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AHHOTAIINA

Beseoenue. Tlpu pacdere nonocHo-nporryckaromux (GuisTpoB (II1D) smemeHTH memu MOTyT OBITH ONpeNeIeHBI
mpeoOpa3oBaHreM MmapaMeTpoB ¢mIsTpa HWKHHX dacToT (PHY), sBisiomerocs MPOTOTHUIIOM CHHTE3HPYEMOTO
¢unbTpa. B psine cnyyaeB cuHTesupyemsblid 11110 He nmeeT npsiMOro MpoOTOTUIA B HU3KOYACTOTHOM Juanazone. K
TakuM (HUIBTPaM MOXHO OTHeCTH, Hampumep, [1I1D ¢ y3mamu, npuBA3aHHBIMU IO TIOCTOSHHOMY TOKY K HYJIEBOMY
MOTEHIMAIY, 1 HEKOTOPbIE APYTrue TUIBI GUIABTPOB. OHUIBTPEI MOTYT PaCCUUTHIBATHCS HEMOCPEICTBEHHO MPUPABHU-
BaHueM ko3¢ ¢unnenToB nepenarouHoit pynkuuu (I1P) cunresnpyemoro ¢unsrpa u npeodpasosannoii [1d GHY u
peLICHHEM NOJyYEHHOU CUCTEMBI YPAaBHEHU.

Iens pabomet. Pazpaborka MeToauku HenocpeacTeeHHoro pacdeta [II1® ¢ momocamu 3aTyxaHusl.

Mamepuanst u memoowt. [Ipocreitmas cxema [111® ¢ nomocamu 3aTyxaHusi MOXET OBITH OOpa3oBaHa JABYMs I10-
CJIE/IOBATEIbHO COEAMHEHHBIMH [ -00pa3HBIMU MOTY3BEHBSIMH Ha IapajuIeNIbHBIX KOHTypax. Takoi GUIbTp peaausy-
€TCsI JINIIb TIPH OTPEACICHHBIX TPeOOBaHMAX K XapakTepucTukaM 3aryxaHus. [Ipu mepexonme x cxemam I1IID ¢ mo-
MOJTHUTENBHBIM MapajuIeIbHBIM KOHTYPOM B IOTIEPEYHON BETBH U IOCJIENOBAaTEIbHBIM KOHTYPOM B HPOJOIBHOM
BETBM yKa3aHHbIE OIpaHWYEHHs] CHUMAIOTCs. B crarbe paspaboraHa MeTOAMKa pacueTa MHBEPCHBIX M KBa3HAJUIUII-
tnaeckux [1I1® [1-o6pa3noro u T-o0pa3HOTO THIIA, HE HMEIOMINX OTPAHUYCHUH MPHU BEIOOPE MHHUMAIBEHOTO 3aTy-
XaHHS U HEPABHOMEPHOCTHU aMIUTUTYIHO-4YaCTOTHOM XapakTrepucTtuku (AUX).

Pesynomamut. lpusenens! ananutudeckue BoipaxerHus 11® 1D 6-ro u 10-ro nopsakos. IlomyueHs! cooTHOIIE-
HUSI, TIO3BOJISTIONIME YMEHBIINTD YHCIIO YPaBHEHMH cHCTeMBbI ISt onpexaesenus napamerpoB ¢unsrpa. s I1- u T-00-
passbIx 11D 6-ro mopsinka MorydeHsl BEIpaKeHUsS] HHAYKTHBHOCTEH KOHTYPOB Yepe3 HEHTPAIbHYIO YaCTOTY U eM-
KOCTH (DHIIBTPOB, YTO MO3BOJIMIIO BBIPA3UTh depe3 eMKocTH [1MD u 1OmOJHUTENBHO COKPATHTh KOJIMYECTBO YpaBHE-
Hu# cucteMsl. [IpuBenensl npumepsl npsmoro pacuera [P 6-ro u 10-ro nopsakos.

3axnrouenue. Tpu npeodbpasoBaruu [1d OHY yactoTel peanusyemoin AUX, nexamine mo o0e CTOPOHBI OT IICH-
TpanbHOW yactoTsl [1I1®, cBs3aHbl N3BECTHBIMU COOTHOLICHHUSIMHU. YUET 3TOr0 OOCTOSTENILCTBA MO3BOJISIET MCKIIIO-
YUTh U3 PACCMOTPEHHS YPaBHEHUS CHCTEMBI, IPUPaBHABAIOIIHE KO3()(UINECHTH! YUCINTENCH NepeJaTouHbIX (QyHK-
LM, ¥ yMEHBIINTH 00111ee Yucio ypaBHeHNH. [lapaMeTphl, 4NCII0 KOTOPBIX MPEBBIIACT YHCIIO YPABHEHHH CHCTEMBI,
BBIOMPAIOTCS MPOU3BOIBHO U3 Psiia CTAHJAPTHBIX 3HAYEHUI, YTO 3HAYNUTENHHO MOBBIIIAET TOYHOCTH BOCIIPOH3BEIE-
HUs peanuzyemoit AUX.

KunroueBble cioBa: nepenarounas GpyHKIHs, MPeoOpa3oBaHUe YaCTOTHI, OJIOCHO-TIPOIyCKaroMuil GUIBTp, HHBEpC-
HBII QUIIBTP, KBA3UIIUIUNITHYECKUN (QUIBTP
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Abstract

Introduction. When calculating band-pass filters (BPF), the circuit elements can be determined by converting the
parameters of prototype low-pass filters (LPF). In a number of cases, the synthesized BPF does not have a direct
prototype in the low-frequency range. Such filters include, e.g., BPFs with nodes tied to zero potential and other
types of filters. Filters can be calculated directly by equating the coefficients of the synthesized filter transfer func-
tion (TF) and the realized TF obtained from the low-pass filter TF by the frequency conversion followed by solving
the corresponding system of equations.

Aim. To develop a methodology for direct calculation of band-pass filters with attenuation poles.

Materials and methods. The simplest scheme of BPF with attenuation poles can be formed by two sequentially
connected I'-shaped half-links on parallel circuits. Such a filter is realized only at certain requirements upon attenua-
tion characteristics. When switching to BPF schemes with an additional parallel circuit in the transverse branch and
a sequential circuit in the longitudinal branch, these restrictions are removed. In this paper, we develop a method for
calculating inverse and quasi-elliptical BPF of I1-shaped and T-shaped type, which have no restrictions when select-
ing the minimum attenuation and unevenness of the amplitude-frequency response (AFR).

Results. The TF analytical expressions of the 6th and 10th order BPF were derived. Relations were obtained that
allow the number of equations of the system for determining the filter parameters to be reduced. For I1- and T-
shaped 6th order BPFs, representations of circuit inductances through the central frequency and filter capacitances
were obtained. This made it possible to express transfer functions through capacitances, at the same time as reducing
the number of equations of the system. Examples of direct calculation of the 6th and 10th order PPFs were given.
Conclusion. When converting TF of LPF, the frequencies of the realized AFR at both sides of the central BPF fre-
quency are connected by certain relations. This fact makes it possible to eliminate the equations of the system that
equate the coefficients of transfer function numerators, thereby reducing the total number of equations. Parameters,
whose number exceeds that of the equations of the system, are selected arbitrarily from a number of standardized
values. As a result, the accuracy of reproducing the realized frequency response is significantly improved.
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BBenenue. B [1] mpexacraBieHa MeToAMKa
pacyera mapamMerpoB IIOJIOCHO-IIPOILYCKAaIOIINX
¢wierpoB (IIIID) ¢ momrocamm 3aTyxaHus Oe3
MPEIBAPUTENBHOIO pacueTa IapamMeTpoB HMHBEPC-
HOTO WU KBa3U3JUIMITUYECKOIO (PUIBTPOB HIKHUX
gactor (PHY) — mpororunos [II1®. Meroauka
pa3zpaboTaHa Ha OCHOBE METOJa MPEoOpPa3OBaHUS
qacToThl [2—11]. B psime ciydaeB CHHTE3HPYEMBIi
[III® He umeeT NpPSIMOro NMPOTOTUIA B HU3KOYA-
CTOTHOM auamna3oHe. K takuM ¢unbTrpam MOXHO
oTHecTH, Hampumep, I[IIID ¢ y3namu, mpuss3as-

IIpsiMoii pacyeT MOJOCHO-NPONYCKAIIMX GUILTPOB
Direct Calculation of Band-Pass Filters

HBIMHU IO TOCTOSIHHOMY TOKY K HYJIEBOMY IOTEH-
muainy [12, 13], a Taxke qpyrue THIB GUIBTPOB.
OUIBTPl MOTYT PacCUMTBIBAThCS  HEMOCpe.-
CTBEHHO NpHpaBHUBAaHHEM KO3 QHULINEHTOB Iepe-
nmarounoit pyakmun (I1P) cunaTesnpyemoro ¢Ghub-
Tpa U peanusyemon 11D, nonyuennour u3 I1D
®HY mnpeoOpa3oBaHHEM YaCTOTHI, W pPEIICHHEM
MOJYYCHHOU CUCTEMBI YPaBHEHUIA.

Lenp HacTosmedt cratbu — pa3paboTka MeTo-
JuKkn HenocpencteHHoro pacdera I1IID ¢ momro-
CaMHU 3aTyXaHusl.
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MeToapl pacyeTra MOJOCHO-MPOMYCKAIOLIMUX
¢uabrpoB. Paccmorpum IIIID yerHoro mopsaka
2n I1-o0pa3HOro THUHa C MapajuleNbHBIMH KOHTY-
pamu (puc. 1) m T-o0pa3HOoro THMHA C MOCIEIOBa-
TEJNBbHBIMU KOHTypamu (puc. 2).

OWIBTPBI UMEIOT TOIIOCHI 3aTyXaHUsI B TIOJIOCAX

3aJICPKUBAHU. Ha cxemax o0osHauensl: U, px H

U Bpix — KOMILJICKCHBIC aMIUIMTYAbl BXOOAHOTO U BbI-

XOJTHOTO HAINpsHKEHUM; ¥ U R — aKTUBHbBIE COMPOTUB-
nenus; L;, C;, i=1, 2, ..., 2n—1 — UHIYKTUBHO-

CTH M EMKOCTH KOHTYPOB; Ky — KOdhHIMEeHT yCcH-

nenmst yewmtenst. Ornomenne Uy, /U, , 3am-
CaHHOE B BHJIE OTHOLICHWS MOJUHOMOB OT HOPMH-
POBAHHOH MEepEeMEHHOH s, = jo, = jo/oy (0—
TeKyllasi yIJoBas 4acToTa, ) — LEHTpaIbHas Ya-

crora ¢uisrpa), ectb [1D dunsrpa mopsinka 2n

H (2”)(SH), OTIPE/IETSIEMOTO  CTENEHBIO  MOJMHOMA

3HaMeHarens 2n. Ha wactorax pes3oHaHca mapai-
JETbHBIX KOHTYpPOB B HPONONBHBIX BeTBiX [I-
00pa3HOl CXeMbI U IOCI/IEI0BATEIbHBIX KOHTYPOB B
MONepeuHbIX BeTBAX T-00pa3Hoil oOecrieynBaroTCs
THOJIFOCHI 3aTyXaHUsl, IPU 3TOM 3HAYEHUs aMILTUTY/I-
HO-yacToTHOU Xapaktepuctuku (AUX) I1I1D pasHb
Hymo. VIckoMble mapameTpsl GHIETPOB MOTYT OBITH
OIIpEIIeTIEHBl B PE3Y/BTATE PELIEHHsI CUCTEMBI YpaB-
HEHMIA, 00pa30BaHHON MpupaBHUBaHUEM KO3 ULIH-
earoB [1D [P u peamazyemoii [1D ¢ TpeOyeMbiMu
XapaKTEepUCTUKAMH TIPH OAWHAKOBBIX CTETEHSIX KOM-
IUIEKCHOM YacTOTHI Sy .

3anumiem [1® ®HY #-ro nopsaka (n =3,5..)

C Y4aCTOTOM cpe3a W, U p NOJI0CaMH 3aTyXaHUS B

BUIAC OTHOUICHHS IIPOU3BEACHUA JBYYJICHOB 1 MHO-
TroujicHa CTCIICHU 7.

HLE () =
K(Sﬁ + a1)($§ + az)"‘[sg +a(n—1)/2:|
- sP+b " b, + by ’
rie koabouumentsl K, a, a, ..., A(p-1)/2-
b,1, ..., b, by — BEIECTBEHHLIE IMOIOXKMTEIL-

Hele gucia. AHX ®HY obpamiaeTcs B HOJb B TOY-

Kax oy =\/a=colo/a)c.

Peammzyemyro [1® IIIID mopsimka 2n ¢ IeH-
TPaJIbHOW YacTOTOM gy =®, U J0OPOTHOCTHIO O

MOXHO TtoTyuuTh u3 [1® ®HY ¢ noMoripto npe-
o0Opa3oBaHus IEpeMEHHOH [6]

sy = Oy +1/s1), )
e s, =j®, — MHUMas 4YacTb HOPMHPOBAaHHOM

KOMIUIEKCHOM d9acToThl dacToTHOM ocu 1D,

(co;{ =w®/wy — YymoBas YacToTa, HOPMHpPOBAHHAS
OTHOCHUTENIBHO LEHTPAIBHON 4acTOThI mo). Hobpor-
HOCTb () — BEIIMYMHA, PaBHAs OTHOIIEHHIO M( K IO-

noce nponyckanus [111® va yposre AUX 1/ V2.
HopmMupoBanHoii yacTtoTe ®, COOTBETCTBYIOT

JIBe HOPMHUPOBAHHBIC YaCTOTHI [7]:
2 2\ .
oz =1+ 07 /(407 ) 7 0,/(20); ®, >0,
CBSI3aHHBIC COOTHOIICHUSMH

’ ’ . ' r_
OOy =15 -0y =0y, /0.

Q

.

BBIX

Q

Puc. 1' [1-o0pa3znas cxeM'a D ¢ HapaJ'IﬂeJ'I'bHLIMI/I KOHTypamMu

Fig. 1. Tl-shaped circuit of a bandpass filter with parallel circuits
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Puc. 2. T-obpaznas cxema 11D ¢ mociaenoBaTeaIbHBIMUA KOHTYPaMHU

Fig. 2. T-shaped circuit of a bandpass filter with serial circuits

IIpsiMoii pacyeT nosocHoO-NponyckawmMx GuJILTpPoB
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Tab6n. 1. Peamm3yemsle nepenarounbie Gynkuuu [P 6-ro 1 10-ro nopsAKOB ¢ MONIOCaMU 3aTyXaHHs
Tab. 1. Realizable transfer functions of bandpass filters of the 6th and 10th orders with attenuation poles

2n==6
H](;L)p( )—gs{s3+[2+;;Jsﬁﬂ}/{sgﬁ’é(sgﬂﬂ){ulezJ(s“ﬂ) (22+203}sﬁ+1}
2n=10

H};l?)p( W)= (K/Q)sH{sﬁ+[4+(a1+a2)/Q2J(sg+s2)+[6+2(a1+a2)/Q2+a1a2/Q4 s4+1 /@10,
rie O =5t +(by/O) (s +5,)+ (5+b3 /0% )55 +52) +(4by /0 + by /O ) (5] + 53 )+ (104 3b3 /0% + 1y / 0* ) (58 + 54 ) +
+(6b4/0+2b,/ 0% + 8y 0% )53 +1

[TokaxkeM BO3MOXXHOCTh PEILEHUS MOCTABIICH- L, Ly
HOW 3a/laul Ha KOHKDETHBIX Ipumepax. llpume-
HUM TipeoOpazoBanue (2) x I1d ®HY (1) 3-ro u
5-ro mopsaakoB. Peammsyemeie 110 TP 6-ro mo-

KY UBle
panka H }(363 p ( ) u 10-ro mopsaka H }(SIIE) )p (SH) %,
npeacTaBieHbl B Ta0n. 1 (Tpuxu B 0003HaYCHUSIX & o o o
TIepeMeHHOM Sy omymensl). Muneke "p" yka3bia- Puc. 3. Cxema III1®D 6-ro nopsiaka, COCTaBICHHAs U3 IBYX

I'-00pa3HbIX MOTy3BEHBEB HA MAPAIIIEIBHBIX KOHTYPAX

CT Ha HAJTMYHC MOOCOB 3aTyXaHHL. Fig. 3. Sixth order bandpass filter circuit composed
Pacuyer mo10cHO-NPONyCKAKIIUX (PUILTPOB of two I'-shaped half-links based on parallel circuits

mecroro mopsiaka. Ha puc. 3 mpusenena cxema
[II® 6-ro mopsaaka, cocTaBIeHHas U3 JBYX IIO-
CIICJIOBATE/IBHO BKIOYCHHBIX ['-00pasHBIX MONY-  cpaphenus —umcnuteneit  (opMmyl HI(36P)p( )
3BEHBEB Ha MapajieNbHbIX KOHTypax. [1D ¢uib-

Tpa H }(363 p (SH) npezacTaBieHa B Taom. 2.

~(6) (6) MEXITy JICMCHTaMU KOHTYPOB B IMPOIOJIBHBIX BETBIX
Jlns mpuBenienus Hpyp p( ) KBy Hpp p( ) dmmme:

Beipasum 11D TIID wyepes emxoctn Cy—C4. U3

(Tabm. 2) u H}(gp(sH) (tabn. 1) crmemyer cBsI3b

Tab6n. 2. T1® IO 6-ro nopsiaka ¢ AByMst [ '-00pa3HBIMHU MOJTYy3BEHBSIMH Ha MAPaJICNIbHBIX KOHTYpax
Tab. 2. Transient function of a 6th order bandpass filter with two I'-shaped half-sections based on parallel circuits

2n=6 (puc.3)
7 KyG 4 chz +LyCy 2 1 6, 7.5 4,53 2
BPp(S )— ) Su|Su T Syt (sH+153H+I4sH+I3sH+12sH+11sH+[0),
(DO VVBP P (1)0 L2C2L4C4 (DO L2C2L4C4
rae 0%36]213 = C]C2 + C1C3 + C2C3,
GG+ (G +G)(C3+Cy) N Cy+Cy
B -(6) o(6)
g RVBPpC4 g rVBPp
P L1L2(C1 +Cy)+ LLy(Cy + C3) + LyL3 (Cy + Cy) LO+GHCy
4~ " n >
@) L4C4 0§ Ly Ls¥igh g PRV ,C
Ly (L + Ly )(Cr + Co) + LiLsLy (Cy + Gy + Cy )+ Ly Ly Ly (Co + Cy + Cy ) |r+ L [ Ly Ly (Co + C3 ) + (Lo + L3 ) LyCy | R
3= ;
03 rRL L, Ly Ly ,Cy
I LiLy(C+Cy)+ LiLy (Cp + C3 )+ Ly Ly (Cy + G5 ) + (L + Ly + lG)L4C4 L2L3 +LyLy+ 3L,
2= 4 o (6) o (6)
®g 4Ly L3 LgVip pCy ) PRL, L Ly95p ,Cy
_(L1+L2)(L3+L4)+L3L4+ Ly+ 1Ly )
o5 o(6) 5 NI
0y RLLyL3LyVpp ,Cq 0 rLyL3LaVip pCy
Li+1Ly+ 1y
lo=—5 -6)
og 411y L3LgVip ,Cy
IIpsimoii pacyeT MOJIOCHO-NIPONYCKAIIIUX QUILTPOB 9
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1/(0f G, LyCy ) =1.

[IpupaBHsem MHOoXutenu mnpu 1/R, 1/r ko-
sddunmenta /; (cMm. Tabn. 2) COOTBETCTBYIOLIMM
MHOXHTEIAM Kod(pduuuenra /5 M MHOXKHUTENIb
npu 1/rR xodddunuenta /, COOTBETCTBYIOLIEMY
MHOXHTEMO Koddurmenta /4. Torna cucrema de-

THIPEX YPABHEHHMH OTHOCHTEIBHO HEU3BECTHBIX
L— L, 3anmumiercs cIeaylomuM 00pa3om:

(Dg L2C2L4C4 = 1,
(Ll +L2)(L3 +L4)+L3L4 _
LLyLsL,
= (Dg [C]CZ +(C] + Cz)(c_v, + C4 ):|,

L2 + 4
ﬁz(ﬂo(c’z +C3)C4;
243404
Lyly+ 1Ly + 5L
223 T Pola T 150 Z(Dg(C2 +C3+C4).
LI,
Pemenue cucteMnl UMeeT BHU/
2
Ll _ (C2 +C3)
2 2 ’
(00|:C1 (C2 + C3) +C2C3 (C2 +C3 —C4):|
C2 +C
L2 =—2 3 )
Oéo C2CC4 3)
2+03
L3 22—,
o C3C4
B 1
4=y
(on] (C2 + C3)

W3 Beipakennit uis Ly, u Ly (3) ciaenyer B

YaCTHOCTH, YTO PE30HAHCHBLIC YaCTOThBI BTOPOIo U
TPETHETO KOHTYPOB OJTMHAKOBEI M PABHBI OJTHOM U3
JIBYX 9aCTOT OECKOHEYHOTO 3aTyXaHHsI:

1 1 (o)

JL2C ) JL3Gs ) JG+a)e,

. Radioelectronics. 2022, vol. 25, no. 6, pp. 6-21

7(6)

Ioncrasus L1—Ly B Hpp p(sH), HaWJeM BBI-

paxenue II® IIIID wuepes emrxoctu Cj—Cy:

A

(6)
HBP pC

€MKOCTH MOAYEepPKUBACTCS HIXKHUM UHAeKkcoM "C".
[IpupaBHsB k03()DUIMEHTHI PU OJUHAKOBBIX

no A9 (s,)

BP pC
(sH) (Tabm. 1), momyduMm cu-

(sy) (rabn. 3). Bopaxenue II® uepes

CTETEHSX TIEPEMEHHOW B

(ra6n. 3) u H{S

CTEMy IISITH YpPaBHEHUH MJIsI ONPENEICHUS CEMU
HEH3BECTHBIX MapaMeTpoB ¢uierpa — 7, Cy, C,,

C3, C4, Ky, R:

“)

(C2 + C3 )C4
n C2 + C3 + C4

2 po(6)

©( "RVgp ZI; Cy

b
2 + _(;
0 0

HpI/I PCHICHUN CUCTCMbI [IBa IIapaMcTpa 3aja-
FOTCA IMMPOU3BOJIBHO.

YerBepToe ypaBHEHHE CHCTEMBI (4) ¢ yueTom
BTOPOTO YpaBHEHHUs IPeoOpa3yeTcst K BULY

C2 + C3 + C4
m% rR\?%fg pC4 Q2

b
:3+E

b

133 :2

_b-q

Tab6x. 3. TI® IO 6-ro nopsizika ¢ AByMs ['-00pa3HbIME MOJTy3BEHBSIMH, BRIpaXKEHHAs Yepe3 eMKOCTH (puibTpa

Tab. 3. Transfer function of a 6th-order bandpass filter with two I'-shaped half-sections, termed via filter capacitances
2n=6 (puc.3)

2
H{S4+(CZ+C3) +C3

2
1
K,G L (e Yo R
(54) -(6)
®o VP

(6
H}(3P)pC

S}? +151(S3 +SH)+[42(S3 +S£)+I33S§ +1’

GGy +(C +C)(C3+Cy) (Cy+C3) +C3
g RV ,Cy (C,+G3)Cy

2 2GG+a G, (26,65 + 0 +2€3) NEE ) +C}

@0 RCy o RUP,Cy  0gR(Cy +Cs) i p

Cy+C3+Cy

o rR\A/gg pCa ’

re Is) = + sl =1+

I3 =

(6)
®o "VRp pC4
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Puc. 4. TT-o6paznas cxema [1I1D 6-ro mopsaka ¢ MOMOCAMH 3aTyXaHUS

Fig. 4. T1-shaped circuit of a 6th order bandpass filter with attenuation poles
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Puc. 5. T-o6pa3nas cxema [II1® 6-ro nopsaka ¢ monocamu 3aTyXaHus

Fig. 5. T-shaped circuit of a 6th order bandpass filter with attenuation poles

ITockonbKy J1eBast 4aCTh PaBEHCTBA BCETA I10-
JIOKMTEJIbHA, CUCTEMAa YPABHEHMH COBMECTHA IIPH
ycnoBuu by —a; >0 unu

bl >a. 5)

Ha puc. 4 u 5 mnpusenenst Il-oOpazHas u
T-o6pazHast cxemsr [I[1®D 6-ro mopsimka ¢ TOMOIHU-
TEJLHBIMH TIAPAJUICITHHBIM KOHTYPOM B TIOTICPEUHOM
BETBH M TTOCIICAOBATEIHHBIM KOHTYPOM B TIPOIOJIBHOM

BETBH COOTBETCTBEHHO (91eMeHThI Ls, Cs )

[I® IMID 6-ro mopsaka ¢ TMapavieIbHBEIMA

76

BP prp (S4) 1 mocnenoarembHeMI ](363 srp (Su)

KOHTypaMH IIpHBezieHbl B Ta0n. 4. Ilpumem B Kade-
CTBE HEM3BECTHBIX MapameTpoB L;, L,, L3, Ls.

Cucrema ypaBHeHH# s [1-00pa3HON CXeMBI OTHO-
CHTEJIEHO HEM3BECTHBIX UMEET BU/T

of LyCyLyCy =1;
Lyly+(Ly +L3)(Ly + Ls) _
LyLyLyLs
=5 (Cy+C3)(C4+C5)+CyCs |;
(L4 +Ly)(Ls + Ly ) + L3L4 _
LiLyI5L,
=0y [0y +(C +C)(C3+Cy) s
Lyly + Lyly +L3Ly _
LyI;L, -
= 0§ (Cy +C3+Cy).

B mepBoM ypaBHEHMH TIPHPABHUBAIOTCS CBOOO-
HBIE WIEHBI MHOTOWIEHOB B CKOOKax unciureneii [1dD

IIpsiMoii pacyeT MOJOCHO-NPONYCKAIIMX GUILTPOB
Direct Calculation of Band-Pass Filters

(6)
Mo Hyp o

(s4) 1 peamsyemoit H](gp (9)-
Bo BTOPOM M TPEThEM YPAaBHEHHSAX CPABHUBAIOTCS
COOTBET-

kodpuipentsl [, U s TPH s, H 3}51

CTBEHHO (Tabn. 4): BO BTOPOM ypaBHEHUH 3aIlCaHBI

YCIOBUSL PAaBEHCTBA ~COMHOXUTeneil mpu 1/r,
B TPETBHEM — TO € AJsl COMHOXKUTEICH Mpu I/R.
B ueTtBeprOM ypaBHEHHMH NPUPABHUBAIOTCS COMHO-

JKUTENU TIpU 1/ (rR) xoddduimenton Ipp TpH sg

u [y TIpH sé’.

Pemenne cucteMbl UMEET BU

L =(Cy+ Gy +C4)/{c08 2cic? -
—(Dg L4C2C4 (Cz +C3 +C4)+
+(D(% |:C1C2 +(C1 +C2)(C3 +C4):|},

1

—
®( L4 C2 C4 (6)
Ly

03 Ly (Cy + C3+Cy )~ 0g IRC,Cy —1

Ls=[ 0} 3 (Cr+C3+Cy) /{mm x

x[(Cy+C3)(Cy +C5)+CyCs |-
—0g Ly (Cy +Cy +c4)+1}.

L2=

CpoGonmmprit  wien [, B 3HAMEHaTelne
H](fr)prp(sH) IpH TIOJCTAHOBKE HAMIEHHOTO pe-
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Tabn. 4. 11O TITID 6-ro nopsiaxa ¢ mapauieIbHBIMK U OCIIEI0BATENbHBIMUA KOHTYPaMH
Tab. 4. Transfer functions of a 6th order bandpass filter with parallel and series circuits

2n =6 (puc.4)
K, C,C
H(B6P)prp( ):# 4 L2C2+L4C4 2 ! (S6+] SS +1 4S + 1/ 3S + 1 284 +] 1S + 1 0),
6) H H 4 H T pr: pr. pr. pri¥m pr
®) "VEP pryp o L2C2L4C4 ©g LyCrLyCy

re VD prp = (GICa + C1Cs + CoC3)(Cy + Cs) + (G + Gy ) 4 Cs;
:(C2+C3)(C4+C5)+C4C5 GG +(C+G) (G +Cy)

=

[1]

srd =

[I]

sr3

=
=52 T

1
prs (6) 6) ’
®q rVBP prp ®q RV%P prp
I 1 {(C2+C3)(C4+C5)+C4C5 +(C1+C3)(C4+C5)+C4C5 +(C14—C2)(C4+C5)+
pré 6
nglgprp Ll L2 L—”
+C1C2+(C1+C2)(C3+C5)+C]C2+(C1+C2)(C3+C4)+C2+C3+C4 )
Ly Ls "R ’
Ia- é) F(Q+Q+Q+Q+Q+Q+Q+Q+Q+Q)+
@0 VB prp Ly Ly Ly Ls
+l C2+C3+C4+C1+C3+C4+C1+C2+C1+C2 )
R L L, L, Ly )|
[pr2 (16) (C4+C5)L1+L2+L3+C2+C3+C5+C2+C3+C4+C1+C3+C5+C1+C3+C4+
of Vi orpl L1, L, LiLs Ly, LyLs
+(C1+C2)L3Z§4L+LS +1L2L3+L2L4+L3L4}
slyls 1R L1,
L= 1 Lyly +(Ly + L3)(Ly +L5)+(L1 +5)(L +L4)+L3L4]
" o vi L rlylalyLs RL Ly LaLy
(L L)Ly + Ly + Ls) + Ly(Ly + Ls)
e 6 Ly LyLy L)
©g LilpL3LyLsVyp o p
2n =6 (puc. 5)
K L LR L,Cy + L,C, 1
(6) 2Ly 4 24 6,2 S.m=m A= B3.= 2.= -
Hyp Srp( ) (())SH( ME 0)2 LZC L4C4 FLCLC (SH + 58y + EgraSy + EgaSy + EgnSy +zsr1sH+:sr0),
®o VBP st p 0 L2C2tqtg 0 LoColyly

re Vi) srp = (Lily + LiLy + LyL3)(Ly + Ls ) + (L + Ly ) LyLs;

(Lo+ L) (Ly+Ls)+ Lals Lily +(L +Ly)(Ly + L)

(6) (6)
®o VBp srp ®o VBp srp
1 (Lo +Ly)(Ly + Ls) + LyLs LA L) (Lt L)+ LLs  (Li+L)(LatLs) Ll +(L+L)(Ls +1s) |
o "53613 srp L Cl C2 C3 C4
LiLy + (L + Ly (L3 + L,
Cs
(16) [L4+L5 LLatls L+livLs L+l +L4J+R[L2 tli+ly Ltli+ly Li+L L +sz}
(DO VBPsrp L G G Cy Cs G G G Cy
(16) (L4+L5)C1+C2+C3 +L2 + 13+ Ls +L2 +1y+ 1y +L1+L3 +Lsg +L1+L3 +L, +(L1+L2)C3+C4+C5 N
©0 Vipsrp L GGG GiCy GiCs GGy GG G3C4Cs
R C2C+ CoCy+ GGy |
C,C5Cy ’
1 {rczq+(Cz+c3)(c4+c5)+R(q+c2)(c3+c4)+c3c4}_
030 vgp) orp GGG GGGC

_ (CL+Cy)(C3+C4 +Cs)+C3(Cy +Cs)

6 (6
Od Vi o Neteelene

IIpsiMoii pacyeT nosocHoO-NponyckawmMx GuJILTpPoB
Direct Calculation of Band-Pass Filters
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3HaYeHUH L4, 4YTO YyKas3blBACT HA OTCYTCTBHE
orpaHnueHu Buza (5) Ipu pearn3anum.
Beipasum L, yepe3 HOPMHUPOBAHHBIE IIOJIIOCHI

saryxanus [IID o),

2.2
Ly =1/(x2 w3 Cy), %)
Tac X MOXET HpI/IHI/IMaTL TOJIBKO OBAa 3HAYCHMUS.

’
402 - 1Tomoxum

X1 =O01 WK ) =00y . Hcrmomssys dopmyssl

MpeoOpa3oBaHMs YaCTOTHI, TOIYUNM:

a__a
12 +Z- (8)

X1,2 =

OxoHYaTebHO (QOPMYIBI IS OTIPEICITICHIS
nHaykTuBHOCTEH [l-00paszmoro IIII® (cxema
puc. 4) TpUHUMAIOT BUT

L :[(Cz +Cy +C4)x4}/{oa% X
X[Cz(cz ~Cy - )(1-22) +
+C(Cy+ G +c4)x4}};
XZ
w3 Cy ©

2
X

(,0(2) I:(C2 +C3 +C4)X2
L5 =(C2 +C3 +C4)/{(D(2) X
—(C2 +C3 +C4)C4X2 +

L2=

"7 “G-ca']

X[C}%XZ‘
+(Cy +C3)(Cy + Cs) +C4Cs J}

WnnyxruBHoctu T-o0pasnoit cxemsr [P c
MoCJeI0BaTeIbLHBIMA KOHTYpaMHt (CM. pHc. 5) mpu
(7) onpenenstotces o popmyaam

L :{[Cl (1-32)+ G, |Ca (Cy +Cy) +
+[C1 (X4 —X2)+ C2]C3C4}/[m% GGy x
X(C2C3 + C2C4 + C3C4 ):|,
2
X
05 C ,
Ly =[(C4X Cz)c3( 2)
+CyCyx J/{ﬁ)o CrG5Cqx }
LS = {I:C2C3 —(C2 + C3 C4X :| 1- X
+(C2C3 +C2C4 + C3C4)C4X }/|:(D% X
x(CyCs + CyCy + C3Cy ) C4Csy, }

L2=

+
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B tabn. 5 mpusenennt I1® IIII® mnopsgxa
2n=6: Il-ob6pa3Horo c mapajuleIbHBIMH KOHTY-

pamu — H](36l.) or ¢ (s4) (em. puc. 4) u T-o6pasHoro

C IIOCJICA0BATCIbHBIMHA KOHTYypaMu -

H1(36P) o (sq) (cm. puc. 5), BhIpakeHHbIC uepes

eMKocTH U Koadduiuent y. [1® momydeHsr moma-
CTaHOBKOM (opmyn it [j—Ls B TIOJHBIC BBIpA-

)xenus H }(36P)pr P ( ) H 1(36P)sr : ( ) Koadpumm-

2

eHT 1ipu s;; B uncautensax I1d ¢ ygerom (8) mpe-

o0Opa3yeTcst B TOKICCTBO

Xi‘"‘l:Xg"'l _oy

2 2 2 ’
X1 X2 Q

YTO IMO3BOJIACT UCKIIFOYUTDh U3 CUCTEMBI YPABHCHUE

BUJA X4 +1 /Xz :2+a1/Q2 (tabm. 5). U3 cpas-

)

6
wemms TI®  HE) Bpsrc( w) ¢

BPprC(S )

H](36P)p( H) BHUIHO, YTO OCTaBHICECCA YHMCJIO YpaB-

HEHUU B KaXJOW cHCTEMe paBHO 4 mpu 8 HEWs-
, T, Cl’ Cz, C3, C4, C5, R. HHH

pelLlIeHUs] CUCTEMbl YPaBHEHUM I KaxJaou u3
CXeM, IIPECTABICHHBIX Ha puUC. 4 U 5, 3a71al0T KO-
¢ UIMEHT ¥ U YeThlpe Tapamerpa cxeMbl. Hc-
KITFOYCHUE YpaBHEHWH, NPUPABHUBAIOIINUX KOA(-
(dunmenTsl yncnurenei 1, npeanonaraeT 3ama-
HHME HOMHUHAJIOB eMKocTedl Cy u C4 IPONOIBHBIX

BeCTHBIX: K y

BeTBEH (MIBTPa M TOYHBIA pacdyeT HHIYKTUBHO-
creil Ly, Ly mo (6) u (7). Ilpn nponsBonbHOM
3aJlaHU HOMHHAJIOB ¥ M R PEIICHUEM CUCTEMBI
ABJIAIOTCS YKciIoBble 3HaueHus Ky, Cp, C3, Cs.

Ipumep 1. Paccuuraem napamerpst [111D 6-ro
MOpsiIKa C TapaieNbHBIME KOHTYpaMH C IIEeH-
TPaJIbHOM 4acTOTOH =10° pan/c u K06POTHO-
cteio O =10. B Tabn. 6 npuseneHbl kKodpPuimeH-

THI [1® Buma (1) ®HY 3-ro mopsaka, mepecunThI-
BaeMoil B peanmsyemyo [1® IIIID ¢ nmomomibro
npeobdpaszoBanus (2). B 3aBUCHMOCTH OT 3HAUCHUH
K03 PUIIHEHTOB Hﬁ'f,) » (s ) sBisierest T nnBepe-
noro ®HY (MOHY) H (n) ( Sy ) WA KBa3WAIIAII-
tnueckoro ®HY (KOHY) H ]E’f,)p( . ). Pacuer BbI-
MOJTHEH B COOTBETCTBUU C METOTUKOHW, M3JIOXKEH-
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Tab6n. 5. I1O IO 6-ro nopsiaka ¢ mapaieNbHBIME 1 TTOCIIEJ0BATEIFHBIMA KOHTYPaMH, BEIPa)KCHHBIE Yepe3 EMKOCTH
Tab. 5. Transfer functions of a 6th order bandpass filter with parallel and series circuits termed via capacitances

2n =6 (puc. 4)

x4+1
2

X

C,C,y

(6)
W0 "VBP prC

(6) (6)

HBPprC K

y

( )= SH[53+ s§+1]//\

re Vifa pr e = (GCy + CCs + CoC3)(Cy + Cs) + (G + Gy ) CoCs:

(6)

BP pr C»

ABP prC =

(6)
®g VRVBPprC

(G +C)Ci + G5 (Cy +C5)J(C2 +C3+C)+[ GG +(C+ G)(G +C4)]CZX2(X2 -2)+203¢3 (1-o?) N

+C5)+C4C5:|( by )+
Su H

[clc2 +(C +C)(C3+Cy) [+ R[(Cy + G3)(Cy
{ ()

VBp prC
[(Cy+C3)(Cy+Cs)+ CyCs ] (1-29%) —2C32

(G +C3+Cy)

4,2

(6 +Cy) +(26, + Gy +2C,) Gy s
0)0 rRVBPprC(CZ + C3 + C4)

)

. 2[(Cy +C3)(Cy +Cs )+ CyCs ]+ C2 (1~

(6)
VBP prC

. 2[C1C, +(C+Cy)(Cs+ Cy) 1t +C3 (1 —x2)2

(S +5

aes)

H

(Cy+Cy+Cy)xt

sg-i—l

6 4
o Rvgﬂz pr cX

2n =6 (puc. 5)

6
®q }’Vgl) prC
®( RC1C3C5
(6)

Sy (SH o+ IJ/A
VBP st C

rac Vglz st C Z(Cl +C2)C3 +(C1 +C2 +C3)(C4 +C5)'

X+12
2

(6)
BPsr C»

H](BGP)srC(SH):Ky

(55 5,)+

AGL = rC[ GGy +(Cy + C3)(Cy + Cs 9+R[ G +GCy)(C3+Cy)+ GGy |Cs
6)
VBP sr C
CyG[CyC3 +2(Cy +C3) Gy ] +(Cy +C) CF
+ 3+u)%rRC] © Cs+
VB s ¢ (C2C3 + CrCy + C3Cy)

6, G (G +Cy+G3)Cy +C2C3]C5 +G[Cy(C3+Cy+Cs

Vi c (CyC3 + CrCy + GGy ) CrCyx*
Z) +2[C,C3+(Cy +C3)(Cy +Cs ]c4x

)+ GGy Cixt + aGscs (6 - e )2(1—7(2)2 (st+s2)+
shis?

(6)

C,C3C5\1—
+{0)0rCl 273 5(
VBP st C

C4X

+wmg R

(6)
VBp st cCa

2
GGG, (1-72) +2G,[(C+C,)(C3+Cy) + C3Cy | c
5

sgﬂ

Ho#t B [14]. McXomHBIM IMapaMeTpoM TpH pacyueTre
K03 PUIIHEHTOB H£}il))p( ) SIBIIICTCSL  MHHH-

MaJIbHOC 3aTyXaHUC B IOJIOCAX 3aACPKUBAHUA 0.

[Ipu pacuere ko3pPUINEHTOB HI(_P)p

(sy) momon-
HUTEJIBHO 3a7aeTcs HepaBHOMepHOCThr AUX B mo-

J10Ce TPOIYCKAHHS O,

[lpu peammzammy cxeMbl, NPEACTABICHHON Ha
puc. 3, ycinoButo (5) yIOBIETBOPSIIOT napamerpbl [1D
NOHY mpu §=14 n1b u KOHY npu S=10_6 b,
8=14b. Jlma pacuera mapaMeTpOB HHBEPCHOTO
[I® (UITID) npumem C3 =150 5P, =180 Om.

B pesynmerare  perreHuws cucteMbl  (4) Tomydaem
i UTITID crnepyronpie 3HA4YEHUS] TapamMeTPOB:

K, =188  C;=12.86 mx®;  C, =14.24 Mx®;
Cy =12.38 Mx®; R =10 OMm. [Ing KBasuoLIMITHYE-
ckoro [  (KIIID) C3 =150 5D,
r =220 OM MOITy4uM: Ky =227, C;=12.76 mx®;
Cy =1433 Mmx®; C4=12.47 Mmx®; R=10Om.
WHIyKTUBHOCTH KOHTYPOB OMNpEAENsorcsa 1o (op-

7(6) (0q) 1 KIITI®

mynam (3). AUX UIM® Hpp P
(0, ) 1O cxeme, IpHBesCHHOI Ha puC. 3, —

(6)
BP p
MOIYJIN H]gﬁr) p

pu

( ) — Ipe/icTaBJIeHbI Ha puC. 6.

Jnga peanuzanmu cxeMmbl, IPEJACTABICHHOW Ha

puc. 4, ¢ mapamerpamu & =30 1B, 8=0.11B mo-

JI0XKUM r=R=100 Om, Cy =620 nd;

IIpsiMoii pacyeT nosocHoO-NponyckawmMx GuJILTpPoB
Direct Calculation of Band-Pass Filters



H3Bectus By3oB Poccun. Pagunosnexkrponuka. 2022. T. 25, Ne 6. C. 6-21
Journal of the Russian Universities. Radioelectronics. 2022, vol. 25, no. 6, pp. 6-21

Ta6n. 6. Koadpdumuents! [1O MOHY u KOHY 3-ro mopsinka
Tab. 6. Transfer functions coefficients of the inverse low-pass filter and quasi-elliptic low-pass filter of the 3rd order

5, nb 8, nb K q by | b | by ‘ b —q
NOHY
14 0.794936 2.257964 2.296981 2.322101 1.794935 0.064137
B 30 0.200950 5.976366 2.067690 2.117480 1.200950 —3.858886
KOHY
0.000001 14 0.7904242 2.243708 2.276604 2.296020 1.773481 0.052312
0.1 30 0.166846 4.407160 1.417290 1.418891 0.731107 —2.988269

C4 =430 5®. IIpu Q=10 BO3MOXHBIC 3HAYECHHS
koa(¢umenta y: x; = 0.885210, x, =1.129676 —
ans UIID; ¢ =0.900528, y, =1.110460 — ms
KIIII®. [Tpumem anst obeux cxeM x =7, U IpUBe-

JIeM TONTyYeHHbIE 3HAYEHUs €MKOCTeH K CTaHAapTHO-
My psagy. Pemenue nmna  UITO: Ky =2.01;

C=1.6 Mk®; C3=1mx®; C5=300uD. Jlna
KIMN®  nomyynm Ky =2.35; C =1.1 Mx®D;
C; =820 HD; (5 =1 Mx®. MHIYyKTUBHOCTH pac-

CUHTAHHI 110 (9).

AUX  WMNO Ay (0,) # KO
77(6) (6)
Hyp prp(mH) — momymn Hpyp prp(sH) — mpen-

CTaBJICHBI Ha puC. 7.

Pacuer IIII® 10-ro mopsinka. Ha puc. 1 u 2
mpencTaBieHbl  cxembl  [[-oOpaznoro wu  T-
obpasnoro IIII® 10-ro mopsimka ¢ 3IeMEHTaAMHU
LC—LygCy. Cxembl (uibTpoB TyalbHbl B TOM
cMeIcite, 9To uX 11D MoryT OBITH MONYYCHBI OTHA
U3 IPYrOl C MOMOIIBIO B3aUMHBIX TOJCTaHOBOK:
LG, CoL; r(—)l/r, R<—>1/R B 3HaMe-

7(6)

Hgp p»
77(6)
HBP P ﬂ

0.75—

0.50—

0.25r—

| |
0 0.5 1.0 1.5 Wy

Puc. 6. AUX UIIID u KIIID o cxeme, npuBeieHHON
Ha pHC. 3, C paCYETHBIMHU 3HAYCHUSIMH EMKOCTEN
Y MHIYKTUBHOCTEH

Fig. 6. Amplitude-frequency characteristics of inverse and
quasi-elliptical bandpass filters according to the scheme given
in Fig. 3 with calculated capacitances and inductances

IIpsiMoii pacyeT MOJOCHO-NPONYCKAIIMX GUILTPOB
Direct Calculation of Band-Pass Filters

narensx 11O u 1/r <> R B umcnurensix 1D (cp.

76

BPprp( w) H Hé?srp( )) [Mostomy B

tabn. 7 npuseaena [1® Tonsko [1-o6pasunoro II1D
(10)
C mapajuieNibHbIMKU KOHTYpamMu Hpyp prp (sH )
CokpaTuM KOIMYECTBO ypaBHEHHWM IS OInpe-

JeNieHUs TapaMeTpoB (UIBTPa, COCTABICHHBIX

MpUpaBHUBaHUEM K03 PUIIEHTOB o
(10) p(10)

Hpgp prp( ) u BPp(S ) MpyU  OJMHAKOBBIX

cTeneHsax nepemeHHon s,. C yuderoMm Qopmyn

1peoOpa3oBaHus HOPMUPOBAHHOM 4aCTOTHI (M

MOryT OBITH OIPCACIJICHBI ABC IIapbl KOHTYPOB, CBA-
og LC;L.Cy =1,

i, k=2, 4, 6, 8, 00eCreUHBAIONIMMHU pEIICHUEC

3aHHBIX COOTHOLICHUSAMM

CHCTEMBI YPaBHEHHM ¢ TpeOyeMOo# TOYHOCTRIO. M3
MPUBEACHHBIX COOTHOILICHUN CIIEAYET OYEBHUIHOE

PaBCHCTBO CO% L2C2L4C4L6C6L8C8 =1.

7.6 (6

BPprp

BPprp>
H
1.0

0.8—

0.6—
0.4—

0.2—

0
0.75 0.875 1.0 1.125 o,

Puc. 7. AUX UITD u KIIID o cxeme, nprBeAeHHON
Ha pHc. 4, CO CTAaHAAPTHBIMA 3HAYEHHUSIMU EMKOCTEH
Y PacUEeTHBIMU 3HAUECHHUSIMH MHIYKTHBHOCTEH

Fig. 7. Amplitude-frequency characteristics of inverse and
quasi-elliptical bandpass filters according to the scheme given
in Fig. 4 with standard capacitances and calculated inductances
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Tab6n. 7. I1® II1P 10-ro mopsiaka ¢ MOIIOCAMH 3aTyXaHUs ¢ HapauIeIbHBIMU KOHTYpamH (puc. 1)
Tab. 7. Transfer function of a 10th order band pass filter with attenuation poles based on parallel circuits (Fig. 1)

100 _KyC2C4C6C8S I:Ss LyCyLyCy (LeCo + LgCy ) +(LyCy + LyCy ) LeCLgCy $ 4
H

BPprp — H
0orviEs )pr p 0LoCaLsCilColsCy
LzCz (L4C4 + L6C6 + LSCS) + L4C4 (L6C6 + LSCS) + L6C6L8C8 4 L2C2 + L4C4 + L6C6 + LSCS 2 n

1 10 8 7 6 2
+ S CLCLCLC (sH +1pr95H 4—11[,r8sH +1pr7sH + Ipr(,sH + IprssH -4—1pr4sH + 1pr3sH +1pr25H +1pr1sH + lpro),
0oLy CrLyCyLgColgCy

r1e VBD prp = [(CIC2 + GG + CoC3)(Cy + Cs) + (G + ;) CyCs |y (Cy +Co ) +

+[(CICy + CiC3 + CyC3)(Cy + Cs + Cg ) +(Cy + €y ) Cy (Cs + Cg ) |(C1Cy + C1Cy + GGy )
U [C1C2+(C1+C2)(C3+C4)][C5C6+(C5+C6)(C7+C8)]+(C]C2+C1C3+C2C3)C4(C6+C7+C8)+
PO L 10) R
OVBPprp
+[(C2+C3)(C4+C5 +Co) + Cy(Gs +C6)](C7C8+C7C9+C8C9)+[(C2+C3)(C4+C5)+C4C5]C6(C8+C9)}

r

L= (110) HC2+C3+C1+C3j(c4+cs)+L]+L2 C4C5+(c4+c5 L GG +c3+c4j(cl+cz)+L4+L5 clcz}x
o3V BPprp L Ly L, Ly Ly Ls LyLs

x‘:(C6+C7)(C8+Cg)+C3C9:|+|:C2+C3+C4+C]+C3+C4+L3+L4(

Le+ L
L, I, Cl+C2)}C6(C7C8+C7C9+C8C9) { EL T(Cy+Co)+

647
+C6+C7+C9+C6+C7+C8
Ly Lo

Lg L Ly
JrL8 -;A)Lg C5C6}|:C1C2 +(C +Gy) (G +C4):|+ I:(Cz + )G +C5)+C4C5:|(C6 +G 4 G)+ (G4 G+ Ca)G(G +C8)};

}(Clcﬁclcs+C2C3)C4+[(C5+c7)(cg+cg)+cscg+(c8+c9+c7+cg+c7+cgj(cs+cé)

rR

Iy =— 1 KC2+C3+C1+C3j(c4+cs)+L]+L2C4C5+(C4+C5+C3+C5+C3+C4J(C1+C2)+L4+L5C1C2}X
oy Rv%,,)pr » L L, LiL, Ly Ly Ls LyLs
x(C6+C7+C8)+ C,+C5+Cy +C1+C3+C4 +L3+L4(C1+C2) C6(C7+C8)+L6L7 + Lolg + LyLg
L L, Ly, LeLoLg
[Cs+Cy+Cy  Ly+L 1 L+L C,+C3+C.
4 & L7 8,1 8(c5+c(,)}[clcz+(q+cz)(03+c4)]}+ N {{ zL 3(c4+cs)+%+
L 6 LyLg 0 VBP prp 253 4
GG e o) (G G)+ oy |+ 2Bt lat Bl 0o cy0p+ GiGy) +
Ls L1,
. (C5+C7)(C8+C9)+C8C9+[C8+C9+C7+C9+C7+C8
L Lg Ly Ly Ly
L6+L7(C8+C9)+C6+C7+C9 +C6+C7+C8
L Lels Ly Ly
;o1 {(L1+L2)(L3+L4)+L3L4C L+l +1,
pré — 5 5
wiv gggrp LiLyL5Ly LL,L,

C2+C3+C5 C2+C3+C4 C1+C3+C5 C1+C3+C4 L3+L4+L5(C
LL, LLs L,L, L,Ls Lyl,Ls
Ly + L
X[(Co+C)(Cy+Co) + GGy |+ 25205 G ot s 0y ) (St S e
L Ly LsLs Lg
n C2+C3+C4 +C1+C3 +C4 +L3 +L4(C1+C2) (CS +C7)(C8+C9)+C8C9 N
L L, L1, Lg
| LaLsLe L Ly Ly Ly L1L2L7
+C1C2 +(C+Cy)(C3+Cs5 + Cg) L Ls+ L CCy +(C + Gy )(C3+Cy)
LyL, LsLg Ly

+_[C2+C3+C1+C3JC4+[C4+C5+C3+C5+C3+C4J(C1+C2)+L4+L5C1C2j|[C6+C7+C9+
L4 L, Ly Ly Ls LyLs Ly

(CICy + CIC3 + CyG3) Cy +

j(c5 +Cg)+ LZ;L" cscé}(c2 +Cy+Cy)+
9

+

}(cz+c3)c4};

(C7C8+C7Cg +C8C9)+|: (C4+C5)+

+C2) X

Cs+Cg)+

(Cs+Co)+

IIpsimMoii pacueT M0JIOCHO-NPONMYCKAIOIUX (HILTPOB
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Continuation of the tab. 7

+C6+C7+C8]+[C2+C3+C4+C1+C3+C4JKC7+C9+C7+ng(cs+cé)+L8+L9C5C6}r
Ly L L, Lg Ly LgLy
+L3+L4[c7+c9+c7+C8J(C1+C2)C6{C4+C5+C7+C9+C4+C5+c7+c8+L7+L8+L9X
L1y Ly Ly LeLg LeLy LyLgLy
x(c4+cs+c6)](clc2+c1c3+czc3)+{c5+c7+c9+C5+C7+C8 +L7+L8+L9(c5+c6)}(cl+cz)c4}+
LeLs LoLo LyLgly

1 Ly + L, (C4+C5)+C2 +C5+Cs +C2 +C+Cy (C6+C7+C8)+L2]6+L2L4+L3L4><
(10) LyL L L LyL5L
BP prp 213 4 5 2Llaly

LeLy + LoLg + L;Lg

+
U)ger
C5+C7+C8+L7+L8
L, +L Ly+ L+ L
Tprs =— 1(10) {Lﬁ = 3(C4+C5)+LI+L2{CS+C4J+m(cﬁcz)*
@0 RVEp e p Ly, Lil, \Ly Ls LyLyLs
+L4+L5(C2 +G L G+ G (C6+C7+C8)+(L1+L2)(L3+L4)+L3 Lely + Lelg + LyLy
LyLs L Ly LilyLsly LolqLg
X(C2+C3+C1+C3+C1+C2JC4+[C2+C3+C4+C1+C3+C4+C1+C2J{C5+C7+C3+L7+L8X
L L, Ly L L, Ly Lg LyLg
Ls+ Lg)(Ly + Lg )+ L L,
C3+C5+C7+C8+L7+L8(C3+C5+C6)+( s+ Le)(Ly + Lg) + Ly Ly
LyLe LyLyLg LsLeLyLg
(Ly+Ls)(LeLy + LoLg + LyLg )+ LyLs (Ly + Lg) 1 LyLy+(Ly + L3)(Ly + Ls)
+ GG+ =g (Co+Cr)+
LyLsLgLyLg @) IVBRprp LyL3L4Ls
+L2+L3 Cy+Cs5+C4 +C4+C5+C6 + C+CG+Cs+Cy +C2 +C3+C5 +Cg +L5+L6 +1 “
LyLs L L, LyLg Lyl LsLsL,
(L3 + L) (LyLs + LyLg + LsLg) + Ly Ly (Ls + L)
LyLyL,LsL
{Lz +L5(C4+C5)+C2 +C3+Cs +C2+C3+C4}C6+C7 +Cy Ly + DLy + L3l Co(Cr+Cy)+
Lyl Ly Ls Ly LyL3L4 14
Cy +C5)Cy +(Cy +C3 + C4 )(Cs + C; + C
+( 1+ G)C+(C+ G+ G)(Cs+ G 9)+L2+L3(C4+C5)C6+{L2+L3
LeLs LylsLy Ly
Ce(Cq+C C,+G5)C,
+L7+L8+L9(C2+C3):|C4+C5+C6+C2+C3+C5(C6+C7+C8)+ 6( 7 8)+( 2 3) 4,
LyLy Ly LyLy LyLy LeLg
+[C5+C7+C8+C6+C7+CSJC2+C3+C4+L7+L8+L9C4(C5+C6)};
Lg Ls Ly LyLgly
;o1 {(L1+L2+L3)(L4L5+L4L6+L5L6)+(Ll+L2)L3(L5+L6)

pr4 —
g Vgg)pr P LiLyLLaLsLe

Li+Ly ) [y +(L+ L, + Ly+L
_{( 1+ L) Ly + (L + Ly + Ly )(Ly 5)(C6+C7)+L1+L2+L3(C4+C5+C7+C4+C5+C6J+L1+L2X
LiLyLsLyLs Lyl Lg Ly LiLyLy
Ly+Ly)(Ls+Lg+L;)+Ls(Lg+ L
[ GtC+C GG+ G +( 3+ Ly)(Ls + Lo + Ly) + Ls (L 7)(C1+C2)+L6+L7 [SINSRIN
Lg L, LyLyLsLoL, Ll \ L, L,
X(C8+C9)+[Ll+L2+L3 C4+C5+C2+C3+C5+C2+C3+C4+C1+C3+C5+C1+C3+C4+
Li, Ly LiLy LiLs Ly LyLs
cht Lt L G+ G C6+C7+C9+C6+C7+C8j+(Ll+L2)(L3+L4)+L3L4C C7+C9+C7+C8J+
L3Ly Ls Ly LiyL5Ly
+ C2+C3+C4+C1+C3+C4+L3+L4C1+C2 C5+C7+C9+C5+C7+C8 N Ls+Lg+ 1L, C8+C9+
LiLg LoLg LiL, L Lg LsL L
Lt lg+ Lo C5+C6J(C2+C3+C4+C1+C3+C4j+L6L7+(L6+L7)(L8+L9)[C2+C3+C1+C3JC N
4
LyLg Ly L Ly LeLyLgLy L Ly
N (L3 + Ly)(Ly + Ly + Ly) Cs + Cg +L6L7+(L6+L7)(L8+L9)[C4+C3j+(L5 L)Ly + Ly + Lo) + Ly (Lg + L)
LsLg

XCG(C7 + C8)+

(© +c3)c4{ (Cs +cﬁ)}(c2+c3 +c4)};

L4 Co(C7+Cg) +

><(C5+C6)]-{ (C3+C4)}(C1+C2)+

X(Cy+Cy+Cy) (G + Co) + CyCo +

+

(C7+Gg)+

Cg C9 +

IIpsimoii pacyeT MOJIOCHO-NIPONYCKAIIIUX QUILTPOB 17
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Oxonuarnue maon. 7
End of the tab. 7

“(Cy +C4)]C1 +Cy  (LaLs+ LaLe + LsLe)(Ly + Ly + Lo) +(Ly + Ls) Ly (Ls +L9)C1C2}+
LyLgly LyLsLelyLgly
1 {L2L3+(L2+L3)(L4+L5)C6+C7+C8 +L2+13(C4+C5+C7+C8 L+l c4+cs+c6j+
g rRVUY )pr » LyL3Ly Ls LyLs Lg Ly Ly
LO+GHCGHG G L+ g G+ G+ G+ G +(L5+Le)(L7 +Lg)+ LyLg Cy + Gy +C4};
LyLg LyLg Ly LsLeLy Ly
- 1 {(Ll+L2)(L3+L4+L5)+L3(L4+L5)

Li+L,+L
Iy =——% (Co+Cy+Cy)+——2—"x
®) RVEp e p LiLy 3Ly Ls LiLyL,

X(C4+C5+C7+C8+L7+L8 C4+C5+C6J+C2+C3+C5+C7+C8 GGG+ GGy
L +L8(C2+C3 +Cs+Cs G+ C3+Cs +C6j+(L5 +Lg) (L, +lg)+L7L8(C2 +CG+Cy
LyL7Lg L L, LsLeLyLg L
LG+G+G +(L3+L4+L5)(L6L7+L6L8+L7L8)+(L3+L4)L5(L7+L8)(C 1)+
L, LyLyLsLglLg e
1 {(Lz% + LyLy+ LyLy ) (Ls + Lo + Ly ) + (L + Ly ) Ls (Lg + L7)

o)) rvgg)pr » LyL3lyLsLely (G+Go)r
+L2L3+(L2 +13)(Ly +L5)[C6+C7 +Cy  Cs+ G +C8j+L2 +L3[C4 +Cs+Cr+Cy
LyL3L4Ls Ly Ly Ly LeLg
+C4+C5+C7+C8 +L7 +Lg+ Ly Cy+Cs +C6J+C2 +C3+C5+C7 +Cy +C2 +C3+Cs5+C; +Cy
LeLo LyLg Lo LyLelg LyLeLo

+M(C2+C3+CS+C6)+(L5+L6)(L7+L8+I4))+L7(L8+L9)
LyLyLgly LsLgLyLgLy

1 {[(Ll+L2)(L3+L4)+L3L4](L5+L6+L7)+(Ll+L2+L3)L5(L6+L7)
SV Ly L3l LsLel,
+(L1 + L)Ly + (L + Ly + L3)(Ly +L5)(C6 +C 4G G+ G +C8]+ Li+ly+Ly

[2:

pr (C8+C9)+

LilyLalyLs Ly Lo LilyLsLe
X(C4+C5+C7+C9+C4+C5+C7+C8]+(L1+L2+L3)(L7 +L8+lg)(c b CorCy)rBtle Ly+ly
Ly Lo LiLyLslq gl L4L6L8L9
X[C’Z+C’1}+LI+L2(C3+C5 +C+Go C3+c5+c7+c8j+L7 + 1L JFLQ(CNC3 +Cs+GCs
L L) Ll LyLeLg LyLely LylqLlgly L
+C1+C3+C5+C6J+(L5+L6)(L7+L8+L9)+L7(L8+L9)[C2+C3+C4+C1+C3+C4

Ly LsLelqlsly L L,
+[(L3 +Ly)(Ls +Lg) + LsLg |(Ly + Lg + Lo ) + (L3 + Ly + Ls ) L7 (Lg +L9)(C1 . Cz)}+
L3L4L5L6L7L8L9
(L2L3 + LyLy + L3Ly )[ (Ls + Lg)(Ly + Lg) + LyLy |+ (Ly + L3) Ls (LeLy + LeLg + LyLg)

(10) ’
00 PRI Ly LaLsLLy LgVip pr

[(Lo+ Ly)(Ls + La) + LsLy J[(Ls + Lg)(Ly + Lg) + LyLg |+ (Li + Ly + L3) Ls (LgLy + LeLg + Ly Lg) .
00 RLLy L LyLs Lo Ly Lyviag )pr P
+(L2L3 + LyLy + LiLy) Ls(Ly + Ly + Lo ) +[ Ly Ly +(Ly + L3 ) (Lg + Ls) |[ LeLy +(Ls + Ly ) (Ls + Lo) |
0 Lo L3 LyLsLely Ly Lovigppr ’
o = 5 L1L2L3L4L5i6L7L8L9Vg% : {[(L1 +Ly)(Ly + Ly) + LyLy |[(Ls + L )(Ly + Ly + Lo ) + Ly (Lg + Lg) | +
(Ll + Ly + L) Ls[ LgLy + (L + Ly ) (L + Lo) ]}

]prl =
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[Ipy OpYruX HAYalbHBIX YCIOBUSAX 3TH TOXKIIE-
CTBA TAK»E€ BBIIIOJIHAIOTCA.

[lomydeHHBIE TOXAECTBA TO3BOJISIOT HCKITIO-
YUTh W3 CUCTEMBI ypaBHEHHS, MPHPABHUBAIOIINE

IIpsiMoii pacyeT MOJOCHO-NPONYCKAIIMX GUILTPOB
Direct Calculation of Band-Pass Filters

6 4 2 0
H> Sgs Sy, Sy B UUCIHTE-

max [1D HgI?)prp(sH) (tabm. 7) m Hggg (SH)

k03 puneHTH TIpH §

(Tabm. 1), ¥ COKpaTUTh TEM CaMbIM KOJHYECTBO
YpaBHEHUH ISl OTIPENeNICHHs MapaMeTpoB (b
tpa ¢ 15 mo 11 mpum 21 HemssectHom: Ky,
L, G, ..., Ly, Cg, ruR.

3a/1aBIIMCh HOMHWHAJIBHBIMA 3HAUCHHSMHU €M-
KocTeil B mpomoibHbIX BeTBAX ¢uubrpa Cy, Cy,

Cg, Cg, COOTBETCTBYIOLINE 3HAUCHUS MHIYKTHB-

HOCTEH HalJeM 10 MPHBEACHHBIM (OpMyIIaM JUIs
BBIOPAHHBIX HAYalbHBIX YCIIOBUH. 3aMa M TakKe
HOMUHAJIbHbIE 3HAYEHUSI CONMPOTUBIEHUU 7 U R.

Ocrapmmecs 11 mapamerpoB — Ky, Ly, G, L,
Gy, Ls, Cs, Ly, Cq, Ly, Cy — HaiizieM B pe-
3yAbTaTe peIIeHUs cCUCTeMBI 11 ypaBHEHHH.

IIpumep 2. Paccunraem mnapamerpsr KIIIID
10-ro mopsiaka, ©300pakeHHOTro Ha puc. 1, ¢ LeH-

TPajJbHOW YaCTOTOM =10 pan/c, n0OpOTHO-
creio Q=10 n mapamerpamn AUX: §=0.1 15,
8=35nb. Ko>{durmentsr peammsyemoii 11D
HyY) (s,) [14]: K =0.088248; ) =1.582984;
a, =3.319079; by =1.576800; b3 =2.428532;
b, =2.048719; b =1.260154; by =0.461008.
Cuctrema 11 ypaBHeHUH ISl ONpeEACIICHUS Ky mn

10 mapaMeTpoB B TONEPEYHBIX BETBAX (UIBTpa
MeeT BUJ

KyCrCaCeCs K

ooVl Q

Too =11 =b4/0;

Iy =l =5+b3/ 0%

Iy =Ty3 =4by [0+, [0

Lo =1ora =10+3b3/0% +b /0%

[prS :6b4/Q+2b2/Q3 +bO/Q5;
]prO =1.

[Monoxkum r=R=100 OM u mpuMeM 3Haye-
HUS eMKocTel B TpoAonbHbIX BeTBax [IIID:
C, =1300 H®;  C4y =560 HD;  Cg =820 HD;
Cg =560 H®. Jlna NpUHATHIX paHee HayalbHbBIX
YCIOBUH pacueTHbIE 3HAYCHUS HHIYKTUBHOCTEH

COCTaBIAOT: Ly =64.1 MxI'n; Ly =157.5 MxI'n;
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Puc. 8. AUX KIIIID, nprBeseHHOTO Ha pHC. 1, ¢ pacYeTHHIMHU apaMeTpaMi (a); cO CTaHIAPTHBIMH eMKOCTSIMU (0)

Fig. 8. Amplitude-frequency characteristic of a quasi-elliptical band-pass filter according to the scheme given in Fig. 1
with design parameters (@) and standard capacitances (6)

Lg =146.3 mMxI'n; Lg =202.5 MxI'n.
CUCTEMBbI ypaBHEHUIL: Ky =4.18; C; =1045.2 ud;
Ly =112.5 mxI'n; C53=1505.2 58®; L3 =70.4 MxI'H;
Cs=861.100; Ls=1163 mxI'n; C7=171.0 n®;
L; =368.4 MxI'n; Cy =669.1 HD; Lo =141.4 MxI'H.

[Tepexon k HOMUHANBHBIM 3HAYCHUSIM EMKO-
cteit u3 pana E24 mMoxeT BbI3BaTh CyIIECTBEHHOE
OTKJIOHEHHE pacyeTHOH AUX 0T peanuzyeMoil.
B sTom ciiydae AUX koppekTHpyeTcss H3MEHEHHEM
3HAYCHUN UHAYKTUBHOCTEH.

ITocne nepexona U U3MEHEHHS 3HAUEHUM WHITYK-
TuBHOCTEM MMeeM: C; =1000 u®; L; =118.1 MxI'n;
C3;=1500 1®; L3 =70.7 mxl'n; C5 =820 nd;
Ls =122.2 MxI'n; C7 =160 n®; L; =383.0 Mx['H;
Cog =680 HD; Ly =139.5 mxI'n. AUX KIIIID
10-ro nopsiika ¢ napaieIbHBIMUA KOHTYpaMy MPUBE-
7(10)

JieHbl Ha puc. 8: a — Hyp prp

Pemenne

(wy) € pacueTHBIMHU

SHaYCHUAMU TIapaMCTPOB; 6 — I-_I](_,}l?)pr T ((DH ) co

CTaHJAPTHBIMU 3HAYCHUSIMH €MKOCTEH M CKOPPEKTHU-
POBaHHBIMHU 3HAYEHUSMH HHIyKTUBHOCTEH.

3akawuenne. Pearmsyemas 10 TIID dop-
mupyetcs u3 [1O OHY ¢ tpebyeMbIMu XapaKTepH-
CTMKaMH 3aTyXaHHUs C MOMOILBI0 MpeoO0pa3oBaHus
nepeMenHoi. [Ipu mpeoOpa3oBaHNUU 4acTOTHI pea-
muzyemort AUX, nekamue mo o0e CTOPOHBI OT
neHTpanbHoil vactothl IIIID, cBsA3aHbl ompese-
JICHHBIMHA COOTHOIICHUSIMU. Y4YeT 3Toro o0cTos-
TEJIHCTBA TO3BOJISIET UCKIIIOYUTH U3 PACCMOTPEHUS
npupaBHUBaOMIHEe KOIDOUITMEHTHI
yrcnurened nepeaatounsix gynkuuid. s TTTD

ypaBHEHUS,

6-r0 MOpsiIKa, PACCMOTPEHHBIX B CTAThE, YHCIIO
ypaBHEHUI CHCTEMBI JOMOIHUTEIHHO COKPAIIECHO
3a CYET BBIPAKEHUS BCEX MHAYKTHBHOCTEH depe3
HEHTPAIBHYI0O YacTOTY W €MKOCTH (DUIIBTPOB.
B pesynbraTe KOIMYECTBO YpaBHEHHM CHCTEMBbI
paBHo 4 mpu 13 MCKOMBIX mapameTpax (UIbTpa.
Jusa pacuera [1I1D 10-ro mopsinka ymcino ypaBHe-
Huii paBHo 11 mpu 21 HeusBecTHOM. B 00oux ciy-
Yasx I[apaMeTpbl, YUCIO KOTOPHIX IPEBBIIIAET
YHCJIO YpaBHEHHH, BBHIOMPAIOTCS MPOM3BOIBHO U3
psAoa CTaHOApTHHIX 3HadeHWH [15], 4ro 3HAYM-
TEJIbHO TOBBIIIAET TOYHOCTH BOCIPOU3BEACHUS
peanmuzyemoint AUX.
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