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BBEOEHUE

Coznanue cmenaHHbix «cucteM Ha kpuctamie» (CuK) npennaraer pas-
paboOTKy aHaJIOTOBBIX M JUCKPETHO-aHAJIOTOBBIX CJIOXHO-()YHKIIMOHAIBHBIX
6510k0B (CD-0110K0B), 00ECTIEUNBAIONINX BBICOKYI0 TOYHOCTh MpeoOpa3zoBaHus
CUTHAJIOB MPU HU3KOHN moTpediasieMoit MontHocTu. Cpeny MHUPOKOTOo MHOT000-
paszus COP-6710k0B 0c000€ MECTO 3aHMMAIOT YacTOTHbIE (UIBTPHI, oOecreyu-
BaoIue QopMUpoBaHUE pPabOYMX MOJOC MHOTOYMCIEHHBIX TNepudepuHbIX
yCTpoKcTB KOHEUHOM POA. Hanpumep, B IMarHOCTUYECKOW anmaparype coBpe-
MEHHBIX CHCTEM YIPaBJCHHUS KaueCTBO CHUCTEMbI BEPXHETO YpPOBHS HEpaApXUU
HEIMOCPEJICTBEHHO 3aBUCUT OT TOYHOCTU YACTOTHBIX XapPAKTEPUCTHK MOJIOCOBBIX
KaHaJI000pa3youmx GuIbTPOB ¢ OTHOCUTENIBHO Y3KOM HMIMPUHOMN MOJIOCHI MPO-
nyckanus. Ananoruydo npu All-npeoOpazoBaHur HEPABHOMEPHOCTH aMILIH-
TYJHO-4aCTOTHOM XapaKTepUCTUKH OTPAHUYMTENS CIeKTpa ((puibTpa HUKHUX
YacTOT) HEMOCPEJICTBEHHO BIIMSET Ha TOYHOCTh MpeoOpa3oBaHUs aHAJIOrOBOM
BEJUYMHBI B LUPpoBOM KoA. TpaaAMIIMOHHO 3a/1aya MOBBIILIEHUS TOYHOCTH Yac-
TOTHOMU ceJieKInu (mpodsiemMa MOCTPOEHUs aHATIOTOBBIX U3MEPUTENbHBIX (DUITBT-
pPOB) pemiaeTcsi MPUMEHEHWEM HU3KOUYBCTBUTEIBHBIX CXEM C OTHOCHUTEIBHO
OOJBIIMM YHCJIOM IIHPOKOMOJOCHBIX AKTUBHBIX 3JIEMEHTOB (OMEepalMOHHBIX
ycunuresei), TpeOyonmx 00JbIINX YHEPreTHYeckux 3arpat. IMeHHO mosTomMy
MPUMEHEHUE TPATUIUOHHBIX CXEMOTEXHUYECKUX PELICHUH NpHU MPOEKTUPOBa-
HUU AaHAJIOTOBBIX Y3JI0B M YCTPOWCTB, 00pa3ylolMX 3TH OJOKH, MPUBOAMUT K
MIPOTUBOPEUYMBBIM TPEOOBAHMUSIM — BBICOKAsi TOYHOCTH (HU3Kas MapameTpuye-
CKasg 4YyBCTBHUTEJBHOCTB) IMpPEJIaraeT HCIOJb30BAHUE AKTUBHBIX 3JIEMEHTOB
(HampumMep, oNepalMOHHBIX YCUIIUTENEH) ¢ OONBIIUM TOKOTIOTPEOICHUEM.

JIsist CHATHSL YKa3aHHOTO NMPOTUBOpPEUHs Ha (PYHKLIMOHAIBLHOM YpOBHE B [1]
MPESI0KEHO MPUMEHEHNUE PUHILIMIA COOCTBEHHON KOMIEHCAI[UU BIUSHUS Yac-
TOTBl €IMHUYHOTO YCUJICHUS! aKTUBHBIX AJIEMEHTOB Ha XapaKTEPUCTUKU U Iapa-
METpPBbl aHAJIOTOBBIX YCTPOUCTB. COOTBETCTBYIOIINE CXEMbl YCTPONCTB CIOMXKHO-
¢byakuroHanbHbIX (CD) OJ0KOB MO3BOJSIOT UCIOJIB30BATh ONEPALIMOHHBIE YCH-
JUTEIN ¢ HU3KOW MOTpeOssieMOl MOIIMHOCTBIO. JTa 3amaya B [2] perieHa Ha
KOMIIOHEHTHOM YpPOBHE, KOT/1a COOCTBEHHAsl KOMIIEHCALUsl BIMSHUS JOMHHU-
PYIOIIMX TMAPA3UTHBIX EMKOCTEW TPAH3UCTOPOB ITO3BOJISIET MPU ONPEACIEHHOU
apamMeTpu4YecKord ONTUMHU3ALUU 3HAYUTEILHO YMEHBIIUTH MOTPEOSIEMYIO YCH-
JUTENIEM OT UCTOYHUKOB MUTAHUS MOITHOCTh IPU MAaKCUMAJIbHOM €ro TpaHu4YHON
4acTOTE M YaCTOTe €IWHUYHOro ycuiaeHus. [Ipu pelieHun mpakTuyeckux 3ajad
COUETaHUE YKa3aHHBIX MOAXO0A0B MO3BOJIUIIO CO3AaTh psll aHaIOTroBbix CP-0110-
KOB C BBICOKUMHU KaueCTBEHHBIMHU MOKa3aTeasimMu [3].
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OpHako coBpeMEHHas TeXHOoJoTus mpou3BoAcTBa cmemaHHbix CHK
o0ecreynBaeT BHICOKYIO UIEHTUYHOCTD MapaMeTPOB aKTUBHBIX 3JIEMEHTOB. Tak,
B OINEPALMOHHBIX YCUIUTENSX OTHOCUTEIbHBIE U3MEHEHUSI CTaTUYECKOr0 KO3(-
¢unrenTa ycuwieHus () ¥ 4acTOThl €IMHUYHOTO yCWIECHHS (fi) B TeMmeparyp-
HoM auanazoHe 10 100 °C cocTaBigeT 10" %, a X pa3HOCTH A1l OTAENIbHBIX OV
Ha MOPAJIOK HUXKE.

OTa TeXHOJIOrM4eckass 0COOEHHOCTh B TOJIHOM Mepe HE UCIOJIb3yeTCs B
CXEMOTEXHUKE CIIOKHBIX BRICOKOUYBCTBUTENbHBIX YCTpocTB 1 CP-0710K0B, HO,
Kak OyJleT Mmoka3aHO B HAcTosAleH padoTe, UMEET XOPOLIUE BO3MOKHOCTH IO-
BBIIICHHS KAYECTBEHHBIX MOKa3aTenei cMemannbix CHK.

PaGoTa cocTOUT U3 YETBIPEX JIOTMUECKUX YacTel, CBA3AHHBIX MEXKIY CO-
0010 HE TOJILKO OOIIEel TPOOIEMAaTUKON, HO U CTPYKTYPHBIMU TMOJIXOAaMU K pe-
HIeHUIo o01el 3a1a4n.

B nepBoii yactu paboTsl chopMylIrpoBaHa CXEMOTEXHUYECKAs 3a/1a4a 1o-
BBIIICHHS] Ka4eCTBEHHBIX MOKa3aTeneil aHaioroBblx CD-00KOB mJig CMelIaH-
Hbix CHK. Ha 6a3e ananu3a 00001mEHHON CTPYKTYPhI JIMHEHHBIX JEKTPOHHBIX
cxeM, cocrosuux u3 OY- u RC-ueneu, NpeajoKeH MPUHLUIN B3aUMHON KOM-
MICHCAINY BIUSHUS JOMUHUPYIOUINX MMapaMeTpOB aKTUBHBIX JJIEMEHTOB Ha Xa-
PaKTEPUCTUKU U TTapaMeTpbl MPUHIUIUAIBHBIX cXxeM. [loka3zaHa JOCTaTOYHOCTh
U €IMHCTBEHHOCTh MPUHIIUIA TAKONH KOMIIEHCAIIUH.

Bropas yacth paOoThl MOCBSIIEHa KOHKPETU3ALUNA METOJA CTPYKTYpPHOUI
ontumuzanuu. [Ipeanoxkena TOCTATOYHO YHUBEpCalbHAas METOAMKA CXEMOTEX-
HUYECKOTO MPOEKTUPOBAHUS KOMIIEHCUPYIOIIUX KOHTYPOB OOpaTHBIX CBS3€il.
Jlst Haubosiee pacnpocTpaHEHHBIX B ()YHKIIMOHATIBHOM OTHOIIEHUH YCTPOWCTB
METO/IMKa KOHKPETU3UPOBAaHA [0 YPOBHS (DYHKIIMOHAJIBbHO-TOMOJIOTHYECKUX
npaBuil. PaccMOTpeHbI puMepbl MPOEKTUPOBAHUSI BBICOKOCTAOMIBHBIX CXEM C
B3aMMHOM KOMIICHCAIlMe M TOKa3aHa I1eJ1Ieco00pPa3HOCTh HCMHOJIb30BAHUS U
pa3BuTusi MynbTuauGhepeHnranbHeix OY Kak HOBOTO THITA aKTHBHBIX AJIEMEH-
ToB CD-06J10KOB.

B Tperbeli yacTu paccCMOTPEHO MPUMEHEHUE NMPUHIUIIA U 00IIe MeTOIu-
KM CXEMOTEXHUYECKOTO MPOEKTUPOBAHUS CXEM C B3aMMHOW KOMIIEHCALUEH st
HamOoJiee CIOXKHOro B cTpykType CD-0J0KOB OrpaHUYHUTENs CHEKTpa, Mpei-
CTaBJISIIOLIETO co00i «Oe3npendoBbIi» GUIBTP HUKHUX YacTOT. BelnonHeH co-
MOCTABUTENbHBIA aHalu3 0a30BBIX MapaMETPUUYECKH HU3KOUYBCTBUTEIBHBIX
D-31eMeHTOB 1 TIOKa3aHa 1elIeco00pa3HOCTh MCIONb30BaHUSA CTPYKTYp AHTO-
HUO B GuUIbTpax ¢ B3auMHON kommeHcalnuel. ChopMmynupoBaHa U pelieHa 3a-
Jla4ya CUHTE3a CTPYKTYp D-371€MEHTOB C B3aUMHOM KOMIIEHCAllMel BIUSAHMS Yac-
TOTHl eAuHUYHOro ycwienus OY Ha yacTtory moiroca. [IpuBoautcs npumep
CXEMOTEXHUYECKOT0 MPOECKTUPOBaHMS YeObIIEBCKOTO OrpaHUYHUTENs CHEKTpa
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5-ro mopsiika ¢ BBICOKOW CTaOMIIBHOCTBIO €ro rpaHMyHOM yacToThbl. [lokazana
1€71ecO00pa3HOCTh MCMOJb30BaHus MynbTHAHPGepeHmanbabix OY u «mepe-
KpECTHBIX» CBS3EH MEKIY D-3I1€eMEHTaMH.

Yeréprasg 4acTh MOCBsIIEHA OOCYXIACHUI0 OCOOCHHOCTEN MCIOIb30Ba-
HUSl ONTUMAJbHBIX CTPYKTYP AKTUBHBIX (PUIBTPOB, MO3BOJISIIONIUX HApSIy C
MPUMEHEHHEM MOJYYEHHBIX B paboTe pe3yabTaTOB YMEHbIIATh OOIIYIO MapaMeT-
PUYECKYIO YyBCTBUTEIIBHOCTh YACTOTHBIX XapaKTEPUCTUK AKTUBHBIX (PUIIBTPOB.

CdopmynupoBaHbl YacTHble U oO1ue BbIBOABL. [IpuBoasTCS AEeMOHCTpa-
LIHOHHBIE TPUMEPBHI.

ABTOp IpeAnoiaraet, 4YTo YUTATENb JOCTATOYHO XOPOIIO 3HAET MPUHIIH-
bl TOCTPOEHUS MPEHU3UOHHBIX aHAJOTOBbIX (UILTPOB Ha 0a3e pelarlux
ycunurenaell U mpeoOpa3oBaTeliel MMIielaHca, BiaJeeT METOJlaMH aHalu3a U
CUHTE3a DJIEKTPUYECKHUX LENEH, 3HAKOM C TEOPUEU YYBCTBUTEIBHOCTH U yMEET
€€ MPUMEHSTH B IPOLIEAYPaX IPOCKTUPOBAHUS DJIEKTPOHHBIX CXEM.

KntoueBble cnoBa: CD-6510ku, 00001IEHHBIE CTPYKTYPbI, COOCTBEHHAS
¥ B3aWMHas KOMIICHCAIIMS, MapamMeTpudeckass 4yBCTBUTEIHHOCTb, KOMIICHCH-
pYIOIINE KOHTYPBI OOpaTHBIX CBS3EH.



1. MPUHUUN COBCTBEHHOW 1 B3AUMHON KOMMNEHCALIUU

1.1. NocTaHOBKa 3aga4n TeopeTU4HeCKUX uccrnenoBaHumn

[lorpemHocT aMIIUTYHO-YACTOTHBIX M ()a304aCTOTHBIX XapaKTepu-
CTHK J1000r0 JIMHEHHOTO YCTPOMCTBA, BBI3BAHHBIE M3MEHEHHEM JOMHUHUPYIO-
IIMX IapaMeTPOB AKTUBHBIX DJIEMEHTOB (; W fi;, ONpENeNAoTcss (QyHKIHMAMU
YyBCTBUTEJIBHOCTU €ro KOMIUIEKCHOro Koadduimenta mnepenaun Pjo) wiu
nepenaroyHor Gyukuu O(p):

AlDGw)| _ X w(iw)y BH p flj
Aarg®riw) = ZIm(SCD(’W)) +21 (S‘D(’W)) f“ (2)

Jj=l M fl/
rae W; M f); — CTaTHYeCKuil KO3PPUIMEHT U 9acTOTa EMHUYHOTO YCUIICHHUS

i-ro OY; N — 4KCIIO UCTIOJIb3YEMbIX aKTUBHBIX 3JIEMEHTOB (OMEepalliOHHBIX YCHU-
JTUTEIICH).

Ecnu xapakrep udactoTHoil 3aBucumoctd mod®d(w)u argd(jw) umeer
ornpeenéHHble 0COOCHHOCTU WK napaMmeTpsl (P) (mojgoca mporycKaHus, Kpy-
TU3HA, YAaCTOTAa IMOJIOCA U €ro JOOPOTHOCTH U T.II.), KOTOPBIE SIBISIIOTCS LEJBIO
MPOEKTa, TO

SS?(J'W) — Sg)(jw) ‘Sli; (3)
S‘}?(jW) — Sg)(jw) .S}?[’ (4)

rjie P — HEKOTOPBIN MapaMeTp MPOCKTUPYEMOT0 YCTPOHCTBA.
N3 (3) u (4) cnenyeT ABa OCHOBHBIX CIy4asi BBICOKOUYBCTBUTEIBHBIX YCT-
poiicTtB. Bo-miepBbIx, eciu Jyis mod M arg OCHOBHOW BKJIAJ OTPEASIACTCS YyB-

CTBUTEJIBHOCTBIO M0 MapameTpy P, TO IPOEKTUPYEMOE YCTPOUCTBO OTHOCUTCS K
KJ1accy (PYHKIIMOHAIbHO-BBICOKOUYBCTBUTENIbHBIX. BO BTOpoM ciiyyae OCHOB-
HOM BKJIaJ] BHOCUT YyBCTBUTEIBHOCTh MapameTpa P K HECTaOWIBHOCTHU LW, H f;

P P o
aKTHBHBIX 3JICMEHTOB (S, U S ) M IPOCKTUPYEMOE YCTPOHCTBO MMEET BBICO-

KYI0 YYBCTBHTEIBHOCTh peaiM3allii. TUIIOBBIMHU TapaMeTpaMH ITHX CIydacB
ABJIAIOTCS 4acTOTa Ioiroca (w,) u ero nobpornocts (O=1/d,). Onnako Bcerna
JUTSL PEIICHMsI O0IIeH 3a/1a4i HeOOXOAMMO CO37aBaTh MPUHIIUITHAIBHBIE CXEMBI,
y KOTOPBIX BO3MOXXKHa MapaMeTpudecKas MHHHMH3AIWsS YyBCTBUTEILHOCTH
MMEHHO 3Toro napametpa. U3 (1) — (4) cneayer, 4To B 00IIEM cllydae pellleHHE
MOCTABJICHHOMW 3a/1aud B pab0OTE CBOAUTCS K MUHUMHU3AIUU CYMM

ZSP_ —> min, Zs}jj —> min, (5)



IIpu yCJIOBHUU, YTO

mod Sfj = const, mod S}jj =const, j= LN (6)
HE YBEJIMYMBAETCS (COXpaHsET CBOE YUCICHHOE 3HAUCHUE).

VYcnoBus (5) o0ecneunBaOT B3aMMHYIO KOMIIEHCALIMIO BIUSAHUS IOMUHU-
pYIOIIUX MapaMeTpoB oTAeabHBIX OY Ha mapaMeTp cXeMbl P U, CJIeI0BaTENbHO,
MCKIIIOYAOT BIIMSHUE OTHOCHTENbHBIX M3MeHeHUH Ap/p u Af,/f, , onpenense-
MBIX WJCHTUYHOCTHIO aKTUBHBIX JJIEMEHTOB. BhimonHeHne ycioBus (6) mo3Bo-
JSIET HE YBEMYNBATh BIUSHUE PEATbHBIX OTKIIOHCHHN OT «UJICHTUIHOCTI.

B sTtom cyuae

(7)
rae Vj:
Al
©, = max Ap_ 2K ; (8)
K K
Af;.
‘ Ji flj

CTaOMJILHOCTD nmapamMeTpa P MHOT'OKPATHO YBCINYUBACTCA H OIPCACIIACTCA
TOJBKO OTKJIOHCHHSIMH ®H u ®f1 , 4 TAKKC CPCAHCKBAJIPATUYIHBIM 3HAYCHHUCM

napaMeTpuyecKor 4yBCTBUTEILHOCTH.

Taxkum oGpazom, s pemeHus chopmynupoBaHHoi 3anauun (5) u (6) He-
00X0IMMO CO3/1aHUE MPUHIUIHAIBHBIX CXEM C JOTOJHUTEIbHBIMU MapaMeTpH-
YECKUMU CTEMEeHIMHU CBOOO/IbI, KOTOPHIE MOTYT HUCIIOIB30BATHCS JJIsI U3MEHEHUS
(uepenoBaHUs) 3HAKOB M BEJIMYMH YYBCTBUTEJIBLHOCTH IMapaMmeTpa P K HecTta-
OWJIBHOCTH CTATUYECKOTO KO3 (UIIMEHTA YCUJIEHUS U YaCTOThl €IUHUYHOIO
YCWICHUSI aKTUBHBIX JIEMEHTOB. {71 pa3paOOTKy MPUHITUTIOB MPOCKTUPOBAHUS
TaKuX TMPUHIUIHAIBHBIX CXeM HEOOXOAMMO coryiacHo [1] u3ydeHue CBOWCTB
COOTBETCTBYIOIIUX OOOOMIEHHBIX CTPYKTYp, OOJIAJalOIIMX TOMOJIOTHYECKON
MOJIHOTOU. B cooTBeTcTBUM ¢ 0O0IIel 3a1aueil paboThl B KAUECTBE UX 0a3UCHBIX
CcTpYyKTyp BbicTynarT OY- u naccuBHbie RC-11enu.

1.2. CBoMcTBa 0606LWEHHON CTPYKTYpPbI ¢ Aud depeHumnanbHbiMm OY

B o0mieMm citydae mpou3BOoJIbHOE IO CBOEMY (DYHKIIMOHAJIbHOMY Ha3Haue-
HUIO U CTPYKType ARC-yCTpOWCTBO MOYKHO PACCMAaTpPUBATh B BUAE COBOKYIIHO-
cti N nuddepeHimanbHbIX ONepallMoOHHbIX yeunuTenet u n RC-uenei nepBoro
NopsJIKa, CBA3aHHBIX MEXY COOOM MOCPEICTBOM KOMMYTAaTopa, B COCTaB KOTO-
pOro MOTYT BXOAHUTH TOJIBKO PE3UCTUBHBIE ACIUTEIU U CyMMATOPHI (puc. 1).
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X1 XN
Y1 YN
X+
1 XI-{—I
KommyTtaTtop
Xo Yo
(Pe3nCTUBHbIE AeNUTENU U CyMMaTophbl)

ﬁﬁﬁ ------ CP%J

c
X1 Z1 x,R Xn Zn X,’j

Puc. 1. O606ménnas crpykrypa ARC-yCTpOUCTB
¢ muddhepeHITMaTbHBIMUA ONIEPAIIMOHHBIMU YCHIIUTEIIMU

PaccmarpuBaemasi 00001mEHHAs CTpyKTypa (MOJEib) ONMUCHIBAETCA BEK-
TOPHOM CUCTEMOW YpaBHEHHUM:

(DA x,=X -BY-LZ,

(

(

(4)X, =A.x, +H,Y, (10)
(

(

(7)yy = toyx, + TY + T.Z.

CMBICT BEKTOpPOB X, X+, Xc, XRrs Y, Z, 0TOOpaXKAIOIIMX CUTHAIBI B OC-
HOBHBIX y3J1aX 0Q3MCHBIX CTPYKTYP CXEMBI, MOSCHIETCS Ha CUTHAIBLHOM Tpade
(puc. 2). ConepkarenbHas CTOpOHA JIPYTUX cocTaBistomux cucreMsl (10) mpu-
BejacHa B Tabmwmie 1.

Tabnuna 1
BexTopbl 1 MaTpULbl 00001EHHON CTPYKTYPbI
Marpuna .
Belgolpla ’ PasmepHOCTB Ou3nyecKuil CMbICT KOMIIOHEHTBI MaTpPULbI (BEKTOPA)
1 2 3
A = (aj—,) Nxl1 YacTtHble nepeayn KOMMyTaTopa OT HCTOYHUKA CUTHajIa
(X0) K MTHBEPTUPYIOLIEMY a;) Y HEMHBEPTHPYIOLIEMY
At =(at) Nx1 . .
J a’; | Bxomgam j-ro OY
J
A, = (a?) nxl YacTtHble nnepeay KoMMyTaTopa OT HCTOYHUKA CUTHajIa
1
Xo) K i-My KOHJIEHCATO a?) U K I-My pE3UCTO ak
Ag=a?) a1 (Xo) K i-My KOHT py(l yp py (a)
| I[lepenaTounas GyHKIUS (Z( ) / xX( p)) i-ii RC-nenu
G-= { } nxn ! !
I+ pr; (Ti :Rici)




Oxonuanue maon. 1

1 2 3
K = {K j—} Nx N | Ilepenarounsie pynkuuu j-ro OY
ke okt | ovxw | K0)=00)x (LK (p)=y,(p)/ 5] (p)
H =lne nx N YacTtHble nnepeayu kKommyraTopa ¢ Beixoja j-ro OV k i-my
¢ ! xonzencaropy (4} ). Unnexc j 0603Ha4aeT HOMEp CTos0Ia Mar-
H, = Hhﬁ nx N pun
L =l Nxn YacTHbie nepegaun KoMMyTaTopa ¢ Beixosa i-ii RC-1ienu K uH-
v BepTUpytouieMy (0, ) 1 HEHHBEPTUPYIOLIEMY (oc;) BXO/JIaM j-TO
L' = a; Nxn OYVY. Uunekc i 0603Ha4aeT HOMEP CTOJIOIA MAaTPHI]
- |- YacTtHble nnepegayn KoMmmyTaTopa ¢ Beixoja g-ro OY k uHBep-
B~ =|b, NxN
TUPYIOLLEMY (bq‘j )I/I HEUHBEPTHUPYIOLEMY (b;}) BxoJ1aM j-ro OVY.
B = b;rl. Nx N | UHnekc g sBisieTcs HOMEpOM CTOJIOIA MaTPHI]
T, = ;i? Ix N | HacTHble nepegaun KOMMYTaToOpa ¢ BbIX0/a j-TO (t;‘) OVuc
it RC- N
T, = |¢¢ Ixn BbIXoJa I-ii RC-nienu (tl ) K Harpyske

[lpuMevanue: 3mech U ganee {} SABISETCS AMATOHATLHOW MAaTpHLEH, () — BEKTOPOM-
CTOJIOLIOM, [] — BEKTOPOM-CTPOKOM, | — emMHNYHas MaTpuua, l‘o SIBJISIETCS Tepelavyeid KOM-
MYTaTOpa OT MICTOYHUKA BXOJJHOTO CUTHAJIA K HArpy3Ke.

Kak BugHO M3 curnaipHoro rpada (puc. 2), aHaauzupyemasi MoJeNb CO-

CTOHT U3 TPEX OCHOBHBIX uacTeil. ITepBas yacTh (KOMIOHEHTHI BEKTOPOB A A+,
Ac, AR) SIBIIFETCS paCIICNUTENIEM BXOJHOTO CHTHAJIa, KOTOPHIH Mpeodpasyer
IIOCPEACTBOM PA3BETBICHUS CKAIIPHYIO BEJIMYMHY Xo B BEKTOPHYIO, BO3JIEHUCT-
BYIOLIYIO HAa COOTBETCTBYIOIIME BXOJbI 0a3ucHbIX cTpyKTyp (OY- u RC-ueneit
MEPBOro MOPSIKA).

10

Puc. 2. BexropHblii curHasibHbIN Tpad 0000MEHHON CTPYKTYpPhI




Bropas u Hanbonee BakHAst YaCTh CUCTEMBI (KOMIIOHEHTHI BCEX MAaTpHII,
Bxogsmmx B (10)) ocymiecTBiseT yepe3 B3aMMOCHCTBHE OA3UCHBIX CTPYKTYP
OCHOBHOE TIpeoOpa3zoBaHue curHaia. TpeThs 4acTh (KOMIOHEHTH BeKTOpoB T,
T, u ty) peanu3yeTr cymmaTop, 00ECIICUNBAIOIINN CBS3h HArpy3Kd C BBIXOJAMHU
0a3UCHBIX CTPYKTYP.

[TpuBenéHHas BBIIIE CHCTEMa YPaBHCHUN U MaTEMaTHUYECKHE BBIPAXKCHISI
TaOMUIBI 1 TTO3BOJIAIOT MONTYYUTh PA3TUYHBIE COOTHOIICHHUSI, XapaKTePHU3YIOIHe
auHaMuKy ARC-yctpoiicTBa (mepenatouHass (yHKIHs, YpPAaBHEHHUE COCTOSHHUSI
u 1.11.). Ectm OY ommceiBatoTcst mepeaaTogHon (GyHKITUEH mepBoTo MopsiaKa

K ()= ()= s 01, =21, ), an
Vu; +p/1;
TO TiepenaToyHast PyHKIHs 0000IMEHHON CTPYKTYpHI OyA€T UMETh CIIeAYIOIHIA
BUJI:

d(p)=2 =4, +[1,| T N AT-A (12)
Xo Ap + P{Tz' }Ac
3/1ech OCHOBHAS YaCTh MOJIENIA OMUCHIBACTCS OJIOUHON MaTpullen
o s o] [Befyf' L
J=p| ... i o+ (13)
- {Tl }Hc : {Ti} - HR : In

- + - +
rne B=B -B , L=L -L .
U3 31011 5k€ cuCTeMBbl MOXKET OBITh TAK)KE MOJYyUYEH BEKTOP
.
F,(p) A"-A
=4 (14)
F(p) Ap+ it A,
XapaKTepu3yoluii Habop mepenaToyHbiX (YHKIUN yCTpOICTBAa Ha BBIXOJAX
0asucHBIX CTPYKTYp (Fj(p) — mnepemaroynas ¢QyHkums Ha BeIXoze j-ro OV,
Fi(p) — nepenarounas QyHKIus Ha BbIxoe i-it RC-1ienn).

WUneanusupoBanHas nepenatounas Gpyskuust (V; IT; =oo,u; =00), KoTO-
pasi ¥ SIBIIETCS 1IEJIbI0 KOHKPETHOTO TpoekTa, ciaeayet u3 (12), (13) u onpene-
JIEHA CJIETYIOIINUM BhIPAXKEHUEM

-1
: B L AT+A
d>u<p)=ro+[Tk:Tc]{ } [ j (15)
'p{Ti }HC _HR p {Ti} AR +p{’l?l- }Ac

CornacHo ctporuM npouenypam dpobdenunyca [4], oHa sBiIsgeTcs QyHKIIH-
el n-ro nopsiaka. Ormerum, uro s Gyukuuit (12) u (13) cymectByer anro-
PUTM BBIUKCIEHUS WX TOJUHOMHUAIBHBIX KOA(D(UIIMEHTOB uYepe3 Pe30JIbBEHTY
OCHOBHOM MaTpHIIbl CUCTEMBI.
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N3 cootnomenwuit (12) u (13) nocne craHmapTHBIX ONepaldii HaJl MaTpU-
[[aMU CJIeyeT OTHOCUTEIbHAs YyBCTBUTEIBHOCTD NepeaaTouHo pynkuuu O(p)

K HecTabuiabHOCTH Kod(ddunuenta nepegauu [, U miomaau ycunenus I j-ro
oVv:

SO0 = MiH (0)- F,(p)/®(p); (16)
Sp = -, (p) - (p)/®(p), (17)
rac
u;
H,(p)=[T T (18)
0

SIBJISIETCS JIOKAJIbHOW MepeIaTouyHOl (DYHKIIUEH CUCTEMBI MPHU MOAKIIOUCHUH HC-
TOYHHKA CUTHAJA Xy K HEUHBEPTUPYIOLeMy Bxoay j-ro OV, a

AT-A"
=l 19)
AR +P{Ti}Ac

ABIIECTCS MEPEeaTOUYHON PyHKIMENH cucTeMbl Ha Bbixoje j-ro OVY.
3nech BekTophl (T — 3HaK TpaHCTIOHUPOBAHUS)
u,=[0... L. of,v,=[0... L.. 0] (20)

J

coAepkaT TOJIBKO OJIHY €IMHUILY C j-M HOMEPOM.

N3 cootHomenuii (16) u (17) cneayet, 4TO YMEHBIIIEHHE COOTBETCTBYIO-
IIUX YYBCTBUTEIIBHOCTEH MOXKET OBITh BCET/Aa JOCTUTHYTO YBEJIUUCHUEM CTaTH-
yeckoro kod(duireHTa U 4acTOThl €JUHUYHOTO YCWJICHHUS COOTBETCTBYIOIIMX
AKTUBHBIX 3JIEMEHTOB. OJIHAKO 3TO BCET/a COMPOBOXKIAETCS YBEIMUYEHHUEM IO-
TPeOJISIEMOr0 TOKa W CYIIECTBEHHBIM YBEIMYEHHUEM 4YHCJIa HUCIOJIb3YEeMbBIX B
CHK xoMmnoneHTOB. MCKIIOU€HHE COCTABIACT Coy4al, KOraa Ui yBEIUYeHUs f,

UCIIOJIb3YETCsl COOCTBEHHAsi KOMIEHCAIUS BIUSAHUS JOMUHUPYIOIIUX MPOXOJsi-
X EMKOCTEN TpaH3UuCTOpOoB [2]. IIlpumedaTensHO TO, YTO IPHU UCIIOJIB30BAaHUH
TOJIbKO oJiHOTO ycunuTens (N=1) nokanbHas nepeaatouHas gyukmus (18) on-
penensier Xopouo u3BecTHoI B Teopun ARC-cxeM «pecype» OV, KOTOpbIN UC-
MOJIB30BAJICA [JI1 CHUHTE3a PAlMOHAJIBHBIX TOMOJOTHI MACCUBHBIX IOJICXEM.
Opnnako B TexHuke cMemanHbiXx CHK Takoil moaxoj HE MPUBOJIUT K IOJOKH-
TeJIbHBIM pe3yJjbTaTaM B CUJIy OYEHb KECTKUX TpeOOBaHUN K TOUHOW peanu3a-
[[MU [1apaMEeTPOB MACCUBHBIX KOMIIOHEHTOB (OTHOILLIEHUE PE3UCTOPOB, a0COIIIOT-
HO€ 3HaueHHEe EMKOCTU KOHJIEHCATOPOB, HEOOXOIUMOCTh UCTIOIb30BaHUS BBICO-
KOJOOPOTHBIX HMHIYKTUBHOCTEN). VIMEHHO MOATOMY M HEOOXOIUMO pEIIeHHE
chopMyIUpOBaHHOW B HACTOSIIEH paboTe o0IIel TeOPEeTHIECKON 3aauH.
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Ecnu nonmycTtrmble U3MEHEHUsl MapaMeTpoB NepeaaToyHbix GyHkuuit (3)
1 (15) Manbl U LENBI0 MPOEKTa ABISIETCSI MUHUMHU3AIUS UX MAaKCUMAJIbHOTO 3HAa-
YeHHsl, TO IpUMEHEeHHe MeTo/a NonojaHeHus [S] npu oOpamieHun Matpuist (13)
MTO3BOJISIET YCTAHOBUTH CIIEAYIOLIYIO B3aUMOCBS3b PEAIBHOW U UACATU3UPOBAH-
HOH nepeaaToO4YHON Q)yHKuHI/I

1 H(p)-Fi(p) X p H(p)F (p) 21
CI>(P)<I>()§M L r %H 21)
J i(P) J 1+fF (p)
W

J /
IJe JIOKalbHbIE INepenarounsle GyHkuun Hip) m Fj(p) sABAAIOTCA aHAIOraMu

bynkuit (18) u (19) nns uaeanM3upoOBaHHOM CHUCTEMBI, a JIOKaJbHAs Mepea-
To4Hast (DYHKIUS UJICATU3UPOBAHHON CUCTEMBI

u;

Fy(p)= [Vj - ofa| - (22)
0

peanuzyercs Ha BbixoJe j-ro OV mpH MOAKIIOYEHUM MCTOYHHMKA CUTHANIA X( K
€ro HEMHBEPTUPYIOIIEMY BXOY.
JI71s1 3TOTO City4asi YyBCTBUTEIBHOCTH KOHKPETHU3UPYETCS

SO0) ZLH_;(p)-F(p)/CD J(P), (23)
S T TR N
M

.
J .
H./ 1+—F
o (P)

J
JlokanpHble nepenarounsle Gynkuuu Hy(p), Fi(p), F;(p) HenocpencTBeH-
HO OINpPEIENSA0T YaCTOTHBIM M JUHAMHUYECKUN JUAIa30H CHCTEMBI U NPOEKTH-
pyeMoil MpUHIMIHUATBEHON cXeMbl. JleficTBuTeNnbHO, Bk j-ro OY B cOOCTBEH-
HBII IIyM CXEMBI OIpenelseTcs MoayneM |H(p)| B quanazoHe pabodux 4acTOT
Aw, oaTOMY

Gy (©) =J S|H, (o) G2 w) (25)

rae Gyux(®), G(o0) — BeIXOIHAA A CXeMBI M BXojHas 1 j-ro OY crekrpab-
HbIE TUIOTHOCTH MOIIHOCTH IITyMa.

MakcuManbHOe BBIXOJIHOE HampspDKeHHE cXeMbl (Up,y) ompesensercs He
TOJIKO MaKCUMaJibHbIM BBIXOJHBIM HamnpspkeHueM OV (U, max), HO U COOTHO-
IIEHWEM MEXJYy MaKCUMaJbHbIM 3HAYCHUEM MOJYJICH MepenaTouHbIX (YHKIIUMA
Ha BBIX0ZIE OV |F{(p)|max 1 Ha BbIXOZE CXEMBI |D(j®)|max

Upas = U max{[F, (o) (o), J- (26)

CTpyKTypa JOKalbHOW IepenaTouyHol (QyHKUMH Fj(p) ompenenser ne-
dbopmaliio OCHOBHBIX (JOMUHUPYIOIIUX) MOJIOCOB M XapaKTep TOTOJHUTEIb-
HBIX (HEIOMHHUPYIOUIMX) TMOJIOCOB MEepeAaTOUHON (YHKIIMU CUCTEMBI, MTOATO-
My OHa COBMECTHO ¢ HH(p) u Fi(p) onpenenser JOCTHKUMBINA 4aCTOTHBIM Juara-
30H MPOEKTUPYEMOT'0 YCTPOMCTBA.
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[lenecooOpa3HO OTMETUTH, YTO CTPYKTypa (PYHKLIHUM YyBCTBUTEIHLHOCTH
(23) u (24) no3BOJIAET OCYUIECTBUTDH OLICHKY HEI(DPEKTUBHOCTU MHOTUX TPaIH-
[MOHHBIX MOJIXO0J0B K PEIICHUI0 00CYyKJaeMoi o01ieil 3a1auu, BKItodas, B 4a-
CTHOCTH, U JIECTHUYHBIE LIETIH C HOpMalbHbIMU D-anemenTamu [7]. Huxe Oyner
MOKAa3aHO, YTO €€ YCIEUIHOE PEIleHHUE CBA3aHO C OJJHOBPEMEHHBIM U3MEHEHHEM
npuHIunoB ¢Gopmuposanus Hi(p) n Fj(p). Ecnn BeniecTBeHHas 1 MHHUMas CO-
CTaBJISIONINE ITUX (PYHKIMM YMEHBIIAIOTCS, TO, KaK 3TO cienyet u3 (21), (23),
(24), ymeHbIaeTcsi Kak COOTBETCTBYIOIIAsl YyBCTBUTEIBHOCTD, TAK U U3MEHEHUE
nepenaToyHor (PyHKIMU, BI3BAHHOE HEUJeadbHOCThI0 napameTpoB OVY. B ya-
CTHOCTHU, U3MEHEHHE 3HAKOB 3TUX (DYHKIMH B COOTBETCTBUH C (21) mpUBOAUT K
B3aMMHOM KOMIIEHCAIIUU BIUSHUS STUX MapaMeTPOB.

1.3. KomneHcauua BnusaHus AOMUHUPYHOLWNX NapamMeTpoB
AdKTUBHbLIX J1IeMEeHTOB

CootHomienue (21) ass j-ro akTHBHOTO 3JIEMEHTa MOKHO MHTEPIIPETHPO-
BaTh CUTHAJIBHBIM rpadoM, n300pakEHHBIM Ha pucyHKe 3. 3n1ech Fi(p) u @ (p)
onpenenstorcs u3 (19) u (15).

Puc. 3. CurnanbHblil Tpad 3J€KTPOHHON CUCTEMBI
IIPU BIUSHUM j-TO aKTUBHOI'O 2JIEMEHTA

CrneoBarenbHO, 3aMEHOM COOTBETCTBYIOIIMX BETBEW MOYKHO MOJYYUTh
BEKTOPHBIM CUTHAJIBHBINA Tpad, YUUTHIBAIONINI BIUSHUE j-TO aKTUBHOTO 3Je-

+ — (v
MeHTa. Hanumuuwe ys3na x; —x; HE U3MEHSET CTPYKTYPY U CMBICI JIOKaJIbHOM
(ynkumnn (18), T.K. IF0OYI0 KOMIIOHEHTY #; MOXKHO PacCMaTpHBaTh Kak paBHYO

€JMHUIIC PA3HOCTh Mepeiayd MacCUBHOW YacTU LIETH Ha MHBEPTUPYIOIIUNA U He-
WHBEPTUPYIOIINI BXOIBI.
Paccmotpum pemienne cuctemsl (10) B Buze
Y=B"'Ax,, (27)

me ¥=[ 3] a2 e i )
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Torma mpu T=[T, | T.] NOKaNbHBEIE NEpENATOUHBIC QYHKIMU OYAyT MMETH
CIEIYIOIINUMN BU:

® (p)=TB'A (28)
H,(p)=-TB™'1,, (29)
rie ﬁjz[uj l O]r.
F(p)=¥B" A, (30)
rae V; = |_Vj I OJ
Fy(p)=vB'u,. 31)

HaCTOHH_II/Ie Hp606p330BaHI/I5{ MNpUBOAAT K BCKTOPHOMY CHIHAJIbBHOMY

rpady, OKA3aHHOMY Ha PUCYHKe 4. 371eCh BEKTOp X = ( X0 X+ X )T :

O =

Puc. 4. BexropHblii curHasibHbIN Tpad 0000MEHHON CTPYKTYpPbI
MIPU BIUSIHUM j-TO aKTUBHOT'O AJIEeMEHTa

N3 paccMoTpeHUs BEKTOPHOIO CUTHAJIBHOTO rpada ciefyeT BakKHBIA B
TEOPETHYECKOM OTHOIICHHUH BBIBOJ — U3MCHEHHUE JIOKAIbHbIX mepenad H ; ( p) u

F.

i
MBI BO3MOYXHO TOT'ZIa U TOJIBKO TOTrJga, Korga ):[H(l)(bepeHHI/IaJILHLII‘/’I BXOJ1 j-TO aK-
TUBHOT'O DJIEMEHTA CBIA3BIBACTCH C AOIMOJHHUTEIBHBIM BXOJOM CXEMBI.

910 YTBEPXKJICHHUE JOCTATOYHO CTPOro JOKA3bIBACTCS. BBeném BEKTOP

w=lw, © owil=[0 ... w .. of, (32)

— + —

( p) npu PUKCUPOBAHHOMN MepenaTouHON (QYHKIMHU UJI€aTU3UPOBAHHOMN CcXe-

B 5TOM cltydae CTpyKTypa OyIeT OIHCHIBATLCA CHCTEMOM ypaBHEHHI
X=A%+w%,

Y=B'X,

v =v,Y+F(ph;, (33)
X :_yj/Kj(P),

Vo = Hj(p)xj +T ?,
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pelieHrne KOTOpo MPUBOAUT K CIAEAYIOIIEMY PE3yIbTaTy:
| _
=T 1B, QA 8K () ) 34

[Ipu oOpaienun MaTpuisl Q BOCHONIB3yeMCsl METOIOM MOMNOJHEHus [5],
TOraa

-1 1 T~ 1_1 4 1 _R'wIY R
Q=B +wvj}_£[|3 —£+vaWB WY B j (35)

CnepoBatenbHO, nepenatodyHasl (GyHKLUUS CTPYKTYpbl € BekTopoMm (32)
OyJeT UMETh CIEeNYIOUIUN BU/L:

1 F(p\d,(p)+2H (p))

D(p)=o,(p)- ) (36)
p p K,(p),, Kjl(p)(F’j (p)+AF; ()
o AH,(p)=TB"w, AF,(p)=VB'w °7

00eCreunBaOT H3MCHEHNE TOJIBKO JIOKANBbHBIX QyHKumMA H (p) u F; (p), CO-

XpaHsisg MPU 3TOM HEU3MEHHBIMH MEPEJaTOUYHYIO0 (DYHKIIMIO UACaIU3UPOBAHHOM
CTpyKTypsl @, ( p) U MepeaTouHyo (YHKIHIO Ha BBIXOJE j-TO aKTUBHOTO 3Je-

MeHTa F (p) N3menenue 3Haka B (37), kak 3To BUIHO U3 (32), mocTUTaeTCs 3a
cuét nudPepeHIMATEHBIX CBOWCTB aKTUBHBIX 3JICMEHTOB.

[Tomy4eHHBINH pe3yJbTaT UMEET JTOCTATOYHO MPOCTYI0 (PU3HYECKYIO TPaK-
T0BKY. Ilpn wpeansnom aktuBHOM dnemente (II; =o0) nuddepenuuansuprii
BXOJHOM CHTHAT X; — X, HE 3aBHCHT OT YacTOTHI, a B ClTydyae HCIONb30BAHMS
OV ¢ p; =00 3TOT CHrHAI PAaBEH HYIIO, M JOTONHUTENbHBIA KOHTYP 0OpaTHOM

CBSI3M TIPEKpalnaeT cBo¢ ACHCTBUE, YTO B KOHCYHOM UTOTE M COXPAHSICT HEU3-
MEHHBIMH JIOKAIbHYIO QyHKIMIO F ( p) U TIepeIaTOYHYIO ()YHKIIHIO BCETO YCT-
pOKCTBA.

PaccMoTprM  CTpYKTYpy  JIOKaJdbHBIX  IEpeAaTOYHBIX  (PYHKIMI
Hj(p)+AHj(p)1/1 Fl./.(p)+AF”.(p) s BeKTopHoro rpada (puc. 4). B pac-

cMatpuBaemMoM ciydae Bce OV, KpoMe j-ro, SBIISIIOTCS UI€TbHBIMU aKTHBHBIMHU
aneMeHTaMu, mo3ToMy Martpuiibl J (cooTtHomienune (13)) m B [cooTHore-
Hue (27)] coBmamator. Torma w3 cootHomenuit (18), (22) u (37), npu
T=[T, : T,]cnenyer

H,(p)+AH,(p)=[T T @, & 0)" +w), (38)
Fy(p)+AF,(p)=lv, i op'lm,  0) +w]. 39)
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Takum oOpazoM, Aji1 MUHUMHU3AIUHU 3TUX QYHKUUNA JOCTaTOYHO, KaK 3TO
BUJIHO U3 CTPYKTYPHI BEKTOpa U ; [cooTHOwIeHKE (20)], BHINONHUTE yCIOBUE Pa-

BEHCTBA ATOT0 BEKTOpa ¢ BekTopoM (32) mpu w, = -1. Peanusanus 3toro ycio-

BUA B KJIacCE€ MAaCCUBHBIX 3JIEMEHTOB HEBO3MOXKHA U OTBET Ha BOMPOC 00 ypOBHE
KOMITEHCalUU BIUAHUS j-To OY Ha cymMMapHbIe UyBCTBUTEIBLHOCTH (5) B 00111eM
cily4ae OCTaé€rcs OTKPBITHIM. BbimonHuB obOpaimenue matpuilsl (13) mis uae-
anbHBIX OY, MOKHO IMOJIYyUYUTh

1 ; —
H,(p)+4H (p)=| T =T He +1——(H, [ Q" (u,:W)) +
| (40)
1 1 _
+T,| He +—He Q- L-{pt,}- W,
Pt
-1 __ —
Fy(p)+ AF;(p)=v,Q ' (w; + W, + Lipz |- W)), (41)
rJe Q:B+LHR+L{1/ pri}HR, W,, W, — Ono4YHBIC KOMIIOHCHTBI BEKTO-

pa w (32).

Takum 00Opa3oM, KOMIIOHEHTa W, BEKTOpAa W MOXET HaXOAWUTBLCS HA JIHO-
001 MO3UIIUU U CBSI3bIBATh OJIHOHAMPABICHHOMN niepeaadeit quddepeHnanbHbIi
Bx01 j-ro OV ¢ oguuM mwin HecKoiabkuMU Bxojgamu OV (BekTopbl X U X"), a
takxke Bxonamu RC-ueneil (Bexktopsl X, u X; ). B mobom citydae cTpykTypa
nokanbHbIX QyHKIUH (40) u (41) usmensiercs, 4YTo U OOBACHIET MOSBICHUE J10-
MOJTHUTENIBHBIX TMapaMEeTPUUECKUX CTETNeHed CBOOOJBI, KOTOPhIE MOXHO HC-
MOJIK30BATh JIJIS PEIICHUs] OCHOBHOM 3a1auHu.

Crpykrypa Matpuiibl Q TOKa3bIBa€T, YTO MATPHIIbI, BXOJSIINE B CUCTE-
My (10), ompenensitoT BO3MOKHOCTh OJJHOBPEMEHHOW KOMIIEHCAIIMU BITUSHUS
j-ro OY Ha MHUMYIO M BEHIECTBEHHYIO COCTABJISIIONINAE JIOKAIBHBIX (DYHKIIUMA
(40) u (41). [eiicTButensHo, B ucxoaHoM Bapuanre (W; =0, W, =0) nokaib-
Hasg (QYHKIHS OMPEACISIETCS TOJIBKO OJIHOW MOJWHOMHUAIBHOM KOMITOHEHTOM
ATOI MaTpullbl, a IPU BBEJEHUM W, — anredpandyeckoil cymMMon. B yacTHOCTH,
W, MOXET (POPMHUPOBATHCS U3 yCI0BUA MUHMMHU3auuu QyHkuuid (1) u (2). Ber-

TIOJTHEHHBIE paHee Peodpa3oBaHus MOKasbIBatoT, 4t0 AH ;(p) u AF;(p)moryt
(GopmMupOBATLCS aJAIMTUBHON CYMMO¥ TIOCPEICTBOM BEKTOPOB W, U W,.

Takum 00pa3om, MOJyYEHHBIE TOMOJOTHYECKHE YCIOBHUS COOCTBEHHOM
KOMIIEHCALlUU SIBJISIIOTCS TOCTaTOYHBIMU. MOYKHO TakKe MOKa3aTh, YTO OHU SIB-
JSAIOTCS €AIMHCTBEHHBIMU. 37€Ch OTMETHM CJIEIYIOIIEE — HCTOK X B BEKTOPHOM
rpade (puc. 4) sBIsSETCS €JUHCTBEHHBIM M YKa3bIBa€T HA BO3JEHCTBHUE JHOOOTO

-+
BXxoaHOro y3sa cucteMsl (X, X , X¢, XR) ¢ BekTOopoM (32), TOITOMY U COOTHO-
menwue (37) ABnseTcs MOTHBIM.
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CpaBHUBasI CTPYKTYpPY JIOKaJbHBIX nepeaaTounbix QyHkmui (18), (22) u
(37), MOKHO YCTaHOBHUTb, YTO MOJHOM KOMIIEHCALIMY JIOKAJIbHBIX MIEPEAATOYHBIX
yskumii H (p)+ AH ; ( p) u Fj (p)+ AF; ( p) o0ecneynTh TEOPEeTHUYECKU He-

BO3MOXHO B CHJIy TOTO, YTO U; £W (cootnomenue (20), (32)). Oxnako eciu

w;, >1, To GyHKIUU 4yBCTBUTENBHOCTHU (23) U (24) NU3MEHSAIOT 3HAK, YTO B KO-

HEYHOM HMTOre M o0ecreunBacT B3aUMHYIO0 KOMIICHCALIMIO BJIMAHUA 3THUX IIdpa-
MCTPOB AKTUBHBIX 3JICMCHTOB Had IICPCAATOYHYIO (1)YHK]_II/IIO CHUCTCMBEI.

1.4. OCHOBHbIe HanpaBfieHUsA CTPYKTYPHOMN ONTUMM3aL UM

OTBeT Ha BOIIPOC 00 YPOBHC KOMIICHCAIIUH B O6I_HCM ciI1ydac OCTa€Tcs OT-

KPBITBIM, T.K. 3aBUCUT OT CTPYKTYpbl MaTpuilbl B u Bektopa w, a Takxke BO
MHOTOM 3aBHCHUT OT YHCJa HEHCIOJIb30BAaHHBIX BXOJOB aKTHBHBLIX 3JICMEHTOB.
Kpome 3toro, mpaktuueckoe MpUMEHEHHE MOJYYEHHOI'O pe3ysibTaTa CBSI3aHO C
BBITIOJTHEHUEM Psifia TapaMeTPUUYECKUX YCIOBUM, YUUTHIBAIOIINX TaK)Ke YacCTOT-
HYIO 3aBUCUMOCTh KOMIIOHEHT MaTpullbl B. YuuteiBas cootHomenus (28) — (29),
Matpuiia B 3ameHnsercs Ha e€ KieTouHble dKBUBaJICHTHI. M3 mporieayp ®pobe-
HUyca [4] cienyeT, 4To B ATOM Cilydae HE CYIIECTBYET 00Jjiee KOHKPETHBIX yC-
JIOBUH, TIO3BOJIAIONIUX B MATPUIHOM (pOpMe JOMOTHUTH TOMOJIOTHYECKHUE YCIIO-
BUsI (YHKIIMOHAJIBHBIMH, T.K. UACIIO aKTUBHBIX SJIEMEHTOB U MOPSIOK CUCTEMBI
B O0IIeM CiTyyae HE OJMHAKOBBI, U OJIOYHBIE KOMIIOHEHTHI MaTpHIlbI (27) oka-
3BIBAIOTCS HECOTJIACOBAaHHBIMH. B 3TOH CBSI3U MPAaKTUYECKOE HCIOJIb30BAHUE
HACTOSIIUX PE3YJIbTaTOB CBSI3aHO C aHAJIM30M CTPYKTYP MOMPABOYHBIX MOJIHMHO-
MOB JICKTPOHHBIX CUCTEM Pa3IMYHOTO Kjlacca U TpeOyeT MOMOTHUTEIbHBIX UC-
CJIeIOBaHUM.
B psne ciydaeB BBITIOTHEHNE MAPAMETPUUECKUX YCIOBUM MUHUMM3ALIUH

H,;(p)+AH (p) n F;(p)+AF;(p) (42)
MOXKECT HpI/IBeCTI/I K HapyIJIeHI/IIO HpI/IHI_II/IHa ITIACCUBHOCTHU KOMIIOHCHT BeKTOpa

W U, CIIeJI0BaTeNIbHO, K HEOOXOIUMOCTH MPUMEHEHHUSI JOTIOTHUTENbHBIX aKTHUB-
HBIX 3JIEMEHTOB, BBIMTOJIHSIONINX B CJIOXKHBIX CXeMaX Takke (YHKIIMH CyMMaTo-
pPOB U MacITAOUpyrOUMX ycuiutenaed. VX BiusiHUE Ha mepeaToyHyro (QpyHk-
M0 U MHBIE TIOKA3aTEIN KauyecTBa YCTPOMCTBA YUUTHIBAETCS B COOTBETCTBUU C
U3JI0)KEHHOW BbIIIe MeTOAMKOW. OJHAKO, Kak 3TO OyIeT MOKa3aHO HIKE, IS
HEKOTOPBIX KJIACCOB U, B YACTHOCTH, ISl BHICOKOJIOOPOTHBIX 3BEHbEB (DUIIBLTPOB
BTOPOTO MOPAJIKA BKJIAJl BBOJAUMOTO aKTUBHOTO 3JIEMEHTA HECOM3MEPHUMO HUXKE
OCHOBHBIX.

[TonyuyeHHbIE pe3ynbTaThl OTKPHIBAIOT MIUPOKHE BO3MOKHOCTH JIJISL ONTH-
MaJbHOM pealn3alii LIUPOKOro Kilacca AJIEKTPOHHBIX YCTpOMCTB. B obmiem
cilydae 371eCh Heo0XoaruMa MUHUMU3AIMSA B paboyeM Juarna3oHe 4acToT (PyHK-
LIMOHAJIOB
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Al . R . \2
> |H;(jo)-AH (o) + Y|H,(jo) (43)
j=1 k=1
N M
szj(j(D)_"szk(j@)) (44)
j= k=1
rac M — gucno JOITOJTHUTCIIBHO BBCIIéHHBIX QJICMCHTOB. 3I[CCB pcaroaracTcAa

—_

WCTOJIb30BAHUE MICHTUYHBIX AKTUBHBIX 3JIEMEHTOB. MUHMMU3AIUS OCYIIECTB-
JseTCsl ¢ Y4ETOM TeX OrpaHWYEHUM, KOTOPhIE BBITEKAIOT U3 OCOOEHHOCTHU pe-
maemoit 3a1aun. OTMETUM HEKOTOPBIE U3 HUX.

IIpy cuHTE3€ SKOHOMUYHBIX CXEM MCIOJIb3YI0TCS MasioMmolnHbeie OV, mno-
ATOMY YBEJIIMUYCHHE MX YHCIAa MOXKET MOCTAaBUTh MOJ COMHEHHE Iejecoo0pas-
HOCTh NMPUMEHEHUA Takoro nojaxona. C y4éToM HIYMOBBIX CBOMCTB aKTHBHBIX
AJIEMEHTOB M HEOOXOJMMOCTH NMPUMEHEHHUSI BHICOKOOMHBIX PE3UCTOPOB 3ajiayua
CBOJUTCS K MUHUMU3AIMU (44) IpH yCIOBUM PaBEHCTBA BKJIAJ0B OCHOBHBIX U
TonoJHUTENBHBIX OY B COOCTBEHHBIH IIIYM CXEMBbI

H,(jo)-2H (o) =|H,(jo)f, j=LN.k=1,M. (45)

Bo3M0XHO Tak)ke BBIIIOJHECHUE YCIIOBUA HCYXYAUICHUA HUKHCTO YPOBHA
JUHAMHU4YCCKOI'O AHUaIlla30Ha, KOorjga

il\Hj(j@y _ ﬁ_l\Hj( jo))—AHj(jo))(2+]§‘Hk( jof (46)

B cayuyae npumenenus manomymsimux OV, KOTOpble XapaKTepU3YyIOTCs
OTHOCUTEIBHO HEBBICOKUMHU YAaCTOTHBIMM CBOMCTBaMU, MuUHUMU3auus (10) sB-
JSieTCsL JOMUHUPYIOLIEH, a yciaoBue (46) CTaHOBUTCS JKETAaEMBbIM.

[lony4yeHHble pe3ynbTaThl MO3BOJISIOT CAENATH P MPOMEXKYTOUHBIX BbI-
BOJIOB. UepenoBaHue 3HAKOB B (PYHKIMSIX TApaMETPHUECKON YyBCTBUTENBHOCTH (3)
U (4) BO3MOXKXHO TOJIBKO MPHU NEPECMOTpE psifia MPUHLHUIIOB OpraHU3alMUHU 00-
PaTHBIX CBs3€EH.

Jlnist peanu3anuu yKa3aHHBIX CBOMCTB MPUHIUIIUATBHBIX CXEM HEO0OXO -
MO U3MEHEHUE CTPYKTYp NepenaTouHor GyHKIHUU CUCTEMBI MIPU MOJavye CUTHa-
na Ha HeuHBepTupyromui Bxoa OV (18) u nepegaToyHoil (yHKIMHU Ha BBIXOJAE
OY npu ToM e HCTOYHHMKE BXOJHOTro Bo3zehcTBHUs (22). B sToM ciyuae
yMmenblaercst BausiHue OY Ha cOOCTBEHHBIN HIyM CXeMbl (25) U coxpaHseTcs
HaOop nepeaatoyHbIX GyHKIMI ycTpoiicTBa Ha Bhixonax OV (19) u, cnegona-
TeJIbHO, 001as nepegaTouHas GyHkuus (22).

JlokanbHble nepenaTounbie GyHkuuu (18) u (22) npu BHINOIHEHUHU YKa-
3aHHBIX JTOTOJHUTEIBHBIX CBOMCTB U3MEHSAIOTCS O] ACHCTBUEM CHEIHMAIbHOTO
JOTIOTHUTENIBHOTO KOHTYpa 00paTHOM CBsi3U (puc. 4). DTOT KOHTYp, CBSI3bIBAIO-
il auddepeHnuanbHbld BXoA KOHKpeTHOTo OV ¢ TOMOJHUTENBHBIM BXOAOM
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CXeMbl 4epe3 KOMIIEHCHUPYIONIYIO Ielb ¢ nepeaaroyHor (yukimeit (32), npu
BBITIOJTHEHUH HEOOXOJIUMBIX MapaMETPUUYECKUX YCIOBUH MOXKET YMEHBIIUTH
(GYHKIIMIO YyBCTBUTEILHOCTH, U3MEHUTH €€ 3HAK U TaKUM 00pa3oM B COOTBET-
ctBuu ¢ (21), (23), (24) pemuTh nocTaBieHHYIO 3a/1a4y. CBs3b aKTUBHBIX UYB-
CTBUTEJIBHOCTEHW CXEeM C HAaOOpOM JIOKAJIbHBIX MEPeJaTOUYHBIX (DYHKIIUNA TOTMOJI-
HsIET OOIIYI0 TEOPHUIO IEKTPOHHBIX RC-CXEeM U MOXET HUCIIONIb30BaThCA B 3a/1a-
gax aBTOMAaTH3AIlUU CXEMOTEXHUYECKOTO MPOSKTUPOBAHUS.

JIJisi MUHUMU3AlMM CYMMApHBIX YyBCTBUTENIBHOCTEN (5) MpU JOCTYIHON
(TpeOyeMoit) mapamMeTpu4ecKoi 4yBCTBUTENHHOCTH (23) 1 (24) MOXKHO HCIIOb-
30BaTh UX CYNEPIIO3UINIO, KOHTPOJIUPYS UX CpeaHeKBaaparnyeckoe 3HaueHue (7)
WU 3HA4YeHUs Tokazartesnei kauectna (39), (45), (46). B psane cinyyaeB BO3MOX-
Ha U 00paTHas MOCJIeA0BaTEILHOCTh — MUHUMU3AIMSA PyHKIIMOHANOB (43) win
(45), nunu (46) pu KOHTpOJIe 3HA4YEHUs YyBCTBUTENbHOCTU (5). MIMeHHO 3Ta
OCOOCHHOCTh U OTKPBIBAET IIMPOKHE BO3MOXKHOCTH PEIICHHS 3a7a4 WHKCHEP-
HOT'O NMPOEKTUPOBAHMUS.

KoHnkperuzamus 3TUX MOJOKEHUN TMO3BOJIAET pa3paboTarh JJisi Ompelie-
néHHoro kiacca yctpoicTB CP-010KOB 10CTATOUYHO MPOCTYIO METOAMKY HMHMKe-
HEPHOTO MPOEKTHUPOBAHUS MPUHIIMIUATIBLHBIX CXEM C B3aMMHOM KOMIICHCAIUEH
BIIMSHUS JTOMUHUPYIONIUX MMapaMeTPOB aKTUBHBIX JIEMEHTOB, UTO W SIBJISETCS
OCHOBHOM 3a/1aueil BTOPOI 4acTH HACTOSIIEH pabOTHl.



2. METOOUKA CTPYKTYPHOIO CUHTE3A CXEM
C B3AMMHOW KOMIMEHCALIMEN

2.1. O6wme nonoxeHund

Brimosinennbie B yacTu | Hactosied paboThl HUCCIEOBAaHUS YKa3bIBAIOT
Ha CYIIECTBOBaHUE OOIIMX MPUHIIMIIOB KOMIEHCAIIMN BIUSHUS MapaMeTpPOB aK-
TUBHBIX 3JIEMEHTOB HAa XapaKTEPUCTHUKU AJIEKTPOHHBIX YCTPOMCTB Pa3zIUYHOIrO
¢byHKUMOHANBHOTO HazHayeHusl. Co3/1aHne KOMIIEHCUPYIOIIUX KOHTYpPOB IMpe-
noJiaraeT coefrHeHue MuddepeHnnansHOro BXoAa akTUBHOTO 3JeMEHTa C J10-
MOJIHUTEIBHBIM BXOJIOM CXEMbI, 00J1aIal0IUM OINpeaeIEHHBIMU (YHKIMOHAIb-
HBIMU O0COOEHHOCTSIMU (CM. cooTHomeHus1 (36) — (41) U BEKTOPHBIM CUTHAJIb-
HBII rpad Ha puc. 4). B 370l cBsi3u 115 oOecrieyeHus: OAHOHANIPABICHHOCTH T1e-
peaadu curHaisa HeoOX0AMMO BBIIOIHUTH YCIOBUE

Zgx jjon >> Zppix s 47)
rie Zgyx o — BXOJHOE COMPOTHBIEHHE CXEMbI CO CTOPOHBI JIOMOIHUTETLHOTO

BX0/a (KOMIIOHEHTa BEKTOpa X Ha pUC. 4), Zp;x — BBIXOJHOE CONPOTUBIIEHUE

cxeMbl Ha AuddepeHnanbHOM BX0OAe aKTUBHOTO JIEMEHTA.

[IpuBe€HHOE HEPABEHCTBO MOKAa3bIBAET MPEUMYIIECTBA CXEM C «3a3€M-
néaHpiMU» BxogamMu OY. DTH y37bl MOXKHO paccCMaTpUBaTh B KauecTBE JOMOJI-
HUTEJIBHBIX BXOJIOB CXEMBI, Korja ycioBue (47) BBIIOJHSAETCS aBTOMATHYECKH.
B npoTuBHOM ciydae MOXET OKa3aThCsi HEOOXOAMMBIM BBEJIEHUE B CXEMY J0-
MOJIHUTEIBHBIX AKTUBHBIX AJIEMEHTOB, 00ECIEUMBAIOIINX OJIHOHAIIPABICHHYIO
nepesavy CUrHaja v peaju3alnio KOMIOHEHThI BekTopa (32).

Takum 00pa3om, 4yeM BBILIE YUCIO «3a3€MJIEHHBIX» 3JIEMEHTOB CXEMBI,
TEM BbILIE €€ «MOJIEPHU3AIIMOHHBINY» pecypc. Kpome aToro, kak BUIHO U3 COOT-
HomeHu# (40) u (41), BBelleHHE JOTOJHUTEIBHBIX OOpPaTHBIX CBA3EH MOXKET U3-
MEHHTh 3HaK JIOKaJIbHBIX Tiepenay F 1‘/(p)’ H, (p) U, cliefoBaTeslbHO, obecre-

YUTh NMPU HEOOXOJUMOCTH B3aUMHYIO KOMIICHCAIMIO BIUSHUS Pa3INYHbIX aK-
TUBHBIX 3JIEMEHTOB U pPealM3aliio0 KOMIIOHEHTHI BeKTopa (32).

Kaxk BugHO u3 cootHomenu#t (3) u (4), penieHre OCHOBHOM 3a71auu TpeOy-
€T MpeABapPUTENILHOIO aHalIn3a o01Iell (CHCTeMHOM) 3aa4n — MOMCKa apameT-
pOB P, KOTOpBIE SABIAIOTCA JOMUHUPYIOLIMMU B CO3aBa€MOM YCTPOWCTBE, a
TaKke parxkupoaHue OV MO CTENeHH BIUSHUS HAa 3TH JOMHHUPYIOIIUE Napa-
MeTpbl. Peanmusanus 3Toro sramna npoeKTHBIX MPOLEAYp IPEAonaracT uCCiaeno-
BAHUE BEILECTBEHHOM M MHHMMOM COCTAaBIISIOIIMX YYBCTBUTEJIBHOCTU II€pena-
TOYHON (PYHKIMU YCTPOWCTBA K KaXKIOMY NapameTpy P, omnpeleseHue MaKCH-
MaJbHBIX 3HAYEHUH, UX JIOKAJTM3AlMK B YACTOTHOW OOJIACTH, BBIYMCIICHHE pa-
LAOHAIBHBIX JOIYCKOB U T.. B 3TOM OTHOLIEHWH B ONPENCIEHHON CTEIIEHU
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YHUBEPCAIBHBIM SIBJIICTCS TIEPEXO0Jl Ha MapaMeTphl IMOJIIOCOB W HYJCH OOIICH
nepeIaToYHON (QYHKIIMY M UCTIOJb30BaHUE 0A30BBIX MOJ0KCHHH TEOPUU YYBCT-
BUTEJIBHOCTH 2JIEKTPHUYECKHX IIENIEH — 4acToTa noroca (m,) 1 HyJA (0;) ABIAET-
Csl TOMHHUPYIOIIMM TapaMeTpoOM JJisi BRICOKOAOOpPOTHOTO MoJjitoca (HyJs), Tak
KaK MaKCHMaJIbHBIE 3HAUYCHHS COOTBETCTBYIOUIUX YYBCTBHTEIBHOCTEH IMPOIIOP-
[IMOHAJILHO pean3yeMoit 100poTHOCTH (). VIMEHHO MO3TOMY MOXHO YTBEp-
KIaTh, 4TO JEHCTBHE KOHTYPOB KOMIICHCHUPYIOUIUX OOpPATHBIX CBS3CH JOJIKHO
OBITh HAIIPAaBJIEHO HA YMEHBIIEHUE YyBCTBUTEIBHOCTEH 0, U .. O1HAKO 3]€Ch
HEOOXOJIMMO YYHTHIBATb, YTO IS MIMPOKOTO Kjlacca MPaKTHYCCKUX 3a/1ad 9yB-
CTBUTEIBHOCTB 3aTyXaHus nomroca (d,=1/0) okasblBaeTCs 3HAYMTENBHOU (IIPO-
MOPLHOHAIBHON peain3yeMon TOOpPOTHOCTH), U, CIeI0BaTEIbHO, OTpeOyeTCs
TaKKe KOMIIEHCAlMs BIMAHUS | U fi; HA 9TOT napamerp. Takoii noaxon siBiser-
csi OOmMM JUIsl KacKaJHOW peanu3anuu TpeOyeMol mepenaToyHod (yHKUHUU.
B cTpykTypax ¢ JONMOJHHUTEIBHOH MEK3BEHHOHN CBS3bIO W JICCTHUYHBIX CTPYK-
Typax [7] 3TOT 3Tan HeOOXOAMMO HCCIe0BaTh HHANBUAYaIbHO. OHAKO BCeraa
MO>KHO BBIJICIMTh OTPAHMYCHHYIO TPYIITY JTOMUHUPYIOIIHUX MOJOCOB (HYJIEH) U,
CJIeI0BaTEIbHO, OCYIIECTBUTH PAIMOHAIIBHYIO IEKOMITO3UIIMIO 00IIel 3a1aun.

Ha BTOpoM 3Tame cuHTe3a 1enecoo0pa3Ho cPOpMyIHpPOBATH U PEUIUTh
3aJ1auy MOMCKa JOCTATOYHO OOMMX KaK ()YHKIIMOHAJIBHBIX, TaK M TOIOJIOTHYC-
CKHX TPaBUJI MMOCTPOSHUS CXEM C B3aMMHOUM KOMITCHCAIIUCH BIIMSTHUS OCHOBHBIX
napameTpoB OY. FIMEHHO OHM MO3BOJISIOT YMEHBIINUTh 00JIACTh CXEMOTEXHUYEC-
CKOTO Tiepebopa pa3IMYHBIX BApPUAHTOB M B PsJIC CIydyaeB aBTOMAaTH3UPOBATH
o0uryro 3a1ayy. B 3ToM OTHOLIEHWH Ba)KHBI OOIIME CBOMCTBA 3aTparuBaeMoro
KJIacca JJIEKTPOHHBIX cxeM. Tak, JJIsi yCTPOMCTB YAaCTOTHOM CeJeKIMH 00Iast
3aJlaya CBsI3aHa C IOCTPOCHUEM CXEM CO CTaOMJIBHBIMM IapaMeTpaMH MOJIOCOB,
T.K. 111 QUIBTPOB CTaOMIBLHOCTHh MApPaMETPOB HYJCH MepeaaTouyHoN ()YHKIMU
MEHEEe Ba)KHA, a JIJIT KOPPEKTOPOB OHHM CTPYKTYPHO KOPPEIUPOBAHHBI.

B COOTBETCTBMM C TIOCTAHOBKOW 3aja4¥l YYBCTBHUTCIBHOCTH JIOMHHU-
PYIOIIUX MapaMeTpoB cXeMbl (5) u (6) TOTKHBI ObITH JOCTATOYHO MaJIbl, U OHU
UMEIOT MPOTUBOTIONIOKHBIC 3HAKH, COOTBETCTBYIOIIME KOHCUYHBIM MTPUPAICHUSIM
3TUX IMAPaMETPOB, TIOITOMY OOCYKIaeMbIi TaIl PEIICHUS 33a/1a9l MOYKHO TaKXKe
paccMaTpuBaTh B KOHTEKCTE TOJHOTO aHAJIM3a CHHTE3UPOBAHHOW CXeMbl. B aTOM
ciyuae 61ounyto Marpuny J B Gyrkiun (12) menecoobpasHo IPEACTABHTH B
BHJIC MATPUYHOTO Psja.

N3 (13) cnenyer

o T o] [e @
Hc{Hj} {I/Ti} g 0 I, B Q Q
e Q= [B +LH_ + {1/“,/ }J{Hj }9 Q, = _L{I/Ti}9 Q; = _[Hc - HR]{H,/' }9
Q,= _{I/Ti}-
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IIpumenuB metron B.H. ®dapneeBoit [S] k pe3onbBeHTE MaTpuubl Q,

MOJIY4YHM:
e [y 2P R, (49)
|:Hc {Hj} W/ }} A(p)i=
rac
R,=3b6Q, ., i=123...m(m=n+N); (50)
j=1
A(P): det (P1n+1v - Q): p"+ bm—lpm_l +..0p+b,. (51)

Koadpdummentsr b; u marpunbl R;, i=1,m, onpenenstorcs ¢ MOMOIIbIO
CJICAYIOIIETO aIrOpuT™Ma:

b,=1,R, =1, (52)
1
b, .= =S (QR,,_.,) k=2,...m, (53)
Rm—k = bm—klm + QRm—k+19 RO =0. (54)

3necr S » :(0) — cien (cymMMa JuaroHaJbHBIX 3JEMEHTOB) MATPHIIHI.
[IpuBenéHHBIE COOTHOIIEHUS TTO3BOJISIOT OMPEACTUTh KOI(DPUIIMEHTHI YUCIIH-
Tens nepenarounoit pynkuuu (12)
m m—1 i—1
a,p” +a, p" +..a,_p +..a (55)
U3 CJICIYIONIUX COOTHOIIICHU:

N _
a1 = [(Tk+ T.H, ){Hj } : T. {1/ Ti}{Ri(ﬁj}'_ R, (Lj +14b,; (56)
Ap {Ti}Ac
a, =T.A, +tb,. (57)
[TonydeHHBbIE pE3yNIbTATBl M 3aBUCHMOCTH KO3()PHIIMEHTOB IepenaTod-
HOU (pyHKIMK 00OOIIEHHONW CTPYKTYPHI OT IapaMeTPOB 3JEMEHTOB IPaKTHYE-
CKH 00pa3yIoT CHCTEMY KOMITOHEHTHBIX YPaBHEHHH, KOTOpask MOXKET OBbITh HC-
0JI30BaHa IS [IApaMETPHUCCKOM ONTUMU3AIIUH IPHHIIUITHATBHBIX CXEM.

2.2. DyHKUMOHaNbLHO-TOMOMOrMYeckne npaBumna cMHTe3a
CXeM BTOPOro nopsiika ¢ B3auMHOW KOMMNeHcaumeu

B kauectBe mpumepa pacCMOTpPUM pellleHHe 0OIIel 3a1aun i 3BEHbEB
BTOpOro nopsaka. Mx 3sHamenarens B(p) u ero npupaiienue AB(p), BbI3BaHHOE
BiusHueM OV, onuchIBaeTCs CISAYIOIIMMU BhIPAXKEHUSIMU:

L _h

——,Up ="TF—,

by b, (58)
AB(p)=p’a, + p’a, + pa,

B(p)=p’by+pb +1,0p,=
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Aop % Adp _Opf %3

o, 2b, d, d,\ ' b,

e ®p U dp — YACTOTA U 3aTyXaHHe MOICca, a A®, /0, u Adp/d, — oTHOCH-
TEJIbHbIE U3MEHEHHUS ITUX MTapaMeTPOB.

OTMeTuM, 4TO, KaK YKa3bIBAJIOCh B IMIEPBOM YacTH PabOTHI (COOTHOLICHHE

(21)), ko3 dunueHTsl o5, 0,, 0 CIEAYIOT U3 CYMMBl YHCIUTEIEH JIOKAIBHBIX

; (59)

nepeiaToYHbIX GyHKunid F;(p) M yUUTBHIBAIOT BAMSHUE TapameTpoB Beex OY B
aJIMTUBHOM BHJE. B 3TOil CBS3M OTHOCHTENbHBIE W3MEHEHUS A®,/®, U

Adp/d, SBIAIOTCS TakkKe W CyMMApHOM YyBCTBHTEIBHOCTHIO C TPOTHBOIO-

JIOYKHBIM 3HAKOM ATHX ITApAMETPOB K IUIOIIAIN YCUIICHUS ITIPUMEHSIEMBbIX aKTHB-
HBIX JIEMEHTOB. MIMEHHO MHHHUMU3ALUSA CYMMAapHON Y4YBCTBUTEJIBHOCTH B I10O-
cTaHOBKe 3a7auM (5) obecreynBaeT U MUHUMM3ALUIO YKa3aHHBIX OTHOCHUTEIIb-
HBIX U3MEHEHUM.

Toraa miis KOMIeHcaUy BIUSHUS KOMIIOHEHT AB, ( p) HE00XOIUMO K IIO-

auHOMY (58) 100aBUTH CIEAYIONIYIO COCTABIISIONIYIO:

M
4
ABz(p):Z;H_Kj(pzazj"‘palj+a0j)a (60)
ST
rae K; — HeKOTopbIil KO3 UIUEHT.

Otcrona

N K.
AB(P):ABl(P)+ABz(P):P3 O‘34‘21—[_“)‘2/' +
JELE

(61)
N K. N K.
2 J J
+pilo,+ ) —0o; |[+tpla+ ) —0; |
2 ;Hj 1/ 1 ;Hj 0
A 1 N K,
®p 2b0 j=1Hj
Ad N K. 1 N K.

CoorHowrenust (62), (63) MOKa3pIBAIOT, 4TO BBIOOPOM OLy;, O;, Oy, H

3HAaKOB K/- MO>KHO 00O€CHEUHUTH JII000M YPOBCHb KOMIICHCAIIMU BJIMAHUA ILJIO-

1aiel ycuieHusl akTUBHBIX AJIEMEHTOB Ha YacTOTYy U 3aTyXaHue moiitoca. Bei-
Tekaromue u3 (62), (63) dyHKUMOHANbHBIE MPU3HAKU W MpaBUjia MPUBEICHBI B
tabnuue 2. [enecoobpas3Ho emé pa3 MOgYEpKHYTh, YTO BBEACHUE TAKUX KOM-
MEHCUPYIOINUX OOPAaTHBIX CBSI3€ M3MEHSET HE TOJIBKO CTPYKTYPY 3HaAMEHATEIs
nepeaTouHol (PyHKIMH, HO U B COOTBETCTBUHU C cooTHomeHusMu (36), (21)
CTPYKTYPY CYMMAapHON 4YyBCTBUTEIBHOCTH (4). OTO 00BSICHSIETCS M3MEHEHUEM
JIOKaNbHOM nepeaarounoit pyukunn H (p).
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Tabnuua 2
IIpaBuiia nocTpoeHNs 3BEHbEB ¢ AKTUBHON KOMIIEHCALMEH

Komnencupyembie O YHKIMOHAIBHO-
. [IpaBuII0 MOCTPOEHUS CXEMBI
napaMmeTpsl TONOJIOTUYECKHUI IPU3HAK
Awp Peanuzamus na Beixone on- | Berxoner OV depes macmraOHbII
op HOTO JI HEeCKOIbKUX OV YCHJIMTEIb ¢ KOAPPUIIUEHTOM TIepe-
GbyHKIIII poclj/B(p) Ja4u K:—Acop/cop-ﬂj/oclj co-
(xoMIeHcanus o, ) EANHSIOT ¢ BHIOPAaHHBIM BXOJIOM CXe-
Mbl. Bo3BpaTHOE OTHOILIIEHUE B KOH-
Type NO0JIO)KUTEIHHO
Ad p Peanuszanus Ha Beixoze o21- | Boixoaer OV yepes macuiTaOHBbIM
dp HOTO JI HEeCKOIbKuX OV YCHJIMTEINb ¢ KO3PPUIIUSHTOM Tiepe-
2 _ 3
byHKIMH p oczj/B(p) WIK | 1a4uu K——Adp/dp-ﬂj/(oonczj
ocoj/B(p) (xomnencarmst | wmu K =Ad, /d, - 11; /o, ; -1/o,0
O, WM O, ) COEJIMHSIOT C BEIOpaHHBIM BXOJIOM
cxembl. B mepBoM ciydae BO3BpaTHOE
OTHOIIEHHUE B KOHTYPE MOJI0KHUTEIb-
HO, a BO BTOPOM — OTPULIATEIbHO

I[Ipumeuanue. [Ipu 0THOBpEMEHHON KOMIIEHCALIUN U3MEHEHUN ®Wp U d p UCIOJIB3YETCS

B KadyecTBe (DYHKIIMOHAIBHOTO TMpPU3HAKA OJIHA W3 CYMM MepenaTouHbix ¢yHkiui. Ecmu
CYIIIECTBYET cBOOO1a BEIOOPA, TO IEJIECO00Pa3HO UCIOIB30BaTh BXO bl TOr0 OV, 4yBCTBH-
TEJBHOCTD W TUIONIA/Ib YCHIICHHSI KOTOPOTO OOJIBIIIE.

CootHomenust Tabnuibl 2 U chopMyaupoBaHHbIE 3/€Ch (HYHKIIMOHAIb-
HbI€ U TOIOJOTMYECKUE MPU3HAKU TO3BOJISIIOT pa3paboTaTh ajJrOpUTM CTPYK-
TYpPHOTO CHHTe3a cXeM, 00JaJalouuX CBOMCTBOM MapaMeTpUUYeCKOM ONTHMM3a-
UMW BIUSHUSA JOMUHUPYIOIIUX MAapa3sUTHBIX NapaMeTpOB AJIEKTPOHHBIX YCUIIH-
tenei. Takol anropuT™M SIBJIAETCS TOWIATOBBIM M HUCKIIIOYAET UTEPALMOHHBIC
LUKIJIBI.

Ha nepBoM (1MOATOTOBUTENBHOM) 3Tare He0OX0JMMO MUHUMAJIBHO TOBbI-

CHTB YHCTIO JOTONHUTENBHEIX BXOJOB CXEMBI (CM. CTPYKTYpY BEKTOpoB X , X+,
X, XR Ha BEKTOPHOM CUTHaJILHOM Tpade (puc. 2)). JlecTBUTENBHO, B COOTBET-
CTBUU C TabiuieH 2 ¢GyHKIMOHATBHO-TONOJIOIMYECKUM MPU3HAKOM MUHUMU3A-
[IMU BIUSIHUS aKTUBHBIX 3JIEMEHTOB Ha MapaMeTphbl MOJItoca SIBISETCS peayn3a-
1Sl HA BBIXOJIE€ OJIHOTO M3 YCUJIMTENICH MpHU MOojJaue CUTHaJIa Ha JOTMOJIHUTENb-
HbIE BXOJIbl CXEMBI, NepeaaTouHbIX GyHKuM nonocoBoro tuna (I1P) (komnen-
cams Ao, / ®, ), punbrpa HIKHUX (PHY) ninu Bepxuux yactor (OBY) (kom-

nencanust Ad » / d » ). DT BXOJIbI B MOCIEIYIOIMIEM MOXHO HCIOJB30BaTh IS

co3faHus HeoOxoauMoro BekTopa W (32) u nosbilieHUs: 3p(HEKTUBHOCTH KOH-
Typa KoOMIIeHcHupyloieil oOpaTHoil cBsizu. [Ipu penieHnn 3agadynm KOMIIEHCALUU
BIMAHUS MapaMeTpoB OV Ha 3aTyXaHHE MOJI0CA 3TH JONOJHUTEIBHBIE BXObI
JOJIKHBI 00ECTIEYUTh Pean3alMi0 Ha BBIXOJIE OJJHOTO U3 YCUJIUTENeH (yHKIUH
®HY, nockonbKy npuMeHeHUe TobKo KOHTypa @BY (kommeHcanus o) MOKET
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CYILLIECTBEHHO IOBJIUATH HA 3aIlac yCTOMYMBOCTH cXembl. [Ipu peanuszanuu Ha-
CTOSIILETO ATala B IPOCTHIX MPOLEAYPAX MOXKHO HIMPOKO UCIIOIb30BATH CXEMO-
texuuueckue CAIIP u pamxupoBaHue (0TOOp) CO3/1aBaeMbIX BXOJIOB OCYIIECT-
BIATh NyTéM cpaBHeHus ux AUX u ®UYX B quanazoHe paboyux 4acToT C xKe-
JAa€MBIMHU BUJIAMH, ONpesieNsieMbIMU niepenatounbiMu pyHkuusmu 1O, ®HY u
OBUY.

Ha BTOpOoM 3Tane HeoOX0AMMO BBIOPATH MPEANOUYTUTENbHBIE IJI1 B3aUM-
HoW koMrieHcaruu OV, mpu 3ToM 1es1ecoo0pa3Ho MOJIb30BAThCs CIAEAYIOUIUMU
COOOpaKEHUSIMU:

— MUHHUMM3AIUS CYMMapHOM 4yBCTBUTENIBHOCTH (5) B paMKax B3aMMHOM
KOMIICHCAIlUA OCYLIECTBIISACTCS U3MEHEHUEM 3HAKa OJHOM M3 CBOMX COCTaB-
JISIOIIUX, TTO3TOMY YJIy4IlIeHHE OLUEHKH (6) U, ClieI0BaTeIbHO, MOBBIIICHUE CTa-
OMJIBHOCTH BCEro yCTPOIMCTBA, MOKHO OOECHEUYUTH TOJIBKO YMEHBIIEHUEM MaK-
CUMAaJIbHOTO 3HAYE€HHUsI COCTABJIAIOLIECH ITOM YYBCTBUTEIBHOCTU. B 3TON CBA3U
MPEANOYTUTENIbHBIM 111 OpraHW3allid KOHTYpa JOIMOJHUTENIbHOM 0OpaTHOM
CBA3U SBILAIOTCA AomuHupytomue OY ¢ MakCMMalbHOM YYBCTBUTEJIBHOCTBIO
COOTBETCTBYIOLLETO NIapaMeTpa;

—  eCJM He0OXOAMMO OJJHOBPEMEHHO YMEHbIIATh MOTPEITHOCTh peanu3a-
i Ao, / o,u Ad, / d,, TO B CUIly TOTO, YTO JCHCTBHE YACTOT €AUHHUIHOTO

yCUJICHUS HApaBIICHO Ha YMEHBIIICHNE KaK YacTOThI, TaK M 3aTyXaHHsI TOJIOCa,

’KeJIaTeIbHBIM BapUAaHTOM M3 BO3MOXKHBIX JIOTOJHUTEIBHBIX BXOJOB CXEMBI SIB-

JseTCsl peanu3anvs Ha BbIXojae AoMuHuUpytomero (j-ro) OY mepegatoyHon

byHKIIIHN

F.(p)= M _
Y B(p)

B sTom ciiydae nedicTBHE OHOTO KOHTYpa KOMIEHCHPYIOIIEH 0OpaTHOM
CBsi3M OyZeT HAINpaBJICHO HA YMEHBIIEHUE CYyMMAapHOW YYBCTBUTEIBHOCTH Kak
YaCTOTHI, TAK M 3aTYXaHHS MOJI0CA MTPH YMEHBIICHUH MAaKCUMaJIbHOTO MOIYJIS B
yciioBud (6).

— TIpW YCJIOBHH, YTO BKJaJ mapamerpoB OV B 4acTOTy M 3aTyXaHHE TIO-
mroca (59) mpuMepHO OJMHAKOB, MPEAMOYTUTEIHHBIM JIJISi OPraHU3allid KOHTY-
pa oOpatHoii cBsizu saBisieTcss OY, Ha BBIXO/E KOTOPOTO pPeaiu3yeTcsl yKazaHHas
B Ta0nuie 2 GyHKIIMOHATbHASI 3aBUCUMOCTG TPH 0/Iaue CUTHANIA Ha OJUH WU
HECKOJIBKO JOTOJIHUTEIIBHBIX BXOJIOB.

B psine cnyyaeB MOXHO HCIONB30BaTh B KayeCTBE AOMUHHUPYIOIIUX He-
ckonbko OV, HO TIPU TOM HEOOXOJAMMO YUYHUTHIBATH JOMOJHUTEIBHBIC JIEMEHT-
HBIC «3aTPaThl» Ha peaju3alli0 COOTBETCTBYIOIINX KOHTYPOB KOMIICHCHPYIO-
X O0paTHBIX CBA3CH. DTOT BapUAHT MOXKET OKa3aThCs MPEANOUYTUTEILHBIM B
CXeMax C «BUPTYaJIbHBIMU» HYJISIMH, KOTJa B cxeMe mcronb3yercs OY ¢ «3a-
3eMJIEHHBIMW» HEMHBEPTUPYIOIIUMH BXOJaMH M JIJII OpraHHU3alliid KOHTypa HE
HY)KHO HCTIONB30BaTh AU(QPEepeHIInanbHbIe CBOMCTBA 1M JIOMOJHUTEILHON
0o0paTHOM CBSI3U.
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Ha TpeTbeM 3Tane ocymecTBISETCS TOCTPOEHUE MTPUHIUITHUAIBHON CXEMBI
JIOTIOTHUTENIBHOM 11el 00paTHO# cBsi3u. Ecin Habop JOMOJHUTENBHBIX BXOAOB
BBITIOJIHEH JOCTATOYHO TOJHO, TO HEOOXOAMMas Ha BbIXOJAE TOMUHUPYIOLIETO
OV mnepenarounass GyHKIMS peaqu3yeTcsi MPOCTbIM CYMMHUPOBAHUEM JIOKAJb-
HBIX (QYHKUIMIA U3 BbIsIBIEHHOrO Habopa. IIpu 3TOM B HEKOTOPBIX Cllydasix OKa-
3bIBAETCA HEOOXOAMMBIM IMapaMETPUUYECKH ONTHUMHU3UPOBATH ITOT HAOOp AJIs
BBITIOJIHEHUS YKa3aHHBIX B Tabmuie 2 ycinoBuid. Ecnu mpoekTupyemas Lemb
J0JKHA BBIAEHATh AuddepeHanbHblidi curHan gomuHupytomero OV u, crue-
J0BaTeNIbHO, COACPKATh JOMOJHUTEIbHbIE AKTUBHBIE AJIEMEHTHI, TO MapaMeTpH-
YEeCKYI0 ONTHMHU3AIMI0O MOKHO JIOMOJIHUTH CTPYKTYPHOM, Hampumep, AoOaBie-
HUEM crienuanbHbiX RC-1enei

w, =w(p)/O(p), (65)

HaIpaBJICHHBIX Ha peaiM3allii0 YKa3aHHBIX B Tabyuie 2 ycJIOBHM. DTa IEMb
MOXKET ObITh CUHTE3UPOBAHA Yepe3 MOJMHOM W(p), CTPYKTypa KOTOPOro cie-

IyeT U3 YCIOBHs TpeOyeMoro ypoBHs KOMIIEHCALIUU
fq/(p)‘W(P):Kj(pzazj+pa1j+a0j)a (66)

TAC Oly;, Oj;, Oj; BBIYUCISIIOTCS M3 COOTHOLICHHI M PEKOMOMHALMIA, TpHBe-

AEHHBIX B Tabimue 2; f,(p) — 9UCIUTENb NEPEAATOYHON QYHKIMA HA BBIXOJE

j-ro OV 17181 g-TO TONOTHUTEIBHOTO BXO/IA.

Ha deTBEépTOM, 3aKITIOUNTEIHPHOM, ATAlle CUHTE3a PEIaeTcs 3a1a4a coria-
coBanus auddepeHnnanbHoro Bxoaa j-ro OV ¢ BX0JAOM JIOMOJHUTEIBHON 00-
paTHO# CBsI3U. 3/1€Ch, KaK MPABHUIIO, OKA3hIBAETCS HEOOXOIUMBIM HCIOIb30Ba-
Hue nponosiHuTenbHOro OV, peanusyromero GyHkiuto macmrtadHoro (audde-
PEHIIMATBFHOTO) CyMMaTOpa, BXOAHBIE COMPOTHUBICHUS KOTOPOTO YAOBIETBOPSI-
10T HepaBeHCTBY (47), a auddepeHnmanbHbii KO3POUIIMEHT — COOTHOIICHUSAM
tabnune 2 uinu yciuosuio (66). Jlanee OyaeT mokazaHo, YTO MCIOJIb30BaHUE B
TakuX 1ensax Myabtuauddepernuanbabix OY [6] MO3UTHBHO BIHMSIET HA OCHOB-
HbIC KaUeCTBCHHBIC TIOKA3aTeNIN IPOSKTA.

OcHoBHbIC MapaMeTpsl 3Toro OY U3MEHSIOT CTPYKTYPY BIMSHHUS aKTHB-
HBIX JIEMEHTOB Ha YacTOTYy W 3aTyXaHHe Moiitoca. MOXKHO JOCTaTOYHO CTPOTO
MOKa3aTh, YTO BOZHHKAIOIIEE MPU 3TOM MpHpalleHue B(p) ompenenurtcs clie-

AYIOIIUM COOTHOIICHUCM

AB(p) = SR

My N+
rae My, > Iy, — OCHOBHBIE MapaMeTpbl JOMONHUTENBHOTO (N+1)-ro OY.

K(p*+po,d,+o)), (67)

Takum oOpazoM, eciu B COOTBETCTBUU C Tabiuuel 2 B cxeMe o0ecreyu-
BaeTCs JOCTAaTOYHO TIIyOOKash B3auMHasi KOMIICHCAIIUsI, TO BO3HUKAIOIIEE BIIHS-
Hue (N+1)-ro OY orpaHu4mBaeTcsi COOTHOIICHHEM
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Aoop~ 1 o, Ad 1

r———td,, —t =~ (68)
S 2y, " d, s

p
U TIpU 3HAYUTENbHOM A00poTHOCTH ((O>3), KOrla U BO3HUKAET HEOOXOIUMOCTh

peuICHUA O6H.ICI>1 3a1a49u, ABJIICTCSI HCAOMUHHUPYIOIIHNM.

2.3. NMpumep cUHTE3a CXeMbl C B3aUMHOMN KOMMNeHcauueun

PaccMoTpuM mocTpoeHue Ha OCHOBE M3JI0KEHHOTO MaTepuaia 3BeHa BTO-
pOTO MOpsiKa C aKTUBHOW KOMIIGHCAIMEN BIMSHUA Tuiomaaen yeunenus OY Ha
4acTOTYy M 3aTyXaHHe mnoitoca. [IpuHiunuanpHas cxema MepBOHAYaIBHOTO Ba-
pUaHTa MpUBEJACHA HA PUCYHKE 5, XapaKTepu3yeTcs CIeAYIOIIMMU MTapaMeTpaMu
(g¢ = g7 = g3 =0) u kodppuunentamu, Bxoasmumu B (62), (63):

®, = / 8185 , d,= /g112g4 .&’ (69)
G184 Cgs &

7T, 1 1 j 1 ( T, T, T, j
Oy =—F—— —+—, Oy, =—F—< —+’Y2—+— 5 (70)
73(1_72)(1_[1 1, 73(1_72) I, I, 11,
1 C
o = B - 4h= l_aJ’2 = £ s V3 = £s s
Y3(1_Y2)H1 8183 81 +t83 84185 (71)
TZ=C2/g2,A(DPz 0,5 1 N 1 ’Adpz_oopQ L+L
op 1=y oI, Il ) dp 1=y \ I, 11,

Puc. 5. HuzkouyBctBUuTenbHoe ARC-3B€HO AHTOHUO
C PE3UCTUBHOM HArpy3Koi 6e3 COOCTBEHHOI KOMITCHCAIIUU

[lenecooOpa3HO OTMETUTh, YTO HACTOSIIAS CXEeMa SBISCTCS 3BEHOM
bunbTpa HIHKHUX YaCTOT C JOTOJHUTEIbHBIM MHUMBIM HYJIEM M OTHOCHUTCS K
KJIacCy MapaMeTpUuecKd HU3KOYYBCTBUTEIIBHBIX YCTPOWCTB YaCTOTHOU CeJeK-
uuu [7].
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N3 (71) cnenyer, 4to

Slc_’[)p zl &4_ & & i (72)
20\ gs 84 1 VT

Slc_’[)p zl &4_ & & i (73)
2\ & g ) IL\ 1,
[0 [0

S = 0 %, St = 0 (74)
b l=yy 104 1=y, IO,

Takum 06pa3om, BAUSHUE YACTOTHI €AMHUYHOTO YCUJICHUSI HAa TTapaMeTphbl
IIOJII0CA MMAPAMETPUUECKA HE MUHUMHU3UPYETCS U ONPEAEIACTCS COOTHOLIEHUEM
YacTOTHI IOJFOCA U YaCTOThl €IMHUYHOro ycuieHus kaxzaoro m3 OY. Kpome
ATOro, XapakTep YyBCTBUTEIbHOCTEN (74) MOKa3bIBAeT, YTO BIMSHHUE TUIOUIAIH
ycuiienus OY Ha 3aTyxaHue IMOJ0ca MPONOPLHUOHATBHO peann3yemMoi 1o0poT-
HOCTU (). YuuThIBasg, 4To 4yBCTBUTENbHOCTH AUX- m PYUYX-cxembl K HecTa-
OMJIBHOCTHU €€ 4acTOTHI MOJII0Cca MPONOPIUOHANBHBI (J, pellIeHHe MOCTaBICHHON
3a/1a4l OKa3bIBAETCSI BO3MOXHBIM TOJIBKO M3MEHEHHUEM XapaKTepa BIMSHUS OX-
Horo u3 OY Ha 3TH mapaMeTpsl, T.€. U3MEHEHHEM 3HaKa OJHOW mapameTpuye-
CKOM YyBCTBUTEIBHOCTH. B 3TOM M COCTOUT CyTh IpenajaraeMbix B paboTe KOH-
TYpOB KOMIIEHCUpYIOUIEH 00paTHON CBSI3H.

B cooTBeTCTBUM € MEPBBIM 3TAlIOM CHHTE3a B CXEMY BBOJSTCS JOMOJHU-
TeNbHbIE BXOHI 1, 2, 3 (puC. 5) 1 BBITIOJIHACTCS €€ aHaIU3 JJIsI ONIPEICIICHHS] YHC-
JUTeNel TeX NepeaTOUYHbIX (PYHKIIUHI, KOTOphIe peann3ytoTcs Ha Beixoaax OVY.

PaccmaTpuBaemasi cxema MOYKET UMETh TP CHEUAIBHO CO3/aHHBIX BXO-
na (COOTBETCTBYIOIIME CBS3M HAa PHUC. 5 TMOKa3aHbl MYyHKTUPOM). Pe3ynbTaThl
aHanM3a MpUBEICHbI B Tabnuile 3, U3 KOTOPOU CIEIYIOT U OCHOBHBIE HTAllbl pe-
HIeHUs 3a7a4d. 37ech mepefaTouHble PyHKIUMU Ha Bbixone j-ro OY mpu noa-
KJIFOYEHUU MCTOYHUKA curHaia K k-my (k=1, 2, 3) 1onoinHUTEeIbHOMY BXOIY B
o01IeM ciiydae UMEIOT CIEeYIOUUN BU/T

pa, + pa, +a
F (p)="=2 L0 75
kj(p) p2+pb1+b0 ( )

st onpeneneHuss CTPYKTYPhl 3TUX KO3(P(GUIHUEHTOB HEOOXOAMMO BbI-
IOJIHUTh aHAIM3 YyKa3aHHOro HaOopa. Pemienue 3Toil 3amaum Oasupyercs Ha
TPEXKPATHOM HCIOJB30BaHuU cooTHOWeHus (14) mpu II; =0, p, =00 (V)),

MI03TOMY B COOTBETCTBHH C COOTHOIIECHUSMHM TaOIHUIIBI | COCTABIIAIOTCS BEKTOPBI
W MaTpHIlBI, YKa3aHHbIe B Tabmuie 3. 31ech UHACKC BEKTOpa A OIPEACIISICTCS
HOMEPOM JOMOJHUTEIbHOTO BXoja (1, 2, 3).

29



Tabnuna 3
CuHTe3 3BeHa BTOPOr0 MOPS/AKA ¢ B3aHMHOI KOMIIEHCALHeil

Oram,
PesynpraTel aHanuza
HCIIOJIB3. COOTHOILIEHUS
1. ®opmupoBaHe MaTPHUIL U 0 0 0 0 0 1 0 v,
BEKTOPOB. B = ,B" = , L' = , Hy = ,
CoorHomeHus Tabnuusl 1 0 0 v; 0 10 0 v,
H _ 0 1 _ g2 _ g3
c — ) Y] - ) Y2 - )
1 0 g2+g6 g1+g3+g7
_ gS _ Cl _ Cz A _ 0
Y= » T = > Ty = > Ap = )
84185t 8y & t+t8:1g &+ 8 B,
Bz 0 8
A = 5 A, = ) B =1- Yio B =—al 5
R2 ( 0 3 [33 1 1 2 gl + g3 + g7
8
B =— B8
8, +8s+8;
2. Beruncienue HaGOpa I1e- F]] F]2 Fz] F22 F3] F32
pen. ¢pynkiuid. CooTHOIIE- a 0 0 0 0 Bb, B.b,
Hus (14). 1y, 1-v,
3neck ao, a1, a; — kodhdum- | 4, B, /7, NN [b b B.b, BT, /7,
EHTBI YUCITUTENEN JIOKAIb- 1-vy, -y, =1 A -7y, 1-7,
HBIX QYHKIMH F, ap | Bv./vs | _ B B./Ys B B 0
3. Beibop F, — coOTHOIIE- I-7, -7 -7 -7 ¥s
C
HUs TaOIUIBI 2 b =1, & 84 , by =1, 184
g & &88s
4. BeluuciieHue BIHMSHUSA 1 2
nonoiaHuTensHoro OY L. p—z[l + &J +pb, [1 + &J +11, by = — B s
I, by|0,\ g, g, g+ 8o t8&u
8 << g, &, <<g,

[Ipu BbIYMCIIEHMH KOMIIOHEHT MATpHUIl U BEKTOPOB HEOOXOAMMO BBIOJI-
HUTH aHAJIM3 KoMMyTaTopa (puc. 1), KOTOpPbIA B IBHOM BHJI€ COCTOUT TOJIHKO U3
PE3UCTUBHOIO ACIUTENS Y, U MIO3TOMY IIpHU 3anojaHeHuu Marpuusl H, u Bek-

TOPOB A, Ay, (UUCIIO B HHIEKCE YKA3bIBAET HOMEP CO3/4aBAEMOI'0 BX0/1a) He-
00XOIUM aHalu3 OTAEIBHBIX moacxeM. Tak, mist noacxemel C,, g, g5, &7, 2K-
BUBaJeHTHON npocteimeit RC-ienu (C; COEIMHEH MOCIENOBATENBHO TOJIBKO
c R|), K pe3ucTopy KOTOpPOH MOAKIIOYEH NACCUBHBIA CyMMAaTop, BXOASIIUHN B
COCTaB KOMMYTaTOpPa, MOXHO MOTY4YUTh
R _ _
hzl—Yz—g3/(g1+g3+g7)- (76)
AHANIOrN4YHO BBIBOIATCS U Apyrue KOMIIOHEHThl matpuisl H, u Bekto-
poB Ay, Apg,.
DyHKIMOHAJIbHAST 3aBUCUMOCTh KO3(P(MUIIMEHTOB YUCIUTENS JIOKATBHBIX
nepeaTOYHbIX ()YHKITUI F,q.( p) oOpasyer o0JacTh adbTEPHATUB MIPU CO3JAHUU

e B3aMMHOM KOMIICHCAalluH. Hx q)YHKLII/IOHaJ'IBHaH II0JIHOTA, BO3MOZKHOCTD
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ABTOHOMHOT'O ITapaMCTPUICCKOT'O YIIPABJICHUA JIF000Tr0 U3 d; B KOHCYHOM HUTOI'C

U omnpenensieT MUHUMaJIbHOE 3HAaUeHHEe CyMMapHOW YyBCTBUTEILHOCTH KaK dac-
TOT, TaK W 3aTyXaHUs MOJIOCA.

B cooTBeTCTBUU € IPENIOKEHHOW METOJMKON Ha BTOPOM 3Tare CUHTE3a
HEOOXOIMMO BBIIENUTh Npeanodtutrenbubii OY Ui opraHu3aiu KOHTypa
coOcTBeHHOM KoMmeHcanuu. M3 coornomenuit (72) — (74) BUAHO, 4TO MO CTe-
MIEHU BIUSHUS YaCTOThl €IUHUYHOTO ycuseHus OV sSBiSIOTCS UAESHTUYHBIMHU U
MUHHUMHU3AIUS CYMMapHOW YyBCTBUTEIBHOCTH KaK YacTOThI, TaK U 3aTyXaHMs
II0JIF0CA BO3MO’KHA MU3MEHEHHMEM 3HAaKa OJJHOM M3 COCTaBJISIOIIMX ATONH CYMMBI.
Crnenyer moauepKHYTh, UTO, KaK OTMEYAJIOCh paHee, HU OJUH U3 paccMaTpH-
BaE€MbIX MMAPAMETPOB TOJII0CA HE ABJISIETCS AOMUHHUPYIOIIUM. IMEHHO mo3TOMY
BbIOOp mpeanouyTutTenbHoro OY HE0O0XOAMMO BBIMIOJHUTH MO KPUTEPHUIO BO3-
MO>KHOCTH OJIHOBPEMEHHOM KOMIIEHCALMU BIIMSHUS €r0 YaCTOThl €IUHUYHOTO
YCUJIEHUS HAa YaCTOTY U 3aTyXaHUe IOJkoca.

Ha Tpetbem 3Tare B COOTBETCTBUU C MPEIJIOKEHHON METOJIMKOM OCyIlie-
CTBJISIETCS] TOCTPOEHUE LENU KOMIIEHCUpYIollel 00paTHOM cBsi3u. [l perenus
9TOM 33724l HEOOXOJAUMO pPH YCIOBUM UAeHTHYHOCTH OY Ha ®, u d, BbIOU-

path NpeaAnoyTuTeNnbHyo GyHkuuio Fy(p). V3 tabuuibl 3 BUAHA 11€1€C000-

Pa3HOCTh UCIOIB30BaHUSA (QYHKUMU [,. JIeHCTBUTENBHO, 3Ta (QPYyHKIUSA uyepes3
KOHTYp 0OpaTHOi1 CBSI3U 00€CIeUYnBAECT OJHOBPEMEHHYIO KOMIIEHCALMIO OLy, O,

u3 cootHomieHus (70) U, clegoBaTeIbHO, KOMIICHCAIIMIO OTHOCUTEILHBIX U3Me-
HEHU OCHOBHBIX MapaMeTpOB, IPUBEACHHBIX B hopmynax (71).

Kak ciemyer n3 TaOauIel 2, HEMHBEPTUPYIONIUI BXO JTOMOJHUTEIHLHOTO
MacImTaOHOTO YCHJIUTENS JOJDKEH OBITh IMOJKIIOUEH K HEHHBEPTHPYIOIIEMY
Bxony OVY2 (puc. 6 nmpu g,, =0).

1 L
2 J1o0
I g —
o e
E g1 Hgs
BX — —
© L L

Puc. 6. HuzkouyBctButenbHoe 4ARC-3BeHO Ha 0aze D-3rieMeHTa AHTOHUO
C COOCTBEHHOM KOMIIEHCAIIUEH
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Ha d4etBépTOoM »dTame oOCyIIECTBISETCS OICHKA CTENEeHW BIIMSHUS
nonosHutenbHoro OY3. M3 tabnuipl 3 ciienyeT, 4To TaKo crioco0 BKIFOYEHUS
JOTIOJTHUTENIBHOTO YCUJIUTENSI XOTsI U 00ecreynBaeT B3aMMHYIO KOMIICHCAITUIO
BavstHus 1, m II,, HO mpUBOOUT K 3aMeTHOMY (IIPONOPLUOHAIBHOMY 1/ d,)

N3MCHCHUIO 3aTyXaHHUA ITOJIIOCA

Ad ®, 1
p(H3):_ P85 by . (77)
d I, d
p 30p 84
JIJist ycTpaHeHUsT BOSHUKIICH MOTPEITHOCTH MOYKHO, KaK 3TO BHJIHO U3 pe-
3yJBTAaTOB NIEpPBOTo 3Tana (Tadia. 3), 00pa3oBaTh JAOMOIHUTEIBHBIN KOHTYP TOJ-
KITFOUEHUEM WHBEPTHPYIOMIETO BXOJa CYMMAaTopa K WHBEPTHUPYIOIIEMY BXOIY

OV1 (puc. 6 npu g,, #0). B a3Tom ciny4yae ycaoBusi KOMIEHCALMK 711 YACTOTBI
IOJIIOCA IIPAKTUYECKU HE U3MEHATCH, T.€. KOOPOUIMEHT a, = d, mia F;, a Ko-
3pGULMEHTB a, U a, OyAyT cIOCOOCTBOBaTh yMEHbIIEHHIO BiusHUA OY3 Ha

3aTyxaHue MoJkoca.

Ha nmocnennem sTamne cMHTE3a OCYUIECTBISIETCS MapaMeTpUYecKas OITHU-
MHU3aIMs HAaWJEHHOTO CXeMHOT0 perieHus. JJis 3Toro cocTaBisitoT MaTeMaTH4ie-
CKME COOTHOLICHHs I BCeX o ;. IIpofieMOHCTpUpYEM 9TO Ha TpUMEpe O;.

[lepBbic ABa ciaraeMbixX (CM. TaOJ. 3) BBITEKAIOT HEMOCPEICTBEHHO M3 BBIpAXKe-
Hus (70) (B; onpeneneHo Ha MepBOM dTale CHHTE3a). [IBa BTOPBIX ClIaraeMbIX —
3TO TpPOW3BeACHHE KOd(DQHUIMEHTa TMepeaay MacmTaOHOrO YCHIUTEISA-CyM-
MaTopa Ha COOTBETCTBYIOIIME IMOMpaBouHbie koddduimenTsl. [locneanee cia-
raemMoe, xapakrepusytouee BiausHue I1,, Obuto HaliIeHO Ha TPETbEM 3Tale pe-
IIICHUS 3a]1a4H.

Koadpdunment nepenaun cymmaropa (cMm. T1abi. 2) ompenensercs ciie-
IyroIuM o0pa3zoM. 3a o0IIyI0 TOUKY BbIOepeM UHBepTUpYIOmui Bxoa OY2, To-
raa npu uaeanbHom OV 1

K2:1+&+&. (78)
810 &io
Amnanoruuto, koraa I1, =0, g, =00,
K, =1+5% (79)
811

[Ipu mapameTpruyeckol ONTHUMU3AIMU KOHTPOJIUPYETCS MU3MEHEHHUE 3Ha-
KOB B UyBCTBUTENLHOCTAX (72) — (74). Ecnu HeoOxoauMa KOMIIEHCAIUs HU3Me-
HEHMI BCEX MapaMEeTPOB ¢ TOYHOCTBIO JIO BEIUYUHBI d p, TO U3 Oy, Ol,, O; HC-

KJIIOYaloTCs CaraeMele, MPOIOPIHOHAIBHBIE Y, , 3aTEM M3 cOOTHoHIeHHUs (58)
onpenensitorest Ad,/d,, Ao, /o, 1 HaxomATCS yenoBus KomneHcaruu. Ocra-

touHoe BiausiHMe OY3 HaXoAUTCA M3 COOTHOIICHUMU MOCIEIHEH CTPOKHU TalJu-
5l 3.
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Pelienne HacTosIIed mapamMeTpUUeCKON 3aJadd MPU YCJIOBHUH, UTO Tpe-
Oyembie mapametpsl nomoca f, =100k, Q=10 obecnieunBaiOTCs B Hjecau-

3UPOBAHHOM CXEeMeE f]=00, [L=00 (PHUC. 5) CICAYIONUMH MACCUBHBIMH 3JIEMEHTAMHU
(g = 1/ R;):
g=8,=8:=0; R =R, =159K;R, =R; =2K;
Ry =159«k; C,=C, =11D, (80)
YTO ¥ MPUBOJMUT K CICAYIOIIUM MapaMeTpam 3JIEMEHTOB CXEMbI pUCYHKA O.
R =R,=162K,R,=233Kk,R, =25k, R; =2K,R; =10k, R, =100k,
R,=10,R, =100k, R, =100k, R;=19,C, =C, =1HOD. (81)
N3meneHust conpoTuBieHU pe3uctopoB R, R,, R3, Ry OOBSICHAIOTCSA
BJIIMSTHUEM HA UX DKBUBAJIIEHTHI UCXOAHOW CXEMbI CONPOTUBICHUU Ry, R} U Rg,
BXOJSIIUX B COCTAB JOMOJHUTEIHHOTO (KOMIIEHCHUPYIOIIET0) CYMMUPYIOIIETO
ycuiurens ¢ kodpuuueHTaMu MaciTabOupoBaHusl BXOJHBIX AU} depeHInanb-
HBIX CUTHAJIOB, onpeaessieMbIXx cooTHoIeHusaMu (78) u (79).
Pe3ynbTaThl MOIEIUPOBAHKS UCXOAHOM CXEMBI (CXEMBI pUC. 5 0€3 B3auM-
HOM KOMMeHcaluu BAUSHUS OCHOBHBIX mapameTpoB OVY1 u OVY2) u cxemsl ¢
B3aMMHOW KOMIICHCAIIMEN BIUSHUS fi U L OTUX ycuiauTesen (puc. 6) npuBeacHBI
Ha pUCYHKE 7.

48.000

96 009K 35 368
23 B3AVMHOM KOMNEHCELMK

36000

| 99.989K23.013
b /AN MaeEnsHOA Creml
24.000f---=--- -

12.000f -

/%021%22 526
Fﬁ__‘_,/.,f’; C B3aUMHONR KomneHcgumei
IR
R —
0,000 e R
1200050 100K 200K
db(V{out3)V(in Db{%{out2)V(in)) Db{V{out1)/V({in))

F (Hz)

Puc. 7. CpaBautensHpie AUX cxem, IpUBEIEHHBIX HA PUCYHKaAX 5 U 6,
B noJioce npomnyckanus ®HY
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Jlisi KayecTBEHHBIX OIEHOK 3(P(HEKTUBHOCTH B3aMMHOW KOMIIEHCAIIMU
npuBeneHa AUX uneanbHol cxeMbl (f; =, p=oo mist OY cxemsl puc. 5). B pe-
anbHBIX cxeMax ucnoisszyercs OV c fi=5 MI'u, u=120 gb.

OTHOCHUTEIBHBIE OTPENIHOCTH 0,=27f, 1 O=1/d),, BBI3BaHHBIC BINSIHHEM
OCHOBHBIX napameTpoB 3TuX OV, TOYHO COOTBETCTBYIOT OLICHKAM, CIEAYIOIIUM
u3 cootHomeHui (71) — (74), u ycioBusiM B3aUMHOM KOMIICHCAIIUU TaOauIe 3 u

(78), (79).

2.4. NpakTnyeckoe NnpMMmeHeHMe B3aMMHOMN KOMMNEeHcauum
B cxeMoTexHukKe CP-60nokoB

PaccMoTpeHHBIN paHee mpuMep HOCUT METOAMYECKUM Xapakrtep. Jlencr-
BUTEJIBHO, CIIOKHOCTh BBOAUMOTO B CXEMY JIOMOJIHUTEIHHOTO MacITabupyemMo-
ro yCUJIUTENsl cyMMaropa TpeOyeT He TOJIbKO BBINOJHEHUS Habopa mapaMeTpu-
YEeCKUX HEPABEHCTB, YKA3aHHBIX B TaOdMIlE 3, HO U COOTBETCTBYIOIIUX YCIOBHH,
oOecreunBaomux TpedyeMblil KorhGUIIMEHT nepeayl KOMIIEHCUPYIOIIel yac-
1 cxeMbl (78), (79). IMeHHO 3T 0COOEHHOCTH HE TOJIBKO MPENSITCTBYIOT HHTE-
IpajJbHOMY MCHOJIHEHHUIO CXEMBbI, HO U TPEOYIOT MPEUU3MOHHOCTH OTHOILICHUM
JOTIOTHUTENIbHBIX PE3UCTOPOB CXEMBI.
VYCcTpaHUTh OTMEUEHHBIE HEJOCTATKH MOXKHO MEPEX0JI0OM B CXEMOTEXHUKE
KOMIIEHCUPYIOIIMX O0JIOKOB Ha MyhbTuauddepenuuansueie OY (MOVY) [6],
HUMEIOIIIME B CTPYKTYpPE BXOJHBIX KacKaJgoB JOMOJIHUTENbHbBIE MapaiyielIbHO pa-
ooratomue nuddepenuanbabie mapel. CXeMOTEXHHKA TaKUX KackagaoB U MOY
JOCTaTOYHO XOPOILO pa3padoTaHa U MO3BOJISET:
— 00ecne4nTh BHICOKYIO UIEHTUYHOCTh BXO/IOB;
— peanu3oBaTh BBICOKOE ociabiieHne CMH(Pa3HOro HANPSXKEHUs MPH JIHO-
6ol koMOuHanuu aud depeHnnaIbHbIX BXOI0B;

— OCylecTBUTh nudepeHnnanbHoe npeodpazoBaHUe CUrHajIa B IIMPO-
KOM (COM3MEPUMOM C HANpsHDKEHHMEM MCTOYHHUKOB MUTAaHUS) AHana3o-
HE BXOJIHBIX BO3JACHUCTBUN.

VYka3aHHBIE CBOICTBA 3TOr0 OTHOCHUTEIbHO HOBOTO aKTHUBHOTO 3J€MEHTa
MO3BOJISIIOT PEaM30BaTh MACIITAOHBIM CyMMAaTop C BBICOKMMH BXOIAHBIMH CO-
MPOTUBIICHUAMH C JIIOObIM AuddepeHunanbHbiM KO3PGUIUEHTOM YCUIICHUS.
Heo6xoauMo oTMeTuTh, 4To HacTosue cBoiictBa MOY He TpeOyroT cyiiecT-
BEHHOTO I10 CpaBHEHUIO ¢ 00buHbIM OV yBenuuenus norpedisgemoro Toka. Kak
MpaBUJIO, AOMOJHUTENbHAS nuddepeHiaibHas napa yBeauduBaeT norpeodise-
MBIl TOK TosIbKO Ha 15+ 20 % npu HeU3MEHHOM UJIEHTUYHOCTH KaHAJIOB.

Takum oOpa3om, B cxeme pe3ucTopbl Rg—Ri, U3 cXeMbl 3B€Ha HCKIIOYa-
torca, OY3 3amensiercs Ha MOVY ¢ TpeMsi HHBEPTUPYIOIIMMHU U OJHUM HEHH-
BEPTUPYIOIIMM BXOJIaMM, a LIETb Y3 IMPEBPAIAETCS B PE3UCTUBHBIA CyMMATOD,
oOecreynBaroIrii Mo/1ayy Kak OCHOBHOTO, TaK U KOMIIEHCUPYIOIIETO0 CUTHAJIOB
Ha Bxoa OVY2 (puc. 8).
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Puc. 8. HuzkouyBctBUTENbHOE ARC-3BEHO C LIENBIO B3aUMHON KOMIICHCAIIUN

B sTom cnydae koaddunment nepenauu (78) 3aMeHseTcs Ha cieayrolee

BBIPAKCHHE
K =K,=1+g¢/g;, (82)

YTO W TMO3BOJISIET MCKIIOUYUTH JOTIOJHUTEIbHBIA JENUTEIh Ha €ro HEUHBEPTHU-
pYIOIEM BXOJI€.

Pe3ynprarhl MOIETMPOBAHUS CXEMBI TIPU BBIMIOJTHEHUN TTapaMETPUUECKUX
YCIIOBUH

R =R, =159KR,=159k;R, =R; =2x;R, =0;

C=C,=1nD; fy, = fi, = fi; =5 MI'm; py =, =p; =120 1b
MPUBEICHBI HA PUCYHKE 9.

(83)

32,000

5.086K,22.961
E3aMMHEA KOMNEHCALMA
Ha baze MOY

99 969K,23.013

24,000 A uneansHol cxems!

16.000

8.000

\

0.000

-8.000

20K 100K 200K,
dbiv(out 13/v(in Db(Vout3)V(in))
F (Hz)

Puc. 9. CpaBautenbHas xapakrepuctruka AUX cxeMsl puc. 8
C UJECaTN3UPOBAHHBIM 3BEHOM
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Heo0xonuMo OTMETHTH, YTO YMEHBIIIEHHE YaCTOThI MOIIOCA 10 OTMEUYEH-
Holt Ha AUX BenMuuHBI OOBSICHAETCS, KaK 3TO OTMEYaJoCh paHbiie (Tabdiu. 3,
3Tan 4), BIMAHUEM f13 Ha 3TOT MapaMeTp. JTa BEJIMYMHA IPONOPIMOHAIbHA 2d,
U HE ABJIAETCS, C TOYKU 3peHUsI OOLIeH 3a/1auu, JOMUHUPYIOMIUM (akTopom. Pe-
3yJIbTaThl MOJEIUPOBAaHUS cXeM (puc. 5 u 7) npu usmeHenuu f; ot 3 no 7 MI1,
YTO COOTBETCTBYET HE TOJIbKO PealibHbIM yclIOoBUsAM paboTel OY B nuamazoHe
temmeparyp +£50 °C, HO U TEXHUYECKOMY «pa3dpocy» 3Toro napamerpa Ha 20 %,
npuBeAeHbI Ha pUcyHKe 10 U AEMOHCTPUPYIOT BBICOKYIO 3 (HEKTUBHOCTH MpeE/I-
JIO’)KEHHOTO B paboTe MPUHIUIIA B3aUMHOW KOMIIEHCAIIMM KaK CpPEeJCTBA MOBbI-
HIEHUS] CTAOMIIBHOCTH (PYHKUIMOHAIBHBIX ycTpoiicTB CD-610KO0B.

50.000 : . . OPA OP_37A GIBW=3MEG TMI?G

93.351K/37.919

f,-3MEG
40000 ﬁeaxomneucamu rrrrrrrrr 96.01K,38.368 i T b
| o f,-5MEG | i
97.159K/30.122 § ! 96.973K,23.009
f,-TMEG ly f,-3MEG
i : i i A E 98.088K,22.981
1 N, [ S -t ---98.0B8K.22.981 ... A\ ...
‘ : : : ‘ bt f1 -SMEG C B3aNMHON
\ KomMneHcalnen

98.595K,22.981
f1 -TMEG

%

X
N

\

20000 I : : . R

10000 : : i S — A N Y

0000 iz ‘ ’ ’ ’ ‘ 100K TE0K
Dbt Db{viou BN

F (Hz)

Puc. 10. Bausgaue yactoThl €IMHUYHOTO ycuiieHus OY
Ha AYX puibTpa HUKHUX YaCTOT

HevictButenbHo, ctadbunbHOCTh AUX ¢duibtpa B paboueMm auama3zoHe
YacTOT MOBBIIIAETCS NPAKTUYECKU Ha MOPAA0K. 11 JOCTHXKEHUST aHAJIOTUYHBIX
Ka4ueCTBEHHBIX TOKa3aTeleld B UCXOAHOW cxeMme (puc. 5) HEOOXOAMMO HUCIIOb-
30Bath OV ¢ f; >75MI'Li, notpebisitoniyie 0T UCTOYHUKOB MUTaHUsA 00je 3Ha-

YUTEITHLHBIA TOK.
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CorocTaBiieHHE CXEM PUCYHKOB 6 U 8 TOKa3bIBaeT BaXKHbIC MIPEUMYIIIECT-
Ba MOV B nemnsx B3auMHON KoMneHcaruu. OIHaKo, KaK MOKa3bIBacT 0oJjiee Jie-
TanbHbId aHanu3 (cMm. (67) — (68) sTama 4), U3 COOTHOILICHHUM TaOIUIBI 3 TIpHU
BBITIOJITHCHUN YKa3aHHBIX MapaMETPUUECKUX YCIOBUM OTHOCUTEIIBHOE H3MEHE-
HUE YaCTOTHI MOJI0Ca

Ao, o,
~-2d,—~ (84)

o, I1,
noJxHO cocTaBiaTh —0,4 %, HO, KaK BUIAHO W3 PUCYHKa 9, 3Ta MOrpelIHOCTh
MPEBBIIIAET YKA3aHHYIO OLIEHKY MpakTHUYecku B 5 pa3. Takoe paznuuue oObsic-
HSIETCA TEM, YTO B paccMaTpUBAeMOM 3BEHE NpEeleNbHBbII YypOBEHb KOMIIEHCA-
MU U, CIEA0BATENbHO, TOCTHKUMBINA AUANa3oH padodyHuX 4acTOT ONpeAesIeTCs
IpaHUYHON yacToTOM Kod(duumenta ociadiaeHus cuHdpazHoro curtaia. Kax
MPaBUIIO, JaXe JUIsl ONTUMANIbHBIX CTPYKTYP AU PepeHIralIbHbIX KaCKaI0B 3Ta
4acTOTa MEHbIIE TPaHUYHOM YacToThl AuQdepeHIuaibHoro KodghuireHTa
ycuiieHus He Toiabko MOV, Ho u oObrunoro OY. Takum o6pa3om, MynbTUIUAD-
¢bepenmanbabie OY B cxeMax ¢ B3aMMHOW KoMIeHcalueil, o0ecrneunBarommnx
MUHHUMHU3AIUI0 CYMMapHOM 4YyBCTBHUTEJIBHOCTH IMapaMeTpoB IMoOJtoca, obecre-
YUBAIOT CO3JaHUE JIONOJHUTEIBHBIX MapaMeTPUUYECKUX CTerNeHell cBOOOIbI U

CYHICCTBCHHO IMOBLIIIAIOT KAYCCTBCHHBIC ITOKA3aTCIIN CD-06510K0B.



3. MYJIIbTWONDODEPEHLUUAJIbHBIE ONEPALUUOHHbLIE YCUITUTEIIN
B CXEMOTEXHUKE AKTUBHbIX ®UJIbTPOB

3.1. MpuHUMNbI nocTpoeHUs mynbTuandcgdepeHumanbHbix OY

B vactu Il Hactoseit paboTel ObUIO MOKA3aHO, YTO MPH CO3/IaHUM TETICH
KOMIICHCAIIUU BIUSHUS OCHOBHBIX MapameTpoB OY Ha KaueCTBEHHbIE IMOKa3aTe-
JIU MPOEKTUPYEMBIX CXEM I1eJIECOO0pa3HO HUCIOIb30BaTh MYyJIbTUAU(DEPEHIIH-
aJbHBIC YCWJIUTEIIU, YUCIIO BXOJOB KOTOPBIX MPEBHINIACT JIBa, MPU COXPAHEHUH
JIPYTUX Ka4YeCTBEHHBIX IMOKa3aTeIei.

JI71s1 MOCTpOCHUST YKa3aHHOTO THUIA aKTUBHBIX 3JIEMEHTOB JJOCTATOYHO M3-
MEHUTh CTPYKTYpY BXOAHOro auddepeHnunanbHoro kackana (puc. 11), npu
ATOM Takas MoAudUKaIus HEe JOHKHA CYHIECTBEHHO BIUATH Ha KOA(DPUIUECHT
ocyiabnenust cuH(pa3zHoro curxana [6].

R2

Ky
K2

(%)—’(X)_ Ks
Ks
UBxab Ks

a) 0)
Puc. 11. CrpykTypa (0) 1 ycioBHOe o003HaueHue (a)
MynbTUIU D PepeHnranbabix OY

Taxoit OY MOXET UMETh /# PaBHOMPABHBIX HHBEPTUPYIOLIUX U 7 PaBHO-
NPaBHBIX HEMHBEPTUPYIONMIMX BXOJ0B. Ha OAMH M3 MHBEPTUPYIOUIMX BXOIOB
BKJIIOUAETCs IeNb oTpularenbHor oOpatHoi cBszu (OOC), 3amaromas Mac-
mTaOHeI Ko3huiment ycunenus. Koadduinuent nepenauu mno KaxiaoMy u3
BXOJIOB TIPY OXBaThIBAaHUM Takoro ycwiuTens nenbio OOC MOXHO HAWTH U3
CIICYIONIUX BBIpAXCHUH (MPU YCIOBUH, YTO OCTATbHBIE BXOIBI 3a3EMIICHBI
u K,K 5 >>1):

_ —YKKs Ry
Ul = ~

rne B=R/(R+R,); Y=R,/(R +R,)); K, — koapuumeHT nepenayn 1mo Ha-

NPsHKEHUIO COOTBETCTBYIONIETO Kackana OY.
_ —KyK R, +R K,

v2 = ~
k= Keks R+ R Ky
P14 BK K, R K,

: (85)

; (86)

(87)
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N3 Boipaxkenuit (85) — (87) cnenyer, uto eciu Ko GUIMEHTHI Tiepeayn
K, + K4 paBHBI Mexa1y coO0l MO aOCOJIIOTHOW BETMYUHE, TO PE3YJIbTUPYIOIIUI
KO3 (PUIMEHT YyCWICHHs MO HAINpPSKEHUIO ISl TAKOro MHOroBxojoBoro OV,
oxBaueHHOro nenbo OOC, coBMamaeT ¢ KIACCUYECKUM JJIsI TUTIOBOIO UHBEPTH-
PYIOIIETO M HEMHBEPTUPYIOIIETO BKIIOYEHUU, a KOIDPUIMEHT mepenadn s
JOTOJIHUTENIBHOIO NHBEPTHUPYIOIIETO BXO/1a OTINYAETCSI OT HEMHBEPTUPYIOLLETO
TOJIBKO 3HAKOM.

BapuaHT noctpoeHus cxeMbl, COOTBETCTBYIOIIEN CTPYKType pucyHka 11,
JUTSL IBYX MHBEPTUPYIOLIUX U IBYX HEMHBEPTUPYIOLUIUX BXOJI0B (CUMMETPHYHO-
ro MOY), npuBeaéH Ha pucyHke 12.

A N
VT7

Cr ==\

B L
;(]_K VT | g VT2 j_on; V9 By

(=) (+) B B;fl Brix
1 F SZ VD1 . BbIX 1
BX; VT3 VT4 (+) BX2
Bx!
((f)— _K R4 )——gxz W/ vD2 ’
b 711 b Iy —K VT10

Puc. 12. Yopowménnas npuHIMNAaibHas cXeMa
U ycIoBHOE 0003HaueHue cummerpuanoro MOY

Ecnau cuurath, 9yTo K03 UIIMEHT Mepenadn MOBTOPUTENS TOKAa HAa TpaH-
sucropax VTS5, VT6 paBen enunuiie, To Ko3p(GUIHUEHTHI Nepeaadynd Mo Hamps-
xeuuto K, — Ky u K, — K4 (puc. 11) monapHo paBHBI U ONPEIETSIOTCS CJIEIYIO-
UM 00pa3oM:

Ky~ OLRBX/(z’”al + R3)§ (33)
Kyqy = aRBX/(2r33 + R4), (39)

rae Rpx — BXOJHOE CONPOTHUBIIEHUE MPOMEXKYTOUYHOIO YCHUIIMTENS HA TPaH3U-
cropax VT7, VTS8; ry; — nubdepenunansHoe conpoTuBiieHne nepexoaa 0asa-
AMUTTEP TPAH3UCTOPA COOTBETCTBYIOLIEH TupepeHnnanbHoil napel; o — KO-
s dunreHT nepenayn Toka 6a3bl COOTBETCTBYIOLIETO TpaH3UcTopa AuddepeH-

LHAAIBHOM IapHI.
ConpoTuBieHus pe3sucTopoB R3, R4y MOXKHO BHIOMPATh OJIMHAKOBBIMH WJIU

Pa3JIMIHBIMHU; €CJIN OTHOIICHUC COHpOTI/IBHCHI/Iﬁ HC paBHO CAWHUIIC, ITOABIIAACTCA
JOIIOJIHUTCIIbHAsA BO3MOXHOCTDB MaCH_ITa61/Ip0BaHI/ISI KOG)(l)(l)I/ILII/ICHTOB YCUIICHHUA
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1o BxoaaM 2 u 3. OgHaKo Takoe AOINOJHUTEIBHOE MaclITaOMpOBaHUE OIpejie-

NEHHBIM 00pa30M BIIMAET HA YACTOTHYIO XapaKTePUCTUKY ycunuTens. JleiicTBu-

TEJIbHO, €CIIM CUUTATh, YTO KOdpduimeHTs nepenaun K; u Ks COOTBETCTBYIO-

X KackagoB ycuieHuss OY onuchiBaroTCA nepeaaTOuYHbIMU (PYHKIUSMU TEp-

BOT'O MOP#AJIKA, a BIMSHUEM YAaCTOTHOM 3aBUCUMOCTH O MOXHO NpeHeOpeyb, TO

st Bxoga 1 koaddunuent nepegaun OV, oxBauenHoro nenbio OOC, MOXKHO
MPEICTaBUTh KaK

Ky (p)= VR 1

1+BKKs 2 TTh +p TLth
1+BK,K; 1+BK,K;
< !
B 2 1T, +pTl +1,
PK\Ks PK\Ks

rae v, — IOCTOsIHHAs1 BPEMCHU I[I/I(i)(bepeHHI/IaJIBHOI‘O Kackala, T, — IIOCTOsHHAasA

Q

(90)

b

+1

BPEMEHHU MPOMEKYTOUHOTO Kackaza; 3, Y — COOTBETCTBYIOMIKE KOA(DPUIIUEHTHI
nepeaayuu uenu oOpaTHOM CBSI3U, UMEIOIIUE TOT K€ CMBICI, YTO U B (85).

[Ipu monmaue curnana Ha Bxoxa 2 (0a3za Tpansucropa VT3, puc. 12), npu
YCJIOBHH, YTO TIOCTOSIHHBIC BPEMEHH KaHAIOB K, ¥ K| HJICHTUYHBI, IO aHAJIOTUH
¢ (90) MoOxHO 3amucaTh:

1 K 1
K, (p)~——2 . (91)
1 + +1
BK\Ks PKKs

N3 comnocranenus Beipaxxenuit (90) u (91) cnemyer, 4To OHM MO CYTHU

UJEHTUYHBI TIPU BBITIOIHEHUHU yciaoBus K, = K. [Ipu monsiTKe yBEIUUUTH KO-

3 PuIMeHT yCuIeHUs 3a CUET YMEHBIIICHUS TUTyOUHbI OOpaTHOMN CBS3U DKBUBA-

JIEHTHAs MOCTOSIHHAS BPEMEHU TaK)Ke YBEJIIMUYMBAETCS, TaK Kak KoadduimeHT 3
BXOJIUT B 3HaMeHartelNb BbIpakeHuit (90) u (91), yTo MPUBOAUT K YMEHBLIECHUIO
4acTOTBI Cpe3a, TO €CTh CIaJ YaCTOTHOM XapaKTEpUCTHKH 3aMKHYTOTO U pa-
30MKHYTOT'O YCUJIMTENEH NIPAKTUYECKU COBIIAIAIOT.

WNnas cutTyauuss BOSHUKAET MPHU BBINIOJHEHUU yciioBus K, > K. B atom
Cllyyae JKBUBAJCHTHAs MOCTOSHHAs BPEMEHH ONPEACIISIETCS METIEBBIM YCHIIE-
HUEM, 4acTOTa Cpe3a OCTAETCS HEM3MEHHOM, a 4acTOTa €AMHUYHOIO YCHUJICHHUS
Bo3pacrtaeT. To ecTh Bo3pactaeT miomanp ycuieHuss OV, 0XBaYEHHOIO LENBIO
OOC. Ora curyanus NOATBEPKAACTCS Pe3ybTaTaMu MojieiupoBaHus (puc. 13)
CcXeMbl, NpuBeAEHHON Ha pucyHke 12. Ilo cTaHIapTHOMY HHBEPTHUPYIOLIEMY
BKIItoUeHHI0 Ky =1, a mpu R3; = 2R, xoadpunrent nepenauu K, ~ 2K; ¢ TouHo-
CTBIO J10 KOHEUHOT'O CONPOTUBIIECHUS 75 (cM. (88) — (89)).
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o o DB(V{out))v » DB(V(out)/V(in-))

Puc. 13. Pe3ynbpTatel MoaenupoBanus cumMmmerpuaaoro MOY

['paduku, npuBenéunble Ha pUCYHKe 13, MOKa3bIBAIOT, YTO YACTOTA €]IU-
HUYHOI'O YCWJICHMS TMpHU ToJlaye CUrHajga Ha BxoA 2 (Wiau 3) Bo3pacTaeT Mpu-
MEpHO B JIBa pa3a, 4TO ONPEAEISIETCS MPUHATHIM COOTHOLIEHHEM K, ~ 2K;. Ec-
TECTBEHHO, TAKO€ PACIIMPEHHUE IOJOCHl BO3MOYKHO JIMIIb IPHU ONPEAECIEHHON
KOPPEKLIMM YaCTOTHOM XapakTepucTuku ycunutens. Koppekuusa OV ocymiects-
nsercst kouaeHcatopom Cy (puc. 12) Ttak, 4ToObl €ro mepegaTouyHas (QyHKIHS
COOTBETCTBOBAJIa AMEPUOAUYECKOMY 3BEHY BTOPOTO NOPSAKAa M TOCTOSHHAs
BpPEMEHU MPOMEKYTOUHOTO Kackaja Obljla MHOT'O MEHbIIE MTOCTOSIHHOW BPEMEHU
BXOJHOI'0 KacKaJa.

TouHocTHble XapakTepucTHKU Takoro OV (B 4acTHOCTH, HampsHKEHHE
CMENIeHUs, TPUBEAEHHOE KO BXOAY) HECKOJBKO XYKe, YeM y OOBIUHOTO, TaK Kak
omuOKHU, BOSHUKAIONTHE B KOKIOM TU(pdHepeHIInaTbHOM Kackaje, B 001IeM Ciy-
yae ckianapiBaiorca. B MOY moser ObITh MpeaycMOTpeHa OallaHCUpOBKa Ha-
NPsDKEHUST CMEILEHUs1, HalpuMep, 3a CUET U3MEeHeHUs! Ko PuiueHTa nepegadu
MOBTOpUTEIISI TOKA Ha TpaH3ucropax VTS5, VT6.

Junamuueckuid auamnazoHn MOY onpenenarcsi, ¢ OJHOM CTOPOHBI, JUHA-
MUYECKUM JIMANa30HOM aKTUBHOM paboOThl Kaxa0ro aud@epeHnnanbHoro Kac-
KaJaa, a ¢ Apyrod — MaKCUMaJIbHBIM BBIXOJHBIM HAaNpPsDKEHUEM, TIOCKOJIBKY Ta-
KOW KackaJ] OCyIIECTBISIET CYMMUPOBAaHNE BXOJHBIX CUTHANIOB. [loaTOMY OMK-
HO BBINIOJIHATBCS CIEAYIOLIEE YCIOBHE:!

ZUBX.iKU.i S UBBIX.MAKC : (92)
1

[Ipu pemieHuu psna MpakTUYECKHX 3ajlady TpeOyemMoe YHUCIO WHBEPTH-
PYIOLIMX W HEMHBEPTHPYHOIIHMX BX0noB MOY MoxkeT He coBmanarb. B 3Tom
ciyyae B MOY MOXKHO HCIHOJB30BaTh APYIYI0 CTPYKTYPY BXOAHOTO KacKaJa.
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YopouénHas npuUHIMIHAIbHAS CXeMa U yCIIOBHOE 0003HAYEHUE TAKUX HECHM-
MetpuuHbix MOY npuBenensl Ha pucyHke 14. Ha pucynke 14B npuBeneHo yc-
noBHoe oOo3HaueHne MOV, Kk KOTOpoMy MOXKET ObITh MpeoOpa3oBaHa cxema,
€CJIM MMOMEHATh MECTAMHU TOYKH MOJKIFOYEHUS KOJUIEKTOpa TpaH3ucTtopa VT4 u
00beTMHEHHBIX KOJIJIEKTOPOB TpaH3ucTopoB VT1 — VT3,

k‘ VTS VT6 }/T ° 4By
A N VT7
—l'\/ VTI10
VTI1 VT4
O—’:() R1
- )
VT2 I VTS
) R2 E VTI11
VT3|/ 1+
?—) X 3 VT9
I, I, +—1
DD, D D |,
. . O

6) B)

Puc. 14. Yopouménnas npuHIMnuanbHas cxema (a)
U ycloBHbIE 00o3HaueHus (0) u (B) HecummeTpuuHoro MOY

C yuérom TOro, 4TO TOK AMUTTEpa TpaHzucropa VT4 B Tpu paza Ooiblie
TOKOB SMHUTTEPOB Ka10ro u3 Tpan3uctopoB VI1 — VT3, a taxxke B npeanosio-
KEHUHU, 4TO KOAPPUIMEHT Nepeaayd MOBTOPUTENS TOKa Ha TpaHzuctopax VTS —
VT6 61130k K eAMHMIIC, IO MHBEPTUPYIOUIUM BX0AaM KO3()PUIUMEHT nepeaadu
BXOJIHOTO KAaCKaJa COCTAaBUT:

Ky, ~0,Ryy /(R +4r3,), (93)

rae Rpx — BXOHOE COMPOTHUBJIEHUE MTPOMEKYTOUYHOIO KacKala Ha TPAH3UCTOPE
VT6; R; — conpotuBienue pesuctopa Ry — Rs; ryg — nuddepenuuansuoe conpo-
TUBJIEHUE YMUTTEpaA TpaH3zuctopa VT4.
JI71s1 HEMHBEPTHUPYIOIIETO BXO/A, IIPU YCIOBUH, YTO CONPOTUBIICHUS PE3U-
ctopoB R; — R; paBHBI, K03 UITUEHT YCUIECHUS MOYKHO TIPEACTABUTh KaK
Ky, =30 Ry /(R +4754). (94)
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CnepnoBarenbHo, o aHanoruu ¢ (90) nias cTaHIapTHOTO MHBEPTHUPYIOLIE-
ro BkmoveHuss MOV (1pu ocTanbHbBIX 3a3€MJIEHHBIX BXOAaX)

Y 1
Ky nus. = - 5 95)

PKy Kk PKy.i Kk
rae Kpx — KoaQQUIMEeHT yCuIeHus: IPOMEKyTOUHOTO KacKaja.
[To ananmoruu ¢ (91) nns ko3pduLMeHTa yCUIeHHs 10 JII0OOMY U3 HEWH-
BEPTUPYIOLIMX BXOJI0B, HA KOTOPHI HE MoAaHa oOpaTHasi CBS3b,

Ky (p)~ 1Ry, ! . (96)
) BKU.I pz T, + T +7T, 41

p
PKy 1Kk PKy 1Kk
ITo HenHBEpPTUPYIOILLIEMY BXOAY JIJISI pACCMAaTPUBAEMOTO Cllyvas

1 K, 1

Ky y(p)=— ~

PKy .1 Kk P PKy .1 Kk
1
P BKTIT}Z{ TP [31? +IT<2

v.bak v.1bak

CreyeT OTMETUTD, UTO HANPSHKEHUE CMELIEHUS, IPUBEAEHHOE K BXOAY Y
YCWIMTEINS], IPEACTABIEHHOIO HA PUCYHKE 14, MpaKTUUECKU COBMAAAET C aHAJIO-
TMYHBIM MapaMeTpoM o0biyHOro OY ¢ OoJMHOYHBIM Au(depeHnanbHbIM Kac-
KaJIOM Ha BXOJI€, HO MPH YCIIOBHUH, YTO IJIOTHOCTh TOKOB YMUTTEPOB TPAH3UCTO-
poB VT1 — VT4 oaunakoBa. DTO JOCTUTAETCs TE€M, YTO IUIOLIAJb AMUTTEPA
Tpan3ucropa VT4 nomkHa ObITh B TpU pa3a OOJbIIE MJIOIMIAJAA AYMUTTEPA TPaH-
suctopoB VT1 — VT3. Kak u B npeapiayiieM ciydae, 6aJaHCUPOBKY HYJISA 1O
BbIxoAy OY MOXXHO OCYHIECTBUTHh M3MEHEHHEM KO3 (dUIIMEeHTa Mepeaadu Mo-
BTOpHUTEJISI TOKA Ha TpaH3ucrtopax VIS5 — VT6.

[Ipu pyHkmoHanbHOM nocTpoeHUH MyIbTuIUGPepenunansaoro OV no
cxeMe pucyHka 13 koaPuIueHT ycuneHus npu cTaHAapTHOM UHBEPTUPYIOLIEM
BKJIIOYEHUH Ha HU3KUX YACTOTAaX OYJET ONpeessIThCs M0 aHAJIOTHH C BhIpaXke-
HueM (85), a Juist HeMHBepTHpYIoLero Bkiodenus K, , ~ K, ,/BK,, ,, T0 ectb

97)

e
B

B TPU pasza MEHbIIE, YeM Uil ciayyas QyHKIMOHAIBHON cXxeMbl pucyHnka 14. Ec-
TECTBEHHO, YaCTOTa €ANHUYHOIO YCUJIEHUS B 3TOM CIIy4ae TakKe YMEHBIIAETCS
B TPU pa3za MO CPABHEHUIO C YAaCTOTOM €JUHUYHOTO YCUJIEHUS Pa30OMKHYTOIO
YCHIIATEJIA.

IIpu BBeneHun Heckosbkux KOHTypoB OOC B MOY npoucxoauTt B3auM-
HOE€ BJIMSIHUE 1IeTeil 0OpaTHOM CBA3U Ha pe3yJbTUPYIOMIMM KoddPUIeHT nepe-
nauyu. [Ipu BxmroueHnn OY pucyHka 12 xkak MHBEPTUPYIOLIETO YCHUIUTENSA IO
000MM BXOJ]aM BbIpake€HUs M1 KO3()PUIIMEHTOB Mepeaadn Mo KakJI0My BXOAY
B 00J1aCTH HU3KHUX YaCTOT OyAYT BBIVIAJIETh CIEIYIOIIUM 00pa3oM:
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Ubpix _ — 1K Ks

U, 1+PB,K\Ks + B, K, K ‘KIKS»I i (98)
~ — Vi _ P, -1 :
B+B, Ky K, B +B, K, /K,
Uppix _ — 1, KK -
U, 1+ BiK K + B, KK S
~ ) _ P, -1
B K,/K,+B, B K /K,+B, 99)

TACY (o) = R2(4)/(R1(3) +Ry4))s By = 1(3)/(R1(3) +Ry4y); Ki — xodpdumeHt
nepeaaur COOTBETCTBYIONIETO miieya AuddepeHnuanbHoro kackaaa (puc. 11).
[Ipu ycnoBuwu, 4to Bce K; paBHbI MO aOCONIOTHOM BEIMYHHE, YTO JIETKO
BBITIOJTHUMO, BeIpaxkeHus (98) u (99) MokHO MpeCcTaBUTh Kak
Ugpix /Uy = (1=B,)/(B, +B,); (100)
Ugpix /U = (1=B,)/(B, +B,). (101)
JI1s HEeMHBEPTHUPYIOIIETO BKIOYEHUS MyJIbTHaAH(depeHnuansaoro OY
M0 KaXXJOMY M3 HEMHBEPTUPYIOMIMX BXOAO0B KOA(D(PUIMEHT mepenadyd MOXKHO
MPEJCTAaBUTh KaK

Uppix _ KK kg A
285>>
U, 1+ B,K K5 +B,K,K;
(102)
N 1 ‘ _ 1
~ K=K, = @ o °
B, +B, K, /K, B, +B,
Uppix _ K, K kg A
P 5>>
U, 1+B,K\ Ky +B,K,K;
1 1 (103)

B K\/K,+B, ‘Kl:Kz B+,

N3 Boipakenuit (98) — (103) cnegyer, 4TO MpH HMCMIOIB30BAHMM MHOTO-
koHTYpHbIX OOC rinyOuHa oOpaTHOM CBsI3M Bo3pacTaer. B yacTHocTH, B Kjac-
cuueckoM OV i HemHBepTUpYIoLIero BkitoueHus npu 3 = 0,5 koapdunuent
ycuiieHus: Oynet OJU30K K IBYM, a B paccMaTpuBaeMoM ciydae rpu B = B, = 0,5
kod(pdunMeHT ycusieHus 0yeT 030K K eIUHHUIIC.

O4eBUAHO, YTO IPU OJHOBPEMEHHOM HCIIOJIH30BAHUU UHBEPTUPYIOUIUX U
HEMHBEPTUPYIOIIHUX BXOJOB BbIXOAHOE HampspkeHue OY MOXKHO OIpeaesuTh
COTJIaCHO MPUHLHUITY CYHEPIO3UINH, €CIM CONPOTUBICHUE UCTOYHUKOB CUTHA-
J0B OyJ€T MHOTO MEHBIIE BXOJHBIX COMPOTUBIECHUN COOTBETCTBYIOIIMX BXO-
JI0B.

44



[Tockonbky Kod(pPHIMEHTH Iepefad IO KaKAOMY KaHAIy SBISIOTCS
KOMILICKCHBIMU (PYHKIUSAMH, TO B OOIIEM CiIydae MOCTOSHHBIE BPEMEHHU BBICO-
KHX 9acTOT Kaxaoro auddepeHnnaIbHOro Kackaaa pasandHbl ¥ IepeaaToOuHas
byHKIHSA AU Cllydasi HEMHBEpTUpYIomiero BkatoueHus OV OyaeT UMeTh BHI:

Ugpix K K(1+ pt,)

U~ (14 pr)(1+ pt,)(1+ pts) +BKKs(L+ pry) +

, (104)

+ KK (1+ pry)
MOATOMY 00€CTICUeHUE YCTOMYMBOCTH TAKOTO YCUIIUTENSI MOXKET OKa3aThCs J10C-
TAaTOYHO CIIOKHOM, HO PEIIAEMON 3aaUEH.

Tox notpebnenus cranmaptHoro OV ckiIaabIBaeTCs U3 CIEIYIOIIUX CO-
CTaBIISIOMIMNX (€CJIM BXOJHOW OJMHOYHBIN nuddepeHnanbHblii Kacka BITOJI-
HEH aHAJIOTUYHO PUCYHKY 12):

loy = Ik + Ink + 21, (105)
rae Igk, Inx, 21y — TOKHU, MOTpeOIIsieMble BBIXOAHBIM, MTPOMEKYTOUHBIM U UG-
(hepeHIMaIbHBIM KacKaJaMy COOTBETCTBEHHO.

Hns cxem mynbrunuddepennranbabix OV, npeacTaBlieHHBIX HA PUCYH-
kax 12 u 14 cooTBETCTBEHHO,

[Oy = IBK + II'IK + 4[0 ~ 2]1 +4[0, (106)
[Oy = IBK + II'IK + 6[0 ~. 2]1 + 6[0 (107)

[Tockonbky 00bIYHO TOK /) MeHbIle Toka /1 B 5...10 pa3, moBbIIIIEHUE TO-
konotpedienuss MOY B cpaBHeHuu ¢ kinaccudeckuM OY mpakTUYECKHU OTCYT-
CTBYET.

Paccmotpennbie npuHnunbl nocrpoeHus MOV sBistoTcss 6a30BBIMU U
JOCTATOYHBIMM [JI1 CHHTE3a LENEN B3aMMHOM KOMIEHcauuu. ['paHuYHbIC Ha-
npspbkeHuss MOY onpenenstorcsi B OCHOBHOM NAJICHUEM HaIpsHKEHUs Ha COMpo-
THUBJICHUSIX DMUTTEPHBIX PE3UCTOPOB M MOTYT JOCTHUTaTh HEOOXOIUMBIX JIJIs
npakTuku 3HaueHuil. Tak, B cxeme @HY (puc. 8) 310 HampsikeHUe HE MPEBbI-
[IaeT MOJIOBUHBI BBIXOJHOTO HampspkeHus: ¢puibrtpa. OgHako B oOlieM ciydae
3ToT napametrp MOY BO MHOTOM BJIHUSAET Ha «KOMIOHEHTHYIO HATPY3KY» CXEMBI
B LIEJIOM.

3.2. Mpumep cUHTE3a CTPYKTYPbl ONTUMANbLHOMN CXEeMbl
yHUBepcanbHoro punbTpa

Kak ormeuanoce panee, BnusiHue K03 ¢uilMeHTa nepenayu cuH}azHoro
CUTHajla B CTPYKTypax ¢ B3aUMHOW KOMIIEHCAMel CYMMapHO 4YyBCTBUTEIIBHO-
CTH CTAaHOBHUTCS JAOMHMHHUPYIOUIUM (HAKTOPOM, OMPEESISIONUM CTaOMIbHOCTD
OCHOBHBIX ITapaMeTpoB U XapakTepucTuk CPD-010KOB.

B 3TOil CBSI3M CXEMOTEXHHMKY LIMPOKOAMAIA30HHBIX YCTPOMCTB YacTOT-
HoMl cenekunn CP-6510KOB HEOOXOIUMO OPUEHTUPOBATH HA CTPYKTYPBI C «BUP-
TyaJIbHBIMU» HYJISIMH, B KOTOPBIX JIU(epeHIMalbHbId CUTHA YacTOTHOM
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MOTPEIIHOCTH aKTUBHOTO 3jeMeHTa (YCUIIUTENs) HE COJEPKUT CUH(A3HBIX CO-
CTaBJISIIOUIMX B Auana3zoHe padouux yactoT (puc. 8). HecMoTps Ha TO 4TO Takue
HU3KOUYBCTBUTENbHBIE CXEMbI TPEOYIOT MPUHIMIHAIBHO OOJBIIOTO YHCIa aK-
TUBHBIX 371eMeHTOB (oauH OV Ha pemarouuil yCuinTelb), cpopMyIMpOBaHHAs
B Tabnuie 2 0cCOOCHHOCTh CHUHTE3a CXEM C B3aMMHOW KOMIIEHCAlMel B ciiydae
npumeHeHuss MOY He TpeOyeT H0MOJIHUTENbHBIX 37IEMEHTOB.

[IponemMoHCTpHpyEM CKa3aHHOE HAa KOHKpETHOM IpuMepe. Ha pucynke 15
IIPUBEJICHA MHTETPATOPHAs CTPYKTypa YHHBEPCAIBHOTO 3BEHA BTOPOIO MOPS-
ka. Jta cxema yacto umenyercsa 3seHoM HKN [8] n xapakrepusyercs cienyro-
HIMMU TTapaMeTpaMu MoJtoca e€ nepeaTouHon (QyHKIUN:

k/Tsz; k :R4/R3, 1, =R (.1, =R, G,

\/TZ/TI(\/%_’_I/\/_)X) X—g—

g5 +8 18
npu peanu3anuu Ha Beixogax OV ¢unbTpa Bepxuux yactor (PBY), monocoBoro
¢unbtpa (I1D) u punbrpa HUKHUX yacToT (DHY).

(108)

Rs

I Ca
Ra |

R 4{ }7

Esx R Rs

no
Re

Puc. 15. Yausepcanbnoe 38eH0 HKN

[lo ananoruu ¢ cootHomenuem (71) BIUSHUE YaCTOThI €AUHUYHOTO YCHU-
nennsa OY OpUBOIWT K CHEAYIOIIUM OTHOCUTEIBHBIM U3MEHEHUSM ITUX Iapa-

METPOB:
A®
—”z——— /Tz Ll (109)
®, T, I1 T, 11

Add ~—0o, l;lk ri +H . (110)
) 1 2 3

N3 npuBenE€HHBIX COOTHOLICHUW CIEAYET, YTO CXEMa HE IOABEPTacTCs
MapaMeTPUYECKOW ONTUMHU3ALNH, & €€ YYBCTBUTEIbHOCTH

\/_H rl \/_H rl ’
d O]
sz(l+k)E” ~Q D S ”~Q— (112)

Sy’ ~d,, Sy’ (111)
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IIOKAa3bIBAIOT, 4TO ®, U J=1/d, ocTaloTcsd JOMMHUPYIOIMMH ITapaMETPaMH pac-
cMaTpuBaemMoro npoekra. C TOUKU 3peHHs] OTHOCUTEILHOTO PAaBEHCTBA BKIIA/IOB
OV B yKa3aHHYIO BbIIIE€ MOTPEIIHOCTb, LEIECO00pPA3HO OOECIEUUTh YCIOBHUSA:
k =1,t,=1,. Kak Buano u3 (108), (111), (112), paccmaTpruBaeMas cxema OTHO-

CUTCS K KIJIACCy TapaMeTPHUECKH HU3KOUYBCTBUTEIBHBIX, H TOMUHHUPYIOIIAM
(bakTOpoM, ONPEENISIOIINM €ro CBOMCTBA, SBISETCS YacTOTa CAMHUYHOTO YCH-
nenus OY.

JIJiss MUHMMU3aliY BIUSHUS 9acTOTHl equHIYHOTO ycuinenus OY Ha cym-
MapHyI0 YyBCTBHTEIBHOCTh 4aCTOTHI (®,) U 3aTyXaHHs (d,) MOIIOCa BOCIOJIb-
3yeMcsl paHee MPETIOKEHHBIM aJrOpUTMOM CHHTE3a KOHTYpa B3aUMHOW KOM-
neHcarnmu. [lociienoBaTeIbHOCTh U COIepKATEIbHAS CTOPOHA STUX MPOCKTHBIX
IPOIEAYP PACCMOTPEHBI Ha TpHUMEpE IMepexoaa cxeMbl AHTOHHMO (puc. 5) B
HU3KOYYBCTBHTEIHHOE 3BEHO (pHC. 6). 31eCh MpeaBapUTEIHLHO OTMETUM, UYTO, C
ToukH 3peHust BiausiHUS OY Ha mapaMeTpbl MOJ0ca, JOMHUHHUPYIOIIUMU SIBIIS-
torcst OY2 u OY3, nostomy BBIOOp YCUIIUTENEH IS OpraHU3allid KOMIICHCH-
pyoImuX Ieneil oOpaTHBIX CBsI3€l HEOOXOAMMO OCYIIECTBISTh W3 YCIOBHUS
peanu3alnyd Ha WX BBIXOAAaX MEPeNaTOYHBIX (YHKIUN TOJIOCOBOTO (QHIBTpa
(II®d) u punpTpa HIKHUX YacToT (DHY).

W3 mpaBun B3aMMHOW KOMIICHCAIlUW BIMSHUSA TUOmanu ycwieHus OY
(Tabm. 2) u GyHKIIMOHATHHBIX CBOHCTB CXEMBI CIIEIyeT, YTO B3aMMHAsi KOMIICH-
carust BiustHUSL [1; m I1, Ha wacTOTy moitoca BO3MOXHA COCIMHEHUEM WHBEp-
tupytomiero Bxoga OY2 ¢ BXOIOM CXEMBI 4epe3 yCHIuTenb ¢ K;=2, B 3TOM
cllydae JOMUHUPYIOIIUE YyBCTBUTEIIBHOCTH

R R TR AT

2 3
wiomaan yeuiaenuss OY2 u OVY3 6ynyT uMeTh IpOTUBOIOJIOKHBIE 3HAUCHUS U
paBHbIE MOAYJHU, YTO B KOHEYHOM HTOT€ W IMOBBIIIAET CTAOMIBHOCTh YaCTOTHI
MOJIFOCA CXEMBI.

AHaNOrnyHo M3 TabMUUbl 2 cleAyeT, YTo JJisi B3aUMHOM KOMIIEHCAIluU
BIIMSAHHUS YacCTOTHBIX CBOMCTB OV Ha 3aTyxaHue (JIOOpPOTHOCTH) TIOJIOCA
HEeo0XoIUMO MHBepTUpYOMUA BXoa OVY3 COoeNMHUTH C BXOJOM CXEMBI uepes
ycunurens ¢ Kr=4, Toraa

(113)

D sy Q0 S a-30", (114)
T, ’ I, 3 I,

YTO U 00ECNeYrMBaeT B3aMMHYIO KOMIIEHCALIMIO BIMSHUS IUIOMIAbIO YCUIICHUS
OVY3 cymmapHoit morpentnoctu, ooycinonieHHol Biausauem I1; u I1,.

Jlist co3gaHusl yKa3aHHBIX JOMOJHHUTENbHBIX KOMIEHCUPYIOIIMX KOHTY-
poB OVY1 Heobxoaumo 3ameHuTh Ha MOV ¢ TpeMsi JONMOJHUTENbHBIMU HEWH-
BepTUpyomuMu Bxoaamu (puc. 16). Takoit mynbtuanddepenuuanpupii OY
MO>KHO peasiu30BaTh Ha CTPYKType (puc. 14) ¢ a100bIM YMCICHHBIM 3HAUEHHEM
koapunmenta K; u K,.

S =20
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Puc. 16. YHuBepcanbHOE 3B€HO C B3aUMHOM KOMIIEHCAIIMEN BIUSHUS YaCTOThI
eauHu4HOro ycunenus OY Ha napameTpsl OJoca

Taxkum 06pa3om, cxema ¢ COOCTBEHHOW KOMIIEHCAIIMEH BIUSHUS YaCTOTHI
€MHUYHOTO YCWICHHS KaK Ha 4acTOTy, TaK U Ha 3aTyXaHHE MOJI0Ca COICPIKUT
aHAJIOTUYHOE YUCIIO YCHIIUTENIeH u He TpeOyeT npumeHeHust OY ¢ mmpokoaua-
Ma30HHBIM K03 QUIMEeHTOM 0cnabieHus: CHH()A3HOTO HANPSIHKEHUS.

Pe3ynbTaThl MOZIETMPOBaHUS CXeM PUCYHKOB 15 u 16 mpuBeneHbl Ha pu-
cyHkax 17—19 u cBenensl B Tabnuny 4.

1800 . . .
| 98.232K,15.574
| AUK cxemtl
LD s e SR i " GEd KOMITBHCALMAN t* 77 ir - rrrrrforr s mmsferms s r e oo oo b e

L S T i A el S Rt

9.000

6.000

3.000

| 95.691K}-2. Y
e T A T e Nt b 105 BT TR A2 B89 e
o | T
i e T
L 100097K-98.837u
3,000 - / rrrrrrrrrrrrrrrrrrrrrrrrrrrrr B et S e S e S R s R CELELr e S
// AUX naea. poBiaHHoI ——
0 iy A S O A S NN SSUSUOR MRS S SN i N SN S \‘\
9577K 521K
// 95 233K -3 3 -
- DDDBU.UUUK 92,000k 94,000, 95,000k, 95 dUUK 100.000K 102,000k 104.000K 10,0004, 108,000k, 110,000k
db{vi{out3Aing) Db (out33/(in)) Db{v{out2)Avting
F (Hz)

Puc. 17. AUX yHuBepcallbHOTO 3B€HA B pexume [1D
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-80.01

-105.01

-120.00

-135.000
-150.000
-185.000}----

R e s 1] D S A RSN SO OUX exeMbl. LT

oo

o0

oo

i98.181K,-180 |

110.000K

bez koMnewcaLun |\ | N ¢ Ty
-195.000}----
100.097K -180

L 1 e T SRR
P —— [ L [ [ L . L !
240,000 -
25000 -
70,000 : H : : H : : H : H ; : :

90.000K 52,0001 94.000K 960001 95.000K 100,000k 102,000k 104.000K 106000k 106000k

phiv{out1)) (Degrees) phv{out2)) (Degrees) phivioutdl) (Degrees]

F (Hz)
Puc. 18. ®UX yHuBepcanbHOro 38eHa B pexxkume [1D
5000 Scheme_3 CIR OPA MY_MODEL_1.GBW=3MEG . 3 12MEG OPA MY_MODEL GBW=3MEG.. 3 12MEG OPA OP_37A GBW=3MEG 3 12MEG
f,:=3MEG ... 3.12MEG

oI a1 e ... B i = L L e i iE B s . — i L itk

0.000

-3.000

-5.000

-9.000

90.000 92,0001 94,667 K 97,333 100.000K 102 BE7 K 108.333KK 108.0001<

Db(v{out3i(in
F (Hz)

Puc. 19. Bousuaue Of; nHa AUX T1® 3BeHa ¢ B3auMHOW KOMIIEHCALIUEH

110.000kK
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Tabnuma 4
Pe3yabTaThl MOEIMPOBAHMS YHUBEPCAJIBHOIO 3BeHa ARC-puinbTpa

[TapameTpsbl DJIeMEHTHI
MoJIroca oy CXEMBI
Cxema
Jp 0 Oy 60 Ju Jiz i3 W 15} us | Ri=1,59
k' - % % Ml | MI'n | MI'u | a6 | nb b | R=1,59 x
Wneanus. 100,097 10 0 © © 0 0 0 0 0 Ci=1 ad
98,232 | 60,15 | -1,86 | +501,5 | 5 5 5 [125] 125 [ 125 | C=1ud
Puc. 15 98,23 | 60,26 | -1,86 | +502,6 | 5 5 5 [100] 100 | 100 | R=2k
96,832 | 27,42 | -326 | +1742 | 3 3 3 [125] 125 | 125 | R=2k
98,796 | 25,02 | -1,3 | +1502 | 7 7 7 | 125 125 | 125 | Rs=2«k
100,512 | 10,17 | +0.4 | +1,7 5 5 5 | 125 | 125 | 125 | Re111
100,512 | 10,17 | +04 | +1,7 5 5 5 | 100 100 | 100 | B2 K
Puc. 16 100,94 | 10,51 | +0,84 | +5,1 3 3 3 125 125 | 125 | &Y
f1=5 MI'u
100,365 | 10,09 | +0,27 | +0,9 7 7 7 125 125 | 125 | u=125 1B

AHalu3 TMOJIyYEHHBIX PE3yJbTAaTOB IOKA3bIBAET, YTO CXE€Ma C B3aMMHOMU
KOMIICHCAIIMEN BIMSAHUSA f| HA YACTOTY M 3aTyXaHHUE IOJII0CA MO3BOJISIET CYIIECT-
BEHHO (Ha HECKOJIBKO MOPSIKOB) MOBBICUTH TOUHOCTh PEATM3ALIMU U CTAOUIBHOCTh
AYX n ®UX. Tak, B quanazone temnepatyp £50 °C u ¢ y4€TOM BIHUAHHS TEXHO-
JIOTMYECKOM MOTPENTHOCTH M3TOTOBJICHUS 3TUX AJIEMEHTOB, Korjaa fi=3...7 MI'n
u 0f; (cM. (9)) cocraBmsier +4 % naxe B Hauxyamem ciydae (f;=3 MI'm), kak
BUJIHO U3 pucyHKa 19, morpemHocTs peanuzanuu AYX B monoce mponycKaHus
He mnpesbimaer 0,78 nb. Ilpu 3TOM BBeJeHUEM CNEUMATBHOTO «IIPEeaUCKaxe-
HUs» (KoppeKuuen koddpuimenTa nepeiadyu CoOnpoTUBICHUSIMU PE3UCTOPOB R,
R7) 3Ty NOrpeIHOCTh MOKHO YMEHBIIUTh IPAKTUYECKHU B 2 pasa.

3/1ech YMECTHO OTMETUTDh, YTO YMEHBIIECHUE MapaMeTpUIeCKOl YyBCTBU-
TEIBHOCTH O, U d, K 4acToTe eInHUYHOro ycuiaeHus OY 10 ypoBHS IOJIydYEH-
HOTO pe3yJybrarta 3a cu€T yBenuuenus ([1=2nf)) nns tpaguumronnoi cxemsl HNK
(puc. 15) tpedbyer npumenenus OV c f; > 500 MI'u, cnegoBarenbHo, TpaKTUye-
CKHU MPOTMOPIMOHAILHOTO YBEIMYECHUSI TOTPEOIIIEMOro TOKA.

[Tony4yeHnsle B 3TOM yacTu pabOThl PE3yIbTAThl MO3BOJSIOT CAELNATh PST
BBIBOJIOB METOJMYECKOT0 U MapamMeTpUyecKoro xapaxkrtepa. Bo-mepBbiX, KOH-
KpeTu3alus HalJAeHHbIX (QYHKIIMOHAJIBHBIX U TOMOJOIMYECKUX MPUHIIMUIIOB Iie-
JICHAIIPABJIICHHOT'O BBEJICHUS KOMIIEHCUPYIOIIMX KOHTYPOB OOpaTHBIX CBs3el
MOXKET JIJIsl ONPENeEHHOr0 Kjacca MPakTUYECKUX 3a/lay MPUBECTU K MPOCTHIM
MpaBWJIaM TOCTPOEHUS MPUHIUIIUAIBHBIX CXEM C B3aMMHON KOMIICHCAIIMEH.
Jljist 3TOro HEOOXOUM aHANIM3 LENEBBIX (peann3yeMbIX) NepeIaTouHbIX (HYyHK-
UM, XapaKkTepa U3MEHEHHs CTPYKTYPbl UX HOMHHAJIOB U 0Aa30BBIX MapaMeETPOB
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npoekTupoBanus P. Hanpumep, nisi 3BeHbEB aKTUBHBIX (DUIIBTPOB M KOPPEKTO-
POB TaKMMU IapaMETpaMH SIBISIOTCS 4acCTOTHI U 3aTyXaHHs NOJIr0coB. KoHkpe-
TH3anusa ux usmeHenus (47), (48) mo3posseT chopMyIupoBaTh MPEICTABICH-
HbIe B Ta0auIE 2 MpaBujia NOCTPOCHUS CXEM.

[IpuBenénnnle B paboTe CKBO3HBIE MPUMEPBI, AEMOHCTPUPYIOIINE METOIUKY
CTPYKTYPHOI'O CHHTE3a CXEM C B3aUMHOW KOMIIEHCAllUEH, BCKPBIBAIOT COJAEpKa-
TENBHYIO CTOPOHY MPOEKTHBIX IMPOLEAYP U MOKA3bIBAIOT BO3MOKHBIE HAIpaBJIe-
HUSl COBEPLICHCTBOBAHUS (DYHKIIMOHAIBLHBIX CBOMCTB UCIOJIb3YEMbIX AKTUBHBIX
aNeMEHTOB. Tak, Kak MOKAa3aHO HAa PUCYHKAaX 6 U §, B CXEMOTEXHUKE TAKUX yCT-
POICTB 1e1eco00pa3Ho UcCIoib30BaHue MynbTuANGdepenuaibHeix OY, cHu-
MAIOIIKUX B KOHEUHOM HUTOTE€ PAJl JTOMOJHUTEIBHBIX MapaMeTPUUYECKUX OrpaHU-
YeHU U MPUHIUIHUAIBHO HM3MEHSIOIUX OOUIMH MOJX0J K MPOEKTHPOBAHUIO
BBICOKOUYBCTBUTEJbHBIX 0JI0KOB. OJIHAKO HU3KHE 3HAYeHUs KodduiimeHTa oc-
nabyieHns cuH(pa3HOro HANpPsLKEHUS B AMana3oHe paboyuX 4acTOT MOTYT Cylle-
CTBEHHO MOBJIHATH Ha 3(PPEKTUBHOCTH JAECUCTBUS KOMIICHCHUPYIOLIUX KOHTYpPOB
oOpaTtHbIx cBsizeil. C 3TUX MO3UIMH HEO0OXOAUMO JIMOO COBEPIICHCTBOBAHUE
muddepenunanbupix kKackagoB OY u BxoaHbIX kackagoB MOV, mubo npume-
HeHue Heaud@epeHnanbHOro BKIOUeHUs HcXoAaHbix OV, T.e. mepexoj Ha
CXEMBbI C «BUPTyaJIbHBIMH» HYJsAMHU. Kak moka3zaHo Ha mpumepe 3BeHa HKN
(puc. 11 u 12), Takoil moaxoa NpeanouTUTEIbHEE.

Pe3ynbTaThl MOAENMPOBAHUS CXEM C B3aMMHOW KOMIIEHCALMEW BIIMSHUSA
YacCTOThl €IMHUYHOTO YCWJIEHHUS MOKa3bIBAOT, YTO JJII OTHOCUTEIBHO BBICOKO-
JOOPOTHBIX TOJIOCOB MEPeNaTOYHON (DYHKIIMH yIacTCs MHOTOKPAaTHO YMEHb-
HIUTh MOTPEOIIIEMYIO MOLITHOCTD.



4. BE3OAPEN®OBbIE OrPAHUYUTENA CNEKTPA
AHANOIo-unePOBOIo0O UHTEP®EUCA

4.1. UcxogHble npeanochbInkKu

Co3nanue coBpeMeHHbIX cMmemanHbiX CHK, OpUeHTUPOBaHHBIX HA CUCTE-
MbI TEXHUYECKOM TUArHOCTUKH, MpeJoaraer pa3padoTky BxoaHbix CD-0110K0B,
00€eCleynBaoIUX B3aUMOJICHCTBUE C BHEIIHMMHM HCTOYHUKAMH TEPBUYHOM
uHpopmarmu. OgHUM U3 0a30BBIX YCTPOMCTB TaKMX MHTEP(HEHCOB SBISIOTCS
IIPELIU3UOHHBIE OTPAHUYMTENN CIIEKTPa, MOBBILIAIONIME IMOTCHIUAJIBbHYI TOY-
HocTh All-ipeobpazoBanusi. OcHOBHOM 3amaueit co3nanus Takux OHY sBnser-
cs MUHUMM3aIus Aperida nynsa. IMeHHo e€ BenmuurHa B OCHOBHOM OI'PaHMYMBa-
€T MUHMMAaJIbHOE 3HAYCHHUE OIOPHOI'0 HANPSIKEHUS U HEIOCPEICTBEHHO BIIMAET
Ha JOIYCTUMBbIE TEXHOJIOTHYeCKHE HOpMBI npousBoacTBa CHK B nienom. Kpome
ATOTO, JOTOJHUTENIbHbIE TpeOOBaHUS K CTAOWIBLHOCTH (HEPABHOMEPHOCTH)
AYX Takoro ¢uiabTpa B MOJOCE MPOMYCKaHUs MPEAONPEILISIOT 1enecooopas-
HOCTb UCIIOJIb30BaHUs JECTHUYHBIX CTPYKTYp [7].

Oco0eHHOCTh (PYHKIMUA NapaMeTPUUYECKUX UYBCTBUTEIBHOCTEH TaKUX
CTPYKTYp B LIMPOKOM JHANA30HE YACTOT IMOKA3bIBAET, UTO BIMSIHUE ITACCUBHBIX
(4acToTO3a/at0MINX) 3JIEMEHTOB IMPHUBOJUT B OCHOBHOM TOJBKO K CMEUICHUIO
IPaHUYHOM YaCTOTHI MOJOCHI MPOMYCKaHUs, U JOMUHUPYIOIUMU (PaKkTOpamH,
OTNpEENSIONIMMU TOYHOCTh MPEeoOpa30oBaHUsl CUTHANA B MOJ0CE MPONMYCKaHUS,
ABJISIIOTCS. AKTUBHBIE 3JIEMEHTHI, B 4acTHOCTH OVY. [l CylmIeCTBYIOIHNX TEXHO-
Jorui 3Ta npobiema ABIAETCS JOMUHHUPYIOLIEH U ONpeaessieT KOHEUHYIO 3(¢-
¢dextuBHOCTH JIecTHUYHBIX DHY B cooTBeTcTBYIOIIUX CP-0M10Kax. Paccmorpum
IIPUMEHEHHE MTPEII0KEHHOI0 MPUHIMIIA B3aUMHOM KOMIIEHCALIUU JJIS PELICHUS
MMEHHO JTOM 3a7a4H.

B kayecTBe 0a30BbIX ()YHKIIMOHAJIBHBIX 3JIEMEHTOB JIECTHUYHBIX (PUIIBT-
POB HCTMOJIB3YIOTCS HOpMalibHble D-35ieMeHThl (cynepéMKocTu) [7], uMmeromue
BXOJHYIO IIPOBOAUMOCTH

2
Y., =P CICZRZk/Ri 5 (115)
rae R, — cONpoTUBIIEHUE MCTOYHUKA CUTHANA; k — KO3 (QUIHMEHT NPOIOpLUUO-
HaJIbHOCTH.

4.2. basoBasa cxeMOTeXHMKa HU3KOYYBCTBUTESbHbIX D-351IeMeHTOB

MoOXHO TOCTaTOYHO CTPOro MOKa3aTh, YTO IS MUHUMH3ALUU IapaMeT-
PUYECKON YYBCTBUTEIBHOCTU JICCTHUYHBIX (PUIBTPOB HEOOXOJIUMO HCIOJIB30-
BaTh CYNepEMKOCTH, peain3oBaHHble Ha 0aze nByx OY. BapuaHThl BO3MOXKHBIX
CXEMOTEXHHYECKUX PELICHUN 3TUX 3JIEMEHTOB MOKa3aHbl Ha pucyHKax 20-23.
JIns pelieHus MOCTaBICHHON 3a/1a4M COIVIACHO IPEJIOKEHHOM METOJUKE CXe-
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MOTEXHUYECKOr0 MpOoeKTUpoBaHusi ARC-cxeM ¢ B3aUMHON KOMIIEHCaluen He-
00XOJIMMO BBINIOJIHUTh AHAJIU3 YKA3aHHBIX CXEM C IIEJIbI0 MOJydeHHUs: Habopa
JOKaJIbHBIX TepenaTounslx GyHkuuil Hip), Fip), Fji(p) u wi(p), obecrneun-
BAIOIIUX OLICHKY BJIMSHUA YacTOThl equHuyHOro ycuienus OV, BbiOop Haubo-
Jiee MPEeANnoOYTUTENbHBIX (pallMOHANIbHBIX) KOHTYPOB KOMIIEHCUPYIOLIUX 00paT-
HBIX CBSI3€H, U, CIEAO0BATENIbHO, CO3JJaHuUs PUHLIUITUAIBHBIX CXEM C MUHUMAab-
HOU aKTUBHOM YyBCTBUTEIBHOCTHIO.

Puc. 20. 3BeHO AHTOHHMO C PE3UCTUBHOW HATPY3KOM

Puc. 22. 3Beno bpyToHa ¢ pe3ucTUBHOW HAarpy3Kou
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Puc. 23. 3BeHo bpyToHa ¢ EMKOCTHOM Harpy3kou

B cooTBeTcTBUU C COOTHOLICHUSIMU TAOJUIGI 1 MaTpuilbl YaCTOTO3aBU-
CUMBIX IIeTIel OyIyT UMETh CJICIYIOIINN BU/T

GR:{L};GC:{ P };Ti:RiCi’ (116)
pT; +1 pT; +1

Q' =B+LG,(H, +{pt,jH,). (117)

Pe3ynbTaThl aHamM3a B COOTBETCTBUU C MPUBEAEHHBIMU B HACTOSIIEH pa-

6ote cootHommeHusmu (tabdn. 1) u (14), (15), (22) cBeaensl B Tabnuisl 5 u 6.
Kak BujHO U3 aHaIM3a YUCIUTENICH JIOKAIBHBIX MePeaTOYHBIX (PYHKITHIMA Fn( p)

MIO3TOMY

urk, ( p), XapakTep BIUsHUSA Momaaei ycwienus OY pasziuyeH, 4to U TpedyeT

0oJee 1eTadbHOrO0 COMOCTABUTENILHOIO aHAIM3a CXEM UMEHHO MO ATOMY KpHTe-
pHuIo.

Tab6aumma 5
CrpykTypbl MaTpul D-3j1€eMEeHTOB
Marpunsr cxem (tadm. 1
Cxema puc. 5 . pL‘ (U ) H, H,
0 0 0 B 0 1 00 0 0 1 0
20 0 0] 0 0 0 1] 1 0 1 0 0 1
B 1-p 00 00 0 1 0 0 1 0
21 B 1—[3] 00 00 1 0 0 1 00
0 0 0 B 1 0 00 0 0 1 0
22 0 0] 0 0 0 1 1 0 1 0 0 1
B 1-p 00 1 0 0 1 0 0 1 0
23 B 1—[3] 00 00 1 0 0 1 00
I[Ipumeuanue. s Bcex cxem 3 :L.
Ry +Ry

54



Tabnuma 6
CTpyKTYypa OCHOBHBIX JIOKAJbHBIX NlepeAaTOYHbIX QYHKUMH D-3/1IeMEeHTOB

Hucanurens NOKaIbHON NepenaTtoyHoit Gpynkunn £ ( p)
Cxema puc. — =
F, (p) F, (p)
1 1
20 _(pzrltz +p72) _(pT] +1)
B B
1—
21 ?B(pz‘t]‘l72+p(r] +T2)+1) pz‘c]‘52+p(‘tl +72)+1
1 1
22 - pztltz + pTz) _(pzrltz + pT])
B B
1- 1
23 Tﬁ(pztltz +p(r] +1:2)+1) E(pZT]TZ +pr])
I[Ipumeuanue. s Bcex cxeM 3HAMEHATENb IEPEIATOYHON (QYHKIIMA UMEET BUI:
B(p) =p’1T, %B+l , mosromy Y, = p°C,C,R, (1-B)/B.

4.3. YacTOTHble CBOMCTBA HU3KOYYBCTBUTENbHbIX D-3neMeHTOB

N3 (21) u (58) cnenyer, uTo B 00IIEM CiIydae 3HaMeHATE b IepeAaTOYHOM
byHKIUK OyIeT UMETh CICAYIOINUN BH]T

l;’(p)zB(p)+£ﬁ;](p)+£ﬁ22(p). (118)

1_I] HZ

Kak BuIHO U3 cOOTHOLIECHU TabIHIIbI O,
B(p)=p°b, +1, (119)
F}j(p):pza2j+palj+a0j' (120)

B cooTrBeTcTBHU C HpCHHOX(CHHOﬁ MCTOHHKOﬁ npeacraBuM IIOJIMHOM

(118) B oKpecTHOCTH YaCTOTHI MOJItOCA (®p = 1/ \/E ) B BUE

B(p)=p* + p opd, +op(1+280,), (121)
rue
Sw, =20 __Lf Loy 1y, (122)
o, 2\II, b, TII, b,

1 1 o 1 o
dp=——(1-28w, ) —| oy, ——2- |+ —| oy, ——22 | |. 123
P \/g( P)(Hl( 01 b2 j Hz( 02 b2 jj ( )

Takum 00pa3zoM, MpH peanu3aluy MOJHOro MOJUHOMA BTOPOTO MOPsAIKA B
YUCJIUTENE JIOKANBbHBIX (QYHKIUN F /./.(p) BO3MOJKHA, B COOTBETCTBUH C TaOJIH-

ueﬁ 2, coOCTBEHHas KOMIICHCAIMA BJIWAHUA YdCTOThI CAMHHUYHOTO YCHUIICHHUA Ha
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34TYXaHHUC I10JIr0CA. YTto KacaeTcs aHAJOTMYHOIO BIIMSHUS HA qacCcTOTy IIOJIrOCAa,

TO 3TO BO3MOXHO TOJIBKO TOraa, korma f /./.(p) BOCIIPOM3BOJUT (PYHKITUIO 3a-

rpaxpaatoniero Quibtpa. Pe3ynbraThl  yKazaHHBIX peoOpa3oBaHUM MpH

S(DP <<1 IJIA pacCMaTpUBACMBIX CXCM IIPHUBCICHLI B Ta6J'II/I]_Ie 7. BeInoJIHEHHBIE

npeoOpa3oBaHusl MOKA3bIBAIOT, YTO CHHTE3 CTPYKTYp D-3JIEMEHTOB C MHHHU-
MaJbHOM aKTHMBHOM COCTaBIISIIOLIEH OO0IIeil YyBCTBUTEIBHOCTH CBOAMUTCS K 3a-
Jadye CTPYKTypHOH ONTUMM3ALNHU 3BEHBEB BTOPOTO MOPAJKA, y KOTOPBIX d, Ol-

peaAciACTCA TOJBKO BINAHUCM OCHOBHBIX ITAPAMCTPOB dAKTUBHBIX 3JICMCHTOB.

Tabnuma 7

Bausinme f; OY Ha napaMeTpsl MOJIIOCOB D-31eMEHTOB

Bnustane gactotHbix cBoiictB OY Ha mapaMeTphl MoJroca

C .
xema pI/IC MaATEMATHYCCKOC COOTHOUICHUC HapaMeTp
_opf 1l T 56
2 (I, \r, 1,1\, d
20
1 1
0 — d
P(Hzﬁ H](I_B)] :
oL =B LB ) [n T 50
. 2(m\ B ImL\1-B\t, T, r
ol LIZB( B LB J
\m,op U o1-p) m, 0 1-p r
_opf o b 56
P
2 2 H] T Hz T, B(I_B)
o L1 J
1-plIo, 11, d
_& L ﬂ l+12 +L l 1 6(0
73 2 H] B T, T 2\ T B(I_B) :
1 1- 1 1
T B 4,
I, B 1-g) II,1-B

HOHy‘IeHHBIe PE3YyJIbTAaThl MMOKA3BIBAKOT, YTO IIOTCHIMUAJIIBHO 0oJjee BBICO-
KUMH YaCTOTHBIMHM CBOMCTBaMU XAPAKTCPHU3YIOTCSA 3BCHbA AHTOHMO. TaK, B

cinydyae npuMmeHeHus uaeHTUYHbIX OV B cxeMe pucynka 20 npu 3 =0,5 Halmro-

AacTCA B3aMMHAsA KOMIICHCAIIUA BJIIMAHHWA IICPBOTO U BTOPOTO OV na 3aTYXaHHC
IMOJI0Ca, a B CXCMC PUCYHKA 21 — cobcTBeHHas KOMIICHCAllUA, KOTOpas CBO6OII-
Ha OT YKA3aHHOT'O OT'PAaHUYCHUA. OI[HaKO HHM OHA U3 CYIICCTBYIOIINX CXCM HC
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oOecrieynBaeT MUHMUMH3aLUIO BiAUsHUA OY Ha MOJIOKEHHE YacTOThI MOJIOCA,
YTO U NPUBOJUT K HEOOXOAMMOCTHU BBEJECHHUS JOMOJHUTEIBHBIX KOMIIEHCH-
pyromux oOpaTHBIX CBS3EH.

Jnst hbopMHUpOBaHUS JOMOJHUTENIbHBIX CTPYKTYPHBIX OrpaHMYEHUNA U
pa3paboTKH PEKOMEHJALUNA MO BHIOOPY MPEANOUYTUTEIBHBIX JOMOJIHUTEIbHBIX
BXOJIOB, HEOOXOUMBIX JJII OpraHU3alliyd 3TUX KOHTYPOB, pACCMOTPUM OCOOEH-
HOCTH peaIM3ally TUHAMUYECKOTO AUANa30Ha JICCTHUYHBIX IENEH.

B cootBeTcTBUU C cooTHOLIEHHEM (26) BEpXHUN ypOBEHb JUHAMUYECKO-
ro IAana3oHa ONPEAEIUTCS BhIPpAXKEHUEM

U
w,(blﬁm Upgexmaxs (A1), (124)

rae Vj A= max{‘Fj(jco)‘MAx/n}, (0eQ).

Takum 00pa3oM, B JTECTHUYHBIX CTPYKTYpax, IOCTPOCHHBIX Ha 0aze D-diie-
MEHTOB, Harpy3Ka MOJKII0YaeTCs K BRIXOY YaCTOTO3aBUCUMOM 1iemH A > 1, 4To
B KOHEYHOM HMTOT€ ¥ YMCHBIIIAET MaKCHMAalbHO BO3MOJKHBI yPOBEHb HEHCKa-
KEHHOI'0 CUTHAJIA.

OcCHOBHOE BIUSHUE HA THMHAMUYECKUH TUANa30H CXEMbI OKa3hIBAIOT COO-
CTBEHHBIE IIIYMBI, KOTOPbIE O0YCIOBIEHBI ITyMOBBIMH CBOWCTBAMHU PE3UCTOPOB
¥ aKTUBHBIX AJIEMEHTOB. llpum mapameTrpudeckoil ONTHUMH3AIMH BKJIA PE3U-
CTHBHBIX 3JIEMEHTOB MOKHO CYIIIECTBEHHO YMEHBIITUTH BEIOOPOM MX HOMUHAJIOB
u TunoB. Hampumep, 1isi yMEHBIICHUs 3HAYEHUI HOMUHAJIOB PE3UCTOPOB 0
YPOBHSI Harpy304Ho# criocooHocTH OY MOXKHO BCErzia yBeIMIUTh EMKOCTh KOH-
AeHcaTtopa. B 3Toil CBs3W MpH MPOEKTUPOBAHMU BHICOKOKAYECTBEHHBIX CXEM
HEOOXOAMMO CKOHIIEHTPHUPOBATh YCWIMA HAa MUHHMH3AIMH BKJIa/la aKTHBHBIX
DJIEMEHTOB B COOCTBEHHBIH IIyM CXeMBbI. B aTOM ciydae

o 1/2
U = J.GHJ mx(@)do | (125)

O

N 2
— ; 2
G Bbix = Z‘Hj(J(D)( G; (@), (126)
J=1
rie G /.(0)) — DKBHBAJICHTHAS CIICKTPAJbHAS IUIOTHOCTh MOIIHOCTH HCTOYHUKOB

ryMmoBoi Mozenu j-ro OVY; o, — ®, — rpaHuisl pabodero quamna3zoHa 4yactoT Q.

JIJist OLIEHKM BO3MOXHOCTH PACHIMPEHUS] JUHAMUYECKOTO JUana3oHa Bbl-
MOJIHUM aHaJU3 paccMaTpuBaeMbIX D-3JIEMEHTOB B PEXKHUME 3B€HA BTOPOTO MO-
panka. Mx nokansHble nepenatounsie QyHkuuu Fi(p)u H(p) npuBeneHsl B Ta0-
mnax 8 u 9.
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Tabnuma 8

CTpyKTypa JOKAJIBHBIX NepeaaTOYHbIX GyHKIUNA D-371€MEeHTOB

Ha BeIXoae OY

Cxema puc.

JlokanbHast nepenaTouHas QyHKIHS

F(p) Fy(p)
1
Pt [
20 B 1-
— +1
pz‘l?]‘lfz B+1 J 2T
p
1—
PTzBB—l prT,+1
1—
21 2 1- pZT,TZ—B+1
pTT, B +1 B
1 pr,(1-B)+1 1 1
1- _
22 Bp21112—+1 sz‘tl‘tzl +1
1-B pr+l 1—ZE“
23 B P11, _B+1 1-B
pyT, — +1
p
Tab6nauma 9

CTpyKTypa JOKAJNBHBIX epeaaTOuYHbIX H j(p) D-3y1emeHTOB

Cxema puc.

JlokanbHble nepegaToyHble QyHKINH

Hl(p) Hz(p)
1 pyn _ pu+l
20 p 1-B
Bp1:1:2B+1 p‘C‘CZB+1
1—
I_B pTz_l pT]BB_
1—
21 B pzt,TZ—B+1 1-B
B P, ——+1
p
1 P, PT(sz"‘l)
22 Bprrz BB+1 p‘l?‘l?z _B
1-p pT](pT2+1) l JZ2
1—
23 B p21:11:2BB+1 Bp‘t‘tz BB+1
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AHanu3 Tabnuiel 8 MOKas3bIBaeT, 4To B oOmieM ciydae coryiacHo (124)
BBIXOJIHOE HampshkeHue ogHoro w3 OY mpeBOCXOIUT BhIXOAHOE (GHUIBTpA B JBA
pasa, 4TO M YMEHBIIIACT BEPXHIOK IPaHUIly TUHAMHUYECKOTO JUAINa30Ha CXEMBI.



OtmetuMm, uto B peanbHblx @HY BBICOKOTrO MOpsiaka €ro MakCMMAaJIbHOE BBI-
XOJIHOE HAIIps)KEHME MHOTOKPATHO MEHBIIE BBIXOAHOI'O HAIIPS)KEHUs Ha BBIXO-
nax OVY.

Ecnu B cTpykType D-31€MEHTOB IPUMEHUTH UacanbHbie OY, TO U3 COOT-
HoteHus (126) MOKHO OTYYUTh OTHOCUTENIbHYIO MEPY BIMSHUS CTPYKTYpPhI Ha
COOCTBEHHBIH IIYM cXeMbl. [leficTBUTENBHO,

G
SBE I, (o) +|H (o) (127)
J
II03TOMY MEPOH KayeCTBa CXEMOTEXHUYECKOIO PEIICHUS SIBIISECTCS BEIUYNHA

minie, =[Gl +|Ha o) | pee, P+ | (128)

Tak, B OKpecTHOCTH 4acTOThI noJitoca ¢punbrpa npu 3 =0,5 u3 Tadnuirsr 9
MO>KHO MOJIYYUTh, YTO
51:2\/595,'2:2»&3:2\/5»&4:2\6» (129)
/i€ UHJIEKC j COOTBETCTBYET HOMEPY cXeMbl D-3nemenTa (puc. 20-23).

Takum o6pazom, ydiine pe3yabTaThl IO JTMHAMUYECKOMY JIMaIa3oHy Ja-
€T 3BeHO AHTOHHO ¢ EMKOCTHOM Harpy3kou (puc. 21).

4.4. BzanMmHass KomneHcaums 1 MMUHMMU3auuns
CYMMapHOM YyBCTBUTESIbLHOCTU B NECTHUYHbIX CXemMax

OnHako BCe pacCMOTPEHHBIE CXEMbl YCTOMUMBBIX D-3JIEMEHTOB XapakTe-
PU3YIOTCS. HEBBICOKMMM YaCTOTHBIMH CBOWCTBaMH, CYXKAIOIMMMHU 00JIACTh UX
MPAKTUYECKOTO UCIIOJIb30BAHUA.

PaccmoTpuMm npumMeHeHHnE NpeaIoKEHHON METOJAUKU K CUHTE3Y CTPYKTYP
MaJIOIIYyMAIIUX D-3JIEMEHTOB C PACIIMPEHHBIM YAaCTOTHBIM JMAra3oHOM, KOTO-
phi€ TO3BOJIAIOT MOTEHIIMAIBHO CO3/1aBaTh «0e3apeiihoBbIe» OrpaHUYUTEIIH
criekTpa. M3 aHan3a NpuHUMIUATIBHBIX CXEM, MOKa3aHHBIX HA pucyHKax 2023,
BUJIHO, YTO TOJILKO B cXeMaX AHTOHHWO Jpedd Hyssl onmpeaessieTcsi BXOIHBIMU
TOKaMHU HEMHBEPTUPYIOMIUX BXOJA0B OV, KOTOpBIE JErKO MUHUMU3ZUPYIOTCS
MPUMEHEHUEM Ha BXOJI€ «AJIMA3HBIX)» WM TTOJIEBBIX TPAH3UCTOPOB.

Tak, B cxeMe AHTOHMO ¢ EMKOCTHOW HArpy3koil JIONOJHUTEIbHBIM BXO-
JIOM CXEMBI ISl OpTaHU3alMi KOMIICHCUPYIOIIETr0 KOHTypa 00paTHOM CBsI3H Iie-
necoo0pa3HoO UCIOIB30BaTh 3Ty EMKOCTh. B 3TOM ciydae B COOTBETCTBHUH C Me-
TOAWKOM, U3JI0)KEHHOM paHee, JOMOJHUTENIbHBIC TIepeaToOuHble (PYHKIUU (MaT-
PHIIBI CXEMBI OTIpe/IeIeHbI B TA0JI. 5), OyayT UMETh CIASAYIONTUNA BUI:

I_B p2T1T2+pT2 (130)

b

We(p) = Fie == .
B P2T1T2B+1
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2 " T4
P UL, +p| T~

we(p) = Fye = = b (131)
P Ul

B stom cinydae npu ycnosun B=0,5 (R; = R,) B COOTBETCTBUU C Ta0Ju-

el 7 BOJIM3M Y4acTOTHI cpe3a HabrogaeTcsl COOCTBEHHAs! KOMIICHCAIIUS BITUSHUS
iomanen ycunenus OY Ha 3aTyxaHue, a OTHOCUTEILHOE U3MEHEHUE YaCTOThI
MOJTFOCA TPUMET BU:

(132)

Takum oOpazoM, eciu Mpu peanu3alyy JTONOJHUTEIBHOTO KOHTYpa KOM-
MEHCUPYIOIIEH 00paTHOM CBA3M HEOOXO0IUMO (TabJ1. 2) BBIOJHUTh YCIOBUE
-2pr

Ph (133)

pzrlrz +1

TO B 9TOM cllydae JeHCTBUE KOHTypa OyJeT HampaBlieHO Ha B3aMMHYIO KOMIICH-
CallMI0 OTHOCUTEIBHOTO M3MEHEHHs 4acToThl moiroca (cm. (122)). Heobxonu-
MO€ CYyMMHPOBAHHE MOYKHO BBIIMIOJIHATH TOJIBKO Ha JOTOJTHUTEIFHOM aKTHBHOM
AIIEMEHTE.

Paccmotpum npuMeHeHue choOpMyIHPOBAHHBIX BBIBOJOB sl YeObITIIeB-
CKOTO OTpaHUYMTENS CTEeKTpa S5-ro nmopsaka. Ha pucynke 24 mpuBeaeHa MpuH-
UNuanbHas cxema 3toro «oe3npeiigoBoro» ®HY Ha 6a3e BEIOpaHHBIX paHee
D-351eMeHTOB.

Fe=Fc+Fy=

Puc. 24. be3apetidosoiit YeObimerckuit ®HY Ha 6a3ze D-3neMeHTOB
0e3 1enei B3auMHOM KOMITEHCAIIUH

OTtmeTuM, 4TO B cXeMe Apeid Hyss ompenensercs BXOJHBIMM TOKAMM
+ .
(1 o, ) uétHbIX OY

Uyp = I, R+ L (R + Rs) (134)
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Y JIETKO MUHUMU3HUPYETCSI CXEMOTEXHUKON X BXOJIHBIX KackanoB. Hanmpumep, B
CJIy4ae HMCIIOJb30BaHUs IOJEBBIX TPAH3UCTOPOB ATa BEJIWYMHA HE IMPEBBIIIACT
1 MxB B mupokom nuana3one pabouux TeMIEpATyp U yXkKe He SBJISETCS JOMHU-
HUPYIOIIUM (PaKTOpOoM O0OIei MOrpemHocTH ycrpoicTBa. s obecnieueHus
I'PaHUYHON YacCTOTHI IOJNOCHI porryckanus ¢unerpa fr, = 300 kI'n 1 YeOpiies-
ckoi anmpokcumanuu ero AUX B cXeme HUCIOJIb30BaHbI CIEAYIOLINE OITH-
MaJibHbIE I cynepéMKOCTH (puc. 21) U npyrux naccuBHbIX RC-371€MEHTOB CO-
OTHOLLIEHUS:
R, =5075%,R, =5,7TTx,R, =R, =2K,R; =5,04 x, R, = R, =2k,
Ry =3531k,Ry=1,292k,C,=C, =C;=C, =C5=0,1 5D. (135)
Pesynbratel monenupoBanus takoro @HY npuBeneHsl Ha puUCYHKE 25.
Kak Bugno u3 ananuza AUX ¢dunbrtpa B mosoce MpommycKaHus, U3MEHEHHE
fi =4 MI'nt OY B nuamazone temnepatyp At = +£50 °C, korja yactora e JuHUY-
Horo ycwieHuss OY B D-anemeHTax usMmensiercs ot 4 1o 6 MI'u, npuBoaut, no
CPaBHEHHUIO C HJICAJIbHBIM BApPUAHTOM CXEMbI, K OTKJIOHEHUIO KO3 (uUlIMEeHTa
nepenayn Ha 0,33 1b ¥ yMEHBIICHUIO TPAHUYHON YacCTOTHI MOJOCHI IPOITyCKa-
aua OHY (f, = 300 xI'n), npuBoAsIEMY K JONOJHHUTEILHOMY 3aTYyXaHHUIO B
1,28 nb. [laxe BBeAeHUE MPEABAPUTEIBHBIX «IIPEIBICKA)KEHUN» B BUJIE YBEJIH-
4yeHus fr, Ha 8,3 % MO3BOJIMT YMEHBUIMTH 3TO BIIMSHHE TOJIBKO IO YPOBHS
0,6 n1b. Kak mpaBuio, Takoil croco0 Ha MpakTUKe HE MPUMEHSTCS B CHIY YyBe-
Tu4eHust ko3P uUIMeHTa TPSIMOYTOJIbHOCTH WIH YBEIUYEHHS] TpeOyemoro Io-
psaka GuibTpa.

o Scheme_4.CIR OPA OP_37A GBWv=: BMEG
190.267K,325.4 79mi1‘:=4MEG 193.479K;263.678 m,f1 :=5MEG
\\
i) T AUX vpeansHoro
naeanbHoro
/? ] i ynsTpa
/ 7/
e
0.0
194.901K,219.319m ,f1 =6MEG
a
300K -630.548m.f :=BMEG
a
\\
300K -853.452m.f; :=5MEG
0.7 J\
S
300K - .28,fj =AMEG
100
4 \ \\
i 0.010K  25.000K 75.000K 125.000K 175.000K 225.000K 275.000K 325.000K
db(v(aut)AV(in) DAY (oUENY (in)

F(Hg)

Puc. 25. AUX ®HY B nonoce npomyckanus (f, = 300 xI'm)
0e3 1enei B3auMHOW KOMITEHCALIH
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s pemeHust o0IIei 3agauv KOMIICHCAIMU BIUSHUS fi; HA UYHCIIEHHOE
3HaYEHUE BXOJHOU «CynepeéMKOCTU» D-31eMeHTOB (MX 4acToTa Mojtoca NpuBe-
neHa B cooTHomeHuu (122)) BOCIONb3yeMCsl HaJICHHBIMH BBIIIE YCIOBUSMHU
BBEJICHUS KOHTYpoB B3auMmHoOM kommneHcauuu (130) — (133). Kak BumHo u3
(133), B xaxaom D-31eMeHTe HEOOXOJMMO BBECTH JBa KaHalla COOCTBEHHOM
KOMIIeHcaluu, ipu 3ToM auddepeHimanbabie BXoabl OY n0bKHBI OBITH CBSI3a-
HBI C JOTIOJHUTENBHBIM BX0J0M (éMKocTH C, u C4) uepe3 MacITaOHbIA YCUITH-
Tenb ¢ Koaddunuentom nepeaaun K,=K,=1. Jlyist peanuzanuu Takux (IOMOJTHH-
TEJBHBIX) YCWINTEJICH-TIOBTOpUTENIeH ucnonb3oBaHbl MOY, a cymmupoBaHue

CUTHAJIOB OCYIIECTBIISIETCA HA pa3Aen€HHbIX KoHAeHcaTopax C,y, Ciy; Cap, Cap
(puc. 26).

Rs
— —
l
Cs

R,

R7

R

—I—C21 #sz —I—C41 +C42

Rs

Puc. 26. be3apetidonoiit YeObimerckuit ®HY Ha 6a3ze D-3neMeHTOB
C IIENsIMU B3aUMHOM KOMIIEHCAIIuU

0.750, Scheme_4. CIR OPA OP_37A GBW=4MEG.. EMEG
165.895K,590.814m ,f]:= 4MEG

S ——
0.500]

L :\\

T
0.260) —_— I
0,000, e

300K -542.147m/f1:=6MEG
169.492K 484 817m T :=5MEG
-0.250] 172 411:18m f:==6MEG
05w 300K -725:58 Tm;f{:=5MEG
—
\Q
070 300K,-1.042/f:=4ME
T
-1.000) T—
—
-1.250
Monoca nponyckaHna cdounbTpa
-1.500]
-1.780
2000, 010K 25.000K 75.000K 125.000K 175.000K 225000k 275.000K 325.000K
db (v (outtJA/n) Db{V{outB)V(in}l

F{Hz)

Puc. 27. AYX Yeobsimesckoro ®HY B nonoce npomyckaHus
C LIENsIMU B3aMMHOM KOMIEHCAIUH BIUSHUSA f| HA TPAHUYHYIO YacTOTY (hUIbTpa
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Ecium coxpanuts mapamerpudeckue yciaoBus (145), y KOTOphIX
C1=C=0,5C,, C4;=C4=0,5C4, To AUX Takoro ®HY mnpu paznuunsix f; OY
Oyner uMeTh BUJ, MPE/ICTaBICHHBIN Ha pucyHke 27. ComnocraBiieHue rpaduKoB
AUYX, moka3zaHHBIX Ha pUCYHKax 25 u 27, mokasbiBaeT, 4TO 3()PEKTUBHOCTH
KOHTYPOB COOCTBEHHOUM KommeHcanuu BiusHusA f; OY He3HauuTenbHa. ITO
OoOBsICHSIETCSI TEM, YTO JOOPOTHOCTH TOt0CcOB YeObImeBckoro (uibTpa-
nporotuna a1 @HY ¢ Huskoi HepaBHOMEpHOCThIO AUX B mosoce mporycka-

HUSl HE MPEBHIIIACT V2, MO3TOMY, KaK BUAHO U3 TaOnuipbl 3 (3Tan 3), BIUSHUE
BBEAEHHBIX B cxeMy MOY o0ka3bIBaeTCs CYHIECTBEHHBIM M COM3MEPHUMBIM C
BIMSHUEM OCHOBHBIX OVY. DTO yTBEpKAEHUE SIBISAETCS CIPABEMNJIUBBIM B CUITY
TOTO, 4TO cXeMa 3BeHa (puc. 5) npu g3 = 0 sBiusieTcst D-31€eMEeHTOM, U pacCMOT-
peHHbIe B 1. 13 HacTrosmiei paboTsl MpUMEPHI MOKa3bIBAIU, YTO 3(PPEKTUBHOCTD
croco0a B3aMMHOM KOMITEHCAIIMH HETIOCPECTBEHHO 3aBUCUT OT 100pOTHOCTH Q.

4.5. Anroputm CMHTEe3a CxeM BbICOKOro nopsaka
C B3aMMHOMW KOMMNeHcauuen

Jlnst moBblitieHust 3GEKTUBHOCTH KOHTYPOB B3aUMHOM KOMIIEHCAIIMH HE-
00X0MMO 00€ecCTeunTh JOMOJHUTENbHYI0 KoMIeHcanuo fj MOVY 3a cuér npy-
TMX AKTUBHBIX 3JIEMEHTOB CXEMbl. Takas IMOCTAaHOBKA 3a/1a4yM peajibHa B CUIY
HWJICHTUYHOCTU pean3auuil D-371eMeHTOB, Bxoasmux B cTtpykrypy OHY. EE
pElIeHHEe CBSI3aHO0, COTJIACHO BEKTOPHOMY Ipady (puc. 4), ¢ TOMCKOM JOMOJIHU-
TEJILHOT'O BXOJIa CXEMBI, IIPU KOTOPOM MPHUPAILECHUE JIOKAJIBHBIX MEPEIATOYHBIX
¢Gynkunit (37) obecrneuynBaeT BELIECTBEHHYIO Iepefadyy KOMIIOHEHTBI W,

(cm. (32)). [Ina obecniedyenns B3aUMHOM KOMIIEHCALMHM BIMSHUA fi; DTOT BXOJ
JOJIKEH 00J1a1aTh CICAYIOIUMH CBOMCTBAMHU:
— pearM30BaTh Ha BXoje oaHoro u3 OY nepenatouHyro GyHKINO:

N
Fk,-(p)=%;Fj,~(p), (136)

rae K — koaphuimeHT, onpeaensieMplid U3 yCJIOBHUS apaMeTPUUYECKOM ONTUMH-
3aI[iy CyMMapHOW 4YyBCTBUTEJIBHOCTH (5);

— XapaKTEepHU30BATHCS BXOJHBIM UMIIEIAHCOM, TOIMYCTUMBIM JJISI TIOJIKITIO-
YEHMS UCIIOJIb3YEMOTO aKTUBHOIO DJIEMEHTA.

Bropoe cBolicTBO BX0/1a CTPOr0 HE OMUCHIBACTCS B CHUTy MHOXKECTBa (pak-
TOPOB, BIUAIOIIUX HA MPUHATUE pelieHus. B kauecTBe npuMepa OTMETUM OJHO
MOJIOKEHHE, HEMOCPEJCTBEHHO Cieaylollee U3 00CYk AaeMOoro CKBO3HOIO MpH-
Mepa IpoeKTupoBaHus. M3 mpuHunuanipHoi cxeMbl puibTpa (puc. 26) ciemny-
€T, YTO BXOJIOM MOKET SIBJISITHCSI OJIMH U3 «3a3€MJIEHHBIX» KOHJAEHCATOPOB WIIH
onuH u3 BxoA0B OY. VIMeHHO B 3TOM Cilydae peaiu3yeTcsl CBOMCTBO «Oe3apeii-
doBoBanus»y ®HY — orcyrcrBue Biausinusg IC cmemenuss OY Ha BBIXOJIHOE
HaMpsiKEHUE CXEMBI.
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JlonoHUTENbHBIE BXOABI kK B 00IIEM Cilydyae MOTYT CO3/1aBaThCsl MYyTEM
MOAKJIIOUEHHST Habopa MacCUBHBIX JIEMEHTOB. JTa 0OCOOCHHOCTH 00IIIeH Tpoiie-
Iypbl CUHTE3a MPOJIEMOHCTPUPOBAaHA Ha MPUMEpe, MOKa3aHHOM Ha PHCYHKax 5
u 6. x mosHOTa SIBISETCS Ba)KHOW COJACP)KATEIbHOW CTOPOHOW TMOATOTOBH-
TEJIBLHOT0 ATara CUHTEe3a. 37€Ch OCTAHOBUMCS TOJIBKO Ha OTJIMYMH BTOPOTO 3Ta-
1a CUHTEe3a, CBA3aHHOTO C BBICOKUM TOPSJIKOM MEpeaaTouyHON (QYHKIIUU U HU3-
KOM JOOPOTHOCTHIO MOIIOCOB.

N3 (21) cnenyet, 4To B 3TOM Ciiy4yae nepenarodHas PyHKIUS JIEKTPOH-
HOM CXeMbI OYJIeT UMETh CIICTYIOIIUMN BU/L:

D(p)=— P (137)
B(p)+AB(p)
npu4EéM MpUpaIeHUE MOJIMHOMA 3HaMeHaTesl O0yCIaBICHO BIUSIHUEM OCHOB-
HBIX MAPaMETPOB AKTUBHBIX AJIEMEHTOB:

25 5 1 Am+2£—<m (138)
B(p) jll"l

a JIOKaJIbHBIE TIepeaToYHble QYHKIMH F; p) OIpeJIeIeHbl COOTHOIICHUEM (22).

YcnoBus B3auMHOM KoMrieHcanuu ciaeaytot u3 (36) u (37) u uMeroT ciie-
YOI BU:

A5(p) ZZ GI» XL, (p) > min, (139)
B(p) ko j i j

rae K, — macmraOHbIN Koaq)q)HuHeHT (KOMHOHeHTa BEKTOpa W ), CBA3BIBAIO-

il tuddepenimanbabii BXoa j-ro OY ¢ I0MOJHUTENbHBIM k-M BXOJOM CHC-
TeMbl; Fy(p) — mepenaroynas GpyHKuus Ha BbIxoje j-ro OY MpHu HCIONB30Ba-

HUU k-TO BXOAA.
N3 coornomenuit (138) u (139) cnenyer, uro ycnex mapaMeTpuieckoi
ontuMu3anuu kodpduuuentamu K, (Vk) onpenensercs CTpyKTypHOH «Onn30-

CTBIO» TIOJIMHOMOB YMCIIMTEIIS JTOKaNbHbIX GyHKuMi F;(p) u Fy(p) (Vk). Ot

ITON «OJIU30CTH» 3aBUCHT U HEOOXOIMMOE YHCIIO TOTIOJHUTEIBHBIX BXOJOB KA.
Taxkum obOpazom, 3amada (139) B obimiem ciaydae pemiaercs nepedopoM aibTep-
HATHBHBIX BAPHAHTOB W CBSA3aHA C JIOCTATOYHO CIIOXHOW IMPOILIETYypOH CHHTE3a
Habopa F, (p), Haxe Opu yCIOBUH ANPHOPHOI W3BECTHOCTH QyHKuMH F;(p).

dopMaI30BaTh HACTOAILYIO MPOCKTHYIO MPOIEAYPY MOXKHO B pamMKax J0CTa-
TOYHO MPOCTOTO AJTOPUTMA, BOCIPOU3BOJMMOTO Ha COBPEMEHHBIX CXEMOTEX-
Huueckux CAIIP ¢ nocTynmHBIMH MakpOMOJENISIMU aKTHBHBIX DJIEMEHTOB U, B
yactHocTH, OY.

CxeMoTexHHUYeCKasi CTOPOHA ATAIllOB MOJICIIUPOBAHUS, HAIIPABJICHHBIX Ha
MOUCK JOTOJHUTEIBHBIX W MPEANOUYTUTEIBHBIX BXOJI0B CXeMBI (k), BBIUHUCIICHHE
BEILIECTBEHHBIX U MHUMBIX cocTaBisiromux (138), moucka ontumMaibsHOTO KOd(-
¢unuenTta K, nokasaHa Ha pUCyHKe 28.
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Cxema 1

Bx | Viaeanusuposartas Beix u

cxema JJ%
Vﬂ1=°°,u=°°

L

Cxema 2

Bx Cxewma c Bbix p

peanbHeiIMN OY N |———>
MOy

L

Cxema 3

k- BXOA | Cxema c peanbHbIM
j-m QY

<%> o L

Bbix jk

Puc. 28. O0BEeKTH CXEMOTEXHUYECKOTO MOJETUPOBAHUS

Hecnoxno I10Ka3aTb, 4TO.

M ~ M,(®)cos o(®)—1+ jM,(®)sin ¢(®); (140)
B(jo)
K F (jo) = My(@)cos y() ~1+ M, (0)sin y(o), (141)
rae

Ml(oo)zmodu—”, ¢(w) =argu, —argu,, ; (142)

u

p
Mz(oo)zmodul, y(w)=argu , —arge,,. (143)

BX

VYka3zaHHBIC COOTHOIICHMS aJIeKBATHBI 3ajlau€ ONTHUMHU3AIUMU TPHU YCJIO-
BUM, YTO B cXxeMme | uCrmosib30BaHbl Hicanu3upoBanHeie OY (Moaenu mepBoro
YPOBHsI), B cXeMe 2 NMpuMeHeHbI peanbHbie OV (MOAeIH TPEThEro YPOBHS C JKe-
JaeMbIMH |l U f]), a B cXeM€ 3 HCIOJIB3YETCA TOJIHBKO OJIHA MOJIENb TPETHEro
ypoBHs B BbIOpaHHOM (j-M) OVY. MacmTabubiii ycunutens K B Mojaenu 1-ro
ypOBHsI o0ecreunBaeT BIOOp ko3¢ duireHTa nepeaadn Jo0oro 3aka. Yro ka-
caeTcs MCTOYHHMKA BXOJHOIO CHTHaNa e, , TO B CXeME 3 OH IOAKIIOYEH K J0-

BX 2

MOJTHUTENBHOMY (k-My) BXOJy CXeMbl. YKa3aHHbIE B COOTHOmICHHUSAX (142) u
(143) dyHKUIUM ABISIOTCS aMIUITUTYIHO-4YaCTOTHBIMU M (PAa304aCTOTHBIMHU Xa-
PaKTepUCTUKAMH OTIBITOB JIMOO HA OCHOBHBIX BbIX0OJ1ax cxeM 1 u 2, 1100 Ha BHI-
Xojie MacmTabHoro ycunurens K.
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BbInosiHeHHbIE 10 YKa3aHHBIM COOTHOUICHHUSIM M3MEpPEHUs MO3BOJISIOT
chopMHUpOBaTh 1e]IeBbIe PYHKIIMU MapaMETPUUECKOW ONTUMUBALIMY:

M, (®w)cos ¢(®) —1—-M,(®)cos y(®w) = min ; (144)

M, (®)sin ¢(®) —M,(ow)sin y(®) = min, (145)

koraa Beibop 0> K >0 obGecneunBaercst B nuamna3zone padouux gactor (e Q)

MUHHUMU3AIKI0 BemecTBeHHON (144) u maUMOM (145) cocTtaBmsromnieit pyHKIUu
(139).

[IpennoxkeHHy0 MpoLEaypPY MOXHO MCIOJIb30BaTh MHOTOKPATHO, MPUME-
Hssl B cxeMe 2 Haunbosee 3 (HEeKTHUBHYI0 KOMIICHCUPYIOIIYI0 OOpaTHYIO CBS3b.
PamwxupoBaHue npeanouTUTEIbHBIX BXOJ0B A-X U j-X OY MOXHO OCYILECTBUTH
yBelMueHueM o0BbEMOB (cxeMa 3) MpU CXEeMOTEXHUYECKOM MOJEIMPOBAHUU, a
BBIOOD MPEOYTUTENBHOTO BapUaHTa — 10 MUHUMYMY olieHOK (144) u (145).

B kauectBe npumepa pacCMOTPUM NMPUMEHEHUE MPEAJIOKEHHON METO -
KU JJI TIOMCKa JIOTIOJIHUTENbHBIX KOMIIEHCUPYIOIIUX KOHTYPOB OTPaHUYUTEIS
cnektpa (puc. 29). Peanshoit cxemoit ®HY Oynem cuutarh BapuaHT peanun3a-
U D-3]1EMEHTOB € KOMIIEHCHUPYIOIMIMM KOHTYpoM Ha 0aze MOVY2 u MOV4.
B sTOM cnydae, kak yKa3bIBaJoCh BBIIIE, JOMOJHUTEILHBIMU BXOJIaMH CUCTEMBI
ABIAIOTCS KoHAeHcaTopbl Cyy U Cyp pa3inuuHbIX D-31€MEHTOB, @ BhIXOAAMU J10-
nosHutenbHbIX yeuurened K (MOVY1 u MOVY?2), seigenstonue auddepeHuu-
anbHbple HanpskeHus OY2 u OVY4. D10 B COOTBETCTBUU C PACCMOTPEHHBIM
MPUHIIMIIOM B3aMMHOM KOMIIEHCALUU MPUBOJUT K MU3MEHEHUIO JIOKAJIBHBIX Ie-
penatouHbiX GyHKUMN Fo(p) u Faa(p).

Pe3ynpTaThl MOIENMPOBAaHUS MOKa3bIBAIOT, YTO B JUala3oHe pabdouux
gacTtoT (1o 300 xI'n) ¢pyuxuuu (144) u (145) cTpyKTypHO MUHUMU3ZUPYIOTCS.
OpHako B MepexoJHOM 00JIACTH YacTOT 3Ta MUHUMH3ALMS HEBO3MOXHA. DTOT
pe3yNbTaT UMEET MPOCTOoe OO0BsicHeHHe. OTHOIIEHHE YacTOT MOJ0COB D-3e-
MeHTOB coctasiser 0,78, a ¢ynkuuu (130) — (133) ayig 3TUX 37€MEHTOB UICH-
TUYHBI, TTO3TOMY «II€pejaua» KOMIIEHCUPYIOIIUX CUTHAJIOB C «COoceqHuX» D-are-
MEHTOB, COIJIACHO COOTHOIIEHUSAM TaOmuibl 2, obOecrneuynBaeT COOCTBEHHYIO
KOMITIEHCALIUIO 3TOTO 3(PdeKTa, 1 HECKOMIIEHCUPOBAHHBI OCTaTOK COCTABIISIET
1-0,78 =0,22. IMeHHO Takas cXema C «IEPEKPECTHBIMU» KOMIIEHCUPYIOIIUMHU
oOpaTHBIMU CBSI3IMH MOKa3aHa Ha PUCYHKe 29.

Puc. 29. be3apeiidoseriit Yeobimesckuit ®HY ¢ nepekpEcTHRIMU HETISIMU
COOCTBEHHOM U B3aMMHOW KOMIIEHCAIIMEH BIAUSHUS f
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3/1ech JOTOJHUTEIIbHAS TTapaMeTpuuecKas ONTUMHU3AIMS ¢ YYETOM paBeH-
ctBa cymM (133) miis pa3nuuHbIx D-3JIEMEHTOB MPUBOIUT K CIEAYIOIIUM COOT-
HOIIIEHUSAM €MKOCTEN
C,,=0,0400,C,), =0,06 HD,C,, =C,, =0,05 HD. (146)
Jlpyrue maccuBHbBIC 3JIEMEHTHI onpeensitoTcs yeiaosueM (135). Pesynbra-
ThI MOJICJIMPOBAHMS CXEMbI TIPU BBHITIOJHCHUH aHAJOTUYHBIX YCIIOBUM MpUBEE-
HbI Ha pucyHke 30.

1750 Scheme_4. CIR OPA OP_37A GBW=4MEG . BMEG

e 163.917K,450.627m 1 =5MEG 160.7K,549.865m f; =AMEG

T

0.500

0.000

—
0500 =

-1.000

166.217K,381.848m f{:=6MEG

-1.500

298.848K,-480.43mify:

-2.000

-2.500

-3.000

308.776K.-430.00

-3.500

-4.000

-4.500

-5.000

-5.500

Monoca nponyckaHna cunbpa:
+6.000) : - - - - -

6.500

-7.000 - N N i iSSSS

-7.500

0.070K 25 000K 75.000K 125 000K 175.000K 225 000K 275 000K 325.000K 375 000K 425 000K
db{{out (i) Db{v(outh)vting)

Puc. 30. be3apeiidonoiit YeoObimesckuit ®HY ¢ nepekpEcTHRIMU HETISIMU
COOCTBEHHOH M B3aUMHOM KOMIICHCAIINU BIUSHUS f

ConoctaBuTenbHbId aHaIU3 rpa@ukoB pucyHkoB 30 u 25 moka3bIBaer,
YTO BBEJCHUE B CXEMY KOHTYPOB KOMIIEHCUPYIOUIUX OOpaTHBIX CBsI3el CYIIECT-
BEHHO YMEHBIIAET BIUSHHE f; Ha MOJOCY MPOMYCKaHUs (PUIbTpa U MO3BOJISIET
npaktuuecku (+0,55 nb) u (-0,48 1b) BBIPOBHATHL €ro HEPaBHOMEPHOCThH B
M0JIOCE MPONYCKaHUs, a TAKXKE€ YMEHBIIUTh BIMsiHUE u3MeHeHui f; OY Ha yka-
3aHHYK0 MOTPEIIHOCTh. MoJenupoBaHue MJIsI HAUXYJIIEro Ciy4yas BIIHMSHUS
At = £50 °C na "epaBHOMepHOCTh AUX B mojioce mpornyckanus QuibTpa Mpu
ycnoBuu Of) = 4 % mnoka3bIBaeT, YTO yKa3aHHbIe Ha pucyHke 30 HepaBHOMEPHO-
CTH COXPAHSIOTCS, a KOHTPOJIUPYEMOE OTKJIIOHEHUE HAOJIOJAaeTCsl Ha 4acToTax,
npesbimatomux 375 kl'n. Takum oOpa3om, MOIyYEHHBIHM B pe3ysbTaTte CTPYK-
TYpHOH oNTUMU3aLUU QUILTP UMeeT HepaBHOMepHOCTh 0,55 nb B mupokom
Iuana3oHe BO3JEHCTBUS J1€CTAOMIM3UPYIOMIMX (DAKTOPOB HA €ro aKTHUBHBIE
AJIIEMEHTHI.
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Anamu3 ®UX B nonoce nponyckanus (puc. 31) ucxonHoit cxemsl (puc. 24)
u cxembl ®HY ¢ B3auMHON 1 COOCTBEHHOM KoMmmeHcanuen (puc. 29) nokasbiBa-
€T, 4TO IPUMEHsIEMbIe KOHTYPbI 00ECIIEYNBAIOT TAK)KE MOBBILLIEHUE €€ TUHEHHO-
ctu. Tak, ripu fi= 5 MI'1 oTkioHeHUe $Ha30BOTO CIBUTA CUTHAJA OT JIMHEHHOTO
3aKOHa He npesbimaet 1°.

0.000 Scherme_4 CIR

T

-45.000

UX 1, l A CXeMbl

-90.000 Q
$UX cxembl
¢ KoMrMeHcaLeli
-135.000
DYX cxeMbl >\
Ge3 KomreHcaLm

Ha NepekpecTHhIXMO!
-180.000

MNonoca nponyckaHna cunsTpa

-225.000

-270.000

0.010K 26,000k 75,000k 126,000k 175.000K 226.0001K 275.000K 326.000K 375.000K
phiv{outl]) (Degrees; phiv(out2)) (Degrees) phiv(outs)) (Degrees)
FiHz)

Puc. 31. ®YX YeoOoimerckoro ®HY B nonoce npomnyckaHus

10.00 cheme_4.CIR

AY
-10.000F---- nge
[Monoca nponyckaH1a dunbTpa
AYX cxembl ¢ KOMNeHcaLme R

-20.00 /
Ha riepekpecTHbix MOY

AYX cxembl

-40.00 &3 KoMAeHea L
S
/
-50.00

-60.001

ANNSMPOBAHHON CXeMbI

-70.000°

1 D00E-050. 100M 0.300M 0.500M 0.700M 0.500M 1100 13000 1.500M
dblv{outTYViin) Db/ (out5) i) Db{v(out2Viin)
F tH)

Puc. 32. AUX Ye6rimerckoro ®HY B mupokoM nuamnazoHe 4acToT
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CpaBuutenpHblil aHanu3 AUX GuiabTpoB B MIMPOKOM JUANa30HE YACTOT
(puc. 32) moka3bIBaeT, YTO TAPAHTUPOBAHHOE 3aTyXaHUE CXEMbI C COOCTBEHHOM
Y B3aMMHOM KOMIIEHCAlMel OMpenessieTcs BIUSHUEM BBIXOAHOTO COMPOTHBIIE-
Hust MOV B nuana3zoHe 4acToT, npesimaromem 1 MI'n, u neiictBueM ykasaH-
HOT'O BBIIIE KOHTYypa KOMIEHCUPYIOIIEeH oOpaTHON cBsi3u. [lelcTBUTENbHO, Xa-
pakrep (GYHKIHOHAIBHON MpoBoaAUMOCTH D-3nemeHTa (Tabn. 6) obecrnieunBaeT
MIPOXOKJIEHUE BHICOKOYACTOTHOM YacTH CUTHAJIa KOMIIEHCAIMK B Harpys3ky. Kak
BUJTHO U3 pUCYHKa 32, OJy4eHHAs] CXeMa C JOTOJIHUTENbHBIMU CBS3SIMH, KOT'/1a
KOMIIEHCUpYIOIIUe cUrHaibl, copmupoBanHsie B MOY1 u MOVY3 Bo3zeiict-
BYIOT Ha JIONOJHUTENbHBIE BXO/bI (EMKOCTH Cy 1 Cyy) «cocennux» D-371eMEeHTOB,
XapaKTepu3yeTcss OTHOCUTEIbHO HU3KUM TapaHTUPOBAHHBIM 3aTyXaHHEM CHT-
Haja B MOJIOCE 3arpa)<JeHusi. YCTpaHEHHE OTMEUYEHHOrO0 HeJ0CTaTKa MpHU Co-
XpaHEeHUU HU3KOM HepaBHOMepHOCTH AUX ¢uibTpa, 00yciaBieHHON BIUSHUEM
4acTOTHBIX cBoWcTB OV, TpeOyeT n3MeHeHus: croco0a opraHu3aliy JA0MOJIHH-
TEJIbHBIX BXOJOB CXEMbI D-3JIeMEHTa, UCHOJIb3YEMbIX NIl OpraHU3alMH KOM-
MEHCUPYIOIUX KOHTYPOB OOpaTHBIX CBSI3EH.

4.6. OcobeHHOCTb MynbTuaud depeHunanbHbIX OY
B CXeMOTEXHUKe LUIMPOKOMNONOCHbIX D-anemMeHTOB

Kak BugHo u3 cootnomenus (120) u tabnuipl 6, npupaiieHue xapakre-
PUCTHYECKOTO MTOJIMHOMA D-3J1€MEHTa

AB(p)=B(p) —— F(p)+ - F(p) (147)

O0OyCJIOBJICHO CTPYKTYPOH UHCIHUTENs JIOKAJIbHBIX TMEpeNaTOYHbIX (DYHKINMA
F11(p) n Fyp(p). JleiicTBUe KOMIEHCUPYIOIIETO KOHTYpa, 0O0pa30BaHHOTO MOJI-
KJIIFOUCHUEM IIeNu 0OpaTHOM CBSI3M K IU(dEepeHIMAIPHOMY BXOJY OJHOTO W3
OV nns ueneit B3aMMHON KOMIICHCAIIUY, TPUBOJAUT K U3MEHEHUIO 3HAKA PE3yIib-
tupyroment GpyHkimu Fi(p) unu Fy(p). Ecinu 310T yeuwnurens uMeet HoMep 2, TO
B cooTBeTCTBHUU C (139)

AB(p) = B(p)| ——Fu(p) + - (Fa(p) + K Fa (1) (148)

MMOATOMY TOYHOCTh B3aMMHOM KOMIICHCAIIUM OTPEEsAeTCs] CTPYKTYpHOU U Ta-
paMeTpUUECKOM HIEHTUYHOCTBIO YMCIUTENEH JIOKadbHbIX (YyHKUUN Fo(p),
Fy»(p) u Fii(p). AHaNOrnyHO MOXKHO UCTIOJIB30BATh U MEPBBIM YCUIIUTENb. Torna

AB(p) = B()| (R () + KaFo (p)) + (P (p) + K Fa(p) | (149)

rae K, u K, — macmtaOHble KO3 (GUIMCHTHI Mepeavr JOMOTHUTCIBHBIX YEThI-
PEXITOIIOCHUKOB, CBs3bIBarOIIKE NH(GEpPEHITNANIBHBIA BXO TIEPBOro (BTOPOTO)
OV ¢ HeMHBEPTUPYIOIIMM BXOA0M BTOporo (nepsoro) OVY.
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N3 cootHomenuii (117) u Tabauist 5 cneayeT, 4To

_ Ly B Byl
FIZ(p)_B(p) p T1T21_B"‘P(T1 Tzl_B)"‘l ; (150)
le(P)zﬁ _Pletz%*‘P(Tz_Tl%)"‘l : (151)

Taxkum 006pa3oM, Kak TO cienyer u3 Tabiauibl 6 (JIOKaJIbHBIC TTepeaTo-
Heie pynkuuu Fii(p) u Fy; (p)), ycnoue komnencanuu Biausaus [1; u I, [cooT-
Horrenue (148)] mpu B =0,5 MOXKHO KOHKPETH3UPOBATH

3 3 2
ABP) _| Poa ey P () 1 P (o (1 K, 4 1y (14 K)) +
B(p) I I I
P 1 2 1
2
+§[—(rl(l+K2)+12(1—K2))+1]_)[—(1+K2)+1{)[—(1+K1) _ (152)
2 1 2

CnepnoBatenbHO, BbIOOpOM K| 1 K; MOXKHO 00€CTIeUnTh BHICOKUN YPOBEHB
coOctBeHHoM komneHcauuu BiusiHug I1; u Il, Ha «crapume» ko3pPuuueHTsI
pE3yNbTUPYIOLIEH MepeaaTOYHON (YyHKIUMU, KOTOPbIE B KOHEUHOM UTOTe U OIl-
penenstoT uckaxenuss AUX u ®UX B nonoce nponyckanus ¢puinbrpa. OaHaKo
OTHOBPEMEHHO C 3TUM YBEJIWYUBAETCS ITO BIIMSHUE HA YMEHBIIEHUE I'DAHUY-
HOM 4acCTOTHI MOJOCH Tpornyckanus. Vcronap3ysi cBOMCTBA JIECTHUYHBIX (UIIBT-
poB [7], MOKHO MOKa3aTh, 4YTO 3TO CMEIICHUE MOXHO IPEABAPUTEIBHO yUECTh
M3MEHEHHUEM PE3UCTHBHBIX 3JIEMEHTOB CXeMbl. OCHOBHBIM OTPAaHUYEHHEM JOC-
TUKUMOTO YPOBHS SIBJISIETCS HEOOXOAMMBIN 3amac yCTOMYHMBOCTU COOCTBEHHO
D-311emeHTa, mo3ToMy BapuaHTthl peanuzaunu K,=2, K,=0 u K1= K,=1 u sBng-
FOTCSI HEJJOITYCTUMBIMHU.

Vkazanuesie B cooTHomeHuu (152) xoapduumentsl nepenaun K; u K,
peanu3ytorcsi B OY TONOJHUTENBHBIMU BXOJHBIMU AU(depeHIuanbHbIMU Kac-
KaJlaMH U, CJIeJIOBaTEIbHO, 3aMeHOW TpaaulMoHHbIX OY Ha mynbTunuddepen-
nuansHeie OY. Kak 6bu10 nmokaszano panee, Takue MOY Moryt umMerb pasiny-
HbIe K03(D(PUIIMEHTHI Nepeaun 1Mo OTAEIbHBIM KaHajaM.

Ha pucynke 33 npuBenena npunuunuaibHas cxema ®HY nsitoro nopsia-
Ka, B paMKax KOTOpoll D-3neMeHThl peanu3zoBaHbl mapoi MOY. 3necy npu
Ko=1, K; u K, onpenenstorT oTHouieHue kodddunuenta nepenaun MOY 1o
KOMITEHCHUPYIOIIMM KaHaJlaM K aHAJIOTUYHOMY KO3 (UIIMEHTY OCHOBHOT'O KaHa-
na. B wactHoctu, npu K; (K;)=0 xonkpetHsii MOVY mpeacrtaBiseT coOoit
oObrunbl OY. Ha pucynke 34 mnokazaHbl pe3ysibTaTbl MOJEIUPOBAHUS CXEMbI
MIPU YCJIIOBUU UCIIOJB30BaHUS TOJIbKO ogHOoro MOVY2 (K;=0), a Ha pucynke 35 —
Ha 1ByX MOV (K=K,=1), npu 3TOM yKa3aHHOE BbIllI€ OTHOILIEHHUE KO3 UIIN-
entoB MOY cnenyet u3 (152).
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Puc. 33. be3apeiidosbiit ®HY Ha 6aze MOY

5 PORADOK_MIN_S CIF DPA OP_I7A GBI=ANED.. BIEG
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Puc. 34. AUX ®HY 5-ro nopsiaka ¢ D-3nemMeHTamMu Ha oqHoM MOY

Puc.

(K]ZO, Kzzl), (C1= C2= C3= C4= C5=0,066 HCD)
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35. AUX ®HY 5-ro nopsiaka ¢ D-3nemeHTamu Ha 1ByXx MOY
(K1=K2=1), (C1= C2= C3= C4= C5=0,06 HCD)
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\ \\\\\ N AUX waeanbHaro punbTpa

AUX $HU via Gase
-3neMeHTOB ¢ MOY 1 OY

~ AUX nbTpa 63 KommeHcalm

TOMEDEM 0150 = 0400 ] i 00N
VIVl Al UDN) Db ouT V) DBVoUBIVIn)

Puc. 36. AUX ®HY 5-ro nopsiaka B LIMPOKOM JTMANIA30HE YaCTOT

Jlns coxpaHeHHs 3aJaHHOM IMOJOCHI MPOIYCKAHUS B CXEME IpEeIBApH-
TEJIBbHON €MKOCTH BCEX KOHIEHCATOpOB yMeHblleHbl Ha 34 u 40 % cooTBeTCT-
BeHHO. Kak BUIHO M3 aHanu3a aMIUIMTYIHO-YAaCTOTHBIX XapaKTEPUCTHUK CXEM B
II0JIOCE NPOITYyCKaHUsA, TPUMEHEHHE ABYX KOMIICHCUPYIOIIMX KOHTYPOB B KaXK-
noMm D-anemente u, cnenosarenbHo, AByX MOY yMeHbIIaeT HEPAaBHOMEPHOCTH
AYX u e€ 3aBUCUMOCTb OT YaCTOTHI €AUHUYHOTO YCUIINS aKTUBHBIX 3JIEMEHTOB.
OtmeTuM, 4TO NOTPebIseMbId OT UCTOUHUKOB MUTAaHKs TOK B MOY TosbKO Ha
15+20 % Bbime o6prunoro OY. Kak BUAHO U3 CPaBHUTEIBHOIO MCCIIECIOBAHUS
AYX B IIMPOKOM AWaIa3oHE 4acTOT Pa3IMYHbIX BAPUAHTOB PEAIU3ALUH 3TOIO
®HY, npumenenne B D-anemeHTax MOVY M KOMIEHCUPYHOUIMX KOHTYpPOB
(K1=K,=1) 3aMeTHO MOBBIIIAET rAPAHTUPOBAHHOE 3aTyXaHUE CXEMBI.

4.7. UH)XeHepHana MeToAMKa cxemMaTun4yeckoro npoektuposaHusa ®PHY
Ha 6a3e D-anemeHTOB C MOY

[lony4yeHHsle B HacToOsIIEH paboTe pe3yabTaThl MO3BOJISIOT MPEAJIOKUTH
JOCTAaTOYHO MPOCTYI0 METOJUKY CXEMOTEXHUUECKOro npoektupoBanuss ®HY na
06a3e D-31eMEHTOB C COOCTBEHHOM U B3aMMHOM KOMIIEHCAIMEH BIMSAHUS 4acToO-
Thl €EAUHUYHOTO YCWJIEHHs Ha HEpaBHOMEpHOCTh AUX B moJsioce MponycKaHUs.
OTa METO/AMKA COMPOBOXKIAETCA CKBO3HBIM MPUMEPOM MPOECKTUpOBaHUS YeObI-
meBckoro @HY Tperbero mopsika ¢ METOOUYECKOW HEPAaBHOMEPHOCTBHIO B
0,1 nb u rpannuHoii yactorout 160 k.

[lepBbiii (TpaIULUOHHBIN) ATal MPOSKTUPOBAHUS CBSI3aH C MEPEXOJOM OT
LC-nporotuna k crpykrype @HY c cynepémkoctsamu (D-anementamu). s
ATOr0 U3 COOOpaKEHUN TEXHOJOTUYHOCTH U3JIETUsl He0OX0AUMO 3a1aThes 6a3o0-
BbIMHU TIoJTMHOMaMu émkocter (C;=Cy, Vi) u onpenenuTh KodDPUIHEHT mepe-
cuéra

K, = l/anrpCH , (153)

Tac frp — I'PaHUYHAsA 9aCTOTA IMOJIOCHI IIPOIMYCKAHHUA ITPOCKTUPYEMOT'O ®HY.
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Hcnonb3ys cnpaBouHyio JuTeparypy (Hampumep, [9]), BbIOpath mapa-
METpbl U THUIl ANNPOKCUMAILIMH, a TAKXKE HOMHUHAJIbI HOPpMHUPOBaHHBIX LC-3ie-
MEHTOB (UIIBTPA-NIPOTOTHUIIA.

JI1s1 yKa3aHHOTO BBILIE MPUMEPA MPOEKTUPOBAHMS CTPYKTYpa U IapaMeT-
pbl LC-poToTHNA TOKa3aHbl HA PUCYHKE 37.

& L23
1 L0287 o 11,0287 3
/@’_fYW\_‘
L R,
c, [ 1
147 L

Puc. 37. LC-nporotun Yeosimesckoro ®HY 3-ro nopsaka

Onpenenuts BausHUE conpoTuBiieHUs cTpykTypbl @HY ¢ D-anementamu
R; =KL (154)
U U3 cooOpaxeHul uaeHTnYHoCTU BausiHug OV Ha mapameTpbl cynepnpoBOAU-
MocTH (Tabi. 6-9) npuHATh A7 Bcex D-3yemeHToB (cM. puc. 20-23) =0,5.
Paccuurate compoTtuBieHue R, Kaxaoro D-3ineMeHTa 1O 3HAYEHUSIM
HOPMAJIM30BaHHBIX eMKocTel ( C,) LC-nipoToTrna
R,=K,C.,. (155)
Jlns paccmMaTpuBaeMoro nmpuMepa 3TOT ATAll 3aBEPIIAETCS PE3YyIbTaTaMH,
MMOKa3aHHBIMU Ha pUCYHKE 38.

RI RH
1 L088k o 0516k 3

S o R, =1.088
— Gy
T T*

Puc. 38. Crpykrypa ®HY 3-ro nopsinka Ha 6aze D-anemeHTa

OTMeTuM, 4TO TOOPOTHOCTh KOMIUIEKCHO-COMPSDKEHHOTO MOJII0Ca B 3TOM
bunptpe cocraBusier 1,41, u, cienosarenbHo, pu ARC-peanu3anuul TOMUHH-
pyIolue mapaMeTphl, ONpeesIoNIue BIUSHUE aKTUBHBIX 3JIEMEHTOB Ha TOY-
HOCTh pean3aiii, OTCYTCTBYIOT.

Ha BTOpOM 3Tarne npoekTupoBaHus HEOOXOAUMO U3 TaOJIUIIBI 7 ¢ yUETOM
JOTIOJTHUTENIBHBIX OTPaHWYEHUM BBIOpATh MPEANIOYTHTEIHHBIN BapHaHT peau-
3anuu  D-sieMeHToB. Tak, maiad oOecmedeHHs MOTCHIMAIbHO MHHHMAaJIbHOI'O
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ypoBHs npeida Hyns u creneHd BiusgHus OY Ha mapamerpsl D-31eMeHTa B
paccMaTpUBaEMOM MpUMEpPE OCTAaHOBUMCS Ha cxeme pucyHka 21. Ilpuniunu-
anbHas cxema takoro ®HY nokaszana Ha pucyHnke 39.

T

Puc. 39. ®HY 3-ro nopsaka ¢ HU3KUM apeidomM Hys
(R1=R2:1,088 K, R3=R4:2 K, R520,516 K), (C1: C2: C3:1 HCD)

C 1enpl0 yTOYHEHUS LIeTIe KOMIIEHCAUU BIMSIHUS YaCTOThl €IUHUYHOTO
ycusieHus OY HeoOX0IUMO BBINOJIHUTH MOJACIUPOBAHUE CXEMbl HICATIBHOTO U
peanbHOro (puiibTpa M ONPEAENUTh 00JIaCTh U YPOBHH JIOKATU3ALHUU SKCTPEMY-
Ma AUX B nojoce nporycKaHus.

Jlist paccMaTpuBaeMoro CKBO3HOTO MpPUMEpPa ATH PE3yIbTaThl MOKa3aHbI
Ha pucyHke 40. Kak BuHO u3 rpadukoB, BIUSHUE PeaJIbHBIX YCIOBUHM IKCILTya-
tauuu OV (fj=4...6 MI'n) npuBoaut k HepaBHoMepHOcTH AUX B 0,63 nb, uTo
npakTuyecku B 6 pa3 6ombiue oxkunaemort (0,1 n1b) Benuunnsl. BBenenue npen-
BapUTENbHBIX NpenbickakeHudd (puc. 41) npaktudecku He uzmensietr (0,6 nb)
yKazaHHYyI0 norpentHocts. Kak 0b110 moka3zano panee [cm. (147)], 310 00bsACHS-
€TCsl YBEJIMYECHHEM MOpsIKa MepeaaToyHON (QYHKIMHU U BIUSHUEM «CTapIINX)
kod(ppunreHToB nepeaaTounbix GyHKu Fi(p) u Fo; (p) (cMm. Tabm. 6).

xxxxx

137 867K 807 20 =5 T
xxxxxx SLEESLAmT T Y e —

xxxxx

xxxxxx

nnnnn

zzzzzz

xxxxxxxx

Puc. 40. AUX ®HY 3-ro nopsiaka (puc. 39)
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Puc. 41. AUX ®HY (puc. 39) c npeaBapuTeIbHBIMU MPEABICKAKESHUSIMU

Ha Tperbem sTame mpoeKTUpOBaHMsS HEOOXOIUMO C HCIOIb30BAHUEM B
CTpyKType D-31eMeHToB MyibTuauddepenunansabix OY opraHu3zoBaTh KOH-
Typbl COOCTBEHHOM M B3aMMHOW KOMIIEHCALIMU BIUSAHUS «CTapUInX» Kod3ppuuu-
enTtoB Ha AUX ¢uibTpa B Mmonoce MPOMYCKaHUS M BBIYUCIUTH BO3MOXKHbBIE
BapuaHThl peanusanuu kodpouuuentoB K; u K, [cootHomenue (152)]. Hdns
paccMaTpUBaEMOro mpuMepa ¢ y4€TOM 3amaca YCTOMYMBOCTH BO3MOJKHBI 1B
BapuaHTa peaju3auuu D-3JIeMEHTOB ¢ B3aMMHOW KomneHcauueil. Ilepsoiii Oa-
supyetcs Ha K=1,45, K,=0 (ogun OY u onun MOY) u olecrneuynBaeT TOJIbKO
B3aMMHYI0 KOMIICHCAIIMIO BIUAHUS fi. Pe3yabTaThl MOJIETMPOBAaHUS 3TOTO BapH-
anTa (puc. 42) nokasansl Ha pucyHkax 43 u 44 u MoOKa3bpIBAIOT, YTO Ja)e Mpei-
BapUTENIbHOE ONTHUMAJIbHOE M3MEHEHUE I'PaHUYHOM 4acToThl GuibTpa Ha 22 %
npuBoAuT K HepaBHOMepHOCTH AUX B 0,17 nb, uyTo mpaktuuecku B 2 pasa mpe-
BBIIIAET €€ METONYECKOE 3HAUEHUE.

R

2

t
R
— .
1

Puc. 42. be3apeiidpossiit ®PHY ¢ MOY
(R1=R2:1,088 K, R3=R4:2 K, R520,516 K), (C1: C2: C3:1 HCD)
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Puc. 43. AUX YeoOrwimuesckoro ®HY ¢ D-anemenramu Ha MOY
(K2=0, K1=1,45)
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Puc. 44. AUX Yeo6wimerckoro ®HY (K,=0, K,=1,45)
C TIpeABAPUTEIIHHBIM YBEIUYCHUEM MOJIOCHI MPOIMYyCKAHUS

Kak BuaHO u3 cootHomenus (152), moBbllIeHUE YpPOBHS COOCTBEHHOM
komneHcanuu BiausiHus 11 u I, BO3MOXXKHO BhIoHEHHEM ycioBus Ki=K,=1,
npu 3ToM B ®HY Tperbero mopsnaka 3amac yCTOMYMBOCTH OOECIIEUUBAETCS
BiusiHueM Rs, Cs (T, HEMOCPEICTBEHHO BJIMSET Ha 3amac yCTOWYMBOCTH). BbI-
MOJIHEHUE YKA3aHHOTO PAaBEHCTBA MPEATIONAracT IPUMEHEHUE B CTPYKType D-3re-
Menta MOVY1 (K;=1) u MOVY2 (K,=1) (puc. 42). Pe3ynbTarbl MOJCIUPOBAHUS
cxeMbl (puc. 45) MOKa3bpIBAIOT, YTO OCHOBHAS MOTPEIIHOCTh (puiibTpa 00yCI0B-
JieHa YMEHBIIEHUEM I'PAaHUYHON 4acToThl QuibTpa HA 25 %, MO3BOMISET MOJY-
YUTh HEPABHOMEPHOCTh (PMIIbTPA C YUETOM BIIUSHMS peaJbHBIX JAeCTaOUIN3H-
pytomux ¢dakropos (fi= 4...6 MI'1y), TouHO coriacyriycs ¢ HEpaBHOMEPHO-
CThIO uieasibHOro GunbTpa (puc. 46). Kak ugHo n3z AUX pa3nuvHbIX BapuaH-
TOB peanu3aunu paccmatpuBaemMoro @HY B mmpokoM auana3zoHe 4acToT, IpH-
MeHeHne MOY B D-3reMeHTax MOBBIIIAET TAKKE U FapaHTUPYEMOE 3aTyXaHUE
¢bunbTpa.

76



00 SCHEME 6.C1R OPA OP_37E. EMES

131.5405!

27.610;

S0.000m
122.787]
0 e
el g .

0 SR s c—— e TN
- AUX ~ L N ~,

NN
150.000m| N \\

N
200
250
Manoca
e
a0
400
a5
-s0e. 010K 10.000K 30.000K 50.000K 70.000K 50.000K 110.000K 130.000K 150.000K 170.000K
dbV(ounV () e
F (Hz)

Puc. 45. Bnusiaue yactotHbix cBoiicTB MOY Ha AUX ®HY 3-ro nopsaka
B nosioce npomnyckanus (K;=K,=1)
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Puc. 46. AYX Yeobsimesckoro ®HY ¢ npeaBapuTebHbIM pacliupeHueM
ero noJjockl nponyckanus (K;=K,=1)

0 SCHEME 6.0IR

< AUX upeansHoro dunstpa

R

AUX; bunsTpa; 6e3 KomneHcaLun “ \\
= T
AUX duribTpa S

¢ KomneHcauueit (1 MOY)

AUX punsTpa -
¢ Komnercauvein (2 MOY) —
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Puc. 47. AUX ®HY 3-ro nopsiaka B LIMPOKOM JTHMANIA30HE YACTOT

77



OTMeTHUM, 4TO BBEJICHHE PACCMATPUBAEMBIX 37I€Ch KOMIICHCUPYIOIINX 00-
paTHBIX CBsA3€W Bcerja MPUBOIUT K YMEHBIICHHUIO rpaHWYHOM yactoThl OHY
[cM. (152)]. Kak Obl10 mokaszaHo panee [cootHomieHue (133)], aToT sdpdext
MOHO CYIIIECTBEHHO OCJIA0UTh MPUMEHEHHEM JOTOJHUTEIBHO KOMIIEHCHPYIO-
iero KoHrypa (puc. 26).

Peanuzanus Takoro KoHTypa oOecCIleuMBaeTCs TOMOJHHUTEIbHBIM MOY
(puc. 48). 31ech, Kak U B CXeM€ PUCYHKa 26, KOMIICHCUPYIOIEE HANpPsIKEHUE
nepenaércsa B C, D-anementa. [IpuBenénnas cxema TpeOyeT JOMOJHUTEIHHOM
napaMeTpuyecko ontumuzanuu kodddunueHtoB K, K, [cooTHomenue (152)],
o0ecrneurBalOIMNX MaKCUMAIbHBIN YPOBEHb KOMIICHCAIIUU U YCTOWYHUBOCTH pa-
60T1hl QunbTpa, 1 K=K, (kanaiop MOY 3) no MeTouKe, UCTIOIb3yeMOU Mpu
CO3/IJaHUM aHAJIOTMYHBIX KAaHAJIOB B CXeMe pUCYHKa 26. MakcuMmuzaius ypoBHs
KOMIICHCAIIUU BIUSHUS YaCTOThI €IMHUYHOTO YCWICHUS Ha TPAHUYHYIO YacCTOTY
®HY [cooTHomenus (133), (120) u (122)] mpuBoaut k yciouto K=K, =0,5.

Puc. 48. Ilpunnunuansaas cxema ®HY 3-ro nopsigka Ha 6aze MOY

C AOMMOJIHUTCIbHBIM KOMIICHCUPYIOIIMM KOHTYPOM O6paTHOﬁ CBA3HU
(R1= R2=1,088 K, R3= R4=2 K, R5=0,516 K, C1=C2=C3=0,9 HCD)

TpebGyemoe npeaBapuTeIbHOE YBEJIMUEHNE TPAHUYHON YaCTOThI (PUIIBTPA,
HeoOXxonuMoe it y4éTa HECKOMIIEHCUPYEMOTro ocTaTka, He mpeBbimaer 10 %.
PesynbraTel MOAEnMpoOBaHUsl CXeMbl NpuBeAcHb Ha pucyHkax 49 u 50. Kak
BujiHO 13 AUX dunbtpa B mojoce npomyckanus (puc. 49), HepaBHOMEPHOCTh
€ro XapaKTePUCTUKH IOCTUTAET CBOETO aMMPOKCUMAIIMOHHOTO (METOIMYECKOrO0)
3HAUEHHUs Ha TPaHMIIE MOJOCHl MpoImyckaHus npu usmeHnenuu f; MOVY ot 4,0
1o 6,0 MI'u. Ha 6onee Hu3kux yactotax 3Ta BennuuHa He npesbimaet 0,076 nb.
B nonoce 3arpaxxaenusi, onpeaensieMoro rapaHTUpOBaHHbIM 3aTyXaHueM (puc. 50),
yKa3aHHbIA KOHTYp yMEHbIIaeT ocjabienue curnana. [IlpuunHa sToro ykasbiBa-
J1ach paHee.
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Puc. 49. AYX ®HY ¢ 1onoaHuTeNbHBIM KOHTYPOM 0OpaTHOM CBA3U
(K1=0,8, K>=1, K11=K»=0,5)

3 PORADOK CIR

AUX dinbTpac
Ha 2-x MOY 1 AONONHUTERbHBIM

KOMMNEHCUPYIOWWiM KOHTYPOM
AUX naeansHoro dunstpa

¥ AYX dpurtsTpa
S ¢ KomneHcaLueil Ha 2-x MOY

™~

AUX dunbTpa
663 KomneHcaLm

i
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dbfV{out V() Db(V{ou2)V(in) DB(V(ou)V(in)

0B00M
Db(V(aut i DAV(i)
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Puc. 50. CpaBautensapie AUX @HY B minpokoM 1uanazoHe 4acTOT

IIpennoxeHHas METOAMKA CXEMOTEXHUYECKOTO IPOCKTUPOBAHUS ITPAKTHU-
YECKU HE COJEPKUT UTEPALMOHHBIX LUKIJIOB M, KAaK ITOKa3bIBAE€T HACTOSLIUU
IIpUMEp, MO3BOJISIET CO3AAaTh €CJIM HE ONTUMAIIBHYIO, TO BIIOJIHE PAllMOHATIBHYIO
cxemy OHUY.

ITonydyennbsle pe3ynbprarsl it jgecTHUYHbIX PHY mnossosnsror cnenars
CIEAYIOLIHUE BBIBOJABI. BO-IEpBBIX, B LENAX B3aMMHONW KOMIICHCALIUU BIIWSHUS
YacTOThl €IMHUYHOI'O yCHUJIEHHMsI OCHOBHBIX OV 1enecooOpa3HO MCNONb30BAThH
MOY, obecnieunBaroniye CoXpaHEHUE YHUCICHHBIX 3HAYEHUN MAaCCUBHBIX 3Jie-
MEHTOB M CHUMAIOIIKE JIOTOJHUTEIIbHBIE OTPAHUYECHUs B BUJEC HEPABEHCTB Ha
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uX HOMHUHaIbl. OJHAKO TpaHUYHbIE CUH(Aa3HbIE HANpPSIKEHUS U AUana3oH Yac-
TOT 1J1s1 KoadpuieHTa ocnabieHns 3TOro Hanps>KEHUs TOJKHBI TPEBOCXOIUTh
nosiocy nponyckanus D®HY. Bo-BTOpBIX, HCHOIb30BaHUE JOMOJIHUTEIbHBIX
ycUJIUTeel TpakTUYeCKH He u3MeHsieT napedd Hyns cxembl. Kak BuaHO u3
MPUHIMIHAIBHBIX cXeM pUCYHKOB 20 u 22, oueHka Apeiida Hys U3 COOTHOIIIe-
Hus (134) yaBauBaercs Nmpu yCJIOBUM UIEHTUYHOCTU BXOAHBIX KackaaoB OV u
MOY. Otmetum, uto 15 obecrieueHus moxydeHHo HepaBHoMepHocTH AUX B
MOJIOCE MPOMyCKaHus (puc. 25) mpHu yCIOBUM U3MEHEHHUS paboydeil TeMIepaTypsl
Ha 100 °C B pamkax TpaJauLIMOHHON cXeMbl (puc. 20) HEOOXOIUMO HCIIOJIB30-
Bath OV c f; > 21 MI'n, koTopble yBEIMUMBAIOT MOTPEOJIECHUE OT UCTOUYHUKOB
MUTaHUs TOKa MPUMEPHO B 4 pasza.

Hakonen, u 310 camoe riaBHoe, 3(p(PEKTUBHOCTb KOHTYPOB B3aWMHOM
KOMITIEHCALIUU OMpPEENsIeTCs] YUCICHHBIM 3HAYE€HWEM MaKCUMAaJIbHOM 0OpOT-
HOCTH TOJIOCOB NepeaaroyHoi pynkiuu ¢punstpa. Ecnu aToT napameTp 01130k
K €IMHMIIE, TO CYMMapHBIi 3 (deKT 1eneil B3auMHON KOMITIEHCAIIUN MOYKET OKa-
3aTbCsl HE3HAUYMTENIbHBIM, YTO CBHUJETEIBCTBYET O I1€I€CO00pa3HOCTU Tepe-
cMoTpa npuHIuna annpokcumanun AYX ¢unbrpa.



5. ONTUMAJIbHbIE CTPYKTYPbI B CP-BJIOKAX

5.1. Ponb onTUManbHbIX CTPYKTYP NPy MUHUMU3ALUU
NacCMBHOW YyBCTBUTENbHOCTHU

CnoxxHO-(pyHKUMOHAIBHBIE OJIOKH, BKJIIOYAIOUIUE B CBOM COCTaB yCTpPOM-
CTBAa YaCTOTHOM CeNeKUHUH (DIEKTpUYeCKre (GUIbTPbI, KOPPEKTOPBI, H30Upa-
TEJIbHBbIE M UMITYJIbCHBIE YCUIIUTENH), XapaKTepU3yloTCs AUana3oHOM pabouyux
4acTOT U3 TPEX COCTABISAIONIMX — IMOJIOCa Mponyckanus (L), moioca 3arpax/ie-
Husa (€,) u nepexoaHas ob6iacTh 4acToT (€2,,). Hanbomnee xEcTkue U CI0XHO
peanu3yeMble TpeOOBaHUS K TOYHOCTH IMPEOoOpa3OBaHMsI OTHOCATCA K IOJIOCE
npomnyckanus. HeoOxonumblil «3amacy Mo oclabJIeHHI0 CUTHala B JIPYyTrUx 00-
JACTSX JIETKO JIOCTUTAETCS ONTHUMAJIbHBIM (PAllMOHAJIBHBIM ) PEIIEHUEM aIlpOK-
CUMHUPOBAaHHOW 3ajayu. MIMEHHO MO3TOMY ONTHUMH3ALMS AKTUBHOW YyBCTBH-
TEJIBHOCTU B paMKax I[PEIJIOKEHHOIO MPUHLHMIIA B3aUMHOM KOMIIEHCALIUU
JOJI’KHA OCYIIECTBISITHCA B MOJIOCE MPOIYCKaHUs, MpUUYEM €€ TpeOyeMblidi MU-
HUMYM BO MHOTOM 3aBHCHUT OT PallMOHAIBHOTO BhIOOpa CTPYKTYpPbI IMPOEKTH-
PYEMOr0 yCTPOMCTBA YAaCTOTHOMW ceneKuuu. MIMEHHO C 3TUX MO3UIMA U pac-
CMaTpHUBAETCs MPAKTUYECKOE MPUMEHEHHE PEIJI0KEHHOTr0 B paboTe MPUHLIUIIA
B3aMMHOM KOMIICHCAIlHUH.

KoHneuHoii 11enp1o pa3paboTKu yCTPOMCTBA YACTOTHOU CEJIEKLIMU SIBIISIETCS
CO3/1aHUE ONTUMAJIBHOU [0 COBOKYITHOCTH KPUTEPUEB KadyeCTBa NPUHIUIIAAIb-
HOM cXeMbl, UMEIOIIeH nepeaaTouHyIo (YHKIUIO

D(p, d,b)=D(p, B (f, /i, 1)) = A(p)/B(p), (156)

rae d,b — BekTopbl KOAGPUITMEHTOB YUCIUTENS U 3HaAMeHaTeNsl GyHKIUM; Py —
HEKOTOPBIM 00O0OIIEHHBIM TMapaMeTp, B YaCTHOCTHU TMOJIOC, MPOEKTHUPYEMOTO

YCTPOWCTBA; [, f; — BEKTOPBI CTATUUECKOI0 KOAPPUIUEHTA YCUIICHUS U 4acToO-

Tl eMHAYHOrO yemiaenus OY; A — BEKTOp MACCHBHBIX KOMIIOHEHTOB (pe3H-
CTOPOB M KOHJIEHCATOPOB) CXEMBI.

Torna wysctBuTeNnbHOCTH AUX (mod(d(jw))) u ®UX (arg(d(jw))) mpo-
EKTUPYEMOI'0 YCTPOICTBA, a TaKKe COOTBETCTBYIOIIME MOTPEITHOCTH peau3a-
[[UU CJIENYIOT U3 CIEAYIOMIMX COOTHOIICHUH:

Al®( -
PG _ g soim . AP (157)
‘@(]w)‘ [ B
AP,
Ag(w) = Im LS Tk (158)
B
AP AN Ap A
Zhoy Sff._f+sj-ﬁ+sj,} L (159)
L

J
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B cootnomenusax (157) u (158) dbyHkunu 4yBCTBUTENBHOCTH JIOKATU3a-
Ul UX MAKCUMYMOB B JiMana3oHe pabo4yuX 4acTOT 3aBUCUT OT XapakTepa aim-
MPOKCUMUPYIOIIEH (PYHKIINH, PU ITOM, YEM BBIIIE TOOPOTHOCTH MOJIIOCOB ATOM
¢byHKUMH, TeM OOJbIIE U COOTBETCTBYIOIIME YYBCTBUTEIBLHOCTH. MIMEHHO mO-
ATOMY B HEKOTOPBIX CIyYasX U OCYIIECTBISETCS HEONTUMAaIbHBIA BBHIOOp MO-
psaKa Takod (QPyHKIUHU, 00€CeUrnBAIONINI HEKOTOPOE YMEHBIIEHUE AOOPOTHO-
CTH 3a CUET yBEJIMYEHHs e€ MOpsKa U, CIeI0BaTeIbHO, pAcXoja MacCUBHBIX U
MPEU3MOHHBIX YaCTOTO3aJA0IIUX 3JIEMEHTOB.

B cootnomenuu (159) otHOCHUTENIBPHOE U3MEHEHHUE TTapaMeTpa YCTPOUCT-
Ba P, ompezenseTcsi COOTBETCTBYIOIMIMMHU KO3 (ULIMEHTaAMU YyBCTBUTEIHLHOCTH
U OTHOCHUTEIIbHBIM M3MEHEHHEM IapaMEeTPOB NAacCUBHBIX (AA;/A;) U aKTHBHBIX
(Ap/y;, Afiilfi;) snemenToB. VIMeHHO MO3TOMY Al MakcuManu3anuu 3¢ gdexra
B3aMMHOM KOMIIEHCAIlMU B CTPYKTYpE MOTPEIIHOCTH MapameTpa Py He AOJKHO
OBITH TOMUHUPYIOMIMX COCTABIIAIONIMX. JTO JOCTATOYHO OUYEBHUIHOE YTBEPXK/Ie-
HUE M Oompejaenser oOmUN MOAXOI K CXEMOTEXHUYECKOMY MPOEKTHUPOBAHUIO
YCTPOICTBA HA CUCTEMHOM (CTPYKTYPHOM) YPOBHE C YUETOM Te€X PEalIbHbIX OT-
HOCHUTENBHBIX N3MEHEHUH MACCUBHBIX 3JIEMEHTOB (AA;/);), KOTOpBIE TUKTYIOTCS
MPUHATON 32 OCHOBY TexHosoruei Cd-6moka.

Oc0OEHHOCTh CXEMOTEXHUKH YCTPOMCTB € COOCTBEHHOW W B3aMMHOMN
KOMITEHCAllMel BIMAHUA W U f1; Ha mapameTpbl CD-0110K0B, Kak ObLIO MOKAa3aHO
BbIIIIe, 0OeCTIeYnBaeT MUHUMAIIU3AIUIO0 CYMM

N N
B, B,

;Suj’ ;Sﬁ‘j : (160)

[ToaToMy B cTpykType cootHomeHus (159) nomuHHpyronmum (hakTopom,

OTIPEICIISIFONTMM OTHOCUTEIPHOE M3MEHEHUE TapameTpa Py, oKa3bIBaeTCs BIIHS-

HHE TNOTPEHIHOCTH MACCHUBHBIX DJIEMEHTOB ();). YKa3aHHOe TpeOyeT B ompeje-

JNEHHOMW CTEIICHU MEePECMOTpa TPATUIIMOHHBIX MPUHIIUIIOB PEIICHUS 3a/aud Ha
CTPYKTYPHOM YPOBHE.

Haubomnee pacrpocTpaHEHHBIM M TIPAKTUIHBIM KPUTEPHEM KadecTBa MPo-

€KTa SIBJSICTCS PAaBEHCTBO BKJIAJOB MACCHUBHBIX W aKTUBHBIX JJICMCHTOB B TOY-

HocTh peanuzannu AUX u ®UX. U3 (157) — (159) cnenyet, yTo 3TO NPUBOJIUT K
CTPYKTYPHOMY MOMCKY paBEHCTBa

S5 M _gn g st @ 161
Z 7\‘f . }\/ o Mmax H + 4flmax fl ? ( )
J=1 j
P, P
rae S , S — MaKCHMalbHbIC (10 MOAYJI0) YYBCTBUTEIBHOCTH K CTaTH4E-
max J1max

CKOMY KOI()QUIMEHTY M 9acTOTe eAMHHYHOrO ycweHus OY; O, u ©, — no-

IPEIIHOCTHU, onpeaestomue HenaeHTHIHocTh OV [cM. (8), (9)].
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Kak mpaBuio, B paMKax €IMHOrO TEXHOJIOTMYeCKOro npouecca AA;/A; 3Ha-
YUTENIBHO, T.€. OTHOCUTEJIbHBIE N3MEHEHHsI CONPOTUBIICHUN pe3ucTopoB (O, ) u
J

€MKOCTH KOHJEHCATOPOB (® . ) 10CTaTOYHO BEJIMKH, IOITOMY OCHOBHBIM (DaK-
J

TOPOM, 00€CIICUNBAIOIINM BhITIOJHEHUE yCioBus (161), ABIsSeTCS MUHUMHU3AIIHS
COOTBETCTBYIOIIEH YyBCTBUTEIBHOCTH B IOJI0CE MpomycKaHus (€2y).

Y4YuTBIBasI, YTO YHHUBEPCAIBHBIM MapaMeTpOM Py SIBISICTCS MOJ0C (HOJIb)
nepenaToyHor (yHKIMHU, aHaIU3 MPOOJIeMBbI 1eJIecO00pa3HO HauMHATH C KOH-
kpertusanun (157) — (159) g ero yactorel (®,) U 3aryxanus (d,). MoxHO
CTPOTO TIO0Ka3aTh, YTO COOTBETCTBYIOIIME COOTHOIICHUIO (157) 4yBCTBUTEIBHO-
cTu 000 mepenatouHot GyHkiuu D(p) onpeaessitoTcs CAeayIONUMUA COOT-
HOIIICHUSIMHU:

2 2 2.2 42
20(0° - o))+ 0 0,d,

Re(So V) = 162
%o, (0 —0°)’ + 0’0 d, (162
o d o oo’ +n)
Im(SO‘i(-’ N (163)
(0 —0" ) +o°w d
P pep
2.2 42
. oo, d
Re(SP0")=— 2% (164)
? (0, —0") +o'w,d,
. oo d (o) — o
Im(S;D('/(D)):— S p P( p ) (165)

(oap - coz)2 + oozcof)df)
31ech U anee WHICKC k TIPOIYIICH B CHITY YHHBEPCAIBHOCTH IapaMeTpa
¥ COOTBETCTBYIOIINX COOTHOIIICHHHA.
OTH 3aBUCUMOCTH B IIUPOKOM JIMAMA30HE YaCTOT MPHUBEIACHBI HA PUCYH-
Ke 51 ¥ MoKa3bIBaIOT, YTO BIWSHHUC HECTAOWMIBLHOCTH MapaMEeTPOB IMoiroca (Hy-
JI51) BCEeTJla MAaKCHMAJIBHO B TI0JIOCE MPONYyCKaHUs (JMama3oHe pabounx 4acToT)

yctpoiicTBa win CP-0moxa.

W(jw)| W(w)|
A ] A
S, S,

Puc. 51. Yacrotusie 3aBucumoctd AUX n @YX koppekTupyromiero GguibTpa
K 4acTOTE W 3aTyXaHUIO TOJII0CA MePeIaTOuHON HYHKIIMU
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JIJist aHaIM3a 9yBCTBUTEIBLHOCTEH MepeaaToOuyHON (DYHKIIMKM K 9acTOTE HY-
15 (w,) ¥ ero 3atyxanuio (d,) HeoOXoauMo B cooTHomeHusx (162) — (165) 3a-
MEHHUTb 3HAKU U UHICKCHI.

Kak 6bu10 nokaszano panee (cootHomenus (58), (59), (62), (63) u npume-
PBI, TEMOHCTPUPYIOIINE CTPYKTYPY OTHOCHUTEIBHBIX W3MCHCHHH M COOTBETCT-
BYIOIIIUX YYBCTBUTEIBHOCTEH), YYBCTBUTECIIBHOCTH MapaMEeTPOB TOJItoca (HyIIs)
K OCHOBHBIM ITapaMeTpaM aKTHUBHBIX 3JIEMEHTOB ONPEICIISIOTCS CIACAYIOMIUMHE
COOTHOIIICHUSIMH:

® 095 ®
P z——ffp a;S,” z—O’SaH_, (166)
J Imax 1/_ J lvlj J
@ z—%bj;Sf’_’ Ly (167)
J Imax 1/_ J lvlj J

rae a, , a;, b, , b; —Hexoropsie (Onu3kue K 1) K03pdHUIHEHTHI.
J - J

AHaJIN3 TPUHIUIIOB peaU3aluU KOMIUIEKCHO-CONPSI)KEHHBIX TOJIOCOB
(myneit) ([7], [8]) moka3bIBaeT, 4YTO B HU3KOUYBCTBUTEIIbHBIX BapUaHTaX JIOMHU-
HUPYIOIUM (aKTOPOM SIBISIETCA BIUSHHUE NMACCHUBHBIX JJIEMEHTOB O, ®. Ha

4acToTy k-To MoJioca, I03TOMY JIMOO B CHUITY BBICOKOW (PYHKIIMOHAIBHON YYBCT-
ButenabHOCTH (162), (163), 1100 B cHUly BBICOKOW MapamMeTpUuecKod 4yBCTBU-
tenpHOCTU (167) morpemHocTn AUX- u ®UX-ycTpolicTBa OLICHUBAIOTCS CJie-
IOYIOIUMH COOTHOIIEHUSMMU:

AR5 0,57 (0, +00) + £ 202
Ofw) % ' h

rjie k — MOpsAKOBBIA HOMEP TOJIFOCa (Hy.]]ﬂ) nepeaTOuHON PyHKIIUH.
Takum oOpa3oM, OCHOBHOM 3a7jaueil CTAaHOBUTCSI MUHUMM3ALIHUS CYMMBI

©(jw) ,
AV _ 5 0,557 (@, +0.,). (169)
O(jw) % ‘ ‘

KOTOpast MPEArojaraeT MoMCK CTPYKTYpP ¢ MUHMUMAJIBHBIM MCKa)KEHUEM 9acTOT-
HBIX XapaKTEPHUCTHK B ITOJIOCE MPOIYCKAHUS MPU U3MECHCHHH ITapaMeTPOB Tac-
CHUBHBIX YaCTOTO3aIal0IIHUX JJICMECHTOB.

Crnioco0nI perieHust Takux 3ajiad I0CTaTOYHO XOpoIo u3BecTHsI ([7], [9])
U CBSI3aHBI C MPUMEHEHHUEM JIOMOJIHUTEIBHBIX MEK3BEHHBIX CBS3CH. DTH MEXK-
3BCHHBIC CBSI3U 0OpPa3yIOT JOIMOJHHUTEIBHBIC CTEIIEHU CBOOOJIBI, KOTOPBIC M HC-
MOJIB3YFOTCS JUII MUHUMH3AIUU cyMMBI (169). 31eck moa 3BEHOM MOHHMACTCSI
YEeTHIPEXITOIIOCHUK, BOCTIPOU3BOISANINN TIEPEIaTOUYHYIO0 (PYHKIIUIO TICPBOTO ITI0-
psaaka it GUIBTPOB HIHKHUX M BEPXHUX YaCTOT M (DYHKITUIO BTOPOTO TOPSIKA
JUTSL TIOJIOCOBBIX W 3arpakaaroniux ¢uibTpoB. Beibop (pacy€r) mepenad uemnei
TaKHX CBS3€H OCYIIECTBIISET IPH BBHITTOJTHCHUN Vi PaBEHCTBA:

S0 _ glouol I S0t (170)
i ! n

O, {maxaj,maxbj}@fl , (168)
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rae R;, C; — 4acTOTO3aJalolIME DIIEMEHTHI (A;); 7 — NOPANOK IepelaTOYHON
byHKIMKA QUIBTPa-IPOTOTUIA, YIUTHIBAS, YTO YyBCTBUTEIbHOCTh AUX K Yac-
TOTE ® OINPEACIIICTCS UCXOIHBIMU TPEOOBAHUSIMH, MMaPIUATbHBIC YyBCTBUTEIIh-
HOCTH BO MHOTOM 3aBHCST OT THIA alMPOKCUMHUPYIONICH (YHKIMH, OIpese-
JSIOMIEH TIOPSJIOK 7 1 MaKCUMAaJIbHBIE JTOOPOTHOCTH Tojitoca (. OTMETHM, 9TO
Takass MUHUMU3AIMS BO3MOYKHA TpH n<35.

Taxum obpaszom, kak ciaeayet u3 (166) u (167), oTCyTCTBUE BO3MOKHOCTU
MUHHAMH3AIUIH CYMMapHOW YYBCTBHTEIBHOCTH IMapaMETPOB IOTIOCA K HECTa-
OWIBHOCTH | U f; TpeOoBaja JIUOO0 YMEHBIIEHUS JOOPOTHOCTH, JIMOO TPUMEHE-
HUs BbICOKOUYACTOTHBIX OY. [IpHHITMI COOCTBEHHOHN W B3aMMHOW KOMITCHCAIIUH
MO3BOJISIET coryiacHO (168) CHATH 3TH JOTMOJHUTEIIBHBIC OTPAaHUYCHUS H, PEIIast
3aJ1auy anmpoKCHUMAIUH (BRIOOP MUHUMAILHOTO 7), YMEHBIIUTh TPEOOBAHUS K
MapIUaIbHBIM 9YBCTBUTEIBHOCTSIM (170) ¥ TOBBICHTH CTaOMJIBHOCTH YacTOT-
HBIX XapaKTEPUCTHK B MOJI0CE MPOMYCKAHUS WM YBEIUYUTH JIOMYCK Ha OTHOCH-
TEJIBHBIC MIOIPEMIHOCTH O, 1 O ..

OpnHako yka3zaHHass OCOOCHHOCTh CTPYKTYPBI NMPUBOJHMT K YMCHBIICHHUIO
MaKCHUMaJIbHOT'O HEHCKa)KEHHOTO CHTHala 3a CYET JTUHAMHYECKOW TMEperpy3KH
(obdekt «mpeaplcKaKeHHT»), KOTraa BBIXOAHOW CHTHAJI CXEMbI OKa3bIBACTCS
MEHBIIIE BBIXOJAHOTO CHTHAjJa BHYTPEHHUX Y3JIOB (OTIEIBHBIX MPOMEKYTOUHBIX
KacKajoB).

5.2. PacuunpeHne guHaMmnyeckoro guanasoHa B CTPYKTypax
C AONONIHUTENbHbLIMU MEX3BEHHbIMU CBA3AMMU

Ha 6a3e cBOMCTB 4aCTOTHO MOJIHBIX CTPYKTYp [1] MOXKHO MOJTYy4YUTDH ISt
HanOoJiee BaXXHOI'O B MPAKTUYECKOM OTHOIICHHM Ciiy4as n=4 ONTHUMAaJIbHYIO
CTPYKTYpY UEIH, JONOJHHUTENIbHBIE MAPAMETPbl KOTOPOM MO3BOJSIOT HCKIIO-
yuTh 3P ekt AuHamudeckoil neperpy3ku. CyTb 3Toi MoAM(UKAIIMKN 3aKiI0Ya-
€TCS B MEPEXo/e OT OAHOKOHTYPHOTO BapHMaHTa MOJIYJIS YETBEPTOrO MOPSAIKA
(puc. 52) x TpéxkoHTypHOMY (puc. 53).

? — > CD1(p) > ch(p)

Bx? L L

-

v}
Bbix ?

Puc. 52. CtpykTypa punbrpa 4eTBEPTOTrO Nopsiika
C OJTHUM KOHTYpOM OOpaTHOM CBSI3U
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DTO yCTPOMCTBO peann3yeT MOJTHBIA Ha00p MOJTUHOMHAIBHBIX U KBa3HIIO-
JTUHOMMAJIBHBIX MepeAaTOUYHbIX (HYHKIIMHA, TO3TOMY YaCTHYHO IOJTHAS CTPYKTY-
pa B ¢¢ (hYHKIIMOHAJILHON MHTEPHPETAIMH MOXKET OBITh MpECTaBICHA JTOTOJI-
HUTEIBHBIMH KOHTYPaMH, COCTUHSIOIIUMH IPOMEKYTOYHBIC BBIXOABI BTOPOTO
3BEHA C CyMMaTopoMm (puc. 53).

e NG
Bx ? T~ P2 (p) Bbix ?

®,(p)
1 - - I

Puc. 53. CtpykTypa punbrpa 4eTBEPTOTrO Nopsiika
C IBYMsI JIONIOJIHUTEIBHBIMU HETISIMU MEX3BEHHOU CBSI3U

HezaBucumo ot tuna ¢puiabsTpa ero nepegaTouyHas QyHKIUS

q)(p):KC CDl(P)q)zl(P) ’ 171)
1-@,(p)[K, @, (p)+ KDy (p) + KD os(p)]
rae Kc — macmtaOHbIi ko3¢ duimeHT nepeaaun cymmaropa; @(p) — nepena-
TouHas ¢yHKuMs 1-ro 3BeHa 2-ro nopsanaka; @, (p), Oan(p), Pr3(p) — nepenaTou-
Hble (PYHKIIUU 2-TO 3B€HA C BX0Jla HA COOTBETCTBYIOIIKE BBIXOJIBI (puUC. 53).
PaccMmoTpumM peanuzanuio Ha 6aze 3TOH CTPYKTYPhI pa3IMYHBIX MMOJIMHO-
MUAJIBHBIX QUIBTPOB 4-r0 nopsiaka. st mocTpoeHus 3alaHHOrO QUIbTpa He-
00X0JIMMO B COOTBETCTBUU C Tabiuieil 10 ucmnonb3oBaTh ABa 3B€HA, BOCIPOU3-
BoJsIIME nepenaTounbie pyHKIuu D;(p), @yi(p), npuyém BTOpOE 3BEHO JOJIKHO
JOTIOHUTENIBHO o0ecneunTh peanuzanuio GyHkuuit @ys(p), Dan(p). 3necy M,
My, My, My; ipeACTaBIsSIIOT cOO0H HOPMUPYIOIINE MHOXKUTEIN (K03 dUIneH-
Thl TI€peIauk 3BEHbEB), a d ,;, ®,; SBIAIOTCS 3aTyXaHHEM W YacTOTOH MOIoca

i-ro 3BeHa. Tabnuua 10 umocTpupyeT CBsA3b KO3(PPUIHUEHTOB NEpelaTOuHON
byakuuu punpTpa

®(p)=MB(p)/(p* +asp’ +a,p* + ap +a,) (172)
C mapameTpamu 3BeHbeB U Kod(pdummeHtoB cymmaropa K¢, Ky, K,, K3. 31ech

napameTp M umeet cMmbica K03 uliveHTa nepeaadn GpuibTpa.
Konkpetnbiii Bua B(p) onpenensieTcss TUIIOM MPOSKTUPYeMOro (uibTpa

(tabn. 10). IlpuBeaéHHBIE COOTHOLIEHUS MOKA3BIBAIOT, YTO PACUIUPEHHUE JUHA-
MHYECKOr0 IUana3oHa B paMKax PaCCMOTPEHHOM CTPYKTYPhl MOXKET COMPOBOXK-
JaThCsl YBEJIMYEHHUEM OTHOCHTENIbHOM UYYyBCTBUTENBHOCTH K HECTaOMIBHOCTH
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Ko2(pUIIMEHTOB Tiepesaun 3BeHbheB M cymmaropa (tabs. 11). Jlns 3BeHbEB ¢

peuiaromMu YCUIINTCIIIMU 3TO HC ABJKICTCA CYHICCTBCHHBLIM, ITOCKOJIBKY OHU

(‘IYBCTBI/ITeJIBHOCTI/I) OIIPCACIIAIOTCA OTHOIICHUCM COHpOTI/IBJICHI/Iﬁ PE3UCTOPOB,

TOYHOCTDH KOTOPBIX OOCTATOYHO BBLICOKA. OI[HaKO IIpu pCIICHUHN TPAKTHYCCKHUX

3aga4 HCHCCOO6paSCH I[OHOHHHTCHBHBIﬁ CpaBHHTeHBHBIﬁ aHaJIn3.

Tabnuna 10

OcHoBHBIC TapaMeTPhbI MOJHHOMHUAJIBHOIO0 (PUJIBTPA YeTBEPTOr0 NOPSIAKA

C JOIIOJIHUTECJIbHBIMU LIENNAMHU MeK3BEHHOH OﬁpaTHOﬁ CBAA3H

Tun ¢unbrpa

C1pyKTypa HxHUX yactoT (HY) | Bepxuux wacrot (BY) nosiocoBoit (IT)
@, (p) Mo, /L (p) M,p*/L(p) M, pd,o, [L(p)
®,(p) M,0;, [L,(p) M,p*/Ly(p) Mypd .0, /L,(p)
@, (p) Mupt/L(p) | M,.p* /L, (p)
o,(p) | 0 M 02, /Ly(p) M 02, [L,(p)

[TapameTpsl CTpyKTYpBI
M KMM,/(1-KMM,) | KMM,/(1-KMM,) KMM,d,d,
2-alo,0,.)
as d,o,+d,o, (dp]cop]+dp2cop2) dp,cop](l—M]M23K2)+
(1-K,MM,) +d,,,
a o (1-M MK, )+ (02, (1-M MK, )+, + ®,0,,d,d,,*
+wh, +0,0,,d,d,, J;Zplollp;jpﬁng/ X(l_Afleljl)*'
M o +0, +o,
ai d 0,00, +d,,0,00 | d,0,0),+d,0,07, d 0,05, (- M M,K,)+
1-KM M, +d 0,00,
ao w05, (1- KM M,) w05, (1- KM M,) ®,05,
Pacuérnbie cooTHOIIEHUS
d, 0,5a3\/a3—/a] O,SaIW/aO em. (175), (176)
, (0! —a, )/MM,0! (4 -0 )/M M, d—a,-2-’
M]Mzdp
K, ((of,(2+dp)—a3) 0 20,d,—a,
MM 0} MM d o,
K, 0 2+d} —a,0, [a, 2d ) —a,
Vil MMy,
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Tao6mauua 11

Koy puuueHnTsl 4yBCTBUTEIBHOCTH (PHJIBTPA
€ JONOJHHUTEIbHBIMH MEK3BEHHBIMH CBA3AMU

Tun ¢unbrpa
UyBCTBUTENBHOCTD _
HUKHUX 9acTOT BEPXHHUX YaCTOT MTOJIOCOBOM
cij,ldpl 1/2 1/2 (Yz _1)/72
(‘l‘)i)zdpz 1/2 1/2 1/v,
:43;1(,. 0 S;@f (Yz _2)/72
a 2 2 2 M
d;ld[ﬂ dp/2 dp/B dp/SM1Y1
2 2+d?)/a 1452 1
o 1+8% 2+a2)/p 1
Si, 0 Snﬁjl (y]—2—d;) 11
S:fzz 0 MM ,K 0
S:4223 _M1M23K 0 0
S:/Izl S:/IZZS S:/IZZ + S:/IZZZ S:/IZZ
Si 0 S Sit
SE Sy 0 0
Sla(i 0 S:/IZZZ 0
Z)lp[ 3/2 3/2 (1"'73)/73
5)11,2 3/2 3/2 (273 _1)/73
. 12 12 (- D/,
5;,2 1/2 1/2 1/v,
Sty it 0 Snﬁjl (73 - 2)/73
S:/;)I,Mz,Kl - S}[A/;Il S,fjl 0
Ycnosubie 0003HadeHus | 2-M MK, +d; =a | 2=-MM,K,+d. =B | d (1-K,MM,)+2=y,
2-MMy;K, =1,
2-MM,K, =y,

[Ipumeuanue: CooTHOWEHHUs crpaBeiuBbl npu d, =d ,=d,, 0,=0,=0, WL

BCEX BHUI0B

Su =Su =[-MMK]", s =18'=8}-18S
pa Sy =Sy, =288 =85, =

wpl

¢buIbTPOB

wp2

M oM
wpl _Su)pZ

oc:2+d; —M]M23K2,B:2+ocf, -MM,K,.
=0. lnsa nonocoBoro GpuibT-

2, ays ®HY u ®BY S, =S, =0. [lox i moHMMAIOT HO-

Mep MHJIEKCa IMapaMeTpa, BXOSIIET0 B CTPYKTYPY aHATHU3UPYEMOTO BBIPAKEHUS.
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Haunyumue, ¢ TOYKM 3peHUST UyBCTBUTEIBHOCTH U IUHAMUYECKOTO JIHa-
Ma3oHa, pe3yJbTaThl OOECIEYMBAIOTCA MPUMEHEHHWEM OJIMHAKOBBIX IO CBOUM
rnapaMeTpaM 3BEHbEB BTOPOTrO MOpsiKa, MO3ToMy B Tabiuiie 10 ocHOBHBIE pac-
YETHBIE COOTHOLIEHHUS MTPUBEICHBI TOJIBKO IS 3TOTO CIIy4asl.

Jns GUIBTPOB HMKHMX M BEPXHUX YacCTOT 3aTyXaHHUE d, ONpENesIeTcs
OJIHO3HAYHO, JIJIS T0JI0COBOT0 (PUIBTPA OHO HAXOJIUTCS U3 JOMYCTUMOTO YPOBHS
noabeéma AUX Ha BeIXOJIe CyMMaTopa

4=k (@)@ +bf ra2r (173)
" IICPBOI'o 3BCHA BTOPOI'0 IMOpAAKA
4 =K1dp,/d§+92/\/(gz+b)z+c71292, (174)

—_ * 4—i
rae Q= 0)/0)p -, /m,b =2-a,,a; = al./oop '. MakcuManbHbIe 3HAYCHHUS ITHX

Ko2(pUIIMEHTOB Tiepead BO3HUKAIOT Ha YacTOTaX:

0, = l*b +a?)-20*|/(2b +af —242); (175)

0 = @2 -0)-ad: - (176)

PaCCMOTpI/IM peam3annro Ha Oase HpCI[J'IO)KCHHOfI CTPYKTYpPbI ITIOJIOCOBO-

ro (uIbTpa ¢ HOPMUPOBAHHBIMU K IIEHTPAJIBHON YacToTe (puibTpa a, = mfb_iﬁi
kodduIreHTaMl TMOJAMHOMA 3HaMeHaTens mnepegaToyHo Gynkuuu (172)
a, =a;=0,37244,a, =2,071La, =1. Tlo (173) — (178) npu d,= 0,5 Haxoqum
Q.=0,148, n.=0,3961b; Q, =0,1075,n, =0,116 nb.

[To coortHomenusam tabmunsl 10 K= 0,716, K, =K;=1255 npu
o,=0, K.=M,=M,=1, M,,=M,; =1. B ciydae cTpyKTypsI C OJHOIi
OC nmpu ananornyseix ycnosusx wumeem K, =-105, 16, d,=0,186,
Q.=0384, n.=725, Q,=0,2125, n, =2,246 nb. /Inia cpaBHeHus Ha pu-
cynke 54 npusenenbl rpadguku AUX B pazauyHbBIX y3/1aX CXEMbl C OJHOU (He-
npepbiBHas TuHUA) U Tpems (mrpuxoBas auaus) OC, oTKyna BUAHO, YTO JOC-
TUTHYTOE paclIMpeHre TMHAMUYECKOr0 AUara3oHa cocTasiseT okono 7 nb.

OO6sacTb BO3MOXKHOTO NPAKTUYECKOTO MPUMEHEHUs paccMaTpUBaeMOi
CTPYKTYpBI onpeniensieTcss 4yBCTBUTENbHOCTRI0O AUX 1 @YX k HecTaOMIbHOCTH
4acTOTO3aJal0MUX 3JeMEHTOB. M3 cooTHomeHuit tabiuiel 11 jerko ompene-
JUTh YHUCIICHHbIE 3HAYEHUsI COOTBETCTBYIOIIMX YYBCTBUTEIbHOCTEH (Tabm. 12),

OTKyJa CJICAYCT, YTO CyMMapHasd HECTAOMIILHOCTD IMIpu BBCACHUU NOIIOJHUTCIIb-
HBIX KOHTYPOB HC U3MCHSCTC.
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Tabonuma 12

CpaBHUTEJbHASI XaPAKTEPHUCTHKA YyBCTBUTEJIbHOCTEH

110JI0COBOr0 (punbTpa

gan Jis cxembl gan Jis cxembl
i ¢ ogHoit OC ¢ tpemst OC i ¢ ogHoit OC ¢ tpemst OC
s 0,5 -0,34 Sa 1,5 2,34
5= 0,5 1,34 sa 1,5 0,66
Sy 1 1 A 2 2
Sy 1 1 A 2 2

OpHako cpeqHEeKBaJpaTUYECKOE 3HAUEHHE UyBCTBUTEIBHOCTEH K03(du-
[IMEHTOB MEPeIaTOYHON (QYHKIMU B 3TOM Cly4yae Bcerja Bo3pactaeT. Tak, jis
koa(duIreHTa a; 3Ta BeJIMUMHA YIBAaUBAETCA, YTO B KOHEUHOM HUTOT€ MPUBOAUT
K uckaxeHuto AUX B monoce mponycKaHus NpU OJHOTHUIHBIX TPEOOBaHUSAX K
MOTPEIIHOCTU YaCTOTO3aJA0IINX 3JIEMEHTOB. 1103TOMY, C TOUKM 3pEeHUST MUHHU-
Muzaiuu (168), BapuaHT ¢ OJTHOM JTOMOJTHUTEILHON MEK3BEHHOM 00paTHOM CBsI-
3bI0 SABJISIETCS MIPEAIIOYTUTEBHBIM.

20IgA, ab

10 — 7,

-15
\ \ \ \

Puc. 54. AMIIIUTYTHO-4aCTOTHAs XapaKTepUCTUKa pUiIbTpa
Ha BBIXOJIE CyMMAaTOopa U MepBOro 3BeHa

PaccMoTpeHHbIN TpuMep MOKa3bIBAET, YTO HOBBIE CTPYKTYPBI MOTYT OBITh
MOJIyYEeHbl IPUMEHEHUEM OOBIYHBIX PACUETHBIX ONEpalfii, KOHKPETUZUPYIOUTUX
3HaK W BEJIMYMHY MaclITabHOro ko3(¢uiuueHTa KOHTypa OOpaTHBIX CBS3Eil.
31ech JOMOJHUTENIbHBIE CTENEHU CBOOOABI MOTYT OBITh HAIPaBIIEHBI HA JIOCTH-
KEHUE JIIOOBIX BAXKHBIX C MPAKTHUECKOM TOYKU 3PEHUSI CBOMCTB:

— yMeHblueHue koddduuuenTa nepegayd Ha BbIXOAE JTIOOOTO U3 aKTUB-
HBIX JJIEMEHTOB;

— UJACHTUYHOCTH [1apaMETPOB 3BEHBEB BTOPOIO MOPSAKA;

— IepepacupereslCcHHe CYMMAapHOU YyBCTBUTEJIBHOCTH K 4acTOTO3aJaro-
LM 3JIEMEHTaM LIEIIH;

— CO3/l1aHHM€ BHEIIHUX IeNeH, YNpoIamIIuX Mpoueaypy (pyHKIMOHAb-
HOU HACTPOWKH, U T.II.
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OTMCTI/IM, YTO UM3MCHCHMUC KOG)(i)(i)I/ILII/ICHTOB nepeaadn Ha BbIXOJAC dKTHB-
HOT'O 3JICMCHTA MOJKCT IIPU BBIITIOJIHCHUHN AOIIOTHHUTCIIBHBIX IMAPpaMCTPUICCKUX U
CTPYKTYPHBIX YCHOBI/Iﬁ YMCHBIIUTD BJIMAHUC €TI0 IJIOIIAAN YCUJICHUSA Ha OCHOB-
HBIC ITapaMETPhI BCCT'O YCTpOﬁCTBa.

5.3. NNpumep cuHTE3a CTPYKTYPHO-ONTUMANbLHOrro
nosnocoBoro hunbTpa

B kauectBe mpumepa, IE€MOHCTPUPYIOIIETO HACTOSIIMM TE3HC, PACCMOT-
pUM MPOEKTUPOBAHUE MOJIOCOBOro (uiabTpa s ananoroBoro CP-6ioka cuc-
TE€MbI YJIbTPa3BYKOBOW JUArHOCTUKHU Ta30BBIX MPOAYKTONpoBOoAOB. Kak oTme-
4aJIoCh BBIIIE€, OPUEHTALIMS Ha CXEMbl C B3aUMHOM KOMIIEHCAIlMEeN BIUSHUS OC-
HOBHBIX napaMmeTpoB OV Ha TouHOCTH peanuzanuu AUX B mojoce mpomycka-
HUS TIO3BOJIAET CHATH 0a30Bble OTPAHUYECHUS HAa BEJIMYHUHY TOOPOTHOCTH TOJIIO-
ca u, CJIeI0BaTeIbHO, BOCIOIB30BATHCA BO3MOXKHOCTbIO MUHUMU3AIMK BIAUSHUS
MOTPEIIHOCTEN MACCUBHBIX 3JIEMEHTOB.

N3 31X cooOpakeHni ONTUMAaIbHBIM alPOKCUMHUPYIONUM TTOTHHOMOM
aBigeTcss noauHoM YeOblmeBa 4-ro mopsijka, a ONTUMAJIbHOM CTPYKTYpoll —
bunbTp ¢ obmeit crabunusupyromieit oopatHoit cBszpio (LF) (puc. 52). Pacuér
[0 COOTHOIICHUSIM Ta0auIbl 10 MPUBOAUT K CIENYIOUIMM MapaMeTpam oO0IIei
CTPYKTYpbI (pUiIbTpa:

Q=0 :107fp1 :fpz =100 xI'n,
M,=Q,,M,=1,K,=0,1955. (179)

Jlnst peanuzanuu GuiIbTpa MOKHO UCIOJIB30BATh CO3JaHHYIO PAHEE CXEMY
YHUBEPCAJIIBHOTO (PUIIBTpa BTOPOIO MOPSKAa C B3aUMHOM KOMIIEHCALUEW BIIMSI-
HUSl YacTOThl €IUHUYHOTO YCHJICHHS Ha TapaMeTpbl KOMILIEKCHO-COMPSIKEH-
HOTO Totoca (puc. 16).

[IpuHIIMNIMaNbHAS CXeMa CHMHTE3MPOBAHHOTO MOJOCOBOTO (hUIbTpa MpHU-
BeJieHa Ha pucyHke 55. [Ipu e€ mpoeKTHpOBaHUM MCIIOJIb30BAIUCH BHISIBICHHBIE
paHee 0COOEHHOCTH 3BE€HA M0JIOCOBOTO THNa (puc. 16). Bo-nepBriX, Kak mokasa-
HO Ha pHUCyHKe 19, BIusiHHEe HECKOMIIEHCUPOBAHHOTO OCTAaTKa CyMMapHOW 4yB-
CTBUTEIBHOCTU MPOSIBISETCA BOJIM3M YacTOTHI IMOJIFOCA, U €r0 MOKHO Y4YeCTb
n3MeHeHueM koddduiuenta nepegaun 3peHa. [loaromy obmuii ko3phuIueHT
nepenadn QuiIbTpa ONpeeseTcss COOTHOLIEHUSIMU Pe3UCTOpoB Ri7 U Rjy. OT-
METHM, YTO HyMepaIys TaCCUBHBIX JIEMEHTOB OIpeesieTcs ABYMs nudpamu —
HOMEp 3BEHA U MOPSAKOBBINA HOMEp AnemeHTa (puc. 16).

Bo-BTOpbIX, HECKOMIEHCUPOBAHHBIE COCTABISIONINE, KOTOpPHIE OMpeJie-
JISTFOTCS TIOPSIIKOM peabHON TepeaTOYHON (DYHKITUH, IPUBOJIAT, KaK 3TO BHJI-
HO u3 pucyHKOB 17 u 18, k otknonennto AUX u @YX oT uaeanbHbIX HAa 4acTO-
Tax, MPEBBIAOIINX YacTOTy noitoca. Ux Biusgaue Ha popmy AUX dunbTpa
(puc. 55) TpebyeT MpUMEHEHHUsl TONOJHUTEIFHOTO KOPPEKTUPYIOIIETr0 KOH/IEH-

caropa CK H, KaK CJICACTBUC, U3BMCHCHU YPOBHA KOMIICHCAIIMM BO BTOPOM 3BCHC.
91



[ToaToMy nmpumeHeHue MynbTHARPGepeHnaIbHbIX OY co CTPYKTYpO# Kacka-
JI0B, TTIOKa3aHHBIX Ha pUCYHKE 14, M0O3BOJIsAET 00eCneYnTh TpeOyeMblid kK03 du-
IIMEHT TIepelauyu KOMIICHCUpYyroliero kanaia (K,=1,8). B nmepBom 3BeHe aHaio-
TUYHOE M3MEHEHUE OOBSICHACTCS yBeIWYeHHEeM 0011ero koddduimeHra ycuie-
HUS MacIITaOHOT'O YCHIIMTENS 3a CUET MPUMEHEHUS Ry B KauecTBE IIENU OOIICH
Mex3BeHHOU cBs3u (K;=2). HakoHel, cymMmapHash NEpeKOMIICHCAIIUS YacTOT
MOJIFOCOB TToTpeOoBaia yBeauueHus Ha 0,625 % HOMHHAIIOB YacTOTO3adal0TUX
PE3UCTOPOB R]], R12; Rz], Rzz.

Ri7

0.83kOm 2kOM
Rig Q 0.15kOm

Eex

Puc. 55. [lpuniunuanbHas cxeMa HU3KOUYBCTBUTEIBHOTO MOJI0COBOTO (DUIIbTpa

Pesynbprarel MopenupoBaHus cxembl U cpaBHeHHs €€ AUX u OUX c
UJICAIM3UPOBAHHBIM BApUAHTOM peanu3aluu ( f; =, L =o0) CBelleHbl B Ta0Iu-

1y 13 u nmpuBeneHsl Ha pucyHKax 56—63.

Tabamma 13
OcHoOBHBIE TapaMeTPhbI M0J0COBOr0 GpuabTpa
[TapameTpsl
I10Ji0ca I10JI0Ca
Cxema IMPOITyCKaHUA 3arpaxxJacHus HpI/IMCLIaHI/IC
Lo | I o | fi | L] K
kl'1g kl'1g kl'1g nb Kl | k[ nb

Wneanuzupo- | 90,7 | 100,1 | 110,5 0,16 17 588 -60 fiy =0, =00
BAaHHAs CXeMa
Cxema noso- | 90,7 | 99,8 109,8 0,32 | 18,2 | 588 -60 Ji, =5MI'n,

COBOT'O (PHJIBT- u, =80xb

pa ¢ B3aUMHOM . - 5 AMIL< £ <6MI

KOMITICHCAluen 9071 99,8+ | 109,8= | 0,32+ | 18,21 588 60 nE sy '
(pic. 55) 100 110,3 0,66 u, =80xb
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Puc. 56.

Puc. 57. Bausiaue yactotel equnnyHoro ycuienus OY (MOY)
Ha AYX nonocoBoro ¢GuiabTpa B MOJI0CE NPOMYyCKaHUS

SOHELE 4R
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Puc. 58. ®UX uneanuzupoBaHHOTO QUIbTpa
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OHEIE 41

..

=
=T

AYX uneanbHoro dunbTpa

17.028K-60

AYX dunbTpa ¢

/\ 18.148K60

588.4K-60

i
st Vi)

Puc. 59. CpaBuurenpsHas xapakrepuctuka AUX uaeanu3upoBaHHOrO GUIbTPaA
1 (GUIBTPa ¢ B3aUMHOM KOMIIEHCAlMEN B IIMPOKOM JUAINa30HEe YacTOT

Peak_Valley(Db(V (out2)/V(in)),1,1)
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Puc. 60. FI/ICTOI‘paMMa BIIMAHUA HOFpCIlIHOCTCﬁ ITIaCCHUBHBIX 3JICMCHTOB

Peak_Valley(db(V(out1)/V(in)),1,1)
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Puc. 61. FI/ICTOFpaMMa BJIIMAHUA ITACCUBHBIX 3JICMCHTOB

UJeaNu3upPOBAHHOrO PUIIbTpa HA HEpaBHOMEPHOCTH, AUX
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Puc. 62. Bnusinue naccuBHbIX 351eMeHTOB Ha AUX QunbTpa
C B3aUMHOM KOMIIEHCALIUEN B TI0JIOCE MPONYCKAHUS
(metox Monte-Kapio @ = 0,25 %, ©¢ = 0,25 %)
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Puc. 63. Bnugaue nmaccuBHBIX diieMeHTOB Ha AUX
uaeanu3upoBanHoro ¢puibtpa (Merog Monte-Kapio Or= 0,25 %, Oc= 0,25 %)

[IpeaBapuTEenbHO OTMETHUM, YTO B AaHAIM3UPYEMOM BAPHUAHTE MHTErPAIb-
Hasa oueHka Of,=1,0 MI'n Toipko B 4 paza MeHbIIE YaCTOTHI €IUHUYHOIO yCHU-
JICHUS, YTO 3HAYUTENIbHO (IIPAKTUYECKU MOPAJIOK) MPEBBIMIAET TPaJULMOHHBIE
pexkomenaaiuu B ARC-texuuke [8]. Kak BumHO U3 rpadukoB pUCYHKOB 56 1 57,
f1 OY nocrarouno ciabo Biusget Ha Bua AUX ¢uiibTpa B monoce npornyckaHus
U COXpaHsieT ero HepaBHOMEPHOCTh Ha ypoBHe 0,66 nb npu usmenenuu f; ot 4,0
1o 6,0 MI'u, npu 3TOM NPUHATHIE BBIIIE MEPHI YACTOTHOM KOPPEKIMHU AOCTa-
TOYHO PAallMOHAJIBHBI. DTOT BBIBOJ MOATBEPKAACTCS TAKKE CONOCTABUTEIIbHBIM
aHaJIM30M PE3yJIbTATOB aHAJIM3a UACATU3UPOBAHHOMN U MPEIJI0KEHHON CXEM Me-
tonoM MonTte-Kapio (100 BbIOOpOK) Npy M3MEHEHUHU MMAaCCUBHBIX JIIEMEHTOB Ha
+0,25 % (puc. 60—63), xoraa BIMSHUE MACCUBHBIX U aKTUBHBIX JIEMEHTOB B
M0JIOCE TPOIMYCKaHUs (PUIIbTPA OKA3bIBAETCS MPUMEPHO OJJUHAKOBBIM.
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5.4. OcHOBHbIe BbIBOAbI

[lony4yeHHsle B HaCTOsIIEH paboOTe TEOPETHUYECKUE, METOJMYECKHEe U
MPaKTUYECKUE PE3YNBbTATHI MO3BOJISIOT CAENaTh PsAJl BAXHEUIIUX JIJIS Pa3BUTHUS
COBPEMEHHON MUKPOCXEMOTEXHUKH aHAIOTOBbIX CP-0J10KOB BHIBOJIOB.

Bo-niepBbix, TeXHOJIOrHYECKass 0COOEHHOCTh MPOU3BOJICTBA CIOXKHO-(PYHK-
[UOHAIBHBIX OJIOKOB CO3JAaCT pealibHble MapaMeTPUUECKHe YCIOBUS CXEMOTEX-
HUYECKOTO NMPOEKTUPOBAHUS UX Y3JIOB U YCTPOUCTB C HU3KUM BIIUSHUEM JOMHU-
HUPYIOIIUX MMapaMeTPOB aKTUBHBIX 3JIEMEHTOB. JTa OCOOCHHOCTb MOXKET MpO-
ABJIATHCS TOJIBKO B CHEIUANBHBIX CTPYKTYPAX — CTPYKTYpaX, 00ECIeUHBAIOLTUX
yepeJoBaHUE 3HAKOB B (PYHKIHUSAX MapaMETPUUECKON YyBCTBUTEIBHOCTU K He-
CTaOMJIBHOCTH MapaMeTPOB AKTUBHBIX AeMEeHTOB. sl co3laHus MPUHIUIH-
aNbHBIX CXEM Pa3IUYHOr0 (PYHKIIMOHAJIBHOIO Ha3HA4Y€HMsI, 00JaaloluX yKa-
3aHHBIM CBOMCTBOM, OKa3bIBA€TCS HEOOXOIUMBIM MEPECMOTP pAJia MPUHIIMIIOB
opraHu3anuyd oOpaTHBIX CBsI3eM B JUMHEWHBIX ycTpoMcTBax. [ns peamuzanuu
yKa3aHHBIX CBOMCTB MPUHIMIMAJIBHBIX CXEM HE0OXOIMMO U3MEHEHUE CTPYKTYP
nepeIaToyHor (yHKIMKU CUCTEMBI IIPU MOJa4ye CUTHala Ha HEMHBEPTUPYIOIIUMA
Bxox OV (18) u nepenaTounoit GpyHkiuu Ha Beixojne OV Mpu TOM ke UCTOYHU-
K€ BXOJHOro Bo3jaeicTBus (22). B aTom ciiyyae ymenbaercs Biausinue OY Ha
COOCTBEHHBIH IIYyM cXeMbl (25) u coxpaHseTcs Habop NMepeIaToYHbIX (YHKIUN
ycTtpoiictBa Ha Bbixogax OV (19) u, cinenoBaTenbHO, 00IIasi MeperaToOvHAs
byukuus (22).

Bo-BTOpbIX, Kak MOKa3aHO B IiaBe 2 HacTOsIIEH paboThl, KOHKPETU3AIUsI
HalJeHHBIX (YHKIMOHAIBHBIX U TOMOJOTMUYECKUX MPUHIIUIIOB ILieJIeHaNpaBiieH-
HOT'O BBEJCHUSI KOMIIEHCUPYIONIMX KOHTYPOB OOpaTHBIX CBSI3€H MOMKET ISl OIl-
pEeAeNIEHHOrO Kiacca MPaKTUYECKUX 3a7a4 MPUBECTU K MPOCTHIM MpPaBUIIAM IO-
CTpOEHUSI MPUHIMIHAIIBHBIX CXEM C B3aMMHOW KoMmIeHcauuen. J{ns atoro He-
00X0JIMM aHaJIu3 LEJEBbIX (peain3yeMblX) MepeJaToOuHbIX (PYHKIMI XapakTepa
M3MEHEHHSI CTPYKTYpPhI UX HOMHHAJIOB U 0a30BBIX MTapaMeTPOB MTPOEKTUPOBAHUS P.
Hanpumep, 11 3BeHbEB aKTUBHBIX (PUIIBTPOB U KOPPEKTOPOB TAKUMH HapaMeT-
pamu SBJISIOTCA MapamMeTpbl UX MOJIIOCOB M KOHKpETH3alusl UX u3MeHeHus (47)
(48) mo3Bossier chopMynupoBaTh MpeACTaBICHHbIC B Tabiuile 2 mpaBujia Io-
ctpoenusi cxeM. [IpuBeaénnbie B paboTe CKBO3HBIE MPUMEPHI, 1E€MOHCTPUPYIO-
[[1€ METOJMKY CTPYKTYPHOTO CUHTE3a CXEM C B3aUMHOM KOMIIEHCAlIU{, BCKPHI-
BaIOT COJEPXKATEIbHYIO CTOPOHY NPOEKTHBIX MPOUEAYpP U IOKa3bIBalOT BO3-
MO>KHBIE€ HaIlpaBJICHUS COBEPIICHCTBOBaHUS (DYHKIIMOHAIBHBIX CBOWMCTB HC-
MOJIb3YEeMbIX AKTUBHBIX 3JIEMEHTOB.

B-TpeTbux, Kak BUJIHO U3 I1aBbl 4, T/I€ paCCMOTPEHA 3a/laya CUHTE3a JJIs
C®-6110k0B MPUHIUITHATIBLHON cXeMBbI «0e3Aper(poBOroy» orpaHUUMUTENS CIIEKTpa
5-ro nopsiaka, mpuMeHeHre oOIeld METOJIUKH CXEMOTEXHHUUECKOTO MPOEKTUPO-
BaHUA TpeOyeT MpeABapUTENIbHOIO aHajau3a 0a30BbIX MPUHIIMIIOB MOCTPOCHHUS
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COOTBETCTBYIOIIUX MOJYJIEH, COMOCTaBUTEIBHOIO HCCIIEIOBAHUS BO3MOKHBIX
CIIOCOOOB BBEJICHUSI KOMIIEHCUPYIOUIUX OOPATHBIX CBSI3€H, a TAK)Ke MPUMEHEHUS
JOTIOJIHUTENIBHBIX MEX3BEHHBIX KOMIICHCUPYIOIIMX cBszeil. Kak BUAHO M3 co-
MOCTABUTENBHOTO HUCCIENOBaHUS PUCYHKOB 21 u 25, 3ppexkTuBHOCTh BBEAEH-
HBIX KOHTYPOB COOCTBEHHOW M B3aMMHOM KOMIIEHCALIUU OTpPEIEsieTCs] MaKCH-
MaJbHOM JOOPOTHOCTHIO MoOJItoca nepeaaTounoil Gynkiuu. OgHako Aaxe mpu
MpeesIbHO HU3KOM JOOPOTHOCTHU BIMSHUE U3MEHEHMS YaCTOT €AUHUYHOTO YCH-
neHns OV B LIMPOKOM TEMIIEPATYPHOM JIHANA30HE HA XapAKTEPUCTUKHU YCTPOil-
CTBa MHOT'OKpaTHO yMeHbIIaeTcs. Bo3aMokHO, 15 3TOro Kjiacca 3agad HeoOXxo-
auMo Oosiee riay0oKoe U3ydyeHrue MPUHIUMIIOB UX CTPYKTYPHON ONTHUMH3ALIUH.

Hakonen, u 3T0 camMoe INIaBHOE, MUHUMHU3ALUSI aKTUBHOW YYBCTBHTEIIb-
HOCTH TIO3BOJISIET C HOBBIX MO3UIUNA paccMaTpuBaTh OOJACTh MPAKTUYECKOIrO
MIPUMEHEHUS ONTUMAJIBHBIX [JI1 NACCUBHOM YYBCTBUTENBHOCTU CTPYKTYp. Kak
cleayeT U3 MaTepuajioB S5 IJIABbl, SKCTPEMAIBHOE YMEHBIIEHUE CTEIIEHU BIIUS-
HUS YaCTOTHBIX CBOMCTB OY Ha TOYHOCTH peasin3aliui JOOPOTHOCTU U YACTOTHI
0JI0CA TI03BOJISIET UCIIOJIB30BaTh IPU CUHTE3€ PUIIbTPA ONTUMATbHBIE ANIIPOK-
cumupymomue (QyHKIHH, 00ecleurnBaroie YMEHbIIEHUE €ro MopsaKka U Mpu-
BOJSIINE K OTHOCUTEIBHO OOJBIION TOOPOTHOCTH MONIOCOB. B cBOIO ouepenb
MHUHHMMAaJIbHBII TOPSAOK TAPAHTUPYET BO3MOYKHOCTH NMPUMEHEHUS ONTHMAallb-
HBIX CTPYKTYp (JIECTHUYHBIX U MHOTOTIETIIEBBIX), B PAMKAX KOTOPhIX U MUHUMHU-
3UpyeTCs MACCUBHASI YYBCTBUTEIBHOCTh CXEM.



3AKINKOYEHUE

C Touku 3peHus 001el NpobIeMaTUKU MOCTPOEHUS aKTUBHBIX (DUIBTPOB
KaK CIIOKHO-(YHKIHOHATIBHBIX OJIOKOB COBPEMEHHBIX MUKPOAJIEKTPOHHBIX CHC-
TeM, MPUMEHEHUE MPEIJIOKEHHBIX B HACTOSIIEH paboTe MPUHLMUIIOB YMEHBIIIE-
HUSl AKTUBHOM YYBCTBUTEIBHOCTH UX MAapaMETPOB U BO3MOKHOCTH MPUMEHEHUS
0oJiee S5KOHOMUYHBIX aKTUBHBIX 3JIEMEHTOB M, B YHACTHOCTH, MYJIbTUIUDPEpeH-
[UATBHBIX ONMEPALMOHHBIX YCUJIMTENEH MO3BOJSET NEPEBECTH B MPAKTUYECKYIO
MJIOCKOCTh HMCIOJIb30BAaHUE ONTUMAJIbHBIX TepeJaTOYHbIX (YHKLUUNA U peaju-
3YIOLUX UX CTPYKTYP.

JIeHiCTBUTENBHO, HCIOIB30BAHUE ONTUMAJIBHBIX aNNIpPOKCUMHUPYIOIIKUX
byHKUMH, 0OecrieunBalONIMX MUHUMAIBHBIN MOPSIOK MepeaaToyHol GyHKIUU
U, CJEI0BaTeIbHO, MUHUMAJIBHOE YHUCIIO KOHIEHCATOPOB, 3aTPYAHSIOCh HEOO-
XOAMMOCTBIO pealn3allMid OTHOCUTEIBHO OOJBIINX JTOOPOTHOCTEHN €€ MOIHCOB
3a CU€T MPOMOPIMOHAIBHOIO YBEJIWYEHUS BIUSHUSA YAaCTOThl €IMHUYHOTO YCH-
JICHUS! aKTUBHBIX 3JIEMEHTOB. [10 3TOM ke mpuYruHEe 0Ka3bIBAIOCh HEBO3MOXKHBIM
UCIIOJIb30BaTh ONTUMAJbHBIE, C TOUYKH 3PEHHUS YYBCTBUTEIBHOCTH YaCTOTHBIX
XapaKTepUCTUK K HECTaOMJIBHOCTH MapaMeTPOB MACCUBHBIX 3JIEMEHTOB, CTPYK-
TYpbI (HanpuMep, JIECTHUYHBIE U C TOTIOJHUTEIbHBIMU MEX3BEHHBIMU CBA3SIMU).

Kak nokazaHo B pa0ote, enu cOOCTBEHHONW KOMIIEHCAIUM IO3BOJISIOT
AKCTPEMATbHO YMEHBUIUTh YYBCTBUTEJIBHOCTh MapaMeTpOB MOJIIOCOB K HecTa-
OWJIBHOCTH YacTOThl €JMHUYHOIO YCUJIEHUS aKTHBHBIX 3JE€MEHTOB, HalpUMeEp
ONEpPALMOHHBIX YCWJIMTENEH, M CIeNaTh 3TOT MapaMeTp HEJOMHHUPYIOIIKM.
OpHako, ¢ MPaKTUYECKONW TOYKU 3pEHUS, BHIPABHUBAHUE BKJIAJA MACCUBHBIX U
aKTUBHBIX 3JIEMEHTOB CXEMbl B OOIIYI0 HECTAOMIBHOCTh PEaTu3yeMbIX YacTOT-
HBIX XapaKTEPUCTUK SBISETCS OINPaBJAaHHBIM KOMIIPOMHUCCOM IPH PEIICHUU
MIPOEKTHBIX 3a/1ay. B 3T0# cBsI3M JomycTUMas «IepeKoMIIeH Al 3a CUET yBe-
JUYEHHS] COOTBETCTBYIOLIEH TIIyOMHBI 3TOM CBSI3M MO3BOJIAET peain30BaTh B3a-
MMHYIO KOMIICHCAIMIO BIMSHUS OTACNIbHBIX aKTUBHBIX 3JIEMEHTOB W, CIle[0Ba-
TEJBHO, CO3/1aTh 00JIee SKOHOMUYHYIO IPUHIUIINAIBHYIO CXEMY.

Kpome »3TOro, AOmoNHUTENbHBIE MapaMETPUUECKUE CTENEHU CBOOOJbI
CXE€M C COOCTBEHHOW M B3aMMHOI KOMIIEHCAIMEW CO3/1al0T JIONOJHUTEIbHBIE
aNbTePHATUBBI IIPU BHIOOPE TEX WM MHBIX NMPUHIUIIOB pean3aiuu oouieil me-
peaaToyHONM (GYHKIUU MO KPUTEPHUSM, BBIXOMSIIIUM 32 IJIOCKOCTh €€ KOPHEH, HO
ABJIAIOIIMMCS. BaXXHBIMUA IO T€M HWJIM UHBIM cooOpaxeHusiM. HarnsaueiM mpu-
MEpPOM TaKOIo MOJXOJa SIBISIETCS CTPYKTypa «0e3peiihoBOro» OrpaHuUYUTENs
cHeKkTpa, B pamkax kotopoil 9J[C cmerieHus Hylsl ONepalMoOHHbIX YCUIUTeNen
HE SIBJIIETCA 3HAYMMBIM MapaMeTpOM aKTHBHOI'O 3JIEMEHTAa U HE TpedyeT Hc-
MOJIb30BaHUS MIPELIM3NOHHBIX TEXHOJIOTU.
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