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«HeTUHEWHAs YaCTh — Pe3UCTUBHBIN YETHIPEXIIOTIOCHUK»

A.A. T'onosxos

BoeHHBIN y4e6GHO-HayUHBIH LeHTPp BoeHHO-BO3MYIIHBIX CHJT «BOeHHO-BO3[yIIHAsK aKaleMHs»
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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
PagHOyCTPOUCTB C MPOU3BOJIBHBIM KOJMYECTBOM OJMHAKOBBIX M HEOAMHAKOBBIX KACKA/IOB THIIA «HEJTMHEHHAs YacThb — COITIACYIOLIUH
PE3HCTUBHBIA YETBIPEXMOJIOCHUK» 110 KPUTEpHUI0 obecliedeHHs 3aJaHHBIX YaCTOTHBIX XapaKTepUCTHK. HelnHeliHple yacTu
[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- 1 ®YX-panuoycTpoOMCTB, 3HAYEHHS [TAPAMETPOB), MOTYyYEHHBIX MyTEM MAaTEMATHYeCKOI0 MOJETHUPOBAHUS B CHUCTEME
MathCad, 1 axcniepMeHTaNbHBIX Pe3yJIbTATOB, MIOJYYEHHBIX [IyTEM CXEMOTEXHHYECKOr0 MopenrnpoBanus B cucremax OrCad u

MicroCap, TIOKa3bIBa€T UX YOOBJIETBOPUTEJIBHOE COBIIAlEHUE.

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 aMIUIUTYAHO-(PAa30BOM MOAYIALUU pacce-
SIHHOT'O CUT'Hasa. YIpaBisieMble CIOU — 3TO JByMep-
HO-TIepHOINYeCKHe PelIeTKH MPOBOASIIHUX CTeP>KHEN
WM TIO0JIOCOK, B Pa3pbIBbl KOTOPBIX BKJIIOYEHBI He-
JTUHeNHble 5JIEMEHTHI, yIpaBiisieMble HHU3KOYaCTOT-
HeIM curiainoM. Heympasnsiemsle cion (HC) - aro
OHOPOAHBIE [M3TEKTPUYECKHUE CIOM 0e3 MOoTepb
WU [ ByMEpHO-TIepUOJHUYECKHEe PelleTKU CTep KHeH
WK TOJO0COK. B o6mem cinyuae IICC yHKIHOHH-
PYyeT B CMeLIaHHOM peXXHMe — IIPUCYTCTBYeT KaK OT-
pa’keHHasi, Tak M IpoxofHas BonHa. Eciu onuH u3
HC, pacnonoskeHHBIM MOCIEIHUM II0 HaIpaBJIeHHUIO

valgol2595@gmail.com (Fonoskos Anexcandp Apanacvesuu)

najfamlield BOJHBI, BBIIIOJHEH B BHUAE IIPOBOASILIE-
ro akpaHa, To [ICC siBnseTcs oTpaxawuend. B atom
cnygae TICC MokeT 6BITH HCIOB30BaHA B KAa4eCTBE
OCHOBBI [IJI1 IOCTPOEHHs MNepCHeKTUBHOM Kypco-
[JIMCCAfHOU cucTeMbl [2]. CyTh aITOPUTMOB COCTOUT
B QOpPMUPOBAHHUM CUCTEM aIrebpanyecKUxX ypaBHe-
HUH, OTBEYaII[UX TPeOOBAHUAM K CHCTEMHBIM OIle-
paTopaM (Ko3pPpULMEHTAM OTPAKEHUA U EPEAATOY-
HBbIM QYHKUIMSIM) B 3aJaHHOM KOJINYEeCTBE COCTOSIHUH,
YIOBJIETBOPSIIOIIMX 3aJaHHbIM YPOBHAM HM3KOYa-
CTOTHOTO CHTHaja. PesynpraToM pelleHus 3THUX
YpaBHEHUH SIBJISIETCS CHUCTeMa B3aMMOCBSI3ed MeXOy
9JIeMeHTaMU KJIaCCUYeCKOM MaTpUIbl llepefadyu He-
KoTopbix HC, OTHeCeHHBIX K HeyNpaBIsieMOH YacTH.
Ocrasmascs yacTe HC oTHeceHa K ynpaBiseMoH ya-
ctu [ICC. CucreMa B3aMMOCBS3€l — 3TO UCXOQHAS CHU-
CcTeMa ypaBHeHHUH s OTbICKaHUs apaMmeTpos HC.
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Pdursuka BOTHOBBIX NIpoLecCOoB U pafAUOTEXHUYECKHE CUCTEMBI
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Puc. 1. CTpyKTypHbIe CXeMBI MHOTOKACKA/IHBIX PafMOyCTPOUCTB
C MapasieNbHOM MO HAMpPSKEHUI (@) W MOCIeNOBATENBHON MO
TOKy (6) LensiMu 06paTHOM CBA3M, BKIIOYEHHBIMH MEX/Ty HCTOYHH-
KoM curHana u PY

Fig. 1. Block diagrams of multi-stage radio devices with voltage-
parallel (a) and current-series (b) feedback circuits connected
between the signal source and RF
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Puc. 2. CTpyKTypHBIE CXeMbl MHOTOKACKA[HBIX PafUOyCTPOUCTB
C TOC/Tef0OBaTENbHON MO HAMPSIKEHUIO (a) M MapajsieNbHON MO
TOKy (6) LensiMu 06paTHOM CBA3M, BKIIOYEHHBIMH MEX/Ty HCTOYHH-
KoM curHana u PY

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

Pazpa6oTanHble aIrOPUTMBI MOTYT GBITH KCIIOJb-
30BaHbl MPAKTHYECKH B JOOOM OHANA30HE PafHo-
gacToT. OTIMYMe COCTOUT JINLIb B PealU3anuu dje-
MEHTOB KJIACCHYeCKOW MaTpuiubl mnepemauyu HC.
B COOTBETCTBYWOLIMX AUANA30HAX YACTOT DTO MOTYT
ObITH 27eMeHTBl 60 ¢ pacnpeneneHusiMu [1; 2],
nu60 ¢ COCPeNOTOYEHHBIMU MapaMeTpamu [3-7]. s
peanusanuy TeOMETPUYECKUX pPa3MepOB HeyIIpaB-
nsieMBIX W yrpasnsieMbix peutetok [ICC [1; 2] Heo6-
XO[UMO TIPUBJIEYEHHE PE3Y/IBTATOB PELIeHUs 3a4ad
oUubpakUUK 37IEKTPOMATHUTHBIX BOJIH HA Pa3IMYHBIX
MPOBOSIIIKX Tenax [8].

Hawn6osnee momHO MeTOR pelLieHHs 3apad mapame-
TPUYECKOTO CUHTE3a PA3IMIHBIX PALUOYCTPOMUCTB (32
HCKJIIOYEHHEM MHOTOKACKALHBIX) C 06OMMH TUIIAMU
9JIEMEHTOB U3JIOXEH B pabore [9].

B panHOW pa6oTe mpemIaraeTcs pacCMOTPETH
O0COOEHHOCTH 3THUX AITOPUTMOB C YYE€TOM HATUYUS
KacKaJoB TUMA «HelnuHeHHas yactb (HY) - pesuctus-
HBIM 4eThIpexnonocHuK (PY)». DTH Kackambl BKIIIO-
YeHBI MeXY UCTOYHUKOM CHTHAJA C COMPOTHUBIEHH-
eM z, =1, +jX, W Harpyskou z, =r, +jx, (puc. 1, 2).
ITpu aTom yuuTeiBanock, 4To HY cocTout u3 Tpexno-
JIIOCHOTO HeJlMHeHHoro aneMeHTa (HD) 1 oxBaThIBa-
foLel ero renu obpatHo cBsa3u (LOC - mapayuienbHON
WJTH MTOCJIEOBATENBHOM 110 TOKY HJIH HAMPSIKEHHUIO).

OnTuMHU3anus NapaMeTPOB [BYXIIOJNIOCHUKOB,
He Bxogamux B KY, ocymiecTBnsercss ¢ MOMOILBIO
W3BECTHBIX YUCIIEHHBIX MeTofoB [10] mo KpuTepuio
obecrnedeHus 3alaHHON pabodel MooCk 4acToT. Bee
0603HaYEHHUsI HEONMCAHHBIX BEJIMYUH B JAHHOU CTa-
The COOTBETCTBYIOT [IPUHSTHIM B [9].

ANropuTM CHHTe3a MHOTOKACKaJHBIX PagUoO-
YCTPOUCTB C y4eTOM HaIW4yUs KackamoB Tuma «HY -

PY» npusepex B pa6ore [11].

1. Pe3ynpTaThl NapamMeTpU4ECKOroO
CHHTE3a

3mech B KayecTBe MpPUMepa MPUBOAATCS HEKOTO-
pbIE U3 pEelleH M, TOMyYEHHBIX [AJIsl TUMTOBBIX cxeM PY
[IPU UCIIOJIb30BAHUHU MAPAJIJIENIBHOM 110 HATIPSAKEHUIO
o6paTHoOi cBsA3U (puc. 1, a) u anroputma cunTesa [1-3]
C YYETOM YKa3aHHBIX U3MeHeHHH. DTOT BUI o6pat-
HOU CBA3M [JONycKaeT npuMeHeHue PY mpakTuyecku
10600 cnoxHOCTH. ECu HEeo6XOOUMO CHHTE3UPO-
BaThb PafiiOyCTPOUCTBO C OAMHAKOBBIMM KACKA[aMHU
tuna «<HY - PY» a B kadectBe PY wucnonssyercs
[-06pa3Hoe coefuHEHHE NOBYX CONPOTHUBIEHUN R]y2
(puc. 3, a), TO 3aBUCUMOCTH 3THX CONPOTUBJIEHUH OT
YaCTOTHI OMPEESIIOTCS CIEAYIIUM 06pas3oMm (apry-
MEHTBI OTYILEHBI):

c, +R,d
R, ——_—x "2 x . A1)
d, +e, +R,b,

2
o _“BytyB -4,
2 5

24,

roe

Ay=bd -bd;
B,=d,(1-e,)+b.c, —b.c, +de;
C,=e.(d, +e,)—c (d +e —1).

O6parnoe T'-o6pasHoe coefMHEHHE ABYX COMPO-
TuBNeHMH R, (puc.3, 6):



TonoBkoB A.A. napaMeTpI/I‘{eCKl/Iﬁ CHUHTES pa3/IMIHBbIX paﬂHOyCTpOﬁCTB C 3aJaHHBIM KOJIMYE€CTBOM KacCKaaos ...

58 Golovkov A.A. Parametrical synthesis of various radio devices with the set quantity of identical cascades ...
{1
R]_ RZ R]' Rz R . Rd.
—— ! I Rs Ri[] R,
a 6 R
Puc. 3. CunresuposanHbie P4 a 6

Fig. 3. Synthesized RF

B cr+R2(dr+er—l).
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2
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24,
raoe

A, =(d. +e, —1)b, ~b.(d, +e,);
By=d, +e,~bc, +bc,; C)=c,.
T-o6pa3Hoe COeNMHEHHE TPEX
Rl,2,3 (puc. 3, 8):
R, - ¢, +Ry(d, +e, +Ryb, —1)+ Rqd, )
1-b,(Ry +Ry)

2
o _ Byt \B} ~44,C,
2 P

24,

b

rae
A, =(d, +e,—1)b, —b.(d, +e,);
B,=d, +e,~bc +bc, —

—R4[(2d, +e )b, —b,(2d, +e,)];

Cy=(b,d —~b.d )R:+(d ~bc, +bc)Ry+c,.

s +R,(d, +e, +Rsb, —1)+Rsd, )
T 1-b, (R, +Ry)

2
o B +|BZ —44,C,
3

24,

bl
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Ay =bd —bd;

rox?

By =d, —R,[(2d, +e, )b, —b,(2d, +e,)]- b.c, +b,c,;

Cy =I(d, +e, —1b

2
. —b.(d, +e, )IR) +
+(d,+e,~b.c, +bc )R, +c,.
_ (]_RSbr)Rl _Cr_R3dr .
2 (Ry +R3)b, +d, +e, -1’

2
o 7By B —44Cy
3 )

24,

roe
A;=bd, —bd;
By =b.c,—b,c,— R(b.e

X

—be,)-d, —de, +de,;

COMPOTUBIIEHUHN

3

Puc. 4. Cunresuposannbie PY (mpogonkeHue)
Fig. 4. Synthesized RF (continued)

Cy=bR¥+(d +e +bc —bc )R +
+(d, +e, —1)c, —c,(d, +e,).
[1-06pa3Hoe CcOeqUHEHHWE TPEX COMPOTUBIEHUN
Rl,2,3 (puc. 4, a):
(c, + der )Rs + Ryc,

R, = ; (6)
R, —c, —Rs(d, +e, +Ryb, —1)

2
- +|BZ —4A,C,
2

24,

)

rge
A, =(b,d ~bd )R3+(d ~bc +bc)Ry+c,;
By=(d, ~bc, +bec +de —de )RE+
+(2¢, +c.e, —c e )Rg;
C, =R3[(d, +e )c, —c (d +e —T.
B (c, + der )Rs +Ryc, _
1" Ry—c,~Ry(d +e, +Ryb —1)

2
~B, +4/B2 —4A,C,
R, =

24,

)

rae

Ay =(bd, —bd )R +(d +e ), —c (d +e —1)+
+(d,~b.c, +b.c, +de, —d e )R,;

Cy= R%cx;

By =(d

. —b.c, +bec, )R% +(2c, +c.e, —c.e.)R,.
R - R/(1-d —e,)~c,(R, +R3)_

- 8
2 ¢ —R;+Ry(d +Rb) ’ o

2
~B, +4/B2 —4A,C,
RS

24,

)

raoe

Ay =(b +bd —~bd +be —be )R> —cd +cd +

+(d, +b.c, ~b.c, +de —de )R;;

C3 = _RIZCX;

By =R(c,e, —cxer)—R%(dX +e,~b.c +b.c,)
IMepekpriToe T-06pasHoe COeMUHEHNE YETBIPEX CO-

npoTuBneHu#t R, , 4, (puc. 4, 6):
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. [Ry(1=d, —¢,)=c, Ry + Ry)=RyRy(d, +bRy) o = RoRy(d, +B Ry}
¢, —R, +(Ry +R5)(d, +e, +b.R, —1) /(R +Ry +Ry)(d, +e, —1)+b,R, (R, +Ry);

2 24, ’ Rs = 24, ’
rge roe
Ay =I(d, +e, ~1)b, ~b,(d, +e )IR; Ay=(bd ~bd )R2+c (1-d —e )+ (d, +e )+
By =[d +e ~bc +bc, +RyB,IR + +(d ~bc +bc +de —de)R,;
+R3R, [(d, +1e, ~d, (e, ~2)}; By = (R, +R,)IR,(d.e —de)-
By =b,(2d, +¢,)~b,(2d, +e,); ~2¢,(d +e —1)+2c,(d +e )+
Cy =c,Ry (2R3 +Ry)+ +[d, +R,(be, —be, )]RZ -
+R3(Ry +Ry)I(d, —b,c, +b,c, )R, +c.e, —c e |+ ~R,[(R, ~2R))(b.c, ~b.c.)—e R,];
+ R3(byd, ~byd, )R + Cy =(R, +R,)l(d, +e,)c, —c (d, +e, —1)]—b R2R -
+(d.e,—de )R, +c, +cd, —cd]. “RR,(R, +R,)d, e, +bec —bc);
Ry =Ry (1-d, —e, )¢ I(Rs +R,) - U0 R iRy +ROR, —c)-lc, +Ry(d, +¢ IR~ (13)
~RyR,(d +b R}/ fc, —R, + CRyR,(d +BR )
+(Ry+Ry)ld, +e, +b.Ry ~1) J{(R, + Ry +R,)(d, +e, ~1)+b R,(R, + Ry}

2

R, _-B i\/fis—zmgcg’ v, B+ /BZ—4A4C4,
e 24,
Ay =(bd —bd)RZ+c (1-d —e)+c,(d +e )+ e
+(d,—bc, +bec, +de —de)Ry; Ay =6 ~Ryd o)+
By =(d, —b.c, +b,c, )RZ +(2c, +c.e,—c.e )R, — e (14, _er>_R§(brd" ~bd,)-
R,[R2[(2d, +e )b, b (2d, +¢ )]~ B, : “BRY+ Rald + Rylbre, —bye e de, —de, -
By =R,[(d. +1e,—d, (e, —2); ~(brex =bye, )R + Ry );
Cy =ilb,(d, +e. ~1)—b (d_+e )IR2 +Cy +c, IR2; By =(byc, ~be,)(Ry +Ry) +
Co=(d +e,~be +bc)R,. +[Ry(d,e, —d e.)—2c (d, +e, —1)+2c,.(d, +e, )~
R ~{[Ry(1-d —e )—c IRy +R,)~ a1~ &R +Ry)+ (RS ~RI,;
~RyR,(d. +b R} /fc, ~R, + C, =(R +Ry)*[(1—e, —d )c, +c.(d +e ).
+(Ry+Ry)(d +e +b R, —1}; Ry ={l(1-d, —¢,)Ry —¢, )Ry +Ry)~ (14)

2
o _ B +\/BZ -4A,C,

— RR, (bR, — 1)}/

4 = 24, ) [{c, +d.R, +(R; +R,)(d, +e . +b.R, —1)};

roe B, +\B} -4A,C,

A, =(b,d ~bd )R, +Ry)? +(d, +e )Ry b R+ Ry = 24, !

+c¢,+d Ry +[b,c, —b.c, —Ry(b.e, —be )Ry +Rs3); rne

B, =(d, —b.c, +b.c,)R: +[2c, +c.e, —c e, +BylRs; A, =b (R +Ry)? —c,d +c,d +R3(bd, —~bd )+
By =R,(2d, +e )+(d.e, —d e )R, +Ry); +(Ry +Ry)ld, + R, (be, —be)+bc, —b.c ]+

C,=le,(1-d —e)+c (d +e )R3;

+Ry(d e, —de);

R, = {(Ry +R,)(R, —c,)—c, +Ry(d, +e,)IR, - (12 B, =R}, +e +bc, —byc,)-
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-Ry[2¢,d, -2c,d, +ce, —ce —
-Ry(2d, +e +de, ~de)l;

— 2
C, =ld, +e, —1)c, —c,(d, +e )IR].

[Tyctp Temepb TpebGyeTcsl CUHTE3WPOBATH PAfHO-
YCTPOHCTBO C HEOLWHAKOBBIMH KaCKafaMH THIIA
«H4Y- PY». Ecnu B kadectBe PY wucnonesyercs
I-o6pasHoe coeqMHeHUe NABYX CONPOTHBIEHMH R,
(puc. 3, a), TO 3aBUCHMOCTH 3THX COTPOTHUBIEHUN OT
YACTOTHI OIPEEISIOTCS CIAeAYIUM 06pa3oM:

Cor + Rody,
¢y, —¢, +d. —d;, —R,b

2
—B, ++/B2 —4A,C,
Ry =

; (15)

R =

r

bl

24,
roe

Ay =bd, ~b.d;;

B,y =(c, —cy, —d ), +

+d,, (¢, —¢, +d,)+b.cy, —b,c,.;
Cy =Cycyy =9, D5

Cd =64 _dr +d]r;
Dc = Cx ~C1x _dx +d]x’

O6partHoe T-06pasHoe coeqUHEHHE [BYX COIMpPO-
TUBNeHuH R, (puc.3, 6):

- €y, +RyCy : 16)
d. —R,b,
X B +|B% —4A,C,
2 24, ’
rue
A,=bD_—bCy;
By =(cqy —¢, —dyy)d, +
+d,(c, —c;, +dy,)+b.cy —bcy;
Cy=cyd, —cyd.
T-06pasHoe CcoOeJUHEHHE TPeX COMNPOTHUBIEHUN
Rl,2,3 (puc. 3, 8):
- ¢y, +Ryd;, +Ry(Cy +R3br); 17)
d —(Ry+Ry)b,
- +|B2 —4A,C,
2 24, ’
roe

A2 = bXCd _erC;

B2 = beZr _brCZX +[bx(cr ~Cqr +2dlr)_

—b,(c, —cq, +2d; )R +

+(c, —¢q, +dy)d, —d (c, —c;, +dy,);

C2 = (bXd]r _brd]X )R% +

+(bycy, —b,cy, +d.dy, —d d; )Ry —cy.d, +cy d,..

_ Cor +R3dlr +R2(Cd +R3br).

- : (18
dr —(R2 +R3 )br
2
o _ “BetBS ~445Cy
3 24, ’
rge
A3 = brdlx _bxdlr;
BB = brc2x _beZr +R2 [(Cx ~CO1x +2d1X)bf B
~b (c, —c;, +2d, ) +d dy, —d d, ;
Cy =(D,b, _bxcd)Rg +(cq, —c, —dy ), +
+d,(c, —cy, +dy,)+b.cy, —bycy IRy +
+ CZrdx _szd)"
R, - (d, —=R3b, )Ry —c5, —Rydy, : (19)
(R] +R3)br +Cd
2
R —B; /B3 —4A3C4
3 24, ’
rge

A3 = brdlx _bxdlr;

B3 = brCZX _beZr _Rl[(cx _Clx)br -

- bx<cr _Clr)]+(cr —Cqr _dr >dlx +dlr<clx —Cy +dx);
CS = (bxdr _brdx )R12 +Cd02x _DCCZr +[brc2x -

- beZr +(c Ot dlx )dr _dx (Cr O T dlr )]R‘l‘

P
[T-o6pasHoe coefuHEHUE TPEX COMPOTHUBIEHUH
Rl,2,3 (puc. 4, a):
_ (Ry+Rg)ey, +RyRady,
1" Ryd, —cy, —(Cy+Ryb,)R;

2
B, /B2 —4A,C,
R, =

24,

(20)

rae

A, =(b,d;, ~bd )R:+(b.c, ~bc, —
—d.d, +dd )Ry +cy Cj—c,y D,
Ay =(cy, —c, +2d, )cy, — ¢y, (cq, —c, +2d,)IRs3;
B, =|b.cy, —b,cy, +BO]R§ +

+[(c;, —¢, +2d,)cy, —cy, (¢, —c, +2d,)|Rg;

BO = (Cr ~Cqr _dr >dlx +dlr<clx —C +dx);
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Cy =(cpCyq —cy,D )Rg-

(Ry + R4 )cy, + R2R3d1r

1= ; (21)
Ryd, —cy, —(Cy +Ryb, )R,
2

R - —33 i1,B3 —4A3C3

3 24, ’
roe
A3 = (brdlx - bxdlr )R% + (brCZX - beZr + AO )RZ +
+ CZxCd - CZrDc;
AO = (Cr —Cqr _dr)dlx +d1r(clx Ot dx);
BS = [brCZX _beZr _drdlx +dxdlr]R§ +
+[(cq, —c, +2d, )cy, =y, (cq, —¢, +2d,)IRy;
C3 = (C2rdx _C2xd )R%
R, = (R; +Rg)cy, + RyR3Cy 22)

(d, = Rgb, )Ry =y, —Rgdy,’

2
— +/B2 —4A,C,
3 )

24,

roe

Ay =(D,b, —b C)RZ +(b.c, —b cy +AyR, —
= Gty + 0y

Ay =(cq, —c, +d,)d;, —d;,(c;, —c, +d,);

2
BS = Rl [brCZX _beZr +(C1x —C _dlx )dr +

X
+d, (c, —cq, +dy, )] =Ryl(c, —cq,)cq, =y (c, — ¢4, )]s
Cy =(cy,d, —c, d )RE.
[MepekpoiToe T-06pa3Hoe COeUHEHNE YETBIPEX CO-
NPOTUBIEHNH Ry, 44 (puc. 4, 6):
(CdR2 +c2r)(R3 +R4)+R3R4(d1r +R2br); 23)
R,d. —cy, —(Cy+Ryb,)(Ry +Rs)

2
—B, ++/B2 —4A,C,
R, =

24,

R =

bl

roe

A, =(b,C;~b.D,)RS;

By = (b,Cy, ~b,cay +By)R} -

— RgRyllc, —¢y,)d, +d;,) -

(e, —cy)d, +dy)+2d dy, —d d )
By =(Rgb, —d )(c, —cy, +d, )+

+(d, = Rgb, )ley —¢q +dyy )=
~Rs(bdy, ~b,d,,);

Cy = {(bydy, —b,d; )RS +l(c, —c1,)dy, -

~dy (e, =y, IRy +Cyydy, — oy RS -

—(cppd, —Cyd, )Ry +R,)* -

—(Rg +R,)[R,(b.cy, —b,cy. —

—-d.d, +dd, )+CylRs;

Co = (e, =g ) =g (0 —¢4);

Cyj=c,—cy,—d, +d;;

D,=c,~cy, —d, +d;,.

R, - (C4Ry +¢5,)(Ry + R, )+ RyR, (d;, +R2br); 24
R,d. —cy. —(Cy+Ryb,)(Ry +Rs)

2
o B +|BZ —4A,C,
3 )

24,

rme

Ag =(cy, +Ryd;, ), —cy ) —(c, —cq, )y, +Rydy, ) —
—(b,d;, ~b,d, )RZ +R,(b.c, ~b.cy —d dy +d d; )+
+ ey, —dy, ) = o, (dy —dy);

By = By —2R,(c,,d,
—[2Ry(b,d,, —b.d, ) +b.cy —b cy IRZ;
By =[(2Ry +R,)(d,d;, —d d,.)+ By, IR, ;
By, =(c, —c3,)lcy, + Ry(d, +dy, —R,b, )]

_szd )_

—(c, —¢q, ey, +Ry(d, +dy,, —R,b )]

Cy =1{[Cy +(d, —Ryb,)(c, —cq, +dy, )Ry +

+(b,d, ~bd )RS +c, d —c,d }RZ;

Cy =b,cy, —b.cy, —(d, —Ryb, )(c, —c;, +d,).

(C4Ry +¢y, )(Rg +R, )+ RqR, (d;, +R2br); 25)
R,d. —cy. —(Cy+Ryb,)(Ry +Rs)

2
I +,/B2 —4A,C,

, =
24,

1

rge

A, =(bd, ~bd)RZ+(dd, —dd )R, -
~Ryfld, —b, (Ry +Ry)l(c, —c;, +dy, )~ Ay} —
—(Ry +R3)[Rg(bdy, —b,d;.)+b.c,, —
—b.cy 1-cyd +cy d s

Ay =[d, —b.(R, +R3)l(c, —cq, +dy, );

B, =[By —2(cy,d, —cy,d )Ry ~R5(b,cy, —b cy );
By =[(2R, +R3)(d.d;, —d d,,)+

+(c, —¢q, ey, +(Ry +R3)d;y, +Ryd, )] -
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= (e, —¢q, ey, +diy (Ry +Rg)+ Ryd, |; C, =(cy,Cgy—cy,D.)(R; +Rg )2.
2
Cy =(cg, D, =€, Cy)R3. R = (d, —Ryb )RRy —(Ry + Ry N(CyRy +¢5,) 28)
R, ={R,[R,d. —Rs(d;, +R;b,)]- (26) (Cq +Ryb)(Ry +Ry)+cop + Rydy,
= ¢ (R +Ry + Ry )~ CyR R}/ R _ B, 4B ~4A,C,
| {(R, + Ry + R, )Cy +R,(Ry +Ry)b,}; * 24, ’
~B, +/BZ —4A,C rae
Ry=— o, A, =R:(bd,, ~bd, )-c,d d
2A3 4~ T2Vrx 41/~ Cor lx+62x lr+
roe +1{d, +b,(R; +Ry)l(cy, —c, +d,.)—
A3 = (CZr + R4dlr )(Clx —Cy + dx ) + R4(br02x _beZr)+ - Ao[d1r + br<R1 + Rz )]}Rz + R](drd1x - dxdlr ) -
+ (brdlx - bxdlr >R42} - CZrdlx + CZxdlr - - <R1 + R2 )[Rl (brdx - bxdr)_brCZX + beZr ];
— (g, +Ryd; ey, —c, +d.); Ay =(cq, —c, +d);
B3 = [R1R4(dr _R4br)_ B4 = {BO - [CZr - dr (R] + R2 )](CX “Cix Tt dlx )}R‘l +
2
— (R +Ry)(2¢,, +Ryd; (e, —cq, )+ + Ry (b.cy, —b,cy.);
+(c, —cq,(2¢5, +Ryd; )Ry +R,) — =[cy, —d, (Ry + Ry)l(c, —¢c;, +dy, )+
R4(dx _R4bx ) _(R1 +R4)[(262x(dr _d‘lr)_ + lr(CZX ) dlx(CZr _R2dr)_
~2c, (d,~d, )|-R¥d dy, ~d d, )+ 2[<Cr Cu) 1w~y (e = )k
2
+ R, (2R +Ry)(b.cy, —b,cCy.); =(cxCq =g, D )R]

OHTI/IMI/ISa ugd SHa‘{eHI/Iﬁ COI1 OTI/IBHeHI/Iﬁ BVX-
Cs =(cy,Cy — ¢y, D, )Ry +Ry)* + 1 p ABY.
MOJIIOCHUKOB PY, BXOASLIKX B IPABYIO YacTh GpOPMyII

+ RiRy(Ry + Ry)llc, —cq +dy )d +Cyl = (1)-(28), MPOU3BOAUTCA C MOMOMIBI0 U3BECTHBIX YHC-
_ R%Rﬁ(b d —bd); JIeHHBIX MeToxoB [10].
Co =bregy —byea, —dyle, ¢y +dy,). 2. MaTeMaTH4€CKOE M CXEMOTEXHUYECKOE
R, ={R,[R\d, —R5(d;, + R;b, )]~ (27) MoOJieJIMpOBaHUE
-y, (Ry+R3 +R,)—C R R3}/ Ha puc. 5-11 pis npumepa nokasaHbl PUHLUIIN-
J (R, + Ry +R,)Cy + R, (R, + Ry )b ; a/IbHble U DKBUBAJEHTHBIE CXEMbI O[HOKACKATHOTO U
[BYXKaCKa/IHOTO YCHJIMTEJsl, COOTBETCTBYIOIINE HC-
-B, J_m/BZ -4A,C, clleflyeMOU CTPYKTYPHOM CXeMe ¢ MapauleJIbHOH 110
Ry = 24, ’ HATIPSKEHUIO CBA3BIO, PEJICTABIEHHON Ha puc. 1, a,

e a TaK>Xe HX TeOpeTHU4YEeCKHE U OSKCIIEPMMEHTAJIbHbIE
A

A4 = (CZX _Rldx )(Cr Ot dlr)+ Rl(brCZX - bxc2r>_
- <brdx _bxdr >R12 +(brdlx _bxdlr)R?% +02rdx _C2xdr -
(cy, —Ryd, )c, —cy, +dy,) HOC ([T-o6pa3HOro COeNMHEHUS TpeX 3JIEMEHTOB

XapaKTepUCTUKU. M crmonp3oBaH TPaH3UCTOP THIIA
BFQ17PH (puc. 5, a, 6). Cxema HY BeImonHEeHA B
BHE TMapajuleIbHO COEeNWHEHHBIX TPAH3UCTOpPA H

Csg, Ryp5, R;qo) Ha onHOKackagHOH cxeMme (puc. 5, a)
+ R3 [(Clx Ot dx >dlr + AO +br62x _beZr];
Ay =Ry[b,(c, —c;,)—b
B4 = {BO _RS[dlx(CU —C +dr)_

u Czg, Rypss Ryggs Cgpr Rygzs Rypy HA ABYXKACKaZ-
(e, —cy )=dy (cy, —c, +d); HOU cxeMe (puc. 6). Harpyska ¥ CONpPOTHUBIEHHE HC-
TOYHMKA CHI'HAJA BHIIIOJTHEHbI HA 3JIeMeHTax Ry, u
R“7 cootBeTcTBeHHO. CxeMbl PY coGpaHbl B BHAE
- d1r(Clx —Cy +dx)—br02X +bXC2r]}<R’1 +R3); [-06pa3HbIX YETHIPEXMONIOCHUKOB Ha 3JE€MEHTax
By =(2¢y, —Ryd, )¢, — ¢y, +d;,)— Ri1g, Rypo (pyc. 4), Ryjg, Ryzg Rygys Rypg (puc. 6),

napameTpsl KOTOPBIX ONpefessiuch no ¢opmymnam (1).
= (205, —Ryd;)ley —cq +dyy )+ DKBUBajeHTHAasd CXeMa HeIMHEMHOTo 3JeMeHTa
+Ry(b,c,, —b,c,.)+2(c,, d. —c,.d,); BBIIIOJIHEHA B BHUME IEPeKPBITOro T-o6pasHoro de-
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Puc. 5. [IpuHLunuanbHas cxeMa OfHOKACKa[HOIO YCHJIUTENs (a), COOTBETCTBYIOLIAsl CTPYKTYPHOH cxeMe (pHc. 1, a), Ipy HaNpsDKeHUH

U = 34,8 B, AUX u @YX (6), uccnenyemsie B cucreme MicroCap

Fig. 5. 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

ety

R124 300 -
Vv

R110 300 R117
NV

Puc. 6. [IpuHUMNUaIbHAsA CXeMa [BYXKACKALHOIO YCHIIMTENsl C OJUHAKOBBIMHM KAaCKaJaMH, COOTBETCTBYIOLIAs CTPYKTYPHOM CxeMe
(puc. 1, a), 9acTOTHBIE XaPaKTEPUCTUKH (PHC. 5, 6) KOTOPOTO HAEHTHYHBI COOTBETCTBYIOLIMM XapakTepUCTUKAM (pHUC. 5, 6) OMHOKACKALHOTO

ycunurens (puc. 5, a)

Fig. 6. Schematic diagram of a two-stage amplifier with identical stages, corresponding to the block diagram (Fig. 1, a), the frequency
characteristics (Fig. 5, b) of which are identical to the corresponding characteristics (Fig. 5, b) of a single-stage amplifier (Fig. 5, a)

THIPEXMOMIOCHUKA Ha aneMeHTax Ry, Lg, Ry3, Ly,
Rii, Ly, Ry, Lg (puc. 7). [TapameTpbl 9KBUBAIEHT-
HOHM cxembl HO BbIOpaHBl M3 YCIOBHs COBNafeHUsI
BBIXOJHOI'O conpoTuBiaeHuss HY ¢ BBIXOOHBIM COMpO-
tuBneHueM HY c ncnonp3oBaHueM peanbHOro TpaH-
sucTopa [9].

YacToTHbIe XapaKTepPUCTHUKU INPUHIUINAIBHBIX
CXeM, TIOKa3aHHbIE HA PHUC. 5, 6 (COMPOTUBIEHHUST HC-
TOYHHKa CUTHala W Harpy3ku pasubl 100 Om) u 6
(compoTHBIeHHUs] HCTOYHHMKA CHUTHAJAa M HAUPy3KH
paBubl 50 OM), UOEHTUYIHBI. DTO COOTBETCTBYET BbI-
BOZaM, C/leJIaHHBIM Ha OCHOBe aHaju3a MOJIy4eHHbIX

panee [1; 3] BIpaskeHUH U151 TepefaTOIHBIX PYHKIUN

HCCIeAyeMbIX MHOIOKACKaJHBIX CTPYKTYPHBIX CXe€M
(puc. 1, a).

Cxema HY peanusoBaHa B BHfe MapajllesIbHO CO-
€NVUHEHHBIX SKBUBAJIEHTHOM CXeMBbl HEIHMHEHHOIO
aJIeMeHTa U Lenu o6paTHOU cBsidu u3 [1-o6pas3Horo
coefivHeHUs Tpex anemMeHToB - Cg, Ryg, R,,. Ilapa-
MmeTpsl LIOC 3apanbl npousBonsHo. Cxema PY cobpa-
Ha Ha OCHOBe ['-06pa3HOro coefUHEHMUS ABYX JIEMEH-
TOB - Rys, Ryy.

TakuM 06pasoMm, TpHU HCMONb30BaHUK PY Takske
HAGJI0[JAETCSI HOBOE sIBJIEHHE, COCTOSIIEE B TOM, YTO
IIpyu OIpeneseHHbIX COOTHOIIEHUAX MeXOY KOJIU-

Ye€CTBOM KaCKagoOB WM 3HAYE€HUAMHU COHpOTI/IBHEHI/Iﬁ
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Puc. 7. DKBUBa/IeHTHAsI CXeMa OJHOKACKA[HOTO YCHUIUTENsI (PHC. 5, a), COOTBETCTBYIOIIAs CTPYKTYpHOU cxeMe (puc. 1, a), uccienyemas B

cucreme OrCad

Fig. 7. Equivalent circuit of a single-stage amplifier (Fig. 5, a), corresponding to the structural diagram (Fig. 1, a), studied in the OrCad

system
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o
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200
HI(f)
50 ﬁ_
~100
0x10° o710 £ 1.04x10°
a

970M
6

900M f

Puc. 8. HacrorHsle xapakrepucTuku (AYX n ®UX) akBruBaneHTHOH cxeMsl (puc. 7), nonydennsle B cucteme MathCad (a) u OrCad (6)
Fig. 8. Frequency characteristics (frequency response and phase response) of the equivalent circuit (Fig. 7), obtained in the MathCad (a)

and OrCad (b) systems

HMCTOYHUKA CHUTHAIA M HArpy3Kd OJHOKACKAJHOIO
pPafiOyCTPONCTBA YACTOTHBIE XapaKTEPUCTHUKH Ofi-
HOKACKa[JHOTO ¥ MHOTOKACKa[JHOTO PafOyCTPOUCTB
OKa3bIBAIOTCS WUAEHTUYHBIMU WIM NOomo6HbBIMH |[1].
Takue cXxeMbl Ha3BaHbl 3KBHUBaJIEHTHBIMH.
Heo6xomuMO OTMETHUTB, 4YTO I3TO SBJIEHUE Ha-
6rmomaeTcss P JIIO60U CIOKHOCTH KacKamoB THIA
«HY - PY», a takxe npu orcyrcrsuu HY unu PY.
YKaszaHHOe SIBIEHHE He 3aBUCHUT OT CTPYKTYpPHI CXe-
MBI, BKITIOYEHHOU MEeXIy UCTOYHMKOM CHUTHajIa U Ha-
I'PY3KOH, U 3HaYeHUH apaMeTpPOB 3TOH CXEMBI.
AHanus Takxe MOKA3bIBAET, YTO IKCIEPUMEHTAb-
Hble (puc. 5, 6) 4YaCTOTHBbIE XapaKTEPUCTUKHU IPUH-
LUIIMaTbHOW CXeMbl ycunurens (puc. 5, a, 6) ynos-
JIETBOPUTENBHO COBMAMAOT C XapaKTePUCTUKAMHM
9KBUBAJIEHTHOU CXeMBbI (pUC. 7) YyCUIUTENsSA, IOTyIeH-

HBIMU PACYETHBIM TyTeM (puc. 8, a) U 3KCIepUMEH-
TanbHO (puc. 8, 6).

CpenHsis 4acTOTa JKBUBAJNIEHTHOU CXeMbI f ~
~ 970 MTIu (puc. 8, a ¥ 6) HE3HAYUTENIBHO OTIIUYAET-
Csl OT CpefHeN YacTOThl NPUHIIUNHAIBHOW CXEMBI
f =971,4 MTu (puc. 5, 6). 3HayeHUsT MOAYJIEH Mepe-
OATOYHOM (YHKUWM NPUHIUIHAIBHON U OKBHUBA-
7eHTHOHU cxeM ycunurtens m =100. ConpoTusneHus
P4, HOC, Harpysku u UCTOYHHKA CUT'HaJa MPUHIU-
MUAIBHBIX U 3KBUBAJIEHTHBIX cxeM ADM MOITHOCTBIO
COBIIAJAIOT.

[Ipy uCNONb30BAaHWM HEOAWHAKOBBIX KacCKafoB
BO3HHUKaeT BO3MOXHOCTb 3HAYWUTE/IbHO YBEJIUYUTH
pabouyio mosocy 4actor. Hampumep, mas [gByxKa-
CKaIHOU cXeMbl (puic. 9) mpousBemeHre Ko3PpPHUIU-
€HTa yCWJIEHHUS Ha IO0JIOCY YaCTOT COCTAaBJISIET MpH-
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Puc. 9. TlpyuHUMNMaIbHAS CXeMa [BYXKACKA[AHOTO YCHJIMTENs C HEOJMHAKOBBIMM KacKaJaMH, COOTBETCTBYIOLIas CTPYKTYpPHOM cxeme
(puc. 1, @), 9aCTOTHBIE XaPaKTEPUCTUKH KOTOPOTO, NOJly4eHHble B chcTeMe MicroCap, mokasaHel Ha puc. 11, a

Fig. 9. Schematic diagram of a two-stage amplifier with unequal stages, corresponding to the block diagram (Fig. 1, a), the frequency
characteristics of which, obtained in the MicroCap system, are shown in Fig. 11, a
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Puc. 10. DKBUBaJeHTHas CXeMa [JByXKaCKaAHOTO yCHIIUTeIst (pUc. 9) ¢ HEOAMHAKOBBIMU KaCKaJaMH, COOTBETCTBYIOLAsl CTPYKTYPHOM CXe-
Mme (puc. 1, a), uccnenyemas B cucreme OrCad
Fig. 10. Equivalent circuit of a two-stage amplifier (Fig. 9) with unequal stages, corresponding to the block diagram (Fig. 1, a), studied in

the OrCad system

MepHO 450 (puc. 11). Dto moutu B 3 pas Gosblie, Y4eM

npou3BeeHUE KOS(i)(l)I/ILlI/IEHTa YCHUJIEHHUA Ha II0JIOCY

JacCTOT OAHOKACKaAHOTI'O YCHUJIUTEIIA UJIIN ABYXKaCcKana-

HOT'O YCUJIUTEJIS C OJVMHAKOBBIMU KaCcKagaMHu.

CpenHsisi 4acTOTa 3KBUBAJIEHTHOM cxeMbl (puc. 10)

f =735 MTIu (puc. 11, 6 u 8) He3HAYUTENBHO OTIMYA-

eTCsl OT CpeiHeN YacTOThl NPUHIUMHUATIBHOU CXEMBbI
f ~734 M (puc. 11, a). 3HayeHuss Monye mepe-
patodyHol ¢yHKuUMM NpUHUHMNHaIbHOH (puc. 10) u
aKBUBajeHTHOU (puc. 11) cxem ycunurens m = 100.
Dopmer AYX n @YX coBnafamoT yAOBIETBOPUTEIb-
Ho. Compotusnenuss PY, [IOC, Harpysku u HUCTOY-
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Puc. 11. YacrorHele xapakrepucTuku (AYX n ®UX) npuHuyunuanbHoi (puc. 9) skBuBaseHTHOH (puc. 10) cxeM, MoaydeHHbIE B CHCTEME
MicroCap (a), MathCad (6) u OrCad (s)

Fig. 11. Frequency characteristics (frequency response and phase response) of the principal (Fig. 9) equivalent (Fig. 10) circuits obtained
in the MicroCap (a), MathCad (b) and OrCad (c) system

HHKa CUTrHa/Ia IPpUHIOUIIHWAJIBHBIX U 3KBUBAJIEHTHBIX

CXeM yCHHHTeHeﬁ IIOJIHOCTBHIO COBIMAaAIOT.

IIPOM3BOJIBHOIO KOJIMYeCcTBa KackamoB Tuma «HY -
PY» sHauuTenbHO ympouiaeT pelleHHe MHOTHUX 3a-
B pa6ore [12] mokasaHo, 4TO pe3ynabTaThl cxemo- /[a4 PafuodneKTpoHukH [13], Hanpumep samau obe-

CII€9€HHsI OAHOHAIIPpaBJI€HHOCTH PpaCIpOCTPaHEHUA

TEXHUYECKOTO MOAE/JIUpPOBaHUS YAOBIETBOPUTEIBHO
COBIIAJAIT C pe3yibTaTaMH 3KCIIEPUMEHTAJIbHBIX HC-

crlefioBaHUH GU3HUYECKUX MAKETOB PaJUOYCTPOMUCTB.

3ak/io4eHHue

TakuMm 06pa3oM, IMONy4eHHble MaTeMATHYECKUEe
monenu PY tumna (1)-(14) MOryT 6bITh UCIOIB30BAHBI
[JIsl TEXHUYECKOTO IPOEKTHPOBAHMUSI PAAHOYCTPOHCTB
C OOMHAKOBBIMM KacKajaMH. BO3MOXHOCTb H3Me-
HEHUSI BEIMYUHBI SKBHBAJIEHTHOTO COMPOTUBIIEHUS
HMCTOYHUKA CUTHAIA U HATPY3KU MYTEM BKIIOYEHUS

CUTHa/la U HE3aBUCUMOCTH MPOLECCOB, MPOUCXOJIsI-
mux B HpeﬂblﬂymeM nu HOCT[e,E[yIOH.[eM AUHaAMHU4YECKUX
3BEHBAX CHUCTEM aBTOMATHYECKOTO PETryTMPOBAHUS.
Vcrnonb3oBaHue MOMy4eHHBIX MAaTEMATUIECKUX MO-
nenek ogHoro us PY (15)-(28) coBMecTHO ¢ U3BeCT-
HBIMHU YUCJIEHHBIMU METOOAMH IMIO3BOJISIET yCKOpI/ITb
NPOLECC ONTUMHU3ALUU PAAUOYCTPOUCTB C HEOAHM-
HAKOBBIMU KACKaaMH 110 KPUTEPUID OGEecredeHust
MaKCHUMaJIbHO BO3MOXHOM paboyel MooCkl 4acToT B
OECATKHU U COTHU pa3 I10 CpaBHeHI/IK) C HpI/IMeHeHHeM
TOJIBKO YUCJIEHHBIX METO/OB.
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Parametrical synthesis of various radio devices
with the set quantity of identical cascades of type
«the nonlinear part - the resistive 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
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 cornacywouero
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 resistive 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 devices microwave, 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 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 (PFC and FFC radio devices,
value of parametres), received by mathematical modelling in system MathCad, and the experimental results received by circuit
engineering 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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