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AnHoTamusi. B cratee 00CYyXmaroTCsi BBIOpaHHBIE METONIBI PEIICHUS JUHEHHBIX
JJIEKTPUYECKUX LETEH, KOTOPbIE CPABHUTEIBHO IPEACTABICHBI HA IPUMEPE BBIYUCIICHUM.

[TonryueHHble pe3yNabTaThl MPOBEPEHBbl AHATUTUYECKH MYyTEM COCTaBIIEHUS OajaHCca MOIIHOCTH, a
TaK)Ke C UCIIOJIb30BAaHIEM KOMITBIOTEPHOTO CUMYJISIIIMOHHOTO MPOTPAMMHOTO 00ECTICUEHUSI.

K KiroueBble cJi0Ba: 3JIEKTPUUECKUE LEMU, MOCTOSHHBIA TOK, BBIUUCIUTEIbHBIE METOJbI,
KOMIIBIOTEpHAs! POrpamMmMa, OCHOBBI 3JIEKTPOTEXHUKH.

BBenenue. ensro aHaign3a
DIIEKTPUYECKUX Iereld OOBIYHO  SBISETCS
orpeziefieHUue pacrpeiesieHus] HaNpsHKeHUH 1
TEYCHHSI TOKOB K TMOTPEOHUTENssM TpHU
BKJIIOUEHHBIX MCTOYHMKAX HampspkeHus. s
BBIYMCIICHUM  HCIOJB3YIOTCS — pa3lInyHbIC
MeTOIbl, BKIIOYas ypaBHeHus Kupxroda,
CYNEpIIO3UIUI0, METOJ Y3JIOBBIX TOKOB U
Y3JI0BBIX HaNpPsKEHUM. Nx MOYHO
MPUMEHSATD B CUTYaIUsX, Korjaa
XapaKTepUCTUKU TOKOB U HaIpPsDKEHUH BCeX
DJIEMEHTOB SIBISIOTCS JTUHEHHBIMU. BBIOOD
MeToga OOBIYHO 3aBUCUT OT CIIOKHOCTH
paccMarpuBaeMord  cxembl  (KOJMYECTBa
BETBEH, Y3JI0B, HWCTOYHHUKOB),
npezrnoiaraeMoro KoHeyHoro s¢dekra u
WHJIUBUIYAIbHBIX mpeanourenuit. OaHako
3TO SIBJISIETCS BTOPOCTEIIEHHBIM BOIIPOCOM,
MOCKOJIBKY BCE€ TEXHHKH paBHO3HAYHBI U
OPUBOASAT K UACHTUYHBIM  pe3yibTaTaM.
bonee  Toro, coBpeMeHHOE  pa3BUTHE
MEPCOHANIBHBIX KOMITBIOTEPOB U JOCTYITHOTO

IPOrpaMMHOT0  OOECreueHusi MpPUBENI0 K
TOMY, YTO 4YacTh AaHAJIM30B IPOBOJUTCS C
MOJIHBIM OTCYTCTBUEM PYUHBIX pacdueToB. JTO
KacaeTcsi B OCHOBHOM BETBHUCTBIX (CJIOXKHBIX)
nenei, Il KOTOPBIX  KJIACCHYECKHE
BBIYUCIICHHS OBLITN OBl CIUIIKOM 3aTPATHBIMU
u pr,I[OGMKI/IMI/I

A AKTYaJIbHOCTb. Januas CTaThsl
i oOpaiaeT BHUMaHUE Ha UCTIOJIb30BaHNE
OPUJIOKEHUS. U1 CUMYJSLIUU TpU pacyeTe

CJIOKHBIX DJIEKTPUYECKUX nerei IS
obecrieueHUss TOYHOCTH, IP(HEKTUBHOCTH U
HAJCKHOCTH  aHaIM3a B  COBPEMEHHOM
INEKTPOTEXHUKE.

IMpobaema, neJb, 3a/1auM. B

COBPEMEHHOM JJIEKTPOTEXHUKE CYIIECTBYET
HEOOXOIUMOCTh B TPOBEJICHUU  aHaJIHN3a
JNEKTPUYECKUX IIeTleil MOCTOSIHHOTO TOKa ¢
UCIIOJIb30BAHUEM  PA3JIMYHBIX  METOJIOB.
Opnako  CymiecTByeT  HEONpPENEeTIeHHOCTh
OTHOCHUTEJIBHO TOTO, KaKOW M3 3TUX METOOB
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sBisieTcs: HauOosiee d(HPEKTUBHBIM 1T KOH-
KOHKpETHOU cutryarmu. KpoMme TOro, BasKHO
YIIOCTOBEPUTHCS B TMPABUIBHOCTU PEIICHUS,
O0COOCHHO TPH paboTe CO CIOKHBIMU IETSIMH,
/1€ BO3MOYXHBI OLTUOKY MPU PYYHOM pacyeTe.

Ilenp paHHOM CTaThH 3aKIIOYaeTCA B
MIPOBEICHUU CPaBHHUTEIIHLHOTO aHaymza
3G(HEKTUBHOCTH W TOYHOCTH PA3IUIHBIX
METOJIOB aHalIM3a JJIEKTPUYECKUX Iemnei
MOCTOSTHHOTO TOKA. J[OTMOTHHUTENHHO, IENBIO
ABIISIETCS MIpOBEpKa MIPaBUIIBHOCTH
MOJTyYEHHBIX pe3ybTaToB myTeM
CUMYJISITUOHHOTO MOJIETTUPOBAHUS c
HCTIOJIb30BaHUEM PUIIOKEHUS Circut
Simulator. 910 O3BOJIAT OLIEHUTH
NPEUMYIIECTBA © OTPAHUYCHHUS KaXKIOTO
METO/a, a TaK)Ke MOJATBEPAUTh KOPPEKTHOCTD
pEelIeHUss W €ro COOTBETCTBHE pEaTbHBIM
buznyeckum nporeccam B Hensx
MOCTOSTHHOTO TOKA.

Marepuanbl 1 MeTOAbl HCCJIEIOBAHMS.
MarepuanamMi ~ UCCICNOBAaHUS  SBJSUIACH
Hay4yHbIE UCTOYHUKH. MeTto b1

UCCIIEAOBAHMS: aHaIu3 Hay4HO-
METOAMYECKOU U CIIELIMAIIBHOU JIUTEPaTyphl,
MeTO] BepuUKaIMK JaHHBIX, TOJYy4aeMbIX B
pe3ynbTare MOAEIUPOBAaHUSA B IPHIOKEHUU
Circut Simulator, 000011IcHIE n
MHTEPIIPETALNS TOTYYEHHBIX PE3YJIbTATOB.
Pe3yabTarsl U X 00cy:kneHue. PacueTsl
ObuH IIPOBEJCHBI Ha IpuMepe,
npeacTaBieHHoM Ha puc. 1. Llempro ObLI0
OIIEHUTh 3HaueHus Bcex BerBed Toka (I;, Ip,
I3) u mHanpspkeruss Ha uctrouHuke Toka (Uy).
boum npunATHE cnepyroniue nanHele: Ri;=10
OmMm, R,=20 Om, R3=30 Om, E=5 B, I4,=0,1 A.
s pacueToB ObUTM BBIOpAHBI TPH METOAA,

KOTOpBIE ObLTIH MIPOBEPEHBI nyTeM
COCTaBleHHs  OallaHca  MOINHOCTH |
UCIIOJIb30BaHUs MHTEPHET-UHCTPYMEHTA,

MO3BOJISIIOIIETO PUCOBATh M MOJIEIMPOBATH
ucciaeqyemMylo  memb.  M3-3a mpOCTOTHI
UCTIOJIb30BaHUsl OBUIO BBIOpaHO OecruiaTHOE
npwioxenue Circuit Simulator, noctynHoe Ha
CTAllMOHAPHBIX U MOOMIIBHBIX IIaT(hopMax.

Ry

1
S,
pra—

Us

Puc. 1. Cxema ananuzupyemo2o biuuciumenbHo2o npumepa

Ha nepBom miare Ha pucyHke 1 oTMe4YeHbI
CTpPCJIKaMU: HCKOMBIC TOKH B BCTBAX IICIIH,

UCTOYHUKH  TOKa
HaIpPAaBJICHUN ).

(B
JLtst

COOTBETCTBYIOLIEM
BEPXHETO0  y3ia

HaInpsHKeHUs Ha pe3ucropax (B COCTaBJICHO YpaBHEHHE IO TMEPBOMY 3aKOHY
MIPOTUBOIIOJI0KHOM HaIpaBJICHUN ) u Kupxroda:
L—-1L,—-13=0 (D)
[IprumeHeHne MPUHYAUTEIBHOTO MCTOYHMKA K OAHOM M3 BETBEW JAENAaeT TOK [; M3BECTHBIM M
paBeH:
L=1,=01A
3areM a5s 0OOMX Y3J0B COCTAaBJICHBI YpPaBHEHHS B COOTBETCTBHH CO BTOPBIM 3aKOHOM
Kupxroda:
E+Uj4 —R,I,—RI; =0 (2)
Ryl —R3l3 =0 3)
[TonmydyeHHyI0 CUCTEMY U3 TPEX YPAaBHEHUM pELIAEM KJIACCUYECKUM METOJIOM IOJICTaHOBKH:
Iy =22 (@)
R3
OTKyJa
=l —=22=0 (5)
R3
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[Ipu npeoOGpa3zoBaHry U BHITIOJIHEHUH ICUCTBHUI TOJTYUCHO:
I, =0.064

W3 ypaBHeHus (1) BbIUMCIIEH TaK)XKE TOK BETBU [3:

11 _12 S 13 = 0.04A
HaﬂeHI/Ie HaIMpsDKCHUA Ha MCTOYHUKC TOKa U[4 MOJIYYCHO IO BTOPOMY 3aKOHY KI/IpXFO(I)a JUIA

MEPBOro KOHTYpA LIETH:

U14 = Rz[z + Rlll —F

[TonBoast UTOr, MOXKHO YTBEP)KIATh, YTO
KJIACCUYECKUM  METOJ  CIEeNyeT  CKOpee
OPUMEHATh Ul PEIUEHUus IIPOCTBIX
JIEKTPUYECKUX LENeH, IMOCKOJbKY B HEM
HEOOXOIUMO COCTaBJIATh POBHO CTOJIBKO
HE3aBHCHMBIX MaTeMAaTUYECKUX YypaBHEHU,
CKOJIbKO UCKOMBIX TOKOB BeTBeH [1].

Teneps HalileM TOKU B LIENU IIOCTOSHHOIO
TOKa C JBYMsA MCTOYHMKAaMH DHEPIHUH,

(6)
UCIONIB3YS METOJ KOHTYPHBIX TOKOB. B
JMAaHHOW METOAMKE MPHUHATO MPEAIOIOKECHUE,
YTO KaXIbI TOK BETBH (apaOCKHe WHIEKCHI)
OpeACTaBiIsieT  co00i  pe3yNbTUPYIOIUI
(UKTUBHBIN TOK KOHTYpa (PUMCKHE HHJICKCHI)
3aMBIKAIOIIUKACA B MpeAeNaX  KOHTYpa.
[TockonbKy TakoBbIE ABISIIOTCS (UKTUBHBIMU
0o0pa3oBaHUSAMH, YCTAaHABIUBACTCS €IUHOE
HaIpaBJICHUE CTPEIIOK (puc. 2).
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Puc. 2. Ilomemka mokoe konmypa na cxeme

3areM Bce TOKHM BETBEH 3aMEHSIEM TOKaMU KOHTYpa:

11:1421”20.114 (7)
L=I0 -1 (8)
I; =1 )

[Tocne wx momacrtaHoBKH B ypaBHeHHUs (2) u (3) MOIyYyuM 3aBHCHUMOCTH, KOTOPBIE MOXKHO

YIOPSAIOYUTH B CIEIYIOLEM BUJIE:

Rl + RZII - Rzln = E + U14
Rz + R3I” - Rz[] =0

N3 ypaBuenus (11) onpenensieM Tok KOHTYpa 7
I” = 13 =0.044

OTKyza

(10)
(11)

12 = II - I”R =0.064
Ha MOCJICOHEM 3TAINC MOKHO OLCHUTD MAACHUC HAITPAKCHHUA Ha UCTOYHUKC TOKA:
Rl + RZII - RZIII - E = U14 S _2.8 B

Jlisi HaxoXJIeHUs TOKOB B JAHHOM II€NHU
(puc. 1) BOCmONB3yeMCsl TPETbUM METOIOM-
METOJIOM Y3JIOBBIX TOTeHIManoB. CoriacHo
JAHHOMY METOMy, KaXIbli y3el B IEMH
uMeeT OTIpe/IeIICHHBIH MTOTEHITUA,
0003HAYAIOIINICS  JIATHHCKUMH  OyKBamH.
Pacripenenenrie TOKOB U pacmpeiesieHue

HANPSDKEHUN HE 3aBUCHT OT UX aOCOIIOTHOTO
3HAYEHHUS, a TOJBKO OT Pa3HULBl MEXIY
HuMU. OTCrof]a TPUHUMAETCSI OJMH OTOPHBII
y3ell ¢ moTeHuranoM, paBHbiM 0 B, KoTtopbIi
Ha  CXEMe o0o3Havaercs CHMBOJIOM
3a3eMJICHUS, YTO 3HAYUTENIbHO YIPOIIAET
npolienypy pacueron (puc. 3).
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gl IR

Puc. 3. Boibop u 0ob603nauenue onopHoeo y3ia

Toku BbIpa)karoTCs Uepe3 HaNpPsHKEHHs, a Te, B CBOIO 0Yepe/ib, Yepe3 Pa3HOCTH MOTCHIIUAIOB:

Uis+E+V 4
I = T (12)
A
=% (13)
= (14)
N3 mepBoro ypasuenus Kupxroda (1) ciemyer:
11 = 12 + 13
a mociie moactanoBku (12), (13) u (14) monyunm:
Uia+E+V 4 Va Va
A=y e (15)
Hcnonb3ys 4rcnoBbIie JaHHBIC, PACCUUTHIBAEM IMOTEHIMAN IEPBOTO y3JIa U OCTaJIbHBIC TOKH:
I, =0.064
I;=0.04A
Ha nocnennem mare u3 ypasHenus (15) nonyunm 3nauenue Uy
U4, =—-28B

PaccuntanHblii TipuMep penieH TpeMs pas3IMuHbIMM MeToAamMu. Ha mpakTuke, OJHaKo,
BBIOMpaeTCsT OMWH W3 HHUX, a JUIsl TPOBEPKU TMOJYUYEHHBIX PE3yJIbTATOB COCTaBISETCS TaK
Ha3bIBaeMbIi Oananc MoiHocTy. [Ipu ycnoBum paHnee 3aJaHHBIX TapaMETPOB, MOTYUHM:

Pycr = El; + Uyyly = 0.22 Bt (16)
PHOTP = Rlllz + RZIZZ + R3I§ = 0.22 Bt (17)

[IpoBeneHHble pacyeThl MOKAa3ald, YTO
cyMMa MOIIIHOCTEMH, OTJaBaE€MbIX
UCTOYHMKAMH, paBHa CyMME MOIIHOCTEH,
noTpebasieMbix mnpueMHukamu [2]. OmHako
ATOT HPOLECC MOYKHO YIPOCTHTH, MEPEHECS
paccMaTpuBaeMyl0 CXemMy B IH(PPOBYIO
cpeny. st oTOM 1€ BEIOpAHO MPUIIOKEHHE
Circut Simulator.

IIporpamma Circuit Simulator oGmagaer
0oJb1I0i 0a30if MPUMEPOB, KOTOPHIE MOTYT
CHOCOOCTBOBAaTh  JIydlIEeMYy  [TOHMMAaHHUIO
SBJICHUHN, MPOUCXOISAIIMX B OMNPEIEIIEHHBIX
Hernsx. ODTH TpPUMEpPhl MOXHO PpaCIIUPATH,
n00aBIIsIst JTIOOBIE JOCTYITHBIE B CHUMYJIATOPE
BJIEMEHTBI, a  TaKkKe  COo3/laBaTh U
aHAIU3UPOBATH COOCTBEHHBIE LenH,
co3maHHple ¢ Hynd. Mg ympaBieHus
CUMYJISITOPOM ~ UCIOJB3YETCS KOHTEKCTHOE
MEHIO, BBI3bIBAEMOE IPABOY KHOIIKOW MBIIIH.

[Tocne BBOma anapeca MOSIBUTCS OKHO C
npoctoil cxemor RLC-unemn BMecte ¢
MPUBJICKATEITLHBIM AHUMAIMOHHBIM
s dexTom, BU3YaJI3UPYIOIIUM
MPOTEKAIMUKA TOK B menu (U, MO CYTH,
YKa3bIBAIOLIUM HAalpaBieHUE €ro TeYeHHs), a
Takke TpaduKH HAMPsHDKCHUW Ha DJIEMEHTaX.
Orta BU3yalu3alusg MOXET CIIOCOOCTBOBATH
Tyqiiemy MTOHUMAaHHIO SIBIICHUH,
MPOUCXOIAMHUX B Lenu. LleHHo Takxke To, 4To
B 'mpouecce HaOmogeHua" 3a  ITUMHU
SBJICHUSIMU MO>KHO IIPOU3BOJIBLHO
YCTaHABIIMBAThH MapaMeTpbl AHUMAIIUU, TAKUe
Kak 'CKopocTh" TOKa B Lenu U "CKOPOCThH'"
TEKYILEH CUMYJISILUU.

Jns paboTel  cumynsTopa Tpedyercs
YCTaHOBJICHHAs] Cpela BBIMONHEHUs Java.
[Iporpamma, HamucaHHass Ha s3bIke Java,
KOTOpasi  JOCTUTAaeT  IMOJIb30BaTeNs  Kak
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snemeHT HTML-cTpanunpl, pabotaer u BbI-
BHITIOJIHSETCSI  HAa  CTOpOHE  Opaysepa
M0JIb30BATENs, U Ha3bIBaeTCs Java anmuieToMm.

BonpmmHCTBO COBpeMEHHBIX Opay3epoB
MO3BOJIAIOT HMCIMONb30BaTh ammieTsl. OgHaKo
uHOTJa Uil paboTel ¢ Java ammneramu
TpeOyeTcsi  yCTaHOBKA  JIOMOJIHUTEIBHOTO
MPOrpaMMHOTO OOECTieueHus. Java ammieTsl,
MOSIBUBIIIMECS] BMECTE C TIEpBOM Bepcueit Java
B 1995 roay, UCIIONIBb3YIOTCSA TS

NPEOCTABICHUS (GYHKIIMOHATTLHOCTH
(Hampumep,  B3aUMOJACWUCTBHSI), KOTOPYIO
HENlb3sl  TOJNYYUTh TPU  HCIOJIB30BAHUU

HTML.
Cpenu mpenMyIiecTB MPOrpaMMbl MOXKHO
OTMETHTh HHTYUTHBHBIH C1oco0 paboThI

28V

(TOATOTOBKA IIEMU M yCTAaHOBKA MapaMETPOB
aHalM3a) W, Kak YK€ YyIOMHUHAJIOCH,
MpUBJIEKATEIbHbIE aHUMAIMOHHBIC ()(PEKTHI,

"Busyanusupyroume" SIBJICHUS,
MIPOUCXOAAIINE B IIENH (HampuMep, TOK), 4TO
MOKET CIOCOOCTBOBATH Ty4IIeMy
IOHUMAaHHMIO 3TUX SBJICHUH.

Coznanue CXEMBI IIPOUCXOTUT

UHTYUTHBHO IIOHATHO, KaK M HW3MCHEHHE
[IapaMeTpoOB U BXOJHBIX CUTHaIOB. biaronaps
JUHAMAYECKON aHUMAIMd MOJICIIMPOBAHKE
CXEMBI ITO3BOJIACT Ha6JIIO,Z[aTB pacrnpeaciiCHue
TOKOB W TEKYIIUH aHaau3 MPOMCXOISIINX
nporieccos (puc. 4) [3].

Puc. 4. Modenuposarnue cxemul ¢ ykazanuem 8bl0PaAHHbIX OAHHbIX

B  Hacrosimee  BpeMsi  CyILIECTBYET
MHOXECTBO TIPOTpamMM JUIsl  CO3JaHUA |
MOI[GJII/IpOBaHI/IH BHGKTpI/I‘ICCKI/IX CXEM,
KOTOpBIE pazIuyaroTCs o
(YHKIMOHATIBPHOCTH M NpHUMEHEeHHo. Mx
TJIaBHBEIM MIPEUMYIIIECTBOM SIBJIIETCS
BO3MOKHOCTh MHOTOKPAaTHOTO IOBTOPEHUS
JKCTIEpUMEHTa 0€3 JOMOTHUTEIBHBIX 3aTpar,
qToO MOXET 6I:ITI> CJIOKHO JOCTHUYb B
peaTbHBIX YCIOBHSIX

3akiaioueHue

Bri6op ompeneneHHOTOo MeTonIa pacuera
CBSI3aH C 3aTparaMM TpyAa, TO €CTh C
KOJMYECTBOM CO37aBAaE€MbIX YpPaBHCHHH |

MIPOBOAUMBIX MAaTeMaTH4YECKHX JeWCcTBUU. B
3TOM OTHOIICHUU HAWMEHEE BBIUTPHIITHON
SIBISICTCS KJIacCHUecKas METOJNKA,
MIPUMEHEHUE KOTOpPOit CTAaHOBHTCS
3aTPYJHUTENBHBIM B CIIy4ae pPa3BETBJICHHBIX
cxem. Ilostromy  BeIOMparTCS  Apyrue
pelIeHuss C OCOOBIM YYETOM CHEIHaTbHBIX
MPUIIOKEHUH M KOMIIBIOTEPHBIX IPOTPaMM,
3HAYUTEILHO OOJIETYAIOIMMX HX CO3JaHHE U
MozaeaupoBanue. OHM MO3BOJSIIOT HE TOJBKO
MPOBEPUTH  PACYETBl, HO U  IOJYYUTH
KOHEYHBIE PE3yJIbTaThl, MUHYSI ATall Py4YHOIO
MaTeMaTUYECKOTO pacyera.
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i&%& Abstract. The article discusses the selected methods for solving linear electrical circuits,
~ which are comparatively presented by the example of calculations. The results obtained have
been verified analytically by compiling a power balance, as well as using computer simulation
software.
Relevance. This article draws attention to the use of simulation applications in the calculation of
complex electrical circuits to ensure the accuracy, efficiency and reliability of analysis in modern
electrical engineering.
Problem, goal, tasks. In modern electrical engineering, there is a need to analyze DC electrical
circuits using various methods. However, there is uncertainty as to which of these methods is most
effective for a particular situation. In addition, it is important to make sure that the solution is
correct, especially when working with complex circuits, where errors in manual calculation are
possible.
The purpose of this article is to conduct a comparative analysis of the effectiveness and accuracy of
various methods of analyzing DC electrical circuits. Additionally, the goal is to verify the
correctness of the results obtained by simulation using the Circuit Simulator application. This will
allow you to evaluate the advantages and limitations of each method, as well as confirm the
correctness of the solution and its compliance with real physical processes in DC circuits..
Materials and Methods of research. The research materials were scientific sources. Research
methods: analysis of scientific and methodological and specialized literature, method of verification
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of data obtained as a result of modeling in the Circuit Simulator application, generalization and in-
interpretation of the results obtained.

Results and discussion. The conducted research allowed us to conclude that the choice of a
specific calculation method depends on the complexity of the scheme and the task at hand. For
simple circuits, any of the listed methods can be used, and for complex circuits, the method of
contour currents or the method of nodal potentials using computer programs for calculation is more
preferable. The use of computer simulation in the calculation of electrical circuits greatly simplifies
the design and optimization process, ensuring the accuracy, efficiency and reliability of analysis in
modern electrical engineering.

Conclusion. The choice of a certain calculation method is associated with labor costs, that is, with
the number of equations created and mathematical actions performed. In this regard, the classical
technique is the least advantageous, the application of which becomes difficult in the case of
branched schemes. Therefore, other solutions are chosen with special consideration for special
applications and computer programs that greatly facilitate their creation and modeling. They allow
you not only to check the calculations, but also to get the final results, bypassing the stage of
manual mathematical calculation.

K Keywords: electrical circuits, direct current, computational methods, computer program,
fundamentals of electrical engineering.
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