3. Konaencarop B nenu nepeMeHHoro Toka (0e3 karymkmu) L=0
W3 Broporo npasuia Kupxroda
IR=U_ +¢. (3.1)
dU.
dt

dU.
dt
U, +i c =—En_cosat.
dt RC RC
—  nubdepeHnuanbHoe  OOBIKHOBEHHOE  JIMHEHHOE | |
HEOJHOPOJAHOE  YpaBHEHHWE  IEpBOro  IOpsiAKa ¢ Puc. 3
MOCTOSTHHBIMU KO3 (UITUECHTAMH.

RC

+U,. =-¢,cosat, |=-C

1
Ecin 0003HaUUTh O =—— — JEKPEMEHT 3aTyXaHus, TO YpaBHEHUE

RC

MPUHUMAET BUJT
dU.
dt
OT10 ypaBHeHUEe U Mojenupyrorcs B Mathcad cpaBHeHHeM 4YMCIIEHHOTO
pemenust  nud@epeHnnanbHOro  ypaBHEeHUs ~MeroaoM  Pynre-KyTTel  u
aHanuTHueckoro pemieHus. B Windows-nipuinokeHUn HMCIOIb3YETCS TOJIBKO

aHAJIMTUYECKOE PELICHHUE.

+0U. =—¢g,0c0sut. (3.4)

3.1. YacTHoe pelieHue

[TomHOE penieHue HEOTHOPOIHOTO YPAaBHEHUS CKIIAIBIBACTCS M3 MTOJIHOTO
pewmenus ogaopoanoro UY(t) u yactHoro pemenus neognopoguoro U*(t).

YacTHOE pellleHrE UILEM B BUJIE

U™ (t) =C,cosat +C,sin at. (3.1.1)

D70 penieHue ciaeayeT noAcTaBuTh B (3.4) U npupaBHATH KOADOUITMEHTHI
IIpH TapMOHUYECKNX (DYHKIUAX, TaK KaK ypaBHECHHE JOJDKHO BBITOJTHITHCS B
7100011 MOMEHT BPEMEHH.

—aC, sinat + wC, cosat + 6C, cosat + 6C, sinawt = —g, S cosat .

[Tonyyaem cucremy

@ O
a) szgcl sz_gm%
{ ~wC,+6C, =0 ¢ =54 @+
) H 2 ] 2
oC,+6C =—¢,6 0 _ o
Torna ob1iee peiieHre UIeM B BUJIC
o :
U, (t) = Ae ™ ——2n%_(Scosat + wsin at), 3.1.3
C( ) 0)2 + 52 ( ) ( )
WNinun B cBEpHYTOM BHJIE
U, (t) = Ae ™ ——2_cos(at—g), tgp="=aCR=— (3.L4)

Jo+5° s~ TX,
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Hror

. EnO :
Uc(t) = Ae™ —m(écosa)Hmm wt), (3.1.5)
() = C5(Ae““ +—n® _(_Ssinat+ a)cosa)t)], (3.1.5)
o +0

3.2. HayaJbHbIe yCJI0BUA

Koncranty onpenensem u3 HadaibHbIX ycnoBuil. Ecmm cuurarth
KOHJIEHCATOp M3HAYaJIbHO 3apsKEHHBIM 10 HanpsbkeHus Up (oOnamaer 3apsaom
o), @ TOKa B LIETIN HET, TO

U‘t:OZUO’ I‘

v o (3.2.1)
dt |

VY 10BnIeTBOPUTH OOOMM YCIIOBHUSIM OJIHOBPEMEHHO HENb3s, TaK Kak
ypaBHEHUE NIEPBOTO MOPSAIKA.

t=0

3.2.1. Bropoe HauyabHOE yCJI0BHE
2
A= __bn®
o 2 2"
W +0

Torna pemexue

Uc(t):_zg—mé,z(a)ze‘5t + 52 cosa)t+a)5sina)t), U.(0)=—¢,,
w® +
I(t):—Cé%(we““+5sina)t—wcoswt), 1(0) =0.
o +0

Takum oOpa3oM, B 3TOM CHUTyalluM B HayajbHbIH MOMEHT BPEMEHHU
KOHJIEHCATOp MTHOBEHHO Mepe3apshKaeTcsi, a TOK PaBeH HYJI0. DTO TPYIHO
OOBSICHUTHL ¢ (u3nueckol Touku 3peHus. [loaToMy wucCHonab3yeM MepBoe
HaYyaJIbHOE yCIIOBHUE.

3.2.2. IlepBoe HaYaJIbHOE YCJI0BHE

2
0
@ + 67

2
E,0

o= A el

A=U, +

Torna pemieHue

2
_ o :
s Je N e m(&coswt +wsinat), (3.2.2.1)

U (1) :(UO +gm25—

o’ +6 o +6

2
I(t) = Cé((uo + izje““ +gm—w2(—5sin ot + a)cosa)t)j, (3.2.2.2)
U, +¢,
—

B »ston CUTyallMu TOK YCTaHAaBJIMBACTCA MI'HOBCHHO CKAYKOM, TaK KaK HCT

npruém U, (0)=U,, 1(0) :Cé(uo +5m):
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KaTyllKW U HCUYCM 3aMCJINTh HapaCTaHUC TOKaA. DT0 00BSICHUMO C (I)I/ISI/I‘ICCKOI\/JI
TOYKH 3PCHU. H03TOMy HCITIOJIB3YEM JAJIbIIC 3TO PCIICHUC.
Ecan CBCPHYTH U UCIIOJIb30BATH HCXOJHBIC ITAPAMCTPHI, TO

t
U (1) =(U0 +é&,

1 — 1
— — —|e RC cos(wt — arctg (wCR))
e~ e AR
1 & - & wCR )
I)==—||U,+——Mm___ |e RC — m sin(wt — arctg(«CR
=3[0 - et -rttoc)

DHeprus KOHAEHcaTopa
cu?

Wc (t) =
MoxHO 3aMC€THUTD, UTO

U.O)-1R=¢, — 2sin(a)t—arctg(Ra)C))—gm

1+R°w»°C l+w

1 oRC
U.)-lIt)R=—¢ | ——m——— —_—
<0-10 gm[o\/u R2’C? J1+ R2*C?
U. () - 1(t)R=—¢, cos(at),

KaK 3TO U JOJHKHO OBITh U3 ypaBHeHus (3.1).
() = U.(t) + e;m cos(wt) .

cos(awt —arctg(RaC))

2R2C2

cos(at —arctg(RaC)) - sin(at —arctg(RcoC)))

3.3. HacTHble ciayyan

[Ipu OousiblIMX BpeMEHax IepBas 4acTh PEIICHUS 3aTyXaeT U OCTaETcs
TOJIBKO

) 1
U.t)=-¢ OCOSwt + wSInwt ) =—¢ cos( wt — arctg(RaC
C() m a)z +52( ) m \/m ( g( ))
U.t)=—¢, LCOS wt — arctg (ij
JRZ+ X2 Xc
E . .
(t) =1 —oSIinwt + wcosSwt ) =—¢ sin(awt — arctg(RwC
0)="2——( )=t S g(ReC))

I(t)=-¢, ;sin wt —arctg (ﬁj
JRZ + X2 Xc

Cnpur (a3 He cOBMaAaET MO 3HAKY C TPAJAUIIMOHHO OIMHCAHHBIM B y4eOHHMKAX
13-3a TPAKTOBKH MOHSATHS HAMIPSKEHUSI HA KOHJEHCATOPE.

Oco0sb1#t cmyyait mpu R=0.

B HayanpHBINT MOMEHT BpeMEHHU HampsHKEHUE Ha KOHACHCATOPE CKauKOM
CTAHOBUTCS PABHBIM -&n, @ CUJIA TOKA YXOJIUT B OECKOHEYHOCTD.
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3.4. Utor

R#£0, a0

R=0, 6—x, @#0. [lepeMmeHHBbIIi TOK

OO6uiee penieHue

U.(t)=—¢, cosat.
HanmeeHHe CKaQ4YKOM MCHJCTCA OT Uo
0 -&m B HayaJIbHBIM MOMEHT BPCMCHH

I(t) =—¢,Cosinat = ~Em sinat
XC

CU =C—grz”cosza)t.
2

Wc (t) =

R#0, @=0 mocTOsIHHBII TOK

R=0, §—0, @=0. [1IocTOAHHBII TOK

Uct)=(U,+¢e,)e " —¢

m

U.(t)=—¢,. HanpsxeHnue ckaukoM

MCHACTCA OT Uo JO0 -&m B HavyabHBIN
MOMCHT BpPCMCHH. Ilorom ocraercs

[TIOCTOSIHHBIM. AHaJIOTUYHO, eciu
UCTOYHHKA HET &n=0, KOHIEeHcaTop
3apsDKEH.

1(t) = U, +¢, o

I(t)=0. Tox B HaYanbHBIA MOMEHT
BpeMEHHU OECKOHEYEH, a MOTOM paBeH ()

2

Ce
Wc(t) = ZC

=Const. DHeprus CKaukoM

MEHSIETCSI B HAUYAJIbHBII ~ MOMEHT
BpemeHH. [loTom ocTaeTcst mOCTOSHHOM.

3.5. IIpouenypa ode3pasmepuBaHusi

3.5.1 [Ipouenypa ode3pazmepuBanus npu R=0

C 2
r=at, Un0fm :|8m|’ Inorm :Unormca)’ Wnorm :%
uC(r)zuc(t):— Em cos7 =—sign(e,,)COST .

U

norm

)=t __aCog,

norm

_sign(ep)VY pornCo

norm norm

| sint =-sign(e,,)sinz.

norm

:Wc(t) _ Celu? 0

w(7) W

norm

W

norm
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3.5.2 Ilpoueaypa ode3pasmepuBanus npu R#0

[TapameTpsl peanbHBIX KOHIEHCATOPOB M KATYIIEK WHAYKTHBHOCTH, KaK
MIPABUJIO, TAKOBBI, YTO TIEPUOIBI ¥ YACTOTHI HEYTOOHBI /ISl HAOIOICHYS.
VcxomHble ypaBHEHUS:
HuddepennanbHoe ypaBHEHHE

d(ljJtC +0U, =—¢,0C0Smt. (3.5.2.1)

Hanpsxkenue Ha KOHIEHCaTOpe

2
U.(t) = Uo+gm% e_&—gm%(5coswt+a)sina)t), (3.5.2.2)
o +0
Cwnna Toka

" +0
1 £0° | _ E,0 .
I (t) —E((UO +mje ot +m(—6sm ot +cocoswt)J, (3.5.2.3)

Hanpspxenne Ha pe3ucrope
g 0’ E @ i
U.(t)=|U, +—2"— e +—""_(-Fsinat + wcosmt), (3.5.2.4
O=[Ups 0 e ). 3524
DHeprusi KoOHAeHcaTopa

Wc(t):CUTC(t),

(3.5.2.5)

OO6o3HayuM U, =—— — HaNpsDKCHUE Ha KOHIeHcartope, E =

norm norm

‘UO‘,eCJ'II/IUO?ﬁO ] |
| =—— — cwIa ToKa, a HOPMUPOBKaA

UCTOYHUKa, rae U, - = :
‘gm‘,eanU():O I

norm

2
cuet Toka |, = Ugrm , 0= R1C — nexkpemMeHT 3aryxanus, W, = CU”O”“ :
’ 2 2
Ecnu BBecTn mapamerpol: o, = NJo* + 8% =, |o° +( RC) CR§

XapaKTepHas 4acToTa, 7 =@, — 0e3pasMepHOe BpeMs,
W 1) B «@CR B R R R

) _\/w2C2R2+1_X\/R2 +1:\/R2+X§ 1Z|
C

0
AP
X a)+5 a)2+
2
C

(RC)*

— OTHOIICHHUE YaCTOThl TOKa HMCTOYHHKA K xapaKTepHoﬁ qaCTOTC, OHO XK€ —
OTHOIICHHUC aKTUBHOI'O COIIPOTHUBJICHUA K MOJYJIIO UMIICJaHCA,

o o \/co .y X
< _ /1 B2 = C
o, o+ 52 szc R? +1 |Z|
— OTHOLICHUC éMKOCTHOFO COHpOTI/IBJ'IeHI/ISI K MOILYJ'IIO HMIICAaHCa.
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Torma B 6e3pa3MepHBIX TEPEMEHHBIX |
HuddepennnanbHoe ypaBHEHHE

O:jih/l—ﬂzuc =-E_+/1- 8° cos St . (3.5.2.1)
T

JJ1st mporpaMMUpOBaHUS:
du,
—=—a(U. +E_cosfr
d T ( C m ﬂ ) .
i(r) =u.(r) + E, cos St
HaHpH)KeHI/Ie Ha KOHACHCATOPC
u.(r) = tJJC ®_ (Uo + Emaz)e‘” —E,a(acos Bz + Bsin fr), (3.5.2.2)

norm

Cuna Toka

i(r) = Il(—t) = (uO + Emaz)e“” +E,B(—asin fr+ pcos fr), (3.5.2.3)
J1nis ipoBepKM WK 151 OoJiee yA00HbBIX BhiuncieHuit (mposepeno B Mathcad)
i(z)=u.(r)+E, cos Sz, (3.5.2.3)

Hanpsixenue Ha pesucrope

Ug(7) = lLJJR(t) =(u, + E,@* e +E, B(-asin fr + fcos fr) =i(r), (3.5.2.4)

norm
DHeprus KOHAEHcaTopa

WC (t) _ CUCZZ (t) _ CUnormuczi (T) —

w(7) = =u?(7), 3.5.2.5
( ) Wnorm Wnorm 2 Wnorm 2 © ( ) ( )
YacTHbli ciydyau
@ =0 — MOCTOSIHHBIN TOK. O, :5:%, p=0,a=1
Huddepennuansuoe ypaBHEHHE
e Ly ——E . (3.5.2.1)
dr

Hanpsixenue Ha KOHAEHCATOpE

uc(r)=(u, +E,)e" —E (3.5.2.2)

m )
Cua Toka

i(r)=(u, +E,)e™, mm i(r) =u.(r) + E, (3.5.2.3)

R =0 — Her conporuBnenus. w, >, =0, a=1
DTOT ciy4aid HaIo0 paccMaTpuBaTh OTAEIbHO, TaK Kak oOe3pa3sMepUBaHHUC
BPEMCHH TaKOE€ HE MOIAXO/IHT.
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I[J'IH IMPaBUJIBHOI'O OIPCACICHHUA IIara BblJa4MW JAaHHBIX HY>XKHO CPaBHHUTDH
XAPaKTCPHBIC BpCMCHA

XapaktepHoe B T
BpEMs pa3MEpHOE Tc - g BpeNDI peirakcanuu T4 = Z = g quBepTB nepuoaa
b
€3paMepHOe r—oT = o, T - z
XapakTep. BpeMs S 5

7, <7,,CCIHU

2 2
O ENOHO T st < TS p<s
52 5 2 2

CJ'ICI[OB&TCJ'ILHO, HHTCPBAJI BPECMCHU, KOTOpBIfI HYKHO p8,36I/ITI> Ha 3aJaHHOC
YHCJI0 IaroB

2
o T
<X ecmuw<Ld,|—-1
) 4

2-min=
V4 7t
—, ecuuw>o,|—-1
2 4
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