4. Katymika B 1enu nepeMeHHOro Toka (0e3 konaencaropa) C=0
W3 Broporo npasuia Kupxroda

L
dl I
IR=¢, cosawt—L—. (4.1)
dt
di di R
L—+IR=¢_ cosat, =+ =tncosat. £ R
dt dt L L
—  nuddepeHnnabHOE  OOBIKHOBEHHOE  JIMHEWHOE W
HEOJTHOPOJHOE  ypaBHEHHWE  TMEpPBOrO  TOpsIKa  C
MOCTOSTHHBIMU KO3 (HUITEHTAMH. Puc. 4

Eciu o6o3nauuts O =L " JEKPEMEHT 3aTyXaHus,

TO YPpAaBHCHHC IIPUHUMACT BU]

d—|+5I = 4m cosat. (4.2)
dt L

OTo ypaBHeHUE U Mojaenupyrorcs B Mathcad cpaBHeHHEM YHUCIEHHOTO
pemienuss  auddepeHunanbHOro  ypaBHeHHs MeroaoM — PyHre-KyTTel  u
aHanuTHueckoro pemeHus. B Windows-npunokeHun HCHOIb3yeTCs TOJIBKO
aHAJIMTHYECKOE PEIICHHE.

4.1. YacTHoe pelieHUe

[MosHOE peleHre HEOAHOPOJHOTO YPABHEHUS CKJIAbIBACTCS U3 TIOJHOTO
pemenus ognopoasoro 1°(t) u wactaoro pemenns HeogHopoxHoro 1*(t).

YacTHOE peleHue UIleM B BUIC

| "(t) =C,coswt + C,sin at . (4.1.1)

OT0 pelieHne CieayeT MoACTaBUTh B (4.2) U MpUPaBHATH KOIDPHUIIMESHTHI
IpU TapMOHUYECKUX (YHKIUSAX, TaK KaK ypaBHEHHUE JO/DKHO BBIMOJIHATHCS B
1100011 MOMEHT BPEMEHH.

—C wsinat + C,wcosat + C,dcosat + C,osin ot = ‘%mcos at

—Cw+C,5=0 C2=C1§ Cf%ﬁgz
E )
Torna ob1iee peiieHre UIieM B BUJIC
I(t) = Ae™” +8Tmm(5coswt +wsinat).
I(t) = Ae ™ + %ﬁcos(a)t — ), rae tge = % = %L .

P. B. PomanoB. MoieinpoBanye mpoIeccoB B KOJIeOaTeIbHOM KOHTYPE ¢ HCTOUHHKOM 1



4.2. HayajbHble yCJI0BUS
Hauansnoe ycinosue I(t=0)=0.

2
0=A+ L2’ A:_g_m 25 zz_g_m 25 2
L @*+6 Lo +06 Ro +6

OxoHYaTeabpHOE pemICHUC IS CUJIbI TOKA

2
I(t):_%m( ° e — 25 (5cosa)t+a)sina)t)]

@° +0° @’ +6°
N
1 _ )
I(t)=—2"m oe " —Scosawt —wsinawt). 4.2.1
® L o +52( ) ( )

Hanpsixenue Ha pesucrope

R .
Us)=1(t)R=—= oe~% — 5cosmt — wsin ot
(1) =1(t) L 5 ot - wsinot)
U (t)——— ( e — Scosot - wsinat). (4.2.2)
O/1C caMOMHIyKIIMH B KaTyHJKe
o =-LI o 21 -(~0%" + swsinat - o’ cos )
dt "&’+6
e ()=¢, : (—52e_‘5t + Swsin ot — w° COSa)t) . (4.23.1)
w0 +0o
17001
g (t)=U,(t)—¢, cosat. (4.2.3.2)
DHeprus ToKa B KaTyIIIKe
2
w (=0 (4.2.4)

4.3. YacTHble cirydam, eciau C=0
4.3.1. IIC ncToyHUKA paBHA HYJIHO &n=0
Hwuuero Her.
4.3.2. Pe3uctropa Het R=0, 3—0 ¥ MCTOYHHMK NMOCTOSTHHOT0 TOKa @0
Cwuia Toka

(1-1+6t)=2m 5t = Emt,
RO L

| (t) _—(1 e‘5t)

Hampsxkenne Ha pe3ucrope

R

U, (t)=0.
3/1C caMOMHIYKIMU B KaTyLIKe
g (t)=—¢, =const.
DHEpPrust TOKa B KaTyIIKe
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&
W, (t) :Z—T_tz.

4.3.3. UcTOYHHMK MOCTOSIHHOTO TOoKa =0
Cwuna Toka
En ot | € & -t
I(t)=—T¢e" + 0 =—"—(1-e").
® R R R ( )
Hanpsixenue Ha pesucrope
U =¢,(1-¢).
S/1C caMOMHIYKIIMU B KaTyLIKe
g M)=—¢,% um g (t)=U.(t)—¢,.
DHeprus Toka B KaTyIIKe

LI%(t) Lé&? 5\2
W, (t) = 2()=2Rn;(1—e5‘).

4.3.4. Pe3ucrtopa ner R=0, 6—0
Cuna Toka

I(t)= “n_ginwt = 2 sin ot .
Lo X,
Hanpsikenue Ha pesucrope
U, (t)=0.
OJIC caMOMHIYKIIMU B KaTYIIIKE
g (t)=—¢g,cosat.

DHEpPrus TOKa B KaTyIlIKe
2

&
W, (t) = oL sin® ot .

4.4. npouenypa ode3pasmepuBanusi, ecau C=0
4.4.1. JIC ucToYHUKA paBHA HYJIHO &n=0
Hwuuero Her.
4.4.2. Peauctropa Het R=0, 6—0 ¥ MCTOYHHUK MOCTOSAHHOTO TOKa &=0

£
Urorm = |€nls Thom =% — 311ech pa3MepHas BennuuHa [lnorm]=A/C, Tak Kak HeT

XapaKTepHOro mMaciiTaba BpeMEeHH.
HuddepennpanbHoe ypaBHEHHE
ar_ sign(e,.)
dt "

Cuna Toka
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i(t) = Il(—t) =sign(e, )t.

norm
Hanpsixenue Ha pesucrope

ug (t)=0.
O/J1C caMOMHIYyKIINH B KaTyLIKE

& .
e, =—+—=-sign(g,) =const.
norm
2

£
DHeprus Toka B kKatymke W = —rI“_ — paszmepHas BenmuuuHa, [Whorm]=/1ox/c?

norm 2
W, ()
WL (t) = m = tz .
4.4.3. UcTouHHK mOcTOSTHHOr0 ToKa =0, R#0
& LIZ
=5t — 6espasmepnoe Bpems, U . =en |, liom = fenl W= %
HuddepenuuansHoe ypaBHEHHE
d . .
—+i=sign(e,).
dr
Cuia Toka
. I :
i(r) = 10 _ sign(s,)(1-e ).
I norm
Hanpsixenue Ha pesucrope
Ug ()

Ug(7) = =sign(e,)(1-e7) =i(z).
OJIC caMOMHIYKIIMU B KaTYIIIKE

e (r)= at) sign(e,)e ", um &, (7)=UL(7) —¢, .

norm
DHEpPrus TOKa B KaTyIlIKe

W, (7) W) :(1—e")2.

norm

4.4.4. Pe3auctropa Her R=0, 6—0, @#0

7 =t — Ge3pasmepHoe Bpems, U

- — m‘ — —_norm
_|‘9m|’ Inorm_ ’W -
0]

Huddepennnansuoe ypaBHEHHUE
di .
— =sign(e, )cost
dr

Cwa Toka
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I(r) =——==sign(¢,)sinz.
norm
Hanpsixenue Ha pesucrope

us (7)=0.
O/J1C caMOMHIYyKIINH B KaTyLIKE

e(r)= £.(t)

norm

=—sign(g,,)cosz.

OHeprus ToKa B KaTyIlIKe

_We®) _ g2

w sin“ 7

norm

4.45. Toabko C=0

o oL
T=0t — Oe3pa3sMepHOe BpeMs, [f=—=-— — OTHOIICHHE 4YaCTOThl TOKa

o R

HCTOYHHKA K ICKPCMCHTY, OHO K€ — OTHOIICHUC MHAYKTHUBHOI'O COIIPOTUBJICHUA

2
— m W — M
norm R ' norm 2

JuddepeHunansHoe ypaBHEHHE

K akTuBHOMY, U = |gm|, |

d +1i=sign(e,)cos fr
dr

Cuna Toka
i I (t i
i)=Y — sign(s,)
Hanpspoxenne Ha pe3ucrope

Up(t) _

1
2

1+ 5 (e—r —C0S fr — fsin ,6’7) . (4.45.1)

Us(7) = =—sign(z,) —— (e —cos Bz — Bsin fr) =i(r) .(4.4.5.2)
norm 1+ﬁ
OJIC caMOMHIYKIIMU B KaTYIIIKE
e ()= a0 sign(e,,) L : (—e‘5t + Bsin fr— f? cosﬂr) (4.45.3.1)
norm 1+ﬂ
i
e, () = 21 _i(z) sign(z. )cos (4.45.3.2)
OHeprus ToKa B KaTyIlIKe o
_WL@) 1)
WL(Z')—W =2 =i*(7). (4.2.4)

norm norm
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4.5. lpyrasi npoueaypa ooe3pasmepuBanmusi, ecau C=0
HuddepennnanbHoe ypaBHEHHE

dl
+ 51 =ncosat. (4.5.1)
dt L
Cwnna Toka
1 )
I(t) = oe " —Scoswt —wsinawt ). 452
)= L ®* +52( ) ( )
Hanpspxkenue Ha pGSI/ICTope
R )
U,(t)=—"n oe ' —Scosmt —wsinwt ). 453
(1) = L o’ +52( ) ( )
OJIC caMOMHIYKIIMU B KATYIIIKE
g (t)=U,(t)—¢, cosat. (4.5.4)
DHeprus Toka B KaTyIIIKe
LI2(t
w, () =8 (455)
2 / 2] 2 2 7
Eciu BBeCTM TapaMeTphl: o, =\’ +06° = ’a)2 + (%j = % _ % _
XapakTepHas 4acToTa, rae |Z| — Momynb uMmenaHca, 7=t — 0e3pa3MepHoe
o oL
Bpems, [ ——=E — OTHOIIIEHUE YaCTOThl TOKA MCTOYHHMKA K XapaKTEPHOU
a)X
4acTOTE, OHO € — OTHOIICHHE HWHIAYKTUBHOTO COMNPOTHBJICHUS K MOMIYJIIO
8 LI r?orm
nMIe anca, i—s[l ﬂ — —’ norm = m|’ Inorm = J.CT))‘( ) Wnorm - 2
I[H(b(bepeHuHaﬂbHoe ypaBHeHI/Ie
d—+«/l B%i=sign(e, )cos Br. (4.5.1)
T
Cwnna Toka

i(7) =||(—t) =—Sign(8m)(\/1—ﬁ e _ [1— g7 cos g - psin ﬂr).(4.5.2)

norm
Hanpsixkenue Ha pesucrope

Ug(z )_ Ye® _ —sign(e, )y/1- f° (\/1 ﬂe‘ﬂf y1- " cos fr — ﬂsm,ﬂr) i(0)y1-p4° (4.53)

norm

S/1C caMOMHIYKIMU B KaTyLIKe

e (r) =ug(r) —sign(e,)cos Sz . (4.5.4)
DHEpPrus TOKa B KaTyIIKe
0-g-(i0]r0 s

ITOT BAPUAHT 00e3pa3MepUBaHMS U UCIOJb3yeTCsl B IPOrpaMMme.
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4.6. Hactasble cayuau C=0

4.4.1. OJIC uCTOYHUKA PABHA HYJIIO &m=0
Hwuuero uer.

4.6.2. Pesucropaner R=0. o, =w, f=1

HuddepennnanbHoe ypaBHEHHE

ﬂ:sign(gm)cosw (4.5.1)
dr
Cuna Toka
I(z) =sign(e,)sinz. (4.5.2)
Hanpsixenue Ha pesucrope
U, () =0. (4.5.3)
OJIC caMOMHIYKIIMU B KaTYIIIKE
e (r)=-sign(e,)cos7. (4.5.4)
DHeprus ToKa B KaTyIIKe
w(r) =i%(7). (4.5.5)
4.6.3. UCTOYHHMK NMOCTOSIHHOT 0 Toka =0
o, =06, =0
HuddepenuuansHoe ypaBHEHHE
ﬂ+i=sign(gm). (4.5.1)
dr
Cuna Toka
i(r) =—sign(z,) (e -1). (4.5.2)
Hanpsoxenne Ha pe3ucrope
Uz (7) =i(7) . (4.5.3)
OJIC caMOMHIYKIIMH B KATYIIIKE
e, (7) = U () - sign(z, ) . (4.5.4)
DHeprus ToKa B KaTyIIKe
w(r) =i%(7). (4.5.5)

OTH cilydau JETKO MOJy4aroTCs U3 0OLIEro.

4.6.2. Pe3uctropa Het R=0 ¥ MCTOYHUK MOCTOSIHHOTO TOKAa =0
D10 0cOOBIN citydail. Ero Hajmo paccMaTpuBaTh OTJAEIBHO.

w,=0,6=0, f= ook | HEOIPENEIEHHOE.

Oy A &)2 L2 + R2
Hudbdepennmansuoe ypaBuenue: M3 ucxoaHoro

dil ¢
—=Im 45.1
dt L ( )
N3 06e3pa3zmMepeHHOTO
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(;j_i+«/1—ﬁ2i =sign(e, ) cos fr . (4.5.1)
T

He nosyunrcs. Iloatomy 31€ech Ipyrue KOHCTaHTbl HOpMUPOBKU. U

Inorm = @

L
o0e3pa3MepHuBaeTcs, TaK Kak HET XapaKTepHOIro MaciTada BpeMeHH.
HuddepennnanbHoe ypaBHEHNE

norm ~ |‘C"m| ’

3mech  pasMmepHas  BenmmuuHa  [lnorm]=A/C.  Bpemss He

di .
—=SIgn(e..).
= sign(z,)
Cuia Toka
i(t) = 1© =sign(e, )t.
I norm
Hanpsixenue Ha pesucrope
ug (t)=0.
OJIC caMOMHIYKIIMU B KaTYIIIKE
e = L —sign(e, ) = const.

norm
2

— :_T_ — pasmepHas BenuauHa, [Whorm]=1x/c2.

W () _

OHeprus Toka B karymke W, -

t2

W (t) =
norm

ITOT BAapUAHT 00e3pa3MepUBAHMS U UCIOJb3yeTCsl B IPOrpaMMme.
4.7. OnpeaesieHue MAara 1no BpeMeHH.

JI1st mpaBUJILHOTO OTIPEJICNICHUs 111ara BbIJIa4d JJAHHBIX HY>XHO CPAaBHUTH
XapaKTepHbIC BpeMeHa

XapakrepHoe 1 T,
BpPEMSI pa3MepHOE Tc - BpeMﬂ peirakcanu T4 = Z = ? quBepr nepuoga
b

S DR T = a)xTc = & Ty = CI)XT4 = Z
XapaKTCp. BpCMA 5 2

7. <17,, €Clu

2 2 2
w, 1w No+5 T T T R
=< 22 7 <D @P+8%°<=6%, w<d,[)—-1, 6=—.
o 2 o 2 2 4 L
CrnenoBaTellbHO, MHTEPBAJI BPEMEHH, KOTOPBIH HY)KHO pa30WTh Ha 3aJaHHOC

YHCJI0 IIIaroB

2 2 2
&, ecmu w<o ”——l w—2+1, eciu <o 7[——1
o 4 ) \}5 \/ 4
Trin = Trin =
2 2
E, ectu o> 8,7~ -1 z, eCJzua)>5«/”——l
2 4 2 4
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