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PACYET INEPEXO/HBIX ITPOLECCOB B QJIEKTPUYECKHUX HEITAX
C «<HEKOPPEKTHBIMW» HAYAJIBHBIMH YCJIOBUAMHA C IOMOIIbBIO
HUHTEI'PAJIA JIOAMEJIS U1 PA3SPBIBHBIX @ YHKIIUU

Buknaoena memoouxa po3paxynky nepexionux npouecieé 3 euxkopucmauuam inmezpany /roamens i pospuenux ynxuii. Ha
KOHKDEemHUX RPUKTIA0ax PO32ISIHYMO HOCIO06HICHb PO3PAXYHKY (HEKOPEKMHUX) 3a0ay WIsAXOM P36 A3aHHs oughepenyians-
HUX pieHAHb, cknadenux 3a 3akonamu Kipxzogpa, ma 3a oonomozoro inmezpany /lroamensa. Ilpu yvomy 3axonu Kipxzogha i nepe-
XioOna xapakmepucmuka ¢ inmezpani /[loamens 3anucylomsca 3a 00nOM02010 00OUHUYHUX POZPUGHUX YHKUIIL 0N e1eKmPUYHO-
20 Kona 6 yinomy (00 i nicna komymauii). Ilokazano, w0 6uKOpUCMAanHsA PO3PUCHUX QYHKYIL 01 ORUCY KYCOUHO-HENnEPEPEHUX
GXIOHUX CUZHAIIIG | NEPEMUKAHD 8 eIEKIMPUYHOMY KOIL PO3ULUPIOE 001acmb 3acmocysanns inmezpany /lioamens. bion. 9, puc. 3.
Knouosi cnosa: nepexigni npouecu, interpan Jroamens, po3puBHi ¢pyHKIii.

H3nazaemcs memoouka pacuema nepexoOHbIX RPOUECCO8 ¢ UCHOIb308anuem unmezpana /oamens u paspovienvix @ynxyui. Ha
KOHKDEMHBIX NPUMEPAX U3NAZAeMC NOPAOOK PACUEMA «HEKOPPEKMHBIX) 3a0ai no Oudgepenyuanbiolm ypasHenusm, cocmas-
aaemuim no 3axkonam Kupxzoghpa, u ¢ nomowpio unmezpana /lroamens. Ilpu smom 3axonvt Kupxzogha u nepexoonasn xapaxmepu-
cmuka ¢ unmezpane /[10amens 3anucvliaioncsa ¢ ROMOUubI0 eOUHUYHBIX PA3PBIGHBIX QYHKYUIL 0N INEKMPUYECKOll Uenu 6 Ueaom
(00 u nocne kommymavuu). Iloxazano, umo npumenenue pazpovl6HLIX QYHKUUIL 0711 ORUCAHUA KYCOUHO-HENPEPLIGHBIX 6X0OHBIX
CUZHAI06 U NEPEKTIOYeHUIL 6 IIEKMPUUECKOIl Yenu pacuiupsaem oonacmo npumenumocmu unmezpana [Jroamensn. buodn. 9, puc. 3.

Kniouesbvie crnosa: nepexoaHsle npoueccsl, uHTerpas Jlioameinsi, pa3pbiBHble QyHKIMH.

CocTosiHue BOmpoca W NMOCTAHOBKAa 3aaaun. B
TEOPETUYECKON 3JIEKTPOTEXHUKE OCHOBHBIMHA METOIaMHU
pacyera IepexOHBIX MPOLECCOB B IMEKTPUUECKUX HETISIX
SIBJISIFOTCS:  KJIACCMUECKUM, ONepaTOpHbIM, YacTOTHBIN
(crieKkTpabHBIN) 1 OCHOBAHHBINH HA UCIIOJIE30BAHIH HHTEC-
rpana /[lroamens [1]. OOmacTei0 MPEANOYTUTEITHHOTO
IIpUMeHEeHHs] nHTerpaia roamens sBISIOTCS DIIEKTpUUe-
CKHE IIEMH C BXOIHBIM CUTHAJIOM IPOU3BOIBHON (HOPMBL.

B mocnenHue ronsl MOSBIIIHCEH ITyOJIHKAIMU, B KO-
TOpBIX WHTErpan Jlroamenss mpuUMeHseTcs Ui pacdera
IIpoIecca paclpOCTPAHEHUsI 3JIEKTPOMAarHUTHOTO IIOJIS
(TpO30BBIX pa3psA0B, MPOMBIIUICHHBIX MOMEX W Jp.) B
HeoAHOpoAHOU cpene [2, 3]. Ilpu »TOoM mosneBas 3agava
MPEJCTaBIAETCS CXEMOW 3aMelleHuss B BHUJAE JJIMHHOM
JUHUU WM YeTelpexnontocHuka [3, 4]. Ilepexonnasa xa-
pakTepucTHKa, HeoOxoanMmas il wHTerpana [roamens,
orpeziesisieTcst o cxeMe 3amelneHus. B padore [S] unte-
rpan J{roamens MCHONB3yeTcsl B MPOIeCce pacdera dJeK-
TPOMArHUTHOTO TOJIS B CJIOUCTOH cpene. Takum oOpazom,
uHTerpan [roamens octaeTcsi BOCTPeOOBAHHBIM METOIOM
U pacuMpeHue o0JacTH ero MpUMEHUMOCTH (B JaHHOM
Cllydae Ha JJIEKTPHUYECKHE IEMH C «HEKOPPEKTHBIMI
HavaJIbHbIMU YCJIOBUSAMH, KOrJla 3aKOHbl KOMMYTalHUu B
(hopMyIHpOBKE IS TOKAa B MHAYKTUBHOCTH W HaTIpsKe-
HUs HA EMKOCTHU HerI/lMeHl/lMI)I) SABJIACTCA aKTyaJIbHBIM.

K Henocratkam muTerpana Jlroameins OTHOCST Tpe-
6OBaHI/Ie HYJICBBIX Ha4daJIbHbIX yCHOBl/Iﬁ U HCEBO3MOX-
HOCTh ydYeTa MEePeKIIOYCHUN, U3MEHSIOMUX CTPYKTYpY
3NEKTPUUECKON LenH (CXeMbl). DTH OrpaHUYCHHUS MOTYT
OBITh HUBEIHPOBAHBI C IMOMOINBIO HCIIOJNBE30BAHHUS Pa3-
PBIBHBIX (CTymeHYaThix) (pyHKLUMI Ui ONUCAHUS KyCOdY-
HO-HETPEPHIBHBIX BXOIHBIX CHTHAJIOB W HM3MEHEHUIH
CTPYKTYPBI CXEMBI IIPU NEPEKITIOUEHUSX.

BxiroueHne 3J€KTpUYECKOM LENd Ha IMOCTOSHHOE
HanpspkeHre U Tpu HyJIEBbIX HAYaJIBHBIX YCIOBHAX MO-
JKET paccMaTpHUBaThCsl Kak JAEHCTBHE BXOIHOTO HalpshKe-
Hus U = 1(f)U; B yxe BmouyeHHo# nemu [1], toe 1(f) —
enuHU4Has (QyHKUIUS XeBucaina (QYHKIHS BKIIIOYEHHS)
(puc. 1). DTo yTBepkIeHHE CIPaBENINBO U IUIA TIEepe-
MEHHOTO BXomHoro HampspkeHus u(f) = 1(f)-u(f). Torma

uHTerpan [lroamens MOXeT OBITh MPEICTAaBICH B BUJC
HHTErpaia
t t

()= [u(@©h(-0)e, ()= [vOh:i-0)o, (1)

0(©)= ), o 3o o150 0)+
AN -0 =50 0)+ 0o

Torma

)= J[5(0h( (O Ni(o]h( -0k -

—t,
t

=1, (0)n(t) jﬁ(@)d@ + [ui@h(-0)-10)0 = (2)

—to —lo
t
=1 (0)(t)+ [ i (©)h(t - ©)de.
0

3mech yuTeHO (UIBTPYIOIIee CBOMCTBO €IMHIYHON
¢yHkuMKM U 6 — QyHKUMH. ® — BpeMsi BOSHUKHOBEHHMS
CKaYKOB HAaIpsDKEHUs], Ha KOTOPbIE pa30MBaeTCsi BXOAHOE
HanpsbkeHue u#(f) B COOTBETCTBUU C (PU3UIECKUM CMBIC-
nom uHTerpana [roamens, (¢ — ®) — BpeMs JeHCTBHS Ka-
JKIOT0 M3 CKAaYKOB HampshKeHus, h(f — ©) — mepexomHas
MMPOBOAMMOCTD IJIA KAXKJI0I'0 U3 CKAaYKOB HAIIPSXKCHUS.

®opmyna (2) mpencTaBisieT coOOW OOHY W3 pa3HO-
BuaHOCTeH uHTerpana [roamensa. ®opmynst (1), (2) Mel
3amucanu s Toka. Ho BBEIXOMHOW (YHKIHUEH MOMKET
ObITh HanpsbkeHHe (WM TOK) B JIIO0OH BETBU CXEMBI
NIEKTPUYECKON LENW M TOrza TEpexXOIHYI0 IIPOBOJIH-
MocTh A(t — ®) cremyeT 3aMEHUTb COOTBETCTBYIOLIEH
nepexoqHoH QyHKIeH 0 HANPsHKEHUIO (WA TOKY).

Ecnu BxomHoi#l curHan u,(f) HauMHaeT AEWCTBOBAThH
npu ¢ < 0, To B popmynax (1), (2) HIKHMIA Tpeaes HHTET-
PHPOBaHMS MO>KHO OTHECTH B OECKOHEYHOCTH #) = 00.
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B pabotax [6, 7] moka3aHO, 4TO MEPEXOIHBIA TPO-
11ecC, BOBHMKAIOIIUM B 3JIEKTPUUECKON ENu MOJ| JIEeUCT-
BUEM CJIOXHOTO KYCOYHO-HETPEPBIBHOIO CUTHaNA (B TOM
qHcie HAYMHAIOWETo AeHCTBOBATh NPH ¢ = fy < 0) MOXeT
OBITh pacCYMTaH ABYMsI CIIOCOOaMMU:

1. Omucanye BXOAHOTO CHTHaja U OOILEro BHIA pelie-
HUSI OJHUM AQHAIUTHYECKHM BBIPQKEHHEM C HOMOIIBIO
€IMHUYHBIX CTYNEeHYaThIX (DYHKIUH M ITOJCTAaHOBKA 00-
mero BuAa pemieHus B auddepeHnnansHoe ypaBHEHHE
JUTSl ICKOMOW BEITMUMHEL.

2. o popmynam maTerpana Jdroamerns. [Ipu 3Tom onm-
CaHUE BXOJHOIO CUTHAla OJHMM AHAIUTUYECKUM BBIpa-
JKEHHEM C TIOMOIIBI0 Pa3pbIBHBIX (CTYMEHYATHIX) (PyHK-
U TI03BOJISIET UCIONB30BaTh UHTerpan ioamens u s
CUTHAJIOB, HAYMHAIOIINX JICMCTBOBATh U MpH ¢ = £y < 0.

B pabotax [6, 7] nprBeeHbI IPHUMEpPBI TAKHX PacyeTOB.

HenyneBble HayanbHbBIE YCIIOBHS HMEIOT MECTO B
JIEKTPUYECKOHN IIEeTH, KOTJa INEepexoJHOH Iporecc BO3-
HUKaeT B pe3yJbTaTe M3MEHEHHs CTPYKTYpHI Lenu (Ioj-
KIIIOUCHHWE WJIM OTKIIOUCHHE OTICNIBHBIX 3JIEMEHTOB Iie-
). [lepexomHOI TpoIIecc MPH ATOM TaKXKe MOXKET OBITh
paccunTaH AByMs PacCMaTPUBAEMBIMH CIIOCOOAMHU:

1. I3sMeHeHne mapamMeTpoB JISKTPUIECKON SN OTIH-
CBIBAa€TCS C MOMOILIBIO PAa3phIBHBIX (DYHKLHH U OKa3bIBa-
eTcsi y4TeHHBbIM B JudepeHnnarsHOM ypaBHEHHH IS
HMCKOMOM BeNMWYUHBL. BXOAHOE HampsDKeHHE IMoJiaraem
BKJIIOYEHHBIM B HEKOTODBIM MHpEIIECTBYIOMUNA KOMMY-
TaIu MOMEHT ¢ = fy < 0. Pemenue nuddepeHnunaibHOro
YpaBHEHHsI 3aIlMCBIBAEM C ITOMOIIBIO Pa3pHIBHBIX (PYHK-
U KakK coCcTosIIee u3 ABYX dacTedt (st t <0 u t > 0) u
nojcrasisieM B quddepeHunansHoe ypaBHenue. Ecin 1o
kommyTarm (¢ = 0) mporecc CYUTaTh YCTAHOBUBIIAMCS,
TO 3TO U OyZIeT NCXOJHOE COCTOSHHE 1IN ¢ HEHYJIEBBIMU
HaYaJIbHBIMH yCIOBUSIMHU (TIpH 3TOM B pereHun aist ¢ < 0
HCIIOJIb3YEM TOJIBKO IPUHYKACHHYIO COCTABIISIOILYIO).

2.B ¢opmynax unTerpana lroamens BXoIHOE Hamps-
JKEHHE TaKXKE€ CHHTAEM HaYUMHAOIIUM HeﬁCTBOBaTb B MO-
MEHT ¢ = fj < 0, 4TO 3aIHMCHIBAETCS C NMOMOILBIO Pa3pPhIB-
HbIX (yHKumid. [lepexonanyro ¢yunkuuto /(f) (1o ToKy mim
HalpsDKEHMIO) 3allUChIBAEM C TOMOLIBIO Pa3pBIBHBIX
(YHKIMHA KaK COCTOSIIIYIO W3 JBYX 4YacTeil, COOTBETCT-
BYIOIMX CXEMaM JI0 M T0CJie KOMMYTAlHH.

B pabotax [6, 7] mpuBeneHBI IPUMEPHI C TIEPEKITIO-
YEHUSIMHA B CXEMaX, N3MEHSIOUINMHI aKTHBHOE COIPOTHUB-
neHne R. Bompoc 0 mepexomHBIX Mporeccax st 00IIero
cilydasl, IPU HEPEKIIOUYEHHUAX, U3MEHSIOMMNX HHIYKTHB-
HOCcTh L m emkocth C (KOrga 3aKOHBI KOMMYTAIlMH B
(bopMyIMpOBKe AT TOKA B MHOYKTHBHOCTH WM HalpshKe-
HUs1 B €EMKOCTHU Herl/IMeHI/lM])I) OCTacTCs HEPCIICHHBIM,
YTO U COCTABJIACT NPEAMET IlaHHOﬁ CTaThbH.

Heap craTbm — 000CHOBaTh BO3MOXKHOCTh pacdera
MIEPEXOIHBIX MPOLIECCOB B 3JIEKTPUYECKONW LENH C «He-
KOPPEKTHBIMM» Ha4YaJbHBIMH YCJIOBHSIMH C TOMOUIBIO
uHTerpana Jroamens U pa3phIBHBIX (YHKITHIA.

OcHoBHAsi YyacTh. s omMCaHWA CKauKOOOpa3HBIX
U3MEHEHUI HalpsHKEHUH, TOKOB U NTapaMETPOB AJIEKTpUYe-
CKOH menu OyzieM HCIIONb30BaTh Pa3phIBHBIE (DYHKIWH, 3a-
MMICaHHBIE C MTOMOIIBI0 MOy Ib-(YHKIMH [6] (puc. 1):

- puc. La: fi(t)= l(t—a):% 1+|;_a| — e/IUHUY-
-a

Hast pyHKIHs XeBucaiina,

- puc. 1,6:
_1le=dl |1

Al)=e=a)rib=o)-1=1 "=

- puc. l,6: ]%(t)=1(b—t)=%[l—%} — obOpar-

Hast QyHKIMs XeBucaiia.
S St S

1 — 1 — i
| | | |
| | | |
| | | |
051 t 0.51 t : 0,5 :
| | | |
| | | |
| t | | t | t
1 1 1 P
0 a 0 a b 0 b
a o 8
Puc. 1

Pacuer Oynem Bect W mno auddepeHHnaNBHBIM
YpaBHEHUSIM, COCTaBJICHHBIM 110 3akoHaM Kupxroda, 1 no
unterpany roamens. B nepBom citydae 3akoHbsl Kupxro-
(ha COCTaBISAIOTCS IS DIEKTPUIECKOM LenH B IeTIOM (10
1 TIOCJIe KOMMYTAIlUH), a pa3JIndue 3THX IENei yIuThIBa-
eTcid C IIOMOINBIO EAWHUYHBIX Pa3pbIBHBIX (DYHKIUH.
Bo BTOpOM cityuae mepexojHasi XapaKTepHCTHKA B HHTE-
rpane /[roamens 3amucelBaeTcs AJIsI LIEMH B LEJIOM (0 U
MOCJIe KOMMYTAIIMH) C IIOMOILBIO €MHUYHBIX Pa3PhIBHBIX
byHKIMHA.

Paccmorpum cxemy (puc. 2), B KOTOpPOH TOK B HH-
JYKTUBHOCTH M3MEHSETCS CKAauKOM.

R L R> L, 2,
R3
L
U 3
—
(e
Puc. 2
3akonbl Kupxroda mist Takoi Her:
. dll . d12
Ry +Li—+Ryih +L,—==U,; 3
i Lt Ryl = 3)
diy
Roiy + Ly —2 = Rais: 4
2iy T Ly — = Ry 4)
1l
=iy +ir—|1-—1. 5
1=t ; (%)

3neck Mbl yWIM U3MEHEHHE CTPYKTYpHI Mapajlielb-
HOTO y4YacTKa C IIOMOLIBbIO EJWHHYHBIX Pa3phIBHBIX
¢yHkumii u 3akoHbl Kupxroda cocraBwiam ajist Hemd B
1eTIOM ([0 U TI0CIe KOMMYTAIUHN).

U3 (4) Haxogum

R L, di
i =2 +_2&

2 .
Ry~ Ry dri
Pemenne 6y;[eM BECTH OTHOCHUTCJIIBHO TOKa 1'2:

. 1 7. 1 1.
() 1_9 ol0)+1 1# ).

Tornma 3 ypaBHeHU (5) TOTYIHM:
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i(t)= 2[ ||](z +i )+2(1+@}-:

= l(l—HIz‘o +&i0 +L—2dﬂ}rl(l+ﬂ}'.
2 t R, Ry dt ) 2 t

[Moncrasnsiem B ypaBHeHHE (3):

I T S
BByl 2} o

Ry dt

- e8|t 5 -1

[(Rl + Ry )i+ (Ly +L2)ZJ+5( tNLy+ L) i =

:Uzl[l—HJU+l[l+H]U.
2 t 2 t

[IpupaBHHBaeM MHOXXHTENH MpPU OIWHAKOBBIX pa3-
PBHIBHBIX (DYHKIIUSX:

t
2 N R3 d
2. .
(Rl dlo Llﬂ + Rzio + L2 @ =U . (6)
R3 dt dr? dt
H di
2) (R +Ry)i+(Ly + L, )dt U, (7
R:+R LiL, di
3) 5(e): L =220y + 222 20 4 iy = (L + Ly )i - (8
)()1 R o+ R, dt 210(1 2)()

PaBencTBO (6) — 3T0 MU QepeHIINATEHOE YpaBHCHHE
IIENTH 10 KOMMYTaIlHH:

2.

L1L2 d lO Rl L +R3 +R2L +L dlo
Ry di* | Rs Ry

+ R3 + R2

3
Ero pemenue:

) (t) = inp i =
TI€ inp, ics — IPUHYKIEHHAS U CBOOO/IHAS COCTABIIAIOIIHE
TOKa COOTBETCTBEHHO.
Ho 1o xoMMmyrammu Hac HWHTEPECyeT YCTaHOBHB-
miics mpoiecce, T.€. inp =const :
UR; .
=h(0-)
(Ry + Ry )R, + Ry Ry
PaBenctBo (7) — 310 quddepeHnnansHoe ypaBHEHHE
ey mociie komMmyTarmu. Ero pemienne:

Rli() + R2i0 =U.

p+4e kit 4 Ay ekzt

inp =10 =

U —* Li+L
i(t):iﬂp+iCB: tde Ty =12 (10)
R1+R2 R1+R2

B ypaBHenun (8) yurem, uro diy/dt =
R3 + Rz
3
Liy(0-)+ Lain (0-) = (Ly + L )2 (0+),
T.K. B Hanmx o0o3HaueHusx i(0) = i,(0+).

0, T.K.

iy = il(O —). Torna

lo = Iyp = const u

Takum o6pa3om, ypaBHeHHUE (8) — 3TO MEPBHIA 3aKOH
KOMMYTAIIUHX JJIS1 IOTOKOCHETUICHHUH.
IToncraBnsieM 3HAUEHHUS:

Ry +R UR
[ 21: 3L1+L2JR(R 2 B
3 1(Ry + Ry )+ Ry Ry

U
= AL +L,)
(R1+R2+ J(ﬁ 2)

Haxonum nocrosiHHy10 A4:
U (Ry+Ry)L +Rsly u
T Li+Ly R(Ry+R3)+RyRy R +Ry
_ URy(LiRy — LyR))
(Ly + Ly Ry + Ry Ry Ry + Ry Ry + RyR3)’
Taxoe ke pereHue morydeHo B [8].

Ecmu R; = 0, T.e. 10 KOMMyTanuu y4acTtok (R, — L)
OBLT 3aKOPOYEH, TO

an

_ ULRy ~LyRy)
(Ly+ Ly R + Ry )R
YTO COBIIAJACT C PEUICHUEM, IPUBEICHHBIM B [1].
PewmumM 3Ty 3amady ¢ nomouieto uHTerpana droame-
71 ¥ IOJYYHMM TOT JKe pe3ynbraT. CauTaeM, 9To dNEKTPH-

Yeckas Lielb J0 KOMMYTallui ObLTa BKIIOYEHA Ha Harpsi-
skenre U B MOMEHT t = —1; < 0

1 t+i
)= L 1kl
2 t+t 0
Cunras, 9To NEPEXOTHOM IMPOLECC OT BKIKOYEHHUS K
MOMEHTY KOMMYyTAIuH ¢ = 0 yKe 3aKOHYMIICS, 3aIULIEM

MEPEXOJHYIO TPOBOAMMOCTD CXEMBI 10 KOMMYTAlUH ISl
TOKa i, TI0 IPUHYKJIEHHOH cocTaBstomeit (9):

R
ho(t)= R
[epexoaHas MPOBOJUMOCTD IJISl CXEMBI 1TOCIIE KOM-
MyTanuy, coraacHo (10), (11), paBHa:
t

hr)= 1, Ry(LiRy —LyRy) o 7
Rl +R2 (L] +L2XR1 +R2)(R1R2 +R1R3 +R2R3) '
Torna, cornacHo (1), momyaum:

()= | ( ||J )

ol e

= jU5(®+l tn Rs oL 1+H x
0 t)R1R2+R1R3+R2R3 20 e

,to

(12)

do' =

o 1 N Ry(LiRy — LyR,)
Ri+Ry (L +Ly\R +Ry R Ry + RR; + R2R3)
_(t-0-1)

X e z

t
dO=—|1- 11 RsU
2 t R1R2 + R1R3 + R2R3

4

Ry(LiRy — LyR U o 7
(Rle +RiRy + RyRy N Ly + Ly R + Ry ) '
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3mecs: @' = 0O + ) — KOOpIWHATA BXOAHOTO CUTHAIA

t t
[o@+1)0=1; [50+1)fd0= f(-1).

) )

31ech: HWKHUI TIpefen —f( MeHbIIe —f, Ha GecKo-

HEYHO MaITyIo BeJIM4HHY (T.e. —f) =—1) —0);
i
5 1-—|=1 (npu t < 0) — MHOXHTEIb TIPH TOKE JI0
t

KOMMYTalluH;

11
l 1+
2 t

1OCJIe KOMMYTAIHH.

DTN MHOXXHTENN B WHTETPUPOBAaHUH 0 ® HE ydyB-
CTBYIOT, TIOCKOJIBKY Pa3AeNsAIoT 001acTh NeHCTBHUS (op-
MYJI IIepEeXOJHON MPOBOAUMOCTH BBIXOAHOTO CHTHANIA 10
1 1I0CJIe KOMMYTAIHN.

PaccMoTpuM cxXeMy C €MKOCTHBIM HaKOIHTEIeM
SHEPruM, KOrjaa KOMMYTAIHs U3MEHSET BEIHMYHHY €MKO-

cTH B 1ienu (puc. 3).

LN
b L ||
: 7

jzl (mpm ¢t > 0) — MHOXUTETh TPH TOKE

C ::l Ue

Puc. 3

Hcxoansie manubie: U = 60 B, R = R, = 1 xOwm,
Cy=1wMk®D, C, =2 mx®d. Onpenenum i;.
3akonsl Kupxroda st cxemsl B 1eoM (0 ¥ mocie
KOMMYTAIIVH):
Rlil +Uu, = U 5

1_12 +—{1+| |J 3+l4

_du, |
Bay

. uc
i3 =—%;

Ry
du,.
dt

[ToncTaBnsieM TOKH B IIEpBOE yYpaBHEHHE:

t
RcldL+u +l 1+|— Ricy due. +ﬁ =U. (13)
dt 2 t d Ry, ©

l' —

Hanpsoxenne u, 3anmimieM Kak pa3felieHHYIO elu-
HUYHBIMH Pa3pbIBHBIMU (QYHKIUSIMA CyMMY HalpsDKEHHN
JI0 U TIOCJIe KOMMYTalUH.

1 t 1 t
uc(t): E(I—QJMO +E(1 +QJM

[Moxcrapisem B muddepennpnansaoe ypasaenue (13)

¢ d
5( —gj{uo +Ric %} = 5(e)Ryequg +

1 14 R d
+E(1 +QJH1 +R—;]u +R; (cl +cy )jﬂ +

+5([)R](C‘1 +6'2)M =U.
IIpupaBHUBaEM MHOMXMTEIM IPH OIMHAKOBHIX pa3-
PBIBHBIX (DYHKIHSX:

1 ¢ d
1) 5[1—9]: R1c1$+u0 ~U; (14)
%) 1{14_“} Rl(cl+cz)—+(l+1§ JM:U;(IS)
2
3) 5(t): —RlC]uo +R1(C]+Cz)ll=0. (16)

Pemenne ypaBHenus (14) miast cxemsl 1O KOMMYyTa-
IIUN UMEET BUJ:
N (1) 1
ug(t)=U+4e *=U-Ue 7 ; 1=—;

R
Tak kak A0 KOMMyTalMd B HEKOTOPBII MOMEHT
BpeMeHH ¢t = —f) < ( TPOW30IUIO BKIIOYCHHE MEIH

(R — ¢) Ha HanpsbkeHue U, To 3TOT NepexoHOI mpolecc
CYNTAEM 3aKOHUHMBIIMMCS 10 MoMeHTa ¢ = 0. Torma:

wolt) =1, (0-) = U
Pemenne ypaBHenus (15) amst cxemsl mociie KOMMY-
TaIU¥ PaBHO:

UR,
uo(f) RZT

—t —t
+A4e? =30+4e” ;

R\R

T = (Cl —+ CZ )#

Rl + R2

VYpaBrenue (16) — 3TO BTOpO#l 3aKOH KOMMYTAIIH

JJIs 3apsiiI0oB
epttg(0-)=(cg +cp u(0+),

citg, (0-) = (e1 + 2 Juc(0+).

[Tocne mMOACTaHOBKY MOTYYHM PABSHCTBO IS OTIpe-
JEJIEHUS TIOCTOSHHON A

UR
CIU:(CI +C —2+A .
R1+R2

Orcrona:

g-ul—a R :60(1—1j:—10.
Cl"rCz R1+R2 3 2

Torna:

2008
uc(t):l[l—HJ60+l(l+HJ 30-10¢ 3
20 ¢ 200«

Tok ucToyHMKa:

d
i1(t)= (e +¢2) ;tc

Taxoli ske pe3ynbTaT noJaydeH B [9].

Pemum 3Ty ke 3agauy C ITIOMOILBIO HHTErpaia
Hroamens. IlepexonHass XapakTepUCTHKAa LENH JUIS Ha-
MPSOKEHUS 710 U TIOCNIE KOMMYTAIUK UMEeT BULL!

=1,5-1073

TO €CThb

“210%
=3.102+10%¢ 3
Rz
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h(t)z%(l—@j~l+%(l+%}{%+
1+ Ry

(@)
R [ W A
+ cl _—2 e T
(S Rl + R2

CunraeM, 4TO LeNb A0 KOMMYTAIMK Oblja BKIIOUE-

Ha B HEKOTOPHIH MOMEHT ¢ = —f) < 0 Ha HanpsbkeHue (12)

U 3TOT NEPEeXOJHON MpPOIECC 3aKOHUYMICS IO MOMEHTa

kommyTarmu ¢ = 0. Torma unTerpan roamens (1) Oyxe
HUMETh BHUIL
t

)= [u(@ -0~ | U§(®+t0{%(l—@]+

-0 1,

+l[l+H]{ Ry J{ 9 R ]x
2 t R1+R2 C1+C2 R1+R2
—(t-0-1y)
d®=l(l—HjU+l{l+HJx
2 t 2 t

xe r
R, U R -
X 2 +U a 2 e? |
Rl +R2 ct+cey Rl +R2

Takoe ke pelieHue sl i, ObUIO MOTYYEHO BBIILIE.
Ecmu B 3TOM penreHun Ry—>00, TO TOIYIUM PEIICHHUE IS
cxemsl (puc. 3) 6e3 R,, koTopoe npuBeaeHo B [1]:

—t
uc(t):U+U( a —ljef.
Cl+02
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Calculation of transients in electrical circuits

with «incorrect» initial conditions with the help

of the Duhamel integral and discontinuous functions.

A technique for calculating transients using the Duhamel integral
and discontinuous functions is presented. On specific examples,
the procedure for calculating «incorrecty problems with respect
to differential equations, compiled according to Kirchhoff laws,
and using the Duhamel integral is presented. In this case, the
Kirchhoff law and the transition characteristic in the Duhamel
integral are written using unitary discontinuous functions for the
electrical circuit as a whole (before and after commutation). It is
shown that the application of discontinuous functions for describ-
ing piecewise continuous input signals and switching in an elec-
tric circuit extends the domain of applicability of the Duhamel
integral. References 9, figures 3.

Key words: transients, Duhamel integral,
functions.

discontinuous
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