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TEOPETHYECKOE WCCJIEJJOBAHWUE 3JIEKTPOMAIIMHHOTO
YCUJIUTEJISI PETYJHPYEMOM YACTOTBHI C YUETOM
YNPABJSEMOIO MOJYNPOBOJLHUKOBOIO KOMMYTATOPA
(YTK)

il. C. Poiiz, A. U. Ckopocnemwkun

(ITpencraBieHa HayuHEIM CeMHHAapoM Kadeap 3JeKTPHYECKHX MalluH
1 ob1ell 3/1eKTPOTeXHUKH)

DJIEeKTPOMAUIMHHBIA YCHUJIHTEJAb PEryJHpyeMOll YacTOTbl MpeacTaBJsieT
co00# 2/IeKTPOMAIIHHHO-TIOTYPOBOAHHKOBBIH KOMMIJIeKc, coctosiuit 3 YIIK
¥ 3JIeKTPOMallnHHON uacTH. TeopeTHueckoe HCC/eJOBAaHHE YCHJIHTENs HeoO-
XOAMUMO MPOBOIAUTH C YUETOM BCEX 3BEHLEB YCHJIUTEJs, YUHUThIBAS CHenHHKY
pa6otbl ¥YTIK u saekrpomamunnoi yacti. YIIK coBMecTHO ¢ 0OMOTKOMH yIi-
paBJieHHsT MOXKHO PAacCMaTPUBATE KaK m-(asHBl HHBEPTOP. DTO MO3BOJsAET
paccMOTpeTh BCe MPOIECCH, MPOUCXOAsILHe B yCUauTesne B nesaoM. bosee to-
ro, Takoe npenacrasiacHue o6MoTKH ynpasiaenust u YIIK mossoasier mosnyuuts
OCHOBHOE ypaBHEHHe U TIOCTPOHTH CXeMy 3aMelleHHs, HeoOXOAMMYIO Hpu
IpaKTHYECKUX pacyeTax.
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Prc. 1. CxeMa 3J1eKTPOMAIIHHHOIO YCHJHTENS PEryJHPYeMOH 4acTOThI B
GECKOHTAKTHOM HMCIOJHEHHH

Ha puc. I npeacras/iena cxeMa 3/1€KTPOMAUIHHHOIO YCHJIHTE/IS C MOJY-
MPOBOJHUKOBBIME KJi0UaMK B HelmH OOMOTKH ynpaBiaeHus. O6o3nayenus Ha
pucynke: Ty, Ty, ..., T¢ — nmonynpoBonuukossie kawouu. I, Ho, ..., dg — 06-
patHble AuoAnl, 1, 2, ..., 6 — dasel 00MOTKE ynpaBaenus W;; Wy — BbIXOAHAS
obmorka ycuauresas, Ws 1 Wy — 0OMOTKH poTOpa OCHOBHOTO M JOMOJHUTE/b-
Horo kackaznos, Ws — cratopHas oOMOTKa AONOJIHHTE/JIbHOrO0 KackKa/a.
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Hasnauenue o6patHbeix auonoB B cxeme YIIK coctout B TOM, uTO mnpu
paboTe yCHIUTeNs B pekUMe XOJOCTOrO XOJAa HJH HENOJHOH Harpysku pe-
3YJbTHPYIOUIHA MArHUTHBIH MOTOK HABOAUT 3.4.C. B OOMOTKE YHpaBJEHHS.
[lepemenHBIH TOK, IPOTEKAWOIIH 0 0OMOTKE yIIpaBJ/eHHs], BHIIPAMJISAETCA 32
cyeT 0OpaTHLIX AHOLOB M MOCTYyMaeT B CeTh MOCTOSHHOro Toka. Haanuue 06-
patHbix aunonoB B cxeme YIIK GmaronmpusaTHO ckasblBaeTcsi u Ha pabore
VIIK, ymeHbInasi BeJIMYHHY NepeHanpsiKeHHUH Ha CHJOBBIX 3JIEMEHTaX KOM-
myTaTopa. Takum oOpas3om, oOpaTHble AHOABI OKA3bIBAIOT IIOJICKHTEIBHOC
BausHue Ha pabory YIIK, a Takxke mO3BOJAIOT OCYIIECTBHTb Iepexavy
MOILHOCTH POTOpa B pe€KMMax XOJIOCTOTO XOJa M HEMOJHON HArpy3KH YCHJIH-
TeJis1 B CeTh MOCTOAHHOTO TOKA, YTO yMEHbIIaeT MOLIHOCTb VYIIPaBJIEHHS I
VBeJHUHBAET KO3(P(PUIHEHT YCHICHUSA YCHINUTEJIS.

HanpsikeHue NOCTOSIHHOTO TOKA, MPHKAAIbIBAEMOe K KaxKIoll (ase 00-
MOTKH YNpaBJeHUS NPH CHMMETPUUHOM 3aKOHE KOMMYTAIlHH, IpeICTaBJisier
co0oii MPSIMOYTObHbIE UMIYJIbCHl (PHC. 2), AJUTEIbHOCTbIO PaBHbIE IOJIOBH-
e NnepHoia M3MEHEHHMs YacCTOTh! YIIPaBJIECHHS.
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JleiicTBylolllee 3HAaUeHHe NEPBOH rapMOHMUECKON 3KBHBAJEHTHOTO HAINpPs-
JKeHHsl TIepeMeHHOro TOKa, NMPHJOXKEHHOro K 0OMOTKe ymnpaBJeHHsd, PaBHO
4 1

UY’“ == -1_‘— i V—_—‘j_ Uy, (1)

4

i

Uy — aMIUIUTY/la 5KBHUBAJEHTHOrO HaNpPsiKeHUsl TepeMeHHOTo
TOKa, :
Uy — Hamnpsi>kenne CeTH MOCTOSIHHOTO TOKaA.
[1pu orcyrcTBHEH 06GpaTHBIX AHOAOB COOTHOIIEHHE MOCTOSHHOTO H 3KBH-
BAJIEHTHOTO NEPEMEHHOTO TOKOD CIHpeessieTCsl BbipaxKeHHeM
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Iy~ — SKBHBAJIEHTHBIH MepPeMEHEDIl TOK, NPOTEKAIOWMUE N0 KaKaoil da-
3e 0OMOTKH YIIpaBJICHUS;

: ~— TOCTOSIHHBIH TOK, NOTPe0AdeMblH H3 CEeTH MOCTOAHHOIO TOKA,

1 — KO3Q(QHUIHEHT N0 TOKY, yuutblBaowui cxemy ¥IIK.

[Ipu Haanuun obpatHbiX AH0A0B B cxeMme YIIK Tox ynpaBienus, npore-

KAIOLIHil 1O IeNH yIpaBJeHHsi, paBeH

Vs Tk ” a
Iy_Iy et Iy N ())
rje
Iy — pesyabTHPYIOLIMI TOK LeNH ylpapJiennus,
yy — mnorpel/sieMbl¥i TOK M3 CeTH TOCTOSIHHOIO TOKa,
Iy — NOCTOSIHHBIM TOK, OOYCJOB/JEHHBIN aKTHBHOI COCTaBJSAMILE TOKa
poropa.
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Puc, 3. Bxoguas yacrtotHas xapakTepuctTuka Jy=Ii(fy) npu Uy=consi=
=5,5 8

OnbiTHast U pacuetHass xapakrepuctuku Iy = f(fy) nmpu Uy=const=
=50 8 1 Pa30MKHYTBIX L[eNgX Harpy3ku u poropa (puc. 3) mokasblBaloT 10-
CTATOYHYIO CXOJAMMOCTb, YTO MO3BOJISIET CAeNaTh BBIBOA O TOM, UTO MOJIyUYeH-
Hble Boipaxenus (1), (2), (3) cnpaBedJuBBl U MOTYT OBITb NPHMEHEHBI MPH
pacuyere.

YuutniBas Buipaxkenus (1), (2), (3), MOXKHO paccMaTpuBaThb CXeMY
3JIEKTPOMAIIMHHOTO YCHJNTENSI, 0OMOTKA yNpaBJ/JeHHs] KOTOPOTO MUTAETCs OT
HCTOUHHKA TePEMEHHOr0 TOKa.

CocraBuM ypaBHEHHs PaBHOBECHS 3.1.C. IS OJHON U3 (pa3 oOMOTOK

\/V], W2, W3, W4, W52

U, = Li(ri+jeyPiLi) +jlooyMieP1+jIsM3P, (4

U‘Q:.-—IQ(rQ—I“jmyp]Ll) — jIg(oyMzgpl—l—jIlUJylepl (5)

0= laf (r+1) + (0y—0) PiLsHj (0y—0) PiL.] +
+jLioyPiMsi+jlooyMse+jlsMys (0y — ©) Py; (6)

0215{F5+j [(D)vpl Tiev (O(plipz)]]_5} +j13M54{0)yp1 T (JJ(P]iPQ}}, (7)
rae
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Ly, Ly, L3, Ly, Is — coBGerBeHHble HHAYKTHBHOCTH 00MOTOK Wi, Wo, W,
’ “'!41 W5)

M =Mz =My;=M3zp=M;,=M|3=My3 — B3aUMOUHAYKTHBHCCTH IO
OCHOBHOMY KacKany;

M, =M5==Ms; — B3aUMOHUHAYKTHBHOCTH MO JOIOJHHUTEJIbHOMY Kac-
Kaauy;

®y U @ — YIJIOBbIe CKODOCTH IOJISl YIPaBJEHHS H POTOPA;

P; u Py — n0oJI0CHOCTH OCHOBHOTO M JOMNOJIHHTEJIBHOTO KaCKaAoB.

3HakKn = B (6) O3HAUalOT COrJacHOe H BCTPEYHOE HalpaBJ/eHHe Bpalle-
nug nosas oomorku W4 u poropa.

IIpecGpasyem ypaBHeHue (6), pa3ienuB NpaByl0 H JIEBYIO UacTH €ro
Ha S,,.

it 7 yrd ’ 3 5 N
0 =13 [ S joyPutly L) [ 4k + oMoy 4

119 ](I3 + IOM, O Py, (8)

rae
Oy — O® :
S;= _~7 = — cxoJabXeHHe OCHOBHOTO KacKana.
(0]
Anasornunble TpeoOpa3oBaHUs MpoBegeM ¢ ypaBHeHHeM (7), pasjenus
NpaByIo U JIeBYIO 4acTH ero Ha S; u Sy,

L I'5 s +7
0=1; (ﬁ g ]Ls‘”ypl) + [iMy 0y Py, (9)
rjae
. eyPy— o(Py £ Py)
L — CKOJIbJKeHHe [IOMOJIHUTENBbHOr0 KacKajla.
f (0y — )P,

[Ipeanosnarasi, yTo B3aUMOMHAYKTHBHOCTH H TOKH H3MEHSIOTCS IO CH-
HYCOHAJbHOMY 3aKouy, ypaBHeHus (4), (5), (8), (9) nocae psaga npeobpa-
30BaHHI NPHMYT BHI:

U, = 11(1'1—§— 1Xat) 4 I01201 :

U = — [y(ry+ jXe2) — Im Zo1,
y s +1 : :
s [ e (Xa3+xa4>] S O (10)
j e 4
O I) 81 S) -+ JXGC_) + IO?. ZO??
rage
101=I;—l—12+13 — HaMarHHYHBAIOUWIHIl TOK OCHOBHOTO KacKana,
102—13+15 — HaMAarHHYuBaUM#A TOK AOIOJHHTEAbHOrO Kackaza,

Zm — CONPOTHUBJICEHHE HaMarHu4uBamwilero KOHTypa OCHOBHOI'O KacCkalua,
Zoz — CONPOTHUBJICHHE HaMAarun4yuBawlIero KOHTypa JAOMOJHHTEJBHOTO
Kackaza.

Hcnoab3ys cucreMy ypaBHeHHuit (10), mocTpouM cxeMy 3aMelleHHs YCH-
anteas (puc. 4). Ilonyuennas cucrema ypasHenu#n (10) u mocTpoennas cxe-
Ma 3aMelleHHsT MO3BOJISIIOT PACCYHTATL BO3MOXKHBIE peXHMMbI paboThl yCH-
JINTEJS.

Jas yno6erBa ana/susa mpeobpasyem cxemy 3aMmelleHus (puc. 4), ciao-
JKHB HaMarHMYHBAIONIMil M BTOPHUHBIA KOHTYPbI /OMNOJHHTEIbHOIO KackKala
(puc. 5).

3nauenusa napamerpoB R u X Ha cxeMe 3aMellleHHs ONpeNessioTCs Bbi-
pazxkeHUsIMH
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