[IEPEXO/IHBIE ITPOLIECCHI B IMHEMHBIX
DJIEKTPUYECKUX LEITAX

OnpeaeseHrue YCTAHOBMBILIET0CH U MEPEX0HOI0 mpouecca

Yemanosuswiumcs (CTallMOHApPHBIM) MPOILECCOM HA3bIBACTCS HayaB-
IIUICS OECKOHEYHO JaBHO MPOIIECC, TPU KOTOPOM HAIPSIKEHHUS U TOKH B
IETU OCTAXOTCSA MOCTOSSHHBIMU WJIM U3MEHSIOTCS MO MEPUOJUUYECKOMY 3a-
KOHY.

CrauvoHapHBIA IPOIECC 3TO MaTeMaThueckas aOcTpakiusd. Bxmrode-
HUSI MCTOYHHUKOB JHEPIUM, IMEPEKIIOYEHUS B CXEMaxX HAPYILIAKOT CTAIlMO-
HAPHOCTh ¥ MPUBOJAT K BOSHUKHOBEHHUIO TIEPEXOTHOTO IIPOIIECCa.

[lepexoonvim npoyeccom Ha3bIBACTCS HEYCTAHOBUBIIMUKCS, HECTAIIHO-
HapHBIN MPOLIECC, BOZHUKIIMHN ITPU MEPEXO0JIE U3 OJHOIO pEKUMaA PadOThI K
IPYyTromy.

Bcesikre n3MEeHEHUS M MEPEKIIIOYCHUS] B CXEME HA3BIBAIOT KOMMYMAayU-
ei. B cxeme puc.7.1 B MoMeHT =0 NpouCcXOAUT KOMMYTalus (B JaHHOM
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ClIy4ae 3aMbIKaHHE Ki1to4a). PexxuM paOOThI 1IeNH U3MEHSIETCS U BO3HUKACT

MEPEXOHBIN TIPOLIECC.

C‘II/ITaCTCH, qTO Kommymauyus npoucxoéum MCHO6€HHO B MOMCHT BPC-

menu ¢ = 0.
[TapameTtps! nenu:

z}*
o ol
o 1
K 4dt=0 t=mt=0+
t=0

E=120B,L =10ml1u,C = 68nd,

R, =R, =1kOwm.

t = 0 - MOMEHT KOMMYyTaLUWK;

t =0 - MOMeHT, IpeIIIeCTBYIOIIHH
KOMMYTALUK;

t =0, - MOMEHT BpeMeHH, CIeIyIo-

UK Cpa3y MOCIE€ KOMMYTAaIUMU.

Puc. 7.1. CxeMa nenm ¢ KOMMYTHPYIO-
IIIAM KJTFOUOM
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Uc(t)

KommyTranus

120 B

60 B

>

VYcranosusummiics |1=0) fyer {

_YCTaHOBUBIIIUHCS
tipotece Ilepexoanbiv
IPOLIECC

po1ece

IlepBbIil 3aKOH KOMMYTAallMU

(0 )= £ 120 = 60mA -ToK B HHIYKTHMBHOCTH

R +R, 2-10°

KOMMYTalluH,

a0
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i,(0, ) - TOK B MHIyKTHBHOCTH Cpa3y Moclie KOMMYTaIHH.

Hangem CBsI3b MEXIY HUMU.

dy di
Hanpspxkernue camonnaykimu: U, (¢ ) = —— = L— = 0o !!!
dt dt
5 di
[Ipy HEM3MEHHON MHIYKTHBHOCTH 5 # 00. 3HAYUT TOK B MHIYKTHB-
[

HOCTH HE MOXKET MEHATHCS CKAYKOM.
DopMyJIHUPOBKA NEPBOTO 3aKOHA KOMMYTAI[UU:

Tok 6 MHOyKWlMGHOCWlu 00 KomMmymauuu pad6eH mokKy 6 qumeueﬂocmu
8 HAYAILbHBIU MOMEHM NOCe Kovmymauuu:
ZL(O—) — ZL(O+ )
Ecnu IIpH KOMMYyTallu U3MCHACTCS MHIAYKTHBHOCTD, ,HeﬁCTByeT 0505—
meHHbliZ nep6bll/7 3AKOH KomMmymauuu aJZ}Z NnomoKocuenjieHuA .
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W(0_)="P(0, ).
/:\ =0 w(0_)=i,(0_)-L,

Ly I w(0,)=i (0 )(L+L,),
g—YY l rvwf_Lg i (0 )= i,(0_)L,

ir(?)
B MHTyKTUBHOCTH HAKOIICHA MaTHUTHas SHEPrHs
2
L-i (0_)
W, (0_)= 5 . DHEpryus HE MOXKET M3MEHHUTHCS MTHOBEHHO, TaK
dw
KaK MOILIHOCTh Bcerga orpanmdena (p(t) = —— = 00).

dt
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BTopoi 3aKk0H KOMMYTallUU:

Jlo xomMmyTtammu B MomeHT ¢ =0  HampsikeHue Ha €MKOCTH

E-R
u-(0_)= — = 60 B. Haiitu u,.(0, ).
R +R, "
Tok B eMKocTH i (t)= % =C dc’;"c = 00 !!! Hampsbkenue Ha eM-
[ [

KOCTH HE MOXKET MEHSITBHCSA CKAYKOM.
OopMyJIUPOBKA BTOPOTO 3aKOHA KOMMYTAI[UU:

Hanpsocenue na emxocmu 00 KOMMYymMayuu pasHO HANPINCEHUIO HA
eMKOCMU 8 HAYAIbHBIU MOMEHM NOCAE KOMMYMAYUuu:
u-(0_)=u.(0,).
Ecinu npu KOMMyTallMd U3MEHSETCI €MKOCTh, JIEMCTBYET 0000UjeHHbl
8MOPOU 3aKOH KOMMYymayuu 0Jisi 3apsoos:
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q(0_)=q(0+).
R ~ =0 4,(0_)+q,(0_)=¢q,(0,.)+4q,(0, ).
ol ¢,(0_)=uc(0_)-C,
E(1 tey o g,(0_)=uc,(0_)-C,,
<> lC1 Czl 1 (O ): ql(o—)J_ Q2(O_)

C +C,
Ha EMKOCTH HAKOIIJIEHA 3JIEKTPUYECKAs SHEPIus
2
C-u-(0
W,(0_)= 5( - = W, (04 ). Dnexrpudeckast SHEPTHUs TAKKE HE

MOKCET UBMCHATHCA MI'THOBCHHO.

Pacuem nepexoOHbzx npouyeccoe OCHO6AdH HA UCNOJIb306AHUU nep60co U
6Mmopoco 3dKOHA KomMmymayuu.
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HavaabHble ycaoBusa (HY)

Heszasucumvie nauanvrvie yciaosusa - 5TO 3HAYCHHUA TOKOB YCPC3 HMH-
AYKTUBHOCTH U HaHpH)KCHI/Iﬁ Ha CMKOCTX, HCUSMCHAIOIIHUCCS 1IPHU KOMMY-

TallUW U OIIPCACIIATIOIINC 3aI1daC DOHCPI'MU B IICIIN Ioi..... L, , U ..... u .
Ll Ln Cl Cn

3asucumvle HayalbHble YCA0GUS - OTO 3HAYEHUS OCTAIIbHBIX TOKOB U
HAIPSIKEHUN, KOTOPBIE MOTYT U3MEHATHCSA IPU KOMMY TaI[iU

(U gy Updp..).
Hoxommymayuonnsie HY — 510 Havansable yenosus npu ¢ = 0

Iocnexommymayuonnvie HY - 310 Hayansueie ycyosus npu ¢ = 0 L

Hy]l€8bl€ HauajlbHvle Yyciaosusd — IOTO PABHBIC HYJIIIO HC3aBHUCHMBIC
Ha49aJIbHBIC YCIIOBHUAI.
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JKBHUBAJICHTHAY

iL(O_):iL(0+):0 CxXcMa uC(O_):uc(0+):0
—YYY\g —a—X X—=2 ——2 @ 2
a L b a XX p a b a 3 b

H@Hyﬂ€6bl€ HadajlbHoble yciosus - 3TO HCPABHBLIC HYJIFO HC3dABUCHMBIC

HaYaJIbHBIC yYCIOBHSL.
SxBuBaneHtHas  uc(0)=uc(0)#0 t=0.

ir(0.)=i;(0+)#0 _cxema
—_— :D f—0+ ZL(0+) 1(0) | C
z
a L b a b G - :> e

E UC(0+)

JKBUBAJICHTHBIC CXCMBI HHIAYKTHUBHOCTH U CMKOCTH MOXKHO HCIIOJIb30-

BaTh JJIA pacyera 3aBucuMbix HY nipu t = 0 L
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Kiaccuyecknii MeToa pacueTa IepexoHoro mpouecca

, N =0 L
— t >0
R iW B MMOCJIEKOMMYTAIlMOHHON CXEME M0
() eft) — BTOpOMY 3akoHy Kupxrodda:
. d 1 ..
iR+ L—+— [idt =e(t)
d C (1).

i(t) — mepexoIHOM TOK (ITOJIHBIN TOK).
ITocime KOMMyTalMK ¢ — 00 YCTAHOBUTCS MPUHYKICHHBIN PEKUM:

. di 1 .
i, R+ L a’tp | sznpdt:e(t) (2).

O6osnaunm i, (1) =1i(t)— L, (t) - cBOGOIHBIN TOK.
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13 (1) Beruntaem (2):

d(i—i_) 1
. . np . . L .
(i—i, )R+ L - | Cf(z—znp)dt—e(t)—e(t),
| di 1,
lceR J' L J' flcedt :O (3)’ URce _I_ ULCS —I_ UCce — O
dt C
YpaBaenusM (1)-(3) cOOTBETCTBYIOT CXEMBI:
ical(1) inp(?) i)
e — e, WSS
x L 4 R L R L
1 1) e® 11— L
B R Ey P
CBOOOTHBIN { —» o0 >0
porecce ITpunyX/1CHHBIN Honueii
MpOIECC MEPEXOTHOU
nporecc
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llonnwiit nepexoonsvill npouecc CKIaobl8aemcs U3 NPUHYHCOEHHO20 Npo-
uecca, Hayasuie2ocsi OeCKOHeYHo 0ABHO, U 3amyxarouie2o c60000H020 NPo-
uecca. C600600HbIU NPOUECC KOMNEHCUDPYEn HEPABEHCMBO IHEPIUU NOJHOU

u npuHysHcoennou cxemol 8 momenm t=0. Ce0000HbIU npoyecc obs3amelb-
HO 3amyxaem, MaK KaK 8 cxeme Hem UCMOYHUKOS.

Llonnwiil nepexoonoil npoyecc 6ce2oa ecmv CyMma c860O00OHO20 Npouec-
ca U NPUHYIHCOEHHOZ2O0.

i(t)=1,.(t) +ian(t);uc(t) — uch(t)_I‘”Cnp(t)fuR(t) — uRce(t)+uRnp(t)'

LIpunyosrcoennwviit npoyecc 3TO 4aCTHOE PEIICHUE HEOJIHOPOIHOTO AU(-
(bepeHIInaIbHOrO ypaBHEeHUS (2) npu ¢ — oo. {9 ITOCTOSHHOTO WJIM Trap-
MOHHYECKOTO MCTOYHHMKA DHEPTUU NPUHYKIACHHBINA IIPOILIECC PACCUMTHIBA-
I0T METOJIaMH pacyeTa ENerd NOCTOSHHOTO U IIEPEMEHHOTI O TOKA.

C80000HbIIL npoyecc PTO O0IIEE PEUICHUE OJHOPOIHOTO AUPdepeHIIN-
alIbHOIO ypaBHEHMA (3).

12
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di 1
% [ dt=0.
dt Cf“

. t t 4
Pemenne umeer Bun: [ (1) = Ae”™ + A,e™ ...+ 4 e,

rae:

D1, P2 -..Pn - HEKpaTHBIE (IIPOCTHIC) KOPHU XapaKTEPUCTUYECKOr0 ypaB-
HCHUSI;

A;...A, - TOCTOSSHHBIC MHTETPUPOBAHUS, ONPEICIIEMbIE B IOCICKOM-
MYTAIllMOHHOMW CXEME C YUETOM HE3aBUCUMBIX HY.

Ri (t)+1L

CnocoOBl COCTABICHHUSA XapaKTEPUCTUUYECKOTO YPaBHEHMU
IlepBbIi c10C00

d 1

B mnpepeHnmanbHOM ypaBHEHUH 3aMEHsIeEM — —> D, [ = —.

dt p
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1

[Toryuaem xapakTepucTuieckoe ypasHenue: R 4 plL 4+ pv= = 0.
P
Bropou criocod
Y
L
R e B cxeme mociie KOMMYyTallid DPas-
$ C— pbiBacM JIIOOYH0O BE€TBb IENU W
e(t) | :
4_\ Haxomum £, ( j@ ).
P 1zt . .
T Z,(jo)=R+ joL +-
joC
: 1
BamensieM j@ Ha p, momydaem R + pL —I——C = 0 - xapaxmepu-
P
cmuyeckoe ypasHenue.
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TMosyunnu kBaapatroe ypasuenne: p-LC + RCp +1=0.

Uurcno kopHer XapaKTepUCTHUECKOI0 YPAaBHEHMS PABHO €ro CTEICHH.
CTeneHp XapaKTepPUCTUYECKOrO YpaBHECHHS paBHA YHCIY HE3aBHCHMBIX
Ha4aJbHBIX YCIOBUM B MOCIEKOMMYTAIIMOHHON CXEME.

OnpenieieHUE NOCTOSSHHBIX HHTETPUPOBAHUS
JI14 11eny BTOPOTro IMOpsIKa UMEEM:
; _ pit pat
I (t)=Ae™ 4 4,e™* .
N3BecTHBI p; U p,. Tpedyercd Hautu A; u A,. CocTaBiasgeM JBa ypaB-

nerns s ¢ = 0, :

ice(0+): Alepl(0+) +Aaep2(0+) = A+ A4, = l’(()+)_inp(()+) (1).

Jubpepennupyem (1):

dlccgiit) = A pe” + 4, pe .
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di (t)
A =A4,p +4,p, )

Pemaem (1) u (2) mu Haxonum A u A,
di (t)
dt o,

[Iycte t = 0

Hano waiitu i (0 . ) u B IOCJIEKOMMYTAIMOHHOM CXeME ¢

Y4ETOM 3aKOHOB KOMMYTALIHH.
Pexomendyemcs pewiams 3a0avy omuocumensuo i, (t ) un u ().

Ecmu nmmem l(t) — iL (t)ﬂ TO iLce(O—i—) — iL (O—I—) o ian (O—i— )’

di (t)
L—L2"2—u(t).
7 (1)
Haxonum: diL“‘(t) — MLC@(O+) — uL(O+) — M (O+).

dt (=0, L L

16
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Ecnu miem u (1 ).
uCce(O+) — ”C(O+) — uCnp(O—l—)‘
C duCce(t) _

df _iCce(t):iC(t)_iCnp(t)'

duc,(t) _i(0.)—ic,(0,)
dt (=0, C
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IlepexoaHbie MpoLEcChl B HENAX MEPBOro MOpsiaKa
Bxnrwuyenue noctosHHou DJ1C B RL-nensp

i) N Jlano: L=1 T, R=2 Om, E=4 B.
Haitu TOK B LIenu 1ociie KOMMYTAIIUU.

R

OF () | £ 1

HOCJ’ICI[OBEITGHBHOCTB pacdcTa 1mcpce-
XO0OHOIo 1nmponecca KijaCCU4cCKMUM MCTOIOM

1. Pacuer pexxuma 10 KOMMYTaLUA (t = O_), ONpEJICIICHUE HE3aBUCH-

MbIX HY:
i, (0—)=0=i,(0+).
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2. PacueT NpuHY AUTEIBHOIO PEKHUMA, KIIFOY 3aMKHYT (t — OO):

E
ian — E — 2A

3. CocraBisieM nud@epeHnualbHOE YPaBHEHUE 1IETH IIOCIE KOMMYTa-
105051 (t > 0):

. di oo, di
IR+L—=FE, 2i+1—=42-B.
dt dt
4. CoCTaBlIsIEM XapaKTEPUCTHUYECCKOE YPaBHEHHE IICNU. 3aMEHSEM
d
dt

pL+R=0.

HaXOI[I/IM KOPCHBb XaPAKTCPUCTHUYCCKOI'O YPABHCHU .

19
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Py L C ’

& - KOO (PUIMEHT 3aTyXaHUs.

3anuchIBa€M BbIPAKEHHE JIJIs CBOOOJHOIO TOKA:
R

—
i (1)=Ae" =Ade ' =Ae ™ = Ae™”

5. PacueTr moCTOAHHOM UHTETPUPOBAHUSA A :

A :106(0+):zL(0+)—1an(0+):O—E:—E:—ZA.
6. CB0OOOIHAA COCTABJIAIOIIAA TOKA B IIEIIN;
E %
ich(t) — —Ee L = —26_2ZA.

7. Haxoayum moJHBIN TOK:
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E E % E =
i (t)=1i (t)+i (t)=———e ! =—(l—e !l )=2(1—e*)A4
L() np() ce() R R R( ) ( )

Otger: mommsii Tok i, (1) = 2(1—e ' ) A.

IlocTOsTHHAas BpEMEHU 1IE€NU

Bennunna, oOpatHas KO3 (PUIUEHTY 3aTyXaHHUs 0, Ha3bIBA€TCA MOCTO-

1 L

AHHOU BPEMEHU e T — — — —.

a R

E E = L
——e " =2—-2e " A.
R R
: E

CBoGOHBI TOK: [, (1) = —2e A, i (0+)= > = —2.

3anuineM IOIHbIH TOK: I(f ) =

Haiinem nmpon3BoaHyI0 K cBo6ogHOMY ToKy ripu § = ()

21
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di d — 1 =
C6 - -
=—(—2e "), =(=2)(—=)e ",
RL-nepexon. TSC
2.00+ E/R.
0,957,
R12 s:}n L1 1 50-]
Tﬂﬂ L +1 AN T'OO__
L SGG.GGm—_
T 1.00 3T 2.00 3.00 4.00 5.00
0.00 5 ——= i
—SGO.GOm-—_ Aﬁ,}/'
—1.00—-
2=E/R
— 1.50—
—2.00- JBH T T T T T 1
T
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BueiBOIBI;
KacatenbHas Kk cBOOOAHOMY IIpoleccy npu [ = 0 orcexaer Ha ocu

OTPE30K, PaBHBIN T.
E E
[pu ¢ = 37 cBoGomHBIH TOK I (37 ) = —Ee_3 = —E(O,OS), TTOJIHEIH
, E 5 E . y
ok I(37)= E(l —e )= E(l —0,05)=0,95i,, u mnepexonnoit

IMpoaecC CHUTACTCA YCTAHOBUBIIHUMCA.

€=2,7183
t 0 T 27T 371 41 51
| 1 0 0,63 0,86 0,95 0,98 0,99
—e T
! 1 0,368 0,14 0,05 0,02 0,01
e T
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Haﬁz[eM HAIIPsSDKCHUS HAa COIIPOTHUBJIICHUN U HHAYKTHBHOCTH.!
4

u,(t)=Ri(t)=FE—Ee *,

di dlE E - E 1 4+ LE-“ —i
u(t)=L—=1L ——e ' |l=——I(—)e T =——e " =Fe *.
=L dt|lR R | R - LR

R

[To Bropomy 3akoHy Kupxroda u,(t)+u,(t)=E.

24
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Wl

R12 5'{.-}',1 L11

I+

W14

W2

N p—y——|I

4.00

1.00

B.A. Anexun. Dnektporexnuka. Koncnekr nekuuii. 2012



Brirwuyenue B RL-uens rapmonunueckou 3/1C

R e(t)=FE sin(ot+y)
CDea) uL(t)l I

1. Pacuer pexxuma o kommytaimu I, (0— ) =0=1,(0+ ).

2. Pacuert IPUHYAUTCIBbHOI'O PCKHUMaAa CHMBOJIUYCCKUM MCTOJOM.

E,=Ee"

26
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—mnp - _Zm B Zm JP — mnpej(w_¢)’ TAcC. AS \/R2 —I_(a)L)Z ’
4 e
= arct a)_L
@ g 'S

Haxoaum MI'HOBECHHOE 3HAYCHHUE IPUHYKJICHHOTO TOKA:
by(t) =1, sin(ot+y —@), i, (0+) =1, sin(y —@).
3. CocraBisiem qudhepeHInaIbHOE YPaBHEHUE:

Ji
iR+ LZ’ = E sin(ot+y).
{
4. Xapakrepuctuueckoe ypasuenue: pL + R = 0,

KOPEHDL XapaKTEPUCTUYECKOT0 YPABHEHUS: P, = —Z.

27
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R !

__l‘ N

5. CBoGommeii Tok: I (1) = Ae™ = Ade ' = Ae ~.
6. HaxomuM OCTOSHHYIO HHTETPUPOBAHMS:

A=i,(0+)=i(0+)—1,(0+)=0—1, sin(y —¢p)

7. Haxonym 1moJIHBIN TOK:
t

i(t)=1,,sin(ot+y—@)—1, sin(y—@)e *.

CBo6oanbiii Tok 3aBucuT OT ¢as3sl DJC npu =0. Eciu ¥ — @ = 0, 10
i,(t)=0.B obmem cnyyae i (0, )+1i (0, )=i(0,)=0.
B Mathcad paccuuransl rpaduku qus 0=10 1/c, =1 ¢, (¢ — @ ) = 45°.
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1/ ¥
] 0
inp(0+) K,,fﬁpﬁ)
or A
ice(0+) ECE v
4l Tt |
V=21
_2 | | | t
0 0.5 1 1.5 2
7T
Ilepenanpsoxkenue B R,L nenu: Ilpu i — @ = ::5, TO
t
i(t)==x1 cos(wt)F1 e . Ecnu T— Gonbliasi, BO3HUKACT [IEPCHa-
IpsOKEHNE U TOK TOCTUrHET 21

mnp *
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Bxirodenue B RC-nens nocrossaaou J/1C

iw N

2 HavyanbHbie yCII0BUA:

. U0 )=U.(0,)=U,

D ue® VT

Pemraem 3amauy st U,.( ).

1. Pacuer pexxunma no kommytamuu U (0 )=U (0, )=U,,.

2. PacueT NpuHYXJICHHOTO PEXUMA:

Iy =0, E =1, R+ue, E=u

Cnp Cnp’ Cnp*

B.A. Anexun. DnektporexHuka. Koncnekr nekuuii. 2012
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3.JIupdbepeHnmanbHOE ypaBHEHHUE:

e(t)=iR+u.(t)i,=i.=C
du
RC—S+u, =e(t).
dt C ( )
4. XapakTepuCTHYECKOE YPAaBHECHHUE:
1
RCp+1=0; p,=———
P P RC
CBobojHast cocTaBsromasn: U (t)= Ae™
A4-
7= RC[Om-®|=|Om- 70

5. Haxoaum mOCTOSIHHYHO UHTETPUPOBaHUS A

d”c .
dr

— —.

t

t
= Ae ¢ = AHe 7,

— C.

B.A. Anexun. DnektporexHuka. Koncnekr nekuuii. 2012
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A — uCce(O+) — uC(O+)_uCnp — UO _E
4

6. CBoGoxHast cocrapmsitorast: U, (1) = (U, — E )e_;.

7. I1oJIHBIM EPEXOHOU MPOLIECC:
4

ue(t)=ue,,(t)+uc,(t)=E+ (U, _E)e_;-

['pacduk moIHOrO MEPEXOAHOIO MPOILIECca:

HaiineM npon3BOIHYIO K IiepexoqHoMy mporeccy npu ¢ = 0:
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P LN Menp ______
P
[ E-U, uc(t)
Uo
T éf éT ZI-T lST;
du.(t) 1 —% E-U,
” = _; <_<E_Uo>>e (1=0) — =1gp.

BrIBoJI: KacaTellbHas K nepexoanomy nporeccy npu ¢ = 0 orcekaer Ha
JIMHUU TIPUHYKJICHHOTO PEXKUMA OTPE30K PABHBIM T .
Tok B 11enu:

33
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dt T R
A ir)
E-Uy
K
| I >
0 T 21 37

Hanpsxkenue Ha pe3ucTope:

u (t)=Ri(t)=(E—U,)e * =E—u.(t).

BoIBOJBI: U.(1) MEHAETCS aHAJIOTW4YHO i (7) B RL — nenu;
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i(t ) mensiercst ananoruuno U, (¢ ) 8 RL — nenm.

AnddepeHuupyromye ¥ MHTErPUPYIOIIKE e

Nuarterpupyromasa RC-uensp

i) Mk

wl = e(t) = (1) Fuc(t) = iR+ =
C

() C__l w RC—C+uc.

ITycte 7 = RC > (60nswmoe). ITpu sToM:

|
R>C>,aX,.=—<.
wC
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Torma: e(t) ~u,(t)= RC dZC .

]e(t)dt.

BEIXOHOM CUTHAII CHUMAEM C EMKOCTH: U - ( 5 ) N E

0
RC-INT-DIE. TSC
2.00
r‘%
SV
i:i}. 1.00 e
S s + 0.00- \/\/"‘\
5T Y,
1.00 S
L
2.00 . | . |
0.00 1.00m 2.00m

Hudpepenuupyromas RC- nenp
36
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ITycThb T=RC <K (manoe). Ilpu »srom R<KL C<KL, a
1
X, =——=>. Torma: e(t)~u,(t).

wC
BBIXOIHOW CUTHAJI CHUMAEM C COITPOTUBIICHUS
du de
up(t)=RC—~=71—.
dt dt

2.00—

2y 11 K

-2.00 | |
0.00 1.00m 2.00m

NuTerpupyromasa RL - uenp

Ok
C1 100
| |
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i(t) ur(t) di

A — e(t):uL(t)—kuR(t):LE—l—iR.
e(t) L L
1 luR(t) [Iycte 7=—>>. IIpu stom L >, R K, a
Dk R
X, =L >.
Torz[ae(t)%uL(t):L%. i%%fe(t)dt.
0

BBIXOIHOW CUTHAJI CHUMAEM C CONTPOTUBIICHUS

uR(t):iR%ﬁfe(t)dt:lfe(t)dt.
L T o
RL-INT-DIF.TSC
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2.00+

=
@ 1.00
L148m ' UR(Y)
b -
. EH + ﬂm_/\'&/\/“x
- @j‘wz ]
-1.00+ —
1l
-2.00 . I . I
0.00 1.00m 2 00m

Hudbdepenuupyromas RL-mens

L
[Iycts 7 = > <. Mpustom L <K, R>,a X, = oL K.

di Lde de
T )~ t)=IR. =L—=——=7—
orna e(t)~uy(t)=1i u, T R Tdt
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2.00
] UL()
-

D

1.00

At
L1-18m
" ]

0.00—

] @j‘u‘ Mz ]

. "mam

FRRY/

F1 100
| p— |

'2. ﬂﬂ T | T |
0.00 1.00m 2.00m
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Hepexozmble IIPOHECCHI B IICIIAX BTOPOI'0 MMOpPpHAJAKA

Pa3psan emxoctu B RLC-nienu

i1
(1)
/- 3
L

D

C =

1. Pacyer pexxnma 10 KOMMYTallUH:

”c(O_) — uc(0+) = E;
i (0 )=i,(0.)=0.

2. PacyueT NpuHYXJICHHOTO PEXUMA.

e(t)= E = const

B.A. Anexun. DnektporexHuka. Koncnekr nekuuii. 2012

41



uCnp(t) — O’ anp(t) — O

3. JluddepenumansHoe ypaBHEeHUE (12>0).

Ri + di .LuC:O;i:Cd”C-
dt dt
2
RCduC LCduzC IMC_O,
dt dt
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R 1
O6o3HaYNM O = —, (), = —F—
JLC

2L

- 4aCcTOTa HE3aTyXalolIuX KoJjieOa-

HUW.
Monyunm: p° +28p + w, = 0.

KopHHU XapaKTEpUCTUUECKOTO YPABHEHMS:

Pir — —0 £ \/52 — a)02 :

Bo3Mo:xHbI 3 cayyas:

1-i1 ciyyau — anepruoaNUECKU NIEPEXOIHOU ITPOIIECC.
Kopnu p\ v p, — 6ewyecmeennvie, ompuyamenvHbvle U pasHble.

R
JIJ1s1 TOTO JOJKHO OBITh: O° — 0)02 >0,0>w,, Z > ,,

43
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R>2w,L=2p="2 é

B sTOM cilyyae Hanps>K€HUE HAa €EMKOCTH HIIEM B CIECAYIOIIEM BUJE:
_ it Pt
Ue,(t) = Bie™ + Bye™.
IlepexogHor TIPOLIECC OIMCHIBACTCS JBYMS SKCIIOHECHIIUAJIBLHBIMU
(GYHKUMSIMU C JI€HCTBUTEIBHBIMM OTPHULIATECIILHBIMU U Pa3HBIMU IIOKa3aTe-
JIAMU.

Taxoit nepexoonoil npouecc He cosepuiaem nepuoouUdecKux Koeoa-
HUIL U HA3bLEAECMCA ANEPUOOUUECKUM.

L 3
[Tpumep: B et L=1 mI'u, C=1 a®, p = ra = =10 Om.
I[IpoBenem moaenupoBanue st cydas R = 4xOm > 2 p.
44
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RLC-aperiod. TSC

1.00—
750.00m —
A2 1k Ri4k - L11m VF1 ] _
4|j—|:|—‘uh|: roeey { ] Uc(t)
+ 500.00m—
=WVii g/“ ]
I o '
l 250.00m—
I::I-GG-""I""l""l""""I""""I"" LR DL LR
200.00u  21000u  220.00u  230.00L

180.00u  190.00u
Time (s)

Anepuoandeckui nepexoaHoi npouecc (R=4 kOm=4p).

2-# caydyail — KpUTHYECKUH MePexXoaHOM nmpouecc.
Kopuu p, = p, = —O - sewyecmesennvle, ompuyamenvioie u pasHvle.
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R L
HpI/IBTOMIé‘ZG)O,Z:wO,RZZ EZZ,O.

Pemenune nuddepeHInanbHOTO YpaBHEHUS UILIEM B BUJIEC:

u., (t)= (B, + B,t)e

C y4eTOM HAaYIBHBIX YCIOBUM MOJYYHUM IMOJHOE PELICHUE:

e, (1) =E(14+5t)e* =u.(t).
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1.00—

800.00m —

R12k - L11m WF1 ﬁﬂﬂ.{]ﬂm—_
‘ ] /Uc(.t)

400.00m —

C11n

200.00m—

0.00]

210.00u  220.00u

-200.00m ———rrr—rrrr—
Time (s)

180.00u  190.00u  200.00u

Kpurnueckuii Hepeﬁioz[Hoﬁ nporecc (R=2 kOM=2p)

['paduK KPpUTHUECKOIr0O MEPEXOTHOTO MPOIECCa aHATIOTHYEH allepHUOau-

4ECKOMY, HO XapaKTep U3MEHEHHUS 00Jie€ OBICTPBIH.
3-# caydyai — KoJiedaTeJIbHBIM MePexXoaHON mpouecce
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3anuiineM KOpHU: P, —— O T \/ — a)(f :
Ecmn 0 < @ X < :
CJIH ;
2L LC

2 2
MOAKOPEHHOE BbIpaxkeHne 0 — w, < 0 Oyaer oTpuuaTeIbHBIM U 110-

JIYYUM JBa KOMITJIEKCHO-CONPSIKEHHBIX KOPHS:
o . [ 2 2 :
pl,z__g——]\/a)o_5 —_5——](009

2 2 o
rae @, = \/ ), — O - yIJ10Bas 4aCTOTa CBOOOIHBIX KOJICOaHMH.

;R <2p,

Penienue 1y CBOOOHOTO IIpOIecca MOKHO HAUTH ABYMS CIIOCOOAMM:
1-ii cmoco0. Mimem perenre B BUAE:

U, (t)= Be™ + B,e™ = Ble<_5+j ) 4 B2e<_5_j @)
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C y4eToM Ha4yaJbHBIX yCIOBHH HaxoauMm B, B, .
2-1 cnoco0. Miiem penreHue B BUJIE:

U, (t)=Be " sin(wt+y)

B, v — HEN3BECTHBIE OCTOSIHHBIE UHTETPUPOBAHUA.

CocTaBUM CHUCTEMY M3 JIBYX YpaBHEHUH st pacueta Bu i/ .
Mput =0, uch(O+) = uc(0+>—uCnp(O+) = Bsiny = E (1)

Haijgem npou3BOIHYIO:
lCce ( 4 )

auCce( > —Oot ot
—~ 6B +w.B +y)=
t OBe zn( ) wbe cos(a)ct w) C

w1 =0, 1, (0,) =i, (0,) = 0,1, —0.
Clie10BaTEIBbHO: lCce( +) 0u—0Bsiny +wBcosy =0 (2).

C
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E

W3 nepBoro ypaBHeHus:: B = —
siny

. IlogcraBum B (2):

o @
—o0E+w Ectgy =0, ctgy =—, 1gy =—=.
@, o
4
[Monyuum: ¥ = arctg 56 .
BrinmoaHuM npeoOpa3oBaHuUs:
a)C
; . C 5 a)C a)C
SIny = sin|arctg — :
@
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E @
—— = E—, e
SIny )

Cc

[Monyunm: B =

2 2 y
W, = \/ O° 4 @ - pe30HaHCHAs YACTOTA HE3ATYXAIONIUX KOJeOaHHUii;

2 2 o
a)ce — \/0)0 — 5 - 4aCToTa CBO6OI[HI)IX KoJICOaHU.

[lonHbIM TTIEPEXOTHOU TIPOIIECC:

u. (1) = E& sin(w,t +y ), tne: y = arctg a;f .
@

c
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RLC- oscill. TSC

1.00 \
Uc(t)
RZ 1k R1500 ° L11m v 500.00m—
/
:I'J.11 g/ﬁ ]
I i 0.00] /\,«———
-L Ic
-500.00m ———rr—rr e e -
20000u  210.00u  220.00u

180.00u  190.00u
Time (s)

KonebarenpHblil nepexognon npouecc (R=500 Om=0,5p)
CB00OOIHas COCTABJIAIOIIASA UMEET XapaKTep 3aTyXaroluX KoJieOaHuH C

4acTOTOM .. AMIUIUTY1a CBOOOJHBIX KOJEOAHHUH yOBIBAET IO DKCIIOHEH-

[HaJbHOMY 3aKOHY €
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JIeKpeMEeHTOM KOJICOAaHUW HA3bIBACTCS OTHOILICHUE JBYX MTHOBEHHBIX
3SHAUCHUH HAIPSDKEHHS MM TOKa B MOMEHTBI [ u ¢ + 1 ..

@
E=2esin(wt+
A ”c<t> B @, < ’ W> ST,
p— - _e .
(1 +1.) E %0 o701 gy . |t = -y
@, @,

01, =InA = @- norapudm nexpemenTa KoneGaHmMii;

9—lnA=oT. =22 . 5_R

2L \/wg_gz’ L
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R-7

G = =
R
oL |1 ————
’ 4L wy;
w,L p
JloGpoTHOoCTE KONebaTenbsHoro Kourypa: ) = R — E
[loyyrum COOTHOILIEHUS:
1 1 2L L
gl 7 1 2 el _,0_ 2
0 (0 2 5§ R "R o I

20

rae: I1 —mmonoca nmponyckaHus KOHTypa, 7 - IMIOCTOSTHHAS BPEMEHU KOH-
Typa — Bpe€Msl, B TCUEHHUE KOTOPOTO aMILUIMTYJa 3aTyXaeT B € - pas.
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