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5 3amanue 1 5
PACYET JIMHEMHBIX PESNCTHBHBIX LHEIIEX

3agayva 1.1 Mertoxa npeoGpazoBaHuit

[Ipocreiimas 3neKTprUecKas Ieb COASPKUT OJUH UCTOYHHK (HAMPSHKECHUS
WIM TOKA) M TIACCHUBHBIC 3JICMCHTBI, COCIUHEHHBIC MOCIICIOBATEIFHO WM Tapajl-
JeNbHO. AHANMM3 TaKWX IETel 1menecooOpa3Ho MPOBOAUTH METOJOM MpeodpazoBa-
HUM, OCHOBaHHBIM Ha OINPECIICHUH 3KBUBAJICHTHOTO (BXOJHOTO) COMPOTHUBIICHUS
1M OTHOCHUTEIHHO 3a)KUMOB HMCTOYHHMKA. 3HAS IKBHBAJICHTHOE COTPOTUBIICHUE
IIEMH, C TTOMOIIBI0 3akoHa OMa MOXXHO HAWTH TOKH B BETBSX CXEMBI M HAINPSIKE-
HHS Ha €€ DJIEMEHTAaX.

[Ipu mocnenoBaTeT-HOM COCIMHEHHH AJIEMEHTOB JICKTPUUECKOW IEeTH de-
pe3 HUX MPOTEeKaeT OJUH M TOT e TokK. Hampumep, uepe3 conpoTtusienus R; u R;
(puc.1.1,a), coequHeHHBIC IPYT C APYTOM TOJBKO OJHOW Mapoi BBIBOJOB, MPOTE-
KaeT OJWH U TOT ke TOK |. B 3ToM ciydae ydacTok Iienu ¢ MmocieaoBaTelIbHO CO-
SIMHEHHBIMU COTIPOTUBJICHUsIMU R; 1 R, MOKHO 3aME@HUTH OJTHUM SKBHBAJICHTHBIM
comnportuBiieHueM Ry, = R1+R, (puc.1.1,6).

| R; R, | R
—» F—— e => o—»—: °
U g y .
a) 0)
Puc. 1.1

B oOmiem cinyyae mpu N mocienoBaTeIbHO COCIMHEHHBIX 3JIEMEHTaX JKBU-
BaJICHTHOE COIMPOTUBIICHHUE YYacTKa 1enu Ry, paBHO

R, :Z;Rk.

[MTapasnnenbHO COSAMHEHHBIC AIEMEHTHI HAXOAATCS MOJT OJTHUM U TEM K€ Ha-
NPSODKSHUEM W COSIMHEHBI APYT C JPYroM JIBYMs ITapaMu BBIBOJIOB, HAlIpUMED, CO-
npotuBieHus Ry u R, (puc.1.2,a).




B sTOM cityyae yyacTok 1ienu ¢ napajuiebHO coeuHeHHbIMU R; u R, Mox-
HO 3aMEHUTH OJHUM DKBUBAJIEHTHBIM COMNPOTUBJICHHEM R1, (puc.l.2, 6), BenmnunHa
KOTOPOTO OMPEIEISAETCS U3 BbIPAKCHHUS:

1 1
—=—+—umu G, =G, +G,,
R12 Rl RZ
1
rae G = R MIPOBOIUMOCTb.
B obmem ciydae st N mapaiebHO COSMHEHHBIX 3JIEMEHTOB CIIPaBEe N~
Ba (hopmya:
1 Z”: 1
Rln k=1 Rk

HpI/I ABYX MapaJuICJIbHO COCAWHCHHBIX 3JICMCHTAX BBIPAKCHHUC JIA S9KBHBA-
JICHTHOT'O COIIPOTHUBJICHHA YUAaCTKa OCIIHU IIPUHUMACT BUA:

_ Rl'Rl
¥ R+R’

[IpaBUIBLHOCTH pacyeTa TOKOB B BETBSIX CXEMbI MOXKHO NMPOBEPUTH MO Oa-
JIAHCY MOIIHOCTH, 3aKJIIOYAIOIIEMYCSI B PABEHCTBE MOIIHOCTH, OTIaBa€MOM HC-
TOYHUKOM, U MOIIHOCTH, PACCEUBAEMOI HA CONPOTUBJICHUAX LEIH.

MouHocTs ucrounuka 3J1C onpenensiercst BBIpaKEHUEM:

rae E — 5/1C ucrounuka, lg — TOK, OTAaBaeMbIii UM BO BHEIIHIOIO IICTIb.
MOIIIHOCTh UCTOYHHUKA TOKA:

rae U; — HanpsoKeHre Ha 3a)KMMax MCTOYHMKA TOKa, J — TOK MCTOYHHUKA.
CyMMapHasi MOIIIHOCTb, pacCeuBaeMasi Ha COIPOTUBJICHUAX CXEMBbI, OIpe/ie-
asieTcs o popMmyiie:

Po=2 1R,
k=1

rie N — KOJUYeCTBO BeTBel cxeMmbl, Iy 1 Ry — COOTBETCTBEHHO TOK M CyMMapHOE
COIpoTHBIIcHUE K-ii BETBH.



3anaHue

BapuaHnTel UCXOHBIX NaHHBIX K 3ajaye nmpuBeneHsl B npui.l. Ha Bcex pu-
CYHKax psOM C 3JIEMEHTaMHU yKa3aHbl UX MMAPAMETPBI: CONMPOTUBJIIECHUS — B OMaXx,
TOKH UICTOYHHUKOB — B amriepax, JC — B BobTax.

Ilepen Hauanom pacuera LENH CIEAYET HAYEPTUTh CXEMY IO CBOEMY BapH-
aHTy, 0003HAYUTh Y3Jbl U AJEMEHTHI, YKa3aThb CTPEIKaMU MPEIoJiaraeMoe Ha-
MIPABJICHUE TOKA B BETBAX, OPUEHTUPYSCh Ha HanmpasiaeHue DJ[C muim Toka UCTOU-
HUKa. PeKoMeHyeTCsl HMCIOoJIb30BaTh OJIMHAKOBBIA MHJEKC MpU 0003HAUYEHHUU CO-
MPOTUBJICHUNA U TOKOB B OJIHOW M TOM K€ BETBU (HalpuMep, B MEPBOM BETBU — CO-
npoTtusjicHue Ry u Tok |y).

JI71s1 3a1aHHOTO BapuaHTa 3a7a4u U3 NMpuUJl. | BBIIOJIHUTH CIEAYIOIICE:

— ONPEICNIUTh BXOJIHOE COMPOTUBJIEHUE (ITPOBOAUMOCTH);

— paccyuTaTh TOKHA B BETBSIX U HANPSHKEHUSI HA BCEX JIEMEHTaX 11eTH;

— IIPOBEPUTH OATAHC MOITHOCTH.

IIpumep 1.1. PaccunTaTh LIETIb, CXEMa KOTOPOM MpeACcTaBiicHa Ha puc.l.3,a.
[TapameTpsl memnu, mocie 0003HAUYECHUS Y3II0B U 3eMeHTOB (puc.1.3,0), cienyro-
mue. E=5B; R =10 Om; R, =6 OM; R3 =5 Om; Ry =20 Owm.

Pewenue. 3amanum noJoXHUTEIFHOE HATIPAaBICHUE TOKOB B BeTBsX. Halinem
Ha CXEME YYaCTKH C MapajyIeIbHBIM COSNHCHUEM COMPOTUBIICHUI U 3aMCHUM HX
SKBUBAJICHTHBIM compoTuBicHueM. Comnporusienus Rz u Ry, mopcoequneHHbie K
y37aM 2 u 3, HaXOAATCS MO OJJHUM U TeM KE HAMPSHKCHUEM, TI03TOMY BKJTFOUCHBI
napauiejbHO, U UX MOXHO 3aMEHHUTH OJHHM SKBHUBAJICHTHBIM COMPOTHBIICHUEM
R34, ynpoctus cxemy (1.3,8):

_R,-R, 5-20 _

= = =4 Om
R,+R, 5+20

B momyuuBmieiics mocne nmpeodpa3oBaHusi cxeme CoOmpoTuBieHus: R, n Ray
COEJIMHEHBI TIOCIEI0BATENIbHO, TaK KaK Yepe3 HUX MPOTEKAET OJWH U TOT K€ TOK.
VX MOKHO 3aMEHHUTH OJTHUM SKBHBAJICHTHBIM COMPOTUBICHUEM R34 (1.4,2):

R234 = R2+R34 =6+4=100Om.

Conpotusnenusi R; u Ryz4 moakimrodeHHble K y3iaM 1 u 3, HaXoaaTcs Mo
OJIHUM U TEM K€ HANPSIKEHUEM, ITOATOMY BKJIFOUEHBI NAPAJJIEIbHO, UX MOXKHO 3a-
MEHHTb YKBUBAJICHTHBIM CONPOTHBIICHHEM Riz34 (puc. 1.3,0):

R Ry, 10-10

= =50mMm
R +R,, 10+10

R1234 =
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T -
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2 R, 60M  Re 40m 210 Om
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(D (e (Dss
le le le
B) r) n)
Puc.1.3

Ucnionb3ys 3akon Oma, onpeienuM Tok |g uctounuka:

[Tanenue nHanpsoxenuss U;s mexay y3namu 1 u 3 paBHo no Benuuune D/[C
UCTOYHUKA E U siBNIeTCS OAHOBPEMEHHO HANpPsHDKEHUEM Ha COMPOTHUBICHMIX R; u
R234 (pI/IC. 1.3,2):

U, =U,, =|E|=5B.

ITo 3akony OMa MOXHO BBIYUCIUTL TOKU |; 1 |, B BETBSIX CXEMBI.

E_2_05A, I,=—=-2_05A

I = — =
' Rl 10 R234

Tok |, mpoxojs yepes conpoTuBieHue Rsy (puc.1.3,6), co3naeT Ha HeM Ta-

neHue HanpspkeHus Ujs:
U23=|2‘ R34=O.5 4=2 B.



OT0 HanpsHKEHHUE MPUIIOKEHO K conpoTuBieHusM Rz u Ry (puc.1.3,6), no-
ATOMY TOKH 4Yepe3 HUX:

C

L =9m Y _2_g4a 1,92 Y _2 gy
R, 5 R, R, 20

HaI[eHI/IC HaIpsKCHUA Ha COIIPOTHUBIICHUA Rz:
UR2=|2‘ RZZO.S -6=3 B.

Pe3ynbprarsl pacueTa TOKOB U HANPSIKEHUM B LIETIU:

Onement | E R R, R; R4
| A 1.0 | 05 0.5 0.4 0.1
U,B 5 5 3 2 2

[IpoBepuM MpaBMWILHOCTH pacyeTa Mno 0ajaHcy MOITHOCTH. Mori-
HOCTh uctouHuka I/C:
PE:E' IEZS -1=5 BT.

MOHIHOCTB, pacccuBacMas Ha COIMMPOTUBICHUAX CXCMBI:

Po=> 1R =I2-R+17-R+1;-R+1] R, =
k=1
=0.52-10+0.5*-6+0.4%-5+0.1>-20=2.5+1.5+0.8+0.2 =5 Br.

MomHoCTh, OTAaBacMasi MICTOYHUKOM B 1I€IIb, PABHA CYMMAapHOW MOIIHOCTH,
paccenBacMoOr Ha COIPOTUBIICHUSX CXEMBI:

PE:PR:5 BT,

CIIEIOBATENBHO, PACUET BHIMOIHEH MPAaBUIIBHO.
B mpwi. 7 mpuBeneHBI pe3ysibTaThl MOJCIMPOBAHUS CXEMBI B MPOrpamMme
Multisim, moarBepsknaromye pe3ynbTaThl BHIIIOJIHEHHOTO pacyeTa.

PaccMoTpeHHBII BbIllIe METOJT MPeoOpa30BaHUI MPUMEHUM JIJIsl aHAJIM3a 11e-
nei TOJMBKO C OJHUM HCTOYHWUKOM. B oOmiem ciiydae, Mpu HaJW4YUU B IIETH He-
CKOJIBKUX MCTOYHHKOB, PACYET MOXKET OBITh BBIIIOJTHEH JPYTUMH CIIOCOOaMHU - Me-
TOJOM TOKOB BETBEW, KOHTYPHBIX TOKOB, Y3JIOBBIX HANPSHKEHUU, METOJAOM HAJIO-
KEHUs (CYNMEepro3uINN) WA METOJOM 3KBHUBAJIEHTHOIO MCTOYHUKA (reHepaTopa)
[1-7]. OOb1uHO A1 pacueTa BHIOMPAIOT METOI, AAMOIINI O0jiee MPOCTOe peIIeHuE,
HarpuMep, MEHbIIIEE KOJTUYECTBO OMUCHIBAIOIINX LIEh YPABHEHUN CUCTEMBI.



3amauda 1.2 MeToq TOKOB BETBEH

Pacuer nuHENHON PE3UCTUBHOM BIEKTPUUECKOM LIENTA METOAOM TOKOB BET-
BE€l OCHOBAH Ha PEIICHUU CUCTEMbl YPAaBHEHU, COCTABICHHBIX I10 JIBYM 3aKOHaM
Kupxroda.

[lepBbrit 3akoH — 3akoH TokoB Kupxroda (3TK) rnacur: areebopauueckas
CYMMA MOKO8 8emeell, CX00AWUXC 8 TI0OOM Y3le INeKMpudecKol yenu, pasHa Hy-
JI10.

31, =0, 1.1
k=1

IJIe N — YUCII0 BETBEH, CXOMSIIUXCS B y37€, |y — TOK B K-if BETBH.
Bce Toku, 0iuHaKOBO HaINpaBJICHHBIE 10 OTHOIIEHUIO K Y311y, 3alUChIBAIOT-
Csl B YpaBHEHUHU C OJJHUM U TeM ke 3HakoMm. Hampumep, Bce TOKH, BXOJAIINUE B
y3ell — co 3HakoM "+", a Bce BBIXOZSAIIME M3 y3ja — CO 3HAKoM "—". DTO 3HAYMT,
YTO CyMMa TOKOB, BXOJAIIMX B y3€Jl, paBHA CYMME TOKOB, BBIXOJAIIUX U3 y3JIa.
Kosim4yecTBO HE3aBUCHMBIX YypaBHEeHHH, cocTaBisieMblx 1o 3TK Ha enuHuiy
MEHBIIIE YUCIIA Y3II0B Ny, B LIEIH:
N3rx= ny3Jl_1' 1.2

3anumeMm ypaBaenue no 3TK mns y3na, uzobpaxkensoro Ha puc.l.4,a:

l,—Jd,—1,+1,=0.

Puc.1.4

Btopoii 3akon — 3akoH HanpspkeHuit Kupxroda (3HK) rmacut: areebpauue-
CKAsl CyMMA HANpAXCeHull eemaell 8 1I000M KOHMYpe 91eKMpPUiecKkol yenu pasHa
HYTIIO"

>U, =0, 1.3
k=1

r7ie M — 4UCII0 BETBEH, BXOIAIIMX B KOHTYP, Uy — HanpsbkeHue Ha K-ii BETBH.



Bce nanpspkeHusi BETBEH, COBMANAONINE 1O HAIMPABICHUIO ¢ BHIOPAHHBIM
MIPOM3BOJILHO HAallpaBJIeHHEM 00X0/1a KOHTYpa, 3allUChIBAIOTCS B YPaBHEHHH CO
3HakoMm "+", He coBmajgaronme — co 3HakoMm "—". KoanuecTBO HE3aBUCUMBIX YpaB-
HEeHMH, cocTaBisieMblx 1o 3HK, onpenensercs BhpakxeHUEM:

N3x= Ngem — N3z — Ny =Ngerm — nyafz +1- ny., 1.4

1€ Ngey M Ny, — COOTBETCTBEHHO YHUCIIO BETBEW U Y3JI0B DJIEKTPUYECKON 1I€TH, Ny —
YHUCJIO BETBEH, COAepKalUX HJleabHbIE HCTOYHUKH TOKA.

[Ipn HanmMuuMy B BETBU CXEMbl UOealbHO20 WCTOYHHMKA TOKA I 3alUCH
ypaBHeHnuii o 3HK crienyer BrIOMpaTh KOHTYpPBI, HE COJEpKAIINE TaKylO0 BETBb.

Obobwennyro e6emev (puc.1.5,a), a TaxkKe peanvublli WCTOYHHK TOKA
(puc.1.5,8) miis ymoOCTBa pacdera ¥ YMECHBIICHHS KOJIMUYECTBA YPABHEHUH CHCTE-
MBI, OIMCBIBAIOIIUX CXEMY, MOKHO 3aMEHUTh SKBHBAJICHTHON BETBBIO, COAEPKA-
et peanbublil nctounuk DJIC (puc.1.5,2).

E RJ-E

V¢ 188 -0e™T

a) 0) B) r)
Puc.1.5

3anumem ypaBaenune o 3HK mna xkontypa, uzobpaxenHoro Ha puc.l.4,6.
Bri6epem HampaBieHrue 00xo/1a KOHTYpa 10 4aCOBOM CTpesiKe. YUHUThIBasI, YTO Ha-
npsokenust Betset (U; .. Uy), BXOASIIMX B KOHTYp, COBNAAAIOT MO HAMPABJICHUIO C
TOKaMU B BETBAX, TOJTYUUM:

U, -U,+U,+U, =0. 1.5

Bocnonp3oBaBmmchk 3akoHOM Oma IJI1 ydaCTKa OCIH, HAIPAKCHUSA BETBEH
MOJKHO IICPCIIMCAaTh B BUJIC:

U-=LR; U,=LR,-J,R,; U;=LR;; U,=1,R, —E,. 1.6
3nech JoR; — ncrounuk DJIC, mpeoOpa3oBaHHBIM M3 PEabHOTO MCTOUYHHKA
TOKa Js.
[Tocne moacranoBku (1.6) B (1.5) momyumnm:
-LR-LR +JR +LR, +1,R,—E, =0. 1.7
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CrpynnupoBaB majieHus] HapsDKEHUSI Ha COMPOTHUBIICHUSIX BETBEU B JICBOU
4YacTH ypaBHEHHUs, a UCTOYHUKH — B TpaBoil, 3anumem 3HK nns xontypa (puc.
1.4,0) B BUE:

LR -LR +1;R,+I,R, =E, - J,R.. (1.8)

Takum o6pazom, 3HK MOXHO TIpencTaBUTh B IpYyroul (popmMyIupoBKe: ai-
eebopaudecKkas cymma nadeHuti Hanpsdcenull Ha CONpOMuUGIeHUsX 8emeeli, 6xo0sl-
wux 6 KOHmyp, paena aneeopauveckou cymme IC u npeobpazoeanHvlx UCmMoOYHU-
KO8 moKa, 0elcmayouux 6 KOHmype:.

Y LR =D E +> IR (1.9)
k=1 k=1 k=1

3Haku repena ciaraeMbiMu B ypaBHeHnd 1o 3HK (1.9) cTaBsAT B COOTBETCT-
BUM CO CIIETYIOUIUM MPAaBUIOM

8 J1e6oll Yacmu ypasHeHus — €CJIM HalpaBJIeHUE 00X0/ia KOHTypa COBIAJAET
C HampaBJICHMEM TOKa B BETBH, epen mnpousBeaenuem | Ry craBurcs 3nak "+,
WHaye — 3HaK "

8 Npasoll yacmu ypasHeHus — eClIy HarpaBieHue 00Xoja KOHTypa COBIaja-
€T C yKa3aHHBIM CTpeNikoi HampasiienueM uctounuka JJIC Ey unm npeoOpazoBaH-
HOT'O MCTOYHHKA TOKa JyRy, OH 3amuchIBaeTcs co 3HaKoM ''+", HHa4Ye — CO 3HAKOM

—". B cnydae, korga BETBH, BXOASIIME B KOHTYpP, HE COAEPKAT UCTOYHUKOB, Mpa-
Bas yacTh ypaBHeHus no 3HK pasna nymo.

[lopsimok pacuera LENH MemOOOM MOKO8 emeell C TOMOILIBIO 3aKOHOB
Kupxroda cnemyrommii [7]:

1. OnpenensroT KOJIUYECTBO BETBEH N,y M Y3JIOB Ny, B CXEME, @ TAKKE KO-
JINYECTBO BETBEM Ny, COACPKAIIUX UACATBHBIE ICTOYHUKHU TOKA.

2. ITo dpopmynam (1.2) u (1.4) BEIYUCIAIOT KOJUYESCTBO YPABHCHUMN, OTIMCHI-
Batomux cxemy, no 3TK u 3HK cooTBeTcTBEHHO.

3. 3amarT mpOM3BOJIHHO HAMPABIECHUS TOKOB B BETBSX CXEMBl M HaIpaBIie-
HUsl 00X07a KOHTYpoB. [Ipu Hamuuuu B cxeme UACaIbHBIX MCTOYHUKOB
TOKa CJIeyeT BHIOUPATh KOHTYPHI, B KOTOPBIE HE BXOJST BETBU C TUMU
ucToyHUKamMu. TOK B BETBH C UJCAJIbHBIM MCTOYHUKOM TOKa U3BECTEH,
MO3TOMY COCTaBJISITh YpaBHEHHE JIJIsl €T0 ONpeIeeHUs He TpeOyeTcs.

4. O6o3HauaOT apabckuMu MUppamMu y37Ibl CXEMbl. Y3Jbl, COSIUHEHHBIC
BETBBIO, HE COJIEPKAIICH KAaKUX-THUOO0 DIEMEHTOB, TOJKHBI HIMETh OJTUH U
TOT € HOMED.

5. HymepyroT BeTBU U NMPHUCBAUBAIOT BCEM DJIEMEHTaM, HAXOSAIIUMCS B OJ1-
HOU M TOM K€ BETBH, & TAKKE TOKY B HEW OJMHAKOBBIN MHIEKC, COBIIA-
Jarolui ¢ ee HoMepoM (Hampumep, Ha puc.l.4,6 B 4eTBepTON BETBU —
conpotuieHue Ry, Tok lg, DJAC E,).

6. 3anuceiBator ypaBHeHus 1o 3TK juist BBIOpaHHBIX y3J10B B COOTBETCTBUU
¢ (1.1) u mo 3HK myist kouTypoB (1.9), yuuThiBast mpaBUIO 3HAKOB.

/. PemaroT Moiay4YeHHYIO CUCTEMY YPABHEHHI OTHOCUTEIBHO TOKOB BETBEH.
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3anaHue

BapuaHTbl UCXOIHBIX AaHHBIX K 3a/Jaue mpuBeAeHbl B npui.2. Ha Bcex pu-
CYHKax psIOM C 3JIEMEHTaMHU YKa3aHbl UX IMAPAMETPbI: CONPOTUBJIEHUS — B OMaXx,
TOKH UICTOYHHMKOB — B ammnepax, DJ[C — B BoibTax.

Ilepen Hauanom pacuera LENH CIEAYET HAYEPTUTh CXEMY IO CBOEMY BapH-
aHTy, 0003HAYUTh Y3JIbl M AJIEMEHTHI, YKa3aTh CTPEJIKaMHU MpEIojiaracMoe Ha-
IpaBJeHUE TOKAa B BETBAX W HAIPaBJICHUsS 00X0/1a KOHTYPOB.

JIJ1st 3a1TaHHOTO BapraHTa CXEMbI U3 TPUJL.2 3aIucaTh HEOOXOAMMOE KOJInYe-
CTBO YpaBHECHHI ]ISl ONPEICIICHUS TOKOB BETBeH (1Mo 3akoHaM Kupxroda) v BbI-
YHUCIIUTH UX.

Ilpumep 1.2. 3anucath ypaBHEHHsI METOJOM TOKOB BETBEH M pacCUMTATh
1IeNb, CXeMa KOTOPOH Mpe/cTaBieHa Ha puc.1.6,a.

Pewenue. Cxema cOIEpKUT MIeCTh BeTBeH (N4,,=6), ueTsipe y3na (N,,,=4) u
OJTMH UJICaTbHBINA HCTOYHHUK ToKa (N;=1).

OmnpenenuM KOJIMYECTBO YPAaBHEHUH CHCTEMBI, HEOOXOIUMOE JIJISl BBIYUCIIC-
HUSI HCM3BECTHBIX TOKOB BETBEH:

N37k= Nysy —1=4-1=3 ¥ N3px= Ngery — N3 — Ny =6-3-1=2.
B obmem ciyuae, niis cXembl, coJiepaKaliei mecTb BEeTBEH, HEOOX0IUMO CO-
ctaBuTh mecth ypaBHeHuu 1o 3TK u 3HK. [Tockonpky B 1aHHOM NpuUMEpE BEH-

YMHA TOKA B BETBHU C MJICAIBHBIM MCTOYHUKOM TOKA M3BECTHA, JJISI MaTeMaThye-
CKOT'O OMHUCAHUSl CXEMBbI MOTPEOYEeTCs COCTaBUTh CUCTEMY M3 MATH YPaBHEHUH MO

3TK n 3HK.
1 : :Jl

D)l @) R

Puc.1.6

O003Ha4YMM Y3JIbI U TIPOHYMEPYEM DIIEMEHTHI B BETBSIX cxeMbl (puc. 1.6,0),
3a/laluM MIPOU3BOJIbHO HAIIPaBJIEHUS TOKOB B BETBsIX. BrlOepeM KOHTYpHI U 3a4a-
JTUM TIPOM3BOJIBHO HaIpaBjieHue uX 00xo0a (10 WM MPOTUB YaCOBOM CTPEIIKH).
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Tok B nmepBoii BeTBH yxe u3BecteH: 11=J;=1A. 3anucaB ypaBHenus no 3TK
(mst y3noB 1, 2, 3) u mo 3HK mast nByx BeiOpanHbIX KOHTYpoB (I 1 Il), momyuum
CUCTEMY YPaBHEHUMU MO METOJY TOKOB BETBEH:

l,-1,+1,=0
-1, +1,=0
-, +1L,+1.=0
-R;1,-R,1,=E, - E{

Rzlz - R5'5 = Rz 2~ Es

IloncTraBuB 4YMCIIEHHBIE 3HAYEHUs NTapaMETPOB M pEIIasi 3Ty CUCTEMY, HaM-
JIEM HEU3BECTHBIE TOKU BETBEMU!

4 I, I3 4 I I

10A 0.83 A 0.25A -0.75 A 0.17 A —0.58 A

Onpenenum Tok I'2 . Ans aToro 3anumem ypasHenue o 3TK:
l,+J,—1,=0;
I,=1,-J,=0.83-3=-2.17 4.

3Hak "-" mepea BEIMYMHOM TOKA O3HAYAET, YTO €r0 HAIpaBJICHUE TPOTHUBO-
MOJIOKHO paHee BRIOpaHHOMY.

[IpoBepuM mpaBUIILHOCTH pacdeTa Mo OajlaHCy MOIIHOCTU. BHauane omnpe-
JIeJTUM HAaIMpPsDKEHUST Ha 3aKMMax UCTOYHUKOB TOKa!

U,,=RI,—R,I,=10-0.17-4-(-0.75)=1.7+3=4.7 B;
U,,=-R,l,=-2-(-2.17)=4.34 B.

Ecnu Tok B BeTBU coHarpaniieH ¢ UcTOUHUKOM DJ[C (MpOTHUBOIOJIOXKEH Ha-
MPSKEHUIO Ha UCTOYHUKE), TIOCJICIHUM OTAAeT MOITHOCTh B 1IeNb. B MpoTUBHOM
Cllydyae MCTOYHHMK TMOTpeOJiseT MOMIHOCTh. MICTOYHUMK TOKa OTAAeT MOIIHOCTH B
1IeTh, €CJIM HAIPSOKEHUE Ha €ro 3aKUMax MPOTUBOIOJI0KHO HAIPaBJICHUIO UCTOY-
Huka. CyMMapHasi MOITHOCTh UCTOYHUKOB B IIEMU OMPEACISIETCS C YUYETOM 3HaKa
("+" y MICTOYHUKOB, OTJIAIOIINX MOIIHOCTH, ¥ 3HaKa "—" y MOTPEOIISIOIINX):

Zpucm =Bl +Elg+U,,J,+U,,d, =
=-7-0254+6-(-0.58)+4.7-1+4.34-3=12.46 Br.

MOIHHOCTI), pacceuBacMas Ha COIIPOTUBJICHUAX !
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> P =R, +RIZ+R1Z+R1Z=2-(-2.17)* +8-0.25% +
+4-(=0.75)*+10-0.17° =9.42 + 0.5+ 2.25+0.29 =12.46 Br.

PaBeHCTBO CyMMapHO# MOIIHOCTH, OT/JaBa€MON HCTOYHHKAMHU M TOTPEO-
JSIEMOH CONPOTHUBIICHUSIMUA CXEMBbI, CBUICTEIILCTBYET O IPABUIBHOCTH PacyeTa.

B mpun. 7 mpuBeneHBI pe3ysbTaThl MOJCIMPOBAHUS CXEMBI B MPOrpamMme
Multisim, moarBepskaroniye pe3ynbTaThl BEIIIOJIHEHHOTO pacyera.

3amava 1.3 MeTo KOHTYPHBIX TOKOB

Merton koHTypHBIX TOKOB (MKT) ocHOBaH Ha 3akoHe HampsbkeHud Kupxro-
da (BHK) u mo3BosisieT yMEHBIIUTh KOJUYECTBO YPaBHEHUN CHCTEMbI, OIHCHI-
BAIOLLIKX LIENb 10 3HAUCHUS:

Nyxr=N31x= Neem — N3t — N3=Ngem — (nys'/l_l)_nJ’ 1.10

7€ Ngey ¥ Ny — COOTBETCTBEHHO YHMCJIO BETBEH U Y3JIOB DJIEKTPUYECKON LENH, Ny—
YHCIIO BETBEM, COAECPKAIIUX UACATbHBIE ICTOYHUKHU TOKA.
Pacuer uenu memoodom KoHmypHsiX MOKOE BBIIOIHAETCA B CIEAYIOIIEM I10-
paake [7]:
1. TIpou3BoibHO BEIOMPAIOTCS HAMPABICHUS TOKOB B BETBSX IICIH.
2. BwiOuparoT He3aBHCHMBIC KOHTYPHI (B KaXKIBIH W3 KOTOPBIX BXOAUT XOTS
OBl O/IHA BETBb, HE BOINIEAIIASA B JIPYTrue KOHTYPHI), B HUX MPOU3BOJIHHO
3aJat0T HAIIPABJIEHUE YCIIOBHBIX TOKOB, HA3bIBAEMBIX KOHMYPHLIMU.
3. s kaXkaoro HE3aBUCUMOTO KOHTYpa 3anuchiBatoTcs ypaBHenus mo 3HK
OTHOCUTEIIBHO KOHTYPHBIX TOKOB. EciM JBa HE3aBHCUMBIX KOHTYpa
UMEIOT OOIMYI0 BETBb C UACAIbHBIM MCTOYHHUKOM TOKA, YpaBHEHHE IO
3HK crnexyer 3amuchiBaTh NIl OJHOTO OOBEIMHEHHOTO KOHTypa (HC-
KIIFOUMB BETBb C 3TUM HUCTOYHUKOM), B KOTOPOM JIEHCTBYIOT JIBa KOHTYP-
HBIX TOKAa.
4. Tlonmy4yeHHYIO CHUCTEMY ypaBHEHUM pPEIIatOT OTHOCHUTEJIBHO KOHTYPHBIX
TOKOB.
5. OmpenensitoT TOKM B KaXKJA0W BETBH KaK ajireOpanyeckyrd CyMMy KOH-
TYPHBIX TOKOB, IPOXOJAIINX Yepe3 Hee.

3ananue

BapuaHTbl HCXOMHBIX JAaHHBIX K 3a/a4ue mpuBeAeHbI B pwi.2. Ha Bcex pu-
CYHKax psIIOM C 3JIEMEHTaMHU YKa3aHbl UX MMapaMeTpbl: CONPOTUBJICHUSI — B OMaXx,
TOKH UCTOUYHHKOB — B ammnepax, IJ[C — B BoibTax.

Ilepen HauanoMm pacuera LEeNM ClEAyeT HAYEPTUTh CXEMY IO CBOEMY BapH-
aHTy, 0003HAYUTH AJIEMEHTHI, YKa3aTh CTPEJIKAMU MPEIO0JIaraeMoe HaIrpaBlIeHUE
TOKOB B BETBSIX, BEIOpATh HE3aBUCUMBIE KOHTYPHI M MPOU3BOJILHO 33/1aTh HAIMPaB-
JICHUSI KOHTYPHBIX TOKOB B HUX.
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Jl7ig 3ajaHHOTO BapHaHTa CXeMbl U3 MPUI.2 COCTAaBUTh CUCTEMY YpaBHEHUU
10 METOAY KOHTYPHBIX TOKOB, PEIIUTh €€ U BBIYUCIUTb TOKA B BETBSX LIEIIU.

Ilpumep 1.3. 3anucaTh ypaBHEHHS METOJIOM KOHTYPHBIX TOKOB M paccuu-
TaTh TOKU B BETBSIX IIETIH, CX€Ma KOTOpPOH MmpejcTaBieHa Ha puc.1.7,a.

Pewenue. Tlponymepyem 371eMEHTHI B BETBSIX cXeMbl (puc. 1.7,6), ykaxem
IPEANoIaraéMoe HalpaBiI€HUE TOKOB B BETBSX, BBIOEPEM TPU HE3aBUCUMBIX KOH-
Typa, 33J1a/IMM TPOU3BOJIHHO HAIPABJICHUS KOHTYPHBIX TOKOB (l,;..1,;) B HUX.

PaccmarpuBaemasi Lenb COAEPKUT IIECTh BETBEH, UEThIPE y3/1a U OJMH Uie-
abHBIA UCTOYHUK TOKa. [To dopmyne (1.10) ompenenuM KOIUYIECTBO ypaBHEHUH,
OMKCBHIBAOIINX LEMb METOJAOM KOHTYPHBIX TOKOB:

Nyrr=Ngem — Ny, —1)— Ny =6—(4-1)-1=2

4 10
0—| |—0 I3 :
8 R3
2 | |
6 3
7 q
. 5

Puc.1.7

B nesout wactu ypaBaenut no MKT nHa ocHoBe 3HK 3amnmceiBaeTcs cymma
nageHuit Hanpsokenuin U =Ryl Ha conmpoTuBIeHUSIX BETBEH, BXOIAIINX B KOHTYP.
Omna onpenenseTcss COBMECTHBIM JIEUCTBUEM KOHTYPHBIX TOKOB PACCMaTPUBAEMOTO
U CMEXHBIX KOHTYpOB. B mpaBoii yacTu ypaBHEHHI 3alMChIBAETCS aireOpaunde-
ckas cymma J/]C MCTOYHUKOB HAMPSHKEHUS U TIPE0OPa30BAHHBIX UCTOUYHUKOB TO-

Ka (Z E.,+ Z R.J ), AeiicTByomux B KOHType. Eciin HanpaBieHne KOHTYPHOTO
TOKa COBIIQJIAa€T C HaIPaBJICHUEM HCTOYHHKA, MOCJCIHMIN 3alMCBIBACTCS CO 3Ha-
KoM "+", mHa4e — co 3HaKoM "',

B o6miem cirydae mocie neperpyniupoBKY CIaraéMblx CUCTEMa YPaBHCHHM
JUTSL OTIPEICIICHUSI TPEX HEM3BECTHBIX KOHTYPHBIX TOKOB OYIET UMETh BU/I:
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R11|;<1 + R12|K2 + R13|;<3 = ZEkl +ZRK1‘JK1
Ryl + Ryplis + Rygl s = Z E.+ Zszsz 111

Ryl + Raplo + Ryl 5= ZExs + ZRK3JK3-

3neck Ry, Raz, R33, — COOCTBEHHBIE COMPOTUBIICHUSI COOTBETCTBEHHO MEPBO-
ro, BTOPOTO M TPEThero KOHTYpa, Ri1,=Rj1, R13=R3;, R23=R3; — B3aumubIie compo-
TUBJICHUS COOTBETCTBYIOIINX KOHTYPOB.

Cobcmeennvim conpomuesiieHuem KOHTYpa Ha3bIBA€TCS CyMMa COINPOTHUBIIC-
HUW BeTBEH, BXOAAMMX B KOHTYpP. CONpOTUBIICHUE BETBH (BETBEH), ABISIOIICHCS
oO1Iel /Ui IBYX CMEKHBIX KOHTYPOB, Ha3bIBAETCSA 63AUMHbLIM COTPOTUBIICHUEM.
CoOCTBEHHOE COIMPOTHUBIICHHE BCET/a MOJOKUTEIBLHO, a 3HAK B3aMMHOTO COIMPO-
TUBJICHUS 3aBUCUT OT HaIlpaBJICHUS KOHTYPHBIX TOKOB CMEXHBIX KOHTYpPOB
(puc.1.8). Ecnu 3T TOKM COBMAMAarOT HAa B3aWMHOM COIPOTUBIICHHH — OHO 3allH-
CBhIBAE€TCS B ypaBHEHHUHU co 3HaKoM "+" (puc.l.8, a), eciiu HE coBHanarOT — CO 3HA-
KoM "—".

Puc.1.8

[Ipy Hanmuuuu WIEaTBLHOTO HMCTOYHUKA TOKAa B BETBHU, €€ COMPOTUBJICHUE
MIPUHUMAETCSl paBHBIM O€CKOHEYHOCTH, T.K. BHYTPEHHEE CONPOTHUBRIIEHUE R; Takoro
HMCTOYHUKA OYEHb BEJIUKO. BHyTpeHHee conpoTuBieHue Rg U1eaqbHOrO UCTOYHHU-
ka DJIC HaoOOpOT CTPEMUTCS K HYJIIO U HE OKA3bIBACT BJIMSHUS HA 00IIIEEe COMpo-
THUBJICHUE BETBHU.

BanuiieM ypaBHenus mo MKT st BeIOpaHHBIX KOHTYpOB (puc.1.7,0). BHa-
qaJie onpeieTuM COOCTBEHHBIC U B3AaUMHBIE COITPOTUBIICHUS 3TUX KOHTYPOB:

Klggf;fa CoOcTBEHHOE CONPOTUBJICHUE Kljgf;;); B3auMHoe conpoTuBieHue
1 R1:=R4+Rs+Ry; 1-2 R12=R21=Rs
2 R22=R;*+Rs 1-3 Ri3= Rs1= —Ry4
3 R33= R3+ R4 2-3 R23:R32:0

[IepBbIil KOHTYPHBIN TOK IPOXOJUT YEPE3 BETBb C UACAIBHBIM UCTOYHUKOM
Toka J; (BHyTpeHHEE CONMPOTHBIEHHE Rj; KOTOPOro OECKOHEYHO) W HaIpaBiicH
ITPOTHUBOIOJIOKHO TOKY 3TOro UCTOUYHHMKA. [l03TOMY ypaBHEHHE 11U IEPBOTO KOH-
Typa oOpamaercsi B TOXKI€CTBO:
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Toraa CHUCTEMaA ypaBHeHI/Iﬁ OTHOCHUTCIIbHO HCU3BCCTHBLIX KOHTYPHBIX TOKOB
IIPUMCT BHU.

I;<1:_‘]1
R21|,<1 + Rzzlxz + R23|K3 = Rz‘]z - E6
R31|;<1 + Razlxz + R33IK3 = E3 - Ee

[loacTaBuB 3HauY€HMS] COOCTBEHHBIX W B3aUMHBIX CONPOTHBIICHUNA KOHTY-
pOB, MOJIy4yuM cucteMy ypaBHeHuit no MKT:

|K1:_‘J1
R5|K1+(R2 +R5)|K2 +0- Ixs = Rz‘Jz - Ee
R, +0-1,+(Ry +R)I ,=E; - E

Ilocne moACTaHOBKY YMCIIEHHBIX 3HAYEHUM NTapaMETPOB U PELICHUS CHUCTE-
MBI YPaBHEHUH OTHOCUTEIIBHO TPEX KOHTYPHBIX TOKOB, ITOITYYNM:
la=—-1A lo=0.83 A l;=—-0.25 A
BrIpa3uM TOKHM B BETBSIX CXEMBI YEPE3 KOHTYPHBIE TOKU. Eciin HanpaBieHne
KOHTYPHOT'O TOKa COBIAJIa€T C HANpaBJIEHUEM TOKa B BETBHU, MOCJIEIHUNA OepeTcs

co 3HakoM "+", mHaye — co 3HaKoM "',

|, =—1,=1A; =1, -1 ,=-1-(=0.25)=—0.75A;
l,=1_,=083A; lo=—I,—1,=1-0.83=0.17A;
|, =1, =0.25A; l,=-1_,—1,=-0.83—(-0.25)=—0.58A.

BbIunciieHHble 3HaYCHUST TOKOB aHAJIOTHYHBI MX BEJIMYMHAM, PACCYUTAHHBIM
Ha OCHOBE METO/1a TOKOB BeTBei#t (3a1aua 1.2):

|y

12

|5

l4

ls

lg

1 A

0.83 A

0.25 A

-0.75 A

0.17 A

—0.58 A

Jlerko ybenutnbcsi, uto B coorBercTBUM ¢ 3TK, anreOpanveckas cymma BbI-
YUCJICHHBIX TOKOB JIJIsl JIIOOOTO y3j1a cXeMbl Ha puc. 1.7,6 paBHa HYJIIO, YTO CBHJIE-
TEJIBCTBYET O MPaBUIBHOCTH pacyeTa.
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3anaya 1.4 MeTo y3710BBIX HAIPSHKEHUIM

Meron y3noBbix Hanpsokenuit (MYH) ocHoBan Ha 3akoHe TokoB Kupxroda
(3TK) u 3akone Oma 1151 yuactka menu. KonudecTBo ypaBHEHUN CHUCTEMBI, OIH-
CBHIBAIOIIMNX LIETh ITUM METOJOM, PABHO:

Nyyr=N375— N = N,y =1 NE,

rae Ny, — KOJIMYECTBO Y3JIOB DJIEKTPUYECKOW LENH, Ng — KOJMYECTBO BETBEH, CO-
Jepkanux uaeanbabie uctounuku JJ[C.

Pacuer nenu memoodom y3n06vix nanpsacenuil BHIIOIHIETCS B CIEAYIOIIEM

nopsiake [7]:

1. Ilpon3BoibHO BEIOKMpAIOTCS HANPABICHUsI TOKOB B BETBAX LIETIH.

2. OauH U3 y3JI0B CXEMBbl BHIOMPAIOT B KaYECTBE OMOPHOTO, €T0 MOTEHLIUAJ MpPHU-
HUMAIOT paBHBIM HYJIIO U 0003HauaoT mudpoit «0». Eciu cxema coep XUt BETBb €
uacaIbHBIM NCTOYHUKOM DJIC, TO ONOPHBIN y3€II JOJKEH ITPUMBIKATh K 3TOM BETBU.
Bce octanbHble y371bl CXEMBl HYMEPYIOT HU(ppaMu, HauuHas ¢ eAuHULbl. Hampsixke-
HUS MEXKIY y3J1aMU CXEMBI U OIIOPHBIM Y3JIOM Ha3bIBAIOTCS V37106bIMU.

3. CocraBmustoT cucteMy ypaBHeHHi 1o 3TK 11 Bcex y3/10B, KpoMe HyJIEBOTO.

4. B 5eBoii yaCTH ypaBHEHUU MPOU3BOASAT 3aMEHY TOKOB B BETBSIX MPOHU3BE/ICHHU-
€M COOCTBEHHBIX WJIM B3aUMHBIX IPOBOJAUMOCTEN y3JI0B Ha y3JI0BbIE HaNpshKeHUs. B
MPaBOil YaCTH ypaBHEHUH NIl BETBEH, BXOASAIIMX B y3€J, 3alUCHIBAIOT ajireOpanye-
CKYIO CYMMY TOKOB HCTOYHUKOB TOKa U IpeoOpa3zoBaHHbIX HCTOUHUKOB DJIC.

5. Ecnm cxema coliepKUT BETBb € UAcalbHbIM UCTOUHUKOM DJIC, TO y31m0BO€ Ha-
MpsDKEeHKE Ha 3ToW BeTBU paBHO BennunHe J/[C (¢ yueTom 3Haka).

6. PemaroT mosyuyeHHYI0 CUCTEMY ypaBHEHUN OTHOCUTENIbHO Y3JIOBBIX HaIlpshKe-
HUM.

7. HaxomsaT Tok B Kaxx7oil BeTBU cxeMbl U3 ypaBHenus o 3HK, coctaBneHHOoro
IUIsl KOHTYpa, B KOTOPBIM BXOJMT paccMaTpuBaeMasi BETBb U HU3BECTHBIE Y3JIOBbIE
HaIPSHKCHMS.

3aganue

BapuaHTsl UCXOAHBIX JAaHHBIX K 3a7ade mpuBeneHsl B npui.2. Ha Bcex pu-
CYHKax PsIOM C 3JIEMEHTaMHU YKa3aHbl UX IMAPAMETPBI: CONPOTHUBIIEHUS — B OMax,
TOKH UICTOYHHKOB — B ammnepax, 9J[C — B BoibTax.

[lepen Hayanom pacuera LENH CIEAYET HAYEPTUTh CXEMY IO CBOEMY BapH-
aHTy, yKa3aTh MPEIO0JIaraéMoe HalpaBJIeHUE TOKAa B BETBSAX, 0003HAYUTH Y3Jbl U
AIIEMEHTBI, YKa3aTh CTPEJIKaMM, HANPABIEHHBIMU K BHIOPAHHOMY HYJIEBOMY Y31y,
Y3JIOBBIE HAIIPSKEHUS.

Jljig 3aJaHHOTO BapHaHTa CXEMbl U3 MPUI.2 COCTABUTh CUCTEMY YpaBHEHUU
10 METOAY Y3JIOBBIX HAIIPSHKEHUU, PEIIUTD €€ U BBIUYNCINUTHh TOKU B BETBAX LEIIN.

Ilpumep 1.4. 3anucaTh ypaBHEHUS] METOJIOM Y3JIOBBIX HAIPSKEHHU U pac-
CUMTATh TOKH B BETBAX IIEMH, CXeMa KOTOPOU MpejcTaBiena Ha puc.1.9,a.
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Pewenue. OO003HaUMM U MPOHYMEPYEM OJJIEMEHTHI B BETBSIX CXEMBI
(puc.1.9,6), ykaxem mpeamnojaraeMoe HalpaBJI€HHE TOKOB B BETBIX. Tak Kak B
cxeMe umeercs uaeainbHblii ucTouHUK DJIC Eg, TO B KauecTBe OMOPHOTO (HYJIEBO-
ro) BBIOEpPEM OJMH U3 y3JI0B, IPUMBIKAIOUIUX K BETBH C 3TUM HCTOYHHKOM. YKa-
K€M CTpEJIKaAMH, HAIIPaBJIECHHBIMH OT Y3JIOB CXEMBI K OIIOPHOMY, Y3JIOBBIE HAIps-
sxenus Uqg, Usg, Usg.

B paccmatpuBaemMoii cxeme 4 y3ia, UMEETCS OJHA BETBb C MJICATbHBIM HMC-
touyHukoM JJIC. KommmuectBo ypaBueHui no MY H, onuceiBaronmx cxemy paBHO:

Nayer= Ny —1— N =4-1-1=2

B neBoit vactu ypaBHeHust no MYH nis kaxxnoro u3 y3iaoB, KpOME HYJIEBO-
ro, Ha ocHoBe 3TK u 3akona OMa 17151 ydyacTKa IENU 3alUChIBA€TCSl CyMMa TOKOB
BETBEU, BXOJSIIMX B A3TOT y3€JI, BBIPAXKECHHBIX Yepe3 MPOU3BEACHUS MMPOBOJIUMO-
cTeil BeTBel Ha y3noBble HampsbkeHus. Hampumep, Tok 13=G3U;0—Gs3Es, Tok 14=
Ga(Uzo-Us).

B npaBoii yactu ypaBHenus no MYH 3anuceiBaercs anredpanyeckas cymma
MCTOYHHKOB TOKAa M NMPEOOPa30BaHHBIX MCTOYHMKOB HampsukeHus (Y. J, +> GE,)

BETBEU, BXOAIUX B y3el. Eciu nCTOYHHK HampaBiieH K y3i1y, OH 3alUChIBAETCS B
ypaBHEHUU CO 3HaKOM "+", WHaue — co 3HaKoM "—"

B o6miem cirydae nocie neperpyninupoBKU CIaraéMbIX CUCTEMa YPaBHEHHIM
JUTSI OTIPEICIICHUSI TPEX HEM3BECTHBIX Y3JIOBBIX HAIPSKEHUHN OYyJET UMETh BU/L:

Gllulo + GlZU 20 T Gl3U 30 Z‘Jkl + ZleEkl

_G21U10 + Gzzuzo + stuso = Z‘]kz + ZGkZEKZ
_G31U10 + G32U 20t G33U30 = Z‘]ks + ZGk3Ek3
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3nech Gii, Gyp, G33 — cOOCTBEHHBIE TIPOBOAUMOCTH COOTBETCTBEHHO TMEPBO-
ro, BTOPOro u Tpethero y3na, G1,=G;1, G13=G31, G23=G3, — B3auMHBIE TPOBOAMMO-
CTH JBYX Y3JIOB.

CobcmeenHoll npoeoouMocmyio y3ia Ha3bIBa€TCS CyMMa ITPOBOJMMOCTEH
BETBEH, BXOAAIIUX B ITOT Y3€l. B3aumHol nposooumocmosto ABYX Yy3JIOB Ha3bIBa-
€TCsl MPOBOJMMOCTb BETBH (BETBEi1), HEMOCPEJACTBEHHO COCIUHSIONINX ATH Y3JIbI.
CoOcTBeHHBIC TTPOBOJIMMOCTH 3amMChiBaeTcs B ypaBHeHHsX o MYH Bcerma co
3HakoM "+'", a B3aMMHBIC — CO 3HAKOM "—".

[TpoBomumocTs Gy BETBH ¢ MICATBHBIM HCTOYHUKOM TOKa (MMEIOIIHNM Oec-
KOHEYHOE BHYTPEHHEE COINPOTHRIICHKE) paBHA HYIIO. [IpoBogumMocTs Ggy BETBH ¢
uaeanbHbiM UcTOYHUKOM DJ[C (MMEromuUM BHYTPEHHEE CONMPOTUBIIECHUE, PABHOE
HYJII0) CTPEMUTCS K OECKOHEYHOCTH.

OnpenenuM cOOCTBEHHBIE W B3aUMHBIE TIPOBOAMMOCTH Y3JIOB CXEMBI:

Howmep Howmepa
CoOcTBEeHHAS ITPOBOAMMOCTD B3aumHast mpoBoIuMOCTb
y3J1a y3JI0B
1 G11=G1+G3+Gy 1-2 G12=Gy1= -Gy
2 G,,=G4+Gs+Ggp 1-3 Gi3= G31= -Gy
3 Gsz3= Gpt+ GptGs 2-3 G23=G3o= —Gs

3anumeM cucremy ypaBHeHUM o MYH miia Bcex y3ioB paccMaTpuBaeMon
CXEMBI, KpOME HYJIEBOTO:
Gllu 10 + GlZU 20 + G13U 30 — G3 E3 + ‘Jl
C;21U10 + GZZU 20 + GZ3U 30 — GE6E6 (112)
G31U10 + G32U 20 + GS3U3O = _‘]1 + "]2

3aMeHUM COOCTBEHHBIE M B3aUMHBIC MTPOBOJUMOCTH Y3JIOB COOTBETCTBYIO-
IIMMH POBOAUMOCTSMU BETBEW. B 11eCcTON BETBU paccCMaTpUBAeMOM CXEMBI UMeE-
eTcst uneanbHblii uctouHuk JJC, moatomy ee mpoBoauMOCTh Ggg U, COOTBETCT-
BEHHO, COOCTBEHHAs MPOBOANMOCTh Gy, paBHBI OeckoHeUHOCTH. C Y4ETOM 3TOTO, B
toxkaectBo Uyp=Eg oOpamiaercs BTopoe ypaBHenue cuctemsl (1.12). Torma cucre-
Ma ypaBHeHui 1o MY H npuHnmaer Bu:

(GJl +G; + G4)U10 —GUy -G, U, =GE; +J,
U, =E4
_GJ1U10 - Gsuzo + (GJl + Gz + G5)U30 = _‘]1 + ‘]2

IloncraBuM 4YKCIIEHHBIE 3HAYEHUS MPOBOAMMOCTEW, YUUTBIBAsA, YTO IPOBO-
nuMocTh Gj; IepBOii BETBU, B KOTOPOM pacloiockeH uiaeanbHblil ucTouHuk JJIC,
paBHa HYJIIO!

20



1

1 1 1
(0+§+Z)U10 -

ZUZO_O'U30:§7+1 O,375U10_025U20:1875

U,, =6 U,, =6

—0-Uy, _iuzo +(0+l+%)u30 =-1+3 —0.1-Uy +0.6-Uy =2

10 2

PeuB nosiy4eHHYI0 CUCTEMY YpaBHEHUN OTHOCUTEIBHO TPEX Y3JOBBIX Ha-
PsHKEHUH, MOTyYuM:

U]_o:g B; U20:6 B; U30:4.33 B.
Harinem Toku B BeTBsIX menu. TOK B MEPBOM BETBU COBIIAJAET C HAMpaBiic-
HHUEM UJICATBHOTO HCTOYHUKA TOKA B HEW, HO3TOMY:

|1:J1:1 A.
3Has y3JIOBbIE HaAIpsDKEHWs, 3anuiieM ypaBHeHHs 1o 3HK mns octanbHbIX
BETBEU LIETIH U ONPEAEIUM TOKH B HUX:

U30 + Rzlz = Rz‘]z;
B R,J,-U,, B 3-2-4.33

1, =0.83A

RZ
Ulo_RslszEs;
I3:U1°_E3:9_7:O.25A

R, 8

D, EF“ 2)
U1 C Uz

U,-U,+R,1,=0; @
=22 U0 079 _ 4954

R4
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U,,—U,, + R, =0;
| _Uxn-Uy _6-433
° R 10

g

=0.17A

Tok lg B BeTBU ¢ uaeanbHbIM ucTouHUKOM DJ[C HaiijmeM, 3amucaB ypaBHe-
aue o 3TK mist Broporo y3na (puc.1.9,6):

—|4—|5+|6:0.
Beipazum 1ok lg:
lg =1,+15=—-0.75+0.17=-0.58 A.

BriuncrieHHble 3HaYEHUSI TOKOB aHAJIOTUYHBI MX BEITMYMHAM, PACCUUTAHHBIM
C TTIOMOIIIBI0 METO/Ia TOKOB BeTBEH (3a1aya 1.2) u MeToa KOHTYPHBIX TOKOB (3a/1a-
ga 1.3):

4 I, I3 4 I I

1.0A 0.83 A 0.25A —0.75 A 0.17 A —0.58 A

3agaya 1.5 Mertoa >KBUBaJIEHTHOTO UCTOYHUKA

B cnydae, korna Tpedyercst onpeaeanTh TOK TOJbKO B OJHOW BETBU JIUHEMH-
HOM 1enu, JJIs pacdeTa paldoHaJbHO HCIOJIb30BaTh METO]I YKBHUBAJEHTHOIO HC-
toyHuka (MOU). CyTb ero 3akitoyaercs B TOM, 4TO BCS 1LI€Tlb, KPOME BETBHU, B KO-
TOPOU HY>KHO HAaWTHU TOK, 3aMEHSIETCSI aKTUBHBIM JBYXIIOJFOCHUKOM - SKBUBAJIEHT-
HbIM ucTOUHUKOM ¢ DJIC E5 (M TokoMm J5) 1 BHYTpEHHUM COMPOTUBIIEHUEM R,

PaccmarpuBaembiii METOJI OCHOBaH Ha TeopeMe 00 aKTHBHOM JIBYXITOJIFOC-
HUKE, KOTOpasl TJIaCHT: JIIOOOW aKTUBHBIA JTMHEHWHBIN JBYXITOJIOCHUK, COJEpIKa-
U TPOU3BOJIBHOE KOJUYECTBO COCAMHEHHBIX MEXKIY COOOM MCTOYHHMKOB U CO-
MPOTUBJICHUI, MOXXHO 3aMEHHUTh 3KBUBAJICHTHOW CXEMOW, COCTOAILIEH TOJBKO W3
OJTHOTO MCTOYHUKA U OJHOTO comnpotubieHus (puc.1.10).

Teopemy 0 3aMeHE JIMHEWMHOTO AKTUBHOTO JBYXIIOJIOCHUKA SKBUBAJIECHTHON
CXEMOU C MOCJIeI0BATEIBbHO BKIIOUEHHBIMUA UCTOYHUKOM D/IC U cCOMpOTUBIIEHUEM
(puc.1.10,6) HasbIBarOT meopemoii Tesenuna, a 0 3aMEHE CXEMOU C MapalIeIbHO
BKJIFOUCHHBIMH HCTOYHMKOM TOKa W comnpotusicHueM (puc.1.10,6) - meopemoii
Hopmona.
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| a |3H 1 a |3H — | a
JlunenHsIi | —

| | k | Ry | 4 | | I4

| aKTHBHBIN | | | | |

| R ] T(DE R T)B] oy R
nByx- | | | | |

|

| TIOMIOCHHK : | | | | | |
a) 0) B)

Puc.1.10

Jlnist ompeniesieHus HeM3BECTHOTO TOKa 4epe3 conpoTuBieHue Ry B K-ii BeTBH
HEOOXOMMO OIPENETUTh MapaMeTphl IKBUBAJICHTHON CXEMBbI 3aMEIICHHs] OTHOCH-
TEIFHO 3QKUMOB a-D, K KOTOPBIM MOJKITFOUEH ATOT AJIEMEHT, [0 OJHOMY U3 JIBYX
BAPUAHTOB!

1. no Tteopeme TeBeHHHA: 3KBUBAJICHTHOE COINPOTUBIIEHUE CXeMbl R; OTHOCH-
TENFHO Pa30MKHYTBIX 32)KUMOB a-b u HampsbkeHue xonoctoro xona Up=Ej;
MEX1y HUMHU;

2. o TteopeMe HopToHa: SKBUBaJIEHTHOE CONPOTHUBIEHUE cXeMbl R; oTHOCH-
TEJILHO Pa30MKHYTHIX 32)KHMOB a-D 1 TOk KopoTkoro 3ambikanus lo=J; Mme-
KTy HUMU.

B nepBom Bapuante (puc.1.10,0) Tok B K-ii BETBH ONpeeIUM IO 3aKOHY
Oma:

E
l, =——, (1.13)
R, +R
2 k
rae Ry — comporusnienue K-ii BETBH.
Bo Bropom Bapuante (puc.1.10,6) HCKOMBIN TOK HaieM o Gopmyie aeu-
TEeJs1 TOKOB!

R
L =J,—2. 1.14
k 3R3+Rk ( )

B ¢opmynax (1.13) u (1.14) R5 paBHO CONPOTHUBICHUIO JTUHCHHOTO aKTHB-
HOT'O JBYXITOJIFOCHUKA OTHOCHUTEIBHO PAa30MKHYTBIX 3KMMOB a-b mpu 3ameHe uc-
TOYHUKOB WX BHYTPEHHUMU comnpoTuBiieHussMu. Vctounnku 3J[C ¢ BHYTpeHHUM
COTNPOTUBJICHUEM, CTPEMSIIIUMCS K HYJIIO, 3aMEHSIIOT KOPOTKO3aMbIKAIOIIUMHU TI€-
peMbIYKaMU, a ICTOYHUKH TOKA, BHYTPEHHEE COMPOTUBIICHUE KOTOPBIX CTPEMUTCS
K 0€CKOHEYHOCTH, 3aMEHSIOT OOPHIBOM B TIETTH.

3ananue
BapuaHTbl UCXOMHBIX JAaHHBIX K 3a/1ade mpuBeAeHbl B mpwi.3. Ha Bcex pu-
CYHKax PsJIOM C JIEMEHTAaMU YKa3aHbl UX MapaMeTphl: CONMPOTUBICHUS — B OMaXx,
TOKH UICTOUYHHKOB — B ammnepax, J[C — B BoibTax.
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Ilepen HauanoM pacyeTa LIENH CIEAYEeT HAYEPTUTh CXEMY 10 CBOEMY Bapu-
aHTy, yKa3aTb MIPEANOIaraéMoe HalpaBjIeHUE TOKAa B BETBIX, 0003HAUUTH JIEMEH-
THI.

JUig 3aJaHHOTO BapuaHTa CXEMbI U3 MPUI.3 METOJIOM HKBUBAJIEHTHOTO HC-
TOYHUKA HAalTH TOK Yepe3 CONPOTUBIIEHUE, TIOMEUEHHOE 3BE3A0UKOM.

Ilpumep 1.5. B nenu, cxema KoTopoi mpejacTaBieHa Ha puc.1.11,a, a Meto-
JIOM SKBUBAJICHTHOTO MCTOYHHMKA PACCUYUTATh TOK Uepe3 conpoTuBiieHue R, (mome-
yeHHoe 3Be3oukoit). [lapamerper ienu: J; =2 A, E; =48 B,R; =6 Om, R, = 14
OM, R3 =20 OM, R4 =50m.

Puc.1.11

Pewenue. Bpibepem mpenrnosnaraeMoe HampaBieHHE TOKOB B BeTBsiX. Mc-
KJIIOYMM U3 CXEMbI CONPOTHUBIIEHUE Ry, TOK yepe3 KkoTopoe TpeOyeTcs OnpeaeauTh.
O003HaYNM 32KHMBbI, K KOTOPBIM OBLIO MOJKIIFOUEHO 3TO COMPOTHUBIIEHNE OYKBaMU
aub (puc.1.11,6).

3ameHuM ucTouHUK Toka J; M uctounuk J/IC E, ux BHyTpeHHUMU compo-
TUBJICHUsAMU (puc.1.12) u paccuuTaeM CONMPOTHBIICHUE YKBUBAJICHTHOTO MCTOYHU-
ka R oTHOCHUTENBHO 325KUMOB a 1 D:

_ (RR+R,)R, (6+14)20
> R+R,+R, 6+14+20

10 Om

Puc. 1.12

Paccuntaem DJIC E; sxBuBaneHTHOrO0 McTOUHMKA. YnCIEHHO OHA paBHA Ha-
NPSODKEHUIO X0JIocToro xona Uy Mexay 3akumMamu @ U D, K KOTOpBIM OBUIO TOJI-
KJIFO4eHO conpotusieHue Ry (puc.1.11,6).
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Jlna ynobcTBa pacuera npeoOpa3yeM pealibHbIM HCTOYHUK TOKa J; B peaib-
bt ucrounuk DJC RiJ; (puc.1.13,a) u 3anuiiemM ypaBHEHHE JJi1 BBIOPAHHOTO
HampaBlIeHUs] 00X0ja KOHTYpa:

(R1+R2+R3)I :EZ_Rl‘Jl'

|9H | a
I
| R3 | |4
e |-
| |
A B
0)
Puc. 1.13

[Tanenue Hanpsoxenus Ha R; paBHo Uy, Halinem Tok | u HanpspkeHue xolio-
croro xoxaa Uy:

| E,-RJ, _ 48-6-2 36 _
R+R,+R, 6+14+20 40
U,=1-R;=0.9-20=18 B.

09 A;

O/1C sKkBUBaNEHTHOTO UCTOYHUKA E; paBHA MO BeMYMHE HANPSDKEHUIO XO-
JIOCTOT'O X014.
E,=|U,| =18 B.

3nas E; u Ry, MOXXHO 3aMEHUTH 9acTh CXEMBI, TIOJKITIOYCHHYIO K 3Q)KHMaM a
U b, SkBHMBajCHTHOW CXEMOW C TOCJIEIOBATEIBHO BKIIOYCHHBIMH HMCTOYHHKOM
BJIC u conpotusienuem Ry (puc.1.13,6). ickomblii TOk Yepe3 COmpoTHBIEHUE Ry
omnpeaenuM 1o dpopmyie (1.13):

, __E _ 18
* R,+R, 10+5

=12 A.

Toxk |4 MOXHO paccUMTaTh APYTUM CIIOCOOOM — HUCIOJB3YS IS 3aMEHBI CXe-
My 9KBHBAJIEHTHOI'O HCTOYHHMKA TOKA. UTOOBI OMPENEInTh TOK Jy SKBUBAJICHTHOTO
HCTOYHHKA, 3aAMKHEM HAKOPOTKO 3aKMMbI & U b ¥ HaiieM BeIMYMHY TOKa KOPOT-
Koro 3ambikanus lg (puc.1.14,a).

25



Puc. 1.14

KOpOTKOBaMLIKaIOHIaH IMCPCMbIUKA IIYHTUPYCT BETBb C COIIPOTHUBICHUCM R3,
IIO3TOMY:

(R1+R2)Io: EZ_R1J1;
=2 Ry 48202 3004
R +R,

6+14 20
Toxk Jg O9KBHUBAJICHTHOI'O HCTOYHHKA PABCH TOKY KOPOTKOI'O 3aMbIKaHM::

J,=1,=18A.

Tornma ucxoanyro cxemy (puc.1.11, a) MOXXKHO 3aMEHUTH CXEMOU 3aMEIICHUS
(puc.1.14,6) u o popmyne (1.14) paccuntarb UCKOMBIN TOK:

R, 1.8 10 =12 A.

°R,+R,  10+5

l,=1J

[TonyuyeHHOE 3HAUYE€HHE TOKA AHAJIIOTMYHO TOKY, PACCUUTAHHOMY C HCIIOJIb-
30BaHMEM CXEMBbI SKBUBAJICHTHOr0 ucTouHuka J/JIC.

3Has HamnpspkeHue Xojoctoro xoma Ug M TOK KOpoTKoro 3ambikaHus |,
MOYHO PacCUMTATh COMPOTUBIICHUE YKBUBAJICHTHOIO HCTOYHHKA T10 (hOpMYyJIe:

U, 18

R,=—2=>="=100m.
, 1.8

Bb160op cxeMbl 11l pacuera — ¢ UCTOIb30BaHUEM SKBUBAJIEHTHOI'O HCTOYHU-
ka DJIC unu uCTOYHMKA TOKA — 3aBUCHUT OT TOTO, KAKYIO U3 BEJIMYUH (HAIPSKEHUE
xoJiocToro xoaa Uy uiin TOK KOPOTKOTO 3aMbIKaHusl |g) mpolie onpeaenuTs.
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3amaya 1.6 Metoa HallO)KEeHUA

B ocHoBe 3OO MCTOAA JICKUT IIPUHIUII CYTICPIIO3UIINH, SaKHIOanOMHﬁCH B

CJIEIYIOUIEM: €CITU B JIMHEHHOM 1IeN UMEETCsl HECKOJIbKO MCTOYHUKOB TTOCTOSIHHO-
ro TOKa U (WJIM) HAMPSIKEHUS, TO PEaKIMsl LIeNH paBHA CyMMeE PEaKIMi OT KaXKJ0ro
MCTOYHUKA B OTJIEJILHOCTH.

Pacder 1ienu memooom nanodcenus BHIOTHICTCS B CIICAyIOIIeM mopsake [7]:

1.

2.

O003Ha4yalOT 3JEMEHTHl CXEMbl M TMPOU3BOJILHO BBIOMPAIOT HAIPaBJICHUS
TOKOB B BETBSX.

DopMUPYIOT TaK Ha3bIBAEMBIC YACTUYHBIC CXEMBI, B KaKIOW M3 KOTOPBIX
MPUCYTCTBYET TOJIBKO OJIMH UCTOYHHK, & OCTAIBHBIC 3aMEHSIOT NX BHYTPEH-
HUMH COTIPOTHBIICHUSIMU (MCaTbHBIA UCTOYHUK TOKA — OOPBIBOM B IIETIH, a
uneanbHbiii uICTOYHUK DJIC — KOPOTKO3aMBIKAIOIIEH EPEMBIUKON).
PaccunThiBaroT YaCTUYHBIC TOKH B BETBSAX KaXKIOM M3 YACTUYHBIX CXEM JIIO-
OBIM M3BECTHBIM criocoOoM (110 3akoHam Oma, Kupxroda, meTogaom mnpeoo-
pa3oBaHUil, KOHTYPHBIX TOKOB HJIH Y3JIOBBIX HAIPSKCHHIA).

PaccunThiBaloT TOKM B BETBSIX MCXOJHOM CXEMbI KaK ajareOpandecKyr CyM-
MY COOTBETCTBYIOIIMX TOKOB YaCTHYHBIX CXeM. YaCTHUYHBIM TOK 3alHChIBa-
eTcsl co 3HakKoMm "+", eciiM OH COHamlpaBJIeH C TOKOM B HCXOJHOW CXEME,
HWHa4ye — co 3Hakom "—".

3amanue
BapuaHTBI HCXOMHBIX JaHHBIX K 3a/Jade mpuBeAcHBI B pwi.3. Ha Bcex pu-

CYHKax PsJIOM C 3JIEMEHTAaMHU YKa3aHbl UX IMAPAMETPHI: CONPOTHUBIIEHUS — B OMax,
TOKHM UICTOYHHMKOB — B ammnepax, /[C — B BoibTax.

Ilepen HavanoM pacueTa LENH CIEAYET HAYEPTUTh CXEMY 110 CBOEMY BapH-

AHTYy, YKa3aThb IIPCAIIoJIaracMoc HallpaBJICHUC TOKA B BCTBIAX, 0003HAYUTH DJIEMEH-

ThI.

JJist 3alaHHOTO BapUaHTa CXEMbI U3 MPUJL.3 METOJIOM HAJIOKEHUS HAWUTHU TO-

KM BO BCCX BCTBIIX.

Ilpumep 1.6. MeTogoM HaJOXKEHUSI pACCUUTATh TOKU B IEIH, CX€Ma KOTO-

poii npencrasneHa Ha puc.1.15. [Tapamerpst nenu: J; =2 A, E; =48 B, R; = 6 Owm,
R2 =14 OM, R3 =20 OM, R4 =50wm.

Puc. 1.15
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Pewenue. O603HaUNM 3JIEMEHTHI CXEMbl M BBIOEpEM IMperoiaraeMoe Ha-
IpaBJICHWE TOKOB B BeTBsiX. CXeMa CONEp)KUT JBa UCTOYHHKA, TIOITOMY JJIsl pac-
yeTa METOJIOM HaJIOXKEHUST HEOOXOAMMO PAaCCMOTPETh JBE YaCTUYHBIE CXEMBI:

1. C ucrounukom Toka J; npu 3akopodeHHoM uctounuke DJIC E, (puc.1.16,a);

2. C wucrounukoM OJIC E, mpu oOpbiBe BETBM C HCTOYHUKOM TOKa J;
(puc.1.16,6)

Puc. 1.16

Paccuurtaem tokwu | .. |4 B mepBoit wactuuHol cxeme (puc.l.16,a). Haitnem
CyMMapHoe conpoTusieHue R, Rzu Ry:

Ry =R, + RR: 14429 _130m.
R, +R, 20+5
[To dhopmyre nenurTens TOKOB:
l,=J, R, 18 30 154,
R+R, 6+18 24
I, =1, R _, 8 12 454
R+R, 6+18 24
o=, R _05—>__01a:
R, +R, 20+5
=1, R _05-29 _04a
R, +R, 20+5

Teneps paccuntaem TokH Iy .. 14 Bo Bropoit yactuunoit cxeme (puc.1.16,6).
HaiineM conpoTUBiIEeHUE CXEMbl OTHOCUTENIBHO 3aKMMOB UcTouHuKa DJIC:

R)=R +R, + 0N _ 64144 200
L+ R, 20+5

=24 Om.

Torna:
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E, 48

I, =l,=—2=—=2A;
2 R, 24
I, =1, R _, 2 =0.4 A;
R,+R, 20+5
R 20

=1.6 A.

I4

=2
R,+R, 20+5

PaccunTaem TOKH B BETBSX HCXOHHOﬁ CXCMbI KakK aJIFC6paI/I‘I€CKy10 CYMMY
COOTBCTCTBYIOIINX TOKOB YaCTHYHBIX CXCM:

l,=1,+1,=1.5+2=3.5 A; L=—1,+1,=-05+2=1.5A;
l,=-1,+1,=-0.1+04=03A; |,=-1,+1,=-04+1.6=1.2A.

BrlinonHuM npoBepKy NpaBUILHOCTH pacyeTa TOKOB MO 0ajJaHCy MOILIHOCTH.

JI7is 3TOTO OMNpe/euM HampshKeHHE Ha 3a)KMMax MCTOYHHKA TOKa (Ha CONMPOTHB-
nenun Ry)

U,=Rl,=6-3.5=21B
H pacCuyuTacM CYMMAapHYyIO MOITHOCTh, OTAaBACMYyI0 HCTOYHHUKAMH B LICIIb:
>P,, =P +P,=U,J+El,=21-2+48-1.5=42+72=114 B.

CymMmapHas MOIIHOCTh UCTOYHHMKOB B IIE€MH OINpPENENSeTCs C YYEeTOM 3HaKa
("+" y MICTOYHHKOB, OTAAIOLIMX MOILHOCTh, ¥ 3Haka "—" y notpedisaromux). B pac-
CcMaTpHBaeMoii 3aj1aue 00a MCTOYHUKA OT/AAI0T MOLTHOCTH B LIEIb.

MorHOCTB, paccerBaeMas Ha COPOTUBIICHUSX CXEMBI:

ZPR =Py + Py, + P+ Py, =RIZ+RIZ+RIZ+R,I] =
=6-3.52+14-1.52+20-0.3°+5-1.2°=73.5+31.5+1.8+7.2 =114 Br.

CYMMapHaﬂ MOIDHOCTh HCTOYHHKOB paBHA MOIIHOCTH, paCCGHBaeMOﬁ Ha

CONPOTHUBJIEHUAX CXEMBI (z P. = Z P, ), ciienoBaTenbHO, pacyeT BBIMOJIHEH Mpa-
BUJIBHO.

B mpun. 7 npuBenaeHBI pe3ysbTaThl MOJCIMPOBAHUS CXEMBI B IPOrpaMme
Multisim, moaTBepskIaroIKe Pe3yIbTaThl BHIMOJIHEHHOTO pacyera.
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5 3amadue 2
AHAJIN3 LHIEITEX B TAPMOHHNYECKOM PEXXUME

3agaua 2.1 OnpeneneHrne TOKOB M HaNpsHKEHUM BETBEW C MCMHOJIb30BAaHUEM
3aKoHOB Kupxroda B KOMIIJIEKCHOM (opme.

OCHOBHBIM CIIOCOOOM I aHaJIM3a LENe B TapMOHUUYECKOM pekuMe (Tpu
CUHYCOUJAIbHBIX WIH KOCHHYCOMJAIBHBIX TOKAX U HANPSUKEHUSIX) SBISETCA pac-
4eT B KoMIUIeKCHOU (hopme [1-4]. OH COCTOUT B TOM, YTO MTHOBCHHOE 3HAUYCHHE
GyHKIUM, HalIpUMep, HAMpsKEHHE

u(t) =U, cos(at +y,) 2.1

M300pakaeTcs BpalalonMuMCsS BEKTOPOM Ha KOMIUIEKCHOM IiockocTH (puc.2.1) u
MPEICTABIIACTCS KOMIUIEKCHBIM YUCJIOM B aJIreOpanuecKoid, TPUTOHOMETPUYECKOM
U TIOKa3aTesibHOU (popMme:

ut)=U(t)=U, + jU, =U, cos(at +y, )+ jU,_sin(et +y,) =U,_e'*, 2.2

rre U =U e - komruiekcHas amruintyna,
......... . U HOJHOCTBIO OIpEAEISIonias JaHHOe HaIlpsiKe-
N HUE TP OmpeaeiieHHoW dactote o=27f; | —

™ MHHUMas €JMHUI, onpeaeiseMas Kak j=+/—1;

W, — HauaibHas (hasa HampsukeHWs, €1”'— orme-
paTop BpalleHHUs.

PaBeHcTBO (2.2) Ha3bIBAIOT MPSAMBIM Mpe-

o0pa30BaHWEM W MCHOJB3YIOT sl MpeBpauie-

|  HHMS MIHOBEHHOIO 3HAU€HHMs B KOMIUIEKCHOE

U sin{ed +,),

t,
Al
A
=+
A

n300paxeHye rapMonuueckoit dpyukun U (t) .

AHanoruyHo mnpeodpaszyercs J0das CUHYCOU-
Puc2.1 nanbHas QyHKUHS, HAPUMEP, TOK:

it)=1_sin(at +y)=1 ", 2.3
roe | =1 e,
[Tocne pacyera nenu B KOMIUIEKCHOW (hOpMeE MEPEXOosiT K MTHOBEHHBIM

3HayeHusIM. 3TK 119 MrHOBEHHEBIX 3HAYCHUU UMEET BUT Z I, =0.
n

3TK B KOMILIEKCHOM hopme:
Dl =0um Y I, =0, 2.4
k=1 k=1

rae |, =1/ «/5 — KOMIUJIEKC JEHUCTBYIOIIETO 3HAUCHUS TOKA.
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3Haku ciiaraembix B (2.4) onmpeAensitoTcsl Tak e, Kak U NPy aHallu3e Pe3u-
CTUBHBIX LIETIEH, C YUYETOM MPOU3BOJIHHO BHIOPAHHBIX MOJOKUTEIbHBIX HaIpaBiie-
HUU TOKOB.

3HK 1t MTHOBEHHBIX 3HAYEHUH UMEET BUJL Z u, =0.
n

3HK B xoMIuiekcHoO# dhopme:

U, =0wm > U, =0, 2.5
Z mk z k

n
rne U, =U_ / \2— KOMIIIEKC JIEHCTBYIONIEr0 3HAYEHUS HANPSKEHHUS.

3HaKkM ciaraeMbixX B (2.5) ompenensroTcs Tak ke, Kak U IpU aHaJIu3e Pe3u-
CTUBHBIX LI€TIEH, C YYETOM IOJIOKUTEIBHBIX HANPABICHUN HANPSYKCHUHA M HaIIpaB-
JeHust 00xo/1a N-ro KOHTypa.

ITo ypaBHenusm 3TK cTposiTcs BEKTOpHBIE IuarpaMMbl TOKOB JUISL y3JI0B
cxemsl. [lo ypaBaHenusm 3HK cTposiTcst BEKTOpHBIE AMArpaMMbl HANPSKEHUNA TSI
KOHTYpPOB. OTH BEKTOPHbBIE JUArPaMMBbl MTPEACTABISIIOT COOOM 3aMKHYTbIE€ MHOTO-
YTOJIBHUKH U HATJSAHO, TpaduyecKu, n300paxaroT ypaBHEHHs 10 3akoHaM Kupx-
roda.

YpaBHeHus1, coctaBiaeHHbIe MO (2.4) u (2.5) MOTYT UCIIOIB30BAThCA ISl OTI-
peneneHus OQHOTO U3 TOKOB B Y3JI€ WM OJHOTO W3 HANPSDKEHUN B KOHTYPE, €CIIU
OCTaJIbHBIE U3BECTHBI.

Ilpumep 2.1. JlaHbl BBIpAKEHUS 711 MTHOBEHHBIX 3HAYEHUN TOKOB U HAIpsi-
JKECHU:

u, (t) =100cos(wt +45°), B; u,(t) =75cosmt, B; U,(t) =50cos(ot —90°), B;

L (t) =5cos(at —45°),A; i,(t) =4cos(at +30°),A; i,(t) =5cos(at +90°), A;

3anucarh BBIPAXEHUS JJI1 KOMIUIEKCHBIX aMIUIUTYJ U MOCTPOUTH Ha KOM-
IJIEKCHOM MIIOCKOCTHU BEKTOPBI HAIIPSKEHUH U TOKOB.

Pewenue:
4 I , U, =100e'*, B; U, =75¢'" =75B; U, =50 =-j50 B;
U,
i =5 A, 248" A T =5/ = S A
U2 Ha puc. 2.2 ctpouM BEKTOPHI HANPSHKEHUN U TOKOB, 3a-
> +1 JaBuuch Macurrabamu Hanpsokenuit M, [B/mm] u Tokos M,

[A/mm].

\ 4
Ys [ 3aganue
! J{nst 3a0aHHOTO BapuaHTa UCXOJHBIX JAHHBIX U3 Opuil. 4
U CXEM M3 MPUJI. 5 ONPENeIUTh MTHOBEHHOE, aMILUIUTYAHOE U
Pnc.2.2 JeMCTBYIOIIEE 3HAYCHUS TOKa I3 (mpumep 2.2) ¥ HanpPsHKEHHS
Uz (mpumep 2.3), IOCTPOUTh BEKTOPHBIE AMArpPaMMbl TOKOB M HAIIPSIAKEHU.
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Ipumep 2.2. Onpenenutb MTHOBEHHOE, AMILTUTYTHOE U JEHCTBYIOIIEE 3HA-
yeHue Toka I3 (puc. 2.3,a), ecnmm 3amanwl [, =1, :SJZ_A, w1=30°, = —30°.
[TocTpouTh BEKTOPHYIO AMArpaMMy TOKOB.

Pewenue. 3anucbiBacM MIrHOBEHHBIC 3HAUCHHS TOKOB:
L(t) = S\Ecos(a)t +30°),A;

i, (t) = 542 cos(at —30°), A.

Puc. 2.3

HGPGXOI[I/IM K UX KOMIIJICKCHBIM I/1306pa}KGHI/ISIM2

I, = 5% =5¢c0830°+ j55in30° = (4.33 + j2.5),A;
I, = 5¢71% = 5c0s(-30°) + jSsin(—30°) = (4.33 - j2.5),A.

3amuchisaem ypasuenus mist 3TK [, — I, + I, =0 u Beipasum u3 nero tox |,
I,=1,-1,=(433-j2.5)—(4.33+ j2.5)=—j5=5¢% A
Ha puc.2.3, 6 cTpouM BEKTOpHYIO AMarpaMMy TOKOB, 33/IaBIIMCh MacCIITa-

oom M; [A/mm].
MruoBennoe i5(t), ammmryanoe |z u geticteyroree |3 3HaueHus TOKA I3:

i,(t)=5v2cos(at —90°),A; | =52 A;  I,=5A.

Ilpumep 2.3. Onpenennuts MTHOBEHHOE, aMIUTUTYIHOE U JCHCTBYIOIIEE 3HA-
yeHue HanpsbkeHus Us (puc. 2.4,a), ecnu 3aganel U, =U , = 40\/2_ B, y=-135°,

Wi2=135°. TlocTpouTh BEKTOPHYIO TUArpaMMy HaMPSHKEHUN.

Pewenue. 3anuceiBaeM MITHOBEHHBIE 3HAUYCHUST HAIPSKCHUI:
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U, (t) = 40v/2 cos(at —135°), B;
U, (t) = 407/2 cos(at +135°),B.

U2 *] _Ul
l//uZ _U2
T +1
l//ul U3
U,
0)

Puc. 2.4

HGPGXOI[I/IM K UX KOMIIJICKCHBIM I/1306pa}KGHI/ISIM:

U, = 40e™/*" = 40cos(~135°) + j40sin(~135°) = (~20v/2 — j20/2), B;
U, = 40e ™" = 40c0s135° + j40sin135° = (-204/2 + j20+/2), B.

3anmuceiBaeM ypaBHeHuss no 3HK i  HanpsokeHuid B KOHTYpE:
U, +U, +U; =0 u BeIpaszum u3 Hero U,:

U, =-U, U, =—(=204/2 — j207/2) — (202 + j202) =40+/2, B.

Ha puc.2.4, 6 cTtpouM BEKTOPHYIO IHUarpamMmy HamNpsOKEHUN, 3a/1aBIIMCH
macttadbom M, [B/mm].

MruoBenHoe Us(t), ammmutyaHoe Uz u aeiictByromee Uz 3HaueHHs Hamps-
JKeHHs Us!

uy(t)=40V2coset, B; U, _,=40\2B; U,=40B.

3anada 2.2 AHanu3 MaCCUBHBIX LENEW B TAPMOHUYECKOM PEKHUME.

PaccmarpuBaeMble 1EM UMEIOT OJUH UCTOYHHMK U BETBH, BKIIOUCHHBIC Me-
Ky cOOOM MOCIeIOBATEILHO WM MapajuieibHO. B 00IeM ciiyyae BETBb MOXKET
COZEpKaTh COMPOTHUBIIEHUE, HHAYKTUBHOCTh M €MKOCTh, BKIIOYEHHBIE MEKIY CO-
0oit mocnenoBaTenbHO (puc.2.5,a) wim napaiensHo (puc.2.5,6).

33



a) 0)
Puc.2.5

YPaBHeHHﬂ 9THUX 3JICMCHTOB IIPU JIFOOOM 3aKOHE M3MEHEHHS TOKOB B HHX
HUMCIOT BHUA.

U =Riy; u = L%; Ue =—£icdt;
t (2.6)
Iy =%UR; I, =%£uLdt; . =C—=.
HYCTB HaIIPAXKCHUC U TOK 3aJlaHbI B BUAC!
u(t) =U_ cos(at +y,) u i(t) =1_ cos(at +y).
[IpencraBum ux B KOMILIEKCHOH (hopme:

ut)=U e uit) =1 e,

rre U, =U e u | =1 e" - xoMmmiekcHble aMIIUTY /Bl HATPSHKCHUS U TOKA.

[ToncTaBUB KOMILIEKCHBIE M300pa)KEHUSI HAMPSHKEHUS U TOKAa B YpaBHEHUS
(2.6), mosy4nM ypaBHEHHUSI DJIEMEHTOB B KOMIUIEKCHOU (popme:

U, =RIl,; U, = joLl; U'Cz_il'cz—il'c; U =2zI;
JoC wC
. . . (2.7)
IR:EUR, IL:HUL:—EUL, IC: Ja)CUC, IZXU

N3 cpaBHeHMs ypaBHEHUM 37€MEHTOB B Buje (2.6) u (2.7) cieayeT BaXKHOE
IPaBUIIO: M300pakeHNE MPOU3BOJHOM HAXOIUTCS YMHOKCHHEM H300pa)kaeMoro
KOMILIEKCA Ha @, a U300paKCHUE UHTErpaia — JejIcHueM Ha j@. Tak kak yMHO-

j90°
el

KCHUIO HA | = COOTBETCTBYET MOBOPOT BEKTOpa Ha yroj 90° B MOJOKUTEIb-

HOM HamnpaBJICHUH (MPOTUB YaCOBOMW CTPEJIKH), TO HAMPSKEHUE HA UHAYKTUBHOCTH

o 1 - joo°
ornepexaet Tok Ha yroi 90°. Jlenenue Ha | (—=€ " ) COOTBETCTBYET MOBOPOTY
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BekTopa Ha yroi —90° (mo HampaBIEHHUIO JBMXKEHUS 4acoBOM crpenku). [losTomy
HaIpsKEHUE Ha EMKOCTH OTCTAET OT TOKA Ha yrod 90°.
Jns uenu (puc.2.5,a), yauThIBasi, 4TO IPHU MOCJIEA0BATEILHOM COCIMHEHUN

AIIEMEHTOB TOK I = I = I = [, 3anmmem ypasrenne o 3HK
L : : . 1 . i 1.1
U=UR+UL+UC=RI+ja)LI+_—I:[R+J(a)L——)}I (2.8)
JoC oC

¥ TIOCTPOUM TI0 HEMY BEKTOPHYIO JHarpaMMy HanpspkeHwi (puc.2.6,a):

A IC

+j 4 . 4]
Uc U, N
U |
YV R U
Vi 1)) +1 . ®
U, Vole |
I +1
a) 0)
Puc.2.6.

N3 (2.8) u BekTOpHOI uarpamMmsl (puc. 2.6,a) HAXOAUM:

i = e (2.9)
R+ j(wl——) R+JX Z ze
oC
rae R — akTuBHOE (PE3UCTHUBHOE) CONPOTHUBIECHUE Lenn; X =X — X, =ol — prol

PEaKTUBHOE COMPOTUBIIEHUE LIETH; X U X¢c — COOTBETCTBEHHO MHAYKTUBHOE U €M-
KOCTHOE pEaKkTUBHBIC compoTuBicHHs; Z =R+ JX — KOMIUIEKCHOE CONpPOTHBIIC-

X
HHE, MOIyNb KoToporo Z=+R”+ X? — momHoe compoTuBieHHE; (= arctg R

apryMeHT, ONPeNEeIsOINNA yroy caBura (pa3 Mexay HanpssKeHUEM W TOKOM B I1e-
i (Q=yu—i).

VIJIBI Yy M \J; OTCUMTBIBAIOTCS OT BEIIECTBEHHO och +1 10 BekTopo U 1
|, a yron ¢ — ot BekTopa Toka | 10 BekTopa Hanpskenuss U . Eciim HanpapieHue
OTCUeTa COBIMAJAECT C HAIIPABJICHUEM BpalleHHs] BEKTOPOB (IIPOTUB YaCOBOM CTpeli-
KH), TO 3HaK yrja ¢ mojoxurenbHbii (¢>0). D10 03Ha4YaeT, 4YTO TOK OTCTAET IO
(daze oT HanpsHKEHUs U 1IeTb HOCUT UHAYKTUBHBINA Xapakrep. Eciu Tok onepexaer
HamnpspbkeHue, To yroia @<O u 1enb HOCUT €MKOCTHOW xapakrtep. Jlist ciiydas Ha
puc.2.6,a.

— (Cwi)=yutyi>0.
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3anumem ypaBaeHus mo 3TK mist nenu (puc.2.5,0):

e A [ I 1.7 .
=1+l +l.==U+JjoCU~-]—U=| —+ J(oC -—) |U =
RTILT e =0 Jo Ja)L |:R j( a)L):| (2.10)
= G+ j(.-b)U=G+jBU=YU =yeU,

rae G= % — aKTHBHas (PE3UCTUBHAs) MPOBOAUMOCTh; B=h. —b =aC - . pe-

ol
dKTHUBHAas HpOBOI[I/IMOCTB; bc u b|_ — €EMKOCTHasa U I/IH,ZIYKTI/IBH&SI peaKTI/IBHBIe HpO-
Bogumoctd; Y =G+ jB — KOMIUIEKCHAas MPOBOJUMOCTb, MOIYJb KOTOPOWU

B .
y =+G? + B’ — monHas npoBOAMMOCTE; ¢ = arctg G apryMeHT, OIpeAeIISIONIHiA

yroji ciBura (a3 Mex1y HanpsHKCHHEM U TOKOM B IenH (Qp=\/—\;).

Ha puc.2.6,6 mnpencraBieHa BEKTOpHash JauarpaMMa TOKOB JUIsl IEMHU
(puc.2.5,0) B cily4ae, €CJIM OHa UMEET EMKOCTHOM XapakTep.

[TonyueHHbI€ BBIIIE COOTHOILIECHMS TMO3BOJISIOT PACCUUTATh MPOCTEHIITYIO
Pa3BETBIICHHYIO 1IeMb. J[J11 3TOro BHauasne 3alUChIBAIOTCS KOMILJIEKChI COMPOTHUB-
JICHUI WJIM MPOBOJMMOCTEN BCEX BETBEM, & 3aTE€M PACCUUTHIBAIOT KOMILICKCHI TO-
KOB BETBEH M HANPSHKEHUM HA 3JIEMEHTAaX LIENH, UCIIOIb3Ys 3akoHbl OMa, Kupxro-
¢a, mpaBwIa JEeIUTENS TOKOB U JICJIUTENIS HAMPSHKEHUN B KOMIUIEKCHOM popme.

JIJist IpOBEpKU MPABUILHOCTH pacyeTa UCIOIb3yeTcsi 0allaHC MOIIHOCTH B
KOMILIEKCHOM (popMme:

Sc=>.5, (2.11)
k
c ) : . .
rne S, =U, I, =Z,1; =B, + JQ, — KoMIUIeKC ITOJIHOI MOIIHOCTH, BBIIENIIEMOM B K-
1 BeTBH; P 1 Q — COOTBETCTBEHHO aKTHBHAs U PEAKTUBHAS COCTABIIAIOLIME ITOJHON

*

MoIHOCTH; |, — conpsbkeHHbIH KOMIUIEKC Toka |, .
KomIaekc mosHoi MOIMIHOCTH S MCTOYHHMKA HANPSHKEHUS ONPEEISAeTCs 10
bopmyie:

*

S.=U_l.=P.+jQ.,

*

rae U. u |. — cOOTBETCTBEHHO KOMILIEKC HAMPSHKEHUS M COTPSKEHHBIN KOMIUIEKC

TOKA HCTOYHHKA.

Pacuer nenu BepeH, ecnu B BhIpakeHHH (2.11) OTAenbHO paBHBI BELIECT-
BEHHbIE U MHHMBIC YACTH, T.€. aKTUBHAsl U PEAKTUBHAsT MOIIHOCTH, BhIAEIIsieMast
HMCTOYHUKOM PaBHA CYMME aKTHUBHBIX U PEAKTUBHBIX MOIIIHOCTEH, BBIACISIEMbIX Ha
BCEX COMPOTHUBIICHUSIX LICTIH.

3amanue
Bapuantsl 3aa4 npuBeieHsl B npuil. 6. TpeOyeTcst onpeaeanTh:
- MTHOBEHHBIE U ACHCTBYIOIIME 3HAYCHHS TOKOB Y HAIIPSKEHUH B LIEIIH,
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- IOCTPOUTH COBMELICHHYIO BEKTOPHYIO JUarpaMMy TOKOB Y HaIIPSKEHUM;
- paccuMTaTh MOLIHOCTb UCTOYHUKA, a TAK)KE AKTUBHYIO, PEAKTUBHYIO U IIOJIHYIO
MOIIIHOCTb, OTPEOIIsIEMYI0 3JIeMeHTaMHt Lienu. [IpoBeputs 6aiaHc MOLHOCTH.

Ilpumep 2.4. OnpenenuTb MTHOBEHHBIC M JICUCTBYIOIIE 3HAYEHUS TOKOB U
HanpspkeHui B 1rienu (puc.2.7,a). [1ocTponuTs BEKTOPHYIO AMarpaMMy TOKOB M Ha-
npsHKeHU. PaccynTaTh MOIITHOCTD MCTOYHUKA, a TaK)KE aKTUBHYIO, PCAaKTUBHYIO U
MIOJIHYIO MOIITHOCTb, TTOTPEOIsieMyto dJieMeHTamMu 1ernu. [IpoBeputs GamaHc MoTII-
HOCTH.

ITapamerpsr nenm: U, :10\/§B, wu=-45°, =100 I'n, R=10 Om, L=16 mIH,
C=160 MxD.

| | o
~—>r— [ " i
L C I,
u L R

o

a)
Puc. 2.7

Pewenue. 3anumniem BBIPpAXXCHHUC [JIsI MITHOBCHHOI'O U ﬂeﬁCTBYIOHleFO 3Ha-
YCHU IMMPHUIIOKCHHOI'O K ICITU HAIIPSAKCHUSA HCTOYHUKA!

U(t) = 1032 cos(at — 45°) = 10426 1e " B;
U =10e"'*"B.

3amnuiieM COpoTHRIICHUS BeTBeH (puc.2.7,6):

. 11 . 1 _ -
Z =—jX.=—j—==- =- =—j10=10e7"*", Om;
e e e T2 314100160 20° ! M
Z, = jx = joL=j2rfL=j2-3.14-100-16-10° = jl0=106', Ow;

Z,=R=10 Om.

Haitnem BXxo1HOE CONPOTUBIICHUE LETIH:

Z =7+ Z, L, :_jlo_,__Jlo—'lozs_ jS:Sﬁe_MSO, Om.
Z,+Z, J10+10

Toxku BeTBEI:
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- r —j45°
LU _10e s

bz, 5V

=1 L 2- 0 __ 2#=1e""‘5"=(0.7o7—jo.707), A;
Z,+2, j10+10 10+/2e®

o i joor o _

i f MO0 _ 5 1087 i 07074 j0.707). A.

TRZ,+Z, jl0+10 104201
IIposepka no 3TK:

I, =1, +1,=(0.707 — j0.707) +(0.707 + j0.707) =1.41 =2 A.
HaXOI[I/IM HAIIPSKCHUS Ha 3JICMCHTAX:

U, =21, =—jx.I, =102 =—j14.14 B;
U, =21, = jx I,=10"*"1e7* =10e!* = (7.07 + j7.07), B;
U, =RI, =10e'* =(7.07+ j7.07), B.

IIposepka no 3HK:
U=U_+U, =—jl4.14+(7.07+ j7.07)=(7.07 - j7.07)=10e"'*", B.
MrHoBEeHHbBIE 3HAYEHUSI TOKOB ¥ HANIPSKEHUM:

L(t)=2cosat, A; I,(t)= \/Ecos(a)t —45°),A; (b)) = \/zcos(a)t +45°),A;
Ug(t) = U, (t) = 10§/2 cos(at +45°), B; U, (t) = 20cos(at —90°), B.

+ 1 U, .
Nx neiicTByromue 3HaYCHHUS:
I~3 I2
y L=\2A; L=1A; I,=1A.
o | +1
C |y Uc=10V2B; Up=U =10B
U C
: Ha pwuc.2.8 mpencraBieHa BeKTOpHas Auarpamma, Io-
Puc.2 8 crpoerHag mo ypaHenusm 3TK | =1, +1, n 3HK

U=U,.+U,.
OnpenenumM MOIIHOCTh, OTJaBa€MYIK0 UCTOYHUKOM B 1emb. [10CKOMBKY aJist

I[aHHOﬁ 3aJa4u B KOMINIEKCHOM 3amucH Toka | ., HCTOYHHKA OTCYTCTBYCT MHHMaA

YacTh, TO KOMILIEKCHO conpsikeHHbi Tok |1 =1, =2 A. Torna:
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S, =U 1 =106 .2 = 1042671 = (10— j10), B-A.

MoruHocTH, noTpedsieMble SIEMEHTaMU B BETBAX:

$,=Q.=Z,- 17 =—jx - 12 =—j10-(+2)> == j20 B- A;
S,=Q . =2Z,-1,>=jx_-1,>=jl0-1* = j10 B-A;
S,=P,=Z,-17=R-1,°=10-1"=10 B- A.

[lomuas HOTp€6J'I$IeMaH MOIIHOCTbD:

> 8 =S;+5,+5, =P+ j(Q +Q.) =10+ j(10-20) =10- j10 =
k

—102e7 ', B-A.
ITpoBepsiem Gamanc MomHoOCTed (S, = ZSK ):
k
104/2e7 1% =10/2e7 1%,

CJIGIIOBEITGJIBHO, pacucT BBIIIOJIHCH BCPHO.
B IIpUJIL. 7 IMPUBCACHLI PC3YJIbTAThI MOACIMPOBAHUA CXCMBI B IIPOIrpaMMe

Multisim, moaTBepk1aroIIKe Pe3yIbTaThl BHIMOJIHEHHOTO pacyera.
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[Ipunoxenue 3
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[Ipunoxenue 4

P |l | o | Vi [ Um ne | o | e | nennn s mpuns
1 102 | +30 | +60 100 +45 | +135 la 16
2 2042 | +60 | -180 50 +30 | +150 | 2a 26
3 4042 | +30 | -120 | 200 45 | +135| 3a 36
4 202 | 60 | +120 | 100 | +120 | -60 4a 46
5 52 | -60 | -120 50 +60 | -120 5a 56
6 22 | -180 | -45 20 +60 | -30 6a 66
7 52 | -135 | -45 80 -60 | +120 7a 76
8 2J2 | -45 | +135 60 +135 | -135 8a 86
9 4J2 | -150 | +30 50 +150 | -150 la 16
10 J2 | +90 | +180 | 40 -120 | +150 | 2a 26
11 22 | -150 | +30 50 +150 | -150 3a 36
12 42 | -150 | -30 100 +60 | -60 4a 46
13 J2 | -150 | -60 200 | +120 | +150 5a 56
14 22 | +60 | +120 | 150 | +135 | -135 6a 66
15 3J2 | +90 | 0 60 +60 | -120 7a 76
16 1042 | -150 | +160 50 +120 | -30 8a 86
17 82 |+135| +45 80 +120 | -120 la 16
18 | 1042 | -60 | +90 50 +30 | -135 2a 26
19 152 | -90 | +135 60 45 | +45 3a 36
20 2042 | +136| -120 80 -135 | +45 4a 46
21 52 | +60 | -180 | 100 +90 | -90 5a 56
22 1042 | 90 | +30 120 290 | +135 6a 66
23 | 1542 | +60 | -120 | 100 | -120 | +30 7Ta 76
24 42 | -120 | +120 50 +60 | -45 8a 86
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[Ipunoxenue 5
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[Ipunoxenue 6

Bapuant | | Ve | O | T | e Cxeva

1 2042 | 0 | 50 | 10 | 32 | 640

2 2042 | +45 | 50 | 20 | 64 | 320

3 02| 0 | 50 | 20 | 32 | 160

4 1042 | 45 | 50 | 10 | 32 | 640

5 5J2 | +45 | 100 | 5 | 8 | 320

6 1042 | 0 |100| 20 | 32 | 80

7 102 | +45 | 100 | 10 | 16 | 160

8 2042 | 0 |100| 10 | 16 | 160

9 5J2 | -45 | 400 | 5 | 2 | 80

10 52 | +45 | 400 | 10 | 4 | 40

11 |10y2| 0 [400| 10 | 4 | 40

12 | 2042 | +45 [ 400 | 20 | 8 | 20

13 | 2042 | +45 | 50 | 20 | 64 | 160

14 | 2042 | -45 | 50 | 10 | 32 | 320

15 102 | +45 | 50 5 16 | 640

16 52 | -45 | 50 | 5 | 16 | 640

17 | 2042 | -45 | 100 | 20 | 32 | 80 |
18 |102| 0 |100| 10 | 16 | 160 O ORI
19 52 | +45 | 100 | 5 | 16 | 320 ’ CT L§
20 |1042| O |100| 10 | 16 | 80 ’ ’

21 |2042| O |400| 20 | 16 | 20

22 1042 | +45 | 400 | 5 4 80

23 1042 | 0 [400| 10 | 4 20

24 5J2 | -45 | 400 | 5 | 2 | 40
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[Ipunoxenue 7
Pesynbratel MmoaenupoBanus cxem B Multisim

3amaua 1.1
SRR | ST
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3agauyu 1.5-1.6
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[Ipunoxenue 8
KonTtpomnbHble 3a1a4n

AHanusz 1uHetHvIX pe3ucmusHbLX yenet

OrmpeenuTs MOKa3aHKe aMIIepPMETPa,
eCclia R1:R2:R3=10 OM, ng =I5B

OnpenenuTh MOKa3aHUE BOJIBTMETPA,
ecimu R1=15 OMm, R,=R3=50 Owm,
U,=20B

OmpenenuTh MOKa3aHUE aMIIEPMETPa,
eci R1=5 OMm, R,=R3=10 Owm,
U,=20B

OHpeI[eJ'H/ITI) ITOKa3aHu<C BOJIBTMCTPA,
€Clia R1:R2:R3:100 OM, ngzl 5B

OnpenenuTh NMOKa3aHUe amIepMerpa
Aj, eciu mokazaHue amnepmerpa A,
coctaBwio 0.1 A, R=50 Om, R,=100
Om, U,,=20B

OnpenenuTh NMOKa3aHUE BOJIBTMETPA,
€CJIM TI0OKa3aHHue aMIiepMeTpa COCTaB-
ager 1 A, Ri=5 OMm, R,=10 Om, R3= 20
OmMm
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OnpenenuTh MOKa3aHUE BOJIBTMETPA,
€CJIM MOKa3aHue aMIiepMeTpa cocTa-
Buio 0.1 A, R1=30 Om, R,=200 Om,
R;=100 Om

OHpe,Z[CJ'H/ITB ITOKa3aHUEC BOJIbTMCTpPA

V1, ecnu mokaszaHue BoJbT™MeTpa V;
+ \Z: cocraBmser 10 B, R=R3;=50 Owm,

R3 =
U, ] R>=100 Om

R OHpGI[CHHTB COIIPOTHUBJICHHUC R]_, €CJIn
! mRZ TOKa3aHue BOJBTMETPA COCTaBIsIeT 5B,
e ] W, Ry=50 Om, Ry=25 Om, U,,=20 B
Rs
u ]
29
R OmnpenenuTh MOKa3aHUE aMIIEPMETPa,
2

CCJIM IIOKa3aHnEC BOJIbBTMETpPA COCTAB-

R,
t— F+—Vv) nser 10 B, R;=50 Om, R,=100 Owm,

AHanusz nuHetHvIX yeneu 8 2apMOHUYECKOM PeNCUME

— 1. Onpenenuts neicTByromee 3HaueHue U,,,
R €Clin UR:UL:2O B;
~u_ L § 2. HOCTpf)I/ITb BEKTOPHYIO IMarpaMmy TOKa 1
HaIpsHKEHU.
—{ 1. Onpenenuts necTBytoiee 3HaueHue U,,,
R cClIn UR=UC:5 B;
~u_ — 2. IlocTpouTh BEKTOPHYIO TUAarpaMMy TOKa U
HaIPSKCHUH.
—{ 1.. OnpenenuTs ACHCTBYIOIIEE 3HAYEHUE TO-
l« R ka |, ecoim x =10 Om, R=10 Om, U,,=20 B;
~u_ X, § 2. OnpenenuTs yrod CIBUra MeK1y BXO/I-
HBIM HaIPsSHKEHUEM U TOKOM.
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.__>_|:|7 1. Onpenenuth AEHCTBYIOIEE 3HAYCHUE TO-
e R ka |, ecmu R=20 Om, xc=20 Om, U, =10 B;

~Uu Xo == 2. OnpenenuTs yroj CABUIa MEKIy BXO-
HBIM HaIlpSKEHUEM U TOKOM.

1. OnpenenuTs ASHCTBYIONICE 3HAUCHHUE TOKA
|, Ha Bxone uenu, eciu Ig=I1=1 A;

2. ITocTpouTh BEKTOPHYIO AHMarpaMMy Ha-
MPSHKCHUS U TOKOB.

1. OnpenenuTts IEUCTBYIOIIEE 3HAUCHUE TO-
ka l,, #a Bxoxe nenu, ecii G=0.1 Cm, b =0.1
Cwm, U,=10 B;

2. OnpeaenuTh yroJ CIBUTa MEXITY Harpsi-
JKEHHEM M TOKOM Ha BXOJE IIECIIH.

1. Onpenenuts IEUCTBYIOIIEE 3HAUCHUE TO-
ka |, Ha Bxoze nenu, ecnu 1g=1c=0.1 A;

2. IlocTpouTh BEKTOPHYIO JUarpaMMy Ha-
MPSKEHUS] ¥ TOKOB

1. Onpenenuth AecTByIONIEE- 3HAUEHHE TO-
ka |l Ha Bxoxe nern, ecii G=0.1 Cwm, be=0.1
Cwm, U,=20 B;

2. Onpeenuth yroil casura a3z Mexay Ha-
MPsHKEHUEM M TOKOM Ha BXOJI€ TICTIH.

1. Onpenenuth IEUCTBYIOIEE 3HAYEHUE TO-
ka l,, , ecin R=10 Om, x =20 Om, xc=10 Om,
U.=20 B;

2. 300pa3uth BEKTOPHbBIE AMArpaMMBbl TOKa
Y HanpsDKEHUI Ha 3JIEMEHTax.

1. OnpenenuTs AEHCTBYIOIIEE 3HAUCHHUE TOKA
|, Hepa3BeTBIEHHOM YaCTH 1IETTH, €CITU
G=0.1 Cm, b =0.1 Cm, bc=0.2 Cm, U,=10 B;

2. Onpenenutsb ¢aBUT a3 MKy HAMPSHKe-
HHMEM U TOKOM Ha BXOJ¢ IICITH.
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[Tpunoxenue 9
OcHoBHBIE (HOPMYIIBI

Eounuysr uzmepenus

Beaunuuna Enununa n3mepenusi (CH)

HaunmenoBanue CumBon | HaumenoBanue | O6o3HaueHUe
Bpems t
CeKyHa C
Ilepuon T y
Yacrora f repiy '
Kpyrosas vacrora ) panuan/cexyHaa pan/c
HavanbHas ¢a3a %
" rpamyc °
@da30BbIN CIBUT 1)
3apsin q KYJIOH Kn
Tok i
— amrep A
Toxk UcTOYHMKA TOKA J, ]
Hanpsoxkenue U, u
BOJIBT B
Onextpoasrkymias cuia (9/1C) E,e
DHeprus W JIKOyIb JIx
AKTHBHAas MOITHOCTb P,p BaTT Bt
BOJIHT* aMIIEP
PeakTuBHas MOITHOCTH Q . Bap
PEaKTUBHBIN
IToiHast MOLITHOCTH S BOJIBT* aMIIep B-A
AKTHUBHOE CONIPOTHUBJICHUE R, r
PeakTnBHOE CONPOTUBIICHUE X, X oM Om
[TomHOE conpOTHUBIIEHUE Z,1
AKTHBHAas TPOBOJIUMOCTh G, g
PeakTuBHas MPOBOJIUMOCTD B, b CHUMEHC Cm
[TosmHas TpOBOAMMOCTH Y,y
NHAYKTUBHOCTD L
TeHpHU I'n
B3anMHast HHIIyKTUBHOCTH M
DnekTpuyeckas EMKOCTb C dbapan )
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3axonul AJIEKMPUHECKUX uened

IlocTOSAHHBIN TOK IlepeMeHHBIN TOK

3akon Oma
U= R U=
v

3akoH TokoB Kupxroda

> 1,=0 kzl'k
=1

n
k=1

0

3akon HanpspkeHuit Kupxroda (1-s popma)

YU, =0 YU, =0
k=1 k=1
3akoH HanpspkeHuit Kupxroda (2-s1 popma)

Rl =D E +> RJ,. kZ;kl'ksz:E'k+k§:;kjk.
=1 =1 =1

k=1 k=1 k=1

"n_n

lIpeobpaszosanue coeounenus "mpeyonvrux”-"36e30a"

Bug coennnenus

"TpeyrojapHuK" "3Be3ma’

R _RR +RR +RR . R-_ MR .
a R1 ! Ra+Rb+RC,
R = R1R2+R2R3+R3R1. RZZL;
: R2 ’ Ra+Rb+Rc
n _ RR +RR, +RR, R=— MRy
a R ' R,+R, +R,

3
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Ilocneoosamenvhoe coedumerue 3nemenmos

DKBUBAJICHTHAS

Cxema coelUHEHUS ®dopmyna
cxema
I R R> R | Ry
—{ H -1 F —{ Ry=R;+R,+...+R,
U ‘ u_ o
I L Lo Ln l Ly
_m_fYYL'J\____m _m_u Ly=Li+Lo+...+L,
| Ci C Cy | Cs
—— k- —— 1 1 1 1
U U — =+ —+..t—
> CE Cl 2 Cn
E E
| Rl 1 Rg 2 Rz EZ
»'_:_@7 Ey=Y E=E;-E;
U - u Ry=Y R=R;+R;

\

ﬂeﬂumeﬂb HANPASNCEHUA

IloCcTOAHHBINA TOK

[TepeMenHbIN TOK
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Hap(lﬂﬂeﬂbH0€ coeounenue 1emMeHmos

DKBUBAJICHTHAS

Cxema coelMHEHUs ®dopmyna
cxema
1 1 1 1
I | =y 4 -
-—= R R R, R,
Y ' Gy=G1+Gy+...+G,
: |
o i = i + i + +i
L. Lng U ¢ (Y L L L L
=y \/
! | i
— l U c U Cz:C1+C2+... +Cn
Ci| C| C, )
BT |
| Jy=> J=-d1+J,
1l 2 1.1
Ry I e U Ry Re R R,
WIH
\/ v Gz:sz =G, +G,

Jlenumenv moxa

IlocTOAHHBINA TOK

IlepemeHHBIN TOK
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Komnnexchule conpomuejlieHue u npoeoc)wwocmb nAacCueHbvlX 31€eMEHRNI06

O6LuLii B Pe3uctuBHbIM NHayKkTUBHBIN EmkocTHOM
H A areMeHT R anemMeHT L anemeHT C
@C
R R 0 0
X 0 ol 1
wC
1
z=+R*+X? R ol o
¢@z=arctg(X/R) 0 +7/2 —7t/2
Y=G+ B 1/R —ji joC
oL
G 1/R 0 0
1
B 0 -—— oC
ol
1
y=\/G2+B2 1/R _L aC
)
¢ovy=arctg(B/G) 0 —7/2 +7/2
1
!:2’ Y=—, 9 =-0;
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Onepauuu C KOMNJIEKCHbIMU HUuciaamu

Z, u Z,— KOMIUIEKCHBIE YHCJIA.

lexl_l_jyl:Zl'ej%’ 20e 9= \Ax12+y12; learCtgL;
X

Z,=x,+ jy,=2z,-e"2, 20e z, =«fx22 +y2; v, =arctgﬁ.
X

2

[lepeBoa U3 mokazarenbHON (OPMBI B aNredpandecKyo:

z-e*¥ = z(cosy + jsiny)=z-cosy + jz-siny =x+ jy,
X =Z-COSY; y=2z-siny.

CrnoxeHue U BHIUMTAHUE:

Ly=4,+7Z, = (2, + ) + 0, + ) =0 +x,) + (0 +3,)
= X3 + JYa,
X3=X+X5 Y3=Y11Y,,

Zy=2,—2Z,=(x,+ ) — (5 + jy,) =0 —x) + j (0 = »,) =
=X+ JY,
X=X =Xy Y3=Y1— Y,

YMHOXEHUE U TEJIEHUE:
Zl . ZZ =7- el Z,- elve — (21 . Zz) . ej(l//lJrl//Z).

i . ej(l//rllfz)
17 )
Zz Z,-¢€ ’ Z,

+j 4
Yot
/////} ZS
. S
e rol
/// // }
Zl ///I\/"b /// }
yl T ! i
I / !
N~ } / |
vt " A AT,
o< | |
| | !
| I
V3 | 1
0 X, X, X3 +1
+j 4
Y42,
7 // }
N i
L~ Yy [
//} {? b v/li
'y 3\,
.
X, ) X +1
i 2/// 3 WZ Xl
} /// AV
|
_ZZ}L/ ————————— y— 24
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