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YeTHIPEXMOTIOCHUK — HeTMHEHMHASI YaCTh»

A.A. T'onosxos

BoeHHBIN y4e6GHO-HayUHBIH LeHTPp BoeHHO-BO3MYIIHBIX CHJT «BOeHHO-BO3[yIIHAsK aKaleMHs»
394064, Poccus, r. BopoHex,
yn. Ctapeix Boneimesukos, 54a

Annomayua - O6ocHoBaHue. Hanuyue BO3MOKHOCTH aHAJIUTHYECKOTO OIpELETEHUS YaCTH NapaMeTpPOB 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
IPUBOAWT K M3MEHEHHI0 061acTu ¢pusndeckoil peanusyemocty. Llens. PaspaGoTka aJropuTMOB NapaMeTpUYeCKOTO CHHTE3a
PafiuoyCTPOUCTB C NMPOU3BOJIIBHBIM KOJTHYECTBOM OJMHAKOBBIX M HEOJUHAKOBBIX KACKA[OB THUIA «COIIACYIOLINH Pe3UCTUBHBIN
4eThIPEXIOTIOCHUK — HeJIMHeHHasl YacTb» 10 KPUTEPHIO obecieyeHus 3aJaHHbIX YaCTOTHBIX XapaKTepUCTUK. HennHelHbIe yacTH
[IpefCTaBIeHbl B B HEJIMHEWHOTO 3JIEMEHTA U MapalyIe/IbHOW MM MOCJIeJOBATENBHON 110 TOKY M/IM HAIPSDKEHHIO 06paTHOM
cBsi3u. MeTonbl. TeopHsi YeTHIPEXIOMIOCHUKOB, MATpU4Hasl anre6pa, METOA [EKOMIIO3ULMN, METOM CHHTE3a YIpPAaB/IsIOLUX
ycrpoiicts CBY, 4rcieHHble METOABI ONTUMH3ALMH. Pe3ynbraTel. B HHTepecax JOCTHXEHHsI YKa3aHHOH Lenu cGOpMHUPOBAHEI
Y pelLleHbl CUCTEMBI alre6pandeckux ypaBHeHHUH. [1oydeHbI MOLETH ONTUMAIBHBIX PE3UCTUBHBIX Y€THIPEXIIOIIOCHUKOB 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 3HAYUTEIIbHOMY YBeIMYeHHI0 pabodel MOI0Ckl 9acToT. 3akiaodyeHre. CpaBHUTENbHBIN aHAIN3 TEOPETHYECKHUX PE3yIbTaTOB
(AYX u ®YX paguoycTpOMCTB, 3HAYEHHUS] MAPAMETPOB), MOIYYEHHBIX MYTEM MATEMATHYECKOTO MOMETUPOBAHHUS B CHUCTEME
MathCad, u axcniepMeHTaNBHBIX Pe3yJIbTATOB, MIOJYYEHHBIX [IyTEM CXEMOTEXHUYECKOr0 MozenrnpoBanus B cucremax OrCad u

MicroCap, TIOKa3bIBa€T UX YOOBJIETBOPUTEJIBHOE COBIIAlE€HUE.

Kniouesvle cnosa - napameTqueCKHﬁ CHUHTE3 PE3HMCTHBHBIX YETBIPEXIIOTIOCHHUKOB] 3aJaHHbIE YaCTOTHBIE XapaKTEPUCTHKH

MHOTOKacKa/iHbIX paluOyCTPONUCTB.

BBenenue

B paGote [1] mpemioXeHBl alrOpUTMBI Mapame-
TPUYIECKOTO CHHTE3a IIOCKO-CIoucThix cpen (IICC),
cofepsKalluxX 3aflaHHOe KOJIUYECTBO YIPaBIsieMBbIX U
HeynpaB/sieMbIX CJIO€B, 10 KPUTEPHUIO 0OecIiedeHust
3a0aHHON aMIUTUTYAHO-(PAa30BOM MOAYIALUU pacce-
SIHHOTO CUT'Hasa. YIpaBisieMble CIOU — 3TO JByMep-
HO-NIepUoJiMYeCcKre peLIeTKH IMPOBOASLIMX CTepXK-
HeW WU TOJIOCOK, B Pa3pbIlBbl KOTOPBIX BKJIIOYEHBI
HeJIMHEeHHBIe S5JIeMEHTHI, YIpaBisieMble HH3KOYa-
cTOTHBIM curHasoMm. Heynpasnsiemele ciou (HC) -
3TO OMHOPOLHbIE AUAIEKTPUYECKHE CIIOU 6e3 MoTephb
WU [ ByMEpHO-TIepUOJHUYECKHEe PelleTKU CTep KHeH
WK TOJO0COK. B o6mem cinydae IICC dyHKIHOHH-
pyeT B CMeLIaHHOM peXHMe - IIPHUCYTCTBYeT Kak
OoTpakeHHas, TaK U IpoxopHas BoyHa. Eciau ogun
n3 HC, pacnonoskeHHBIM NOCIeAHUM IO Hampasiie-

valgol2595@gmail.com (lonoskos Anexcandp Apanacvesuu)

HHIO HaﬂaIOH.[eI‘/JI BOJIHBI, BBIIIOJIHEH B BHOE IIPOBO-
nsiero askpaHa, To [ICC sBisieTcsi oTpakalollei.
B arom ciaydae IICC MoxeT 6BITH HCIOJIB30BaHA B
Ka4dyeCcTBe€ OCHOBBI [Jisd IIOCTPOEHUSA HepCHeKTHBHOﬁ
Kypco-riauccagHoi cucremsl [2]. CyTh anropuTmos
coCTOUT B GOPMUPOBAHUH CHCTEM anreGpandecKux
ypaBHEHUH, OTBEYAIOI[UX TPeOGOBAHUSAM K CHCTEM-
HBIM omepatopaM (Ko3dpPHUIIHEHTAM OTPaKEHHUST U
nepenaToYHbIM Cl)yHKLII/ISIM) B 3aJaHHOM KOJ/IMYECTBE
COCTOHHHFI, YOOBIETBOPAKINUX 3aJaHHBIM YPOBHAM
HU3KOYACTOTHOIO CHUIHana. Pe3ynpTaToM pelleHUs
9THUX ypaBHeHHI‘;I ABIAETCA CHUCTEMa BSaI/IMOCBHSGI‘/JI
MeXy 2/7IeMeHTaMHU KJIaCCHYeCKOH MaTpHIIbl Iepe-
nayu HeKoTopbix HC, OTHECEHHBIX K HeyIpaBsieMOU
gacTu. OcraBmasicst yactb HC oTHeceHa K ympasisi-
emol yactu [ICC. Cucrema B3aMOCBS3eH — 9TO HUC-
XOoaoHasa cucreMa ypaBHeHI/Iﬁ [J1g OTBICKaHUA ITapaMe-
Tpos HC.
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Puc. 1. CTpyKTypHbBle CXeMbl MHOIOKACKA[HBIX PaJHOyCTPOUCTB
C HapajyIeNbHOM IO HAINpsKEHHIO (1) U [OCIeNOBATETBHOU IO
ToKy (6) LIOC, BrnoyeHHbIMU Mexxay PY u Harpyskoi

Fig. 1. Block diagrams of multi-stage radio devices with voltage-
parallel (a) and current-series (b) DSPs connected between the RF
and the load
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Puc. 2. CTpyKTypHBIe CXeMbl MHOIOKACKaIHBIX PaJHOyCTPOHUCTB C
[OCJIE0BATENIBHOM 110 HANIPSIKEHHIO (a) ¥ apasyieNIbHOM MO TOKY (6)
LIOC, BrmoueHHbIMY MexXay PY u Harpyskoin

Fig. 2. Block diagrams of multistage radio devices with voltage-
sequential (a) and current-parallel (b) feedback circuits connected
between the RF and the load

PazpaboTaHHble aITOPUTMBI MOTYT OBITH KCIIOJb-
30BaHbl MPAKTHUYECKU B JIOOOM OHUANA30HE PALHO-
gacToT. OTIHYMe COCTOUT JINLIb B peasn3anuu dje-
MEHTOB KJIACCHYeCKOW Martpuubl mnepemaun HC.
B COOTBETCTBYWOLIMX AUAMA30HAX YACTOT DTO MOTYT
6BITh 2JIEMEHTBI JIMOO C pacrnpeneieHHbIMU apaMe-
Tpamu [1; 2], 160 ¢ cocpenoTOYEHHBIMU apaMeTpa-
Mmu [3-7]. [Inst peanu3anuu reOMeTpUYECKUX pa3Me-
pOB HeylpaBseMbIX U ynpasiasieMblx pemeTok [ICC
[1; 2] Heo6XOOUMO TpUBIEYEHNE PE3YIBTATOB pelle-
HUsl 3apa4y AUudpaKIUU 31€eKTPOMATHUTHBIX BOJH HA
Pa3NMYHBIX TPOBOMSAIIUX Teax [8].

Hau6omnee monHO MeTOR pelLleHHs 3afad mapame-
TPUYECKOTO CUHTE3a PA3IMIHBIX PALUOYCTPOMUCTB (32
HCKJIIOYeHHEM MHOTOKACKALHBIX) C OOOMMH THIIAMU
9JIEMEHTOB U3JIOXEH B pabore [9].

B manHOM paboTe mpejaraeTcsi paCCMOTPETh OCO-
GEHHOCTH 3THUX AJITOPUTMOB C Y4€TOM HAJTUIHS KacKa-
[OB THUIA «PE3UCTUBHBIM YeThIpexnoiacHuk (PY) -
HenuHelHasa 4dactb (HY)». DTU Kackagbl BKIIOYEHBI
MeXIy HCTOYHHKOM CHUTHajlad C COMNPOTHUBIIEHHUEM
2y =Ty +jX, ¥ Harpyskow z, =r, +jx, (puc.1,2). IIpu
9TOM yYHUTBIBAJIOCH, YTOo HY cocTouT U3 Tpexmommoc-
HOTO HeNMUHeHHOoTOo 3reMenTa (HD) 1 oxBaThIBaOIIEH
ero uemnu o6partHoii cBsa3u (LLOC - mapanienbHON Unu
[I0CJIEIOBATEIPHON 10 TOKY WM HanpspkeHuo). Or-
TUMH3ALUS TAPAMETPOB ABYXIIOIIOCHUKOB, HE BXOJISI-
mux B K4, ocymecTBiasieTcss ¢ IOMOLIbIO U3BECTHBIX
YHCcIeHHbIX MeTomoB [10] mo kpuTepuio obecrnedeHust
3a[JaHHOM pabodeii MONOCH 4acTOT. Bce 0603HaUeHMS
HEONMCAHHBIX BEJIMYWH B [JAHHOU CTaThbe COOTBET-
CTBYIOT [IPUHSTHIM B [9].

AJITOpUTM  CHHTE3a MHOTOKACKALHBIX Paguo-
YCTPOUCTB C y4eTOM Hajau4us Kackamos tuma «PY -
HY» npusenen B pabore [11].

1. Pe3ynpTaThl
napaMeTpU4eCcKOro CHUHTe3a

Ecnu B xadectBe PY wucnoneayercss coefuHeHUe
13 1ByX [-06pa3HbIX 3BEHbEB B BUE YETHIPEX COTIPO-
TUBJIEHUH Rl,2,3,4 (puc. 3, a), TO 3aBUCHMOCTH ITHUX
COMPOTUBIIEHUH OT YaCTOTHI OTIPEAENSIOTCS CIIeNyI0-
UM 06pa3oM (apryMeHThI OMyLIeHbI):

Rl = {(Cr +R4dr)(R2 +R3)+R2R3dr}/ (1)
ARy —[c, +(d, +R2br)(R3 +Ry)+
+Rs(e, +Ryb, — 1)}

2
—B, ++/B2 —4A,C,
R, =

24,

rme

Ay =(d, —b.c, +b,c,)(Ry+Ry)+c, —
~(b,d, ~bd )Ry +R,)%;

B, = {Bo _R4[<dx -

—b.c, +b,c, —2b.d, ~b,d )Ry +Ry)IRy;
By =2c, +(Ry +2R,)(d.e, ~d e,);

C, =R3[(bd, ~b,d )R2 +Cy+c.e, —c e l;
Cy=(d,~bc,+bc, +de —de )R, +
+c +cd, —cd,.

R, ={(c, +R,d,)(Ry +R3)+RyRsd. }/ (2)
[{R, —[c, +(d, + Ryb,)(Rg +R,) +

+Rs(e, +R,b, -1

2
o B + B2 —4A,C,
, =

24,

bl



2024. T. 27,N° 1. C. 35-47 DusuKa BOJHOBBIX IPOLIECCOB U PafUOTEXHUYECKHE CUCTEMEI

2024, vol. 27, no. 1, pp. 35-47 Physics of Wave Processes and Radio Systems 37
= bd ~bd 2 b
AS_AO_< rx ~ Px r)(R2+R4) + R Ry Rq R3
Ry |Rs R2™ [ Ra
+cd, —c.d +ce —ce.; - i,
Ay =Ry +R,)(d, —b.c, +bc, + a 6

Puc. 3. CunresuposanHblie P4

+ drex - dxer )+ Cx Fig. 3. Synthesized RF

By ={2c, —R,[de, —d.e, +

+2(b,d, —b,d )R, +Ry)|+ByIR,; [{Ry —c, —(d, + Ryb, )(Rg + Ry )};
By =(Ry +2R,)(d, —b.c, +b,c.)+c.e —ce.; . B, + [BZ —4A,C,

C, =R2((b,d, —b d )R> +(d, —b.c, +bc )R, +c,]. ! 24, ’

R, ={(c, +Ryd,)(Ry +Ry)+RyRqd, 1/ 3

[ {Ry —lc, +(d, +Ryb,)(Ry +R,)+
+Ry(e, +Ryb, — 1)}
2
 -B,+4Bj —4A,C, —R4[(2b,d, —2b,d, +b.e, —b.e, )R] +

R4— - ) d d .

24, +(d.e, —d e )R]
rue C, =lce, —c.e, —(b.c, =b,c,)(R; +Rq)IRRq —
A, =(bd ~bd )Ry +Rs);

A4 = (bxdr _brdx)Rl2;
B

4 = (dx _brcx +bxcr)Rf -

~R3[(b, +b,d, —b,d, +be, ~be R +
B, =By(Ry +R3)+ +(d, +d.e, —de )R —c,d, +c,d ]+
+(d, ~bc, +b.c.)(Ry+Rs);

By = Ry[2R,(b,d, ~b,d,)+d.e —d.e ];

+Ri[c, +Ry(d, +e,)l.

RyR,(1-Rb,)~(c, +R,d,)(R, +Ry)

C, =Cy +R3(b,d, —b.d )R: + > (Ry+R,)(d +Rb)+c +R,(d +e 1)
+(de, —de )R, +c.d, —cd.]; . B, + /BZ ~4A,C,
Cp =¢,(Ry +Ry)* +Rafce, —c e, + * 24, ’
+Ry(d, ~b.c +bc)I(Ry+Ry). rae
2
Ry ={(c, + Ryd, )Ry + Ry)+ @ Ba=bomdomhe ~Rylbe, =be IRy -
+RRy(d, +e, +R,b. -1}/ —(d.e, —d,e, )R (R +Ry);
2
[{R, —c, —(d +R;b,)(Ry +R,)}; A, =(bd, —bd )R}
[ C,=(R,+R))[R,(d +bc,—bc)-ce +c.e |R, +
—BiBZ—‘l-AC 4 1 2 ANP X x-r rex xrit
R3 = 3 2 33 ) 2 b 2 d d 2
2A3 +Rl( xR2+exR2_Cx)_(cr x T Cx r)(R1+R2> .
rae CoenuHeHre U3 [ByX O06parTHbIXx [-06pasHBIX
A3 _ (bxdr _brdx _bx _brex +bxer )R]2 +Crdx _der + 3BEHbEB B BHE YeTbIpeX COIPOTHBIIEHUU Rl,2,3,4
(bc.—be —d —de +de)R (puc. 3, 6):

+ - —-d — + ;

xr 2 P TG TS T AT R, ={[(1-Rgb, —e )R, —c, IR, + R,Ry — 7)
By =Ryld, +e, - —(Ry+Ry)(c, +R,d, )}/
_R4(2brdx —bedr +br€X —bxer)—brcx +bXCr]— / {R4br(R2 +R3)—R2 _R3 —R4};
-R/[R,(d.e, ~d e )+ce —ce.l

2
, ) o B +|B2 —4A,C,

Cy =R%[(b,d, —b,d )R? + 2 24, :
+(d,-b.c, +b.c )R, +c, | roe
Ry ={(c, +R,d,)(R, +Ry)+ (5) Ay=(bd —bd —b —be +be )R:+

+RR4(d, +e, +R,b, —1)}/ +(d, +e,~b.c +b.c )R, +c;
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By =[(2c, +e,(Ry +Ry)+

+ (2R3 +R,)(d, ~b.c, +b.c )R, +
+Ryl2c, —RZ(2bd —~2b d +be —be);
Cy=c (R +R,)*+

+R3R (R +Ry)(d, —b.c, +bec,)—
~RERI(b,d, —b.d).

R, ={[1-Rsb, —¢,)R, —c, IR, +

+RyRy —(Ry +R5)(c, +R,d, )}/

[ {R4b,(Ry +Ry)—Ry, =Ry — R, };

2
o B +|BZ —44,C,
3

24,

rge
Ay =(bd, ~b,d )R +(d ~bc +b.c )R, +c,;
By =2¢ (Ry +Ry)+
+R, (2R, +R,)(d, —b.c, +b,c,)]+RyR e, —
~R,R3(2b.d_~2bd +be —be)l;
Cy =c,(Ry +R4)2 +
+R,R, (R, +R,)d, +e, ~b.c +b.c,)-
~R2R%(b, +bd ~bd +be —be).
Ry ={[(1-R3b —e )R, —c IR, +
+RyRs —(Ry +R5)(c, +R,d, )}/
[ {R,b,(Ry +R3)—R, —Rq =R, };
~B, +4/BX-4A,C,

R =
4 )
2A,

roe

A, =(bd —bd )R, +Ry)*+e Ry—bR%+c, +
+[d, —Ry(be, —be.)—b.c, +b,c.I(Ry+Rs);

B, =(d ~bc, +bc)(Ry+Ry)*+

+(2¢c, +Rye )(Ry +R3);

Cy =c (Ry +Ry)%.

Ry ={(R; —¢,)(Rg +R,)—

~R3R,(d, +Rb)}{c, — Ry +

+R,(d, +e, +R;b. —1)+Rg(R,b, — 1)}

2
o B +\|BZ —44,C,
, =

24,

bl

(10)

Ay=(bd ~bd)RZ+(d, ~bc +bc )R, +c;
By =[d, +R,(be, —be,)-
2
~b.c,+b,c, +de —de |Ry+
+(2c, —Re, +c,e, —c,e.)Ry;
Cy=—R3[(d, +e )R, —c, )+
+b R +(bc ~b.c )R +(d +e —1)c,].
Ry ={(R, —¢,)(Ry +R,) — (11)
~RyR,(d_+Rb )}/ fc, — R, +
+Ry(d, +e, +R;b, —1)+ Rq(R,b, — 1)}

2
. ~B, +1/Bf —4A,C,
=

24,

raoe

A, =Rgld, +R;(be, —be.)+de, ~de.]+

+(c, ~R)(d, +e )—R%*b —

~c (d +e,~1)-R3(bd ~bd )-

—(b,c, —b,c,)(R; +R3);

B, =(d ~bc, +bc)Rs+

+(2c, —Re, +c,e, —c,e,)Rg;

C, =R3c,.

Ry ={(Ry +R,)(R, —¢,)— (12)

- RyR,(d. +e. +Rb. —1)}/

[{l(d, +b,(R; +Ry)IR, +¢, —R; =R, };

. -B, +\B2-4A,C,
24,

roe

A, =[d,+Ry(be, —be )+bc —bc (R +Ry)+

b

2 2
+b, (R +Ry)" +(b.d, ~b,d.)R; +
+(d.e, —d e )R, —c.d +cd,;
— 2
B, =(b.c, —b,c,—d, —e )Ry +
+(c,e, —c.e, —Rje, )R,;
2
Cy, =—-Rjc,.
PaccMoTpuM Temnepb cinyyall MpUMeHEHUs] HEONH-
HaKOBBIX Kackanos [11]. Eciu B kayecTse PY mcnonb-
3yeTcst coelMHEHMe, H306pakeHHOe Ha puc. 3, a, TO

3aBUCHMOCTHU €€ COTPOTHUBIIEHHUM OT 4aCTOTHI OMpe-
LEJSIIOTCS CIIeNYIOLUM 06pa3om:

R, =1(cy, +Rydy )R, + Ry)+ RyRyd, }/ (13)
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/ {RZdr —Cor _CdRS _R4dlr -
—b[R, (R, +Ry)+ RyRy i

2
o B + B —4A,C,
2

24,

roe

AZ = (R3 +R4)(brc2x _bxc2r _drdlx +dxdlr)+
_szdr +(brdlx _bxdlr)(RS +R4 )2;

By =1By ¢y, (d, +dy, ) +

+cy,d,
+¢y,(d, +d; ) +Cycy, —D,cy, |Rg;

By =(Ry +R,)I2R,(b.d;, b, d,.)+Cyd;, —D.d;, |-
-R,(d.d,, —d.d,, )+(Rg +2R,)(b.c,, —b,c,.);

C, =[(b,d;, —b,d;, )R +Cycy, —D,cy, +CyIR3;

Cy =(Cy4d;, —D.d;, +b.cy, —b,cy )Ry;

Cy=¢ —cpp—d +dy; D, =c,—¢y —d, +dy;

R, ={(cy, +Ryd;, )(Ry +Ry)+ RyRydy }/ (14)
| {Ryd, —c,, —C,Ry —R,d,, —

b [R, (R, +Ry)+ R,R, I}

. B, iin—z}ASc?, |

rue

A; =(Ry+R,)(Cyd;, —Dd;, +b.cy, —bcy )+

+(b,dy, —bdy, )Ry + Ry y +Cycyy =D o5

By =lcy,(d, —D, +dy,)—cy (d —Cy +d;,)+BylRy;

By = (R, +2R,)(b.cy, —b,cy )+ Ry (Cyd;, —D.d;, )+
+(Ry+R 2R, (b.d, ~bd, )-dd +dd ];

Cy =R3[(b,d;, —b.d; R +cyd, —cy d +Cyl;

Cy =(b,cy, —bc, —d d, +d.d, )R,

R, =1(cy, +Ryd;, )(Ry + Ry) + RyRyd, }/ (15)

[{Ryd, — ¢y, —C4R3 —Ryd,, —
—b.[R,(Ry +R3)+RyR, I};

2
. ~B, +1/Bf —4A,C,
, =

2A

)

4
roe

A, =(bd, ~bd )R, +Ry)%;

B, = Rg(cddu —D.d,)+(b,cy, —b,cy, )Ry + Ry 7+
+{(Ry +R3)[2R,(b,d;, —b.d;,.) -

—d.d, +d.d; ]+ByiRy;

C, =R3[(b.d,, —b.d, R? +

(Cydyy =D dy, )Ry 1+ R3[Ry (e, dyy — oy, ) =

- Rg(drdu —ddy, +[Ry(cy,dy =y d, )+
+Rg(Cycy, =D cy, ) +Cyl(Ry +Ry3);

B, =R5(Cyd;, —D.d;,); Cy=RyRs(b.cy, —bcy,).
R, ={lc,, +Cy4R, +R,(d;, +R;b, )]R3 + (16)
+ Ry(cy, +Rydy /IR —c, —

—(dy, +Rb.)(Ry +R, )k
R, - ~B, £|B% —4A,C,

24,

rge
A3 = (Dcdlr _Cddlx +brc2x _beZr)Rl -
- CZrdlx + CZxdlr +(chr _Cdbx )RIZ;
B3 = BO _Rl2 {bxc2r _brCZX +
+R,Ib (d +d,)~b (d +d, )
BO = [301 _R4<drdlx _dxd1r)_c2x(dr _dlr)]Rl;
BOl = CZr(dx _dlx)+Dc[62r _Rldr +R4(dlr +Rlbr -
- Cyley, —Ryd, +R,(d, +R;b,)];
C3 = [(brCZX _beZr _drdlx +dxdlr )R4 + CO]RIZ;
2
C0 = (brdlx _bxd1r)R4 + CZrdx _CZXdr’
R, ={lcy, +C4R, +R,(d;, +Rb,)IR; +
+ Ry(cg, + Rydy W/ {Ryd, — ¢y, —
~(dy, +R;b.)(Ry +R, )k

2
o B +,/B2 —4A,C,

L=
2A,
rue

A4 = R12<brdlx - bxdlr);

)

By =1bcy, by, —

~Rylb (Cy+d, +d,,)~b,(D, +d +d; IRZ —

— R,[Ry(Cyd;, —D.d;, ) +(d,dy, —d d;.)(R, +Ry);
C, =[(D,b, —Cyb,)R3 +(Cyd, ~D.d,)Rs +

+ g, dy — o, ]R12 —Rg{Ry[(Cy +d,)cy, -

— 9, (D, +d)1=Cp} - R1R§ (Cyqdyy —D.dy,);

Co = (Ry + Ry)[Ry (B¢ =bycop) =y + oy, |

(d, —Ryb, )R Ry —(cgy +Rydy, Ry +Ry) (18)
Cyy +C4R, +(dy, + R )Ry +R,)

3
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2
o _ B +\/B2-44,C,

, =
24,

roe

2 .
B4 = BO _Rl (Cddlx _Dcdlr +br62x _beZr)’
BO = {[br(Dc +dx _d1x>_
~b (Cy+d_—d; )IR? + By, }Ry;
BO] = [dlr(Dc +dx)_dlx(cd +dr )]R1;
C4 = C0 _R% [R‘l (drdlx _dxd‘lr)_Rl2 (brdx _bxdr )l;
Co =R,l(Cyd, —D,.d )R} +
+ (CZrdx - C2xdr )R‘l]+ [RZ(CZrdlx - CZxdlr)_
= Ry(Cy¢y, = Do) = Co1 IRy + Ry);

2
A, =Rj(bd;, —b.d,,); Cyy =RRy(b.cyy —bcy,).
CoenuHeHue, U306paskeHHOE Ha puc. 3, 6:

R, ={lcy, —Ryd, + R, (d;, +Ryb.)IR; +
+¢y,(Ry +Ry)+CyRyR, }/
/4(d, ~R,b )R, +Ry)+R,d,};

2
R B +/B2 —4A,C,
2 = )

24,

raoe

A, =(D.b, —~Cyb )R} +(Cyd, ~D.d +
+b.cy, —b,cy )Ry +Cy.d —cy d
B, =[(2R5 +R,)(b,cy, —b,cy. )~
~Ry(d dy, —d d, IR, +(Ry +R,)2cy,d, —c, d

r;

)+

+R,(Cyd, —D,d )|~ RyR2[b, (Cy+d_+d,, )~

~b, (D, +d +d,);

C, = RgR,(Ry +R,)(b,cy, —b.cy —d dy +d di )+
+(cy,d, —cy,d )Ry +R,)* + R3RZ(b,d, ~b d,,).
R, =1lcy, —Ryd +R,(d;, +R,b,)IRs +

+ ¢y, (Ry +Ry)+C4R R}/

/{(d, —R,b,)(R, +Rq)+Ryd };

R =
3 )
2A,

rage

Ay =(bd, ~bd, RS+

+(b.cy, —bycy, —d.d; +d d;, )R, +
+cyd, —cy d;

By =2(cy,d, —c, d )Ry +R,)+

+[(2Ry + R, )(b.c,, —b,c, )~

—(d.d,, —d d, )Ry +R,)IR,

~ Ry{R3[(Cy +d, +d, )b, —

~b.(D, +d +d; )]-R,(Cyd, ~D.d )}

C3 =R,R,(Ry +R,)(Cyd, —D.d, +b.c,, —bcy. )+
+(cy,d, —cy d )Ry +R,)* ~RZRF(Cyb, —D,b,).
R, ={lcy, —Ryd, + Ry (d;, +Ryb, )]R3 +

+C9.(Ry +Ry)+CyRyR, }/

/{(d_~Ryb,)(Ry +Ry)+R,d, };

2
~B, +4/B —4A,C,
R, =

24,

bJ

roe

A, =Ay—Ry[D.d. ~Cyd, +

+(Cgb, ~D_b,)(Ry + Ry)—b,cy, +b ey ;
Ay =[Ay, +(b,dy, —b,d;,)(R, +Ry)IRg —
— Cgydy + 0y

Ay =Ry(b.d —bd)+bc, ~bc, —dd, +dd, ;
B, = (b,¢3, —bycy, )Ry + Ry ~

—Ry(d.d, —d d;,)(Ry +Rg)+

+[2(cy,d, —cyyd,)+ Ry(Cyd, —D,d,)I(R, +Ry);

.

Cy =(cg,dy —c9,d, )(Ry + Ry I

(Ryd, —cy, )(Ry +Ry)—R3R,(dy, + RyD,)
(Rgb, —d )R +R3)+cy, +C4R,

2
~B, £|B% —4A,C,
Ry =

24,

2

roe

Ay =(bd, ~bd, R+

+(b,cy, ~b.cy —d d, +d d, )R, +
+cy,d, —cy d;
By =By~ R;[R,(bd ~bd)-

—-Cydy, +Dd;, —b.cy, +b.cy.1;

By ={(Cq —dy ey, —Ry(d, —Ryb I+

+co.d, —cy d. — By tRy;

By, = (D, —d; )¢y, —Ry(d, —R,b.);

Cy =l(b,d, ~b.d )R? +Cy +Cycy, —D,cy, IRE;

C0 = (Dcdr _Cddx +br¢2x _beZr)Rl'
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Puc. 4. [IpyuHOMNINaNbHAast CXeMa ONHOKACKagHOIO YCHUIUTENs (a), COOTBETCTBYIOMASI CTPYKTYPHOU cxeMe (puc. 1, a), IpH HaIps>KeHUH
U = 34,8 B, AUX u ®UX (6), uccnenyemsie B cucreme MicroCap
Fig. 4. Schematic diagram of a single-stage amplifier (a), corresponding to the block diagram (Fig. 1, a), at voltage U = 34,8 V, frequency
response and phase response (b), studied in the MicroCap system
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Puc. 5. [IpuHuMnuansHas cxeMa AByXKacKafHOTO YCHINTENsl, COOTBETCTBYIOIIAsi CTPYKTYPHOU cxeMe (puc. 1, a), 4acTOTHBIE XapaKTepH-
CTUKH (pHcC. 4, 6) KOTOPOTO UAEHTHYHBI COOTBETCTBYIOIMM XapaKTePUCTHUKAM (PHC. 4, 6) OHOKACKAHOTO yCHIUTENs (pHUC. 5, a)

Fig. 5. Schematic diagram of a two-stage amplifier, corresponding to the structural diagram (Fig. 1, a), the frequency characteristics
(Fig. 4, b) of which are identical to the corresponding characteristics (Fig. 4, b) of a single-stage amplifier (Fig. 5, a)

_(Ryd, —co, )Ry + Ry)~RyRy(dy, +Ryb;)
2 (Ryb, —d,)(R, +R3)+cy, +CyR,

I +,/B2 —4A,C,
' 24,
roe

A4 = RS (Cddlx _Dcdlr)+(br02x _beZr )<R1 + R3)+
+{Ry[(Cy +d. —dy )b, b (D, +d,—d, )]~

bl

)

~Cyd, +D,d IR, +R3(bdy, ~b.d, )~

- R% (brdx _bxdr)+cdc2x _DCCZr;

B4 = (brCZX _beZr)Rg -

- R3 (drdlx _dxdr)(R1 + R3)_R3 [(dr _Cd +d1r)62x -
- CZr(dx _Dc + dlx)+R1(Cddx _Dcdr)];

(23)

2
C, =R5(cy,d

X _CZXd )-
_(cp —Ryd, )Ry + Ry) + RyR,(Cy + RD, ) (24)
3 (d, =R4b,)(R; +Ry)—cy. —R,d;, ,

2
. ~B, +4/BI —4A,C,
, =

24,

roe

A, =(bd —bd)R}+R3(Cyb, ~D.b)-
-R,(dd,, —d.d,)-Ry{R,[(d, —C; +d,, )b, —
—-b.(d, -D,+d; )]-Cyd;, +D.d }+
+[cy,dy, — ¢y, dy, —(b.cy, —b,cy )Ry +Ry);
B, =R,l(d,, —d, —D,)c,, +B;]-

2 .
R (Cddx _Dcdr +brc2x _beZr)’
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Puc. 6. DKBUBa/IeHTHAsI CXeMa OJHOKACKA[HOTO YCHUIUTENsI (PHC. 4, a), COOTBETCTBYIOIIAs CTPYKTYpHOU cxeMe (puc. 1, a), uccienyemas B

cucreme OrCad

Fig. 6. Equivalent circuit of a single-stage amplifier (Fig. 4, a), corresponding to the structural diagram (Fig. 1, a), studied in the OrCad

system
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Puc. 7. Yacrorubie xapakrepucTuku (AUX u @YX) akBHUBaneHTHOU cxeMbl (puc. 7), monydyeHnnble B cucteme MathCad (a) u OrCad (6)
Fig. 7. Frequency characteristics (frequency response and phase response) of the equivalent circuit (Fig. 7), obtained in the MathCad (a)

and OrCad (b) systems

By =(Cy+d, —d; )cy, +
+Ry[(d, -Cy)d, +d (D, -d,,)];
C, =R3(cy d —c,.d ).
OnTuMu3anusi mapaMeTpoB ABYXIOJIOCHUKOB, CBO-
60HBIX OT orpaHudeHni Tuna (1)-(24) (To ectb HaxomsI-

I{MXCsI B IPABOM YaCTH STHUX BBIPASKEHHH), IPOHU3BOAUT-

€5 C TOMOILBIO0 U3BECTHBIX YMCIEHHBIX MeTO0B [10] .
2. MaremMaTU4YeCKOe M CXeMOTEXHHUYECKOe
MoOgJeIupoBaHUuE

Ha puc. 4-10 pns npumepa mokas3aHbl IPUHIUIIN-
anbHBble U 9KBUBAJEHTHBIE CXeMbI OJHOKACKagHBIX U

OBYXKaCKaJHBIX YCUJIUTeNeHd C ONMHAKOBBIMU U He-
ONUHAKOBBIMU Kackagamu tumna «HY - PY», coor-
BETCTBYIOIIME HCCIIENYeMOU CTPYKTYPHOM cxXeMe ¢
napasuleJIbHOW 10 HaNpsDKEHHUIO CBSI3bIO, NMPeNCTaB-
JIeHHOHW Ha puc. 1, a, a TakXe UX TeOpeTH4YeCKHe U
dKCIepUMeHTaJbHble XapaKTepUCTUKU. Mcmonbzo-
BaH Tpausuctop tuna BFQ17PH (puc. 5, a, 6). Cxe-
ma HY BeInONHEHa B BHAe MapayljieIbHO COeJUHEH-
HbIx Tpausucropa u LJOC ([T-o6pa3Horo coequHeHUs
Tpex anemeHToB C,g, Ryp5, Ryjp) Ha omHOKackap-
Holi cxeme (puc. 5, a) u Cg, Ryps, Ripo» Cgos Riggs
R,,; Ha OByXKacKagHOM cxeme (puc. 6). Harpyska u

COMMPOTUBJIEHWE MCTOYHHKA CHUTHAJIa BBINIOJIHEHBI Ha
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Puc. 8. TIpuHuMNMaIbHAs CXeMa [JBYXKACKaJHOTO YCHIMTENs C HEOJMHAKOBBIMM KacKaJaMH, COOTBETCTBYIOLIas CTPYKTYyPHOH cxeme
(puc. 1, a), 4acTOTHBIE XaPAKTEPUCTUKH KOTOPOIo MOKa3aHbl Ha puc. 10
Fig. 8. Schematic diagram of a two-stage amplifier with unequal stages, corresponding to the block diagram (Fig. 1, a), the frequency

characteristics of which are shown in Fig. 10

anemeHTax Ry, u Ryy; coorsercTBenHo. CxeMbl PY
cobpaHbl B BUle ABYX OpaTHBIX [-06pa3HbIX YeThIpeX-
MOMIOCHUKOB Ha aneMeHTax Riig, Ryg, Rigy, Rygg
(puc. 4), Ryj9, Rigg, Rigis Rigss Ryzor Rigps Ryg,
R,35 (puc. 6), mapamMeTpbl KOTOPbIX ONPe/IeNATUCH MO
dopmynam (1).

DKBHUBajeHTHAasi CXeMa HEJIMHEHMHOro 3JIeMeHTa
BBIIIOJIHEHA B BHUME IEPEKPBITOro T-o6pasHoro de-
THIPEXTMOMIOCHUKA Ha anemeHTax Ry, Cy, Ry3, Ly,
Ri;, Ly, Ry, Lg (puc. 7). [TapameTpbl 9KBUBAIEHT-
HOHM cxembl HD BbIOpaHBI M3 YCIOBUsI COBNALEHUs
BBIXOAHOIrO conportusneHus: HY c BBIXOgHBIM coO-
nporusieHneM HY ¢ ucnonb3oBaHHMeM peanbHO-
ro Tpausucropa [9]. Cxema HY peanusoBaHa B Bunie
MapasieIbHO COeNMHEHHBIX 3KBHUBaJE€HTHOW CXEMBI
HEJIMHEMHOrO 37IeMEHTA U Lel OOPATHOU CBSI3H U3
[1-o6pasHoro coenuHenus Tpex anemenTos Cg, Rjq,
R,,. TMapamerper HOC sapaubl npoussosibHo. CxeMa
PY cobpaHa Ha OoCHOBe ABYX 06paTHBIX [-06pasHBIX
3BEHBEB U3 YETBIPEX JIEMEHTOB Ry, Rys, Ryg, Rys.

YacToTHble XapaKTEPUCTUKH NPUHLUMUAIBHBIX
CXeM, NMOKa3aHHble HA PHUC. 5, 6 (CONPOTUBIIEHHUS UC-
TOYHMKA CUTHaJAa U Harpysku pasHel 100 Om) u 6
(compoTHBIEHUsT MCTOYHHKA CHUTHAlIa M HArpy3Ku
paBHbl 50 OM), UOEHTHYIHBI. DTO COOTBETCTBYET BbI-
BOZAM, C/eJIaHHBIM Ha OCHOBe aHajIu3a MOJIy4eHHbIX
panee [1] BBIpaXeHUUN MU MepefaTOYHBIX GYHKLIMIM
HCcCllelyeMbIX MHOT'OKAaCKaJHBIX CTPYKTYPHBIX CXeM
(puc. 1, a).

TakuM 06pasom, TIPU KMCIOAb30BaHUM PY, BKIIO-
YeHHBIX MeXAYy UCTOYHHKOM curHaia u HY, taxke
HAOJI0[JA€TCsI HOBOE SIBJIEHHE, COCTOSIIIEE B TOM, YTO
IIpU OTpefieIeHHBIX COOTHOIIEHUSX MeXAy KOJH-
YeCTBOM KacKagoB M 3HAaYEHUSIMH CONPOTUBIEHUU

HMCTOYHMKA CHTHajga M Harpy3kKd OFHOKACKagHOTO
pafiMoOyCTPONCTBA YACTOTHBIE XapaKTEePUCTHUKHU Ofi-
HOKaCKafHOTO ¥ MHOI'OKacKafHOTO paguoyCTPOUCTB
OKa3bIBAIOTCS MOEHTHYHBIMU WIM MOLOGHBIMH [3].
Taxkue cxeMbl Ha3BaHbl KBUBaJeHTHBIMU. Heobxo-
OUMO OTMETHTB, UTO 3TO sIBJIeHUE HabJIoflaeTCst IpH
10601 CIOXHOCTU Kackagos tuna «PY - HY», a Tak-
ke npu orcytcTBuu HY nnu PY. YkasanHoe siBneHUe
He 3aBUCHUT OT CTPYKTYPBI CX€MBI, BKIIIOYEHHON MeX-
Oy UCTOYHHUKOM CHI'HaJa U HArpy3KoW, U 3HaYeHUH
napaMeTpoOB 3TOU CXEMBI.

AHanu3 TakKe IOKa3bIBAET, YTO SKCIIEPUMEHTAIb-
Hble (puc. 4, 6) YaCTOTHBIE XaPaKTEPUCTUKH IPHH-
LUIHAIBHON CXeMbl ycunurens (puc. 4, a, 5) ynos-
JIETBOPUTETIPHO COBNAfalOT C XapaKTepUCTHKAMHU
9KBHUBAJIEHTHOH CXeMBbI (PHUC. 6) YCHIINTEs], OTyYeH-
HBIMU pacyeTHBIM IyTeM (pHc. 7, a) U 3KCIIepUMEH-
TanbHO (puc. 7, 6).

CpenHsisi 4acTOTa SKBUBAIEHTHOM cxeMbl | ~ 900 MI'y
(puc. 7, a v 6) HE3HAYUTENIBHO OTJINYAETCA OT CPENHEN
YacTOTHl MPUHUMIHUATBHON cxeMbl f ~900,3 M
(puc. 4, 6). 3HavyeHUsI MOAYJIe MepenaToYHON QyHK-
UM NPUHIUINATBHOU U 9KBUBAJIEHTHON CXeM yCH-
nutens paBHbl m =100. Conporusnenus PY, HOC,
HarpysKM M MWCTOYHHWKA CHTHajla HPUHIUIHAB-
HBIX ¥ 3KBUBAJIEHTHBIX CXeM YCHJIUTENS MOJHOCTBIO
COBIIAAIOT.

[Ipy HCHONIB30BAaHMM HEOLUHAKOBBIX KacKagoB
BO3HMKaeT BO3MOKHOCTb 3HAa4YMTEJIbHO YBEIUYHUTH
pabouyio mosocy 4acToT. Hampumep, Ans [Byxka-
CKagHOU cxeMbl (puc. 8) mpoussenenue kKoadpduuren-
Ta yCUJIeHUs Ha IOJI0CY YacCTOT COCTABIIsIeT HpUMep-
Ho 3000 (puc. 10). Do moutu B 10 pas Gonbire, yeM
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Puc. 9. DKBUBaNeHTHAsI CXeMa [ABYXKACKaAHOTO ycuuTest (puc. 8) ¢ HeOLMHAKOBBIMH KaCKaJaMH, COOTBETCTBYIOLAsl CTPYKTYPHOM cXxeMe
(puc. 1, a), uccnenyemas B cucreme OrCad

Fig. 9. Equivalent circuit of a two-stage amplifier (Fig. 8) with unequal stages, corresponding to the structural diagram (Fig. 1, a), studied
in the OrCad system
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Puc. 10. Yactoruble xapakrepuctuku (AYX u @UX) skBUBaneHTHOM cxeMbl (puc. 9), monydeHusle B cucteme MicroCap (a), MathCad (6)
n OrCad (s)

Fig. 10. Frequency characteristics (frequency response and phase response) of the equivalent circuit (Fig. 9), obtained in the MicroCap (a),
MathCad (b) and OrCad (c) system
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npousBefieHre KO3GPUIIMEHTA YCHUIEHUS HA MOJIOCY
YaCTOT OJHOKACKAJHOTO YCHIUTEIS.

B pa6ore [12] mokasaHo, 9YTO pe3yIbTATHl CXEMO-
TEXHUYECKOTO MOLEIUPOBAHUS YOOBIETBOPHUTEIBHO
COBIAMIAIOT C PE3Y/IbTATAMU 9KCIIEPUMEHTATBHBIX UC-
ClleNOBaHUN pU3NYECKUX MAKETOB PAUOYCTPOUCTB.

3ak/io4yeHHue

Takum 06pa3oM, MONy4eHHble MaTeMaTHYeCKUe
monenu PY tumna (1)-(14) MoryT 6bITh UCMIOIB30BAHBI
IJIsl TEXHUYECKOTO IIPOEKTHPOBAHUS YCHUIIUTENIEH C
3alaHHBIMH YACTOTHBIMU XapaKTEPUCTHKAMHU. Bos-
MOXHOCTb M3MEHEHHs BEJIUYMHBI SKBUBAJIE€HTHOIO
COTIPOTHBIIEHUSI UCTOYHUKA CUTHAIA U HATPY3KH IIy-

TEM BKJ/IIOYE€HHA NMPOH3BOJIBHOI'O KOJIHNYECTBA KacKa-

postuna «HY - PY» 3HauMTenbHO yIpolaeT pelieHue
MHOTHX 3aJa4y pafuoanekTpoHuku [13], manpumep
3amad obecrevyeHUsi OJHOHAIIPABIEHHOCTH Pacrpo-
CTpaHeHHs] CHUTHAajla U HE3aBHUCHUMOCTHU IPOLECCOB,
MPOUCXOLSIIUX B IPEABIAYILIEM U MOCIEAYIOLIEM [U-
HaMHUYeCKHUX 3BEHbSIX CUCTEM aBTOMATHUYECKOIrO pe-
rynupoBaHus. Mcrnonp3oBaHre NOJy4YeHHBIX MaTeMa-
THU4YeCcKUX Mopenel ogHoro us PY (15)-(28) coBmecTHO
C M3BECTHBIMU YHCJIIEHHBIMMU METOLAMU IIO3BOJISET
YMEHBIIUTh BpeMsl ONTHMH3aLUU IapaMeTPOB IO
KPUTEPUI0 06ecTedeHusT MAaKCUMaabHO BO3MOKHOU
pabodell MOJIOCHI YACTOT PagUOyCTPOMCTB C HEOAHU-
HaKOBBIMM KackagmaMu tuna «HY - PY» B pmecsarku
Y COTHH pa3 [0 CPABHEHHIO C IPUMEHEHHEM TOJIBKO
YUCJIEHHBIX METOMOB.
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Parametrical synthesis of various radio devices
with the set quantity of cascades of type «the resistive
two-port network - the nonlinear part»

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
PFC and FFC 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 «the coordination the resistive two-port network - a nonlinear part»
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 resistance of two-poles from frequency are received. It is shown,
that at certain parities between quantity of identical 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. Use of unequal cascades leads to substantial growth of a working strip of frequencies.
Conclusion. The comparative analysis of theoretical results (PFC and FFC radio devices, value of parametres), received by
mathematical modelling in system «MathCad», and the experimental results received by scheme modelling in systems «OrCad»
and «MicroCap», shows their satisfactory coincidence.

Keywords — parametrical synthesis of the resistive two-port networks; the set frequency characteristics of multicascade radio
devices.
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KHura HanmucaHa aKTHBHO paboOTAOMIMMHU B O0IACTH 37€KTPOLUHAMHUKY

y4eHbIMHU. [3maraioTcs Teopusi 371eKTPOMArHWTHOTO IOJS C aKIEeHTOM Ha

PagMoOTEeXHUYECKYIO 3JIEKTPOJUHAMUKY M aHAIM3 BOJTHOBBIX IIPOLIECCOB; pac-

CMaTpHUBAIOTCS OTPaKeHHE U MPeJIOMJIEHHE BOJIH, U3NTYIeHHe U AU PaKI s

ONHCBIBAIOTCSI OCHOBHBIE 3aKOHOMEPHOCTH PaCIIPOCTPAHEHUsS 3JIeKTpOMar-

HUTHBIX BOJIH B PA3JINYHBIX 6€3rPaHUYHBIX CpPeax (M30TPOIHBIX, AHU30TPOII-

HBIX, JUCIIEPTUPYOIINX, HEOLHOPOLHBIX), B HAIIPABISIOIIUX U PE30HAHCHBIX

CTPYKTYypax, B IPUPOLHBIX YCIOBUsAX. OGCYKIAI0TCSI METOLBI MATEMATUYECKOTO MOJIETTUPOBAHUS B JIEK-
TpOAWHaAMUKe, ONIMpalolllerocsi Ha npuMeHeHne DBM.

OT/IUYNTENBPHON 0COOEHHOCThIO KHUTH SIBIISIETCST OOCY>XKI€HE COBPEMEHHBIX TPOGIEM 3JIEKTPOLMHA-
MUKH: PacyeT 37IeKTPOMATHUTHBIX BOJIH B GJIMKHUX 30HAX U3IYYAIOIIUX CTPYKTYP (CAMOCOI/IACOBAHHBIH
METO[] pacyeTa), KOMIUIEKCHBIX BOJIH B BOJIHOBELYIIHMX CTPYKTYPax U Lp.

IIpednasnauaemcs 0na cmydenmog paduomexHu4ecKux U paduoPuauieckux cneyudanibHocmell 8y308, a maksie
UHXCEeHePO8-paduoOmMexHuKo8 u paduopusukos.




