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YacTh — CMEIIAaHHBIM YeThIPEXMOII0CHUK»
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BoeHHBIN y4e6GHO-HayUHBIH LeHTPp BoeHHO-BO3MYIIHBIX CHJT «BOeHHO-BO3[yIIHAsK aKaleMHs»
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yn. Ctapeix Boneimesukos, 54a

Annomayua - O6ocHoBaHue. Hanuyue BO3MOKHOCTH aHAJIUTHYECKOTO OIpENETEHUS YaCTH [apaMeTpPOB pPasUYHBIX
PanroyCTPOMCTB, ONTHUMAIBHBIX 10 KPUTEPHUIO ObecredeH s 3aJaHHBIX 3HAYeHUH Moayiel U $pa3 mepenaTodyHbIX GpyHKLHI Ha
HeOOXOAMMOM KOJIMYECTBE YACTOT, 3HAYUTENBHO YMEHbIIAET BpPeMsl YUCIEHHOH ONTHMHU3ALUK OCTAIBHOW YacTH MapamMeTpoB
no kpurepuio popmuposanus Tpebyembix AYX u @YX B nonoce 4acToT. [0 HACTOSIETO BPEMEHH TaKWe 3a[a4Y peliajnuch B
OTHOILEHUH PaJUOyCTPONCTB TOJIBKO C OIHUM KacKaZloM THUIIa «HeJIMHEeHasl 4acTh — COTIACYIOLee yCTPOMCTBO» UJTH «COTIacylolee
YCTPOWCTBO - HeJIMHeHHas 4acTh». B KauecTBe COrJacylollero yCTPONCTBA HCIOJIb30BAJIUCh PeaKTHUBHBIE, PEe3UCTHBHBIE,
KOMIUIEKCHBIE /TN CMeLIaHHbIe YeThIPEXIOTIOCHUKHY. PellleHa TakXe 3afiaya MHOTOKaCKagHbIX PafiHOYCTPOMCTB C peaKTUBHBIMHU
4eThIPEXMOTIOCHUKAaMU. V3MeHeHHe 6a3uca [/Is1 COTIACYIOIIMX YeThIPEXMOTIOCHUKOB U MeCTa BK/IIOYEHHs HEeTMHEWHOM 4acTH
NPUBOAMT K U3MEeHeHHI0 obnactu puaudeckoil peasnusyemoctu. Llens. PazpaboTka alropuTMOB MapaMeTPUYECKOro CHHTE3a
PafuoyCTPOUCTB C IPOMU3BOJIBHBIM KOJTHYECTBOM O/IHAKOBBIX M HEO[JHHAKOBBIX KACKA/JOB TUIIA «HeJTHHEHHAsI 4aCTh — COTIACYIOLIMH
CMeLIaHHBIM YeTHIPEXMOIICHUK» [0 KPUTEPHI0 O6eclevyeHHUs] 3afaHHBIX YACTOTHBIX XapaKTepUCTHUK. HennHelHble YacTH
[IpefCTaBIeHbl B B HEJIMHEWHOTO 3JIEMEHTA U MapalyIe/IbHOW MM MOCJIeJOBATENBHON 110 TOKY M/IM HAIPSDKEHHIO 06paTHOM
cBsi3u. Metonbl. TeopHsi YeTHIPEXIONIOCHUKOB, MATpUYHasl anre6pa, METOA [EKOMIIO3ULIMU, METOM CHHTE3a YIpPAaBIIsIOLUX
ycrpoiicts CBY, 4rcieHHble METOABI ONTUMH3ALMH. Pe3ynbraTel. B HHTepecax JOCTHXEHHsI YKa3aHHOH Lenu cGOpMHUPOBAHEI
Y pellieHbl CUCTEMBI anrebpanyeckrx ypaBHeHHH. [1oy4eHbl MOJEN ONTUMAIBHBIX CMELIAHHBIX YE€ThIPEXIOIIOCHIUKOB B BULE
MaTeMaTHYeCKUX BbIPasKEHUH [JIst ONpe/ie/ieH s B3aUMOCBsI3el MeK/ly a/IeMeHTaMH UX KJIACCHYeCKOHM MaTPULbI IIepefayy U AJist
OTBICKAHHS 3aBUCUMOCTEH CONPOTHUBIEHUN [IBYXIIOJIOCHHUKOB OT YacTOTHI. [loKa3aHO, 4TO NMpH ONpefeleHHbIX COOTHOLIEHUSX
Me3Ky KOJTMYeCTBOM OAMHAKOBBIX KAaCKafOB U 3HAYEHHUSIMH CONPOTHBIEHUN UCTOYHUKA CUTHAIA U HATPY3KHU OJHOKACKaJHOTO
pPafiuoyCTPONCTBA YACTOTHBIE XapaKTEPUCTHKM OFHOKACKaJHOIO ¥ MHOIOKACKajHOTO pajUOyCTPOHCTB OKa3bIBAKTCS
WAEHTUYHBIMU MU MOJ06HBIMHU. Takue cxeMbl Ha3BaHbl 9KBUBAJIEHTHBIMU. VIcIIONb30BaHMe HEOJMHAKOBBIX KACKaf0B IPUBOAUT
K 3HAYMTEIIbHOMY YBeJIMYeHHI0 pabodel MOI0Ckl yacToT. 3akiaodyeHre. CpaBHUTENBHBIN aHAIN3 TEOPETHYECKHUX PE3yIbTaTOB
(AYX u ®YX paguoycTpOMCTB, 3HAYEHHUS] MAPAMETPOB), MOIYYEHHBIX MYTEM MATEMATHYECKOTO MOMETUPOBAHHUS B CHUCTEME
MathCad, 1 akcriepuMeHTaNbHBIX PE3Y/IbTATOB, JOCTUTHYTHIX IIyTEM CXeMOTEXHMYECKOTO MofiennpoBaHus B cuctemax OrCad u

MicroCap, TIOKa3bIBa€T UX YOOBJIETBOPUTEJIBHOE COBIIAlE€HUE.

Kniouesvle cnosa — r[apameTqueCKm‘/'I CHUHTE3 CMELIIaHHbIX YE€TBIPEXMOJIIOCHUKOB; 3aJaHHble YaCTOTHbIE XapaKTEPHUCTUKHU

MHOTOKacKa/iHbIX paluOyCTPONUCTB.

BBenenue

B paGote [1] mpemioXeHBl alrOpUTMBI Mapame-
TPUYIECKOTO CHHTE3a IIOCKO-CIoucThix cpen (IICC),
cofepsKalluxX 3afaHHOe KOJIHUYEeCTBO YIIPaBIsieMBbIX
U HEeYIpaB/IsieMbIX CIIOEB, N0 KpHUTepuio obecrede-
HUsl 3a[aHHOM aMIUTUTYLHO-(a30BOH MOAYISALUU
paccessHHOTO CHUTHala. YNpaBiseMble CIOH — 3TO
OBYMEpHO-TIepPUOANYECKHE peLIeTKH IPOBOASLINX
CTep>KHEW WJIY MOJIOCOK, B Pa3pbIBbl KOTOPBIX BKJIIO-
YeHbl HeJIMHEWHBble 3JIEMEHTHI, yIpaBiseMble HU3-
KOYaCTOTHBIM CUTHaJIOM. Heymnpasisiemble ciou
(HC) - 3TO OmHOpOOHBIE MUBIEKTPUUECKHE CIIOU
6e3 MoTepb WM OBYMEPHO-NIEPUOLUYECKHE PeELIeT-
KU CTepXXHeH WM IMOJI0OCOK. B obuiem ciaydae IICC
QYHKUMOHUPYET B CMELIAHHOM pEXUME — MPUCYT-
CTBYeT KaK OTpa’keHHasl, TaK U IPOXOAHAasl BOJIHA.

Ecnu onun u3 HC, pacnonoskeHHBbIN MOCIEHUM IO

valgol2595@gmail.com (lonoskos Anexcandp Apanacvesuu)

HanpaBJI€EHUIO na,ualomef/'l BOJIHbBI, BBIIIOJIHEH B BUMAE
nposopsmero skpaHa, To [ICC sBnsieTcss oTpakalo-
meit. B arom ciyyae [ICC mMokeT GBITh UCIIOIB30BAHA
B Ka4yeCTBe OCHOBBI [IJIsI TIOCTPOEHUS ePCIEKTUBHON
KypCo-riiuccanHon cucteMbl [2]. CyTb anroputmos
cocTouT B pOPMHUPOBAHUU CHUCTEM aNrebpandecKux
ypaBHEHHH, OTBEYAIIIUX TPEOGOBAHUAM K CHCTEM-
HBIM omepaTopaMm (Ko3$PUIMeHTaM OTpPaKeHHSA WU
nepefaTouYHbIM GYHKLUMSIM) B 3aaHHOM KOJTHUYECTBE
COCTOSIHUH, YIOBIETBOPSIOLUIUX 3alaHHBIM yYPOBHSIM
HM3KOYaCTOTHOIO CHUTHaia. Pe3ynpraToMm pemieHwus
9THUX ypaBHEHUH SBIISIETCS CHCTeMa B3aHMOCBsi3eld
MEXIY 3JIeMEHTaMHM KJIACCUYeCKOW MAaTpHULbI Mepe-
pa4yu HeKoTopblx HC, OTHeCeHHBIX K HeyIpaBsieMOH
yacTu. OcraBmascs yacte HC oTHeceHa Kk ympaBns-

eMmou yactu IICC. Cucrema B3aMOCBS3€H — 3TO UC-
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Puc. 1. CTpyKTypHble CXeMbl MHOI'OKACKaJHBIX PaJHOyCTPOUCTB
C mapajeNbHOM MO HampskKeHHIO (@) M IMOCTefOBATETBHON IO
TOKy (6) LIOC, BK/IIOYeHHBIMU MeX/y HCTOYHHKOM curHana u CH
Fig. 1. Structural diagrams of multi-stage radio devices with paral-
lel voltage (a) and serial current (b) digital signal processing sys-
tems connected between the signal source and the midrange

XOOHasd cucrema ypaBHeHI/II‘/’I [J1A OTBICKaHUA ITapamMe-
TpoB HC.

PazpabGoTanHble aITOPUTMBI MOTYT OBITH KCITIOJb-
30BaHbl MPAKTHYECKU B JIIOOOM OHANA30HE PALHO-
gacToT. OTIHYMe COCTOUT JINLIb B pealU3alnuu dje-
MEHTOB KJAacCH4YeCKOW wmaTpuubl mnepemaun HC.
B COOTBETCTBYWOLIMX AHANA30HAX YACTOT 3TO MOTYT
OBITH 3JIEMEHTHI TUOO C paclpefe/leHHBIMU MapaMe-
Tpamu [1; 2], 1160 ¢ cocpemoToOYeHHBIMU TapaMeTpa-
Mmu [3-7]. [Inst peanu3anuu reOMeTpUYECKUX pas3Me-
pOB HeylpaBseMBbIX U yrnpasiasieMblx pemeTok [ICC
[1; 2] Heo6x0QUMO TpUBIEYEHUE PE3YIBTATOB pelle-
HUsl 338249 OUPAKIUU 3TeKTPOMATHUTHBIX BOJH Ha
Pa3IUYHBIX IPOBOJSIINX Tenax [8].

Hau6osnee momHO MeTOR pelLleHHs 3afad mapame-
TPUYIECKOTO CHHTE3a PA3INIHBIX PASUOYCTPOMICTB (32
HCKJIIOYeHHEM MHOTOKACKALHBIX) C 0OOMMH THUIIAMU
3JIEMEHTOB U3JIOXKeH B paboTe [9].

B nauHO# pa6oTe nmpearaeTcs pacCMOTPETh 0CO-
GEHHOCTH 9THX AJITOPUTMOB C YI€TOM HAaJIHYMs Ka-
CKa[ OB THUIA «HeJnHelHas yacTb (HY) - cMemwanubii
YeThIPeXMOMIOCHUK (CY)».

DTu Kackanbl BKIIOYEHbI MEXKAY UCTOYHUKOM CHT-
Hajia C CONpPOTHBIEHHMEM Z; =TI, +jX, M Harpyskou
z, =r, +jx, (puc. 1, 2). [Ipy 3TOM y4UTHIBANOCH, YTO
HY coCTOUT 13 TPEXIOMIOCHOIO HEIMHEMHOIO 3Jie-
MeHTa (HD) u oxBaThIBamIed ero uemu o6paTHOU
cBsi3u (LLOC - mapasnienbHOU UITH MTOCIIeL0BATENbHON
10 TOKY HJIX HANPSIKEHHUIO).

OnTtumusanusi napameTpoB OBYXIOMIOCHUKOB, He
pxoasamux B KY, ocymecTsnsieTcss ¢ MOMOINBIO M3-
BECTHBIX YUCJIEHHBIX MeTo0B [10] mo kpurepuio obe-
criedeHus 3afaHHOUW paboded MOJIOCHI 4acToT. Bce
0603HavYeHUs HEOMMCAHHBIX BEJIMYMH B TaHHOM cTa-
The COOTBETCTBYIOT [IPUHSTHIM B [9].

Puc. 2. CTpyKTypHble CXeMbl MHOIOKACKaJHBIX PafHOyCTPOMCTB
C TOC/IeOBATENbHONU MO HANPSIKEHUIO (a) M MapajulesIbHOU 10
TOKY (6) LiensiMU 06paTHOM CBsI3H, BKITIOYE€HHBIMH MEK/IY HCTOYHH-
KoM curHana u CH

Fig. 2. Structural diagrams of multi-stage radio devices with serial
voltage (a) and parallel current (b) feedback circuits connected be-
tween the signal source and the midrange

AJ'IFOpI/ITM CHUHTE3a MHOTIOKaCKaJgHbIX paguo-
YCTPOI‘/JICTB C Y9€TOM Ha/IN49usd KaCKaJoB THIIA «PY -

HY» npusenen B pabore [11].

1. PGSYJII)TaTI)I napameTpuieCckKkoro
CHUHTE3a

3pmech B KayecTBe NMpHUMepa MPHUBOASITCS HEKOTO-
pble U3 pe].HeHI/II‘/’I, IMNOJTYYE€HHBIX OJIS1 TUIOBBIX CXEM
CY mpu MCHONb30BAHUM MapayyieIbHOM MO Hampsi-
KEHUI0 06paTHOU cBsi3u (puc. 1, a). Ecnu cuntesupy-
eTCsl paiuoyCTPONCTBO C OfMHAKOBBIMU KaCKafaMH
[11], a B kauecTBe CY MCMONB3YETCs MOCIENOBATEND-
HOe coefiHeHUe compoTuBnenndd R u X (puc. 3, a),
TO 3aBHCHUMOCTH ITHX COIPOTHUBIEHHU OT YaCTOTHI
OINpeNeNsIIoTCsl CIIeAYIIUM 06pa3oM (apryMeHTBI

OTIYILEHBI):
R:(l—dr—er)br—bx(dXJreX); (1)
b2 +b?
_(d, +e,~1)b, —b.(d, +e,)
b + b '

[IBa mapasuieNibHO COEIMHEHHBIX COTPOTUBIEHUS
R u X (puc.3,6):
2 2
c+c
R= — ; (2)
(1-d, —e)c,—c,(d, +e,)
2 2
r + CX

C

X = .
(d, +e,)c,—c,(d. +e.~1)

I'-06pasHoe coefrHEHHE IBYX COIPOTUBIIEHUN R U
X (puc. 3, 8):
Xd, —c,

=" 3)
d +e —1-Xb,
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Puc. 3. CunresupoBannsle CH
Fig. 3. Synthesized mixed quadrupole
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Puc. 4. Cunresuposanusie CY (mpoponkenue)
Fig. 4. Synthesized mixed quadripoles (continued)

~B, +4/B2 —4A,C
X = 2 2 22

24,

b

raoe

Ay=bd —bd;

By=d*+d*+de +de ~d —bc —bc;
C,=(d +e —1)c, —c.(d, +e,)

I'-06pa3Hoe COefMHEHUE [IBYX CONPOTHBIEHUN X

u R (puc. 4, a):
X(d, +e, )-c
R ALY L @
d. —Xb,
2
_ By *\B} —4A,C,
24, ’
roe

A, =(d, +e )b, —b, (d +e, —1);
2, 42

B, =d’ +d; +de +de ~d —bc —bc,;
Cy=cd. —c.d,.

O6parnoe T'-o6pa3Hoe coenuHeHHE ABYX COIPO-
tusneHudt R u X (puc. 4, 6):

:cr—X(dX—i-eX). )

Xb +1

2
=B, +B} —4AC,

24,

)

roe
Ay =(d, +e, —1)b,—b.(d, +e,);
B,=d +e,—1+bc, +bec,; C)=c,.
O6partHoe T-06pasHoe coeqUHEHHE [BYX COIMpPO-
tusneHud X u R (puc. 4, 8):

C
R=—— (6)
Xb, +1-d, —e,

B, +4/B2—4A,C
X = 2 2 22

24,

b

rme
Ay=-b; By=d +e, —1+bc, +bc,;
Cy,=(d, +e,)c, —c (d +e. —1).
T-06pasHoe COeUHEHHE TPEX COMPOTUBIEHUN
X131 Ry (puc. 5, a):

o 1o 1
| 0—.5—0 t—lL
a 6 8

Puc. 5. Cunresuposanusie CY (mpoponkeHue)
Fig. 5. Synthesized mixed quadripoles (continued)

B (d, +e, —1-X3b )R, +c, —Xqd, _

X, = (7)
1 bl
Ryb, + X3b,
2
o B +/B? —4A,C,
2 24, ’
roe

Ay =(d, +e —1)b, +b (d, +e,);
By =(b? +b*)X2 +[2b +be b e |Xs+
+1-d . —e. +b.c, +bc;

Cy=(bd +bd )X3+(d +bc ~bc)Xs—c,.
B (d, +e, —1-X3b )R, +c, — Xad, ‘

X = ®)
1 )
Ryb, +X3b,
—By B2 —4A,C,
Xy = ,
24,

rge
Ay =(b* +b*)Ry+bd +bd ;

By =d, +b.c, —b,c, +Ry(2b, +be, —b.e.);
Cq =[(d, +e, —1)b, +b,(d

+(b.c, +b,c, +1-d. —e, )R, —c,.

2
L Te IRy +

_ <dx + ler )XS —% . 9)
27 d ve —1-b (X, +X,)’
T r X1 3

B, ++/B2 —4A,C
X3= 3 3 3~3

24,

b

rge
Ay =bd ~bd —X,(b* +b%);
B; =[b,(2d, +e, —2)-b,(2d, +e )X, +
+d —d*—d*+bc, +bc ~de —de,;
Cy=(d +e ~1+bc, +bc )X, ~b X3+
+(d, +ey)c, —c (d +e. —1).
T-06pasHoe CcOeJUHEHHE TPeX COMNPOTUBIEHUN
XLZ u Ry (puc. 5, 0):
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Lk

Puc. 6. CHHTeBHpOBaHHbIe CcY (nponon)KeI—me)
Fig. 6. Synthesized mixed quadripoles (continued)

X, - Ryd +c, —X,(d, +e, +R3bx); 10)
Rsb, + X,b,
—B, /B2 -4A,C,
X, = ,
24,
roe
Ay =(b* +b*)Ry +(d +e b, +b (d +e);
B2 =d +e, —Rg(be,~be )+bc, —b.c,;
=(bd +bd, ) +(b,c, —d, +b,c )Rs —c,.
Ryd, +c, —X,(d, +e, +Rsb,)
=T XX ; (11)
Ryb, + Xyb,
—B, ++/B2 —4A,C
R3 _ 3 3 3¥3 ,
24,

rge
Ag=bd +bd,
By =(b? +b*) X2 +(be, ~be )X, —d +bc, +bc;
Cy=[(d +e,— b +b, (d +e X2+
+(d,+e, +b.c, —b,c)X,—c,.

(d, - X;b,)Rs +c,

d, +e, +Rgb, +X b,

2
o B + B —4A,C,
3

24,

b

rme

=bd +bd,;

XX
B, =d3 ~d +d*+
+12d, +e )b, —b (2d, +e )X, + X7 (b* +b%)+
+bec. +bc, +de +de;
Cy=(d, +e,—1)c, +c, (d, +e )+
+(b.c,—b,c, —d, -
T-o6pasHOe CcOeMHEHHWE TpeX CONPOTHUBIEHUN
X2)3 u R, (puc.5, 6):
. Xad, +X,y(d, +e, +Xgb,)—c,

2
e,)X,—b.XJ.

= ; (13)
b (X5 +X5)+1
2
B, ++/B2 —4A,C,
X2 = ,
24,

roe
Ay =(b* —b*)Xy +(d, +e, — b +b(d +e);
B, =(b* ~b*)X3 +[(2d_+e, ~2)b_+b (2d +e )Xq+
+d . +e —1-b.c, +bc;
Cy =(bd, +bd )X5+(d ~bc +bc)Xs+c,.

Xad, +X,(d, +e, +X3b)—c,

= 14
! b (Xy+X5)+1 ’ (14
—By +4/B2 —4A,C,
X3 = ,
24,
roe
Ay =bd +bd +(b* -b*)X3;
By =(b* ~b*)X2+d ~bc +bc +
+X,[(2d, +e, —2)b, +b.(2d, +e )l;
Cy=c, +[(d +e ~1b +b(d +e )IX2+
+(d,. +e, —l—brcr +b,.c )X,
d_+R;b,
X, = Xald R (15
d +e, +Ryb, + X3b,
B, +4/B2 —4A,C,
X3 = ,
24,
raoe
Ay =bd +bd +(b*+b*)R,
By =d, +b.c, ~bc, +de, ~de, +

+(2b, +b.e, —b,e, )R,
Cy=(d +e,—1)c, +c,(d, +e )—R2b, +
+(b.c, +b,c, —d. —e, +1)R,.

[T-o6pasHoe CoeUHEHUE TpPeX CONPOTUBIEHUM
X131 Ry (puc. 6, a):
(c, —=X3d )Ry — X4,

X, = ; (16)
(d. +e, —1+Ryb.) X5 +c,

' + B —4A,C,

2 24, ’
rage
A, =(b,d +bd )X3+(d, +bc, ~b.c)X5—c,;
By =(bc, +bc ~d +de +de )X5+
+(c e, —c,e, ) X3 +(c, +Xad, )2 +(c, —ngx)z;

=[(d, +e, 1, +c (d +e )IX2.
- (c, —=X3d, )Ry — Xqc, ; a7)

(d. +e, —1+R2br)X3 +c,
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~B, ++/B2 —4A.C
X3 3 3 3%¥3

24,

roe

Ay =(d*+d*>~d +bc, +bec, +de +de R, +
+(d +e,~1)c, +c (d +e )+R3(bd +bd )

B, =(d, +b.c, ~b.c,)R; -

- Ry[(2d, +e,)c, —c,(2d, +e,)];

Cy =Ry(c* +c*)-Ric,.

R, :(l—dr—er)X1X3—cX(X1+X3); 1)
(d,+X,b)X5 —c,
B, /B2 —4A,C
X3 _ 3 3 3¥3 ,
24,
rme
Ay=cd —cd ~be X3 +(d, +Xb)d +e )+
+drer+(d )(d ~X;b )b, ~bc 1X,
=(X;—¢ > +c2 —X*(d_+e +bc, +bec, )-
Xl[(Zd +ey)e, —c,(2d, +e,)l;
Cy =X, (2 +c2)-Xic,

[T-o6pasHoe CcoOeoUHEHUE TPEX COMPOTUBIEHUN
Xl’2 u Ry (puc. 6, 6):
(c, =Xyd, )Ry — X,yc,
(d,+e, +X,b )Ry +c, — X,

B, +,/B2 —4A,C
X2= 2 2 22

24,

X, = (19)

raoe

A, =(b.d, +bxdx)

B, =(d, +b.c,~b,c, +
—-d.e, )R2 +(ce, —c,e,)Rq;

Cy =Ry(c2 +c2)+R3[(d +e, —1)c, +c,(d, +e,)l.

—c, +Rg(b.c, —d +b,c,);

+d.e,

X = (Cr _X2dx)R3 —X5¢, . (20)
1~ )
(d, +e, +Xyb )Ry +¢, — X,

2
o B + B —4A,C,
3

24,

b

Az =(d, +bc,—b.c, +de —de)X,+
+(bd. +b,d, )X2+c (d.+e. ~1)+c (d, +e,);
B; = X,(c,e, —cxer)+cr2 +cX +X2 (b.c, —d. +b,c,);
C3=—X§cr.

[c, —X,(d, +e, )Ry — X;c,

27 (d +Xb )Ry +c, — X,

; (21)

2
~B, +4/B2 —4A,C,
RS

24,

rme

Ay=c,d +cd +X3(d +e ~1b, +b (d +e )~
- X,(d,~b,c,+bc, +de —de,);
By =X

- X,(2c, +c,e,

%(brcr +boc, +1-d, —er)+cr2 +c)2( -
-c.e.);
2

Cy =—-Xjc,

[1-o6pasHoe coelHEHHEe TPeX COMPOTHUBIEHHH R,
u X2,3 (puc. 6, 6):

(c, + Xsdr )X, + X5c,
1 ¢, —X5(d, +e, +Xyb,) ’

B, +,/B2 —4A,C
X2= 2 2 22

24,

(22)

roe
A, =(bd ~bd )X3
B, =(b.c, +b,c, +d, —d.e,

+(d, +b,c, +b,c, ) X3 +c,;
2
—-de )X5 +
+(2c, +c.e, —c e, )Xq—(c, + X3d, )2 —(c, = X3d, )2;
Cy = X3[(d, +e )c, —c (d +e —1]-Xy(c* +c?).
R, - (c, +X3d, )X, + Xqc, ; 23)
- Xs(d, +e, +Xyb,)

2
o BB 4G
3~ )
24,

rge
Ay=c(d +e)—c (d +e ~1)-X3(bd ~bd )~
+d*—~d ~bc ~bec, +de +de )

r

2
_XZ(dr
By =X,[2—e —2d )c, +c,(2d +e )]-c? —c%+
+X2(d +b.c, +bc);

Cy = chx —Xz(cf +cf).
X, - [c, —X5(d, +e, )R, — Xsc, ; 24)
(d, +Ryb.) X5 +c,

2
~B, +|B% —4A,C,

24,

X3 =

b

roe

Ag =[(d, +R;b,)(d, +e, —1)+
+b.c, +b.c IR +c.d +cd;
Cx bxcr)_
¢ (2d, +e, )l

Cq :R1(cr2 +cf)—Rlzcr.

(d, +Rb,)d, +e,)+

Bg—Rz(d +e, +b.c
—-R(2d, +e)c, -



TonoekoB A.A. [TapaMeTpU4ecKHUi CUHTE3 Pa3TUYHbBIX PAAUOYCTPOUCTB C 3aAaHHBIM KOJMYECTBOM KaCKAJIOB ...
52 Golovkov A.A. Parametrical synthesis of various radio devices with the set quantity of identical cascades ...

Ecnu cuHTe3upyeTcss pafgHOyCTPOHCTBO C He-
OIMHAKOBBIMU Kackamamu [11], a B kauectBe CY wc-
MONIb3yeTCsl MOCIeA0BaTebHOe COeJUHEHHEe COMpO-
tuBnenudd R u X (puc. 3, a), TO 3aBUCUMOCTH 3THUX
COIPOTHUBIIEHUH OT YaCTOTBHI OMPENESIOTCS Ceny-
OIIMM 06pasom:

Cgb, +bD, . Cyb

b? +b?

x_erc

(25)
b? +b?

roe
Cd =64 _dr +dlr; D, =c, ¢y, _dx +d1x‘

HBa napanjaenbHO CO€AHWHEHHBIX COMPOTUBIIEHUSA
R u X (puc.3,6):

2 2 2 2
_ Cor +Cox - X = Cor T Cox

R= ; X = .
CdCZr + C2XD DCCZr - C2xcd

(26)

C

[-06pa3Hoe coequHEHME BYX COIPOTUBIEHUH R 1

X (puc. 3, 8):
[n2
_Cor—Xdyy BBy —44G 27)
Xb, -C; ’ 24, ’
roe

By = dlrcd +dlch _brCZr _bXCZX;
Ay = brdlx _bxdlr; C2 = CdCZX —¢o D

[-06pasHoe coeqUHEHUE IBYX COMPOTUBIEHUH X

—B, ++/B2 —4A,C
X = 2 2 22 (28)

24,

c*

u R (puc. 4, a):

R= XDC_CZr .
d,, — Xb,

roe
B, = brCZr +bx62x _Cddlr _Dcdlx;
A2 :bXCd -b D ;

rco Cy = C2rdlx _CZXdlr'

O6parnoe I'-o6pa3Hoe coefwHEHHE OBYX COIPO-
tusieHud R u X (puc. 4, 6):

2
R XD B +,/B3 —4A,C, .
d_+Xb, 24,
roe

B, =—(b,c,, +b,c,, +Cyd. +D.d );
A2 :erc _bxcd; CZ = CQrdx _CZXd

O6partHoe T-06pasHoe coeqUHEHHE [BYX COIpPO-

re

tusneHudl X u R (puc. 4, @):

2
R CrtXd By +|BZ -4A,C,

’ ) (30)
Xb, ~C, 24,

roe
B, =b.c, +b,c, +Cyd +D.d ;
A,=bd ~-bd; C,=c,D

X7ro

c_CZXCd‘
T-06pasHoe coeqUMHEHHE Tpex CONMPOTUBIEHUMH

X1,3 u R, (puc. 5, a):

_ RyCytey —Xgld, +Ryb,)

; 31
! Ryb, —d +Xab, 81
—B, ++/B2 —4A,C,
R, = ,
24,
roe
B2 = brCZr +bx62x +(Clr -G _dlr )dr -
—d (c,—cp +dy)+(d, —b X3 +(d +b X5)* +
+ XB[(Clr —C >bx +br(cx _Clx)];
Ay = ber +bXDC;
Cy =(b.d,, +bd; X3+
+ (brCZX _beZr +drdlx _dxdlr)XS _CZrdr _CZde'
_ R2Cd +Cor — XS (dlx + RZbX) . (32)
! Ryb, —d +X3b, ’
—By /B2 —4A,C,
X3 = R
2A,
roe
By =lcqy = Rylcqy —c, +2d,)Ib, -
- bx[CZr _R2 (Clr —¢ +2dr )l +drdlx _dxdlr;
Ay =Ry (b? +b?)+b d,, +bd; ;
CS = [CO _(dx _Rbe )Dc ]RZ _(CZrdr +62xdx);
Cy =(b,cy, +b cy, +(d. —Ryb)C,.
X.d, —X,(d X.b
2=CZr+ 19, — X3 (dy, + lr); (33)

(X, +X3)b, —C,

~B, ++/B2 —4A,C
X3= 3 3 3%¥3

24,

rge

As =X (b* +b*)+b.d, b d, ;

By = X, l(c, —cy, )b, b, (c, — ¢y, )~
~2b,d, ~bd )~b.c, —b.cy +

r = Cp —dp)dy —dyy(egy —c +d I+
+(dy, +b. X)) +(d;, —b X

Cq =Cylcy, —X;d,) =X (b.cy, +b,cy ) -

+(c, — ¢y,

- X2(bd, ~b.d,)+(cy, +X,d,)D,.
T-o6pasHoe CcOeMHEHHE TpeX COMNPOTHUBIEHUN
X1,2 u Ry (puc. 5, 0):
_ Cor tRydy, X, (D +R3by)

1~ b d b ) (34')
R3 X X+X2 r
2
X = —32 i«,Bz —4A2C2
2= s
2A2
roe

A, =Ry (b* +b*)+D_b, +b.Cy;
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B, =(c, —¢y, +dy )d. —d, (c, —c;, +d;, )+
+b.cy, —b,cy —Rsllc, —cy, )b, —b, (c, —c;,)];
C, =(b.d;, +b.d; )RS +

+(b,cy, +b,cy, —d.d;, —d d, )Ry —Cy.d. —cy.d, .

Gy +R3dlr - X, (D, +R3bx) . 35)
1~ )
Rgb, —d +X,b,

2
o B + B —4A,C,
, =

24,

raoe

Ay =bd, +bd, ;

By = (b% +b*)X3 +[(cy, —c )b, +b,(c, —c; )X, +
+bcy ~bc, —dd, —dd
Cy =(Cgb, +b, D)X +(c, ¢y, +dy,)d, ~
—d. (c

X r

1%
O T dlr)+ brCZX _beZr]XZ _CZrdr _CZde'
(dx _R3bx )Xl *Cor +R3dlr

X, = ; (36)
D, +Rsb, + X,b,

2
o B + B2 —4A,C,
=

24,

b

roe
Ag=bd, +bd,,;
By =(c, —¢;, —d.)d;, —d; (¢, —c, +d, )+
+b,cy, +bocy +(d; +b X7 +(dy, —b X))+
+ X;lle, —cq )b, —by(c, —cy,)];

~(bd_+b.d )X?+

“1r +dlr>_dr(c ~C1x +dlx)+

C3 = CdCZr +C2XD
+[d, (c

x\'r T

c r

X
+ brCZX _beZr]Xl'
T-o6pasHoe COeNHWHEHHME TpeX COMPOTUBIIEHUH
X2,3 u R, (puc.5, e):
ch_X3dlx _XZ(DC+X3br) . (37)
(X, +X5)b, +d, ’

B, +,/B2 —4A,C
X2= 2 2 22

24,

R =

raoe

A, =Cyb, —b D, —X5(b* +b%);

B, =(d, —Xsb,)(c, —c;, +d; )+

+(d, + X3b,)(c, — ¢y, +d;,)+b.cy, +b,cy —

~ Xa(bdy, ~bd;)~(d +b X3)* ~(d ~b X5);

Cy =(bd;, ~b,d; VX2 +(b.c, +b.cy +

+d.d, +d d,)Xs—cyd, +cy .

¢y —Xgdy, — X5 (D, + X3b,) ; 38)
(Xy +X3)b, +d,

R, =

~B, ++/B2 —4A.C
X3: 3 3 3“3

24,

rage

By =b.c, +bcy +dd; +dd; —(b* +b*)X5 +

+[2b,d, ~b,d )+b (c, —c; +2d, )~

—b,(c, —cy, +2d;)]1X,;

Cq =[Cy +(d, = Xyb,)(c, —c, +d; )X, +

+(bd, ~bd )X%—cyd +c, d;

Ay =bd, ~bd, —X,(b>+b%);

Co=b.cy, +b.cy —d*—d* +

+(d, + Xyb, )(c, —cq, +dy,).

¢y, —Ryd, —X5(d;, +Rb,) ; )
D, +R;b, + X3b,

—B, +4/B2 —4A,C
X3 3 3 3~3

24,

Xy =

roe
Ag =R (b* +b*)+bd, +b d, ;
By =(d;, +R;b,)(c;, —c, +d,)—Ry(b.d, —b.d. )+
+ brc2x _bxc2r _(dlr +Rlbr )(Clx —Cx +dx);
C3 = Rl (brCZr +bxc2x)+(62r _R1dr )Cd +
+(cy, —Ryd,)D, —(b,d, +b d )R?.

[1-o6pa3Hoe COeqUHEHHWE TPEeX COIPOTUBIEHUN
X 3 ¥ R, (puc. 6, a):

_ (o +Rydy ) X3 —Rycy,
' Ryd, —cy —(Cy+Ryb X5

2
o B + B —4A,C,

2 =
24,

(40)

rge

Ay =(bcy ~bc, +dd —dd )X~
—cyd, —cy d +(bdy, +bd; )X3;

By =(cy, + X3dy, ) +(cy, — Xody )* +

+ Xsl(c, —¢1, )y, —Cy (e, —cy )+ Xalb.cy +bcy +
—d )dy, —dy, (ey, —c, +d,)];

Cy =(cy,Cy +y,D,)X3.

+ (Cr —Cqr

_ egy +Rydy ) X5 —Rycy,
1~ 5
Ryd, —c,y, —(Cy+Ryb,) X4

~B, ++/B2 —4A,C
X 3 3 3%¥3

3 =
24,

b

rme

Ag =(cy, +Ryd;, )D, +Cy(cy, +Rydy, )+
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+Ry(b.c, +bc, )+(bd, +bd )R:;
By =R:(b.c, —boc, +dd, —dd )+
+Ry[2(cy,dy, —cy,dyy )+
+0y, (¢, —cq,.) =y (e, =)
Cy = (c%r + ch )R, —R%(CZrdr +cy,d).
0 (X + X3)+ X X5Cy
2o, +X,d, - X5(d; + Xb,)’

B, /B2 —4A,C
X3 3 3 3¥3

24,

b

roe
A3 = [(dlx + ler >Dc +(d1r - lex >Cd -
- bxc2x - brCZr]Xl + CZxdlr - CZrdlx;
By =(cy, + X;d,)? +(cy, — Xyd, ) +
+ [BO +(C2X - der )(Cr —Cq t dlr )—
- <CZr + dex)(cx ~C1x +d1x>]X1 -
2
- Xl (brCZr + bXCZX );
By = coydyy —Copdyys
C3 = (C2rdx - CZxdr )X‘% + (Cgr + C%x )Xl'
[1-o6pa3Hoe COeNMHEHHWE TpeX COMPOTHBIEHUN
X, ¥ Ry (puc. 6, 6):
_ (g, = Xody, )Ry =~ X5¢9,
1 (D, + X, )Ry +¢,y — Xod,

B, +,/B2 —4A,C
X2 2 2 22

24,

(43)

roe

A2 = (brCZr +bxc2x _drdlr _dxdlx )RS -

—cyd —cy d +(bdy +b.d RE;

B2 = R3 [<Cx ~C1x )C2r - C2x(cr - Clr)] +

+R3[b.cy, —b cy +(cy, —c, +d )d;, —

—-d;, (c;, —c, +d )]

Cy =(cy,Cy+¢y D.)RS +(c5. +c5 )Ry

_ (g, = Xody, )Ry = XoCp,

(D, + X,b )Ry ¢y — Xod

2
P + B2 —4A,C,
3

24,

)

roe
d )+

A3 = (CZX + XZdlr)(Cx “Cx Ty
+ (CZr - XZdlx )(Clr -6+ dr )+
+ Xy (b.cy, ~bc, )+ X2(b,dy +b.d; )+

+ CZrdlr +62xd1x;

2 2 2
B3 = XZ (brCZr +bx02x _drd‘lr _dxdlx)+62r TCx~

- X [CZX (Cr _Clr>_c2r(cx ~Cx )
2
Cq =—X;5(cy,d, +cy,d, ).
(cg, = X1 D )R = X6,
Cay * Rydy, = X;(d, ~Rsb,)’

2
o B +|BZ —4A,C,
3

24,

2:

b

roe
Ag =[b.cy, —b,c,, —(d;, — X b, )D, +
+(dy, +X;b,)Cy1X; + ¢y, d;, + ¢y d
By =X, l(c

1x;
r _Zdr )CZX _CZr(Cx TCOx _2d1x)]+
+ c%r +c§X + X12<brc2r +b,c, —Cyd. —d D,);
C3 = _<C2rdr + CZxdx )X12 .

[T-o6pasHoe coeNMHEHNWE TPEX COMPOTUBIECHUH
X2,3 u R, (puc. 6, 6):

B o ( Xy + X3)+ X, Xad,,
1 ¢y, +Xod, (D, +X,b)X5

B, +,/B2 —4A,C
. =2 2 )

, =
24,

(46)

rme
A, =(b,d ~bd )X5—(bcy +bc, +
+d.d, +dd), ) X5 +cyd, —cy d;
By = ByXs +(cy, — Xady ) +(cy, + Xady )? —
- Xg (b.cy, +b,cy.);
By =(cy, = Xgdy )ley, —¢, +d, )=
—(cyy + Xqdy, )cy, —c, +d,)+cyd, —cy d,;
C,y =(cy,Cy —czrDc)X§ +(c§r +c§x)X3.
_ (X + X5)+ Xy Xad,y,
1 ¢y, +Xod, ~(D, +X,b)X5

~B, ++/B2 —4A,C
X, =3 3 3L3

3~ P
2A3
roe
A3 = (X2d1x _CZr)(CX ~Cix _dx>_

— (e, + Xpdy, ey, —c, +d,)+

+ Xa3(bdy ~bd, )—cyd; +eydy +

+ X2<d12r +d12x —bcy, —bycy,);

By =c5 +c3 —X5(bcy +bc, +d.dy +d.d )+
+ Xyley, (Cy—d +d;,)—c, (D, —d, +d )];

2.,,2 .2
Cy =(cg,dy =9, d, ) X5 +(c5, + 5, )X,
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a 6

Puc. 7. [IpuHuMnuanpHasi cxeMa OfHOKACKA[HOTO ycunurens (a),
COOTBETCTBYIOLIAsl CTPYKTYPHOM cxeMe (puc. 1, a), IpH Hampsike-
Huu U =348 B, AUX u ®UX (6), uccnenyemsie B cucreme MicroCap
Fig. 7. Schematic diagram of a single-stage amplifier (a), cor-
responding to the structural diagram (Fig. 1, a), at a voltage of
U = 34,8 V, frequency response and phase response (b), studied in
the MicroCap system

_ Cy Ry —X5(cp +RD,)
2 (dy, +Rib) X3 +cy, —Ryd, ’

2
~B, +4/B2 —4A,C,
R, =

24,

b

Ag =(b.cy, +bycy, + Ag)Ry + o dy +09,dy
Ay =(d;, +Rb,)C; +(d;, +R;b, )D_;

X?

o

_ 2 .
3 = (Coxddyy =gy + Bo)Ry + Ry (bcy, —bycy,);
BO = (CZX _Rldx)(cr —Cqr +d‘1r)_
- (CZr _Rldr)(cx Ot dlx );
Cy=R,(c2 +c2 )-R*(cyd +c,d)

3 7 M\ 2r 2x 1\ 2r-r 2x :

OnTuMu3anus napaMeTpoB ABYXIIOTIOCHUKOB, CBO-
6opHBIX OT orpanuyeHuit Tuna (1)-(44) (to ectp Ha-
XOMSIIIUXCSI B MPAaBOM YACTH MOJYYEHHBIX B OJAHHOU

cTaTbe BbIpaske€HUH), MPOU3BOLUTCS C MOMOIIBIO U3-
BECTHBIX YUCJIEHHBIX MeTO0B [10].

2. MareMaTH4eCKO€E M CXEMOTEXHHUYIECKOE
MOJE/JIUPOBaAHHUE

Ha puc. 7-13 pns npumMepa mokasaHbl MPUHLIUIIU-
aZbHble M 3KBHUBAJIEHTHBIE CXeMBbl OJJHOKACKaJHOI'O
U JIByXKacCKagHOTO YCUIHTeNed C ONMHAKOBBIMHM U
HEOJMHAKOBBIMM KacKafaMHM, COOTBETCTBYIOLINE HC-
CllefyeMOU CTPYKTYPHOM CXeMe C MapasuleNIbHOU M0
HaInpsDKeHHUIo CBS3BIO, IpeicTaBlIeHHON Ha puc. 1, a,
a TaKXXe HUX TeOpeTH4YeCKHe U IKCIIepUMEeHTaJIbHbIe
XapaKTepUCTHUKHU. lcrmonp3oBaH TpPaH3UCTOP THIA
BFQ17PH (puc. 7, a, 8, 11). Cxema HY BbITIONHEHA
B BUJEe Napaj/uleJIbHO COeNMHEHHBIX TPaH3UCTOpa U
LIOC (IT-06pa3HOr0 COENWHEHUS] TPEX JIEMEHTOB

L1000

Puc. 8. IlpuHuMNUATIbHAs CXeMa [ABYXKACKA[AHOTO YCHIMUTENs C
OIMHAKOBBIMH KaCKaJaMH, COOTBETCTBYIOILAsi CTPYKTypPHOM CxeMe
(puc. 1, a), yacTOTHBIE XAPAKTEPUCTUKH (pUC. 7, 6) KOTOPOTO U/IEH-
THYHBI COOTBETCTBYIOLIMM XapakTepPUCTHUKaM (puc. 7, 6) OgHOKa-
CKaJHOTO yCHIuTens (puc. 5, a)

Fig. 8. Schematic diagram of a two-stage amplifier with identi-
cal stages, corresponding to the structural diagram (Fig. 1, a),
the frequency characteristics (Fig. 7, b) of which are identical to
the corresponding characteristics (Fig. 7, b) of a single-stage ampli-
fier (Fig. 5, a)

Csg, Rigs» Ryqo) Ha omHOKackanHoOM cxeme (puc. 7, a)
u Crg, Rypss Rypgs Cgpr Rygz, Rypy HA ABYXKACKan-
HOM cxeMe (puc. 8). Harpyska u conpoTHBIeHHE HC-
TOYHMKA CHT'HAJIa BBITNIOJIHEHBI Ha 37IeMeHTaX Ry, H
R;y; cootsercTBenHO. Cxembl CY cobpaHbl B BUMe
[-06pa3HBIX YETBIPEXMONIOCHUKOB Ha 3Je€MEHTax
Ri19, Ly (puc.7), Ryy9, Ly, Ryyy, L, (puc.8), mapa-
MeTpPBI KOTOPBIX ONpeesuIuch o ¢opmynam (3).

DKBHUBaJeHTHasi CXeMa HEJIHHENHOro 3JeMeHTa
BBINIOJIHEHA B BUMe IepeKphIToro T-o6pasHoro de-
THIPEXMOMIOCHUKA Ha anemMeHTax Ry, Cy, Ry3, Ly,
Ri1s Lg, Ry, Ls (puc.9).[lapameTpbl 3KBUBaNEHTHOM
cxeMbl HD BBIOpaHbI U3 YCIIOBUS COBIALEHUS BBIXO/I-
Horo conpotuBineHuss HY ¢ BEIXOAHBIM CONpPOTHBIIE-
HueM HY c ucnonp3oBaHueM peaJbHOTO TPaH3UCTO-
pa [4]. Cxema HY peanusoBaHa B BHAE MapayieibHO
COeIMHEHHBIX 3KBUBAJIIEHTHOU CXeMbl HEJIMHEHHOIO
aJIeMeHTa U Lenu ob6paTHOU cBsidu u3 [1-o6pas3Horo
coefivHeHUs Tpex 3neMeHTOB Cg, Ryg, Ryy. Ilapame-
tpbel HOC 3apansl npoussonsHo. Cxema CYH cobpana
Ha 0CHOBe [-06pa3HOro CoeqUHEHHUs ABYX 3JIEMEHTOB
Ry, Ljp- HacToTHbIe XapaKTEPUCTUKHU MPUHIMIIU-
AJIbHBIX CXeM, [IOKa3aHHBIE HA pHUC. 7, 6 (compoTuBIe-
HUsI UCTOYHHKA CUT'HaJA U Harpy3ku pasHbl 100 Om)
U 8 (COMPOTHUBIIEHHUST HCTOYHHUKA CUTHAIA U HATPY3KH
paBHbl 50 OM), UOEHTUYIHBI. DTO COOTBETCTBYET BbI-
BOZaM, C/IeJIaHHBIM Ha OCHOBe aHaIM3a IMOJIy4eHHBIX
panee [3] BeIpaXeHUH MJIs TepefaTOYHBIX QYHKLIMH
HCcCIlelyeMbIX MHOT'OKAaCKaJHBIX CTPYKTYPHBIX CXeM
(puc. 1, a).

TakuMm obpasom, npu ucrnonb3opanuu CY Takske
HAGJI0[JA€TCsI HOBOE sIBJIEHHE, COCTOSIIIEE B TOM, YTO
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Puc. 9. DkBUBaJeHTHAasI CXeMa O[IHOKACKa[HOT0 yCHIUTeNs1 (PUC. 5, a), COOTBETCTBYIOIIAs CTPYKTYpPHOM cxeMe (pHc. 1, a), uccnenyemast B

cucreme OrCad

Fig. 9. Equivalent circuit of a single-stage amplifier (Fig. 5, a), corresponding to the structural circuit (Fig. 1, a), studied in the OrCad

system
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Puc. 10. YacrorHble xapakTepucTuku (AYX u ®YX) skBUBaneHTHOU cxeMbl (puc. 9), monydeHublie B cucreme MathCad (a) u OrCad (6)
Fig. 10. Frequency characteristics (frequency response and phase response) of the equivalent circuit (Fig. 9), obtained in the MathCad (a)

and OrCad (b) systems

[pPU OMNpefe/eHHBIX COOTHOLIEHUSIX MEXIY KOJIH-
YeCTBOM KaCKaJOB U 3HAYEHUSAMHU COTPOTHBIEHUM
HUCTOYHMKA CUTHANA U HATPY3KU OJHOKACKAJHOTO
pPagUOyCTPOUCTBA YACTOTHBIE XAPAKTEPUCTHUKU Of-
HOKACKaJHOTO U MHOTOKACKaJHOTO PafiMOyCTPOUCTB
OKa3bIBAIOTCA HAEHTHYHBIMU WK MOROOHBIMU [3].
Takue cxeMbl HA3BaHbl SKBUBAJIEHTHBIMU.

AHanus TakKe MOKa3bIBAET, YTO SKCIIEPUMEHTAIb-
Hble (pHC. 7, 6) YaCTOTHBIE XapaKTEPUCTHUKH TMPHH-
UMHUATBHON CXeMbl ycunutens (puc. 7, a, 8) ymos-
JIETBOPUTEIPHO COBNALAIT C XapaKTepPUCTHKAMHU
SKBUBAJIEHTHOMN CXeMBbI (PUC. 9) YCUNTUTEISI, IOTyYeH-
HBIMU pacyeTHbIM myTeM (puc. 10, a) U sKciepUMeH-
TanbHO (puc. 10, 6).
f=

~ 950 MT'u (puc. 10, a u 6) HE3HAYUTETBHO OTIMYA-

CpenHsisi 4YacTOTa SKBHUBAJEHTHOM CXeMBI

€TCsl OT CpefHEeH YacTOThI IMPUHLHUITHAIBHON CXEMBI
f ~950,2 MTIu (puc. 7, 6).

3HaveHUsT MOAyJel MepenaTodyHON QYHKIHH
NPUHIUNNAIBHON U 9KBUBAJIEHTHOMN CXeM YCUITUTE S
paBHbl m =100. Conpotusnenus PY, HOC, narpys-
KU U UCTOYHMKA CUTHAIA IPUHUUIHAIBHBIX U 9KBH-
BaJIeHTHBIX cxeM ADPM moJaHOCTRIO COBIAAAIOT.

[Tpu McroNMb30BAHUY HEOLMHAKOBBIX KACKaI0B BO3-
HUKaeT BO3MOXHOCTb 3HAYUTEIbHO YBEJIUIUTD pabo-
4ylo MMOJIOCYy YyacToT. Hampumep, Asisi [ByXKackKagHOU
cxembl (puc. 11) mpousBeneHue KoapPuureHTa yCH-
JIEHUS Ha IMOJIOCY YacTOT cocTapisieT npumMepHo 2100
(puc. 12). DTo mouTH B 7 pas 6osblle, YeM IPOU3BE-
neHue KodpduIMeHTa YCUIEHHsT Ha I0JIOCY YacTOT
OJJHOKACKaJHOTO YCHUJIMTENsI WIN [BYXKacKagHOro
YCHJIUTEJIS C OMHAKOBBIMU KacKkagamu (puc. 7, 6).

OcHOBHBIe IOKa3aTeNN (CpemHsis 4YacToTa, Ioyoca
gyactoT, Koadpdunuent ycunenus, ¢opma AYX, 3Ha-

YeHUSs TMapaMeTpoOB) MPUHIUNIHAIBHOM (puc. 11, 13, a)
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Puc. 11. HpI/IHHI/IHI/IaHLHaH CcXeéMa [ByXKaCKaJgHOI'o yCHIMUTEeJIA C HEONMHAKOBbBIMHU KacKaJaMH, COOTBETCTBYIOIIAA CprKTypHOI‘;I cxeme
(puc. 1, a), 4acTOTHBIE XapPAKTEPUCTUKH KOTOPOTO Mony4eHsl B cucteMe MicroCap u uso6paxeHsl Ha puc. 13, a

Fig. 11. Schematic diagram of a two-stage amplifier with unequal stages, corresponding to the structural diagram (Fig. 1, a), the frequency
characteristics of which were obtained in the MicroCap system and are shown in Fig. 13, a

[
e,
5 20.0n Vs 08
o 28003530 R1D GL11 -167.808424 28  R25
+ Sty ey e Sl T e _|
45 20732 215T2T2n R C11 11
Rt3
o7 414085 Ls ; R18
= Ci12 9.4dn 4
4ER485p ‘{I 50)
|
SEp B P ]
I} ’W\.-—q
H'-:'WI'-‘- 1000 .
[ ]
— e
12 20.0n i ToE
o 28.00383n  R2T GL14 -167.808421 32p R2S
AT T Y T A
45.20732 2.15TZTZn  REE crz| =
R
% o7 414085 L'f“g
= Cu14 .En L
1.4554880 ‘{I
il
18 C15 1200 Ra3
I} ’W\.-—q
R34 ypp 1000 |

Puc. 12. DKBUBaJeHTHAs CXeMa IBYXKAaCKaJHOI'O YCHUIIUTENSA ¢ HEOMMHAKOBBIMM Kackajamu (puc. 11), cooTBeTCTByIOLIAs CTPYKTYPHOM
cxeMme (puc. 1, a), uccnenyemas B cucteme OrCad

Fig. 12. Equivalent circuit of a two-stage amplifier with unequal stages (Fig. 11), corresponding to the structural circuit (Fig. 1, a), studied
in the OrCad system

U 9KBUBaJIeHTHOM (puc. 12, 13, 6 u 6) cxem ycunurens  (puc. 13, 6) u akcnepumenTanbHo (puc. 13, 6), coBmna-
C HEOLMHAKOBBIMHM KaCKaJaMH COBMAfalOT YAOBJIET- [AIOT IIOJIHOCTHIO.

BopurenbHo. @opmbr DYUX 3TUX CXeM OTIMYAIOTCS, B pabore [12] mokasaHo, YTO pe3ynIbTATBl CXEMO-
9YTO FOBOPHUT O HELOCTATOYHOM COBMAJEHUU SKBHUBA- TEXHUYECKOI'O MOMETHPOBAHHUS YIOBIETBOPUTENBHO
JIEHTHOM ¥ IPUHLUITHATBHOM cXxeM. XapaKTEPUCTUKH  COBMAJAIOT C PE3YIbTATAMM 9KCIEPUMEHTATBHBIX UC-
OKBUBAJIEHTHBIX CXEM, TOJy4eHHblE TEOPETHYECKU CJIENOBAHUN GpU3UYECKUX MAKETOB PALUOYCTPOUCTB.
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Puc. 13. YacrorHble xapakrepucTuku (AYX u ®UX) npuHunnuanbHoi cxemsl (puc. 11), nonydeHusle B cuctemMe MicroCap (a), u xapakTe-
puctuku (AUX u ®UX) skBuBaneHTHOM cxeMbl (puc. 12), monyuennsie B cucreme MathCad (6) u OrCad (s)

Fig. 13. Frequency characteristics (frequency response and phase response) of the basic circuit (Fig. 11), obtained in the MicroCap sys-
tem (a), and characteristics (frequency response and phase response) of the equivalent circuit (Fig. 12), obtained in the MathCad system

(b)

and OrCad (c)

NPOUCXOASAIINX B MpPeAbIAyIIeM U IOoCIeAylollemM
OUHAMUYEeCKUX 3BEeHbSIX CHCTEM aBTOMATHYeCKOI'o

3ak/o4yeHue

Takum 06pa30M, INOJIy4Y€HHbIE€ MaTeéMaTHU4YeCKHUe
perynupoBaHHA. Hcnonp3oBaHre MaTeMaTHYECKHUX

mopnenu CY tuna (1)-(24) MoryT 6BITH HCMIOIB30BAHBI
o1 TE€eXHUYEeCKOro HpoeKTI/IpOBaHHH yCI/IHI/ITeTIeI‘/'I C
OQWHAaKOBbIMHU KackagamMu tTuna «HY - CY». Boamok-
HOCTb M3MEHEHHS BEJIMYMHBI 3KBUBAJIEHTHOTO CO-
NIPOTHBJIEHUS UCTOYHHKA CUTHAJIA U HAaT'Py3KHU IyTeM
BKJIIOUEHUSI TPOH3BOJIBHOI'O KOJIMYeCTBA KacKaioB
tuna «HY - CY» 3HayuTenbHO ymnpollaeT pelleHHe
MHOTHX 3aa4y pafno3/ieKTpoHuku [13], mampumep
3ama4y obecreveHUs] OLHOHANPABIEHHOCTH PaCIpO-
CTpaHeHMUs CHTHajla U He3aBUCUMOCTH IIPOLIECCOB,

moperneln (25)-(48) mns cuHTe3a HEOOUHAKOBBIX Ka-
ckagoB tuna «<HY - CY» coBMeCTHO ¢ M3BECTHBIMU
YUC/IEHHBIMU MeTonaMH [10] IpUBOAUT K 3HAYUTENb-
HOMY YBETHUEHHUIO (B IECATKU U COTHHU Pas) CKOPOCTU
ONTHMHU3ALUN PALUOYCTPOUCTB [0 KPUTEPHUIO 0bec-
MevYeHWs MaKCUMAaJIbHO BO3MOXHOM pabodeil Mmoso-
CBI YaCTOT IO CPABHEHUIO C IPUMEHEHUEM /IS STOU
[[eJTH TOJIBKO YHCJIEHHBIX MeTOMOB. Ha mpakTuke mc-
nonb3oBars Mogenu CY (1)-(48) Hamo coBMecTHO ¢ pe-

gyapTaTamu paborst [9].
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Parametrical synthesis of various radio devices
with the set quantity of identical cascades of type
«the nonlinear part - the mixed two-port network»

Alexander A. Golovkov

Military Educational and Scientific Center of the Air Force «Air Force Academy»
S4a, Staryh Bolshevikov Street,
Voronezh, 394064, Russia

Abstract - Background. Presence of possibility of analytical definition of a part of parametres of various radio devices,
optimum by criterion of maintenance of preset values of modules and phases of transfer functions on necessary quantity of
frequencies, considerably reduces time of numerical optimisation of other part of parametres by criterion of formation demanded
frequency response and phase response in a strip of frequencies. Till now such problems dared concerning radio devices only with
one cascade of type «a nonlinear part - the coordination the device» or «the coordination the device - a nonlinear part». In quality
«the coordination devices were used the jet, resistive, complex or mixed two-port networks. The problem of multicascade radio
devices with jet two-port networks is solved also. Change of basis for the coordination two-port networks and a place of inclusion
of a nonlinear part leads to change of area of a physical realizability. Aim. Working out of algorithms of parametrical synthesis of
radio devices with any quantity of identical and unequal cascades of type «a nonlinear part -the coordination the mixed two-port
network» by criterion of maintenance of the set frequency characteristics. Nonlinear parts are presented in the form of a nonlinear
element and parallel either consecutive on a current or pressure of a feedback. Methods. The theory of two-port networks, matrix
algebra, a decomposition method, a method of synthesis of actuation microwave devices, numerical methods of optimisation.
Results. In interests of achievement of the specified purpose systems of the algebraic equations are generated and solved. Models
of optimum two-port networks in the form of mathematical expressions for definition of interrelations between elements of their
classical matrix of transfer and for search of dependences of mixed of two-poles from frequency are received. It is shown, that at
certain parities between quantity of cascades and values of resistance of a source of a signal and loading of the one-cascade radio
device frequency characteristics of one-cascade and multicascade radio devices appear identical or similar. Such schemes are
named by equivalent. Conclusion. The comparative analysis of theoretical results (frequency response and phase response radio
devices, value of parametres), received by mathematical modelling in system MathCad, and the experimental results received by
cxemorexuuyeckoro of modelling in systems OrCad and MicroCap, shows their satisfactory coincidence.

Keywords - parametrical synthesis of the mixed two-port networks; the set frequency characteristics of multicascade radio
devices.
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