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[omaluHee 3agaHue.

Ha puc.1-20 npuBeneHsl cXeMbl 3J1EKTPUUECKUX LENEN, Y KOTOPBIX
MEPEXOJIHbIC MPOIECCHI BBI3BIBAIOTCS 3aMbIKaHUEM (MJIM Pa3MbIKaHUEM ) KITHOYa
«K». KoMmmyTtanus nporucxoauT B MOMEHT BpeMeHH ¢ = 0. B nenu neicreyer
UCTOYHMK nocTossHHoi D/[C E.

TpeOyeTcs onpenenuTh TOKH (MU HAPSDKCHUSI) IBYMS METOIaMHU:
KJIACCUYECKUM M ONEPATOPHBIM.

B cootBercTBUM C 3a1aHUSIMU OJHU CTYJICHTHI PEIIAOT 33J]a41 BapuaHTa
«Ay», npyrue — BapuanTa «B». Ha ocHOBaHUM MOJTy4€HHOTO aHATIUTUYECKOTO

BBIPAKEHHUS B MHTEpBAJIE OT ¢ =0 10 ¢, (#, — BpeMs, Ip1 KOTOPOM IEPEXOTHON

IPoILIeCC MPAKTUYCCKH 3aKaHYUBACTCSI) CTPOUTCS rpaduKk HCKOMOW BEJIMYUHBI B
3aBUCHUMOCTH OT BPEMEHHU.

Jlns obneryeHust paboThI MPUBEACHBI 00Ias METOUKA MCCIICI0BaHUS
MIEPEXOAHBIX TPOIIECCOB KJIACCUYSCKUM U ONIEPATOPHBIM METOJ0M. PaccMoTpeHbI
YHUCJIOBBIE TIPUMEPHI TPUMEHEHUS ITUX METOMK.

VYka3zaHbl TpeOOBaHUS K COCTaBJICHUIO oTUeTa. [IpuBeeHa pekoMeHAAMSA K

0(OPMIICHUIO TUTYJBHOIO JIUCTA CTYJEHYECKOTO OTUETA.



3apgaua 1.

L
—Y Y Y\ 1} 1
R R;
®*
— ——
R, Ry
K
E,B L,MIH C, Mx® R, Om R,, Om R;, Om R4, OMm
50 | 1500 2 13 3 2
Onpenenurs:

A. HampsikeHue u, () Ha KaTylIKe Mpu IEePeX0oAHOM Ipoliecce

B. Hanpsixkenue u,. () Ha KOHAEHCATOPE NPU NEPEXOTHOM MPOLIECCE

3apgava 2.
— 3
R,
oF e
C
— I}
R4
——
R, K
E,B L, mI'H C, Mx® R;, Om R,, Om R;, Om R4, OMm
150 2 50 5 10 5 5
OnpenenuTs:

A. Tok B KOHJEHCATOPE i.(f) TIPU MEPEXOTHOM MPOLECCE

B. Tok B pe3ucrope R, pu NMEPEXOAHOM IPOLIECCEe




3apaua 3.

K R
O e
R
E,B L, MIH C, Mx® R,, Om R;, Om R4, OMm
100 3,2 50 8
Onpenenurs:

A. Tok B KOHIEHCATOPE i.(f) MPU NEPEXOTHOM ITPOLECCE

B. Tok B MUHIIyKTUBHOCTH i, (f) PU IEPEXOAHOM IpOIIecCe

3apava 4.
K
R R
®* T 3
Ry
E, B L, mI'n C, Mmx® R, Om R,, Om R;, Om R4, Om
100 1 10 50 30 20 -
OnpenenuTs:

A. Hanpspxkenue u, (1) Ha MHIYKTUBHOCTH IIPU NIEPEXOTHOM MPOIECCE.

B. Tok i,(f) B pe3uctope R, IpU NEPEXOTHOM IIPOLECCE




3apaua 5.

R R,
R4 c
®* . T
L
Y Y Y\ 1}
R;
E,B L,MIH C, Mx® R, Om R,, Om R;, Om R4, OMm
100 1 10 20 10 10 2
Onpenenurs:

A. HampsikeHue u, (r) Ha MHIYKTUBHOCTH IIPH MEPEXO0IHOM IIpolLiecce.

B. Hanpsbxenue u.(f) Ha KOHAEHCATOPE MPU MEPEXOJHOM IIPOLIECCE

3apava 6.
Ry
L R,
AN E
® ”
—l— C R,
E, B L, mI'n C, Mmx® R, Om R,, Om R;, Om R4, Om
30 0,1 2,5 5 10 15 -
OnpenenuTs:

A. Tok i,(#) B pe3ucTopax R, U R IIpU NEPEXOTHOM IPOIECCE

B. Tok B kOHzEHCATOPE i.(f) IPU MIEPEXOTHOM HPOLIECCE




3apavua 7.

L
1 > Y Y Y\
R l
C
®E R, (K
R;
R
E,B L, MI'H C, Mx® R;, Om R,, Om R;, Om R4, OMm
120 0,4 10 2 1 1 |
OnpenenuTs:
A. Tok i,(#) B pe3ucTope R, NMpu NepexoaHOM MpoLEecce.
B. Tok B MHIYKTUBHOCTH i, () TIPX MEPEXOTHOM MPOLIECCE
3agaua 8.
1 Y'Y Y\
R,
K
®E g, =€
R;
R
E,B L, mI'n C, Mmx® R;, Om R,, Om R;, Om R4, Om
120 10 10 40 60 1000 1000
OnpenenuTs:

A. Tok B KOHJEHCATOpPE i.(f) TIPU MEPEXOTHOM MpOoIecce

B. Hanpsixenue u, (1) Ha ”HAYKTUBHOCTH IIPU IIEPEXOJHOM IIPOLIECCE.




3apgaua 9.

K
R
3 R,
O =C
L
R R
E,B L,MIH C, Mx® R, Om R,, Om R;, Om R4, OMm
200 1 10 10 10 50 30
Onpenenurs:
A. Tok B MUHAYKTUBHOCTH i, (¢) TIPH MIEPEXOHOM MpoIIecce.
B. Tok B kOHzIE€HCATOPE i.(f) TPU MEPEXOTHOM HPOLIECCE
3apava 10.
L
1 > Y Y'Y\
R, l
C
®e (r, K
R,
R:
E,B L, mI'n C, Mx® R, Om R,, Om R;, Om R4, Om
120 0,4 10 1 2 1 1
OnpenenuTs:

A. Tok B MHAYKTUBHOCTH i, () IPHU NEPEXOTHOM IPOLIECCE.

B. Hanpsixenue u,.(f) Ha KOHAEHCATOPE MPU NEPEXOAHOM IIPOLIECCE.




3apaua 11.

L
— — 1YY
R l
K
O R, FC
R;

.E, :
E,B L, MI'H C, Mx® R;, Om R,, Om R;, Om R4, OMm
120 10 0,1 20 20 1000 1000

OnpenenuTs:

A. Tok i,(#) B pe3ucTope R, MpH MEePexXoHOM MPOIECCe.

B. Hanpsixkenue u, (1) Ha ”HAYKTUBHOCTH IIPU IIEPEXOJHOM IIPOLIECCE.

3apava 12.
IE |
R
oF 1 [ 1
R
E,B L, MIH C, Mx® R, Om R,, Om R;, Om R4, OMm
120 0,64 10 5 15 4 -
Onpenenurs:

A. Hampsikenue u, (r) Ha MHIYKTUBHOCTH IIPH MEPEXOIHOM IIpolLiecce.

B. Tok B KOHJIEHCATOPE i.(f) TIPU NEPEXOTHOM IIPOLIECCE.




3apaua 13.

C
P
R
®: & e
L
Y Y Y\
=

E,B L, mI'H C, Mx® R;, Om R,, Om R;, Om R4, OMm

120 1 10 12 6 8 8

OnpenenuTs:

A. Hanpspxkenue u.(tr) Ha KOHJIEHCATOPE MPU NEPEXOTHOM MPOLECCE.

B. Hanpsoxenne u,(f) Ha ”HIYKTUBHOCTH IIPH IIEPEXOAHOM IIPOLIECCE.

3apgava 14.

L

R, C Ry

®~

E,B L, MI'H C, Mx® R, Om R,, Om R;, Om R4, OMm

50 1 50 4 6 10 10

OnpenenuTs:

A. Tok i,(f) B pe3ucTope R, Mpu NEepexXoaHOM MpoLecce.

B. Tok B KOHJI€eHCATOPE i.(f) TPU NEPEXOIHOM IPOLIECCE.




3apaua 15.

R,
R,
- L
R;
=C
AN E
® )
Re
E,B L, MI'H C, Mx® R, Om R,, Om R;, Om R4, OMm
150 4 5 9 10 5 1
OnpenenuTs:

A. Tok B UHAYKTUBHOCTH i, (¢) MPHU MEPEXOTHOM MPOLIecCe.

B. Hanpsixenue u, (1) Ha THIYKTUBHOCTH IIPU IIEPEXOJHOM IIPOLIECCE.

3apava 16.
L
R R:
E =C
R Ry
E,B L, mI'n C, Mmx® R, Om R,, Om R;, Om R4, Om
50 2 1000 1 2 2 4
Onpenenurs:

A. Tok B KOHIEHCATOPE i.(¢) MPU NEPEXOTHOM IIPOLECCE.

B. Hanpsixenue u, (1) Ha MHIYKTUBHOCTH MPU TIEPEXOAHOM IIPOIIECCE.




3apaua 17.

=]

R
%L =C Rs ?
E K
— (o
R, o/
E,B L, MIH C, Mx® R, Om R,, Om R;, Om R4, OMm
30 5 4 6 20 14 20
Onpenenurs:

A. Hampsikenue u, (f) Ha MHIYKTUBHOCTH IIPH MEPEXO0IHOM IIpolLiecce.

B. Tok B kOHzIEHCATOPE i.(f) TPU NMEPEXOTHOM MPOLIECCE.

3apaua 18.
R R
QDE =C []R3 (K
L
_NYY\_E
R,
E,B L, mMI'n C, Mx® R, Om R,, Om R;, Om R4, OMm
200 1 50 5 10 20 5
OnpenenuTs:

A. Tok i () B pe3ucTope R, IpH NEPEXOTHOM IPOLIECCE.

B. Hanpsoxenne u, () Ha ”HIYKTUBHOCTH IIPH IIEPEXOAHOM IIPOLIECCE.




3apaua 19.

L
Y Y Y\ 1
R,
®+
R
E,B L, MIH C, Mx® R, Om R,, Om R;, Om R4, OMm
100 1 10 3 | - -
Onpenenurs:

A. Tok i (¢#) B pe3ucTopax R, ¥ R, MpHU MEPEXOTHOM MPOIECCE.

B. Hanpsbxkenue u, (r) Ha ”HIYKTUBHOCTH IIPU IIEPEXOAHOM IIpoLeCcCe.

3apaua 20.
ERZ R4
®E C
K
S
LY YY"\ &
R,
E,B L, MI'H C, Mx® R, Om R,, Om R;, Om R4, OMm
120 1 2 20 8 12 2
OnpenenuTs:

A. HanpspkeHue u, () Ha MHIYKTUBHOCTH IIPU MIEPEXOIHOM IIpoLecce

B. Hanpsixenue u,.(f) Ha KOHJIEHCATOPE MPHU IEPEXOAHOM IpOIiecce.




PekomeHaauumM K peLlueHuto 3a4ay nepexoaHbIX npoueccoB
Kraccu4yeckumMm MeToAoM.

Pacuer nepexoqHbIX MPOLECCOB B pa3BETBIEHHBIX LIENAX KJIACCUYECKUM METOJIOM
CBOAMTCS K COCTaBJICHHIO AU depeHIIMaTbHBIX YpaBHEHHH 10 3akoHaM Kupxroda
JUISl MTHOBEHHBIX 3HAYECHHUH HAINPSKEHUW U TOKOB OTJEJIbHBIX BETBEU U PELICHUIO
3TOW CUCTEMBI OTHOCUTEIBHO OJHOT'O U3 HEM3BECTHBIX TOKOB WJIM HANPsKEHU. B
pe3yibTaTe MOAYyYnTCs JTUHEHHOE HeoqHOpoAHOe Tud hepeHnnaasHoe YpaBHCHHE
C IOCTOSIHHBIMU KO3 DUIIMEHTaMHU, TOPSA0K KOTOPOTO paBeH CyMMeE Yucia
HEOObEAMHEHHBIX UHAYKTUBHOCTEH U €MKOCTEM cXxembl. PerieHue ero HaxoguTcs
B BUJIC CyMMBI PUHYKJICHHON U CBOOOTHOM (ITEPEX0IHOI) COCTABISIONINX.
[Tpudem B BeIpakeHUE CBOOOIHOM COCTABIISAIONICH BCET1a BXOAAT MOCTOSIHHBIC
WHTETPUPOBAHUS, YHCIIO KOTOPHIX COOTBETCTBYET MOPSAKY MU PEepeHITHATBEHOTO
ypaBHEHUS, 1 OHU HAXOJATCA U3 HAYAJbHBIX YCIOBHM. Takum oOpa3om, s
71000 BETBU Pa3BETBICHHOM 1IEMTH MOKHO 3aIUCaTh:

i=1, +i,, u=u,+u,.

st onpenienieHnst KOpHEN XapaKTEPUCTUUECKOTO YPAaBHEHUS CUCTEMBI
OCYIIECTRIISIEM aJreOpan3alnio OJJHOPOIHON CUCTEMBI ypaBHeHUH. B o0OmemM Bue
CBOOO/IHBIN TOK paBeH

i,=A-e".

Ero npousBonnas

di

c8

dt

= pAept = pics >

U ero UHTErpal:

[i,,dt=afemdt = iAe’” = ii

CrnenoBarenbHO, B CUCTEME YPABHEHHH N7 CBOOOIHBIX TOKOB MOYKHO

. 1.
IIPOU3BOJIHBIE 3AMEHATH HA pi,,, @ UHTETPAJI HA —i,, W IOJYyYUTh CUCTEMY

ce ?

anreOpanyeckux ypaBHeHul. [lepexon oT cucTemMbl JTUHEHHBIX

muddepeHnrnanbHbIX YpaBHEHUH K CUCTEME alreOpanvyeckux ypaBHEHUN



Ha3bIBAIOT anredpaun3aiueii cucreMsl nuddepeHnanbHbIX ypaBHEHU] AJIs
CBOOOJTHBIX TOKOB.

CJ'ICI[OB&TCJ'H::HO, HAIIps’KCHWEC Ha KaTyHIKE MOKHO 3aMCHUTD

di,
dt

L

= Lpi

c6

H HAIIPAKCHUC HAa KOHACHCATOPC

ljiwdr .
C Cp

B pe3ynbTate anredpausaiuu nojgydyaeM OAHOPOJHYIO JTUHEHHYIO CUCTEMY
YPaBHEHMU, KOTOPasi UMEET HEHYJIEBOE PELICHUIO TOJIBKO IIPU PABEHCTBE HYJIIO
OTpEeJICIUTENS MATPUILIBI KOIPDUIIMEHTOB CUCTEMBI. Y CIOBUE PABEHCTBA HYJIIO
HTOTO ONPENEINUTENS SABISAETCA XapaKTEPUCTUIECKUM YpaBHEHUEM. Perras
XapaKTepUCTUUECKOE YPABHEHNE OTHOCUTEIIBLHO IIEPEMEHHOMN p, HAXOAUM KOPHHU
XapaKTepUCTHUYECKOTO ypaBHEHMS. KOIMYECTBO KOPHEN XapaKTEpPUCTHUYECKOTO
YPaBHEHUS 1 COOTBETCTBYET MOPSAAKY CUCTEMBL. B 00111eM citydae perieHue

OJIHOPOJHOTO ypaBHEHHUs (CBOOOIHASI COCTABIISIIONIAS ):
n

R pit

i, = Z Ae
i=l

B ciyudae cuctembl BTOPOTo MOPsAIKa BO3MOKHBI TPU BapUAHTA TUIIA KOPHEU
XapaKTEPUCTHUECKOTO YPaBHEHUS, U OT 3TOTO 3aBUCHUT BHUJI, B KOTOPOM YI00HO
MPEICTABJIATh PEUICHUE.

a) Kopau p, u p, pa3Hbie 1 BEIIECTBEHHBIC —

i, =Ade™ + Ae™.

0) Kparasie kopaH p,= p,

i, = (4 +Az)e™.

B) KopHu p, u p, KOMIUIEKCHO-CONPSIKEHHBIE —

p=—0+jw,, p,=—0—j@,,

i, = (A cosmt + A, sin wyt)e™

Tax kax (4, cos wyt + 4, sin o,t) = Bsin(w,t + 0),



A
rae B=+A4’+ 4, , HzarctgA—z,

2
T0 i, = Be *' sin(w,t + 6).
[TocTosIHHBIE MHTErPUPOBAHUS HAXOIATCA UCXO/ISl U3 HAYAJIbHBIX YCIOBHA,
OTIpECISAIONIUX 3HAUEHUE UCKOMBIX (DYHKIIMH TOKOB U HAIPSDKEHUH W UX
IMPOU3BOAHBIX B MOMCHT KOMMYTallUH. 3HayeHHs TOKA HA KaTyIoKe
WHAYKTUBHOCTH U HANPSYKEHUS Ha KOHJIEHCATOPE B COOTBETCTBUU C 3aKOHAMM

KOMMYTallu1 OIIPCACIIAOTCA U3 HOKOMMYT&HHOHHOﬁ CXCMBI.

3aKOHbL KOMMYMAYUU:

HeBo3M0XHBI MTHOBEHHBIC U3MEHCHMUS OHCPIuu, 3armaceHHoM B
SJICKTPOMArouTHOM IIOJIC.

1) B Ha4aJIbHbIM MOMEHT BPCMCHH I1OCJIC KOMMYTAallU TOK B UHAYKTUBHOCTH
OCTAaCTCA TaKHUM K€, KAKMM OH OBLI HCTIOCPCACTBCHHO ICPEa KOMMYTaHHCﬁ,
a 3aTCM IIJIaBHO U3MCHACTCA.
i, (=0)=i,(+0)

2) B HayaJbHbIi MOMEHT BPEMEHU IOCJIE KOMMYTAIIMHU HAMPS)KEHUE HA
€MKOCTH OCTAETCS TAKUM K€, KAKUM OHO ObLIO HEMOCPEICTBEHHO TIEpeT
KOMMYTAalIMEH, a 3aTEM IIABHO U3MEHSIETCS.

uc(=0)=uc(+0).

JI1st HAX0KJI€HHSI OCTAIbHBIX HAYAJIbHBIX YCJIOBUI COCTaBIISETCA CUCTEMA
ypaBHEHUH AJ11 MOMEHTA BpEMEHHU ¢ =0 (BpeMs KOMMyTaluu). 3aTeM U3 OOIIEero
BU/JIA PEILICHUS HaXOAATCS 3HAYEHUSI UCKOMBIX (DYHKIIMI M UX TPOU3BOAHBIX B
HyJIE U IPUPABHUBAIOTCS HAMIEHHBIM HA4aJIbHBIM yCIIOBHSM. M3 OTy4EeHHBIX
ypaBHEHUH BbIpa)xaroTcsi KO3(PPUIMEHTHI. 3aMETUM, YTO B HAYAJIBbHBIX YCIOBHSIX
GurypupyroT QyHKIHH MTOJIHOTO TOKA U HanpspkeHus. Clie1oBaTensHo,
IPEIBAPUTEIBHO JOJKHA OBITh BHIYHMCIICHA COOTBETCTBYIOLIAS MPUHYKICHHAS
COCTaBJISIFOLIAs, JIs1 YETO PellaeTcs 3a/1a4a HaXOXKACHUS TOKOB U HANPSKEHUH B
IIOCJIEKOMMYTAllMOHHOU CXEME.

B nensx ynpoiieHus BbIUUCIEHUM PEKOMEHIYETCSl B KaU€CTBE HEU3BECTHBIX
(GyHKUMNA BIOUPATh TOKHU B BETBAX C KAaTyIIKaMU UHAYKTUBHOCTH U HANPSXKEHUS

Ha KOHACHCATOpax. OcTabHbIC TOKH U HaIIPAKCHUA OCIIM BBIYHUCIIATH 3aTCM,



HCIIOJIB3YyS 3aKOHbI KI/IpXFO(l)a H BBIPpAKCHMS, CBA3SBIBAIOIINC TOKW W HAITPSIKCHHA
Ha y49aCTKaXx ICIIN.

Ces3b M€3fCC)V MmMoKamMu U HANPANCEHUAMU HA YYACMKAX yenu.

R L C
- — ST
M " i) i(t) —
u
=R-i di t
i =" '
R . 1 .
i) =— ! u(t)dt +i(0). i) = CdZEt) .

IIpumep 1. PaccMoTpuM cxeMy, IpuBeIeHHYIO Ha puc. 1. Pemnum 3agauy, B
KOTOPOM B MOMEHT BpEMEHH ¢ = 0 MPOUCXOJIUT 3aMbIKaHHUE KJII0Ua B BETBU
ucrounuka. [lapamerpsl anemenToB: L=0,01 I'n, C=500 mx®, R;=10 Om, R,=20
Owm, e(t)=E=50 B.

L

i

r—

Ced . .
R, 5] I3

OXG

NN

Puc. 1.
Ha ocHoBanuu 3akoHOB Kupxroga coctaBuM CUCTEMY YpaBHEHUH OTHOCHTEILHO
MT'HOBEHHBIX 3HAYCHHI TOKOB M HAITPSHKCHUU IS TTOCICKOMMY TAIIHOHHOW CXEMBI.

i —i,—i, =0,
di . .
L7t1+Rll1 +R,i, =e(t),
. L.
Rzzz—Ejz3dz=o.

OnpenenuM KOpHU XapaKTEPUCTUUECKOTO YPaBHEHUS IIyTEM ajreOpan3anuu
muddepeHnranbHbIX YpaBHEHUH 111 CBOOOAHBIX TOKOB. [IpeacTaBisiem Toku B

BU/JIE CYMMBbI IPUHY>KJIEHHON U MePeX0IHOM (CBOOOHO) COCTaBISIOLIEH:



i = ilnp Flis I = i2np Tl Iy = i3np i3

HpI/IHY)KI[eHHaH CoCTaBJsIrOmas ABJISACTCSA 4YaCTHBIM PCHICHUEM HCOHHOPOHHOﬁ
CUCTCMBI U OIIPCACIIACT TOKH IIPHU AOCTATOYHO 6OHI>H_IHX t, Koraa repCxoaHbIC
IMpOonHcCChbl 3aKOHYNIINCH. CBO6OI[HBIC COCTAaBJIAIOIIINEC ABJIAKOTCA O6H.II/IM PCUICHUCM
OJAHOPOJIHOM CUCTEMBI:

llcs - l2ce - 135‘8 = O >

L d;lw + R
t

+ Ry, =0,

, L.
RZZZCR - E l3cgdt = O .
[loncTaBuM B 3Ty cuUCTEMY

di 1 1
L llcg = Lpilcs s i3m;dt = _i303 N
dt C Cp

[Tonyuum

=0,

llcs - 12c3 - 13(78

(Lp +R,)i,, + Ryiy,, =0,

lce

: 1.
R21206 - 13(78 = O *

Cp
ITonydyeHHas cuctema ypaBHEHUM UMEET PELICHUE, OTIMYHOE OT HYJIA, €CIIU €€

OIIPENEIINTEIb PABEH HYJIIO:

1 -1 -1
A=|Lp+R R, 0 |=0.

e

VYpaBHeHue A =0 sBIAETCS XapaKTEPUCTUUECKUM ypaBHEeHUEM. PackpriBas
ONpEeIeNIUTEINb, HAXOJUM YPaBHECHHE

Lp+R,

&+R2(Lp+Rl)+ 0,
Cp

U3 KOTOPOT'O ONPEAEISAIOTCS KOPHU XapaKTePUCTUUECKOTO YPaBHEHHUS

b —(RR,C+ L)% J(RR,C+ L) —4(R, + R,)R,CL
b2 2R,CL '




Onpenenum KOpHU XapaKTepUCTHYECKOTO ypaBHEHMS, osryuuM: p;=—>500,
pr=-600.

KopHu nonyuunuce pa3Hble U iedicTBUTENbHbIE. MIlem perienue ais cBOOOIHbBIX
COCTaBJIAIOIIMX TOKA HA KaTYyIIKE HHAYKTUBHOCTHU U HAIIPSDKEHUS HA
KOHJEHCATOpE B BUJE:

i, = Ae” + A,e™,

U, = Be" + B,e™ .

Onpenenum HavalbHbIC YCIIOBUA. 3HaueHus i,(0) U u.(0) B COOTBETCTBUH C

3aKOHAMU KOMMYTALIUU OMPEIEIIAIOTCS U3 JTOKOMMYTAIMOHHOW CXEMBI.
[TockonbKy nepBasi BETBb (COAeprKalliasi HCTOYHHUK) B JOKOMMYTAIIHIOHHOM cXeMe
pasomkHyTa i,(0)=0. HanpspkeHrne Ha KOHIEHCATOPE TOXKE PABHO HYJIIO,
MOCKOJIBKY, MOJIY4aeTCsl, YTO UICTOYHUKOB B CXEME HET, a OOKJIaJKU KOHJEHCATOPa

3aMKHYTBI 4epE3 pE3UCTOP u.(0) = 0. HaiigeM tereps 3HaYeHUs TPOU3BOIHBIX ITUX

GbyHKIMN B HYJIEBOM MOMEHT BPEMEHU, UCXO/IS U3 CUCTEMbl YPaBHEHHIA,

COCTaBJICHHOM 10 3akoHaM Kupxroda st 1 =0.

1(0)-1,(0)~4(0) = 0,

diy +Ri,(0)+R,i,(0)=F,
t=0
Ryi, —u.(0)=0.
) du,
YuuTteiBas, 4yto i,(0) =C , HOJIY4YUM
t=0

di| _E du| _,

dt|, L’ dt|,

Onpenenum NpUHYKICHHYIO COCTABIIIOIIYI0 UCXOAS U3 TOCIEKOMMYTAllMOHHOM
cxeMbl. B cxeMe 1eMCTBYeT UCTOYHHUK ITOCTOSHHOTO HanpskeHus. [Ipu
MOCTOSAHHBIX TOKaX CONPOTUBJIEHNE KATYILIKU MHIYKTUBHOCTH PABHO HYJIIO, a
COTIPOTHBIICHUE KOHIeHCAaTOpa 0ECKOHEYHO (pa3phiB BETBH). Takum oOpazom,

IMOCJIICKOMMYTAaIIMOHHAA CXEMad UMCCT BU:



AR
N\
b

R2 l Ucnp

Puc.2

OmnpenensieM NPUHYKIEHHbBIE COCTABIISIOIINE:

— B 1,667 A, u, =2 =333 B,

R +R, R +R,

llnp

Hcxons n3 HadanbHbBIX ycJIoBUM. COCTaBUM CUCTEMY YPABHEHMM IS ONIPEACICHUS

IMOCTOAHHBIX HHTCIPUPOBAHUA.

i(0) =1, (0)+i,, = Ae™ + A,e™ +iy, = A+ A4, + E =0,

R +R,
di,(0) di,(0) 1 ) E
ldt = ldt = Ape” +4,p,e” =Ap +4,p, :Ia
i ot E-R,
u-(0)= uch(0)+uc”p = Be" +Be™ +u,, =B +B,+ =0,
R +R,

du (0) du 03(0) 1t 2t
;t = Cdt =B, pe” + B,p,e” =B ,p +B,p,=0.

Pemias sty cucremy, Haitnem A,=40 A, 4,=-41,7 A, B1=-200 B, B,=166,7 B.

i(1) =1,67+40e™" —41,67¢ ",

uc(t)=333-200e" +166,7¢" "

[TonyuuB BeIpaxkeHust 1Jis i, (t) U u.(t) , HAUJEM OCTAJbHBIC TOKU U HAPSIKEHHUS,
HoJIb3ysCh 3akoHaMu Oma u Kupxrodga. —200-- exp(=500.- 1) + 250.- exp(=600- 1)

u, (1) = L% = ~200e*" +250¢ ",

L(t)= uC_(t) = 1,67 =102 +8,33¢™""
’ R

2
i,(t) = C% =i () —i,(t) = 506750 _ 50p750"

[TocTpouM rpaduiku noyy4eHHbIX BblpakeHuid. BpemenHo# macmrad rpagukos

BbIOMpaeTcs NCXOs U3 IOCTOSTHHON BPEMEHH MEPEXOAHOT0 Iporiecca. B nanHoi
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PekomeHOauum K peLUeHUIo 3a4a4 NepexoaHbiX NpoLleccoB
onepaTtopHbIM MeTOAOM.

HpI/I pacdeTC TOKOB IICPCXOAHBIX IMTPOUCCCOB B CJIOKHBIX LCIIAX OINICPATOPHBIM
METOAOM HeO6XOI[I/IMO COCTAaBUTH I ,HaHHOI;'I LCIIN S9KBUBAJICHTHYIO

OIICPATOPHYIO CXEMY 3aMCUICHU . B sTom clIy4dac HCO6XOI[I/IMO 3HATb

OIICPATOPHBIC CXEMbI 3aMCIICHNA OTACIIbHBIX CXCMHBIX 3JICMCHTOB (pI/IC 4)
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Pacnonaras cxemamu 3aMenieHus 3JIEMEHTOB 1IENU B ONEpaTOpHOM popme, HE

MPEJICTABISAET TPYJla COCTABUThH ONIEPATOPHYIO CXEMY 3aMeIlCHUS

paccMmatpuBaeMou 1enu. TOKM U HaNpsKEHUs] ICTOUHUKOB, a TAK)KE UCKOMBbIE

TOKH U HAPSKEHUS B ONEPATOPHOM CXxeMe 3aMeHsI0TCs ux oOpazamu Jlamnaca.

IIpeobpaszosanue Jlannaca.

[Tyctb umeetcs HekoTopast pyHkuus BpemeHu f (7). Ee o6pasom Jlamnaca

saBisieTcss PyHKIUs F(p) = T f(t)e "dt . 3nas obpa3 Jlamiaca, MOKHO BBIYHCIUTD
0

OpUTHHAJI C TOMOIIBI0 0OpaTHOTO npeodpazoBanus Jlamaca:

17 ,
f(&y=== [F(p)e"dp.
27 e

CocTraBuB ONEPaTOPHYIO CXEMY 3aMEIICHUs, HAaX0UM IpeoOpa3oBaHHbIE O

Jlanacy TOKHM W HalpsDKEHUS, TI0JIb3YSCh U3BECTHBIMU METOJaMU TEOPHUH Ieren

MIOCTOSTHHOT'O TOKA. 3aTeM HaXOJ UM OPUTHHAIBI UCIIOIb3YS TAOJIHIIBI

cooTBeTcTBHS (YHKIMN U UX 00pa3oB Jlamaca, 1100 IpUMEHSISI TEOPEMY

pa3JIOKEHHUS.

Teopema pa3znosicenus.

@DyHKIIMU TOKOB M HANPSKEHUW, TpeoOpa3zoBaHHble no Jlamiacy MOryT ObITh

F(p)
F,(p)

MOJINHOMA 3HaMeHarelns F,(p,)=0. Torna opuruHan QyHKIUU MOXKET ObITh

IIPEACTABIIEHBI, KAK OTHOLLICHHUE MOJIMHOMOB: F(p) = . Ilyctb p, — KOpHHU

BBIYHCIICH 10 (hopMyIIe



=3 AP ene.

=1 Fy (py)
3nech F,(p,) —3HaUYCHHE NOJUHOMA YUCIUTENA NIPU p = p,, F, (p,) — IPOU3BOIHAL

IMOJIMHOMA 3HaMCHATCJIA IMPH TCX KE KOPHAX.

Tabauya npeobpazosanus Jlannaca 0 HeKOMOPvIX QYHKYULL.

AQ F(p)

A

IIpumep 2. B kauecTBe mpuMepa Ha puc. Sa MoKazaHa JeUCTBUTENIbHAS CXEMa, a

Ha puc. 50 ee omepaTopHas cxema 3aMeIICHHS.

_ 10
i R yLO L0
> ~ Lsi5(0)
Rl 1.2 K i3 Lzlz(O)
pL;
®ew = b ® Ew P e
R> ‘|‘C R, uc3(0)/p
a) 0)

Puc.5.

[Tpumensis Kk cxeMe 3aMelleHts B OnepaTOpHON (hopMe U3BECTHBIE METO IbI

pacucTa HCHCfI IIOCTOAHHOI'O TOKA, HAXOAUM UCKOMBIE TOKU /(p) B OHGp&TOpHOﬁ

dbopwme.
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TpeboBaHUsA K COCTaBNeHUIO OTYeTa.

l.

JlomariHee 3a1anue BBIMOMHAETCS Ha uctax ¢popmara 210297 mm. OHo
JOJKHO OBITh aKKYpPaTHO U pa300pUYMBO HAITMCAHO YEPHUIAMH HA OJTHOM
CTOPOHE Ka)0ro JIMCTA.

O06mno>Ka K paboTe BBINMONHIETCS HA TUIOTHON OyMare, Ha KOTOPOU
0(pOpMIISIETCS TUTYJIBHBIN JIUCT.

['pacduku BBINOJIHAIOTCS HA MUJIJTUMETPOBOU Oymare ¢ coOJo/IeHneM
MacTaboB, KOTOPbIE JOHKHBI OBITh YKa3aHbl. UepTexu, rpaduku u Tad-
JIUIIBI BBITTOJIHSIFOTCS. YEPHBIMU YEPHUIIAMH.

[Tpu mocTpoennn rpadukoB MacITaObl YKa3bIBAIOTCS YUCICHHBIMH
METKaMH, OTJIOKEHHBIMH BIOJb oceil. O0s3aTeNIbHO cieayeT 0003HaYaTh
BEJIMYMHBI, OTJIOKEHHBIE BJIOJb KAXI0M ocH, HanpuMep, A u B u T.i. Han
CTpEJIKaMH OCEH YKa3bIBAKOTCS €IMHUIbI U3MEPEHUS ITUX BEIUYMH,
Hanpumep, A wiu B u .1,

Macmrtab nuarpaMMbl yaoOHEe BCETo MOKa3aTh B BUJI€ TOPU3OHTAIHHOTO
oTpe3Ka JUIMHOM | cM, pacnoyioxKeHHOT0 B MOJIE AUArpaMMBbl, OKOJIO
KOTOPOT0 YKa3bIBa€TCs COOTBETCTBYIOIIAsA BENIMUMHA, Hanpumep, 10B, 1A n
T.I1.

[Ipexe yeM IpUCTYNUTD K PEHICHUIO 3a/1a4u, HEOOXO0IMMO 10T
3arojoBKoM "3ajaHue" MOJHOCTHIO NIEPENnucaTh 3aJjaHue U3 MOCOOUs 1
nepeyepTuTh cxemy. [Ipu 3ToM HUKaKUX COOCTBEHHBIX IOMETOK Ha CXEME
(KpoMe yKa3aHHBIX B 33JIaHUU) JEJIaTh HEJIb3S.

CoOCTBEHHO penIeHue 3aJa4l HAYUHAETCS C HOBOM CTPAaHMIIbI,
o3aruyiaBiieHHOH "Pemenne". Brauase mnenecooOpa3Ho MOCTPOUTH CXEMY U
HAHECTHU Ha HEHl MOJI0KUTEIbHbIE HAPABJICHUSI TOKOB U HAIIPSKEHUH.
3areM COCTaBIISIOTCA ypaBHEHHUs B o01eM Byje. JlanpHelme pacueTsl
PEKOMEHIyeTCsl BECTH HE B 0OIIEM BU/IE, a MOJICTABIIsAsI KOHKPETHBIE YHCIIA.
Bce pacueTsl Lenecoo0pa3zHo CONMPOBOXKIATH MOSICHEHUSIMH U IPOBOJIUTD 110

IIYHKTaM B IIOCJICJOBATCIbHOCTH, YKaBaHHOﬁ B 3aJlaHHH.



9. B oKOHUATENBHBIX YUCIOBBIX Pe3yIbTaTax 005S3aTEIbHO CIEIYET yKa3aTh
€IMHULbl U3MEPEHUS, B KOTOPBIX MOIY4YEH OTBET.
10.11pu peuieHnu ciaeayer nojib30BaThCsi 0003HAUYCHUAMH MEXKTyHApOIHOM

cucrembl equauil CH.



Jlnteparypa.

1. Ianenko E.®. JIunelinpie iekTpuueckue menu. Yued. mocodue. —M.:
N3parenscTBO MOCKOBCKOIO rOCYIapCTBEHHOTO yHUBEpcUTeTa, 2004,
2. COopHUK 33124 1O TEOPETUIECKUM OCHOBAM DJIEKTPOTEXHHUKH /TIO/ Pel.

JI.A. becconoBa —M.: Bricmas mkosna, 1988.



CopepxxaHue

JIOMAIITHEE BAMAHIC. .....cceuvveeeerrereeeureeeeeseeeeesseeeeiseeeeeiseeeeeseeeeesseeeaasseesesseseeasseeseseeeans 2
Pexomenmanmm K penieHuto 3a/1a4 NEPEXOTHBIX POIECCOB KIACCUUECKUM
IMETOIOM. «.eeeneeeeeeee e e e e e e e e e e e eaaee e e e e et eeeeaeseeaasesenaseennaeesnneeeanaaesennaeeennaeeennaaeennns 13

PGKOMGHI[B,HI/II/I K PCHICHUIO 3aJia4 MCPEXOAHBIX ITPOLECCOB OIICPATOPHBIM

METOZIOM. ..eevteeenutteeanutteensteeeauteeeateeesauseeeeaanteesabbeeesasteeesabeeesaabeeeeasbeeesabbeeesmteeenaneeenas 20
DOPMA TUTYIIBHOTO JIACTA ... vvveeeeeurrreeeeasnrreeeeassnseeeesessssseeesesssssseesssssssesesessssseeesanns 23
TpeOOBAHUS K COCTABICHUEO OTUCTA. ...veeeuevreeeereeesereeesnsreesssseeeessseessssseessssseessssseenns 24
] 07 NS oY 1Y o - USRI 26

COIEPITKAHIEC ..c.vvveeeeeneiiieeeeesaraeeeeeassteeesessssaeesaassseeesessssseeasesssssseesssssssseesennsssseesenns 27



