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Annomayus - BBeieHUe: aHaTN3 N3BECTHOW JIUTEPATYPbI TOKA3BIBAET, YTO UCIIONIB30BAHNE PA3IMYHBIX TUIIOB COIVIACYIOIINX
4eTBIPEXIIONIOCHUKOB (PEaKTUBHBIX, PE3UCTHUBHBIX, KOMIUIEKCHBIX, CMEIIAHHBIX) ¥ OXBATHIBAIOIIEH HETHHEHHBIN 2JIEMEHT LENH
06paTHOU CBSI3U MO3BOJISIET YBEIMYUTH 06/1aCTh PU3UYECKON peasn3yeMOCTH 3a[aHHBIX (GOPM YACTOTHBIX XapaKTE€PHUCTHUK.
Llenp paGorsl: yBenuueHwe o6nacTu (GU3MYECKON peann3yeMOCTH 3afaHHBIX (POPM YaCTOTHBIX XapAKTEPUCTHK 3a CYET
ONTHUMH3ALHMH TAPAMETPOB COIVIACYIOIIHUX CMEIIAHHBIX Y€ ThIPEXIIONIOCHUKOB U UCII0JIb30BAHHUSI OTIOJIHUTEIBHOM ey 06paTHOM
CBSI3Y, OXBATHIBAIOIEeH HEJMHEHHBIM 2JIeMeHT U CMeIIaHHBIH 4YeTBIpeXMOoMIoCHUK. OfHa 4YacTh TaKHUX 4YeTBIPEXIOTIOCHUKOB
COCTOUT TONBKO W3 PE3UCTHUBHBIX JJIEMEHTOB, a BTOpas - TOJBKO U3 pPEeaKTHBHBIX 3JIeMeHTOB. MarTepHaabl U MeETOABI:
TEOpHs YeTHIPEXIIONIOCHUKOB, MaTpU4Has anre6pa, MeTO[ MAEKOMIIO3ULHMH, METOM CHHTe3a YNpaB/soux ycrpoiicts CBY,
CXeMOTEeXHHUYECKHH MeTOJ aHaau3a XapaKTepPUCTHK pafUOyCTPOUCTB. Pe3ynpraTsl: NONydyeHbl MaTeMaTHYeCKHe MOJeTH
COI/IaCYWIINX CMEIUAHHBIX YeTHIPEXIOTIOCHUKOB B BH/JE B3aMMOCBSI3ed MeX[Ay OJIeMEHTAaMH HX MaTpHULbl I[epefadyu U
3aBUCHUMOCTEH CONPOTUBIEHUH UX ABYXIOIIOCHUKOB OT YaCTOTHI, ONTHMAIBHBIX 110 KPUTEPUIO O6ecredyeHus 3afiaHHbIX GOpM
YACTOTHBIX XapaKTEePUCTHUK. 3aK/II0YeHHe: CPABHUTENbHBIM aHaIU3 TEOPETHYECKUX pe3ynpTaToB (AUX- u OUX-ycunurener),
[OJTy4eHHBIX [IyTEM MAaTeMaTH4YeCKOro MofenupoBanus B cucteme MathCad, u aKcriepiMeHTaIBHBIX Pe3yIbTATOB, OTYyY€HHBIX
[IyTeM CXeMOTEXHHYeCKOro MopiennpoBauus B cucremax OrCad u MicroCap, oKa3blBaeT X Y4OBIETBOPUTEIBHOE COBIAEHMUE.

Kniouesvie cnosa - napameTpW{eCKHﬁ CHUHTE3 COIVIaCyIIIHNX CMEMIaHHbIX Y€ThIPEXNOJIIOCHUKOB; 3ajlaHHbIE d)oprI YaCTOTHBIX

XapaKTepHUCTUK YCUIIUTE/IbHBIX 3BEHBEB.

BBepenue

B pa6ore [1] npennosxkeH aaroputM napameTpuye-
CKOTO CHHTEe3a AUHAMMYECKHUX 3B€HbEB [2| aBTOMAaTH-
YeCKHUX CHCTeM pafguoymnpasieHus [3] B Bume coria-
CYIOLIMX CMEIIAHHBIX YeThIPeXnonocHuKoB (CCY),
OTNITUMAJIBHBIX 110 KPUTEPHUIO 06ecredeH st 3aJaHHBIX
XapaKTePUCTUK PA3TUYHBIX YCUIUTEIbHBIX 3BEHBEB C
y4eTOM HaJW4Hsi HETMHEHMHOM YacTH, COCTOSILEN U3
HenuHeWHOro snemenTa (HD) U oxBaThiBalolel ero
06paTHOM CBs3H.

Llene paboTbl COCTOMUT B PpACIIMPEHHH (QYHKIHO-
HAJIBHBIX BO3MOXKHOCTEN YCHIUTETBHBIX 3BEHBEB MTyTEM
BKJTIOYEHHUsI [TOTIOJIHUTENPHON LM OGpaTHOM CBSI3U
(IIOC), oxBaTteiBaroLIel 1 HeTMHeHHY0 yacTb 1 CCY.

[Tt BOCTUSKEHWMSI STOU LIEJIU [eTAeTCS TTOTBITKA OTIpe-
OEeIUTh MUHHUMAJbHOE KOJMYECTBO U 3HAYEHUs Ma-
pamerpoB CCY, mpu KOTOPBIX 06eCreYynBaIOTCs 3a-
nauuble popmbl AUX u OYX (3aBUCHMOCTH MOLYIIsI
m u ¢pasbl ¢ nepenatoyHou GpyHKUuU H OT 4acTOTHI)
YCUJIUTENBHBIX 3BEHBEB C [JOIOJIHHUTENBHOU 06uiel
06paTHOM CBSA3BIO B OJJHOM U3 PeXUMOB paboTel HD
(apryMeHTBI OTMyLIEHBI):

H =m(cosp+ jsing). (1)

valgol2595@gmail.com (Fonoskos Bradumup Anekcandposuu)

[5ist cocTaBieHUsT UCXOLHBIX YPABHEHUMN, YAOBIET-
Bopsifowux (1), BBILENUM B SIBHOM BULE HETMHEHHYIO
gacte (HY), KoTopasi MOXeT GBITH BBINOJHEHA W3
TPEXIOJIICHOIO HEJTMHEHHOTO 3JIEMEHTA ¢ 06 pATHOM
CBsI3bI0 WU 6e3 Hee, Lelb npsiMoi mepenaun (LIT1IT)
u3 HY u CCY, a takxke o6y [JOC comporusie-
HMA HCTOYHMKA CUTHANA Z, =T, +jX, M Harpy3Ku
z, =1, +jx, (puc. 1,2).

1. AaropuTMm napaMeTpu4eCKoro CHUHTe3a

11t OTBICKAHUS IePeRATOYHBIX GYHKLUMA UCCIIENY-
€MBIX PafHOyCTPOUCTB UCIIOIb3yeEM HU3BECTHBIE Mpa-
BUJIA IPUMEHEHUST MATPHULl PA3TUIHBIX MAPAMETPOB
OJIs1 OTIMCaHUs YETBIPEXIIOMIOCHUKOB U HUX COEAWHe-
HUH, & TAKKE YCIOBUSI HOPMUPOBKH 06Iel MAaTPHULIBI
nepenauu ysna «HUY-LIOC-CCY» [4; 5]. Torma mepe-
OATOYHYI0 GYHKLUMIO Uil CTPYKTYPBI C Iapasuieiib-
Hou no HanpsikeHuto LJOC, mokazanHo# Ha puc. 1, a,

MO>XHO 3arnucaTtb B CJ‘IeJ:[yIOLLleM BUE:
. z, [ygi(dby + ayb) +1]
aAy +bBy +cCy+dDy +(ad-bc)Ey + H, ’

rme

(2)
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Q Zn HY ccY Zn ﬁ] Za HY ccy Zu Zp HY CCM Zu E:' Q Zo HY cCY Zu
Loc Hoc uoc LocC
a 6 a 6

Puc. 1. CTpyKTypHBIe CXeMBbl YCUJIUTEbHBIX 3B€HbEB C Mapaienb-
HOW 10 HaMpSIKEHUIO (a), IOC/IeOBATENIBHOM 110 TOKY (6) 06muMuU
uensiMu obpatHou csizu 1 CCY

Fig. 1. Structural diagrams of amplifying links with parallel
voltage (a), series current (b) common feedback circuits and SFS

Puc. 2. CTpyKTypHEBIe CXeMBl YCHUIMTENIbHBIX 3BEHbEB C NOC/Ie0Ba-
TeJBbHOU 10 HANPSIKEHUIO (a), mapayuleNbHOM Mo TOKY (6) o6mumMu
nensiMu o6patHoi csizu 1 CCY

Fig. 2. Structural diagrams of amplifying links with serial
voltage (a), parallel current (b) common feedback circuits and SFS

Ay =z,lc 7, +ay(1 +y1120)15

By =[y13¥5170%, +(1+¥7179)(1- 352, Jla, + By ;
By =c,z9(1-y332,);

Cy =12, [dyz0 +by(1 +y1120)15

Dy =1y73Y31202, +(1+¥7129) (1= y332, )b, + Dy ;
Dy = dyZO (1-¥232,);

E, = —y%zozﬂ(aydy —bycy) ;

Hy = ¥1320% 5

b d, - v“3BeCTHbIE 3aBUCHMOCTH KOMIUIEKC-

Cc
y fy Ty y
HbIX 3JIEMEHTOB KJIACCUYECKOU MATpULbI II€peaadn HY

ay,

OT 4acToTEL; ¥{1, Y15, Y9y, Yoy — U3BECTHbIE 3aBHCH-
MOCTH 3JIEMEHTOB MaTpuLibl poBogumocTel LIOC ot va-
CTOTHL, @, b, ¢, d — NCKOMBIE 3aBUCHMOCTH KOMIUIEKCHBIX
AJIEMEHTOB KJTIaCCHUYeCKON MaTpuLbl nepenaun CCY.
Ecim monoxuts y7y =0, y75 =0, y57 =0, y35 =0,
TO Mpe[iaraeMblii aJTOPUTM CHUHTE3a OKAa3bIBAETCSI
CIIPaBEJIUBBIM U [JIsl YCUIIUTEIBHBIX JUHAMHUYECKHX
sBenbeB 6e3 LJOC [1]. [Ipu cunreze CCY 6e3 LIOC
y= 1, by =0,
¢, = 0, dy =1. Ecnu (1) o3HauaeT obecrieyeHue KBA3U-

u HY Haao AOIOJIHUTENIbHO IIPUHATH A

JIMHEMHOTO0 CKJIOHA 3aBUCUMOCTH MOAYJIS epeaToy-
HOM QYHKUHMHM OT 4YacTOTHI, W3JIAraeMbIi MaTepHas
NPUMEHUM M [JIsI CHHTe3a BBICOKOYACTOTHOM YacTu
AEeMOAYIITOPOB CUI'HAJIOB C YITIOBOM MOAY/IsALIMEH.

IMoncrasum (2) B (1). [Tony4nm KOMIUTEKCHOE ypaB-
HeHUe, pellleHre KOTOPOT'o IPUBOAUT K B3aUMOCBSI3H
3JIEMEHTOB KJIacCUYeCKOW MaTpulel nepenadyu CCY,
ONTUMAaJIBHOM 110 KpuTepuio (1):

i (Cic+B)b+Dja+Cyc+C
- ) (3)
Cja+D

its
oc .

B=a,y;z, —ByM = b, +jb,;

C=z,-HyM=c, +jc,;

C,=EyM=cy, +jcy,;

Cy =—CoM =y, +jCgy 5

D=DyM-b,

D, =-AM=d,, +jd;,.

HpI/I HCIIOJIb3OBAHUH HOC}'Ie,E[OBaTeJ'IbHOﬁ o TOKY

Vo172, =d, +jdy;

LOC (puc. 1, 6) mepenaToyHyo QGYHKIHIO MOXKHO
MPENCTABUTD CIIEAYIOLIUM 06pa3oMm:
oc
o z,[29; (acy + cdy )+1]
aAg +bBy +cCy +dDy +(ad-bc)Ey +H, ’
roe

(4)

Ay =z +277 )z, - 295) + 275291 ]cy +a,

ocy . _ _oc.
(zg +271); Hy=215;

(2, 233)
B0 =a, +c

y y
Cy =(zy +277)(z, —zg§)+z§)§zg]c]dy +by(zH —295);

_ oc\ . __,oc _ .
D, = by +dy(z0 +217); Ey=-25 (aydy bycy),
oc oc oc oc
211> Z19, Z91, Zo, — W3BECTHBIE 3aBUCHMOCTH 3JIEMEH-
TOB MaTpubl conporusneHui LJOC or 4yacToThI.
B3auMocBs3p MeXAOy a7eMeHTaMU KJIaCCHYeCKOH
MaTpuubl nepegadyn CCY, onTUManbpHyl MO KpUTe-
puio (1), MOXXHO Takke MpeacTaBuTh B popMme (3), HO
IIpU CIEAYLUUX YTOYHEHUSX:
B=-ByM =b, +jb,; (5)

C=z,-HyM=c, +jc,; Cy=EyM=c; +jc;,;
C, = dyzﬂzgf —CoM =cy, +jCy

D=DyM=d, +jd,;

D, =c

ocC .
VinZa1 —AgM =dy, +jdy, .

[Ip1 HCIONB30BAHUM IOCIENOBATENBHOM MO Ha-
npsixennio LTOC (puc. 2, a):
. z,| glc(bcy+ddy)+l]

" aAy +bB, +cCy +dDy +(ad-bc)Ey + H, '
roe

6)

Ay = zH[ay +c,

_ 1,0, .
Hy=hj3 2,5

(zy +h{7)];

ocC ocC 0cp.0C .
By = Byy +¢,[(1-hyy2,)(zy +hiy) +hyzhyy 2, 15

BO] =(1- ggzu )ay ;
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Puc. 3. IIpumepsl cuHTeanpoBaHHbIXx CCY ¢ ABYMS ABYXIIOTIOCHHU-
KaMH
Fig. 3. Examples of synthesized SFSs with two two-terminal net-
works

X[] B
——

Puc. 4. IIpumepsl cuHTe3npoBaHHbIXx CCY ¢ ABYMs ABYXIIOTIOCHHU-
KaM# (IPOJoJIKeHHeE)

Fig. 4. Examples of synthesized SFSs with two two-terminal net-
works (continued)

Co =12, [b +d (z 1])]

D, :D01+dy[(l—h22zﬂ)(zo+hf )+h°C glc z,1;
Doy =(1-h$5z, b5 Eq=hiSz,(a,d, ~byc,);
oc oc ocC ocC

11> "2 21> "22
ToB cMemaHHOU Matpunbsl H LIOC oT yacToTs!I.

— U3BECTHBIC 3aBUCHUMOCTH 3JIEMEH-

KoadduuueHTs! s B3auMocss3u (3) Mmexny aie-
MeHTaMHU KJIaCCU4YecKou Matpuibl mnepemayu CCY,
OTNITUMAJIBHOM 10 KpuTepwuio (1):

B= ¢y ~-ByM =b, +jb,; 7)
C=z H—HOM:cr+]cX,
Ci=EM=c;, +jcy,;
Cy=—CyM =c¢,, +jc2x;
D=DyM—d,z,h3; =d, +jd,;
D, =-AM =d,, +]d]X .
IIpu HCIIONIB30BAHUHU NApaJUIEIbHON O TOKY 06-

paTHoI cBs3u (puc. 1, 2):

z, [£2 271 (aa +b c)+1]

= , 8)
aAy +bBy +cCy +dD;, + (ad -bc)Ey +H,
roe
=1fi5 f 20 +(+ fi120)(z, — f25 Nla, + Ay s
A01 = cyzo(zH - 2020); B0 =a (1+flolczo)]+zocy ;

Co =If12 fa1 %0 +(z, = 1+f 75)] b +C01>

_ _ focy.
Cm—dyzo(zH 22), =d zo+b 1+ fifz
_ foc _ . _ )
Ey = fy zo(aydy b ¢ ), Hy = fi5 205
> fins foi» fap —V3BECTHBIE 3aBUCHMOCTH JIEMEH-

ToB cMemaHHOM MaTpunbl F LJOC oT 4acToTh!I.
KoadpduuumenTsr mjis B3auMocBsA3u (3) mist 9TOro
BapuaHTa:

B=-ByM=b, +jb, ; )

C=z,-HyM=c, +jc,; C =EjM=c; +jc;,;
2,31 —CoM =cy, +jey 5

D=DyM=d, +jd_;

Dy =ayz 2, f21

HHH OTBICKAaHUA Bpra)KeHI/II\/’I AJIA OIIpefesieHus Ia-

-AM=d,, +jd,, .

pameTpoB TUMOBBIX cxeM CCY HeO6GXOMMMO HAMTH dJ1e-

MeHTHI 4, b, ¢, d [4; 5], BbIpakeHHbIe Yepe3 CONPOTUBIIE-
HUsI WIA IPOBOJUMOCTH ABYXIIOTIOCHUKOB, a TaKXe
koapdunuentsr B, C, C;, C,, D, D, c BbI6paHHBIM
TUIIOM O6PATHOU CBSI3U U MOACTABUTH UX B (3). 3aTem
3TO KOMIUIEKCHOE YPaBHEHNE Ha/J0 Pa3fe/IuTh Ha fei-
CTBUTEJIBHYI0 M MHUMYI YaCTU U PELIUTH MOJNyIeH-
HYIO TaKUM 06pa3oM CHCTEMY ABYX airebpandecKux
OEeHCTBUTEBHBIX YPaBHEHUH OTHOCHTENBHO COIpPO-
TUBJIEHUU WM IPOBOLUMOCTEN ABYX LBYXIIOJIIOCHH-
KOB BbIOpaHHOU cxeMbl CCY. B pesynbraTe mony4da-
I0TCSI 3aBUCHUMOCTH CONPOTHUBIEHUN PE3UCTUBHBIX
U PEaKTUBHBIX ABYXIIOJKCHUKOB OT YaCTOThI, ONTHU-
MasbHBIE 0 KpuTepuio (1). 3aava peanuzanuu 3TUX
YACTOTHBIX XaPaKTEPUCTUK B OFPAHMYEHHOH IMOJIOCE
9acToT peweHa B padore [4].

2. Pe3yabTaThl NapaMeTPUIECKOTO
CHHTe3a

3nech NPUBOASATCS HEKOTOPHIE U3 pellleHUH, Ooy-
4YeHHBbIX A7 TUNoBbIXx cxeM CCY mpu ucnonb3oBa-
HUU BapHaHTa CTPYKTYPHOU CXeMBI C IapasuleIbHON
[0 HANpPSKEHUIO 06paTHOU cBaA3blo (puc. 1, a). Ecnu
B KadecTBe CCY wucmonbp3yeTcsi NOCIENOBATENbHO
BKJIIOYEHHBIE PE3UCTUBHBIN ABYXNOIIOCHUK C COIPO-
TUBIeHUEM R W peakTHBHBIH [ABYXIOJIOCHUK C CO-
nporusieHueM jX (puc. 3, a), TO 3aBUCUMOCTH ITUX
CONPOTUBIIEHUM OT YaCTOTBI OMpPERENSIOTCS CIeny-
IOIIUM 06pa3om:

R= (Cr ~Cir _dr +d1r)br +(Cx ~C1x _dx +d]x)bx . (10)
~(b% +b?)
_ (Cx ~C1x _dx +d‘lx )br _(Cr Cr _dr + dlr )bx
~(b? +b?)

CCY B BHAe MapayyieIbHO BKIIOYE€HHBIX ABYXIOJIOC-
HUKOB R u jX (puc. 3, 6):

2, 2
—(cg, +¢5,)

R= ; (11)
(Cr Cyr _dr +d1r)02r +(CX C1x _dx +dlx )CZX

X = _(C%r + ng)
<Cr —C1r _dr +d1r )CZX _(Cx ~C1x _dX + d1X )CZT

CCH B Bupe [-06pasHOro coequHEHHUsI ABYXIIOIIOC-
HUKOB R u jX (puc. 3, 8):



Du3uKa BOJHOBBIX POLIECCOB M pafuoTexHUYeckue cucTemel. 2022. T. 25, N2 2. C. 40-50

Physics of Wave Processes and Radio Systems, 2022, vol. 25, no. 2, pp. 40-50 43
R= Cor T de . (12) QO = 4'[CZr(Cx —Cix T dx + dlx )-
Cey ¢, +d —d +Xb '
Cr =6 + T 1r X - CZX<Cr —Cqr _dr + dlr )]Q01;
5 - Xy +(c, —cq —d, +dy, )d, +b.cy +bcy —Q

“2(bd, —bd) ’
XO = <Cr ~C1r _dr +d1r)dr;

in\/[(cr —cp, —d, +d;,)d. +

+(c,

—¢y —d +dy)d, +b cy +b cy P ~Qp;
Qp =4lle, —cy, —d, +dy)ey, =

—(c, —cq, —d, +d;, )y, 1Qy;

Q =(bd,~bd,).

CCH B Bupe '-06pasHOro coequHEHHUsI ABYXIIOIIOC-
HukoB jX u R (puc. 4, a):
Cy, +Xl(cy, —c, +d, —dy,)

d. +Xb,
Xo +(c, —cq, —d, +dy,)d, +b.cy, +b.cy —Q )
" Z2lb (cy —c, +d, —dy )+b (c, —cq —d +d,,)]’

R:

; (13)

Xy =(c, —cq, +dy, —d )d,;

T

in\/[(cr —cp, —d, +dy,)d. +

+(cy —Cqy —dy +dy )d, +b.cy +bcy P - Qs
Qy =4lb,(c, —c;, —d, +d;, )+
+b,(cp, —c, +d, —d, ).
CCY B Bupe obpatHoro I'-06pa3HOro coefrHEHUS

OBYXIOJMIOCHUKOB R u jX (puc. 4, 6):

X(c

R= x_clx+d1x_dx)_62r

d]r _Xbx
_ XO +(Cx ~C1x _dx +d1x )dlx _brc2r _beZX +Q .
- 2[bx(cr —Cqr _dr +d1r)+br(clx —Cx +dx _dlx)] ’

; (14)

XO = <Cr ~C1r _dr +d1r)d1r )

Q= i\/[(Clx —Cx +dx _dlx)dlx +

+ (Clr -6+ dr _dlr >dlr + brCZr +bxc2x ]2 _QO;
Q0 = 4[bx(cr —Cyr _dr +d]r)_
- br(cx ~Cx _dx +d1x )](CZr dlx ~Cox dlr)'

CCY B Bupe obpatHoro ['-06pa3HOro coefnHEHHs
nByxnonocHukoB jX u R (puc. 4, 8):

c,. —Xd
R= 2r 1x : (15)
¢y —C, +d, —d;, + Xb,
X = XO _(Cr ~Cyr +dlr _dr)dlr +brc2r +bx02x +Q .

2(brdlx _bxdlr) ’

Q= i\/[(Clx —Cx _dlx + dx )dlx +

+ (Clr —C _dlr +dr )dlr + brCZr +bx62x ]2 +Q0;

XO = <Clx —Cy +dx _dlx)dlx ; QO] = brdlx _bxdlr :
CCU B Buae T-06pasHOro COeqUHEHUS JBYXIIOIOC-
HUKOB jX,, jX, ¥ Ry (puc. 5, a). IIpu BEIGOpE KOM6U-

HalluU Xl, X2 UMeeM:

~B, +4/B> —4A,C
X] _ 1 1 11 : (16)

24,
2
B, +4/B2 —4A,C,
X, = :
24,
raoe

A, =Ry(b? +b%)+bd, +b d
Bl = (dlx +R3bx)<clr —¢ +dr>_

1x0

—(dy, +R3b,)(cy, —c, +d )+

+b,(cy, —Rqd,)—b,(cy, —Rsd,);

Cy=(c, —cy, —d, +d;,)(cy, —Rgd, )+

+ Ry(b,cy, +bcy )~R2(b,d +bd )+

+(cgy —Rgd e, —¢y, —d, +dy,);

Ay =Ry (b* +b*)+(c, —c; —d, +dy )b, +

+(c, —¢q, —d, +d;,)b,;

By =(dy, +R3b)e, —¢;, ) =(dy, + R, )le, —¢q, )+
+b.cy, —b ., —dd, +dd,;

Cy = oy, —Copdy +

+Rylb.cy +bcy ~dd —dd, )-Ri(bd +bd).

[larnee mpu cMeHe COYETAHUH 1O [BA U3 OOIIEr0 YKCa
I BYXIIOJIIOCHUKOB TUNOBBIX cxeM CCY Bcrofy M3MeHSI0T-
cs koabpdunmenter A;, B, C;, A,, B,, C, ucmbicn
conporusnenuit X;, X, B (16). [Ipu BeI60pe KOMOHHA-
uuu jX;, Ry (puc.5,a)Hano s (16) monoxurs X; = X;;
Xy =Ry, ¥ U3BMEHUTH yKazaHHbIe KOIPPUIMEHTHL:

A, =bd, -bd —X,(b>+b?);
B,=b.c, +bec, +dd, +dd -

— X3(b% +b2)+[b,(c, —¢;, —2d_+2d, )+
+b,(c;, —c, +2d, —2d,,)]X,;
Cy=Xy(d, —X,b )c, —c,, —d +d; )+
+ Xy(b.cy +bcy )= Xo(d —Xob )x
x(cq, —¢, +d, —d;,)—cy.d +cy d
Ay=—(bd +bd);

r;
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B, =[b,(c

r _Clr)+br(clx - >]XZ +

X

+X5(b2 +b*) +b.cy, +bcy —d.d;, —d.d, ;
Cy = Xyldy, = Xyb ey, —¢, +d,) =
- X, (d;, +X5b.)(c;, —c, +d.)+ X, (b.cy, —b,c). )+
+ X5(bd;, +b d; ) +cydy +cydy, -

ITpu BbI6Ope KOMOUHanuK jX,, Rg (puc. 5, a) Hago B
(16) momoxkuth X; = Xy; X, =Rg:
A =b(c, —c, —d +d;, )~
—b,(c, ¢y, —d, +d; ) - X, (b> +b2);
B, =(d, - X;b)(c, —c;, —d, +d;,)+
+(d, +X;b,)(c, —¢;, —d, +d;,)+
+bcy +bcy —X2(bZ+b%) -
- X,l(d,, —d, )b, —(d,, —d,.)b,];
C, =Cy+X,(b.cy, +b,cy, +
+d.d, +d,d;,)—cyd +cyd;
Co=X3(bd, ~bd,); Ay=—bd +bd);
B, =d,.(cy, —¢, —dy, +d.)+d,(c;, —c, —d;, +d, )+

+hcy +bc, +XA(b%+b2)+

+1[b.(c

r*-x

—c¢y, —2d,)+b,(c;, —c, +2d,)]IX ;
C, = X,ldy,(c, —¢y, +dy, ) +dy, (cq, —c, +d)+
+b.cy ~bcy 1+ X?(bdy, +bdy )+
+¢y.(c, =y, —d, +dy )+ ey, (e, —cq —d, +dy).
CCU B Bupsie T-06pa3HOro COeqUHEHMUS IBYXIIOMIOCHH-

koB jX;, jX3 u R, (puc. 5, 6). ITpu BbI6OpE KOMOHMHA-
nuu jX;, R, B(16) X; =X ; X, =Ry:

A, =Xy (b? +b?)+bd, ~bd
By =(c, —¢y —d, +dy)dy, +
+ Xslle, —cq, —2d, +2d;,)b, -
-b_(c

Xr

(17)

1>

—cy, —2d +2d, )+ (c, —¢;, —d_+d;,)d;, ~
—b,cy, —b ey +X3(b* +b%);

Cy=(c, —¢cq —d, +dy,)cy, —Xqd, )~

~ Xa(bcy, +b.cy )~ X3(bd ~bd )~

—(ey =y —dy +dy, ey, + X3d, )5

A, =(c, —¢, —d, +d; )b, +(c, —¢;, —d. +d;, )b, ;
By = X2(b* +b?)+[(c, —cy, +2dy, )b, -

~b

xc (Cr —Cyr +2d]r>]X3 +(Cr —Cqr _dr +d]r)dlr -
- dlx(clx O T dx _dlx )+ brCZr + beZX )

C2 = X3<brc2x _bXCZr _drdlx +dxdlr)_

- X?E (brdr +bxdx)+ CZrd‘lr +62xd‘1x .

Ipu BBIGOpE KOMOUHAMHK jX,, jX5 (puc. 5, 6) Hamo
B (16) monoxkutsh X; = X;; Xy = Xg:
A, =Ry(B* +b*)+bd, +bd, ;
B, =b.c,, b, +dd;, —dd, +
+R,l(c, —cy, —2d, )b, +b,(c;, —c, +2d,)];
Cy =Ry(b.cy, +bycy ) -
—Ry(d, —=Ryb,)(c, — ¢y, —d, +d;,) -
~Ryld, = Ryb, ey — ¢y, —d, +dy )~
—(cy,d. +¢9.d,);
A, =Ry(B* +b*)~bd ~bd ;
B, =b.cy, —b.cy. +Rylb.(c, —c;, +2d;, )~
-b,(c, —c;, +2d,,)|+d, d;, —d d,,;
Cy =Ryl(d; +Ryb,)lc, —cq —d, +dy, )+
+b.cy. +b.cy |4y dy, +cy dy +
+Ry(d, +Ryb,)(c, —c;, —d, +d;,) .

IIpu BeI6Ope KOMOUHaNMK R,, jX4 (puc. 5, 6) Hago B
(16) monoxuth X; =Ry; X, = Xg:
Ay =b(c,—cy —dy +dy )+b(c, —cy —d, +dy,);
B, =d (¢, —¢c,—dy, +d,)+d.(c;, —c, —dj, +d, )+
+X2(b? +b?)+b.c,, +bcy —d dy —d d +
+ X, l(¢y, —c, +2d,)b, —b.(c;, —c, +2d,)];
Cy = Xy(byey, =b\cy, +d dy, —d ;) -
—cyd —cy d +X2(bd,, +bd;);
Ay =Xi(b? +b?)~b,d +bd,;
B, =(d,-2X,b.)(d, —d, )+
+d, +2X.b )d, —d.)—(c, —c; )d, —X;b,)-
~b,c,. —b.cy —(d, +X;b)c, —c; )+ X2 (b2 +b2);
Cy = (Xqdy, —co ey —¢q —d +dy )+
+ X2(b,dy, ~bd; )~ X (b.cy +b.cy )+
+(cy, + Xqdy ), —cp —d. +dy,).

CCY B Bupme T-06pasHOr0 COeNMHEHHS MABYXIIO-
MIOCHUKOB Ry, jX,, jX5 (puc. 5, 6). Ilpu atom B (16)
X1 =Ry; X=X,
A =bd, +bd, ; (18)
B1 = (Cr —C1r _dr +dlr >dlr _dlx(clx —Cy +dx _dlx)+
+b.cy. +b.cy, +X?2)(br2 +bf)+

+ X5l(cy, —¢, —2d;, )b, +b,(c, —c;, +2d;)];
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Puc. 5. IIpumepsl cuHTe3npoBaHHbIX CCY ¢ TpeMsl ABYXIOTIOCHHU-
KaMH
Fig. 5. Examples of synthesized SFSs with three two-terminal net-
works

Puc. 6. IIpumepsl cuHTe3npoBaHHbIX CCY ¢ TpeMs ABYXIOTIOCHHU-
Kam# (IpOJoJIKeHHeE)

Fig. 6. Examples of synthesized SFSs with three two-terminal net-
works (continued)

C; =(cy, —X3d,)c, —cq, +dy, )+

+ Xg(bcy, ~bcy )~ Xa(bd +bd )-

= Cgpd, — g\, +(eo, + X3d, (e, —cyp 4y, )3
A, =b(c,—c; —d +d, )~

~b,(c,—c;, —d, +d; )~ X5(B2 +b%);

B, =(d, —2X4b )(d, —d,,)+b.cy, +b,cy —

= (dy + X3b, )ley =) =le, =y, )dy, = X3by )=
~ X3(b? +b*)+(d,, +2X3b )d, ~d, );

C, = X;3(b.cy, +b,cy, +d.d;, +d d;, )+

+ ey dy —Cy dy +(bd, ~b d)X3.

IIpu BeI6Ope KOM6bUHanuK Ry, jXj (puc. 5, 6) Hago B
(16) monoxkute X; =R;; Xy = Xg:
Al = brdlr + bxdlx )
B, = (b* +b*)X5 +b,cy, +b.cy +
+X2 [(Cr —Cqr )bx _br (Cx ~C1x )= drdlr - dxd
Cl = [(Cr —Cqr _dr +dlr >br +

1x0

+b,(c, —cp, —d, +d NX2 +[bc, ~bc, +

+ (Cx ~C1x +d1x )dr _dx(cr —C T dlr )]XZ -

- chdr _CZde ;

Ay=bd —bd —X,(b* +b?);

B, = X,l(c;, —c, +2d, —2d; )b, —(b* +b*)X3 +

+b,(c, —cy, —2d, +2d;,)]+

+b.cy, +b.cy +d.d; +dd,, ;

C2 = (brCZr +bxc2x )XZ -

- XZ(dlr _XZbX)(Cr —Cr _dr +dlr)_

_XZ(dlx + X2br)(cx ~C1x _dx +dlx)+ C2rdlx _CZXdlr :
ITpu BeI60Ope KoMbUHaLMU jX,, jX4 (pHc. 5, 6) Hamo

B (16) nonoxkuth X; = Xy; X, = Xj:

A =% +b*)R, +(c, —¢c;, —d_+d, )b +
+b,(c,—c;, —d, +d,);

Bl = (Rlbx _dx)<cr _Clr)+(dr _Rlbr)(cx _Clx)+

+ brCZX _be2r +drd1x _dxdlr;
C,=R:(b.d,, +b.d, )+

+R1(br62r + beZX _drdlr _dxdlx)_CZrdr _C2xdx ;

A, =R, (B> +b*)~bd ~bd ;
By =(cqy —¢, —dy)d, +b.cyy —bycy, +

+Ryl(c, —¢q, +2d,, )b, —b, (c, —cy, +2d,,)]+
+d, (¢, —cp, +dy,);
Cy =(cy, +Ryd;,)(c

x ~ C1x _dx +dlx)+

2
+ (C2r + Rldlr)(cr —Cyr _dr +dlr)+
+Ry(b,cy, +b.cy )+ R2(b.d, +b d, ).

CCU B Buge [1-06pa3HOro coeqrHeHUsI ABYXIIOIIOCHH-
KoB jX;, jX, u Ry (puc.6,a). llpuatoms(16) X; = X;
X2 = XZ:

A, =[(dy, +Rsb,)(c, —c;, —d, +d; )+ (19)
+b,cy, +b,cy IRy +[(d), +Rgb,)x
X (Cr —Cr dr + dlr )]R3 + CZrdlr + C2xdlx )

B1 = [(C1r —-¢ _dlr>dx +dr(cx —Cqx +d1x)+

+ brc2x _bxc2r ]R?2> + [(Cr —Cr +2dlr)62x -
- CZr(Cx Ot 2dlx )]RS )
Cl = RS (Cgr + C%x )- R§ (CZrdr + CZxdx) )
AZ = (brC2r +be2x _drdlr _dxdlx)RB -
2
- <brdr + bxdx )R3 + CZrdlr + C2xd1x )
BZ = [(Cx _Clx)CZr +(C1r —C )CZX]RS +
2
+ RS [brCZX _beZr + dr(clx —Cx _d1x)+
+d (c, —cy, +d; )]s
CZ = [(Cx Cix T dx + dlx )CZX +
2 2 2
+ Cyp (Cr —C1r _dr +dlr >]R3 + R3(CZT +02x) :

ITpu BeI6Ope KoMbuHanuK jX;, Rg (puc. 6, a) Hamo B
(16) monoxkuth X; = X;; X, =Rg:
Al = (c2x + XZdlr )(Cr —Cr dr + dlr ) +

+ Xg(brdlx _bxdlr)_X2<brc2r +bx02x)_
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- <CZr - XZdlx >(Cx ~C1x _dx + dlx) ;
B, = X,l(cq, —c,+2d, —2d; )c,, +
+cy, (e, —cy, —2d, +2d,,)] -

2 2 2.
- XZ (brCZr + beZX +drdlr + dxdlx)+c2r TCoxs

Cl = XZ (Cgr +C%x)+ X% (C2rdx _C2xdr> )
Ay = [<Clx ~Cx _dlx)dr +dx(cr —C1r +d1r)+
+b.cy, ~b.cy X, —(bd +b.d )X3+

+ (Cr —Cqr _dr +dlr )C2r +C2x(cx ~C1x _dx +d1x);

2 2 2
BZ = (brCZr +bxc2x _drdlr _dxdlx)XZ TCor tCox —

- [(Cr —Cqr )CZX - C2r(cx ~C1x )]XZ )
2

Cy = (eg,dy, + o,y )X -

ITpu BeI6Ope KoMbuHanuK jX,, Rg (puc. 6, a) Hamo B
(16) monoxute X; = Xy; X, =Rg:

2

Al = Xl (brdlx - bxdlr )- Xl (brCZr +
+ beZX + drdlr + dxdlx )+ CZrdx - CZxdr )
B1 = [(C2x + derI)(Cr —Cyr _dr +d]r)_
- <CZr - dlxxl )<Cx “Cix T dx + dlx )]Xl -

- Xlz (brCZr + bxc2x)_ Xl[CZX (dr _dlr)_

2 2 .
- C2r(dx - dlx)] TCor TCox5

C; =lleyy, —c, +d, —d;, )cy, +

X X
¥ ey —cqy —d, +d X2+ X, (¢ + D)
A, =[(c, —c;, —d, +d; )b, +

+ br(cr —Cr _dr +dlr)]X12 _CZrdr _CZde +

+[(cy, —¢c, —dy)d, +d, (c, —c;, +d,)+

.
+b.cy, —b.cy 1X;;

By =l(cy, —cqy —d, +dy, )dy, —

—dy (¢, —c, +d —dy )+bc, +bc, IX*+
+ C%r +c§x +(cq, —¢, —2d;, )y, +

+ ¢y, (e, —cq, +2d,,)1X5 5

Cy =(cy,d;, +02Xd]X)X]2 .

CCU B Buge [1-06pa3HOro coeqrHeHUsI ABYXIIOIIOCHH-
KoB jX;, R, u jXs (puc. 6, 6). IIpu BeI6GOpe KOMOMHA-
uuu jX;, R, B(16) Hago nonoxure X; = X;; X, =R,:
A; = X,[(dy, = X3b )(c, —cy, —d, +d;, )+ (20)
+(dy, + X3b,)(c, —cy, —d, +d;, )]

_XB(brCZr +bx02x)_c2rdlx +C2xd1r )

By =, + 3 +0y, (d —dyy )=y, (d, —d;, )1 X5 +
+[(cy, —d, X3)(c, —cy, —d, +d;, )~

—(cy, +d, X3)(c, —cqy —d, +dy, )] -

- X%(brczr +b.c, );

C, = Xs(cgr +c§x)+X32,(czrdX ¢y d.);

Ay =-X2(b,d +bd )+ Xs(b.c, ~bc, —
—dydy, +d dy ) eody, togdyy

By = X2(b.cy +bc, )+

+[(c;, ¢, +2d,)cy, —Cy, (cq, —C, +2d, )] X4 +
+ ey, + g+ Xglley, —e, —dyy +d ), +

—dy, +d,)l;

+ dr(clr —C

CZ = X%[(Cr —Cqr _dr +dlr)62r +
+cy,(c, —cq —d, +dy, ).

ITpu BEIGOpe KOMOUHaLUK jX,, jX4 B(16) Hamo mo-
noxuthb X; = X;; Xy = X5 (puc. 6, 6):
Ay = (e +Rydy )Mey, ¢y +d, —dy ) -
~Ry(bcy, +b.cy )-R3(bd, +bd; )-
—(cy, +Ryd; )¢, — ¢y, —d, +d;,);
B, =(bc, —bc, ~dd +dd R+
+Ryl(c, —cq, +2d;,)cy, — ¢y, (¢, —cq, +2d )] 5
C, = R%(chdr +cyd )—RZ(C; + C%X);
Ay = (e =Ryd ey =y —d, +dy )+
+Ry(b,cy, +b.cy )~R3(bd +bd )+
+(cq, —Ryd ), —c;, —d, +d;,.);
By =(bcy, ~bc, —ddy +dd R+
+[(c, —¢5, —2d,)cy, +cy.(cq, —c, +2d,)IRy;
C,= R% (cy,dy, +c2xd1x)+R2(c%r + ch).

[Tpu BeIGOpE KOMOUHALMH R, | jX3 B (16) Hago no-
noxutb X; =Ry; Xy = X4 (puc. 6, 6):
A, =(b,cy —b.cy —d.d +d d )X+
+Co,d, +cydy — X3 (bdy, +body,) s
B, =-Ib.c,, +b.cy —d d, —d d; 1X*+
+l(cg, = Xqdy ey g +dyy )=
— (e, +Xqdy, )c, — ¢y, + dlr)]—cgr —C%X +
+ Xq(eg,diy —Cgydy, )

Cl = _X12 [(Cr —Cqr _dr +d1r )CZr +
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+ CZX(CX ~C1x _dx +dlx)] )

A2 = C2rdx _CZXdr _[brCZr +be2x +

+(d, +X;b )c, —cq, —d, +d;, )X, +
Hd, = X1b)e, —¢y —d, +dy )Xy

B, =[(cy, +dy, X )c, —¢;, —d, +d;,)—
- X, (b.cy, +b,cy )X, +[cy, (d, —d; )
= (e —dy Xylle, —¢q —dy +dy )=

— ¢y, (d, —d;, )X, +c§r +c%x ;

Cy = X1(5, +¢3) = XT(cardy, ey, ).

CCU B Buge [1-06pa3HOro coenuHeHUs ABYXIIOIIOCHH-
koB Ry, jX, u jX; (puc. 6, 6). [Ipu BrI6GOpE KOMOMHA-
uuu Ry, jX, B(16) Hamo monoxuts X; =R;; X, = X,:
Ay =l(c, —¢, —d, +d;, )b, + (21)

2
+b,(c, —cy, —d, +d;, )1X5 +
+ XS[(Cr ~Cqr _dr )dlx +d]r(c1x —Cy +dx)+
+ brCZX _beZr]+ CZrdlr + CZxdlx )

2 2
Bl =CortCoy +[(C1r —-C

L —dy, +d.)d, +

+d (¢, —c, —dy, +d,)+b.c,, +ch2X]X§ +
+[(c, —¢cq, —2d,)cy, +cy,(cq, —c, +2d )] X4 ;
C = —Xg(CZrdT +cy,d);

Ay =X4[Xq(bd ~bd )-b.c, —bc, —
—ddy, —d dy 1-cody +co0dy,

B, =l(cy, —d, X3)(c, — ¢y, —d, +d;,) -

- X5(b.cy, +bcy )|1X5 +

+[—cy, +d, X35)(c, —cp, —d, +dy )+

+ Copldy —dy ) =0y (dy —dy, )IX5 +

+C§r +C§X 5

Cy = X3lc, —¢;, —d_ +dy )ey, —

— ey (e, —cq —d, +dy N+ X5(c3, +¢5)

ITpu BbIGOpE KOMOUHaNMK Ry, jX5 (puc. 6, 6) B (16)
HafIo MOJI0XUTh X1 = R1§ X2 = X3:
Ay =l(cy, —c, +d ), —dy, (c;, —c, +d, )+
+b,cy, —b ¢y 1Xy +(b.d;, +b.dy ) X2+
+(c

r ~C1r _dr +d]r)c2r+02x(cx ~C1x _dx +d1x) ;

2
Cl = _X2 (CZrdr + C2xdx) 5

Bl = X22<brc2r +bx02x _drdlr _dxdlx>+

2 2 .
6o + 0oy _X2[62X(Cr _Clr)_CZr (Cx ~C1x )l ’

A, =(c, —cy, —d. +d,)(cy, —d . X5) -
~ Xy(b.c, +bc, )~ X5(bd ~bd)-
—(cy, +d, X,)c, —¢y, —d, +d,,);

B, = X,l(cy, —c, +2d, —2d,, )c,, +

+cy, (¢, —cq, —2d, +2d;,.)] -

_Xg(brCZr + beZX + drdlr + dxdlx)+ C%r + C%x )
2 2 2
Cy = Xp(cy, +¢5,) = X5 (Cgpdyy =y g, ) -
ITpu BeIGOpe KOMOMHaUK jX,, jX4 (pHC. 6, 6) B (16)
HaJ0 II0JI0KUTH X1 = X2; X2 = X3:
Al = <brCZr +bx02x +drdlr _dxdlx )Rl -
2.
- CZrdr _CZde +(brdlr +bxd1x )Rl ’
Bl = RIZ [(Clr -6t dr )dlx +br62x -
- beZr - dlr(clx Ot dx )-
—Ry [(Cr _Clr)CZX ~Cor (Cx ~C1x I
Cl = R1(C%r + C%x)'i_ R% [(Cr —C1r _dr +d1r)c2r +
+ C2x(cx ~Cix _dx + dlx)] )
A2 = (brC2r +bx62x )Rl _(CZrdr +02xd )—
- [(dr - Rlbr )(Cr O T dr + dlr )+
+(d, —Rb,)(c, —c;, —d, +d; )IR;;
BZ = [(Cr —Cqr _dr )dlx + d]r(c1x —Cx +dx)+
+ brCZX _beZr ]Rf + Rl [(Clx —Cy +2dx )CQr -

- CZx(clr -6+ 2dr )l )

2 2, p2
Cy = Ryley, +¢o,) + Ry (cg,dy, o,y )

3. MareMaTH4YeCKOE U CXEMOTEXHHUYECKOE
MOJEIUPOBAHUE THHAMHUYIECKUX 3BEHbEB

Ha puc. 7-10 gnsa npuMepa MOKasaHbl pe3yilb-
TaTbl TEOPETUYECKUX U IKCIIePHUMEHTAJIbHBIX HC-
ClefOBAaHUN NPUHIUNHAIBHOW W 3KBUBaJIEHTHOU
CXeM Y3KOIIOJIOCHOTI'O YCHMJIMTENS], COOTBETCTBYIOLINX
CTPYKTYpHOH cxeMme pHc. 1, a, B BUJe UX 4aCTOTHBIX
XapaKTepUCTHUK.

B kaudectBe HD wucnonp3oBaH TpaH3UCTOP THIA
BFQ17PH, BKIIOYEHHBIM 1O cxeMe C obiiel 6a3oii
o BBICOKOM vacToTe (puc. 7, a). Cxema HY Beimosne-
Ha B BUJe NapasenbHo coenuHeHHBIXx HD u LIOC ¢
[1-06pasHbIM coeliHeHHeM Tpex aneMeHToB C,,, Cya,
R36. Cxema o61ueit LTOC nocrpoena B Bupe [1-o6pasnoro
coenuHeHus Tpex aneMeHToB Cys, Coe, R,.. Harpyska
BBITIOJIHEHA Ha dnieMeHTe R,;. COmpoTHBIIeHHE UCTOY-
HUKa CHUTHaTa CGOPMHUPOBAHO C TOMOIIBIO BJIEMEHTA
Rg,. Cxema CCY cobpana B Buzie [1-06pasHOro 4eTsl-
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Puc. 7. [IpuHuMnuanpHas cxeMa y3KOIOJIOCHOTO ycuiurens (a),
COOTBETCTBYIOLLAs [IEPBOM CTPYKTYpHOH cxeme (puc. 1, a). AYX- u
OYUX-ycunureny, norydeHHsle B cucreme MicroCap (6) u B cucre-
me MathCad (6), mokasaus! Ha puc. 8

Fig. 7. Schematic diagram of a narrow-band amplifier (a), corre-
sponding to the first block diagram (Fig. 1, a). The frequency re-
sponse and phase response of the amplifier obtained in the Micro-
Cap system (b) and in the MathCad system (c) are shown in Fig. 8
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Fig. 8. Frequency response and phase response of the amplifier

(Fig. 7), obtained in the MicroCap system (a) and in the MathCad

system (b)
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Puc. 9. DkBuBaseHTHas cxeMma (a) y3KOMOJIOCHOTO YCHIIUTENS
(pHc. 7), COOTBETCTBYIOLLETO [IEPBOM CTPYKTYPHOU cxeme (puc. 1, a).
AYX u OYX, nonyyennsie B cucreme OrCad, nokaszansl Ha puc. 10
Fig. 9. Equivalent circuit (a) of a narrow-band amplifier (Fig. 7)
corresponding to the first block diagram (Fig. 1, a). The frequency
response and phase response obtained in the OrCad system are
shown in Fig. 10
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Fig. 10. Frequency response (a) and phase response (b) of the equiv-
alent circuit (Fig. 9), obtained in the OrCad system
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pexmonmocHuKa Ha snementax Ly, C,,, Ry, mapame-
TPBI KOTOPBIX OIIPENEIISUINCH 110 popmyiam (16), (19).

DKBUBAJIEHTHAS CXeMa TPaH3WCTOpPA BBINOJIHEHA B
BU[E TEePEKPHITOTO T-06pasHOTO YETHIPEXMOMIOCHMU-
Ka Ha aneMeHTax Li,, Ryy, Cyy, Ri3, Ryy, Cyy, R,
Ly (puc.9).

Cxema HY peanusoBaHa B BHJAe Napajesb-
HO COEIUHEHHBIX J3KBHUBAJIEHTHOU CXEMBI HEJU-
HEMHOTO 3JIeMeHTa W LeNu OOPaTHOU CBSI3U W3
[1-o6pasHoro coenuHeHus Tpex anemeHToB Cg,

Cls» ng. Cxema o6met LJOC mocTpoeHa B BUME

[T-06pa3HOTO COENUWHEHWs HAa OCHOBE TpEX 3Jie-
MeHTOB Cig, Cig, Ry3, a cxema CCY - Ha ocHOBe
[1-06pa3HOro COefMHEHHUs TpexX 3JeMEHTOB Li,,

R24 ’ Cl3 :

3ak/o4eHue

AHanM3 MOKa3bIBAET, 9TO OKCIIEPUMEHTAaJIbHbIE
(puc. 8, a) yacTotHble xapakTepucTUKH (AYX 1 PYUX)
NPUHLUITAATBHON CXeMBI Y3KOTIOJIOCHOTO YCUIIUTENS
(puc. 7) yIOBIETBOPUTEIBHO COBIAJAIOT C XaPAKTEPH-
CTUKAMU 5KBUBAJIEHTHOM CXeMblI (puc. 9) ycunurens,
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[OJIyYeHHBIE PACYETHBIM IyTeM (puc. 8, 6) U IKCIe-
pumenTanbHO (puc. 10). PedoHaHcHas yacToTa 9KBH-
BajieHTHOU cxeMbl f ~800 MTI (puc. 8, 6 u 10) He-
3HAYUTENBHO OTJINYAETCSl OT PE30HAHCHOW YaCTOTHI
NpUHLUMHANBHON cxeMmbl f ~812 MIy (puc. 8, a).
[TpousBeneHre k03 PULHEHTA YCUIEHHS Ha T10JI0CY
4acToT cocTapisieT npuMmepHo 200 MI'L.

TakuMm o6pa3oM, MONy4yeHHble MaTeMaTH4YecKue
momenu CCY (10)-(21) moryr GBITH HCIOIB30BAHBI

OJIsl TeXHHUYeCKOro IPOeKTHPOBAHMUs Ppa3JIMYHbBIX
OUHAMHUYeCKUX 3BeHbEB aBTOMATHYECKHUX CHCTEM
yIpaBleHHs: ¢ 06PaTHOM CBS3BI0 C 3aaHHBIMH Ya-
CTOTHBIMHU XapaKTepHUCTUKaMU. Pe3ynpTaThl MOXKHO
TaKXe HMCIIONb30BATh M1 GOPMHUPOBAHMS 3aNaHHBIX
AYX- u ®UX-unbTpoB U KBa3HUIHHEHHBIX CKJIOHOB
AYX BBICOKOYACTOTHBIX YacTed (0o uibTpa HUXK-
HUX YaCTOT) LEMOAY/ISITOPOB CHUTHATIOB C YIJIOBOH
MOAYJSILUEHN.
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Parametrical synthesis of dynamic links for variants of their
inclusion between a nonlinear part and loading of automatic
systems of radio management with the general feedback

Alexander A. Golovkov

, Vladimir A. Golovkov

Military Educational and Scientific Centre of the Air Force N.E. Zhukovsky and Y.A. Gagarin Air Force Academy (Voronezh)
the Ministry of Defence of the Russian Federation
S4a, Staryh Bolshevikov Street,
Voronezh, 394064, Russia

Abstract - Introduction: the analysis of the known literature shows that the use of various types of matching quadripoles
(reactive, resistive, complex, mixed) and the feedback circuit covering the non-linear element makes it possible to increase the
area of physical feasibility of the given forms of frequency characteristics. The purpose of the work is to increase the area of
physical feasibility of given forms of frequency responses by optimizing the parameters of matching mixed quadripoles and using
an additional feedback circuit covering a nonlinear element and a mixed quadripole. One part of such quadripoles consists only of
resistive elements, and the second - only of reactive elements. Materials and methods: theory of four-terminal networks, matrix
algebra, decomposition method, method of synthesis of microwave control devices, circuit engineering method for analyzing
the characteristics of radio devices. Results: Mathematical models of matching mixed quadripoles are obtained in the form of
relationships between the elements of their transmission matrix and the dependences of the resistances of their two-terminals
on frequency, which are optimal in terms of the criterion for providing specified forms of frequency characteristics. Conclusion:
a comparative analysis of the theoretical results (frequency response and phase response of amplifiers) obtained by mathematical
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modeling in the MathCad system and experimental results obtained by circuit simulation in the OrCad and MicroCap systems
shows their satisfactory agreement.

Keywords — parametrical synthesis matching by the mixed two-port networks; the set forms of frequency characteristics of
intensifying links.
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JleTepMUHMPOBaHHBIN XaoC M (paKTasbl
B AMCKPETHO-HEHHHeﬁHbIX cUcTemax

B MoHorpaduu paccMOTpeHbI SIBIEHHS [E€TEPMUHUPOBAHHOIO Xaoca M
$paKkTaIbHOCTH B JUCKPETHO-HETMHEHHBIX CHCTEMAaX Ha IIPUMepPe YCTPOHUCTB
UMITYJIbCHOH CHUJIOBOM 3JIeKTPOHUKH, IIpUBENEHBl HEKOTOpBble OCHOBHBIE
olpefiesieHUsI COBPeMEeHHON HeJIMHeWHOW JUHAMHUKH U HEKOTOpble MaTeMa-
THYeCKHe METOMBI LIeJIOYHCIEHHBIX U JPOGHBIX Mep.

[IpencraBieHHble SIBIEHHUS CTOXACTHYECKOW paboOThl MOTYT HabII0gATHCS
B IIMPOKOM KJIacCe CHUCTEM C IepeMeHHOHN CTPYKTYpOMH, elCTBHe KOTOPBIX
MO>XeT OBITh OMUCAHO cHcTeMaMH JUPepeHHANBHBIX YPaBHEHUH C Iepe-
MEeHHBIMU K03 PHUILIHMEHTAMH, CKAYKOOOPA3HO MEHSIOUIMMH CBOU 3HAYEHUS C T€YeHUEM BPEMEHH B 3a-
BHUCHUMOCTH OT COCTOSIHUS cucTeMbl. OObeKTaMU HCCIIENOBAHHUS SIBUJINCh HMIYJIbCHBIE CTA6UIN3ATOPBI
HAIPSDKEHHUsT Pas3IMYHBIX THIIOB U CTPYKTyp. Hay4HON HOBH3HOH sIBJIsieTCs TPUMeHeHHe Kak GppakTanb-
HBIX, TaK U My/IbTH(PAKTATBHBIX Mep HETEPMHHHUPOBAHHOIO Xa0ca K aHaIN3y CTOXaCTHYECKOH paboTel
HMITyJIbCHBIX CTaGHIIN3aTOPOB.

[na cneyuanucmos, unmepecylouwuxcs npobnremamu demepmuHupOS8aHHO20 XA0Ca, YUCTIEHHbIM MOJenuposa-
Huem JUCKkpemHo-HeUHEUHbIX CUCMEM.




