,r(x) = c6e 11.6"ccos (x ) ) .

(1.2.8)

n -tart1b11 oebrsev

l
buroda e ya K-
po I lnomudlrr r

(1 .?.11 \
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Nomal1agd.Tl1m1$ stlzgac nADn (K=1 ya oc=1 rad./san ) bursxma
zo laAu6.a s8bl t ampl ltut lu pulsas 1ya1 arrn hUd;du

1+ ez
(1 -2.1?)

K1m1 ta yln olunrlr. pu-1sas1y81ar1n s8y1 1ss sozgacln tartlblqodardlr. Pulsaslyalarln 0 - hududunu € - nu sacno yolu 1Ia
azaltmaq mtufilndUr. Suzgacln 1$Ion1lm861nda tBlab o1_1n qlymatl_
na qoJn[ur, oId.8

or - -- 20 Zog(1- O) = 10 lo\(l+e?):
o,10_

t = 1O ' - 1

,= -ta=(L...,pr i e=at/a"i
ia(0+{n'-1)

(1 .2-13)
al8rrq. Qeyd edoK K1, cr = 3 dB otduqda e = 0,99763 a 1 o1ur,
bu hala Wgtrn ftssllne tezllyl

o. = o(3d8) - 
"x t "l 

trctl (1/e)) (1 .?.141
r!n1 ta'yln olunur. Verllan taleblara W6tn Cebrgev s0zgac UCft1
t6rtlbln BeQlImBBlndB (1.2.10) lfad88lndBn 1st1fad.o olunur!

UesBle 1.2.1.- do verllsnlorton lstltado etsBK, agagr tezlLktl
s0zgac UAftr n = 3.9S (tam gsKltd,o n = 4) a1ar1q. Gorundt\y0 Kln1,eynl telablarB cavab veran Cebrgev s0zgoaln tartlbl BatterTort
sozgBcln tartlblnd.Bn tur1 deto KlC1Kd1r. Demell, 6sas oLaraq ATX
Sottutlersa, qebrgey s0zgacl rr8l1a9d1ran pr1ns1p1al _ elextrlx
Exem d8ha ssde olar.

I= (1.2.15)

lilasals 1.2.2. a, = O-5 d!, c, = 3? d3, t. = 3500 Es,
fr= 44m Es - verllanlor ssaslnda asaB]' tezlfi< Qeblgey
stlzgecln otoroa furu(s1yasrn1 tertlb etm811.

Hall.l: "latll C@" tatblql prcqramlyr paicetlndan lstlfada 1ls
al:.nan n6t1co1ot "Cebtsttau - Af proqratnrnln mstnlnd.o
verllmlgdlr. !! tez11y1 l"-ye gure noma1lagd1r1I1r vo n = 8.546
qlyrctlsnaUrtllr. StlzgBcln tertlbl tam olmalrd.tr ya n = 9
gottuttUr. Tortl.b tBK edBd.dlr vo r = 1 q8bul olunur. n = 9 -a
W&m O - t8'y1n olunur, !! = 1.0 vo tr,r = !r - l" qlymatlsndlrl-

16
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4400 Hsoo Hs

_-llz I

'1" - ,l
:
l"' J

.(n(O) + 1)

= 808 .308

-r
2

1l

2.n

r -( l

fl :: 4
cro = 9(

a
I
Iloglx +

'--;-
IlogLA +

:= floor

n

:

'= (2 k

t,= -o.s lr

1500 Hs

n(o) :=

n1

_ 1)

k:

0
k

C:
0

HS
fc

0=

:

\
\

\\

Cebishev - AT

:= 0.5 @ o. ,= l, dB fc :=
' Lur ,=

tc I Ltu [ O.t o .rO "I-l
fc |ro ' ,lx ,= I ^l

I or. IlrlLro _ rj

t.2s'7 j:=O+i n(e) = 8.s46
rooE(n(a) - nt,o) Eo:= fc (e
rnod(n},2) r=1 n=9 i?

1

:-
- 2D
| 0.0s d I
lro '-,1I-lI o.oso 

It2tlro il

'i 
"""J0*1

"* '= il'*l]

r), ,= ,0.s. lr - .k'

C = 0-197
0

-'] 
"*[r*] *, 0.. [. *.

"n '= ' l*"P*]l

8ffiffi ffiffi ffi
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",,,-[J=l'rl , '- IL ol k 
l(j 

or *"* j"'"*]

<,r:= 0,0.01 ..2 A(o) := lc(or) F(0)) r= arg{c(o) )

1- .2

I
L

o)

Anq)liLud tezlik xarakteristika

F ((,))

Faz Eezlil( xarakteristika
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11r-. Xomplercs qtitblarln ya ada(l1 afisallartn rlu4Tratlarl cadyalda
Yt-:rll1r, 0iurrn6 fun}(slyaslntn nolrnal l zisdtr l.l m1S lfadasj tartlb
ollmur. ATX yB tr'Tx-ntn tasvlrlBrl qrlrlllur. Nonn8llagd1rt lm19

G(S)
I

lfadada o = u/0L avaz olLu-rur va talob oturar sl?rgaca uy&tx] Co =lto.rr , Br : cr.(rr., C. = cr.r:_rl amsallar q1lanatland1r1l1r. Talab
olunan sUzgac b1r adad blrlncl tartlb ya d6rd odod 1r1nc1 tartlb
manqadan tbsra td1r.

1.3. A$agl tez11Hl1 lnvers Ceblqev va e111ptti sUzgac
va manqal arlntn otuflno funr(s1ya1arln]n tah1ll1

InvFrs Qchliipv ya e1l1pt1K silzgarllar qeyr1. _ lJoI1nom1aldtr1ar.
tlrnuml saE'llda o lrTna frmxslyalart (1.j.1) tan11y1 11a 1fad.a
o lunrl- Ri l- ya 1K1 tart1b1l sUzga. mBnqrrl arula uygun Otrlmo
rrurKs lyirl;r1'1nrn 

:""r]l ,u:llr"u" 
lsa e$agrclarl Klmr lrada olunur:

t-1

xi(ril;' (s'? + Ir )

Si + B.S + r:

, (n-2,3,4,..). (1.3.1)

Suzgacln tartlbl tak olduqcia r = 1 , cUt olduqda r = 0
gd trlril lilr.. Co, lr, Bk va Ck amaallar]nrn qlynatlarl suzgacln tar_
t1b'lndan (n), Kasllma (o. ) y6 saxlama (or ) tez1lK1or1na W&m
slqna1 savlyyalarlndan (ct va cr ), ATX nm buraxma yo saxlama
zolaqlarda daylgma xaraftterlndan, ya'n1 slzgacln no\,undan
astlildlr. I( = Ito .K, ,K, , . . gUclandlflna amsalt marqalar ilzro
pay1aSd.1rt 11r.

AgaBl tez1tu(I1 lnvers Qebl8ev suzgac ilQtln ATX_n1n d8ylsmosl
buraxma zolaElnda monoton, saxlama zolagrnda 1sa barabor
dt lihandlt". ATX-nln bela dayl$maslnl ta,m1n etmax UC n (1.3.1)
lladaslnda lunKslyalarln stflrlarl t, (C(S) = O) va qutblarl
7.r (G(S) = ,l)) a$agtdarr K1m1 ta'y1n olunurlar:

(2I(-rlfl
L1l-)3_-

?:n

(1.3.2)

[ *, '.,1-t__l
ls + c II ot
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(1.3.3)1 (zi-,)fr 
1-0,5(p- ^ )stn --_--_ 1J.0,5(p+_?znB

(1.3.2) vo (,.3.3) lfadalarlnda

n = (l)t /0c;
roo'o"o, * 11oo"o, -1 ;

1oo'osc, - 1,1,o,'o. _ ,1o.t
(1 .3.4 ).

te'y1n olunnu,$drr. Otrlnno fulxslyastnln stlt]'larl ya qiltblorlnln
qlynatlarlno g0ra adadl amsallar a$agrdaKt K1m1 ta,y1n otunul,Iar:

co = R"(4,).-,i o* =to t u, =2Re(l'r); cr 'rtLrt (t.s.s)

Verllan ttslablar asaslnda a$agl tezllKll lnyers Cebt$ev s zgacauygrn tartlb Cebr$ev s zgacdaKj k1m1d1r va (1.2,15) lfadasllata'y1n olunur. SUzgtsc marrlalarl UGr:]n nomal I t$dlr11mt $ Co, Ak, Brvo 0k ar1ad1 amsa]larln ql}4na arl ma,lrunat xltahgltarrndaxr
lrygun ctsdvouorrlan d6 seQlte b11ar1ar I2,31.

A$a81 tez1fur11 lnyers Cobl$ev s zgac [,;iln ATX

A (o) =

1l + e? . c"n{ur/a) )o,s
K1m1d1r. Bwada e<0 sablt adad, Cn _ n tart1b11
TlT:*9* (1.2.11). cr = 3 dB savljyaslna r{y6x1 Kasllmatly1 (1.3.6) ltadaslna asasan

(l).
{J=l l_ , (1.3.7)

cht n_ orch( + )l
ft1n1 ta'yln olunur, € - adadl slqnall saxlama zolagtnda ddyrln,malarnln saylyTaslnl ta,y1n edlr vo bela aoyttnialert sayr
stlzgac tn tortlbl qadardlr.

(?b,-1 tlC
)co- __

2n

,f

(r.3.6)

qeblseY

tez-

2A



., 
l\l.,Giri:, l.ii.i.,ri :,1i1, L ,Il ,,iii, I- - i0.[i'L ,'rt li, rla,. .,,.h..n,i-r a:.jr:]. ,-/.Jrri1 ii v, ,.s

,; l,tl t ila futiiirl!,:Lii]lrl lar.tib ts,i.[!_li.

lrri, lr = 12at9

QeLrg-v ,1i12*"rn

llrtill: ",y,rll) /lrlJ" r;rt.hlrri I t1!lr,,lml:rp fr:triF,iili,l! zil t.irl nallcalar"lti L-t',1 t-lt ),iilE1t z1?,' 1rr,,ir.:11i1111;sr ma1_n1n,,lrr l,,t,ilLili$.11f. n = l,a'iir n il,{irlr; ,llrlnatla dirl i lr_ vi, n _ i grltl.ln)lrtr-. Tartlbtr)Kttjr va ,.jtilnta fllnfislya,q.r l,ir 6dad Llrtrr,ri f"rr1t, va rtQ adadlrLn,tl tart,jh manqn lirr.ian lbatatdtr. ri f rlU,ma iurrKslyaslna uy&_msrftrlar (tr ) {a Rompl cES qiltDlar (1.r) hesal-,ianrr va ,lod.valdtsy.rlt tr. Ot _nna fllrlKslyasl tartlb olunnt_, nTX va ETX_nIni.'sv1r1ori rli lrr rlllr.
FilIlpttx nalv (Zolotafyov - K-r1pl,) si)2r;.,. qelTl_Inl1nomlal

irilzgacln iltgrrr nilvltdur. Silzga,r t)ctln ]:ar.,Kterl; cehat ATX_(iallarabar .1ii:rr'lnrna I a r1.n (fulsaslyalar.tn) ham hufaxfia, ham rle saxlama

'':,119]1." :l]r""10.,]'. 
,-r, yn ((2_stqnat sav1yyaii,rl, uygun otaraq,rrrrrarma ve saxl ama z(, Laqlarrnda siqnallIl ir;i.ir[hos1n1n

,.].J'.r1-mflnlaznmliK parani_, tr.i.it,1 adlanlrlar- ,i, va or_nin yerllml$(llymatlarlnrlF r,Ilsaslyalarln sayL sr.lzga,t 1n 
" iariihi qadardlr vatorllh Jrtrnar olrluqda t() : !rr - (r,2- Ker)1(1in i:,lt ar; a1l;. Dlgar,ri),rgnclarl', mit,lay tsada tfu e111,,1r6 silzgac I al.{ja dqira az tartlbda' 'rn1rt ,1L|lrr t. Mi,salFn, ,(l - al,l dij, (r, _ 60 iji_t, r,. _ I fadlsan',r 1.,,r it,t llal rnr ia,m-lr, _,1;,n {l.,l)t..rev _il:.[r.1n mirrtnnrn fartlbli, i;), .tl:ll t;ri silj,gir,:irr rirlrrirrrrur t.arLllri Js,r lt j0 _ (1ltt.

Iil I i1,1,16 silr.lga(.iri iltilsna 1'rir1p;;1yast lnv.[s r]pbr$ev sUzgacda,,ldr,{11 }itml (,.3.1) lf:rrlar; jla yrt],1L1}_. f,axin ittri}rirn ftlnEslyas1nlnrrfl]'lart. oiltjhlnrl ra l,art1i,t ATX vi .l,ryrilan talaba 11yg6 1s*lrlrlxma, l-arn (la itarlam2r 2lotFiil Lal1la triuLsasl.valartri olmasl,jil'il arlna asasan ta'yln olll])rrtlar.
, Elllptltc s :.igec manqalarl il,iiin rlr,, Af, F. va C, amsallarlnrn,llJmatlarlnln t2, a18ya V,Ql ya ya fi, ,,ia"rl 3,61 ma,t,o*t

K I tablarl niran gijtl:trill masl rlaha a ) vep191 161p.

,_ ,::nlr ].3.2. .,1 = 0'l rtn, % - 30 dB, f.=106(l Hs, rr,r < 100 Es,li = 10 talablara Wgun ell lpilx sitzgi,,tln. 6titirn;, ftu:rrstyasrnmqur-tllmast talah o lunur.
1) 0t rmo ftllr(slyasrn1n (Irnllmastnt l:1, aisval.ar e ya Vl.Fr.lva'l }arl ndan q1ymts t lar seQmax Ia a.paraq.
ii,i - i;iln l,ormilla$rlt.Itlnr rliymFt trrr _ i0rlltoOO -_ O,l



d := 1.0 dB d
\2

fc + tG)

n(A) : =

I
2.n

a := sl

fners CeUistrev - lf
:= 25 dB fc := 1000

0.1cr
2

Hs

0.1 cr
1

l(l) := 500 Hs

y := 10

G -,I;-
G l;'

n1 := floor(n(O) + 1)

n := n1

O = 1.144

n- r
k := 1 ..-

2
1l

C:=(2'k-1)-
k 2.n

1
L := a fcosfd llk L L:.ll

fc

t
rog[. .

0x := 1

.*[.

o = 1.1.6? j:=0+i
o := rooE(n(o) - n1,o)

r := rod(n1,2) r = 0

n(o) = 7.453

toro := fc (? - 1)

n=8
tro = 500

tco0 = 432.403

-1

c ,= n [o.s [s - s 1l
0

1

22

x- 1

y- 1

B1 :=

'n'=' l*l*]l "n '= [l',.1]

rmn I t A B c [i r-'

#ffiffimmffi
ne [I Ir I xl

I 'l I I -0_088 I

I 2l I -O-124 I

l'lll-o 842 I

l-;l l---z--eat

r* ,= n 
['0., [u u-'J =*;.*1 - , o , [u . .'J ."=1.*1]

2

kk



kk

o := 0,o_01 ..4 A{rr) := lc(or) I p(o) := arg(c(o) }

1.1

I

I

A (o)

GI

&@litud - tezlik xaraktserisEika

J

(!

Faz - tezlik xarakteristika

?3

\

F (o)



hesablanrr. Alaya Q-dan to. = O,lOlS qlynatlna W&]]l n=T-d1r.
Dercl1, to < 1OO taIab1n1 ddamax Ua r n=T see11mat1d1r. Olaye
V-dan n=7; or= 0,1; oz= 3OdB; t(d = O,O4?9 qljrmirtterlna uygun A,
B, C amsallart sec11j r:
A't = 1 '11?775i
A? = ?,677955;
A- = 1,zgq9a,ii

c (s)

Co = o 
' 
?oa469;B, = O,IZZOtS; C1 = O,764652;

82 = o,192so2; C, = o,e7q7s5,
Ba = o,r,.l:Ss:t; C" = .t,o757os;

Demal1, talab o]unan e111pt1K srlzgac b1r adod b1rlnc1 tartlb
manqa va ila adod lK1nc1 tertlb manqadan lbarat olmalldrr. N =
Ko,Kr.K2.K3 = 1.1.2.5 - x1m1 seQmaK olar.

1

II

(N. .C. /A. ) {Sz r A ,,r2 t,c K x k c'

S + C.r,-r 52 * B. ,r.r ,S + (- .1,F
xcP-c

Tolab olunan ell1pt1x suzgacln amplltud tezllli va faz_tez1lrl
xaraxterlstlEalarl.nln tasylrla1"T ,,E7llpt th. _ AT,' pmqrpmtnfn
matnlndo yer1lm1sdlr. Buraxma ya udfia zolaqlaptnda fulsaslyalaru
hrldudlaru tn tosylrlar 1 \ygur dlapazont al.(ia g)s tar11 1r.

2) oturrna llmxslyasl UC0n adadl amsatlartn {3, ,radyal 3.61
asaslnda ta'y1n1na baxaq. Verllanl.ara Wgm olaraq e
= (J1 / 0) = (to + oc) ,/ orc = 1100/1000 = 1,1 to,y1n ed1r1K.
Cadval 3.6-dan {r.," = 30 dB, (I,_-, = 0,1 rjB va 0 = 1 ,A47g4 ,: j,1
qlymetlarlna uygun n = 7 sec1r1E. otttrma auru{slyasln1n
slllrlarlnl ya qUtblarlnl qByd edarafi A*= t;, Br=_2.X*,Cr=fr + nl
K1m1 hesablaylrtq. NatlcBlar cadvol 1.3.1-da ve111m1sa1r:

E1llpt1H ( Zototare\. Har:te | )
furucslyalarutn parametrlarlnln t3,
qlymatlarl cadyal 1.3-2 - da va cadval

srlzga,ll6l UAUn dtu].'na
sadYal 3.61- dan seQ11m1g

1 .3.3 -da ver1lm1sd1r.

24

Ko,Co.oc

Cadval 1 .3. 1

tar tl milrnqir )1,. n L, B, c

1

II

O,7oA a

t
lr

fr. .; r I

I , trl 2r)

I .il'\,1 1 .', -
1 ,;.'98e i 0,0355-0, 01 7s 1 ,139'-1 1 ,0257

:) 0,0961 o, qH0l 1 ,6364 :,, ti r7,t I 0, 1 qi.? o. q708



Elliprik _ AT

qt := 0.1 dB a2 := 30 dB fc := 1OO0 Hs Eo :_ 100 Hs
n :_ 7 r : 1

k 
-1. '* tn c^=ozoe

Hffiffiffi

kk
ro := 0,0.01 ..2 A(o) ,= Ic(ur) I r(o) ,= arg(c{()))

1

A(o)

0

1

A(o)

0.97

4

F ((n)

-4

Amplitud -

0.05

A (or)

0

\!l-.2

0o1 1(l)2

LezIik xarakteristlka

(,,

8az tezlik xarakterisErka



ElllptlK (Zolotarev - Hauer) suzgacln
paranetrlarl ( Lt=-Re (tr )+J. Im(Ir ) .

iloilyal 1 .3.2
dtil]'lna IuIiHSlyaa1ntn

n
q", 

".3odB, 
c*, = 0. 1 dB lo. i " 

= 30d8, o.., = I . odB o =3odB . {r = 3.odB
t Re(\) h(L. ) a, Re (Ak ) Im (lk ) Tr F",^J l];AJ

Ft*z0.8852 1 .1654 1 .4039 5.5509 0.5385 0.91 11 .1 .01 13 0.31 41

1 .0594 0.5596 0.3523
2.8036 0.4183 1 .2157 1.953€) 0.2053 0.9a69 1 .6233 0. 1 168 0. 9351

4

5

1 .6?21 o.1772 1.1090 1 .3103 0. oB28 0.9989 1 . 18q1 0.0432 o.9779
3.5592 o.69{,4 0.6092 ?.6713 0.381 9 0.5385 2 .z'.tqg 0.2399 0.5358

o - 761: O.450tr 0.3013
1 .2616 0.0805 1 .0538 1 .1171 0.0338 1 .0003 1 .0647 0.0158 n oo,
1.779A 0.3860 0.861 3 1 . 46&3 0.2009 0.8085 1 .3.32t0 0. 1 165 0.8149

6

1 .1 171 0. G374 1 .0261 1 .0460 0.01 38 1 .0003 I .O2;7 0.0057 o.9st2
1 .3130 0. 1956 0.9506 1 .1682 0.091 4 0.9231 1-1()81 o.o472 0.931 1

2. 45 o,5984 0. 51 49 2.4249 0.3501 o.4914 2.1455 o.2269 0.5057
0.?045 0.4339 0.2950

1 .0549 0.01?8 1.0125 1 . 0187 0.0056 1.0001 1 .0082 o.002 t 0.9990
1.1351 o.0961 0.9806 1 .0658 0.0391 0.9688 I .0378 0.0178 o. 48
1 .6364 u.ootJ o -796? 1 .41 19 0. 1945 0.7790 1 .3033 0.1 143 0.7981

B

1 .025? 0.0084 1 .0060 1 .0075 0.0023 1 .0001 1 -OO?9 0.0007 o.9996
1 .O64L o.0464 0.9919 1.0262 o.o152 0. 987 4 1 .0134 0.0065 0.9909
1 .2617 0. I 908 0.9 r 60 1 -1497 0.0904 0.9092 1 .0994 0.0470 o.9242
2.8732 o.5767 0.4958 2.3375 0.3448 0.4839 2.12q 

I

l
t.riiii]

o.2252 o.501 9
1l. r; )1 !l

I,,+
l.r,Li,, I.1 i, jI

al ..1:l I ;l

. i)rl0q i ,,til;,.rrr

al 294?

(lfr2r-l o- 9997
1 .0305

l.11er)

al.02:r 4

tl.0gll{,
l-!l'':"f t. Ir,tllllrll

0.00r)7 0.9,.)4ti r-n, i.*i
in,-,1

o . 002.r 0.9967
0. q{)34 ri -0391 0.9rizl8 0.0178 o.9722

1 .6067 0.3551 o.78?1 1 .4029 0. r 933 0.?740 .2997 0.1140 0.7959
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rlacival 1.3.2 (dsyanl )

n
GnL r,. 40dB,Gidr = 0. t dI o,.."=4OdB,G..x= 1 .OdB ct .^-4OdB,a .-=3.963t*

I 
Re (rr ) Im(1l. ar Re(Ik)lIm(tr) Tr lR",\ )F,,^J

l.r*.
16.896 1 . 1788 1 .3886 9.6423 0.5456 0.9004 b. 1 0.31 94

1.@E7 0.5237

2.2431

o.3225
4 .O4?2 0.4532 1 .?115 2.7583 o.2273 0.9766 0.1337 o.9194

4
o.2119 1.1160 1 .6057 0,1051 0.9938 1.4180 0. 0592 0.9666

4.7001 0.6733 0.5429 3 .51 47 0.3644 o.4791 2 .9906 o.2270 o.4713

5

0.6705 0.3853 o.2509
1.4690

91066 1 .0636 1,2538 o.0499 0.9982 1.164)0 o.ozu 0.9857
.:.1t?4 o.41 18 0.7934 1 .7643 0.2191 o.7410 1 .5809 0.1314 o.T 420

I,

1 .?260 o,0550 .0345 1.1131 0.0237 o.9994 1 .0693 0.01 16 0.9938
1 .5006 4.2352 0.9066 1 .3057 0. 1 182 0.8755 1 .2196 0.0663 0,88't3
i. {-,I 6l o.5464 0.4;tB0 2.95€2 0.31 58 0.4106 :l,6357 0.:t(136 0.4203

0.5939 o - 3576 0.23P2
1.1136 0.0290 1 .0186 1 .0528 0.01 13 o. 9998 1 ,0300 0.0051 0.9E73
1.2420 0.131 1 0.9558 1 . 1358 0.0601 o.9404 1,0912 0.031 1 0,9466
1 .49:26 o.3727 0.7016 1 .6258 0.2039 o.6888 1 .4958 0. 1 258 0.7056
1 ,05E7 0.0153 1 .0100 1 .0246 0.0054 1.0@o 1 .0130 o.@22 0.9988

0.0711 o.9784 1 .0623 0.0295 o.9717 1.888 0.0140 o.Et64
1 .3956 o.2265 0.8502 1 -2562 0.1155 0.8458 1.1906 0.0653 0.8622
3.3775 0.51 24 0.4004 2 .851 3 0.3048 0.3961 2.5753 0.1991 0.41 09

:l

-lr
- 1-

.oat17l(

om? [

1.5734 I_-.- L

''*!11 .0054

0.3515 o.2358
.(r113 ().0026 r .0000 

i

r. eebs j

,1ornl
.0 rr)e 

i(

:r.001 0

l. 0063

0.9995
.03i15 0.9Br)0 . (r;'9,i 0.0I 43 o.9896

.1q45 12.r5 4.9?37 'l .1150 0.0598 0.9250 1 .07, 0.0310 0.9375
3tol 0.1,77i., 1 .59',r4 u.;.t0i5 0.6770 1 . 4ito6 o.1246 0.6985

i:7

3



1l

,r,!,, sOdB,a,,(.- 0. 1 r1B cr.m, r,. 50dB,(1,,d. . 1 .odB 1 50dB.(I = 3.odB

Tt Re (lk ) Tm(lr ) T,. Re (lk ) Im (L, ) a, Re (Lk ) Im (Lr )

2 28. 140 1.1819 1 .3823 16.498 0.5478 0.8970 12.06A 0.3210 0.7788

3
0.98€A 0.507? 0.3093

5. Sr97 o.4694 1.2@?. 3.97 46 o.971 1 3.2023 0.1418 o.9112

4
2.6562 o.2333 1.1190 2.0334 0.1193 0.9898 1.7647 0,0698 0.958i'I

6.2151 0.6579 0.5079 1-6409 o.3530 o.4471 3.9411 0.2181 0.4361

5

o.6183 0.3479

1.7549 o.1262 1 .W)97 1 . +579 0.0626 0.9960 1 .32e4 0.0352 0.9798

? .6790 o.4234 o,'1479 2.1523 o.6949 1 .9123 0.1380 0.6909

e,

1 .37Et 0.0703 1 .0409 1 .2201 0.0331 0.9983 1 .15212 o.4177 0.9901

o.2627 0.8698 1 .4910 0. 1 363 0.8350 0.0795 0.83?0

4.35!11 0.5087 o.27 64 0.2899 0.3606 3.2043 0. 1 851 o.36A

7

0.5245 0.3095 0.2026

1 .t059 o.04clo 1 .0239 1 .1123 0.01 76 o.9992 r.0740 0.0089 0.9950
1 .3779 0. 1 589 0.9307 1 .2366 0.0779 0.91 12 1.1736 0.0431 0.9157

2.1957 o .3712 o.6326 1 .A799 0.2068 a.aoz 1 .7255 0.1281 0.6326

1.1134 0.0228 1 .0139 1 .0578 o.0093 0.9996 1 .0352 0.0045 0.9975

1 .20?O 0.0940 o.9626 1.1188 0.0430 0.952e I .0830 0.022 5 0.9573

1 .5571 o.2475 o.7911 1 .3889 0.15't 1 0,7866 1 .3078 o.gt't2 0.80r 0

3.9343 o. 4628 0.3407 3.3535 o.2725 0.3384 3.0534 0.t7@ o.3496

.J

0.4955 o.2991 o.1gt9
1 .0646 0.0132 1.0081 1 .0306 0.0050 0.9s98 1 -0181 0.0022 0.9988

1 .112c) 0.0554

O. 1 51.11

o.919'.: 1 .0a,18 10.0235

lo. orrr

o.9748

0.BB2o

1 .0410

1.1439

0.01 15 o,9783

1 .?907 0.8817 1.r906 0.0428 0.8957

2 .O6€t6 0.3520 0. 597 5 1 .81 41 0.2002 0.5995 I . rn,{ ?l cr. 12521 0.61 B0

(ladva l 1.3.? (davaml )



'll I It.i,1ri /il,,lLtI^F.rv Kati,f)
l.dlil ty l rr irr ii,rnnrriLasrlt lt lrnr$

C;r.lval 1.3.3
,:i(,'i iL, rri rla1t ia{Iama
((l u((1.,.,,(1",., ,n) ).

s alzqat l lrf
q l)rmtr l.1or t

n

rr -:i0 dE (I, 40 dB rr =50 dB

(t dB (1..,, 
'dB a -dB

0.1 1.0 3.0 0.1 t.o 3-0 o. I 1.0 Fr-
7 .OA79 3.9573 2.BBl6 r 1 .958 6.4365 4.9619 19.905 1 | .677 8.54A3
2 .4549 1 .7325 1 .4572 3.5189 2 - 416? 1 .97A9 5. 1 044 3.46AT ?.7966

4 1 .5267 1 .?491 1 .1444 1 .9206 1 .51 20 1.3441 2.4697 1 .8999 r .6557

5 1 .225A 1 .0905 1 .0501 1.4175 1.21A7 1 . 1391 1 .6851 1.44t2 1.2W1
6 1.1019 1 .0378 1.0177 1 .2030 1 .0982 1 .0584 1.348r 1.1916 1 .1343
,l 'l .0479 1 .0154 1 .0064 1 .1044 1 .0460 1 .0254 1 . 1899 1.r013 1 .0656
8 1 .0225 1 .0062 1 .0023 1 .054' 1 .0215 1.01 10 1.1049 1 .0522 1 .0321

9 1 .01 0a 1 .0026 1 .0cl08 1 .O?AT 1 .0103 1 .004a 1 .0599 1 .0277 1 .0161

( C'tr
G(S) = "

S+Cr,-r (1.3.8)

QIYI: Sr'lrgaclar ii(:iln 6ti.l]Ino lrnxstyal.]rrn lSIanllmaslnda
rrototlI, K1m1 nonnalla$rlLrllmtS ai;ag1 tfzllK sitzgac manqalarrndan
lr.rtlfada daha aiver1gt1d1r. Betu manqalar UAUn silzgacln nOYUna,
tartlblna llygr tsmsalIar va Farametrlar cadyallar va ya qrallxlar
.joK1lnda mUxtatlf ma'lumat Kltablarmda ver1.llrlar. Hesablamalarl
e.ldaloqidJrmeK va vaxta qanaat etmaK maqsa(111a t2,31 mO,Ir.rmat
H L tablarrnda tartlb olrllunus (tadyatlardan lstlfada etmal(
alyer'1sl1d1r. Ta'yln olrman A, B va C amsallarr agaAt tezl1ft11
prototlp manqalarrnun d tilrfio ILtrI]Cslyalarmrn a$agldaKl
lladalarlnda lstlfada olunurlar:

1. Batteryort, Qeblsev, lnyers Qebl$ev yo culftlK sDzgaclarln
rsagr tezl1K11 b1r1nc1 tartlb manqalarl:

2.Batteryort yo Qebt$ev sozgacLorln agagt tezl1xl1 k1ncl tar_t1b manqalarl:

29



c(s) =
NCU'

(1.3.9)
+ B (.) .S + C.02

(I(.C,/A) (S'? + A ur: )
(1.3,10)

52 + B.r,r .S + C,r,r2

(1 .4.1)
1 - tr,t, .r,t 1

va prototlpln nomalla$dlrrlml$

3. lnvers Cebl$ev va el1lpt1K sflzgaclarln e$aAr iezl1x11 1K1nc1
tartlb manqalarl:

G(S)

1.4. Yuxarl te211fi11, bwaxna zolaql1 yo reJefttor suzgac
vo manqalarlnln dtllrlna furu(s1yaIar1n1n tahl111

Yuxan tez11K1l, buraxfia zolaqfl va reJeKtor silzgtsc ya man-
qa1ar1 rfeun dttlrra fuffcslya1arI prototlp H1m1 gdttlrulan asaEl
tezllKI1 suzgac manqaslnrn dt Ima f lx'rxs lyas -ln rn liadasinda s=Jo
rlay1san1n1 r{yglun llada 11a avaz etmaKla aIrnlr.

sDzgac va manqalann tl tr'lrrna fuftrslyalarlnr nofinallasdtfinaq
.il,trh lstlfada olunan avazlamalar cadval 1.4.1-da, a$ag1 tezl1Fl1
tirototLIrlarln va onl.lra lry8m silzgiJ,r rxiYii,r-In1rr manqaLartnln
olflrma funxslyalarlnln nofina ].I .r$drr1ImlS 1fada1ar1 cadval 1.4.2-
L1a yDrl I lrl irr. Cadvallarda AT-a$agr. tezIlKIl (prototlp), YT-,xxarl
t,-.r'I1K1:1 , BZ hr.u'axrna zol.rql1, R - rcJefitor sr'tzgoclar ndvl x1m1

1;irrol Dn 1b.
?]$tottflarl b1r1n,r1 tartlb, 1fi1nc1 tar;1b pollnomlal ya

lKlnc1 tartlb qeyrl-lol1noml al. suzgac va manqaLarln8 Wgrm yuxarl
tez.l1x11 sUzgac va manqalarr Uattn cltilrma frrnKslyalar]- cadvol
1.4.?-da (4), (5) va (6) 1lada1or1 114 ta'y1n oltur.rlar.

yuxarl tezl 1KI 1 suzgocln protot 1p1n1n nomal la$drrl1mr$ saxlama

lez),ly7 (j j

o

l'rD(8rl tezl1Kl1 suzSacln tor
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tr,) = n - 1 -hf-.!11r_l obltstlartHtn |nlbr1 .rrasj rdaxl milnas-j ba t
t:(,)

tol = ---- (rl
(1 -4.2\

" imirtlr. (j,rjl,i ,,rlafi rl, 1,, , lt.r va lrrrr_ hem t.i1r1,.sali lla, ham 6o *"_l, 1i.rLir, .,lrrn., i,it:,r;,1. r,,rttl,i r* lji,i ,rii:r.a(tl a,,1n
:;;'t:t:/,, ., 'l ii ,,,,j,, , . ," ,,. i .,, ,i i,\ ij

ii' I rr,, . -/, :, , ,,..i , '.r,..,i. . ir1 !,, ilil,j., ..rjrt a.
l'l\)i.,)tlr,ilir .,111llgtr t,ljnl , yltj(,.irI l,:!,tiii1j ,|.tr:g1,. irijy Lijf I illctln daili,iinnn f Lirlri,,r 1y.1lar.ln ilirdasl ver.llanla| r,- sirlnailn Kasllmat,lil1y1, ,rr - ,1r (r,f ) - br.raxma zolagtnda (nr < (,, .: _ ) slqnalln

:rfilflomn enstl Lnln maKslrnum h.irl,l1, r,r, _ s1,lIr1L qa;ttama tezllyl
Vn .yit 1.r,)r r,) - r,rl - &r1,,'jt1 tol.:tgLn r]]ll , r-!7 = ,(((,lr ) _ slqnal1n'iirlfli,naFilitln mlnlmltm ha(1ijl, ( A(")) gii,:131,,i11fip amsaLl roATX nlrr (l,rylsmas1 JiaraKterlrLa tlyg]n s :gtsc nnvU (Batl,eryort,
Ceb]SeY, lnvers Qcbl$ey va plIlptlxl asan-lnd:t i$lanIilr.

Cadvol 1.4.1

?Hf;Birl?. 
manqatarln iiturma tunxslyatar]nr nomallasdurna

gac
n6vfl

AT

o S

r\ /(,)" s,/(,

YT a/a U ,/S

87,

R

o', , tt,

;;; '% -

t) -r!r

(',, rL_ ilr
o.z- !'", uo S

0.r- 0., S(- 0., -'
-)
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oadyal 1.4.2

AKtlv silzgac va nanqalarlnln 6tflrma h)nxs ]ya1€rr rrrln 1Iadalar1

i ir.Tru-l-ri ...t. rb r,"1L.*1"1 fil t-.fi-ye"rrn*rrr

x.rj (l)
xc , (3 ))(S + A)

S r B,S + C

2

3 + B.S + C

(,s K.S
2 2 (5)

N.(S + (Lr ,/A)

2

o r.,-, s

+PuroS+'l.ot S + p.olo,S + .J.oo

co

a

0

q

(10,b)

J;
6 -lt . -12 ,,.1 

Q

1

"' E, I)

2

(10.s)

E
p, =Ki 

o

D

2

T. =D

(11 ,a)

t^
n -r. I', '"t,r

qr -41

D0,-
t

2-

(11 ,b)

t;
Pr="rl 

A

1

-' 
E.D

2
1=n

N6Y

l 3 4

a;:' )

YT

(5)

22
il + :l,ll.l,r /\', + t,\ /\)

(il)

P=K '

p =I{,



CadYal 1.4.2 (dayanl )

(13)

p=K

c-l
1F--(' .:l

(14,a)

P, =K,

d, =1

D10- -,, 
t,:l

(t4,b)

P.=K,

1.-1

1

l'' 
,1: . ii,

(15,a)

P, =K,

ol. A2

D10,;

1, -Il 
' 

'
t,
I r, 'ot

1

B

1

1

B

1

(16)

l

oo (17)

o=-
uj]

B,X[_ +
o

A1=1 +
2

).d

E1-
C

2

B. El

(20)

(?2)

(21 )

I*-
Q,C

33

2 z (12)
P(S + o,oo )

+ B.(l)o,S + .J.ot

(15,b)

P, =K,

-t
dz=A?

1

'' (Nt ,nl )

-2
l, =Dl

I 22 2+ I(C + 4.Q ) - (Z.B.Q)
{

t--r(19)
+ 4.A.Q

(B. El )2

(a.cf
r r .ll * l.l.Q'

3 4

R



Masala 1.4.1 . a, = 3 dB, lr'2 = 20'dB, f. ' 10r0o Hs' to < 30o

Hs yerllgnlara WBm yuxarl tezllt(ll Battel-vort silzgacln dtuma
IunKslyaslnr tartlb etmal1.

Ha1I1: "lc,ttl Cad" proqramlar paKetlnda tortib olunnu,S

" &lttenn(Jrt - Y?" proqramlnln matnlndo hesablama natlcalarl
verllmlsdlr. (1.4.1) 1ladas11a prctotlp1n nol'Tna1lasd1rll-

mlg O - saxlarna tez11y1 qlymatlandlrll1r. Stlrgocln tartlbl q1y-

matl.andlrltlr ya tam adada 8at1r111r (n = 7). 7-c1 tartlb prcto-
tlpa Wgun O =-1 -3a9 ta8Kll ed1r. Bu qlymata asasan prototlpln
Keqld oblastrnln enl 3BB.?41 Hs, yuxarl tezI1Kl1 sllzgaclnxl 1sa

279.923 < 3OOHS ta$K1l edlr.Pmtotlpa uy8m KompleKS qutblor Ya

adadJ amsallar cadvalda Yer1lm]$d1r. Otrlflna funl(slyaslnln lfada-
s1, ATX ya FTX nIn tasYlrlarl tcrl1y1r urlt,r. - gatlrlLInl$ qlymatla

11 r'lailn tartlb ed1lm1$d1r.

Ylxarr tezt1K11 sil2lga,r l arrlan Qebl$eY Ya -lnYers qPbl'eY

ndvl.arl flritln (''innna furKslyalarlnln tart ib PLI.Llmnslna dalr
DImujal.,r "CebLsheu -YT" Ya "InLters Ceb{shcu 1'7"' prcqramlarlnln
matnlnda Yer1lml$dlr.

Bl.lraxma zo1aq11 sillzgailln (sax11 1.1,Y)i\tt)fiIra frmfis1yasln1n

tfadasi uy6m asa81 tezllKl'1 proiotlplerln altilirna ll.lnxslyalarlnda
S - dayl$an1n1

ut ,.S , ,o'
S

CtlS'z ' t,,1)_ :- (1.4.A)
(,) SUr.S

1fadas1l6 ayaz etmaKla al1nlr. Burada (,t- lnomtszl lezl7n
h = r., - o.r - bu.raxfia zolagmln en1, Q= t toltto - stlzgacln
Keyf1yyat1111fi am8al]d.1r. (1.4.3) aYazlsmaslndan SdrUndUyU E1m1

buraJffia zo1aql1 stlzgacln tartlbl r\ygun asaAl tez11K Frototlplndan
1Kl dala ytlKsaxdlr va cui odaddlr. 8'116 srlzgac marxazl tro-

tezl lKdan yuxarl tez11(lsrda agaAl tez[1Kl1 sllzgac, oo - dan

a$ag1 tezl tl(larrla 1sa In.uarl tez11xl1 stlzga4 K1m1 tasaYYl'lr oluna

b1lar. Rlrn^ asasan buraxma ,;o1aq11 Battervort. silzgac itciln ATX 0ro-

tezllylndan saga Ya sola mono tondul', Qeulsev siizgac buraxna

zolaAlnda, lnyers Ceblsev suzgac agagf (0 ( (,r ( tl ) v0 ,'uxar1
((,) ) {,)z ) sifilama zol8q1ar1]]da, ell1ptlK silzgirc 1se ham buraflna '

:r.1



4 := 3
1

h := 19

o = 1.429 n(0) = 5.445

BaEEerwort - yT

:= 2O dB fc := 10OO

O := root(n(O) - nl,Q)

r := mod(nf,2) r = 1

E{,Jo := fc (A - 1)

n i= n1 n = 7

1l

d,=(2k 1).-
k 2.n

tto := 300 lls

[10s (2 h - 1)l
n (o) .= l_l

I z.rogror ]

nL := floor(n(O) + 1)

o_ 1trrl := 

-.fc
o

ti, = 300

E(t)o = 388. ?4L

t@1, = 2'79 .923

dBq
2

o' 
[r-"r]

B := 2 lRen lrk I Lr.l I

r"lr I r*|I 'l B c## # k

t+r#r FHs+l Hd E

-1

",= [, 1]
I r".l

n- r
k r= 1 ..-

2

j ,= 0 + i

C := 1
0

o - 1.389 \
n 

,= "t"[tJ . , .""[r*]

k

E.E

c :- fll r1x [|rll
lc "'lk k
fT.rfi1
lo ao, I

fd.ss5-l

35



-r|-
c(.),=l i _;l nl ,

L,"..oJ * 
1,,,,

2
(j t )

(G {(,)) )

I
arg

B j -+ckck
k

o := 0.01,0.02 ..2 A(o) ,= lc(t!) I

a

A(!r)

a,l

ArE)l iLud - tezlik xaralteiisEika

F(o)

0.01 o

Faz - tezlik raralt eristika

3r,

0 .01

-4



Cebishev - yI
:= 35 dB fc := 2OOOO Hs

d .= 2 dB
1

fc - ts!,n .= 

--
fc

-1
O := 0

2

0.5I or. Ilzllro - 1lx := l---lI o.ra Ilrl
lro - r]

:=0+i n(O) =7.2

Lo := 4000 Es

,*L.
n (a) ,=

,*t. [-J
rl]. := floo!(n(O) + 1)

n1,0) t!, := fc (O - 1) O - 1

n:=n1 n=8 o= 1.201 
!,,1 :=-6.

f1 Eo = 4.019.10 n_r
zn , * - _ 

.
I rl,,l - 3.3 17. 10 n

.l C:=(2k-r)'-* 'l k 2 n-II ^ [ -rl
-,l cor=-05[' ' I

f -rl r
[. . .-'] ."i.,10 I . I 0., [. * ,-1] 

"o,ro ILkl Lxl

B := 2.lRetl 1t 'i -'l"'[-JI "*'= [l'-l]

1,"t_

[,.

I

o=1.2s j
0 :- rqog h 19;

r := nrcd (n1, 2 )r=0

0 .05 o
1

0.05 o
2

k

= 0. 201

H ffiffi ffiffiffi

3(



",", ,= [ ,' ,l'rT [ ,,",' 
I

1,". ",'] * [,,,,' 
.,_,1-.;']

(,) := 0.01,0.02 ..4 A(o) ,= lc(o) I F(or) := arsic(o) ) -

4.2

V

I

0 .01 o)

Aq)I1Eud Lezlik xarakEeri sEika

A(o)

E (o)

0.01 ,r.)

Paz - EezIik xarakleristsika

3Ll

i

.,1
\l
I



Invers Cebishev - yT

01 ,= 1.0 aIB d2 ,= 25 dB fc := 1OOO Hs to := IOO

0.I.o2 O.l ot
.._1." I x::10 y.=10" - [r. -",] c::

.*1. .
n (0) :=

a = 1.429 j ,= 0 , r \(O) = 4..t4

G-J;-,81 .: 

--_GG-
nl. := floor(n(O) + 1)

,*[".

a:= root(n(O) - n1,O) c(|)o := fc (O _ 1) O _ 1

r := mod(n1,2) n:=n1 n-5 a=1.383 
tt'j1 :=-fc

r=1 E0., = f00

I toro = 382 . 515
n- r

L .- 1

2
lt

d := (2'k - 1) 
-^ 2n

-1

'* '= o 
["'" ['n]]

2.n lnl = 2'15.'114
B := G1

-1,l l-, "."[rJ + r o.s lts . B

-1

r -1

"o 
,= o [0.. k -.']]

,*,=n[-0,[u-u

2

kk

c = 1..781
0

i'= il\tlB := 2 IRen llk I Lxll

EA
kk

f1.?ifl T,:nf]
I 2.1s2 I I s. s3t I*H#

-rl l
I -= [t*]]

#tuffi

39
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, [,', "12 
* n-'l

o,",,=[_J-3-l n_*
ljo+c I k (j o) +B j-,c
L ol k c k

@ :- o.01,o.02 . ,2 A(o) ,= lG(o) | F(o) := arg(c(o) )

I

A (tD )

0.01 io

AfiptiEud - tezLik xara]<teristika

F ((,))

0 .01 o

Faz - Eezlik xarakEerisEika
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hDM da saxlama zolaqlaruda pu1sas1yal81'a malrKd1rlar. IIar blr bu_raxma zolaqlI sttzgac no\'il Uqrln oo _ marKazl tezlix ya 0) - n) _
Kasllma teztlxtarl araalndaKt mtnistbat asa61dax1 *Uiaf"ir' 

*.,

a.r= i.ro(1/ (2Q) + (1 + 1/(4e2))t/2);
w." = ao(1/(?Q) + (1 + j/(1 /4e2))r/z)i

oo = (oJ, .0., )t/2

P,tlo = 0.4 i B t.ro = 0.151421 I7ri,): = t.15z1gl;
0,45

(t.4-4)
PT\]totlpln rit0nna frru(slyasrnda (1.4.3) avFzlamaslla aIlnan bu_raxma ialaqll cr'l?gac ya mauq..llrrrln]n dlill,ma iltnxrjlyalart cadval1.,1-: (lo (7) va (B) itrnrunlla\r(llrl lmlir lfr,li,jr,r., t,,lV;n-,,f,o,,*loa.
R'1t'1nrt1 1.ert1b prol,otiIrr, iI ii,l-ili, l,rr,,,*,r,, ,,nirfl , silzgacIr,l'l,lr.1s L I ry,flrr] gal lt,.

-l']-()i(rtlri 
Klml II tartLb Ix-,I]nomlai silzge,.. .ran! rst giitru{ll arso,

I r\,'Al.lr hrrrrxma rolq,ll'l sr:lzgac mlllqast ,i ti,.iltril a,rnrrl Oz nttvba_.il^Lii,. r, t.,irr, n ra-ilhii ]ji).r,arr pt:,Itll.Lr:,t,.rir,i:J.lu;i 
1.1 Uii(,., I yrlJi isi),i;l iiti'ili.ii itii marrlrrntr] itilma fr rrn{s J yr. i art r: rn 

- 
no"r,, *r*,.tiii:Ir,t ll Lr.

. 9o,]I"1 
1-4.2 da,rut manqat ar.a r.rygun amsall8r 1 ya 2 _ lndeKs_lorl 11a l fada olunurlar.

-.11n]*trp 
Klml TT tartlb qeyrl-potjnomlal (ltvers qeblsev voEl1lpt1x) srlzgac manqalan gbtilnll ersa, ,OC,. n;o*ro zotaqtr s0z_

Eacln dtUrBa runftslyasr Z tartlb]l 1K1 Edad q.yilf"rfnomfaf
suzgac manqalaru (cut marqalarm) O tUrme f,mnsrviir"_x1 *"rt,*1m1 g66tar1t1r.

.ru:rr:.]:1.r.* = 4.0ro = 1 rad,/san, Q= 5 paramtrtara mal1ft n- 4 tart1b11 buraxma zolaqtr. Battepyort s;;;; otftTaimxsJyastnu lJadaslnl almaq talab o1um,.- -

- .ltug1 tez11( prrototl!1n1n tartlbl 1x1 dato azdr. II tartlbBatteryort suzgac c n nonnat I asd1rr1m19 *""1;;;-'; = 1.114214,C - 1 [Ur. SUzgacl 1K1 manor
u r o... x'= 11, i [1" = ; .. :'1"']"r*T 

":;']:.,:Til"*il iri:fi ::j.'rTjcadval 1 .4.2 -ya asasan asasan E = ?.088e12; O :l,or$SrI;

Gr (S) =

41



pr(,.,o 0.4 i i2r,,(, , O. tiI.1;,]1 : Ir,,, .)..:rt;,a,J14;

Gr\3)
0.4 5

Ij2 I () - 1il | .li,l :j.t ar , itrr;?:)t .i

FuI-cxina ii.,1a.llt siirjga(ll11r rrijirJ.-L 
_ 

j,(,ir __ r,r r ,,r va Jnuart toj2
- (J2 o. z Recld oblastlanna mal1kd1rlor. I,rct.,i1ptntn tu _

Ee,ild oblaetlnln enlna osasan tt)r y6 t()2 - a$agtdafil Klml ta,y1nil rm,l r La r:

It,r,

t(n2

,,r I0l
r0 l

t,r I

?ol

tt,) tfir-il",f in,Jt' - ,li--, C"tl ,

t", * 1f1tl-yraz;0i' . f-; ,tT. rl.rr.r.sr

YilKsaK xeyf1Jryat1111K amsaIma ma11x sxEmlar itcth
t(or t", l()
0o 0o 2.Q

(1.4.6)

tarlrlbl l ladaslndan lstlfarli, etmaK 01ar.

^^ Y:""4" 1.4.?. n = g, /o -.10r Hs, g = b. a,= 0.5 63 vB (t.=
60 dB parsmetrlEra mallK buraxma zo1aqll eltfptfx suzgocln KeQldoblastml qlymstlandlrnoft tolab olunur.

Codval tz,alavo Yl- dan n = 8, o., = pfity = O.S dB, 02= XSl, = 60dB qlynata uyBtm to = O.lZ43 seClr1x. (1.4.S) lIadalorlna
1luf.l tr. = 11.1172 Hs, tor=13.?428 Hs tap1r1q. Muqaylsa tlcun(1.4.6) lfadBslndan lstlfada etsa( tor= tut. 1i-4g H; a1ar1q.

(1.4.5) ltadaslndan g0 httr xl, t{r2 t0rr d1r. Onda l(ecldolllastm en1 tBlob olunan qlymatdan xlgtr oian uuraxna zotaqll
stlzgac lglamax UAih prototlpo nonnaI1asd 1r1lm1e en hesablan_
malrd 1r:

Z. e,t(rz q to2/0o * [ 1 * 4 A,
1 + z.Q.tu2/uo * I;4,'

(1 .4-r )

Masola 1-4.4- f,, = 103 Hs, 0r1=1 rad./san, cr= 50 dB. g = t0 va

(n

42



tr.r < 19 U" olan eIltptlx sUzgacln tartlbl tatab olunur.
l1 .4-7) lfadashdan to = g.1g9a a1lr1q- Ma.lunat cadvalltz,alaya Ql- dan i'I = 7 uciln to = 0.1013, i= a** t(,= 0-1989seQlrlK- ty = T daha q)rgundrr vts to = 0_jOlO q1ymat1n1 (1.4.S)lladalarlnde nazara a1saq, toa = 4.8 Hs, to2 _ S,a'fs 

-afarrq. 
fUqlymatlar 1sa yerllan sertl ddaylr: tr,r, < tr,r, < tO Is.

Braxma zolaqll sUzgac va manqalar UCih dttnna full(slyatar]nlntartlblna dalr dlgar n0nunolor "tuttenuJ"t _ SZ", "CeititlEu _ BZ.va "rners ceDlsreu - 8e" pncqramla,nu matnlnda verltmtsotr.
ReJektor s0zgacln dturna furu(slyaslntn 1ladasln1 W8lm a$aElterlJx protot,lp ilcDn lladada S _ day.tsanlnl
(tz- 0., s

lrr- ' (,, +

1

= t, (- 

-

" en q

1

- (r' ( 
-__' n 

'J

j,,,, 
.

0o .-, h,r.s
-l 

= _Jd2
J tLJ

0oS
qiat;, I

(1.4.8)

ayaz etmaKlo almaq olar. Bllrada cro - marKazl te5l1K, b0) = (,r _,.'..1_,-_rorlArn enl, Q -. uL./trr, _ KFyf1Wr,t1I11Ir amsalrdtr. f r.d6lavazlamastra asasan r-e.leKtor s|zgacln tar bl uyg.trn asalr tezttxtlprctotlplndan 1xl data qoxdu-r va cUt a.ladd1r. eeia sttzgic merrtazf(ro - tezllylndan asagl tezllKlar{.a a$agr tez11ftl1 
"Urg" u, _dan Jnx(arl tez] lftlarde lsa lntxart tez11Kl1 s0zgaclar i.,rbrn""ii"":.xlml tasayrilr oluna b1lsr- Buna asason ,=J"ito.-- 

"rUzga"fa"dan

Battervort n6v (,)o- dan s8ga ya sola monoton, Cebl$ev n6\rtl asagt(0- < t.t < or., ) va yuxarl (o > o. . ) buraxm"- 
^f rqlr.rnOapr.l1sas1ya.1r, saxlama zolaqlarrnda nrcnoi6n . elrfpirrc niru r"" n",nburaxma, ham da saxlama zolaqlarlnda pufrn"ly.f.a]"iar. ffar Ufr

l:y u:]ln.mon(oz1 oo ya rasltma o.1; ,., -t;;ii;i;;i arasurd,am0naslbat (1 .+.4) _ 1la to.y1n otunui. sfqiifr srxiama tezff*farfh)r va u2 _ lsa agagldaKl Kfun1 ta.yln olu:rurlar:

1+ 1

40:a'z

(1.4.9)

4:.1

);1+ -" !- -.a. tf_.e2



a :=3 alB a
12

}l, r= 200 Hs

f1 := fc1 - Eo)

fct = 90o

o .1. l'o, -d 1Ia rl
h := 10

BatEerworL - BZ

:= 40 dB f0 := 1000

fcI := f0 - 0.5 t,-l

f0
o ,= -t(0

n=4 0=5

Ha Eo.) r= 400 Hs

fc2 r= f0 + 0.5 tl,

f2 t= tc2 + ta

l
f2 = 1.5 10

lloq (2 h - r)l
n(o) . = l_l

I z roetot ]

n1 .= floor(n(O) + 1)

n := n1

Eoo:=O-1
a = 3.153

Euro = 2 .153

arJl = )-72.4't2

Ld2 = 250 -l7L

* i coslO I
Lk]

3
.1 t0 fl, = 500

fo lf2 fol_t__ttttr,, Lfo f2l

= 3 .22ao = 4.th'7 n (a)

0 := rooE(n(o) - n1,0)

r := nod(n1,2) r = 0

r [-fo I Il
rtu1 := -- ltu,o - [,] (1 + roJo) 1+4Q

2Q

foI.= _. ltroo *
2Q

_t 1

,1, - . .']]2
+4Q

1l

(1 + tcio)

j
n-r

k := 1 ..- O2k
:= (2 k - 1).-

2n

"* '-' l*l*]l

\ := sin[6 Ik Lkl
2i' il\tlC := 1

0

k

E
nen I rm[\'l+rl -t*fT.E?] To--=tn

c
k

f-11t!
B

k
rdTrn
l-i'e-4-s--l
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1
E r= -'kB

k

1

k2

2k1

c
0

0Q

21.nol["lr
,l- lc
:'[k

c
0B := -0Q 0

1

2,K D E
kk

2
EI
kl

il

s
TI-=-oT.l
I 0.831 I

fr-. o 8-I

IEIt
;

:= D
k

2k

2k

i"
IxJ]

B

To-tr,FtrI
I 0.05e I

f0 rtt
I 0.178 I

D
k

2:7L E
k

s := 1 .. (n _ r)
2 k-1

T0:a1
To-.,
l0 2l
I 0.21

DE##
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t'
-t rT,I

ol

3
110

lG(.) |

2(j ro) +B j,,)+7
ss

t/, = 200 ro = 400

F (or) := arg{G((,)) )

2
(0) + A j (\) +

0

=40 f0=

..2 A(o) :=

P J(,]
s

P i")
0t_

I

Ic
L

ct
2

,o.02

3

0.01

(s)

I

d
1

0. 01 (,

AmpliE.ud - EezIlk xarakEerisLika

0 . 01. tJr

Faz - tezlik xarajteristika

A('r)

F (o)
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4000 Hs to .= 1OO Hs

fc2 := fO + O.5.trrr

f2 := fc2 + t6

33 f2 = 4.t75 to -
= 3.825.10

r _]I lz I

. rog[* * {x - rln(q) : = --------________rrI t, I
ros[o *.lo _ rJ

fO 
n1 := ffoor(n(O) + 1)

; to.|o r=Q- 1

n := n1
i := o + i

_- Q = 26.661

2ll r Q = 2 216r + 4 0 ll
B,r0 = 1.235

-ll 

Eo = roo
2l I-4oll E@r = 8s.8ae

r(l)2 = 95.51

d,=tzt-1.1
k 2-t

[ -rlC :- -0.5 [e - . | :
0-

T -11o.s[r*e ]cosfO ]
Ikl

Celcishev _ BZ

:= 0.5 dB o r= 35 dB fO j=
2

:= 150 Hs J.5 t,r
:= fc1 - EL)

l3 fc2 _ 4 .075. 10
= J.925.10 - t-L

o.5
I O.I rv 1lzll1o - rl to tr2:t-t o.=_.t_ I
I o.r.o- | uo [ro n]t'rt -
Lro - rJ

2-284 n{O) - J.915
rooE(n(o) - n1,o) O ,= l

I
mod{nrJ 2) r=o n=4 :

I r_to I ll z , l-
= l^ [Eoo - ['] (r * r,,.,0 t * e q- - lr2Q

ro I ll ------------- -
, o lcro . l] rr * cror', e o'- i,

1+^-- ,
2

1

2n
f o.os a Ilrl
110 + 1l

I o.os o I

lzlLlo - rl
f -11r, := .o.s [. - . j sinf0 .l + ik - Lrl

1
t,) r

t1 :

fc1

A=i

L(l)2 ::

4',1



B
k

:= 2. lRel\ 1lI t xll
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I. AKTTV SUZC,OC VE MNQ,AI,ARININ PRINSIPIAI,
EIEHTRII( SXE IIFRI

SUzgaclar KasKadlarla ls1an11d1Kda blr ya 1K1 tart1bl1
nanqalardan tstl fadi, olunrlr- B1r vi) iK1 tat.tlbl 1

manqalartnl'Ir?a]1a$dtrarn Qoxtlt sayda e1eliLrlx
stlzgac

sremlarl

(:.1.1)

'i . r1 I (', ii],"!u.,

4/8in ,l1Y-

mr:lmliundUr. SxemotexnlKada onl ardan daha dayan.lqll ya ),tksaR .

galrtorlclsl olanlar genls lstlfado oLlmu.litr. Istllada olunan
sxemlar ham rqallasdlrdtqlart srlzgac n6\'flna, ham d.o prlnslplat
,rl{rKtrlK sxemtnln qurulu$una gijra faryt and1rl11rtar-

Bu bilniacia hJr va tK1 tartlblI silzga,r manqalafln b1rlnc1
brlmado baxllan,jtr)nna funxslyalarrnt ftaiLaSdtran sxemlarln
hesabrna va gtistarlcl paranetrlBrln qlyno t 1and1r1l mas 1no baxtlr,

2.1. B1r1nc1 tartlb stlzgoc ya manqalart tiaiin prlnslplat
eleKtrlx sxemlarl

Torr tarl1bl1 a$a81 ya yuxart tez11K11 sitzga,rlar Kaskad-Iarla
1$1an11d1kda manqaLard.an b1r1 f tartltl silzgtsc manqasr o1ur.
B1r1nc1 tartlb Battervort, Qebr$ey, lnyers qtebr$ev va e1l1pt1ft
s zgac manqalarr [cUn (1.3.8) - Otu]]na fuflrslyaslnl rca11asd1r8n
pr1ns1p1a1 elextrlK sxem $aKl1 2.1.1 a.b -.1e gostarllml$d1r.

SxemdaKl elementlorln nomlnal qlyms tlarlnln ta.y1n1 a8aAldaftI
Klmld lr.

a) SaKll 2,1.1, a. - sxernl Uci)lr K=t* F I - rt1r.
C, . t0/f (rrud,); R, . 1/((,. .C, .C);

ll, Ii'rl,.'ilj 1)i F, nl.ir.

tll liriil; ,.1 i r.
ilr iii 'f. i rffiI'); ii, i / (r,r ','r .rl)-

. .,: 'rii,..' .. I -, .

:,rri,ril,:i,t,r ,i-.,,' i;. ., ir,rri, vrr lt,ar,,t.ir.ti,:,, i.i. illn
iiiii l,l i,n(1jt"i iiii ,lirl,l t1ln.

t,.l



Rr

I a) b)

SaKll :.1.1. Agagr tezLlx1j I t.rrttl) sll2ruec va rnanqalarl ite ll
pr1ns1p1a1 eleKtrtu( sxemiari: a) K .1; b) K = 1.

Masala 2.1.1. H = 2, 1. = 103 Hs, n = 3 tartlb asa8t tezI1kI1
Battervort silzgacln I tBrtlb manqasl UqUx rrzls v va tutum ele-
mentlarlnl seQmall,

Batteryort sozgocln I tartlb manqasf
Kt' N2 = 1'2 K1ml secmaK o1ar, onda
15,915 0m a1ar1q.

Qeyd 2.1,'1 r $4K11 2.1 .1 , a - da Rr-1
K0s11ma tez11y1, R2vo ya Rr-U dayl$dll]rcKl a X. -gucltsnd1l1r,a amsaII
ldara olunur. R2 va R3 r''lzlstorlar ayazlna orta Qlxtgt OG - n1n
lnyers g1r1$1na qo$ulmu$ potenslometr daha al verlgtldlr-

P1rlnc1 tartlb yuarr tezl1Kl1 silzgac manqasrnln Oiilrlra fu (-
s1yas1n1 rcallagdl.ran prlnslpa] efefttrlK sxem gaK11 2.1 .2, a, b -
da g0starllml$d1r-

Sxemln elementttsil a$aElldakl K1m] qu4ne1,lanrltr1l1r:

a) SaK1l 2.1 .?, a Ucrln fi = 1+ R3/R2> 1-dlr-
Ci = 10/Ic (rnKI); Rl = C/(0..or );
Rz = H.R1/(E - 1); R. = K.R,.

UqUn C = 1- d1r. I( =
cr = 0,01 rmr', R=

dayi sdlnnaK] a f. -

(2.1.3)
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C,

U, 
" ---l

SaK1l 2. 1 .2.Yr"lxarl tezl1xl1 I
pr1ns1p1al eleKtrlx

b) eax11 2.1 .2, b - da K = 1 - dll.
Cr= 10/1. (mrJ); R, = C /(o..C,). (2.1 .4)

(2.1.3) va (2.1.4) lladalorlnda C - omsalr asa81 tezI1xI1
prctotlpo Wgun noflnallasd.r.rrIm19 amsaldr.

Masalo 2.1.2.. K = 2, I. = 1OOO Hs, n = 3 iortlb jruxan tezI1x11
Battervort s0zgacln f tartlb manqasr UQ0n rEzlstlv va tutun
elementlarl seQmall.

UQtlnctl ttsrtjb asa81 tezllK11 pnctotlpo W$.m adadl amsallar
Co= 1, B= 1, a ,- 1 K1m1d1rlar. fi = H,.ltz= 1 2 K!n1 seqaoft, Cr=
0,01 ru(F, Rr= 1,6 t0'0m = 16 Mom alr.r1q. Rr- qox MyU( allndl,
brma gora cr- 1 20 dafa artr.rrb, Rr-1 20 dala azaltmaq olar.
Natlclda Cr= 0,2 mxf', Rr= 0,8 luom seQmar o1ar.

Qeyd 2-1 -2. Sax11 2.'t .1.a,b - da ya saK11 2.1 .z.a,b -da
grlstarllan sxemlarda rezlstorlarln m qavlmatlarlnl eJml ad.ad.a

/ririlh, trtl.iimlrl rllylna 1,1-n1 lLa'nln a.1R{14 bLrIs.jK rr.emln eleKtrlx
r,.rrri.ar'1('1 !ar'.rrneirlnrl dayl$moy1r. Qeyd 2-1,1- - do g6starllonlor
r,.,ri1i 2l.i.,r JF (14 a1rld1r,
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2.i. POlln()m1,rl r:ritr-:rrai, v! tt,ri.i rii,t,
iilii i:rl)J lirli .rl, r'rr' '

Ai)flAr t..rl1til1 JI l.rrl ti, lolIrt.til.i (illi ,r|r, t.l v,r (Jcl)ti.ev)
;ilig Ljlor nA n lrinsll,1ril elexlrlx iil.afi,ft1flri b.lrI $tsx112-1.1 - de g6starumlsdlr.

Sxcmda aKs rab.l tB slqnall Fynl zamanda ham reu lst1v R2, hamdal.utun Crelementlat'la dttUttld0yund.an Qoxllgaftla alis rahlta (COR)
sxemi adlanlr. Sxemln rcat1a$dud1g1 dt rna fllft{s1yasl (1-3.9)tanllyl 1Ia lfada olunur. Sxema vB Ut[rrna furxsiyaska Wgunparametrlar a$a81dakl ltadalarla tayln olunurlar:

$l]K1l i'.2.1.A8a91 tezlJr(l1 po] 1ffrm1a1
QoxllgaK1a oKs rab1ta11

R-=
B'c, +

R, = Rr '/tt ;

C.r,.r2 = l/(Rz.Ra.cr,c2) ; K = Rrl R,;

2(N + 1) / o"

Gtnl_ac, {..G --lt '

Ra = 1/ (C,Cr , C2 ,(r2 .R2 ) .

silzga,l vir manqalarl [Cllr
sxem.

(2.2.1 )

(2 .2.2 )

B.u= 1rL + 1. Lr' cr'R, R. Rr"
Burada C yo B _ sab1t1ar1 verllanlar osas1nda stzgac1n tor_tlblie yo ndyilna g0ro ta.yln otunan nofinallasdlrr tm1; amsali;;- .drr, Sxem lnver aylcl g c1and1r1c1 asaslnda lslanulU (E ;--;j. .

t'.Tu:. t, Yo c2 sarbast seQllarlasa, tz.a,r I rroa""rne Bsasonrezlstlv mrqaylmatlor asaBlda*l 1rada1ar16 qlyme t landtrltarlar.
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l?.?.2) - dan 86r'tlndr:W Klm] R2- n1n haqlql qiJ,Tna t a1mas1 UQUn Cr
Ya C2- tutrBlarln qlymatlarl

c1 < B'?.c2l t4.c.(tt + i)l e.Z.g)
. Sartlnl odamal1d1r.

Qeyd 2.2.1,Rez'1st1v mtlqayl tlorln nomlnallarlnln rcal o1ma1ar1
UAU]I C2 E 10/1. (mKF) g0tDrflax o1ar. Nomlnallar neal olmadlqda
mitqavlmBtlarl eynl amsal dalo artrrtb. tutmlarln qlymtlarlnl
hamln omsal dafa azaltmaq (vo ya a(slna) olar. Bu zaman sxema
uy8m eIeKtrlE y6 gdstarlcl parametrlar dayl$may1rlar.

Masola 2-2.1. f. = 1000 Hs, It = 2 va d.r = 0,5 dB parsrrE tr-
lara uygun asa81 tezl1K ff tartlb Qeblsey suzga,ll r€allagdlran
CoR sremlnl hesablamall.

1 )cr,"", = 0,5 dB qlymatlara rLyAu t3, cadval 3..11 don n = z
tarltlb Qebl$er sUzgacln d trll]na lunftslyasmm qUtblarlnt qeyd
Fd1r1K:

.t

^"=-0,71?8rJ.0,04042) Normal lasd1r11m1$ B va C amsallar.lnr ia.y1n ed1r1(:

B = 1,4256; rl = 1,5162.

ll) sxem elementlarhl (2.2.2), (2.2.3) ya qeyd 2.2.1 _a qygun
q l,,nra tl and 1r1rlE:

C2 - 1O/l- (mKf ) = 0,01 ; C, ( 0,001 ! mKI'- 1 nI;
Re = 50,6 kom; Rr = 25,3 kom: R3 = 33 kom,

Yuxarl tezllK11 ff tartlb pollnomla1 sozgac vo manqal.ar Uctl]n
CAR sxeml gaK1l 2.2.2 - do yer11m19d1r_

SxerDo Wgm ottt]Ina luru(slyasr cadyal 1.4.2 - da (S) lladasl
K1m1dlr. Sxem8 va dttlrna furus1y8s1nul ltadaslna Wgun
paraflEtrlor a$aA1dax1 K1m1 to'y1n oll]Ilurlar:

Y, = Cr/Cri B.o./C = (2.CJC2)/(R2,Ct,C2)i
-oz /c = 1/ (R,.R, .c. .c, ); c, = c,

B va C - a$agl tez11K11 pnctotlpa Wgun noflna1la$dlrllmts
amsallardIr. (2.2.4) lladalarlndaa Cr . 10/I. (mrcI) sarbast se-
C11 1r, .dlgilr elementlar a$aArdaft1 Klm1 qlymatlandlrllarlar:

(2.2.4\
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R.=
Cr,/K ; Rr - B/ (? ,Ct + C2 ) .Gl ;

(2.C, + C, ) 'C,/(B.Cr 'C2'u.ic ). (2.2.5 )

Stsxl1 2.2.2.Yuxarr tezl.fu(11 pol1nom1a1 suzgac va manqalar
ilqun eoxllgaxla aKs rabltatl sxen1.

Buraxma zo1aqI1 If tartlb pollnomla1 sUzgac ya manqalar UQUo
QoR sxeml sak11 2.2.3 -da gostarllml$dlr.

$aK11 2.2.3. Buraxna zolaqtl po11nom1a1 s zga,r ya manqalarl
Ilqtt:r aoxllgai{la axs rab1ta1l Bxem.

Sxema W&m dtUrna frm(s1yas1 cadval j .4.2 - da (? )lfadaslla tB,y1n olrmut-. Sxema ya titilrna furD(slyaslntn lladaslna
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llygrln rri]rsmetrlar ;r$agid:lK1 K1m1dl r.

(,'r''. - 1,'(Rr 'il, l' rt'','., - 1 r l-
Rr cr

.y.,11 - 1-- 1 !- * L )." R".C. .C, R, R,

1lr va c2- sarbest scQllFn clementlar Klmt Eltii lsa.

R, - 1/(g,ro0, )i R, = p/lcL \'l - p p) + t czl bro

n-= -1-tL * Ll.
' 0 ,uo Cr C, 12.2 -T \

R, real olmast Ilcon C2 , 0, (p g - 'l)/'J sartl r'idanmalld1r-

[,lssalr, 2.2,i. fo = 1000 Hs, Q = a., I( = 2 pa]-tunetrl ara malk
l,nfAxmfr z.)1itq1 I Ir tarLlb l,(,linomjal stlz8a(1i,r iIlan1]mas1 talet)
i) lunu.t'-

1i ?F1ah nlllnat'l sii:lSErili ,i i.iltnrE i'rulx:ii)a, , ' a,iv;.i 1,,1.;'-de ff )

:r',1,1i:-'lli- :r ',,ln ,,lll].1lll.. V,,r'll,illlirt'(li,rL i!r,iiii,ili; etsoi(,
r,l!i.l :..,'.; rl,r i:l) ifir(l.rlnIiil,1r,rl 1,, ii ve ! Irl :rlrhj iI larl itqiln

rr,,r,u.1.l.l.rir ,ilyri,:,t1..11 rr1err,1: p ii,'r:l . 0,4; i'- iiQ = 0,2; 1= 1.

i ) :,ilzgaciIl ilttima funrsl.yas l nln Ifadasl a$gldarcl K:lln1d1r:

, , ..,i,.S
,r,..i . 

" - --- ^---- 
.

-', {t,r''r,'..i r .,'

:t) Sxr-rn p1.rn,,Il.jrrr-1nin ll1yr]ni,larl(llrilrnasi :,$ag,14ftI K1m1d1r:

0r 1o,'fo(nKI) . 0,01 ,r$i}'; cr (p.p 't)/I ' O alr-rLlr. demaI1,

c2 iia[rn 1sten11an qlymat gottirtila b1lar, C2 = t],01 fluil.(2.2'?)
lfadalarlna Bsasan Rr = 39,?9 Kom; R, = 1,65 t(om; R3 = 159,15 xom

ql J4ra tl and111l1r.

1r1nc1 tartlb rEJefttor sUzgac Ya manqalar Uctlll CoR - sxeml

SaE11 2.2.4.- da 80stor11m1sd1r. Sxemln otUme furu(slyasL
cadval 1.4.2-da yerl1m1s (12) 1ladas11a ta yln olunur. Sxema Ya

o [tlrma ft.mKslyaslna Wg1ln parametrlar a$ag1dar] x1m1 ta'y1n
ohrnurl ar:

* L);
C,

(2.2.6)
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221
0 Ru/ R.; ct.c-ro -I.e,, - 

-/ 
(

1

Rt

1

R,

li C, = C, . (2.2.8)

saK1l 2.2.4- doKl

12.2.9)
tez'11ft11

ff tartlb

(2.2.1O)

tartlb pnctotlpa
tartld rcJeRtor

9.r,ro = 271p*.a,); 2ltr.R5 = R..R"; n_
(2.2.8) lfadalarlnda a = .I sartlndan a11nlr K1,
CeR sxeml 11a If tartlb neJeHtor silzgaclardan

P=It; B=1/Q; 't=1
parametrlara ma11K va ya prototlpl r tar-t1b a986r
manqa olan daha yttrsaK tartlbll reJeKter sitzgacltsrln
manqal arlndan

p=ft; 0=1/c.Qi 't=1
parane trlara mal1fi olanlar reallagdlrr1lr.

(2.?.9) ya (2,2.10) lfadalarlnda C _ b1rhc1
\ygun nonna1lagd1rt1m19 snsa1dIr. C = 1 1ft1nc1
sUzgec hallna \ygundur. (2.2.8) lfadelarlndenr

$ak1.1 2.2.4. ReJeKtor suugac ya manqalart Uailn Qoxllgeftlo oKs
rab1ta11 sxem.
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Rr = c'Q/(2.r,ro.cr ); R2 = R,/(cr.e, - 1);
R., = 4.R,; q = 2.\; Ru =X.R..

Burada Crya R3 _ sarbast Beqlllrlar. Seallma ela olmattdlr K1. dJ-gar mtlqaylmat]ar l€al oIsun1ar. Masalan, Cr -10,/1., (rrn(I,) ,uCr.*'oir"un I "l*^blr}, 
o_lmadrqda R,= 1,2 (or,,C, ) K1;1 q lyria i l andrrmax olar.qeyd. Z-?..2: CAR _sxemlarln Ustrfniiyf srAa ofmasraOa. elementla_l,ln saytnrn az olmaslnda. stab1lt1y1n yuksax va miiqavfmatfn rc1c1nolmasudadtr. Daha yuxsoK tartlbll s zgaclor VaratdrqOa d1gtsr sUz_gac.manqalartna blr baga qosuliu.Lar. QoR_sxemiar tn ."if.vfcf SUc_land1r1c1 0( < 11 sxem ilzra ytgl11r. Istltada of,..n ii- n1n g1r1gml.)qaylmotl onun glrlg1arlna qo.sutan m[qaylmat I ordan an az1 tO dafayrksaft, 0c * nln gUclandlnna amsalt tsa fo > SO t( _ oha11dtr.oC da slqnairn artma sur.

:]ry:.,],.:; an az, 0.5 q.,:li ru'*"u;;-"":;llfii:: 
TilTHtartlblarda elementlarln nomlnallarua talatr d.aha ."iiOr". CeO _sxeml 1la y0fisaK r€yllyyat 111.18. amsalua ,rr* 

"Orgu" manqaslyaratmaq otmur, sxeE_ln seal1moslnda It.Q < too u.ii, nazaroaluunalldrr. O=lCzg - klm1 hesablanlr. 0OR _- sxemlardarirqavlrotlar eJml amsal8 yurularsa va tutunun qrymetrerr d8 hamlnamsal a bOl narso s zgacln lgcl xararterl st*r.i Urriuri..

2.3. pollnomlal suzgac ya marqalarr U+r.ln garBlnllkla
ldara ollinan garglnllR manball sxe;la;

A$agt tpztlK fI tartlb f,otjnomlal !Mg"c uu manqalar UA0n qeyrl_lnvert1aylc., (K ,O ) grlclandlfina amsallL sxemloldan b1rl 9ax1ti_3.1 da g6star11r1udr". sxemda oc uu on" qoaui^u'-*. o" o.rr.izlstorlarl garglnllxta ldar_a o1ulan garghilr ,.nU"V, fOfCUltr$911 etd.lyl itcr'itx sxem ctaM _ 11 sltzgac sxemf uOt*ri- sr a*",(i.3.9) ianlly1la lfada ollnan asag.rda1l .parametrlBra maltft dtlr_nr\ frrMslyastnt re al lagdtrtr:
C.t r2 = 1/ (Rr ,R2 . Ct .C2 ) ;

111
B.u = - 

I 
- 

-'cr'R,R,'

(2.2.11 )

X=lr=t+R./It.i
1* 

;o t' - u'' (2.3.r)
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Burad.a, [D t ham GIGM 00un, horn

amsal1d1r. (2.3.1 ) tan11Hlar1n1
ta'y1n olunurlar:

da ,stlzga,l tlaiin gUclondlrma
odayan mllqaylmatlar aga8rdaKl ftlm1

Rt = Z/{B'Cz+ 11g'* a.C'(X - 1)1g' - a.C,cat
R2 = 1/(C.Cr. C; n; tuj);

R. = K(R, + R2)/(K - 1), xl1;
nl K(llr + ltj, ).

)rr:

Cr va l)z Sgrbol;t ,,eql ilrlar, !ir - ln rc;ij
cl -i iB + 4.0(K - r ))\)r/ (4.t))

rortl Lldiinma l l.d 1 t: - C2 s 1A/f(n(r. ) seqmaK
ti,l|ll) olritiarsa R3 . ." (a,)t,l l1ilvt'ir i,
.' l;r:lril I lir.

rr imar r i l,:ill l

(2 .3.3 )

dt\,.,:i-t itl,.llri, Kl hell
il{ f, (qtrta (lapanrna )

1I"

$aK1I 2.3. t. ASaAI lez11Kl1 suzgac vo manqalart UaUn
gargln11H1a lrlara olLtnan garglnl tK manbBll sxem.

B ya (l -nonnsl l a$drrltmt E amsallar
metrlorlna uygln g1 .2-da gdstarlldlyl

sUzgacin
ft1m1 ta'y1n

l1d\tha - ya psfa-
olrmurlar.
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Yr lxar:r tezl l Kl l
ClrlM .11 sxem gaK1l

v, manqalar llcll.n

C

rr" .l
'l

2.i1.2. Ylxarr tezllK11 sLlzgec ya manqalarl DC0n
garg'lnllK1e lrlara olrman garglnllK manball sxem.

BatterYort va CFhl$eY silrlgac
2.3.z-da gt, s t ar 11m 1Bd 1r ,

Slxem a$agldaKl parametrlorla ta'ytn olunan ya cadyal 1.4.2-da
(5) 6tUr"ma fun rslyasml rcallasdrrtr:

$aK 11

I

K=1+RrlRr; B.0Jc =

Sxem ttcfln K>0 va (2.3.4)
K1m1 ta'yln olururlar:

(2.3.4)
lfadalarlndaKl mUqavlmatlar asagrdaxr

K R,' (2.3.s)

I0./f. (mKE) seqmaK

S6rilrttlil]'. SaE1l
polhom1a1 stlzgac

lm)iar1 tez11xI1 If
amsallar1 a9a8L

02 /c1-K
R.C

!L.
2

= t/(R;&cr);

R, =4.c/{tB r {;'* g.c,J:1t 1.u, 'c,);
R, - cz'(r,r2,Ci. Rr); R, - x.R, /(K i); n.

(2.3.5) da Cr sarbast se!'111r, ,r, .
A]verl$lldlr, H = t halt UCU]] R3 = m, R. = 0
;r,:1.2 - rloKl sxpmla Jruxarr tEzl1xl1 II tartlb
vi) rlalr] yr'llisaK tartlbda [l(]l1nom1al stlzgaclarlll
l.artlb manqalarl reallasdtrtljr. B ya C -
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tezllk11 prct1t1pa uygux nonnalla$dlrtlml $ amsa 1lar]1rlar. Cxem
Q .< 10 olduqda 1st1lad.o olunur.

Buraxna zolaqlt II tartlb po11nomla1 sllzgac ya manqalar
0A0n GICITI -11 sxem gaK11 2.3.3-da gostar11m1Sd1r.

Saxil 2.3.:1. Buraxma zolaqll sUzgac va manq8lar1 UCUn
garglnIlftla ldara ollulan gat,glnllk manball Sxen,

Sxem a$a8tclaEl parametrlar.a mal1K ya cadval i.4.2_da (7) d turrne
lrmrslyastnr rEalla$dfrlr:

p.oo=p/(Rr.cr); p.,,,"=:r: - !(r-u)+ 2 l;' cr R, R. R, 
-'

-111'y.ol' = 

- 

( 
- 

. _t'uo = 
\.ci 

tq - 
q ); 1u = t + \/R. i c, . c, .

(2 .3.6 )
Sxemln milqavlma ar1 a$agldaKr k1m1 ta'y1n olunurl ar:

nr u/ (p.G,6Cr ) ;

U

2

i.r

o11r'r - ; l-.;t ' E 
+

,ol

+ 8.7(F - 1)l,oo.Cr);

- 1); R5 = $/R3

(2.3.7 )

1)-p+lrp-Bl'

I t; n. Rr .i1l (p.
f,z
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ilri';1.1.t Xr ';l !' li:r;.iraSt j,llrjiiiltit,, lt i, f,r'ii.Ltr-rrrE,
ii, Itr.1.? il'eilaFirl(1.,{i :rFz€r,ihBt Lrtr ;tlifrilr;

;','(ir.i,,.ir );

I

Li lr F {ifr

i1
(.

1'.(,r_.{:' H

A{ , R., ol.ar

It,

it, ' lll r li. r

i

Ti

h,r(.(:r );

(2 .3.8 )

Saft11 2.3-3. da gOstar[]an GlcM I t sxprnla; a) fI tartlb
tnrraxrna zola(llr pollnoml al srlzga,l (p. k/a,], {., ,1ie, I = 1);
b) Fnctotllrj btrlncl tartlb olan daha ,,tu(sak torl;iDt1 Bat_
teryort. Cebl$ey, lnyprs Qef,l$ev ya ya i.ll1j liH siizgaclarln fft rtlb mari'lalarl (p - K.c/Q, Il = (.trQ, 1 = I ); v) irrototlpl I1
Li,rl;lb olzrn .1aha yllKsaK fartlbll Baltervori va (,teb1sev

.: -.. i,l.l :' t.r,r.i.,r rh.r,.,l::liu,.,1l,tr i,r . ! -; ,,, ;rii:'Zq.
i, D/li, t, . i2,it, - K, l,;'.r,, i, I Lt.Ur, ) 1,1D2)ri'irllr,,j,lLriilr E Va D tr.ll,lrmFl.1.l;irl (t;riivel t,4.?_rte ltygl_m
,rl.ri'aLlllrll r'n iltll Iffldaiiri'i i., ,liyrn:t.lrtii,lir.i rit. -,1,. [: va C -il,llrril 1i;.-liFilj i,l,.ilOilj'Ln;; llj,Crln I Lr-,I-ti:t-t ljt:i,lrpr;iril ,ir,irr;ri La.tfiUr_

I1,:Je6l,61p siugac UAi.ln GIAM - 11 sxem $FKI1 A.3.4 _ da gtlsto_
rl l m1[j(11r.

3x.'ln.r il,veriir iltiirm;r i trKsjyast ,'a(lvai 1..1.J-{ia (1,-,) r(tmldtr.
"i i",lr lL l:, r,, ,,r:Lt r,:L ,. itrLl :. ,'J iiL , , i , I I L , I 

. r . I r 
. :

n -. t; rr.,[ = T.(l', = r/(R,.R,.(];); il,- ,. rr,; itt- rr,;

D't"u l,'(R2.(1, ); 1/Rr rz'ii, . 1;t,

(1.3.9) lfadasln,i u.u"nn u = I va K, i-d11..
:-:l-4 sx€,ml 11a ham II tartlb reJextor silzgac. itam
f tortli) asael tezllxll siizgac tnanqast ()lan
tsrtlhlJ reJeKtor srrj:r8a,t1n Il' tartlb
rcalIaridtrritr_

(!;

Sx,rm

(2 .3.9 )

Demalj saK11
da !r.otot1p1
daha Jnlxstsx

manqalarl



ur

SaK11

(2.3.9) - dan mllqaylmatlorl qlymotlandj finor(
llado1arl al rruq '

2,3.4. ReJeKtor silzgac va manqalarl UAUn
gorg1nl1x1a ldara olunan garglnl lK monboll sxem,

tlqiln a$agtdaKl

. ..\]tqlllP-t 1).rr.t,,,,,0, A.C.e.(,)o.(tr '

Ra = Rr.R2,/(Rr + R2).

Cr- sarbast se0111r (Cr - 1OlI. (ru(F)). Q ) iO -olduqda
larln qlymatlarlnda xoskln tarq a1mrr. C = j halt ff
reJefttor stlzgtsc Uoundil-r. II tartlb manqalar UQUn

tortlblno va manqanln t1p1na uJ&m C- ta.y1n olunur.

(2.3. 1 0 )

element-
tortlb

sUzSacln

't6



2..1. lol lnomlal. ijii,ga,: va rnanqlrlar.i tiiiiii.l irtl.iyad|at

r..,,"i '..,lt^11 l(,lrl,ti,tnlirl { j. r,a,. v4 tri^t1.1,a.,1: i{iit,
ri.,x i:trill :-,i.1,ln Ciirt,;,t.lltni$,Lir..

axemlar

blKYad-rat

;i'ri( Ll ',,i.1.t$ag, tczLIFj I sltzga(l va mi,lriri,r'tet., ilJiltr t)iKvad-rat
,{iirrn i Rr il5 . 116 ) .

iilXnri-vril.4,] if i. fAR va ,iil]M Sxrmlai,le Inlq3j/1Sada rleha ,lox,i,iit., Ilirt.,li:,| isl;Ifa(1l .)lrltirrr,, illxya{lt.et SxFlrlln siab1l11y1!-;hii:i,li. .,j, tlrr|tnrri ..,a(li.,ijt,. y tsnfi tarilfri i Sii:.gairlat, Dlksadrat
i,,II ii rL'r i.i., ,irrlrir .rir, L,.i;ltll tf vf, rl .. l(,(. (r1al jia)rigii,tlor

yi,rnlmaAa l;p1:111 y,.1.11'.

lnrill ;-,.i-t - sr:pm1,ley|i-inyerrliyl,ll g1,,ri.r|rLrnn amsat:lna(;i 1l n-r.,1 l;:,11r. 
'r ir :rrr'|,qtlirrFr !,:at,:lrl-1t.lat.ir lit )1rI i,irtn:1,r (1_ll..l)

il Ii)t.trr, I'ii:. rll.r..iriil r 
.y ,- l l l r r 

, _ , r r , . . r . .

ll. I ,i, 
, 

..i., .,1, : i .,,, rri, .,i, r ; ii a., ii,

l.i' 4 1)' -,liln i,rii,r:!Tiinaltlql, i j )i;rt itii]jiti:rJ,,

i .' ,i. 1 )

u, '---l-



, ii.rl .,,

ilr li' Ir s(,'i,3.,]t n,.,l.ilit'inr'. !lr irj, r i!t{i r ,n al+

iiif i t,;,(.tll .ii1 i,i\r,l'i r1 iClr. Ilrr .,1lrllt-t l:.,1 .lt ii:t ,:i.ri,(ln.

Ilr li,'(-{.rll; itz - Ii{,'lt; R,, ti+,,.

iil 1l'l q .

(:.1,:l) i l'irLt,l ,t:1 ll.lan al rrr,r NL. ti,- r,I rit.; itf, it liar.ij
ir,itIi, l?, Ir (l larrmet,t.L daylsrtlril lr. K -ijt,rli,,,tllrfirn ems7r11 Rr
lF lan2tlrnlantr. Kro taLab oliinat;ra U2 - (;txtrj &rrglnI1y1n1
SFft11 2.4-1 sxemtnda a -(1iMiniln.lan g0irlrniaK ,,ler- Bu zaman
,'l ,.II(-rrt 1 ar []r qlymallarlnl dnylrJ(l1lfinK taLib .,li.]].l]r,u-.

5Bri11 ?,,1-1 srxFtnl ila siii gil,.lor1lan: ,t) Ii ti|i,tb :r$egI tez-
l1fi11 silzgac, b) dalm ),l:lxr.r8K tor hll a$ag1 rezllftIt Battervort va
gebrSev silzgacl arln rI tactlb manqalart 1$lno1itr. sr:pm Q < 100
Ilal r [QUn yararl ]t d1r.

Yuxarl tezl1klI fI tartlb pollnomlal silzga(j ve manqalar rlc0n
blKvadrat -sxem saK1l 2.4.2 - da verilml$dlr.

Sxem [eiln H.:.0 d1c va a$agldart parsmci]'iara maliH cadval
1-.1-i di, (5) rilt.nna IunK$Lyasrnl rBallas(ltt.lc.

. X . R-i'Rr; B.(,r./C 1/'(R7,C, )

,,1 .,1 , j,/(!.r.fls,oi ): R(.tt5 Rr.ii{.

(11 ya R5- sa1.hisl si.'(,r11lr vB mitqaylinFtlar aS:iUld3,i1
lf r'1di) ol lmt trl ar r

ir, C )

(;: -.t .3 )

R, = 0z(8.('i,,_.Cr ); R, - K.R,

\ - ci\c:.u:.Rs); R. = Rs/K

Cr - 1U,/f. (mKI) vo R5 - i/(q ,C, )

(? -4.4)

tan11I{1arlo

_ (2.4 .5 )

Kllnl see 1]{Ilns 1 alverl$lld1r,
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SaKfi 2.4.2.yuxart tezlJftll s zgac va man,lalarl OC n blKyadrat
sxem (Rs = Ru = Rri C, = Cr).

lsaKll 214.f: _sxem1 1Is pollnomlal suzgacdtanlan o) rI tartlbJ'uxarl tez]1fit1 s[zgac, b) daha ]4ksax tartlbll Battervort vaCebtgev sllzgaclarln ff tartlb manqalarr lsfanl:.t. Sr"i" C < 1OOhalI UC0n yararItdlr. R

xarakterlstlxanln fomasl uriiuuiirrl". ' 
Rs- 1a t. ' L-le

BurBxma zotaqll If tertlb pollnomlal sDzgac va manqalar Uc0nblxvadrat sxem gakll 2.4.3 _ do verltmlsdlrl ' -'*"1'

.Bu 
sxenl a asagrdaxt paranEtrlara mal1k cadyal 1.4.2_da (71dtihna funxslyalt suzgac r€a11agdIr1l1r (K > O):

p'oo = 1/(Rr.Cr); p'0ro = 1/(Rz.Cr ); .y,r.,.l = 1/(Rr.R*.ci).

K.i 0 almaq UQiln Ctx1$ a.
bast seel 1arsa, muqavrmatlar 

dr'lyilnilndan 8oti]r{ltur' cl

Rr = 1,/ (p.0l,.cr ) ; R2 = 1/ (B.oocr ) ;

I ladal ar1la qlyma andlrJ lorlar.

R3 = 1./(T.or:.c:.R{)

(2.4.6)
va R4- sar-

(?.4.7 )

't9



R1

lil 

-l

:aii1 I ;'.,1 .,1.Bllr,t{Jna rlirijrLtl I silttd. r,1r,,lalirr,l
h1(vr'dra I sr{,in ([]4 R,, i.,i ,,, i,r')

Cr lo,i f, (nriFi vh nr ti, l, I 1 1,,,,.,t, ) rcim1

.i{,r,r11m.r,.i1 nlvcrl$1 ld,lr. S:rr; la mii(izt lil,iii t,,, R? - la Q , Rr la
fi. d6y1$dir1llr. Sxem Q < loO hall rl,) I tatbl,l olunur. garcll
2.4.3 - sxrmla sty,gac Lardan o) Il tsrtlb t)rrraim,r zole011 silzgac.
b) lroi(ttlf1 I tart.lh olai ,jahil yrlKsirK i.t I'j ii,L i f)uraxma
,o1a.l]l Brrite].vort, (jebt;,ey . invers (,lel)trlpy yil ye e111t,tlK
iiil!,g.r(rl ar Ir Zi tartlb matr,laial'i. v) |rr)tot1ri1 II iartlb olan
lnrl'r,xma lollril I ltattp|v.]'t vr (lFhr$F! sil,gacl.ir!n 1H1nci
:i l'l.ih fit:r;1,tallFi lrjl;lnilit, rl,ir.i-r.1l.li lrail.r' i,ilti i, i, vl] I
: j,,r,.I'.'i.:.i ,l .l :..: . .1, , '- ,r. :, 1,,.i ,lj.
. :!iirr,li1r ll. il ir.l.-r'..

il(iln

ll.

-i ---r
I

Iq^l

l__i



:.[r Tny',r's Qebrgev ve elLlptlK sr']zgac va rnanqirlcrl UQUn

EarglnllKla ldarii,)llman qFr8lnl 1r intsnb:,[1 sxem

lnveri-r l;ebr$Ev va ell.tptIti sl:lzgac va

il,rrqlnl lKln 1(lnra olrnan gErgtnllK mijnf,ali
I _i,.1 - rla gd.tar-1lm1sd1r.

manqadlarl tlQDn

(riI(iM) srem saK1l

$aK11 ;-'.[).1. ]nyers Q',brsev Ya el11I,t1fi silzgac Ya manqalarl
lfaun 8org1n11K1a ldalo olurern gar8lnl iK manball sxem.

Bu sxem yasltaslla dturna fufi(slyalarr ,radYal 1.4.2
(6) ya (8) -16 lfada olunan fI tartlb qeyrl-lollnomla1
va manqal arr 1€811a$d1r111r. Sxem Uqtn H < 0 -d.rr.
anal lzlna esasan, dtilnre funxslyasLnrn parametrlarl
(lm1 la'yln oltmurlar:,

o Li .Hr/8,,; ,r.r,f Br/(Fr.tl, 'R.+.c, 'crl;

n.,, = {R?..'2r ; I',,,. 1", Rr.F.,.C, 'i, ) ;

p'-1+R-/R6,

-d6 (3),
sUzgaclor

Sxemln
agagrdaEl

(2.5.1)
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1 .1' .i:r r;

Li ,l , l,

ll - 1 l,illI l;ir'1i)lr
".' illiii_r iii.,

.rt, );
1)t l). i 1 i

.,1l.tnarsa 11., ,r,

LI:'

liz ,.i .,, .. ,.,;
ir,{ I,.Fs.i, ;

H, 1''H,
i1,,: il U.l. rl_ l 1 ;,, I lalan lr )

$afiI] 1.5_,.,laKl (ll()M sletnl il,i lI linrLii, ir,rr-.r.; r;e51;;,,y 1.g.r1IJpllK iriizen.]or y6 manrtraIrrr]n(l^n jr{zint fc2i!i{l 1. y]lxa].ri,r:11ri11. ltrnaxma zoLaqll sii:,,g.r,: rl; tnerri(lal.rt., r\:.,r1nU,ia",,,"- $r -,di qeyd olrlnanlara asaslanat.aq asagr tezl LHt1. $iizgac va manqalarrlctln
P - It. C/A ; a = A ; 0 ., lr;I=O /rRar

Fi Iml ta yln,^llrulrrrlar.
al-5.3) I iadnlar.lnl (i,.5.iJ - ,18 nii?:ri-_ ilr I,l a$rrDt ttpz.llRl.l;ill,;g.lr va manrtal ilI.1 ilr,riln

ir ,,..i,,'ili.i).,, .ir l; ii7 iii.1 i .,.r) '; irj ;i.F,;
F, '{.(1.i1.,/1}t,A); ii.. - l.r..itr./(f, - i ); i1_ - lL.R2, (2.8.4)

'1lal']q. 0r ', 10/f,- (mKF) grirtitlss4 alvprt$l.1dlr,. I( ,- t0 va e < 1O,lln"": C?= C1 vii R5-=1/(((i .c1 ) gii tr:bmaH otar. Orrda dlgor
rnilqaylma t I sr

Rr = p B.R.,./(K,(l); R2 = R5/U; R3 = KRr [.;r.Rs/C;
n+ - K C'R5,'(fd); R6 . p.R5/,U(p - t); R, = LL.lt"/B (2.S.b)

klml ta y.Ln olrrnL['Iar. !t=a serJllsa l-l]a(161.,.1. dhru da sadala$ar.

1ll:..:"_:ll:_",arsa, c2,\ 
"o Ii. ero seq.1lLr xt. (2r.:,.4)-la ra,yholLman muqaylmtstrar kasI(ln rilrq rarunas 1nl ar'. MasBl.jn: Q210 0larsaCr>C, g0tttr{tmaI1d1r.

-_Asag1 
tezl1I{11 silzgaclordon a) lf tartltr invers qebt$ey ys yaB11,pt1K sozgac, b) daha Jn,xsa* tart1b11 lnvers Q,rb1$ev va ya eI_ItptlK stlzgaclorln lf t6rt1b manqatart, verl.liinlar f (rn _ 2rr r

Kas'l1ma tezliyl. K _ gr.lcl anrna "msal l. *SL _ 
""*f 

oirr-rof ui*iumlr]lrnun 2-,atf1ama , e11lpt1ri ri6ylnrda 1sa harn dts pil buraruna



rol.rAtnda ,l6yllnmalBrln haddl asasrndb Lraxf l.€rn (Fak.2.b.1) sxemlar'.allaii.tlrlltr. Sxem K ,. q/Rr tnyertlEy1cl giiclanma emsallna
in;rI 1rd1r.

Baxrlan irxemla (saK-2, l-r 1) rl iaritb yrui:rr] tezl1K11 lnyers
Qebtsey vo ell1lrttk silzgac va manqalarmt reallagdr naq Ueln(1.5.1) tanllyhdo

p=N; a=1/Ai p=B/Ci .l=l/C (2.5.6)
K1m1 ta.y1n olunurlar. Burada A. B ya C _agagr tezI1xl.l pmtotlpln
nonnalla$drrtlm19 amsal1ar1dlr. (2.5,6)_n1 (2.5.2) _da nezara aL_
saq muqaylmatlarln ta.y1n1 uygul agagldaKl 1fada1or1 alar1q:

Rr = p.A.B/(I(.C.o..C! ); R, = C/(B.o..C?);
Rr = K.C.Rr/A; R. = K,Rrlp; R6 = p,R2l(p_1 ,. 

^, 
= F.Rr- 

,2.S.?)
Ct =1O/1. (mrl'1 sgg111.- X<10 ya Q < 10 olarsa, ^ _ ^R, = 1/(r,r..C, ), p=2 seqmtsx o-tar. I() lOyaQ) 10 oldro;; 

- 
;t:

R5 va p e1a seQ11msI1d1rlar x1. dlgar mUqavlmatlarln qr*"rr"ii
KasKln larqlannaslnlar. Sxem K = p.R./\ _ gUclandlrma amsattnlla mln edlr. p - 1 tatab olunarsa H, = Oi nu - - t]jtfututlI..I [,i,rametrtarln (2.S.6) va (2,5.?) ffaO;tarfLe t"]yrrrt S"*ff2.5. j-sxr:ml jla clllp K va ya lnvers Qeblsey si.rrp,aclo.iun yrru.,tezl7K71 ff tartjb ya .1aha yosar tartlb[1 yuxan tez11xl1
silzgaclal-1n If tartlb manqalartnl reatla$rltrnaga lmxan verlr,

$1 .4 -da qeyd otundugu k1m1, prototlpl iI tartlb qeyrl po_
1l.nomla1 sU.ugtsrr manqast olan daha ytt(saK tortlbll brraxma zolaqlll]lltptlK va ya lnyers Cebr$ey s zgac manqas r 4 tartlb]ldlr ra bumanqant hor b1r1n1n dtttflna ftrlfislyasl cadval 1.4:2_da (8)_la 1la_,1o olunan 1Rl adad ff tartlb buIaflna zolaqll man(lalar x1m1 llado
etmaK otar. Salil] 2.5.1_do gostaruan CIGM sxem1, Wgun p, c, pya T -parametrlarlnl secmeftla, har 1K1 manqanl r€Blla$dlnnaAa
lm{an ver1r. I manqa tlct]]t rLygu parametrJar cadval 1.4.2_da (1la)II manqa uQtln 18a (11,b) lfadaIarlla qlymatland1r1l1rlar.

Cadyal 1.4.2-da (11 a,b) lladalarlnl muqaylmatlarln ta,ylnl
tlQtln (1 .5,2) 0a nozara atsaq, 2.5.1 _ sxeml 1Ia rca]lagdtrllanI manqa UC n a*sagrdaRl lfao.al ar1 a1ar1q:

33



" r.'r,.la7F'

l{'A 11 . r,, .C

l _-r
ll, l:'R...1,1/A /lr; Bi,

iT malr(lii r'l,rihl:

, 1,..1. j azr,''

I\,

' - x'ii .rq.; .; ; tt'

ll. il. rn '0

,' (2.s.8)

; ir.,

R, lr'P1..11?/ (.1. .1 t i

II. E .T,

' l':'t,r .li(,r 'c
r--.1

n+ = K.n-.lt:/A'ltr; R6= p.R2l(lr-'l)i Rz li.Rz. (:-5.S1)

alarrq- Har tRl manqa tleilr] 0r, 02, R.ya ll 1 s.rri,asi srli)j11rlFr.
l,t - 10/f, (mlil ) g.itllrmax ijivcrlsli(1r. H 1 Iii v3 Q .. 10 olnrsa
L, - Ar, n.,-1 ,/ ((rf,r)r ), lt = : rlml giililnniix ,rl:rF. I{ 1(l ya Q .- iO
olarlra 0z, R, va p l.lF sF,,rlltnFildir'Iar xi, rijr_,rr ia'ylt] ol.man
milqaYlmiitlar ICaSKin f.irrl I irnmas I rr I a r. ll - I ilar!r (g8rghl1K
tnKrarlayr(rrsr ) talall ollnarsa , Ri = it (qlsir ,lal:rntr) vrj R6. i,u

(n[1]1r) €t-iiun11tlr. Sxem rlt;ritl X O -rllr.. S.{.r! () i lirtr 16,11 1,-,5
lioiblq etmaK alverli{Ii(lJr (0 - E). H*rii, - i:.i)irLilii 4F,J'jFil1nnaK1a
T innn(lada Ar. D2, lKlncl matqa,la l-\h 4,< Lr-2 a't,tin ,:,ir urp- 11..-n1
dl]ytfi(ll nnaK LF l'" -tenz tm o].unllc.

ialf]1 2.5.1 dfr tf,fjl,irrl]arr cI(iM jri:plul 1i, a,:r!1.in gjiertarllan
rt.J.,]itor !:l1rft1K YF lJ'tYerrt \,ab1$r,v sil,t€rl,: vn riarIla,1al,l rpal1a$-
.1rrrl rt': Ir) l1 ltnl'tll) ]-,rJpFl.(,r' ijiiLtge,: il. ii, G-) . i, p

l,'0): t,li,i',)1,(il.ilri ;ljiiad L ii.,rl iriil I LHl1Lb ,r,.1,1111r ,,i;r!t (i1lrA ,ilxsaH
ril].iJbli l1r.lirt,.,l. ;ril:,gl,rlhr.lrr il iFl.i,li |.rrrrj(j,1 , ir1., ii:, ri, t1 =. -.r' .I, t, 1.'iC.'.)); v) l,r1,l,.,i1i I il t.r,rl1l. .l,iilt0,rmIr.,i sr:lzgorl
rinn(l.jl^1-rt ol'lt1 va paratnel_rinr1 ,in,lval 1.4.;l ,.tn (i4 a,b) 1la
rliymallandlrll.rn daha yiixsaK lartitlli rFJeKt.tt' siiitgacln hor 1K1
iT tl]TtJb manqast; rl) lr\)iotlJ)1 1T IF,ri1t. qelrr.i -f,ol1nom1o1
mal(jalirl' irl.an Yi, [,at' ri,]11'l;Jt i i, ,lvi,l 1.4.,- -{tc (15 .1,1r) 11a
illyr'atl iJndlrl lF]t daha ytlxsaE tartlbll fF.iEr;to.r. sri]zganln h3r
lri1. lLa1. tlh manqasl.

Baxtlari reJrrKtor slizgar.t vr, utirnrl o litrlnl n sxcmtrtrllta I L!-Aun mU.
,larlmatl.,r (2-5.2 ) lladelar-I la tB,yiti olrmurl:).. Iarirmett lardon
C1 , C2, R, yii fi, 2 1 -sat:llas t se(l1llrlsr- 0niarrn ,e,:1ltqtrs1 bund.an
awal baxdlglml z CIGM -sxcmla r€alla$dlrrlan lrrrraXma r.;olaO11 silz_
gocda oldu&r K1m1d1r.

i:],1



2.6. ElilptlH stlzgEc ya manqal.irl ,nqlitn il,) rion(le nsir [orl u sxem

Tl]vcrs (pl)tFpy va 6,1I1J,t1r silTgi.l,r ya maot|.rtirt,t ll,tilr, l1C Kon
il,.]lir.ttin'lI F\f.m gaKll r-A.r -di, g4stFt'Limi\diI.

Sax1l 2.6.1, E1lipt1K s zgac va m.rnqatafj U+1n ilq
r r(ondensa Lorlu sxen (Rr - \ - Rut.

Bu sf,em vasltaslla ot rna tunKslyasl cadval 1.4.A _da (g)_1e
ilada o.lunan .tl tartlb sUzgaclar ya manqalart Featla$dr1l1r_
llli,,mlr ilnitl jzlra asasan 6tilfina frmKsl),astntn pBramctrlarl
lr.irrf tllaH I rrlml t.r. y1n (rluLLlt'lat-,

,t - -i r/rir; rr.r,,7 - , r,*, .R{ ,t)r ,tt_r );
1,,i, i.'(Tlr.ir); 1.t'1.,. ttinr.R4.(r,.(12).

(2.6.1 )

Sx.,m l yertlaylcl gu,jl andlrma omsalfna mallxdlr (K < O). Cl ,ilz YF R+ s,3rbast se0llan eaementlar K1m1 qa bu] olunsalar, dlgar
,:rlpmentlar asagtdaKt Ktml \b.y1n olunarlarr

c? = P'c,; R, = 1/(R..p.rr.rot.o,.c, );
R, = 1u'(R. "y'.o1.c,.c, ); R3 = 1,/(p.ot.c, )

SaKtl 2-6.1 - do gdstorllan sxemla Ii tartlb lnyers
ya eIllptlK stlzgaclatdon ya manqalarudan a$aA1 tez11xl1.

(2.6.2)

Cebl$eY

Jnxarl

rl5



tczl1x11, brraxma zotaqlt, rer]eKtor s.ijqgac ya ranqalarl
r1? a 1l asdtrlltr.

AFaAr l,ezl1k11 sUzgEC va mi-]nqalar il(,:ilr] (2.i,,3) 1lar1a1sp1pi
(i.al-2)-rti naaar-a alsaq, sxem elenrntlarlrijt qlymatlandlrllnssl
il,jiln asagrdaKl J fadalarl altrtq:

Ct '' K'C'lz/A; Rr . l,'(R* .K.(.,,r'?',1,.6r,'

R, , I(.Rr i Rs - 1/(B.,,, .rz i. (2.6.8)
niiridr-r 4. B. yA C - If trirl lr) ataAl t,-j.t lr j v-t,q r,I,l,t:jrv vo

r'.i rl llrl Ii. lil.gF,rr [r:ni(lr!lat.t il,]ilri l.ir yiri ,,llll.t.l (i aX S1_3)
t:innnlla\r,1irtlm1$ atitsirllard!.. r.r 1rl./i (mt:i,) se,rllmasl
ir 1'sc'i'1[rl l(lii'- rt2 p]a sF(lilirrhlitiir xj. H3 lrllirasti, ri1]Taet alstn.
ii, lr';r, rrl;., rrei,rimal.ldir K1, Rr ya H.7 tni.inrt s i f,, (llyrniLier aIstnlar.
A,latirn Q nr:h bdyr.lx qlJmatlat'llrda 0? t(it1F qlyr,at alr.r.

M0slala 2,6.1. {}Q Kondensatorlit sxFtrl.a i_ . lt,, f jn' Hs,
,1r :0,5 dB, c2 -.60 dIl l,aramel.rl;.re ma1lK n - b tartlb asaAl
1,,:'zl lr11 e111pt1K sUzgacln plekl.r'1K srr'I,i, jrr F j-rnE!-, arjn1n
./ IlTil t lirirl lrl l rrt.ri.l 1. 131) itjr.u!ll'.

lli,ll l: n li ial,j Ilrj ti.,,jtlr, -;rLi,i: ilt!lt, , .,r.tr,, irUr-,.siit,lj;l
.r;,!lir,l 1-.i.1' rii (jl)-l;, ifi|ir.rlir,riri! ,l artr,i Ii i/t,l ii, r llrrniix
riilzeli,{t rnrrrrLl.rlart lSlhnmi.j i,ttr'. '{ - Xr.(,.i:,.irr ,: .. r. iilmi
rrrllil r-r l,mol( ,ilrtr. lltrpir:ri1:ltj,iI. ,r I r ,ir r., v , ! iitlirliiLl,Ijln
.i:.nlirlli,ri.ii [;,, rrl.,ifi VI-d!rr il,](..ifldii O|3-:

TB
I rn,u'r(la 1 ,385t1.-rl 0,6OIi9iT
TI mrrnq:r i,595?OA 1,li5t42l
TIT manqa I6,9t7l)37 il, 1.1,1:lO3

l'", iltirli,r , 1 ,l,1.ji,lll, it,iliJil5i)t)

c ;r Jitn
a-1,1a!){l.i I O,7A2
0,5ris,T.t7 ? ,148
0, t'f:ti rr lir tl,49T
i . r i6fj,1.,i; ,.T,4aj

ilir I'ilu(1i]"/ i i,riil l. !.il,,ta i.1,,.i1t, (i ir,?L):.. ,r:1,..rF. y r4,rr,,l:,r u,,,itrl lsalr l'T.'lill i,illlil,i,i ir. Flrr i"ii rj Ll1 lL?lr),l-t h j::rrj: lij,.
I [iirl,]i: rlr . iti/ !,- 0,{ii rir.:.i, seilltlr: (i-.-,,.3) Lizi,:lalarlno

asrrs:]n cr l-?795.cr:' n, - 7.0511/(Rr,C2); Rr- 14-t6.--ilR,.c2)i
Rr .. 1r,j.53.1O 6/C) at Lrlq. ,r2 . D.0i mfil ,r-,.,1 tarsa B, =
2 -635i(0m mr:lnnslh qll"i]etdlr.. li.l l0 KOm sF,lsali, R, _ ?.tt51 non,
R, - 5.0:4 Korn alarlq.

IV mAnqr: ()r= 0,01 mKI,; Cr - 1.329.Cr; Rl _ j.i5q,,(Rr.C, 
)

R? . a.51?,.(R+,C2 ); Rl - t.26.10-3/t)2 oii"r,t. i, = i),1 mltt seqsa(
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ntr .. 13,6 Kom milnaslb rljymat.llr. 'Rr - 5 K()n gii iii-rUlarsa, Rr=
:.517 k0m, Rz = 5.034 xr.)m mth.rslb (llymatL?i- oiar. II va III
manqalar itliln da Wgrn hesabLamalar aF;rr.lir1- ya tAlab o 1unan
;ilrrqa(r manqalarlntn liask3r1lilrla lllrlAS,ilritrttssl lla yara(:it I1r.

Saxll 2.ir.i-.dr- e,,1sta111in s;{.mla: .rI t/r'tinL.i tezj1fi1i inyers
C,,llScv vn yri ,.1l lpttK sltzg-,r(tLar1, l))ilaiLa ;,,iirsaii tartlbda lnvers
(ELrScy r'o ya elllFtlK sllzgarrl tsr1n II tat"tltt Jnulrrt te2;11K11 man-
(lalrrr l,ilan1lir. Bu hallrrr rl,,riln il,i.iirmir fu]IiSlyi-lrrr .adval 1.4.2-
,lo (a,r, [,arame trlar" ln1n ta,ylrri (2..1.j..;), s]-ern eipme iLarlnln q1y_
mFLlan,1lrtlmerrr' (.1.6.2) 1farlaIar'1 11a yertrla yeij11Ljr.

VFr'11;rrrlat": a) I. -hds1lma tqt:lly1, b) K mar(l:lr1n gilclandlrma
i,niialr, e' i1, sa):1.rma ztolagtflda rnlnlmlur, Lldrl,mi ya alava
,,lajitit i'lIirrtir SilZEa. il,,rfln ,rr t,Urrr;,iirij ,_,,;rrg!rt,tr: ,ln,.jnmalal-1n
lildrLdrl ;irri1:t in(1a Ii tatilb Jnl-r:,fi iar..l jri mr t,lalaF Ucilr
ii\,: i,:t:,iir1,.irijr.r I,i)rl it sxEtnln (nai(il :.i-,.1 ) irc;iabl jlnmssl a,Sagldal(1
rrl qorltmlil :rpar1.l lr:

1 ) P]'ototlF seQlllr yi, uygrm A, B va (t - n(lllnallasdrrl1_
mr$ Fmirallar tA'yln olr.mul-1at- (bax.g 1.4); Z) t-., L = 10,,f. (ru(p)

,'rer,:l1ir; st q = l?zs (llyndtLan(1it tttr. e . trl otarsa C2 o Cl
N1m1, Q , 1O olarsa, Ll2 B 10.(_'r K1m1 gdtitrit LiIr. e" ela
rref1l1r Kl, Rr milnaslb qtymnt alt.r, R+ BLa seell.ir ri1, Rr ya R2
mrlnaslb (rlymatlar airrlat'. 4) Elementiar a$ag,tdaftt lfadalapla

,l1yma tlandtr11 J rlar:
Cr = K.cz i R, = A,/ (R4 .0"2 . Cl 'C3 ) ;

Rz = K.C.R,/A; R3 = (1,/(B.!l .C, ).

1.1,,i Kondensa t()r1r,t e111pLlri si.lzgar., sxernl llFr (SbK11 2.6.1 ) pm-
1jot1p1 II tartlb sllzga{r menqasr olan silzgaclardan burax-
ma ao]aqlr lnvers Cebt$ev !,a ya elllpt1x sil_ilga,-ln ff tartlb har
lr'1 66,pq1^.- 1 t$lan j l1r-

iiiir irrl in:tri,rilrrin ,'ltiU'mi, l'lnlis1:/aIit ,tailvil j.4-2 -,1a (B), p. (1,
I]'iF I ],arlnl,,lrlil.! (11-.r,lr)- il, I) . A,- tsa r,lyg in r.rlaraq (16),
(1il) v;i (l::r)il,rLldlBt'.j.iir t;. yiir i,lrtrufr,a:.. iralnentiar (2.6.i )

v;, i: 6.;rI Lfi,,i.rlitf[]F (tlyrilal,l.,irilrjlJt'1.]-.
V,,r'l lanillrr fu trn tr.a.r, J 1t,|l LI{, H - rril,tl-i),1lr.lij ams:rlt ya Q -

i;.'yilyytt l i1 tii amsal L asaslnda sxernln hpsablarlmaSl a$iig](lax1
ai.loirltm irrF, npart I rr:

B

\?.6.4)



l) ]'fol:,lltllri, lrytl U:l i1, Ij v. r: _ , itirt,ti|.1lr:1r(lIi.riJlti+ nqtilallAI
1.,,.yln olrinrr]']ar' ($1-2, .(1..1)t ;t) i,.r = t0/.i_ (,0K!) sE,,.1t1r. E,I ya Ar qltinaii,lnd1r't11r; Marqa il,Jih Q - it ,lii.. Q < t0(rlilrtia C2-Cr gdtitrniJx ()lar, i.l _. 10 olirl.sa C, I r got rl'r..tlmaljd1r
Ya Rl e1a serlll1r kl, Rr va R, mtinasil,.li;ma ar attrlar;:l) trjagldaHr itadolarla sxcmn rrygm ;lrlmentI.,t- rl]'Ini.tlandir1.11r:

I m^nqa,

Il manqa

at. - K.,lrji A 
I .il2; ii, = i,,(tr.+ .Ar .,,1 .(rr .it3 );

I( .A .Rp, = -1_--! 1 I 1r_.,,g 
,1 

:-n'

C

R1 . !t..'(0.,!2.(lr). (2_6.5)

l? .€'. c)

ll . K,,K2 rilrrl r,ti(j1l it-.
Ilrj ItorL.ler)sa ro|l Lt clllliiK srllriih,, ir]:erni iir;( :...1.1) asastnda

1;j l:'nl lan i'pJcrrl,,r ril:r'a . i- t[1rn,l1, i1i, :rblJ,, jj,.i L.,.!. r,
a) 1T ltirtlh reJpKl;or sr'lzgar); L,) !r,ot,)[jt i isrtjlr ,.jil:lgac

hr.rjroi-t[, i (-) ].,n II [rrrt]b re j_.KLol" sijltga,-r mzlrrLlaii-1t.t; vr In)tot1p1II tartlt) t()llnom1al si.lr,lgiJ,r manqasl ,rlair rpJeXt.,r, sr.iJga(.j11 harIIil lI trirtlb manqalart; (l) protoi,lpj iI t;r|'r Ill ,tp;yrl r.,Llnomlal
,.;lj;Ea, mnnilas 1 ,,lr.,n rpJ-Ft,,r :ii)r:pa,,lr, t,,.., i^lt fl tartfO
m.rnqA l art .

Ut' tro14u*rr,r",,l sxFtmlir IcJFI{irrr i_tltif,iti)i.r vir yii manqalarlv,,rlltsnlor: fu tnafirazl tezl1K; H - sr.p,ga,t va ya manqa-
nIn 811(:1and1nna amsiall; Q-KeyI1yya1,ti1lfi ams.lrl 1;,12_ lnyel-s Cellli;'y ya elllptJx najvrar u,.rillr saxlama zoragrndri mlnLmum u,1ulma;,1r . el]1pi1E silzgac novil il,ir:h buraxrnir zol:Igirlilrr maxslmr.tm udulmarriasrnrla 1;l an n 1 rl ar.

Sadalalian trfri'lar ilQiln .ttr{tlna jlrnxsjyast ,r;(lyAt i.4,2_da !,12)llii, ljx\1irto r-rv:],;lii elcrnent,lafir.L (ll.yrr.llr, d jrtltf,,st v1 se,,r1LmAS1

:,i1,,',1,;;1,,;',,:,;", ll'rT.,l,i )1,,;. ,lt,'',,,"',1,r ,,:';lll,l:l?il
l. .:ij i,i | ,i.l ,r'_ it, ir ,r. , ..:,.r,j, i. _, t. ,_r i:..ir.,,,, ii,7.tlil
irr'-, Ir ,^,lii,..Lr ,,i.t l, i.., i ,, ,,1 1,rllr,,.i:.. .. ],.i,,.r,,. ,rl:i,fir\,



fir nanqatlottrL SaLlill ilrr,ltI nijVlijr1 iititl'], a), ((, it vn .i _[,arafi]e trl or 1-
n1n Itn.lirl.ir1 cdd'tel 1.4.2 d0 verllmlitdlr: rr)- bandl ilclitx (1g)
ilndesl (C - 1); b) -band1 ij,,-iln (13) lfadast; v)-band1 itcun I
marlqa (14 a), 11 manqa (14 b) 1ladalar1; q)-bandl r;ri[ ] 621q6
(15 a), TI manqa (15 b) 1.fada1arl. B tiin hallarda Cr, C2 va
R* -sarbast seQlllrlar. Cr = 10/t. (mkl) -aLyert$l1 saylllr,
i, va R{ -ela seellmolldlrlar Kt, dlgar elelnentlsrl nilnaslb
qlymatlandrnnaR mt]ff(Un olsun. Masalan: Q < 10 vo X < lO olarsa,
Cr", Cr, R. = l,/(oo.Cl ) K1m1 seQmax olar.

2.7. Ell1ptlK stlzgae ya manqalarl rlcr'ln b liiyadra t sxem

Otrlrna frmfislyasl cad]ral 1.4.2 da (1 ) -ta lfada olunan
sx+-.mlardan b1r1 e1l1pt1K sr:lzgac va manqal arr. ilA n blRvadrat
nxem,l1r ($aK1I 2.7.1 ).

R,

ur.

Soxll 2.?.1. E111pt1x sllzgac ya manqalarl Uci]n btKvadrat
(R, = R" ).

Ilri !x.'m varirlt.aslle II tet.tlir !nvqfs tjl,btspv vr, yr-r rtillptlx
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rrilt,t'i,)c y;r mar,(lal,rl llrdan i,jrril&t je2lliKl i. ylu.nrt er.,jiKl1, bltraxma
',1.r:l vi, r'.tJ, ]it(.)t' ,iillllilr i,,,IjrIIiIj|'I I i. ii ,,r- -tit,ri:rlyaslna yo
i,l lii;:iiilfll i, l,rtit.l'lri r,xgmir ]yJnl f,rrri n{rtrlr,t. ,iret,rlaEt (jtn1 ta.y1n
,rlrilrirl;rt :

o - -F, ll,; ,t. ,2 a.,',a,.1,,.i.. 1.. -i

l,,r' i.(Ii1 .ii6.()r,(j, r; it.,,,t r.,(1i.,,.,r l;
Rr 'R. = n, '1q (?.7.1)

burada oe - a$a&1 va !.uxarI tezllKll siizgaclar UcUn slqnalln
Kasllme tezl1yl, bUraxma zolaql] va reJextor silzpacl ar 0or)n Jsa
narKazl te?,111<.t1r (oL - 0) ). Sxcrnln ($aFll 1.i.1., e lemi. nt larlndan
C., C, ve Ri - sBrbast se!.11BrlErsa, Lll.gar F.l-q,*rrtlar a$agldaKl
I fndal arla ql ymat lond trl larl er,:

Rt - .1/(p'p.(,.r .C1 ); 82 - --p.R,; R, - (i' 2.r,,

R, = -Rrz'p; R. = -7t'2 / 1p.a,0l .(.), ); R6 . R3 .(j

.(r,li

,/f;r' (2.7 .Z)

(2.7 -3)

StrKll. 2.7.1-da gdstarllan sxcm lnvitr ay1cl gr)cl atr(1Lrfla am_
ialln;i ma.l lxdlr (K i (l). Bu sxem yaslti,sjlir a$agt tezl lKl1 lnvers
ir,br$cy vrr ya el'l lptlK sil-,.rga C.l arrlBn: a) II tartlh sir.gac. h) ilaha
)ilrisFli tFrLIhlllarln I7 tat"tttr mnrqalal't i$lan1111". Bll sllzga,:1ar

Liilt, p, (1, p vir J - n1n (2.i).3) 1frultilar1r]1 (2.? 2) - da nazara
alsaq m qavlmatlsr a$a81daxr lfadatarlo q1}mat1and1r11ar1ar:

Rl - A/(K.B,C.(,.r..Ct ); R, .. 1./(8.(,r-,Cl );
R, = 1/(ctl'.{,.r",c, ); Rr.. A.Ril(K.(j);
Rs = 1/ (c1'2 K.c1. c2 ) ; Ru = R. .c, ,/c, .

burada A, B va C - nonnal lagdrrt tmrs amsallar{1r (bax.g t.B),
Verll.onlar, l. - Kasllma tezllylr H - gUclandlnna amsalt; c.2

- saj(1ama Zolagrnda tnlnlmun udulma I e1l1pt1ft suzgsclar UCUn fso.
ham d.a cr - buraxma zolagmda maEslnun udulma parametrlarl .

asastnda sxenln hesablafftasl a$agldaKt alqorltmla aparll1]':
1) Nonnsllasdtlrlmrs A, B, ya C - amsallart ta.y1n olunur

($1 .2); 2) Cr= 1O/1. (mkl) - sec1I1r ya (2.?.3) lfadelarlto
muqaylmotl ar qlymatlandlrll1r. Bu zaman C, ya R7 _ela seQ111r1ark1. dlgar elemen ar munasjh qlyna sr a1s1ntar. MaslFn, K < 1Ova Q.< 10 olarsa Cz - Cr va R? = 1/("J-.C2) serimaft o1ar.
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s}:..rn (ir.ri{ 2.2-i ) v.rsitasl-la lntxnra trl2tliHl .iirvcrs (lcbteev va:i:ir,l,1!i silrgn,.I.I.dao a) l-t tartlb suzgarr. r)) .,,.1i"- f*"u* ,"a_i ii.i I 1]112i,n,1131.1rr I/ tartlb tnanqalarl t$tanilL]-Iar. )tu sUZgaclari),,,ilri J . ,{, ii v. ). - lra rzrrne r rl,rrln prrltoti!,a ,lygrot A. B va C _ifriI.rrLl.r.ili t't iriLs inl$alisrla ilirdasl tZ.S.;r- Eimlcllr- (2.5.6)
I i lr, 1i , I i,, r l tl i t,l.,i.r.)-rla nazlra a1$arq

ilr - (l/'\X'B'i' .Cr ); R2 = (.Rr; Ra = t:r'1,,iru. .C, )i
R- A/(K.Cl'2.o-.C2); R6 = Cr.R"./C2; R. = R,,r( , \2.7.4)

nl:irt,:1. ()r . ()2 va Rz _ sarbast se(l1l1r1ar,
NazarB alsaq KI. A. B va C -amsallarl e$agr tezl1K11 prrototlparryglm ta'y1n olunurtar vB m[qavlmattar fe.z.il ifoauiu"lro qlynot_tand1r111r1or, sxem elementl€r1n1n seQllmaslna qoyufan afgar gart_ler^Jnlxartda baxdlgmrz asa€1 tez]lK1l s0zgacda oiffi r.rmrofr.
SaK1l 2.7.1_da gdstarllan sxem yasltoslla br-rraxna zolaqllsilzgac 

_ 

ya manqalardan pmtotlpl If tortlb lnyers Ceblseyva ya ell1rrt1k slrzgac manqasl 01an daha yrrxsax tertrurl suz_ga,r1n II tartlb cut manqalaria lslonllantarl ,=.ifeOr".fr"Hi,r 1n1 Inunnrn- dt|I]na funxslyasl cadvol 1.4.2 -d.e (12) _1s,p, 11, p ya.l _par8metr1ar1 (11 a,b) 11a, E, I) va Ar_ lsa \y&n.':rraq (16), (18) ya (19) tladalorlla ta ytn olunr.riar. n. n ys.' - I,aramelrlarlnln pr,\ctotlpa tvElm tsmsaijar o Lduefuru nazaraii,rl.Il (;r-'r.r,) ltadalarlnl baxttan manqirlar Uc* ns"gi;rn, x1ml.l'll.liliaul nl €rf r

rl ma q.1 -
t/2

Frr - ll. (A,/11) /(|.1 .D.cro.0r ); R2 _ K, .R, . (c.r,1)"',
ii, . 1/(D.rr,.,,i), ); k. = (A/C)t,2 .R.t/y.,;
R, = D'(Alrl)'.2/(xr.A,.rdo.c2); Ru = 0,.R./u,

I.l: manqa :
\?.7 -5)

R, = K..R,.rc/A)t'z.

R4 - (A/L)|'2 .R1/K2:

Ru = C, 'R./C, e.7,6)

_ H:" y, manqa rtQur c - 1o/r (ru(tr') sea1t1r. K,, Ir, va Q = -n -ntn qlynatlarlndan asllr olaraq 02 yB q eta .ic iirr" *r, ',

t, = D.E.(A/rj)r'2l(K2.uJo.r.r ).
P''r = l)/(uo.C. )i .

L = Ar . lA/c)l',2 / 1'4r.y.ro.r,r.
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dlg r elerncntlar munaslb qlymatlar alrr.lar
Sxem (ffaF1l 2.'a,1) a$agldakr lnvers Qeblrjev yo ya eLliptlK

p,,JeKtor,sr'lzg.,i- va msnqalarrn 1$Lan1..lmas1n1i, lst1Iadts olunur-
n) 7I tirl,ll) reJeKtor s zgE,j. daha ytlKsax r,arllilji l'ejFKtor suz-
rr1': ri.rJrlia!al''rn,lan - h) F,r:oto l-.itrr1 I t,al'Lil-r $il.'lg.r,' ,nilnqrrs r olan rI
ii,r'r1l) r',.JeKLor stLtagac man(la1.ir'1. v) l,r()r,,tlp1 1I iertlb
fr)llr1(:rmLiil srlzga(r manqasl olan darha lr']Hsax tart1Dl1 r'eJeKtor
.ili.Eli,,)rlrr lr;,r 1fi1 1-I 1,ari1t) mrrnqrrsr: ,:') proto1lt1 lI tartlb qeyrl
j,,iin(rmlal si.l,lga(, manqast olgn dalLa yr'.I{sijK rartlf)Li reJcKtor
silLgacln har tlcl 1Klncl tartlb manqas:L -

Sad:rlanan sUzgac va msnqalarl Yerllarilar, fo - marKazl
l.EzIlKi K gtil) laruna amsalr: Q - KeyIlyyatllllK omsalr: lnvers
QrrbL$ev va el-tIpt1x silz,gtsclar qtln 11, - sllxl.nna zolaglnda m1n1-
irm url lma; ,r1ltptlrc stlzgaclar tl,itln flr- brlra.xma ucrlaEtnda maKst-
lrflnq u(-tul ma llarametrlarl asssrnd.a i9lanli1rlct',

LIyS.m sxemlorln lglanllmaslnda codyal 1.4.2 -d.en 8) bandl
r:]qr[n (13) (C = 1), b) bondl Uath (13). v) bandl Uctln (14 I,b),
q) handl tl,iiln (15 a,b) lfadalarllo ta'y1n olrman p, c, B va 1 -
J,arrlmetrl ar1 (12) d tr'fmB fu (s1yas1n1n lfarlaslrrda va (2'l 2)
jf,rdalarlla sxema uJgun muqavlmatlarln qlyrnatlFndlrilmaslda 1s-
l.1f:rda oiunrrrliir". CdstarlLan ifadalarda A. B. ya 0 ams811ar1
yg'Lxo protoilpln noflnallagdrrrlmrs amsallerr. Ir, Dl Ya A, L\yEun

..,laraq (,advBl 1.4.z-da (20), (21 ) Ya (22) lladalarlLa ta'y1n
i)i]rnan I,a L,ame trl ar{.lr - EI]1pi1K suzgsc sxemlnln reJeKtor ha1]
ii(i)n llcsafr lamalarda 0r 1olfo (mxl') g6turUlur. Cl vo F" elo
s,.tj1l irlFr x,. digar elementlar milnaslb qlpatlor alslnl8r
i,li, r,lrir, li irr v.t :il vn l)) i)ar(1lar1 ilqtl.rl t 1 1lr, v) ya q)
,,iir,ll;rr'; ii,,iirr i,), .. rll o a|'sar ,,.,.- Cr, R, 1,, 1r,r,, l?) gl'ttlnnaK

, j . .:\,,i, | \ iril.ir .,i-i) :1!;':1fUr:lrilll,.llr tl!Y'. yai dr 3li|rafldltIlra
:rl : ii lli; -1;ry.i...,u.lrL Lrn.slrdd }iz Krlyl iyyl trir iK amsall Q - niln

,livli,r1lt.i i,r'rslrlria)ill .InarKai.iI r;eta-l iyli-l (1ir),tfL1il'rlit4sIr,1ir t{+Lsa
.. 1,r",1 rr jryltIt! rilnltnrr| r11 rlltli!11^t! rr rrr.rrillie istiJada



3, Masfl1a fia1l1 ntlmrnalarl y0 gdslarl$1ar

tstanl l an siizgec ndyitniln 6tilrrne funKslyasfntn tartlbl
nl-ototlf.r rloylllail talablarll ih'1711'r oilrnn.l{'trr,i:-in ha$laylr. llE
r;lvl)a,1i,. iri(,t.rlil1Il lro|-inaiia$rlll.tlrnli I srr-rir'-, ieAI'lyl
t:ii',, iri . iritr::'.. Mili(1.i,.1 Ir rill rgi,,r r,,,Vlnt'j ;|,i',r 1 -t,-'.]1_v1n1n
.,. '., iitll li lirr l,il.rrl .',,1v-i 1.,i. 11;r v,rrlltTriirrlir'.

l,:..lr,rr, :1.1 I

.:il ,lil i :,t-.la,i sirviyii.iri!ir r.tyj,ltr ilni ianr:-r i-c2;ilFl^IJ f,=
i5. I ;Jl,r- i,z . i'(-1.3 IiH,r .rl irt'j l,rlrsxria z()-l:11'll , si.lragac !I.ototlr)1nO
il(,ylrl.'rrr lalabl ari ta'yln etma[1.

llril I l: "Matii oad" tatb1q.1 |r$qramr?r i,.4r:l.tlnda tartlb
i)ir tnitg "li.l.tcr cllr.ptlr:" l,ni,lre,nlnLt m-lllt,ic, nailcaiar

", 
r I 1m1 Sd Ir'.

2

llnrtia1il fo - te2l1 ty1 fo r,,r. f.r= f,. i, - sinnnetrlr;].lx
'jr']rl,1na ;isasan q l yma t Landlri 1tr. Bu SarLln iid.rrunasi ti )iln ll yo ya
f, lezltlKlarlndan blrl daylsdlrl lma 11dtr. fr -day1sdlr111r ya s1m-

mirtrlKllx sartlndan fr=15,58 xHs, fo= 17,78 KHs qlyna tland1r1l1r.
Silzgacln fieyltyyat111'1K amsalr Q = fo / ff..r- f.r) = 5,736 -atlr.
Prototlplna (y6un nomal La$dtrtlmr$ iezllK ,ladval 1.4.1 - do
hrtraxma iii,l erql I silzgac ilAiln WE],r lfade 1ld ta'y]n olrmur,
0 - 1,523 a1l.rrq. Be]aI1K1B, bura na zolaq]1 silzgac ucitr verllan
sortlara r VEtrm prctof 1pa qorulan talablar agaErdanl r{1m1d1r:
0<n<1 oblastda a--,= 3 dB vo
,'r = 40 dB.

1,523 { O < o oblastdg

lasaib 11.2. Gilc landlma amsall K = lil va rnasala 3.1 - 1n
,.ii,rllnii uy,5rn hr['axma zolaq]1 elleptlK silzgacln otttTna funxslya-
r,rrir ii'y'in etma[1-

lTiriil: 6l,ilrma funxslyasrnu Ia'y1n1nl t2, alava Q,Vl ma'lmat
r6dvallarlndan lstlfade e1.maKla, masale 1.3.2 - da oldugu lt1m1

aparaq, 8l2-,1m halda ar= o..,= PRW - 3 dB, crr= a.,,. 
^ 

- ldSL = 40 dB,
to < 0,523 qlymatlara mal1Kd1r. Cadval Q -don n = 3 qlymatlna
t0) = 0,9802 va n = 4 qlymatlna to = 0,3466 WBm gal1r. Dema1l,
tr,r < 0,523 telablnl ddamaK Uqtln n = 4 seQllma11dlr. Prctotlp 1ft1
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ni1.,rl lKln,jl tErtlD manqaLardiln inaratdlr:. Cadyal V- dan n = 4.i'ilw - ll dn, MSL = 40 clB vir trr) . O.34Bi; qij.mo era uyg,m A!, B.vrr (lr am-s,rllartnr sEr.:1r1r. Se,)1lm1$ qlym;i.iar ,,liiter etI1pt1c"
Froqramtnln in6 inlnrl. Istlfa{1a o1lmur. 01,4 -da gjstar11d1y1 K1m1TI tortlb pmlotlpa IV tartlb brLraxma zotaqli sitzgac manqasl_ly$tn(r,rlr' ya liellJ manrla JK1 adad lEln,rt tat,iii, ,,iit mirrqalar xlmlqaltftrul a hller- Dema11, masalanln gartlna rry$ln buraxfi]a zolaqlrsilz8Bc1n tartlbl n = 2.4 = B - d1r vo be1,r silzgac dttumalrlrutslyasr cadval 1 .4.2 -(1a (B) 1fadas11o ta,y1; olunan ddrd.
manqadan lbaratdlr. l( = Hr.I(r.H. .lt; Z.Z.Z.Z = 16 xjml seQmar(olar. Verllantar asastnda, E*,' Dl va A1, _ ftdmoxclparametrlarln lf8dalorl va qtymailarl, cadval t.l,a _ O" (g)Jfadaslna rvgin pi, (, , 0,vs "f, - amsaLki!-1nln (11 a,b) 1laheflablanmli qll']I]atlarl, silzgil,l ln 

' 
rr tUnna filru(s lyr,srnrn tfadaslyir brr lfa(ia asaslnda ITX va ITX_ntn tasvirli,rl ,,titter efttpttc"

J,,ioqramtn nl mainlnda verllrnj $dir.

l!li,iliill] 1.3. Mas.rlx :t-1 va trasola Ij.:--. _r,ln ,iartle!_1na uyEul
f,aram.,1,}-l ar.i va Iilllr.|ni 1.uuxs lyaslna ma11x silj,gac sxeml.nj seqmalji'ii sx,rmJll {.ilFrnpntl artlil ,l lynatland1ma11.

:i1:t9.,,:jn ,ititrn;r iunKslyilrltnrn lfa,lBslndalt gijr_llrldilJr:l Klnl o,dtrN ,rtttsit IT t.jr.ttb e1lLl,tjK sUzgac manqasrndfn lbiratrtlr vai)rll rcal la$dtnnaq uci][ c l{ll\,{ ($2.S), rI,: Kondensatorlr] (S2.6) yo
ya blKvadrat ($2.7) sxemlerlndEn lsilfadri etm6K olar.

TIQ }(ond,_,nsa t()rl Lt sxemdan lstlfada hallna baxa(l ($aKll
:.6.1).Sxernln ana1lzl yo parame tt-lar,1n1n hesabllrnmasl qaydasl$i.6 .ila verllml$d1r- Sxema uygun elementlarln q Lyma t]andlrllmasl(2.t].5) va (2-6.6) lfada1a1"lla aI,srtItr. niemeniter ttcUn attnanqlynatlar "Fllter e111ptlc" proqraflmu matnlnda verlIm1gd1r.

Tartlb olruan materlala ya n-lnuna k1n1 glstarllan masala_
1ar1n hallarlnln anallzlna asaslanaraq axtly su-zgaclarln 1g1o_njlmaslnln asagldaHl an1l,Il1rqla apanlmasrnr iarI1f etmaKolar: 1) fnlob olruan tezllK dlapazonlart, brl dlaFazonlara
rry&m sJqnal saylnralsrl va ATX _ nln d.ay1$ma xs1,6n1sp1 6r€9_drrlltr; 2) parametr.larln qlJnnatlarlna ya s0zgac1n ndvonauyEln prvtotlpa qoJrulan [aloblar ta,y1n o]unur; si prctot1p1n
tirtlhL ya dtilrma fulKslyasutn patametrlarl ta,y1n o1ulur:-1) |rol,r)Llr,u ilyel m 1,!lanlIa sr-)zgB,t1n artrl]TrB lunxsl;as1 tartlb

c7



r irrrur:l', l,rrlinnetl'.lirti lLesaL'lal-r r.t., r11'l{ va r-1,i -n]n .Lasvtrl?1,1
ilrir'rilrlr: fL) a)1.ilt la ]'unxi.l ylls'l I] r tEaLla$dtralt sft,'_-gart man(lEr I at-t n.t n
I,i'ir,r,IJ,ilI €leKtrlK sxenL?r1 seqlLtt'; 6) !rltiir1tr,1al - eIeKtrjK
,i,:rrln'rjfla rlyBtn clement]ar qiyrnBt,lanrjlrllir,,)lt1:1l.tr stanLlarta

ril;Fnt n{rmirrlillar't scr,rl lll' va lilzgi]rt SXeml t.a.rll,.if,(trlltr.

Ate1tn j jar

1. lyrrfi,rKoB B.C. l[rTeppaJbHas 3JreKTpoHr{Ka E r.r3Mepr{TeJrb}rHx
'y'(rTf,(,f.TFaX - JF,: SHeptoa T(rtiyrc IaT , 1986.- ijlrl C,

2 . .[xoHcoH ,ll. , n (oHcoH ,[x . , Myp l' . CrpaBo,trflK r]o aKr],rRr{HM

,I,r4JrF rpaM .- M. :3HeproeroMr43aar, 1983 ,12rj c.
i. 0[paB(],{Hl,rt( I1o pacqeTy u ITpoeKTI{poBaHr,rx] ARLj - cxeM ,/ Ey-

iiilJUKl4H c.A., BJaCOB B.ll. 3Mrii B.O. X lll).: IjOJt pe,ll. A.A.Jiat {e. _

i,i. : fa.^u(l i,r cBfl3b, 1 9rtt4 - 36tl c .

4. forrllH Jl.l4. AHanoropHe orlepaUl,roHuHe lrpc.,opzl-eoEaTcJM IJrfl
Ir:rM4trrr T.iJrhHHX lrp(6opoF ,{ crrcTeM. -M.:SHeprosTo[ryI3]lET, 19ts3. -20gC.
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