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OO0 yCJIOBHBIX CONPOTHUBJIEHUSIX 3JIEKTpoIeneit
P [OJIMTAPMOHNYECKNX BXOJHBIX CHUTHAJIAX

The formulas for the conditional resistances of circuits with RL, RC, RLC, R(LIIC) elements
under polyharmonic input signals are obtained.

B pabore [1] npezcraBieHo siBjieHHE aBTOMATUYIECKON PECTPYKTYDPU3AIUU SJIEKTPOIeNneii ¢ pe-
aKTUBHBIMU 3JIeMEHTaMU IIPU BXOJHBIX IIOJUIAPMOHMYECKUX HAIIPAXKEHUSX BHUJIA

n
U= Z Ui cos wyt,
k=1

rie Uy, — aMIUIMTyja TapMOHUKH; W), — KpyroBas dacrora k-it rapmonuku (wy = 27 fr, fr —
gacrora); t — BpeMst. OJIHAKO JOCKOHAJIBHOIO BBIBOJA (DOPMYJI IIPEOOPA3OBAHHBIX COIPOTHBIIE-
HUIl B IENSX ¢ PEaKTUBHBIMEU 3JIEMEHTaMU He Obljo. B CBsi3u ¢ 3TUM BO3HHKJIA 33J[a9a YETKO
3HATH MATEMATHICCKNE BBIPAXKEHWS YCJIOBHO BO3HUKIIMX COMPOTHBIeHWH 1ys teneit RL, RC,
RLC w R(LIIC), rne R — pesucrop; L — unpayKTuBHOCTh; C' — 3J€KTpUYECKasi eMKOCTh; 11 —
3HAK [apasiyIeJIbHOTO COEIMHEHUs SJIEMEHTOB.

Ha ocnoBanum 1moJryueHHBIX (POPMYJI MOXKHO CJI€JIATh BBIBOJIBI O XapaKTepe YCJIOBHOTO COEITU-
HEHWsT PEAKTUBHBIX 97eMeHTOB L n C Ipu MOTUTrapMOHUYIECKAX BXOJHBIX cHUTHATIaX. PopMyITbl
COIIPOTUBJIEHU! Oy/IeM BBIBOJUTH MOCJIEIOBATEIBLHO JJIs KAXKOW IIEIIH.

Urak, nens RL (puc. 1), rae iy; — ToK. YpaBHeHUe Ienu

- , di
U= E U, coswit = Riy, + Ld—tE' (1)
k=1

Tak kak paccMaTpuBaeMasd EIlb JII/IHefIHaH, TO INPUMEHHM HIPUHIUIT CYIIEPIIOSUIINN (STOT
IPUHITUII IIPUMEHNM KO BCEeM CXeMa.M) n

n
) . Ui cos(wit — op
=Y = Y Dt 290

n

¢ ka
= arctg ——,
Pk g R
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— R " R
o o
v L v —
& &

Puc. 1 Puc. 2

rje i — TOK B IEIN, BO3HUKIIMI OT HefCTBHst k-il TADMOHUKE BXOJHOIO HAIDSZKEHUS; iy —
CYMMAapHBIl TOK OT JICHCTBUST BCEX FADMOHUK BXOHOTO Halpsikerust U; |z1x| — MOy/Ib IIOJHOTO
CONIPOTHBJIEHHSI LENHU I TOKA ik; Qf — YTOJ CABUTa MeXKJy HampsikeHmeM Uj U TOKOM i,
k= 1,n.

Ha ocuosanun (1), (2)

‘ZLk‘ = R2 + (ka)2

n
Z U,k cos wit .
_ k=1 _ Z Uak COS(u)kt - QDk) (3)
ZLY |zLk| ’

(5>
k=1
rae zry — IIOJIHOE COHpOTI/IBJIeHI/Ie IICITH.

U,
B (3) BBeseM npeobpasosanne —= = . Torma (3) samimen B Buje

ak
Uy w1 " cos(wpt —
= GIZ—coswkt:Ualz—( k (’Dk),
2Ly ] Yk 1 gl zLk]
OTKYIA
Zn: COs Wit
— Qg
2y = : (4)
cos(wit — @x)
ag|zrkl

k=1

@opwmyia (4) orobpazkaeT CONPOTUBIEHUE CXEMbI ¢ YCJIOBHBIM [AaPAJUIEIbHBIM COEIMHEHUEM

CONPOTUBJIEHUN Zp). Eciu He BBOAUTHL npuBejeHue (3) K HAIPSKEHUIO [IEPBOH MADMOHUKHU Je-

pe3 KoapDHUIIeHTsl oy, k = 1,n, To, HO HalleMy MHEHHIO, Ipu pasubix U, k = 1,n, Takske

B PECTPYKTYPHU3MPOBAHHON CXEeMe COeIMHEHNE COIPOTUBJIEHUN zyj OyIeT YC/IOBHO Hapaslie/b-
HBIM U WMeeT BU/I

n
Z Ui coswyit

k=1
ZLY = . 5
Z Uk cos(wit — ¢r) (5)

2L ]

k=1
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IIpu t = 0 u3 (4) u (5)

i Z Uak
=1

n

j—1 ¥
2Ly = 2Ly =
Z COS Z Uy cos g
aglz z
— aglzLk| — |z

ITpu pasnbix ammwmtynax Uy, = Uy, k= 1,n, upu t = 0

n
LY =

Z COS ©y, '

i el

Ora CbOpMyJIa 0T06pa>1<aeT T TOCJIeA0BAaTE/JIbHO COCJMHEHHDBIX ITapaJljie/IbHBIX ueneﬁ

cosglecosgng ||cos<pn
lzr1| ' |zL2] |zLn|

[Tepeiigem K pacemorpenuto nernu ¢ RC snementamu (cMm. puc. 2). Ypasuenue nenu ¢ RC
clleyloniee:

t
Risy + 6/ = ZU & COS Wyt. (6)
0

k=1
Tok
n
Z Uk cos wit
n n
R e W o Uak cos(wit + or)
ZE_ZZ"C_ > _Z 2] ’ (7)
=1 cY =1 Ck
1 .
Y = arctg ———, wr — yroa mexay Uy u i,
kaC
rJe Zoy, — YCJIOBHO IOJIHOE CONPOTHBJIEHUE ISl TOKA iy); |20k| — MOJLy/Ib CONPOTHUBIICHUS T1€1U
Uit TOKa i, k = 1,n.

Ha ocroBannu (6) ¢ y4eTOM HPHHIMNIA CYIEPIO3UIMN HUMEEM

1
Rig + ol /zk dt = Uy, cos wyt,
13 KOTOPOTO

1 2
R ().
|zcw| + <wk0>

Ual
Tak ke, Kak ¥ Jyist cxeMbl ¢ RL, BBejieM ob6o3HaueHust — = . Torya (7) 3anuimercs B Buje
ak

, Ua1 1 cos(wit + pr)
1y = Z—coswkt— “12 ,
zos ak|zcok|
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" R . R
o, SR —— Y Y Y\ — ]
2
U ——cC U iml L Z(NT 1
)
& & .
Puc. 3 Puc. 4
OTKYIa

En: Ccos wit
=1 Ok
cos(wit + i)
agl|zok|

zZoy = —

(8)

k=1

Kak Buano u3
JieHuit zog, k = 1,

8), ara dopmMysa 0TOOpazKaeT yCJIOBHO HAPAJIEIbHOE COEJIUHEHNE COPOTUB-
. Ecim ve BBOIMTL (v, TO

U,k cos wyt
-1
Zn: Uak cos(wit + or)
P |zow]

=

ey =

(9)

Dopmyist (4) u (8), (5) u (9) cOOTBETCTBEHHO 10 BHUJY WJIEHTUYHBI. B HUX Pa3Hble COIPO-
TUBJIEHUS 2Ly, ZLk U 20%, 2Ck, COOTBETCTBYIONINE KaXKI0OMy peakrTuBHOMy 3djementy L unm C.
IIpu t = 0 (5) u (9) upuobperalor BuUI

n n
1
o > Uak
=1 %k k=1
2oL =y oy =y
Z COS P Z U,k cos g,
aglz z
£ aylzon] = |zoxl

IIpu Uy, = Uy, k= 1,n, t =0

n

Z oS gpk

|zcw]

ZCcy =

Pacemorpum cxemy coesmuenust ssementos R, L u C nocienosarensbuo (puc. 3). YpasHeHue
9TOM IEIN OTHOCHUTEILHO ODINEro TOKa iy CJeLyIOIee:

t
di -
Riy, + L—E + ol /zz dt = g U, cos wyt. (10)
0
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[Tpumensist npuniun cynepnosuimu, u3 (10) momydaem

t
. dip, 1 [
L— + — t = . 11
Riy, + o + C/zkd Uy, cos wyt (11)
0

Ha ocuoBanuu (11) MOysib CONPOTHBIIEHUsI JIJIsS TOKA i) B TOI IEIN 3aIUIIeM

1 2
— 2 J
‘ZLCk’ \/R + <ka Wk0> . (12)

Casur daz mexay Up u ik
ool —
wiC
—Fr
[Tpu manpHeiieM ompeaeeHun YCJAOBHO MOJTHOTO COPOTUBJICHUS BCEl 1enu zy; B MYHKIIUN
MOJLyJIell COIPOTUBJIEHUH 2, BBIPDAYXKEHUsT Jisi 2y, OYyT AHAJOTUYIHbI Bhipaykenusim (4) u (8)
win (5) u (9) ¢ pasuureit B ToM, 9T0 B 9TOM ciiydae OyyT bUTypUPOBATH CONPOTUBIEHUS 21 k
[em. (12)] BMecTO zp) Win zop U yOabL @g1. [Jo9TOMY M B 9TOM CJIydae HIpPU MOJUTAPMOHUYEC-
KOM BXOJIHOM CHTHAJI€ IEIb PECTPYKTYPUIUPYETCS B YCIOBHO MApPaJLIEIbHOE COEINHEHUE Ierneit
C COIPOTHUBJIEHUSIMU JJIT TOKOB 1, k = 1,n.

Pr1 = arctg (13)

[Tepeiigem k pacemorpenuto nenu ¢ R(LIIC) (em. puc. 4). YpaBHeHust 9T0ii nenu cJieryorme:

iy =Ly +ics;
. dipy ¥
Rirs + L T Z Ui cos wit;
k=1 (14)
1 -
Ricy + C /icg dt = Z Uk cos wyt.

Ypasuenus (14) coorsercrByior ypasuenusiM (1) u (6). [Tosromy iry 3ammcbiBaeTcst BbIpa-
x)enueM (2), a icy, — BbipaxkenueM (7). ITosHble yCIIOBHBIE COIPOTHUBIIEHUS JJIS TOKOB Ly U
icy TOrIa onpeensaoTcs Bopazkenusmu (4), (5) u (8), (9) coorBercrBenHO. PeakTuBHBIE COIIPO-
tussienns rry, = (zrn — R) u 2oy = (2ox — R) coeluHeHbI HapasulesibHO U 00IIee yCJIOBHOE
CONIPOTHBJICHHE JAHHOI CXEMBI MMEET BHUJL

zs = R+ (2 — R)||(z0x — R).

Beesiem B 9710 Boipaxkenue dopmyist (4) u (8), a 3arem (5) u (9). B pesynabrare nomyunm

n n

Z Ccos wit Z COSs Wit
g g
k=1 - R k=1 - R
n n
Z cos(wit — QLK) Z cos(wit + @cr)
R = aglzrkl 1 aglzekl (15)
2y =R+ — — ;
Zn: Ccos wit Zn: COs Wit ’
g g
k=1 _ k=1 _
7 Rl + | = R
Z cos(wit — @rk) Z cos(wit + @cor)
1 aglzrkl 1 aglzek|
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n n
Z Uk cos wit Z Ui cos wit

k=1 o k=1 - R
n n
Z Uk cos(wit — k) Z Uk cos(wit + ©crk)
— |zLk| — |zow|
zm =R+ o m (16)
Z Ui cos wit Z Ui cos wit
k=1 CR| 4 |=L _R
Z Uk cos(wit — k) Z Uk cos(wit + ©crk)
k=1 22 k=1 g

Broipakenns (14) u (15) Takke MOATBEPXKIAIOT TOT (BAKT, 9TO MOJUTAPMOHUIECKOE BXOIHOE
HAIPsiZKEHHE TOPOKIAeT PECTPYKTYPU3AIMIO PACCMATPUBAEMON cxeMbl (cM. puc. 4) B Buge dop-
MUPOBAHUS HOCIEI0BATEILHO-IAPAIICILHOIO COeAUHEHN Neell 2y U 21y, 2¢y. LeaIm IpuHaTs
BO BHHMaHHe caydail, korga Bee Uy k = 1,n, paBHBI Mexy coGoit u B3sTb Moment t = 0,
to (15) npuHIMaeT BuJ

() ) ]

BLIBG,HGHHI)IG (bOpMYJH)I YCJIOBHBIX IIOJTHBIX COHpOTI/IBJIeHI/Iﬁ 2y, MOXKHO TaK2Ke€ IIPpeICTaBUTb
B CUMBOJIMYECKOM (bopMe. ,HJIH 9TOI'O BbIPpa3UM BXO/IHOE€ HaIIPA2KCHHNE CXEMbI B BUIE

n
jwit
U=> Upel,
k=1

e j = v—1.

Torma nst cxem, m300parkeHHBIX Ha puc. 1, 2 u 3,

n
§ Uakejwkt
k=1

U, ) @rtter) |

ZZ:R-l-

zy = — (18)

D

— |2

rie @y onpezessorcs 1o dhopmyinam (2), (7), (13), coorsercrByromum cxemam RL, RC, RLC;
2k, k = 1,n, — CONPOTHUBJIEHNsT ITUX ¥Ke eleil COOTBETCTBEHHO.
Ecin BBectu obozuavenust Uy /Uyp = a; wi/wi = Bk, 10 (18) MOXKHO HpeJCTABUTL B BUJIE

n

Zieﬁkmt
«

=1 k

> " i (Brwrtter) |

D

k=1

(19)
avg |z
[Tpu t = 0 u opunakoBbix Uy, = U, u3 (19) nonyuaem zy, B Buje

2y = .
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lj1st cxeMbl, ©300parKeHHOI Ha pHc. 4, IOJIHOe YCJIOBHOE COIIPOTUBJIEHUE Zy, B CHMBOJIMYECKOMA
dopme paBHO

-1 —1y -1

n n
Z Uak e]wkt Z Uak e]wkt
k=1 k=1

_ = _ = — . P
m=f N U, el @rt=erk) o I U, el @rtteck) . 0

D D

k=1 k=1

|zLk| |zo|

IIpu Uy, = U, u t = 0 Boipazkenue (20) npuHUMaer BUJ

N " . —1y -1
e J¥Lk U .el¥rck
se— Rt n/ S g n/ s Ume) gL
= |zLkl —  |zokl
Dopmyna (21) mpenrtnuna Boipakenuio (17).
CrpaBeUINBOCTD BBIBEJACHHBIX (DOPMYJI YCIOBHBIX CONPOTHBJICHHN IS PACCMATPHUBAEMBIX

JIEKTPUIECKUX CXEM MOYKHO IPOBEPHUTH Ha mpuMepe (opmysibl (5) TakuM o6pasoM.
[Tycrs Bxomnoe Hanpsizkenne U = Uy cos wit. Torma (5) npunnmaer Bugy

-1
+

cos wit

cos(wrt — k) (22)

zrk = |2k

K (22) npumennm dopmyiy Ditiepa

Tora HOJIHOE CONPOTUBJICHHE Z[ ) NPEICTABICHO B IOKa3aTebHON dhopme (eMm. [5] c. 255)
2ip = |2i|e? P (23)
Ussecrno 5], aro
zry = R+ jwi L. (24)
[Tpeobpazyem (24)

2 = R+ jwurL = <\/R2 + w,%[ﬂ) (cos py + jsingy) =

= %k .
2 175

» L
) = [eg|e??*, = aFC‘Ug%

u noayauM B urtore dopmyay (23).
Takum 006pa3oM, 3TO IIPOCTOE JOKA3ATEILCTBO IMOATBEPKIACT IPABUILHOCTDL IIOJIYYE€HHBIX
dopmysr s neneir RL u, B npunanune, niss RC u RLC ueneii.
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Takzke nposepum crpaseyiuBocThb dhopmyst (15) win (16). st sroro pacemorpum (16) st
k-1 rapmonuku. B sTom ciydae

[ |21k | cos wyt ] [ |20k | cos wyt ]
cos(wit — ¢rk) cos(wit + ¢cr)

t t
[ 2Lk coswit R} [ |2ck| coswrt R}
cos(wit — Y1) cos(wit + wor)

1
[ |zok | cos w B R] [ |21k | cos wi B R}

cos(wit + @) cos(wit — LK)

2z = R+

1
=R+ . . — =
[‘ZCk’e_]SDCk — R]_l + HZCk’eJSDCk — R]

(|zckle™7%ck — R)(|zkle??ts — R)

=R . :
T |zCk|e—)4PCk + |sz|e]S0Lk — 2R
_ p 4 Uzckl(cos oor — jsinpck) — Rlf|zpl(cos pri + Jsinpre) — Bl _
|zck|(cos ok — jsinpoy) + |20k (cos pri + jsinpry) — 2R
[ o1 ] onl]
—J)—~ | %k
C L 1
=R+ =R+ji—— = (25)
. oL L
i | + D 0
[TpoBeprM IPaBUJILHOCTD MOJIYYEHHOTO BBIPAYKEHUsI M3 aHAJIN3a CXeMbl (M. puc. 4)
1
ani( )
TLET w,C L 1
zk:3+ﬁ:b‘f+ & =R+jg—1— (26)
Lk Ck il — j—— — —wiL
Jorl =z e
Kak Bugno, dbopmysst (25) u (26) omuHAKOBBIE, YTO O3HAYAET IPABUILHOCTH BBIBOJA (hOPMY-
abl (16).

3aMeTuM, YTO BBIBEJACHHBIE [JIS 2y, BBIPAXKEHUS IOITBEPXKIAIOT TOT (DAKT, 9TO IEPEXO/IHbIE
IIPOIECCHI B IJEKTPUIECKHUX IEISAX MPHU CKAIYKOOOPA3HBIX BXOIHBIX HAIPSKEHUSIX, KOTOPBIE, 10
HaIlleMy MHEHUIO, Pa3/araloTcs Ha HECKOJIBKO 3aTyXaIoMUX TAPMOHUK U OJHY HE3ATYXAaIOITyI0 CO-
CTABJIAIONLY IO, YBEJIMIUBAIOILYIOCS [0 AMILIUTY/Ie, BOIM3M MOMeHTa BKJoueHus (t = 0) BXOIHOIO
HaIPS2KEHWS UIYyT BOJIU3U HYJIEBOI'O YPOBHSA M TOJIBKO IIOCJIE IOJHOTO 3aTyXaHWsl BBICIIUX Tap-
MOHUK BXOJIHOT'O HAIIPSKEHUSA OCYIIECTB/ISETCS MOAbEM YPOBHS BeJUYINHBI TOKa B RL 1ienn win
Hanpsikennsa B RC' 1enu mepexosHoro Iporecca 0 YCTAaHOBUBIIEroCst 3HaYeHUsI. JTOT (paKT IIpo-
BEPEH 9KCIIEPUMEHTAJIbHO [2—4] 1 yKa3blBaeT Ha eCTeCTBEHHOE CBOMCTBO OObEKTOB, KAKUM SIBJIsI-
eTCsl U JIEKTPUYIeCcKasl T1ellhb, 3aKJII0YA0Ieecs] B HAJININN HEKOTOPOI 30HbI HETYBCTBUTEIHHOCTH,
T. €. TIPY OPEJIeTIEHHOl MAJIOfi JJINTEIbHOCTH BXOJIHOIO HANPSIZKEHUs! (MMITYJIbCA) SJIEKTPOIEb He
MOXKET BOMTH B IEPEXOIHON IIPOIECC U BOCIPOU3BECTH JAHHBIN MMITYJIbC. Takue ciydanm HAOJIIO-
JAIOTCAd TPU MMUPOTHO-UMITYJIHCHOM WJIA BPEMS-UMITYJILCHOM YIIPABJIEHUN 3JEKTPOJIBUTATEISIMU
U APYTUMH 3JIeKTPOMArHUTHBIMU MeXaHU3MaMU.

Taxum obpa3oMm, B paboTe MOKA3aHO, YTO IOJUTapMOHMYECKOE BXOIHOE HAIIPIAXKEHUE Ierei
C PEaKTHBHBIME 3JIeMEHTAMU CYIIeCTBEHHO BJIMsieT HAa M3MEHEHUsI CTPYKTYPBI (yCJIOBHOIT) 9THX
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HeHefI, 1 IIOJIHBIE COIIPOTUBJICHUA U,eneﬁ ABJIAIOTCA HE TOJIBKO (byHKHI/IHMI/I ITapaMeTpoB H,eneﬁ,
Ho n beHKHI/IHMI/I TapMOHHNYIECKNX COCTABJIAIOIMINX BXO/JHOI'O HAIIPAZKCHUA ITUX ueneﬁ.
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