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H.U. Teppoctyn
INPEOBPA3OBATEJ/IN NTHAYKTUBHOI'O UMIIEJAHCA HA OCHOBE
OITEPAIIMOHHOM CXEMbBI C KOMBUHUPOBAHHOI OBPATHO¥ CBSI3bIO

AHHOmayus. Mcnonb3ys 06obueHHyo Modesns npeobpazosameneli umnedaHca papabomatsl
npeobpazosamesnu 3azemaeHHol U B3BeweHHOU THOYKMUBHOCMel 8 3a3eMIeHHYI UHOYKMUB-
HOCMb, B8 KOMOPbIX Peasau308aHo pazdesibHoe ynpasieHue seauydUHaMu coOCMasaAoUUX CuHme-
3UPOBAHHO20 UHOYKMUBHO20 UMNEOaHca.
Kntoyessie cnosa: cuHmes, UHOYKMUBHOCMb, UMNEOAHC, NPeobpazosamesb, 0nepayUuoHHsIl ycu-
Jlumesib, 06paMHaAs C8A3b, YMHOXUMEb.

Bcerymienmne. Cosmanne (QyHKIMOHAIbHBIX YCTPOVICTB IJISI ITOJIyYeHUS U Tep-
BUYHOJ 00pabOTKM MHPOPMALMM OT MACCUBHBIX M3MEPUTEIbHBIX JaTUMKOB SIBJIsSIe-
TCS aKTyaJIbHOJN 3a7aueil. B psame cayuyaeB [Ijig pelieHus 3TON 3amaun Liejecoobpas-
HO MUCIIO/Ib30BaHMe IpeobpasoBaTeseii umrenaHca[l]. Paspaborka rnpeobpa3oBare-
JIeii MMIle[laHCa MOXKET OBITh CYLIeCTBEHHO YIPOINeHa MpY Haauumy ux 6a30BOit
Mozenu. B [2] mpexncTaBiieHa 06061eHHas MOZeb IIpeobpasoBaTeseil MMIIeaHca,
KOTOpasi IepcIieKTMBHA [JIs1 MCII0b30BaHMsSI B KauecTBe 6a30BO¥ MPY CO3TaHUM CO-
OTBETCTBYIOIINX MpeobpasoBaTesieil MMapaMeTpOB MaCcCUBHBIX M3MEPUTETbHBIX AAT-
YMKOB.

ITocranoBKa 3amaumn. Lleabio pabOTHI SIB/ISIETCS OIpeeeHre BO3MOKHOCTEN
MCITOJIb30BaHMSI 000OIIEHHOI MOAeIM ImpeodbpasoBaTesieil MMIegaHca jisl CMHTe3a
YMHOXUTeJIei 3a3eM/JIeHHOM M B3BellleHHOM (He3a3eMJIeHHO) MHAYKTYBHOCTM.

OcHoBHas uyacTtb. O000IIeHHAsT MOJe/Ib Ipeodpa3oBarTeieii MMIIeJaHCa.
B [2] moka3aHo, YTO OrepalMOHHbIV YCUJINTENb C KOMOMHUPOBAHHOI 00paTHO CBSI-
3b10 (puc. 1) MMeeT QYHKIMOHAILHO ITOJIHbIV HAOOP BXOAHMX MMIIEIAHCOB B BUE

Zii= (2 - 225 /2,)/(1 —n}, (1)
Zina= (23 — 212, /23)/(1 1), (2)
Zing= (23— Z124/Z3) /(1 — k), (3)
Zina= 2y — 2,25 )2,) /(1 — p), “4)
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Pucynok 1 — O60061eHHas MOesb IpeoOopa3oBaTe/ieil MMIeaaHca ¢ 3a3eMJIeHHbI-

MM (2) ¥ B3BeIlIeHHbIMM (0) MCTOUHMKAMM BO30OYKIAEHMS

roe 2, Z,, 25, Z, — niHelHble MMIIeJaHChI IIPOM3BOJIBHOTO Xapakrepa; Uy, Us, Us, Us
— HAIpSDKeHUST UCTOUHMKOB BO30ykaeHus; n = Uy/Uy, 1= U/U,, k =Us/Us, p = Us/Us.
BenuunuHbl M 3HAKM COCTABJISIIOIIMX YEThIpeX BO3MOKHBIX BXOAHBIX MMIIEJAHCOB
Zint — Zipa OIpEAesIoTCS aMIUIMTYOHBIMY M (ha30BBIMM COOTHOLUEHUSIMYU MEXIY
HaAMPSDKeHMUSIMM UCTOYHMKOB BO30YKIEHMS.

IIpeoOpa3oBaTenb 3a3eMJIEHHOTO MHAYKTUBHOTO uMnenaHca. CMHTes 3a-
3eMJIEHHOTO MHAYKTUMBHOTO MMIIeJJaHCa MpOoBeleM Ha OCHOBe 0600IeHHOM MoIe/n
C 3a3eMJIEHHBIMM MCTOYHMKAMM HampsbkeHus BO30ykmeHMs: (puc. la) BbIGpaB
z 4 =0u U, =0. Torga u3s (1) ciegyer, uro n =0, a BXOAHO MMIIeIaHC Z ini IMEET
BUJ:

Zim = — 2323/Z, ()

B 3TOM cilyyae OTHOCUTENBHO Z, U Z, 000011eHHast MOJeb SIB/ISETCs] KOHBep-
TOPOM OTPULIATENbHOIO MMIIeJaHCa, HA OCHOBE KOTOPOT0 MOKHO peaan30BaTh YM-
HOKeHMe MHAYKTUBHOTO MMIelaHCa TyTeM ero JBOMHOTO KOHBEPTUPOBAHMS.

Jnst peanu3anuy JBOHOTO KOHBEPTUPOBAHMS BbIOMpaeM (puc. 2) IBa Tocje-
JIOBATeJIbHO COeAMHEHHBIX KOHBEPTOPA OTpUIaTeIbHOrO nMmnenaHca Ha DA1 n DA2,
Y KOTOPBIX B Ka4eCTBe JIMHENHBbIX UMIIEJaHCOB MCIO0JIb3YIOTCS aKTUBHbIE COITPOTUB-
nenust R, R;, R, R;, R;. [Topgnexkalryo YMHOKEHUIO 3a3€eMJIEHHYI0 MHIYKTUBHOCTD
L C aKTMBHBIM COIMPOTUBJIEHMEM T BK/IIOYaeM Ha MeCTO 3a3eMJIEHHOTO MMIleJaHca
Z5. Ilpu Takux ycJIOBMSX BXOOHONM MMIIeZaHC KOHBepTopa Ha DA2 cormacHo (5)
paBeH

Zin=—R3(1p +iwLly)/Ry, (6)
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OH IIpeobpasyeTcs ¢ U3MeHeHreM 3HaKa KoHBepTopom DAL B
I
Ziy=—Ry(R3+ Zin) /Ry
C yuetoM (6) BXOOHOM umnenaHc KoHBeptopa DA1 cTaHOBUTCS paBHbIM
I I . I I
Zin= —RyR3 /Ry + Ry Ry [RyRy + JoLy Ry R; [R4R, (7)

Ly | '

PucyHOK 2 — YMHOXUTe/b 3a3eM/IEHHOM MHAYKTUBHOCTHU Ly Ha IBYX KOHBEPTOpPax

OTpMUIATEJbHOTO MMIIedaHCa

[TonydyeHHbIN1 BXOOHOV MMINenaHC Z;, = 7, +jwl;, ¥MeeT MHOYKTUBHBINA Xa-
pakTep, TIpeJicTaB/sIeT 000 3a3eMIeHHYI0 MHAYKTUBHOCTD L;, C TTocaenoBaTenbHO
BK/IDUEHHBIM AKTUBHBIM CONPOTUBJIEHUEM T, BEJIMUYMHBI KOTOPBIX COTJIACHO (7)
paBHBI

Tin =RZ(R£:TEfRL_Raij4: ®)
Lin = LoRzRy/RyR,. )

N3 nocnenHux BhIpaXKeHUN CleLyeT, UYTO B HACTOSIIEN cXeMe CUHTe3UPYyeTCs
3a3eMJIeHHas yrnpasiseMas MHOYKTUBHOCTDb L;, , BeJIMUMHA KOTOPOI1 ONpenessieTcs
KaK pe3yJbTaT YMHOXEeHUS MHAYKTUBHOCTM L, Ha Ko3pduIimeHT rnpeobpa3ona-
HUSI, PaBHbIN RZR;,J' R,;R;. CuHTe3MpoBaHHOE aKTUBHOE CONPOTUBJIEHUE T, MOXKET
MIPUHMMATh KakK IOJIOKUTE/IbHbIE, TAK U OTPULIATE/IbHbIE 3HAYEHUS B 3aBUCUMOCTU
OT BEeJIMYMHBI CONPOTUBIEHUS KR B CpaBHEHUM C Rérn ;"RL. [Ipu BbIMIOJIHEHMM pa-
BeHCTBa R3 = Ré?“n / R:l BXOJTHO€ COMpOTUBJIeHUe T, = 0, uTo obecmeunBaeT Mu-
HUMMU3ALUI0 aKTUBHBIX MOTEPb CMHTE3UPOBAHHOM MHAYKTUBHOCTU U CYyI€CTBEH-
HOe TIOBbIIIeHe ee JOOPOTHOCTH.

IIpeoOpa3oBaTenb B3BEIIEHHOTO0 WHAYKTUMBHOrO uMmegaHca. [as rmo-
CTpPOeHMSI YMHOXUTEJISI He3a3eMJIEHHOTO MMIlefjlaHca BbiOvpaeM ypaBHeHMe (1) mpu
cuHba3HbIX HAIpsDKeHMSIX BOo30yskaeHust u U, <U;. Torma n3 06001eHHO Momesn
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(puc. la) cremyeT BapMaHT YMHOXWUTENIS Ha PUC. 3, B KOTOPOM Z, =1 + jwL—
KOMIUIEKCHBIN UMIIeJaHC YMHOXaeMOM MHAYKTUBHOCTU Ly C aKTUBHBIM COMPOTUB-
neHuem 1y ; R, R5, R4 — akTUBHbBIE COMTPOTUBIIEHUS 1lel KOMOMHMPOBAHHOI 006paT-
Ho cBsi3u yeunutens DA2. TTosroputens Ha yeunutene DAL ¢ menurtenem Ra, Rp SB-
JIIeTCSl BCIIOMOraTe/JIbHbIM YCTPOVCTBOM [JISI peanu3aluy MCTOUHMKA HAIPSIKeHUS
B0o30YyxaeHus U,, cuHdasHoro HanpsikeHuio U;. OTHOIIeHMe HaTIpsDKeHMt MICTOUHM -
KOB BO3OYXXIeHMsI, B 9TOM ciydae, umeet Bug n = Rg/(R, + Rg). IIpu Takux ycio-
BuUsX u3 (1) cienyer, 4TO BXOAHOM MUMITEAHC CXeMBI Ha pUC. 3 paBeH

Zin =(1+ Rg/Ry)(ry + jwLly —RyR3/Ry ). (10)

7, & — LYY 1 —
l L 0 rﬂ
RA
DA1 DA2
+ L +
Rp
1 - -
[ T

PUCYHOK 3 — YMHOXUTEJIb B3BelIeHHOM UHAYKTUBHOCTHU L

C aKTUBHBIM COITPOTUBJIEHMEM Tj

B (10) BbiOensieM AeiCTBUTENbHYIO M MHMMYIO YaCTU U MOJTy4yaeM, COOTBETCT-
BEHHO, BbIPa>KeHUS IJISI BXOAHOTO aKTUBHOTO COTIPOTUBJIEHUS Tin U BXOLHOW UHAYK-
TUBHOCTHU Lin KaK COCTaBIISIIOIINX CMHTE3MPOBAHHOTO BXOJHOTO MMIlefaHca Z;,,

Tin = (1 + Rg/Ry)(np — RyR3/Ry), (11)
Lin=(1+ Rg/Ry)L,. (12)

N3 (11) n (12) cmepyeT, YTO MHAYKTUBHOCTD Lo M aKTUBHOE CONIPOTUBJIEHUE Ty
1peo6pasyoTCs BO BXOAHYI0 MHIYKTUBHOCTD L;, ¥ COMPOTUBJIEHNE Tiy ¢ KO3buLm-
eHTOM mpeobpasoBauus (1 + Rp/R,), BeIMunMHO KOTOPOTO MOXKHO YIIPAaBJISITh B
LIMPOKUX TIpeliesax CONMpOTUBIeHUIMU R, Rp pmenurtens. U3 (11) Takke cienyer,
YTO YMHOXeH)e COIIPOTUBJIEHUSL Ty COIPOBOXKIAETCS ero KOMIIeHCaluen oTpuLia-
TeJIbHOJ aKTMBHON COCTaBJsiIoleli BXOGHOro uMienanca Ry = —R;R3/Ry, mpu

9TOM, eC/In R{_':,—> Iy, TO BXOHOE COIIpOTUBJIeHHNE T, — 0. 9T0 YKa3bIBA€T Ha BO3-

MOXHOCTb CyII€CTBEHHOI'O IMOBBINIEHNS ,Z[O6pOTHOCTI/[ CI/IHTE3I/IpOB3HHOI7[ MHIOYKTU-

BHOCTMN.
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BeiBoabI. B pesynbTaTe NpoBeIeHHOTO aHa/IM3a YCTAaHOBJIEHO:

— CUHTEe3MpPOBaHHbIe YMHOXUTEIM 3a3€MJIEHHOTO M B3BEIIeHHOTO MHIYKTUB-
HOTO MMIIeJJaHCOB SIBJISIIOTCSI Tpeo6pa3oBaTeNssMM TOJIbKO B 3a3eMJIeHHbBI MMIIe-
IaHC;

— paspaboTaHHbIe YMHOXUTEIN MMITeIaHCa MMO3BOJISIIOT Pa3feabHO YIIPaBJIsSITh
BeJIMUMHAMM CUHTE3UMPOBAHHOI MHAYKTUBHOCTU U €€ aKTUBHOTO COIPOTUBIIEHMS,
KOTOpOe MOKeT MpUHMUMATh TOJIOKUTebHbIE U OTpHUllaTe/IbHble 3HAUeHMUS 3a/aH-
HOW BeJIMUMHDI;

— 06006111eHHAsT MOJIeJb peobpa3oBaTesieil MMIeAaHCca MOKET MCITOIb30BaThCS
B KauecTBe 6a30BOJ CXeMbI JIJISI TIOCTPOEHMST YMHOKUTENEe MHAYKTUBHOCTM.
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Mepemsoprosayi iHOykmusHo20 iMnedaHcy
Ha 0cHOBI onepauyiliHoi cxeMu 3 KOMOTHOBAHUM 380POMHUM 38 A3KOM

Ha ocHosi onepauyiliHoi cxemu 3 KOMOIHOBAHUM 3B0POMHUM 38°S3KOM po3pobsieHi nepe-
mBoprBayYi 3a3emMneHoi 1 38axxeHoi THOyKmusHocmel 8 3a3eMseHy THOYKMUBHICMb, 8 AKUX pead-
J11308aHe po30i/ibHe ynpasaiHHA BeUYUHAMU CKAA00BUX CUHME308AH020 iIMNEOaHCY.

Inductive impedance converters based on a combined feedback operating circuit

An operating scheme with combined feedback is characterized by a functionally complete
set of input impedances, the values of which are determined by the amplitude and phase rela-
tionships between the voltages of the excitation sources, as well as the impedances in the posi-
tive and negative feedback circuits. Such an operating scheme is a generalized model of imped-
ance converters, on the basis of which it is possible to significantly simplify the synthesis of con-
verters and inverters of positive and negative impedances, taking into account the peculiarities
of their inclusion in the electrical circuit.

For the synthesis of a converter of a grounded inductive impedance into a positive
grounded inductance, a variant of the generalized model with one grounded excitation source in
the form of a negative impedance converter is chosen. By serial double conversion of the initial
inductive impedance at the output of the second converter, an inductive impedance is obtained,
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which is a grounded inductance with an active resistance, the values of which depend on the
feedback resistance of the converters. The latter makes it possible to independently control the
values of the components of the synthesized inductive impedance.

The synthesis of the converter of ungrounded inductive impedance into positive grounded
inductance is realized on the basis of a generalized model with two in-phase excitation sources.
In the converter, the effect of separate multiplication of the inductive and active components of
the initial impedance is achieved, and with the possibility of obtaining an active resistance of a
given value with both positive and negative signs. The latter makes it possible to build a har-
monic generator on the basis of the synthesized inductance, as well as to realize the inductance
of a given value with a high quality factor.
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