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YK 621.3(07)
®enopoB M. M., Tkauenko A. A., Hleaexosa O. I'.

OCOBEHHOCTHU COCTABJIEHUA XAPAKTEPUCTHYECKHUX
YPABHEHMW PA3BETBJIEHHBIX JIEKTPUYECKHNX IENTEA

IIpu oueHKe NepexoJHBIX MPOLECCOB B PA3BETBICHHBIX 3JEKTPUUYECKUX LEMSAX BaKHYIO
POJIb UTPAET COCTABJICHUE XapAKTEPUCTUUECKOTO YPAaBHEHUS U aHAJIN3 €r0 KOpHEH.

Hcnonb3yemble B HACTOALIEE BPEMSI METO/IbI COCTABIICHHS XapaKTEPUCTUUECKUX YPaBHEHUH
[1-3], ocHOBaHHBIE HA UCIIOJIB30BAaHUHM CHCTEMBI AU((epeHInanbHbIX ypaBHEHUH, COCTaBICHHBIX
Ha OCHOBaHMU 3aKOHOB Kupxroda, rpoMo3ku, 1 TpeOyIOT NOBBIILIEHHOTIO YKCIIa BEIYMCIUTEIbHBIX
onepanuil [3], 4TO yCIOXKHSET MAaTEMaTUYECKUI aHAJIN3 U pacyeT PEKUMOB JIEKTPUUECKON IIETH.
[TosTomy pa3paboTka anroputrMoB, Oa3upylOIIMXCs Ha Oojiee YIPOIIEHHBIX METO/aX pacuera,
K YUCIIy KOTOPBIX CIEAYET OTHECTU COCTaBJICHUE XapaKTEPUCTUUECKUX YPaBHEHUI, OCTAeTCs aKTy-
aJIbHOM.

Ienb pa®oThl — pa3pabOTKa yMPOIICHHBIX AITOPUTMOB COCTABJICHUS XapaKTEPUCTUUECKHIX
YPaBHEHUH AJEKTPUUECKUX LIETIEH.

PaccMoTpuM anroputM COCTaBIEHHUSI XapaKTEPUCTHUECKOIO YpaBHEHMsSI HAa KOHKPETHOM
npumepe. Ha puc. 1 npuBeneHa snekTpudeckas cxema, cojepxaiias 6 BeTBeil, 4 y3ia, HCTOYHUKU
HanpspkeHus U Toka. [IpuBeieHHOE COCTOSTHUE LIENH COOTBETCTBYET MOCIEKOMMYTAI[MIOHHOMY pe-
KUMY.
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Puc. 1. PazBeTBneHHas 3neKkTpuyeckas Lenb

B cxeme mMeercss Tpu pEeaKTHUBHBIX JJIEMEHTA: WHAYKTUBHOCTH (L3, Ls) m emkocth (C)).
B obmieM cnyuyae mopsaoK XapaKTepUCTHUECKOTO YPaBHEHUS DIEKTPUUECKOW LEMU OMpeaesieTcs
KOJIMYECTBOM PEAKTHBHBIX 3JIEMEHTOB AJIEKTPHUECKOW TN WCKIIIOUEHHE COCTABIIIIOT IICTH, CO-
JeprKaIie WHAYKTUBHBIC CEUCHUSI U eMKOCTHBIE KOHTYPBI.

Takum 00pa3oM, Ui pacCMaTPUBAEMOM CXEMBI MOPSAIOK XapaKTEPUCTUISCKOTO YPaBHEHUS
JOJKEeH OBITH paBHBIM TpeM. Cuctema nuddepeHIanbHbIX YPaBHEHUH, COCTaBICHHAS 110 TIEPBOMY
u BTOpoMy 3akoHam Kupxroda, mist paccMarpruBaemoit rienu umeet B (1).
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CoctaBum cucteMy au@epeHIInanbHbIX YPaBHEHUN UIsi CBOOOJHBIX COCTABISIONINX TO-
KOB. YUUTBIBas, 4YTO CBOOOAHBIC COCTABJISAIONINE TOKOB HE 3aBUCAT OT BHEIIHUX CHJI, TO HaIpsKe-
HUS U TOKM MCTOYHUKOB IMHUTAHMS NPUHUMAIOTCA PaBHBIMUA Hyr0. Torga cuctema ypaBHEHHI
IJI CBOOOHEIX COCTABJIAIOIIHNX UMEET BUI:

ilcg +igeg —13c6 = 0,

I4¢e +i5c6 =0,

lee —12¢6 =0, (2)
di

di3ce =0

4ce _ :
+i306 13 —l506 75+ L3+ T

i4ce'r4+L4'

. 1 .. dis .
Heg ' N +C—Ilzcgdl + L3 '—d;6 +ti3.6°13 = 0.
2

[IpuauMas BO BHUMaHHE, YTO TOK CBOOOJHOW COCTABJISIONICH MPOU3BOJIBHOU k-0 BETBHU
paBeH:

l‘k’C(s’ = AK .epkt * (3)

HaHpH)KeHI/ISI Ha UHOAYKTUBHOCTAX U EMKOCTAX COOTBETCTBCHHO PAaBHBI:

di .
uLce:LK.J:LK'p.epkt:Lx.p.ll‘cs' (4)
dt
LI P Aol = L 5
MCCB_C_k,[lc' t_Ck'p. k€ _Ck.p'lkCB‘ Q)

Tornma cucrteMa ypaBHEHUH TPUMET BUJL;

ilcg +igeg ~13cg = 0,

I4¢cg T 1506 = 0,

ilcs - i206 =0, (6)
Igeg T4 Y LoD lgeg +3¢g 13 —Is¢q 15+ L3p-izee =0,

. | . .
Hee N T Cop igcg T L3P 13cg 1306 173 =0.
2

[Tonyuennoit cucteme auddepeHuaaIbHbIX ypaBHEHUH COOTBETCTBYET cxeMa (puc. 2).
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Puc. 2. Pacuernas cxema AJI OIIPEACIICHU A CBOGOIIHI)IX COCTaBJIAOIIMX

OnpenenuTenb MOTy4YeHHON CHCTEMBI (6) UMEET BU:

1 0 -1 1 0
0 0 0 1 1
A(p) =|1 —11 0 0 0 (7
n —— n+t pL3 0 0
G
0 O ry+pls g+ ply —rs

. Ay Ay . Aj
[IpuMeM BO BHHMAHUE, UTO ij., = e ireg = o Beg = e U T. JI., a IpaBas 4acTh paBHA

Hyto, Torna A} =A, =A3 =...=0. CanenoBatenbHo, A(p) IOIKHO OBITH PABHBIM HYINIO, B IIPO-
TUBHOM CJIy4ae CBOOOJHBIE COCTABJISIOIINE TOKOB ObUIM ObI paBHBIMH HYIIO. [lockoibpky cBOOOI-
HBIE COCTABJISIOLINE HE MOTYT PaBHAThCS HYJO, U A(p) = 0 sBIsSEeTCA XapaKTEepUCTUUECKUM ypaB-
HeHueM cucteMsbl. [lopanok onpenenurens paBeH KOJIMYECTBY yPaBHEHUI, COCTABIEHHbBIX 110 IMEp-
BOMY U BTOpoMy 3akoHaMm Kupxroda, mostoMy mnopsaok ompeaenutelns AJs paccMaTpUBaeMOro

npuMepa paBeH mATH. [locrme pacKpbITHS oOmpenenuTens ObUIO MOJYYeHO XapaKTEePUCTHYECKOE
yYpaBHEHHE B BUJIEC [TOJMHOMA TPETHETO MOPSIIKA:

p3L4L3C2 + p2C2 (I"IL3 + l"lL4 + I’5L3 + 7”4L3 + 1"3L4) +

Ly + L

+ pCy(r13 +11ky 115+ 513 +7 473 +%) +r3+r4+7r5) = 0. ()
2

PackpbITue mom0o6HOro ompeAenuTess MATOro Mopsijaka A0CTaTOYHO TPyAoeMKo. Paccmot-

PUM arOPUTMBI COCTABICHHS XapaKTEPUCTHIECKHX YPABHEHHI, OCHOBAaHHBIX HA PA3IMYHBIX METO-

nax, 6asupyromuxcs Ha 3akoHax Kupxroda c 1e1b0 HoIyueHUs] XapaKTepHUCTUIECKOT0 ONpeest-

Tens 6os1ee HU3KOTo MOpsIKa.
Hcnonb3ys MeToJl KOHTYPHBIX TOKOB JJIsSl CXEMBI (PUC. 2) UMEEM CUCTEMY:

. 1 .
ifec' + —— + 13+ pl3) — iy - (3 + plz) = 0;
Cop

ifer © (3 + pLy + rqg + pLy + 1rs) — ipe - (3 + pL3)=0.

ITomyueHHOHN cUCTEME YPaBHEHHI COOTBETCTBYET ONPEACIUTEN!

n+r+pL +L —r3—pL
Ap)="1"7 "8 e, 3R : ©)
—I'3—pL3 I’3+I’4+l”5+pL3+pL4
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[IpuHrMast BO BHUMaHKE, YTO CBOOOIHBIE COCTABISIONINE KOHTYPHBIX TOKOB HE PaBHBI HY-
IO, XapaKTEePUCTUYECKOE YPaBHEHHUE TaKKe UMEET BUJI:

p3L4L3C2 + p2C2 (F1L3 + F1L4 + I’5L3 + I”4L3 + I’3L4) + pCz(I'II'3 +11y +

+1 |15 +1513 +1 413 +L4C;ZG) +ry+rg4trs) =0. (10)
2

[Tocne packpbITHs OMpeneauTens, TOTyYeHHOr0 Ha OCHOBAaHUU CUCTeMbl Au(depeHnatb-
HBIX YpaBHEHHMIl C HCHOJb30BAaHUEM METO/Aa KOHTYPHBIX TOKOB, IOJIy4€H TOT K€ pe3yJbTar,
YTO U JJIs CUCTeMBI Tu(depeHINaIbHbIX YPaBHEHHUH, 3allMCAaHHBIX HA OCHOBAaHUM 3aKOHOB Kupxro-
¢a. OHaKo, pacKpPBITHE OMPECITUTENS CYIIECTBEHHO YIIPOCTHIIOCH 32 CYET CHM)KEHHSI €0 MOPSIIKa.

Takum 006pazoM, UCMONIB30BaHKE METOAA KOHTYPHBIX TOKOB IS TIOJYUYEHUS XapaKTePUCTH-
YECKOT0 ONPEIEIIUTENS MO3BOJISIET COKPATUTh €ro MOPSAJOK 0 YKCia YPaBHEHMH, COCTaBIEHHBIX
1o BTOpoMy 3akoHy Kupxroda.

CocTaBUM XapaKTEpUCTUYECKOE YPAaBHEHUS C MCIOJIb30BaHUEM METO/1a y3JIOBbIX MOTEHIINA-
noB. B cxeme (puc. 2) mist cBOOOIHBIX COCTaBISIOUINX JBA Yy3I1a, TOSTOMY, MPUHUMAsI TOTEHIIUA
BTOPOTO y3J1a PaBHBIM HYJIIO, IOJTYUYUM:

b .- 1 + 1 + ! = 0. (11)
e 1 + 1. + pL + pL
]/i + — r4 I‘5 p 4 r3 p 3
Cp

VuauteBasd, 4To0 @) .. # 0, BBIpaKCHUE B CKOOKaX INpPEICTaBIsgeT cOOOW XapaKTepUCTHYe-
ckoe ypaBHeHHe. [locnie npuBeeHns: N0J0OHBIX XapaKTEPUCTUUECKOE YpaBHEHUE IPUHUMAET BU/I:

p3L4L3C2 + pZCZ(I"lL3 + V1L4 + I”5L3 + 7‘4L3 + I’3L4) + pC2(I"ll"3 +I"1]’4 +

L4+l/5

7|15 +rsry +rary + )+r3rgtrs) =0. (12)

CpaBuuBas xapakrepuctuueckue ypaBHenus (8), (10) u (12), yOexxmaeMcss B UX TOTHOU
WUJCHTUYHOCTH.

Hcnonbs3oBaHne MeTo/la Y3JIOBBIX MOTEHIMAIOB ISl TMOJYYEHHUS XapaKTEPUCTUUYECKOTO
OTIpECTUTEINS TIO3BOJIIET COKPATUTh €0 MOPSIIOK 10 YUCIIa YpaBHEHHI, COCTaBICHHBIX MO MEPBO-
My 3akoHy Kupxroga.
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