AneKTpoTexXHUKa
JomawHan padoTta Ne 2
«PacyeT anekTpn4yeckou uenu ogHodasHoOro
cCUHycouaaribHOro Toka»

OOpa3zeLl BbINOJIHEHUSA

3agaHue

Howmep BapnanTta COOTBETCTBYET
JBYM TOCJIETHUM IM(PpaM HOMEpa CTYACHUECKOTO OueTa

3AJAHUE JJISA BCEX BAPUAHTOB

Jli1st cxeMbl, COOTBETCTBYIOIIEH Baiiemy BapuaHTy, BBITIOJIHUTD CIAEAYIOIIEE:
1. ITo 3akonam Kupxroda cocTaBuTh CHUCTEMY ypaBHEHUM ISl pacu€ra TOKOB BO
BCEX BETBSIX, 3alucaB e€ B IByX (popmax:
a) IJI1 MTHOBEHHBIX 3HaueHui (nuddepennuansHas popma);
0) I KOMIUIEKCOB (CUMBOJIMYECKas opma).
2. OnpenenuTh KOMITJIEKCHI TOKOB B BETBSX JIIOOBIM METOJIOM.
3. OnpenenuTh MOKa3aHWE BATTMETPa ABYMS CIIOCOOAMHU:
a) C MOMOUIbIO BBIPAXKEHUS JIsI KOMILJIEKCOB TOKA U HAPSYKEHUS;
0) o ¢opmyne Ulcose.
[TocTpouTh BEKTOPHYIO WarpaMmy TOKa W HaIpsDKEHUS JUIsl BETBH, B KOTOPOU
u3MepsIach MOIHOCTb. Ha BEKTOpHOM anarpaMMe yka3aTh yrojl ¢=@u — QI.
4. [TocTpouTh BEKTOPHYIO TONOTPAPHUUECKYIO AUarpaMMmy TOKOB U HAIIPSKEHUH.
5. 3anucaTh BBIpAXEHUE JIJI1 MTHOBEHHOI'O 3HAYEHUsS TOKa 11 M mocTpouTth rpadux
3aBucuMOcCTH 1l(wt) B untepsane ot 0 mo 2.
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3ameuanue: oOmiee yciaoBHe M OOmMMIA PUCYHOK B Bam oT4€T BCTaBIATH HEOO0s3aTeIbHO!
B oTuére m0mKHBI OBITh PUCYHOK U JIaHHBIE, COOTBETCTBYIOIINE Baiiemy BapuaHTy.



METOINYECKHUE YKA3AHUS 11O BBIIIOJTHEHH IO

PACUETA.
IMPUMEP PACUYETA
e W a ﬂaHOZ
l' C) : R1 =42 Om,
Cl) L2=0,59 I,
) ) ) C3 =76 Mmx®d
e1 e3 >
'1T i 'ZT '3T L4 =040 s,
R1 ok Em]_ = 51 B,
n L2 Uab \Ijl = 7007
C3 i Em3 =99 B,
L4 w3 =200°,
f=631n
b
Puc. 1.

3ameuanne: Bce pacy€Thl MPOBOAATCS B OCHOBHBIX €IMHUIAX, IO3TOMY IIEPBBIM
aroM HeoOX0AUMO MTPOBECTH COOTBETCTBYIOIIUE MTPEOoOpa30BaHUS
UCXOJIHBIX JAHHBIX (T.€. 3aMEHUTH JI0JIbHBIC MPUCTABKU HA
COOTBETCTBYIOIIME MHOKUTENM: MUK Ha 1073, Muxpo 1a 107° u 1.1.).
B sTom citydae pe3ynbTaThl TOkE OYAyT BHIpAXKEHBI B OCHOBHBIX
eMHUIIAX, U Pa3MEPHOCTh Oy/IeM MHUCATh TOIBKO B KOHIIE.

1. NPEJBAPUTEJILHBIE PACUETBI

Hpencae, 4eM IPUCTYIIATh K BBIIIOJIHCHHUIO ITOCTABJICHHBLIX 3aJdda4d, BBIIIOJIHHUM
HCKOTOPBIC ITOATOTOBUTCIIBHLIC IlefICTBHHZ

1.1. Beruncienue komiiekcoB I/1C BeTBeii

[To ycnoButo mnst kaxknou DJC 3amansl ammumntyga Em u HavaneHas daza .
Uto6p1 3ammcate komruiekebl DJIC E, HyxHo mis kaxmor 3/[C BeIUMCIHTH eImIé
nerctytouee 3Hauenue E, nerictBurenbHyto Re E u manmyro Im E vactu:

E = ReE + jImE = Ee ¥

Em

E= v2 ReE=Ecosy ImE=Esiny

I[J'If{ HalllX NJAaHHBIX ITOJYYHUM:

E, = % =361 ReEi1=36,1cos70°=12,33 ImE;=36,1sin70°=33,9
E; = 3—; =70,0 ReE3=70,0cos200°=-658 ImE3=70,0sin200°=-23,9



1.2. BoiunciieHHe MOJHbIX KOMIIJIEKCHBIX CONPOTUBJIEHUI BeTBel
[TomHOE KOMITJIEKCHOE COMPOTHUBIIEHNE BETBU OIpeAesieTcs no hopMyIie:
Z=R+jX=R+j(X.— Xc)
rae R — akTMBHOE CONPOTHBIICHUE BETBHU;
X = X L — Xc — peakTUBHOE COIPOTUBJICHHUE;
XL = wL — peakTnBHOE UHAYKTUBHOE CONPOTUBIICHHUE;
Xc=1/ wC — peakTUBHOE EMKOCTHOE COIIPOTUBIICHUE;

® = 2nf — yrioBas 4acToTa.

HOI[CTaBI/IB YU CJIOBBIC 3HA4YCHM A, HOquI/IM:
Z1=Ri+ jowLs=R1+ jX14a=42,0 + 158,3]
Z2=jwl2=jX12=234j

Zz=1/jwlC3=—jXc3=-33,2j
Bce COIIPOTHUBJICHUSA I1I0JIYYCHBI B Owmax.

2. IO 3AKOHAM KUPXT'OPA COCTABUTH CUCTEMY
YPABHEHUN J1JI1 PACUETA TOKOB BO BCEX BETBSIX,
3AIIMCAB EE B IBYX ®OPMAX

2.1. Jlasi MTHOBEHHBIX 3HaYeHuii (1nddepennuanbuas ¢gopma):

[Ipu cocraBnenun ypaBHeHuidd mo 3akoHam Kupxroda B auddepenimaibHoM
dbopMe HY)KHO TMOMHHUTH CBSI3b MEXKJY TOKAaMU U HANPSHKEHUSAMH Ha OTIEIbHBIX
AJIEMEHTAaX JJIs MTHOBEHHBIX 3HAYEHU:

JUJIS aKTUBHOT'O CONPOTUBIICHUS:

u=Ri
JUTSL UHITYKTUBHOCTH:
! di
u=L—
dt
J11s1 EMKOCTH:
L
u=—=1|1
C

OTMeTuM JiJis1 yI00CTBA TPU JIOMOJHUTEIbHBIE TOYKHA: M, n U k (cM. puc. 1), He
SIBJISTIOIIIAECS y3JIaMHU.

Hannas nens (puc. 1) umeer 3 BeTBU U 2 y371a (a u b). [loaTtomy HEoOxoaMMO
COCTaBUTh CHUCTEMY TPEX YypaBHCHHH ¢ TpeMs Heu3BecTHbIMH. OIHO ypaBHEHHE
coctaBuM 1o 1-my 3akony Kupxroda, 1Ba — mo BTopomy:

ypaBHEHUE I y37a a:

ZL+i,+i3=0
ypaBHEHHE JJIs JIEBOTO KOHTYpa abnma:
di, di, ,
_LZE—I_LL}E-F Ryi; =0

ypaBHEHUE AJi IpaBoro KoHTypa akba:



1 (. di, ,
_C_3fl3dt+LZE+R1l1 = el

Takum oOpa3zom, mody4aem cHCTeMy 3 HHTErpo-auddepeHunalbHbIX
YPaBHEHUM C 3 HEM3BECTHBIMU TOKAMH 11, i2, 13:
fil + iz + i3 =0
g,
¢ dt

1 (. di, ]
L_C_Bf l3dt+L2%+Rlll = 81

di .
+L4E+ Rlll =0

2.2. JInst koMIJiekcoB (CHMBoJInYeckasi gpopma):

CBs3b MCXKAY KOMIUICKCAMH TOKOB H HaHpH)I(CHI/Iﬁ Ha OTACIIBHBIX
QJICMCHTAX UMCCT BHU .
AJIs1 aKTUBHOT'O COIIPOTUBJIICHUS:

I MTHOAYKTUBHOCTH:!

151 EMKOCTHU:

ypaBHEHUE JJId y37a a:
L+L+=0
ypaBHEHHE JJIs JIEBOro KOHTypa akba:
—JjX12Dp +jX1aly + R1I, = B4
ypaBHEHHE JJIsI MPABOT0 KOHTypa amnbka:
—(—JXc3lz) + jX12, = —Ej3
[TomyyaeMm cuctemy 3 ypaBHEHHUI ¢ 3 HEU3BECTHBIMU TOKaMu: 11, Iz, I3:
L+L+1=0
—JjX12Dp +jX1aly + R1I; = B4
—(—jXe3l3) +j X2, = —E3

3. OITPEJEJUTH KOMIIJIEKCHI TOKOB B BETBAX

[Tockonbky nanHas nenb (puc. 1) umeer 2 y3ma (a u b), nna e€ pacuéra
BOCTIOJIb3YEMCSI METOZIOM ABYX Y3JIOB.

B oOmem cnyyae ypaBHEHHME IJii KOMIUIEKCA MEXY3JIOBOTO HaIpPsHKEHUS
UMeeT BUJI;
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I7ie€ B YUCJIUTENE CTOUT CyMMa MO BCEM aKTHUBHBIM BETBSAM, & B 3HAMEHATENE — I10
BCEM BETBSIM. 3HaK «+» B unciurene BoiOupaercs, ecnu IJ1C HanpaBieHa npoTUB
Mexy3710BOoro HanpsokeHus Ugp .
Jnst paccmatpuBaemoil nienu (puc. 1) moxyyum:
B 5
A
+

<
3
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[

Z,
HOI[CTEIBJISI?I YU CJIOBBIC 3HAYCHMA, HOJIyT—II/IMI
Uab= —96,1 — 54,8

Toku B BETBSIX HalIEM 10 3aKOHY OMa /U1 aKTUBHOM BETBHU:

E —-U
L ==—=2-0,693-0,501j
Z
Es —U
L, ==—=2 = 0235-0,412j
Z>
E.—U
L = —32——‘1” = —0,927 + 0,913]
~3
4. OIIPEJEJIATH IOKA3BAHUE BATTMETPA JIBYMSI
CIIOCOBAMU

4.1. Onpene.mnb nmoxKa3danue BaTTMETpa ¢ NOMOIIBIKO BbIPAKCHUA NJA
KOMIIJICEKCOB TOKAa H HAIIPAKCHUA HA BATTMETPE

AKTHBHAasi MOIIHOCTh P JBYXIOIOCHHKA, XapaKTEPU3YEMOTO KOMILJIEKCOM

TOKa | 1 KOMIUIEKCOM HanpspkeHus: U, onpeaenseTcs BIpaKeHUEM:
P=Re(U-I")

rie [* — conpsukEHHBIN KOMIUIEKC TOKa, ReZ — aeiicTBUTENbHAS YacTh yncia Z.

BatTtmeTp Ha puc. 1 BKIIIOUEH TakK, UTO U3MEPSET aKTUBHYIO MOIITHOCTh y4acTKa
(IBYXITOJIOCHUKA), PACIOJIOKEHHOTO CIpaBa OT BartMeTpa. Kowmruiekc Toka
ATOr0 ABYXMNOJKOCHUKA [1, koMmuieke HanpsikeHUs Uap .

[ToacTaBuB YMCIIOBBIE 3HAYCHUS, TOJTYUYUM:

P = Re((—96,1 — 54,8j) » (0,693 + 0,501j)) = —39,2 (BT)

4.2. Onpeneantsb nokazanue Barrmerpa no gopmysie Ulcose:

Crpenka BaTTMETpa OTKJIOHSIETCS Ha BenuuuHy, paBHyro Ulcose, rae U -
JIEUCTBYIOIIEE HANTPSDKEHUS HAa OOMOTKE HANPsHKEHUsST BaTTMETpa, | — nericTBytomee
3HAUCHHUE TOKAa, BTEKAIOIIETO B OOMOTKY TOKa BaTTMETpa, (¢ — yroia capura a3
MEXK]Ty TOKOM U HaIpsHKEHUEM.

B paccmarpuBaemom ciydae (puc. 1) HampsbkeHHMe Ha  OOMOTKeE
HaIpsHKEHUST BAaTTMETPA Ugp, TOK, BTEKAIOMIMI B 0OMOTKY Toka 11. JleficTBytomue
3HAYCHMUS:

Uab = |Uap | = [—96,1 — 54,8j| = 110,6 (B)



I, = |l1| = 0,693 — 0,501j| = 0,855 (A)

VYrona casura ¢a3 Mexxy TOKOM U HaPsDKEHUEM ( paBEH Pa3HOCTU HaualbHbBIX
(a3 HanpsHKEHUS U TOKa:

m (U) @)\ .

= - = arct — arct
@ l/}Uab 1)[)11 g Re(gab) 9 Re(h)
Torz[a AKTHUBHAA MOIIIHOCTb.

P=Uaeliecos@=110,6 « 0,855 ¢ cos 245° = —39,2 (BT)

4.3. Ha BeKTOpPHOIi qUarpaMMe TOKAa U HANPSKEHUs BAaTTMeTPa yKa3aTh yroJl
» =9y — Y.
Ha xomIuiekCHOM IIOCKOCTH MOCTPOUM BEKTOPBI Uap U 1.
Ucxonss w3 BenuuuH jAeiicTtByrommx 3HaueHUd Uap u 11,  BbIOEpEM
CJIEAYIONINE MACIITAObI 111 BEKTOPOB HAIPSKEHUS U TOKA:

m; = 0,1C_M, my = 10C_M

BekTopHas nuarpamma n3zo0paxeHa Ha puc. 2.
*

Uab

Y

Puc. 2.

5. HOCTPOUTDH BEKTOPHYIO TOIIOI'PAONUYECKYIO
JIMATPAMMY TOKOB U HATIPSIKEHU

BekTopHas Tomorpadudeckas auarpaMma TOKOB M HAINPsSHKEHUH — 23TO
N300paKeHNE Ha KOMIUJICKCHOHN TUIOCKOCTH BEKTOPOB BCEX TOKOB M HAIPSHKCHUI
Ha  BceX OdJeMeHTax Iienu. [IpudéMm BEKTOphI HANPSHKCHWH JOKHBI OBITh
pPacroyIOKeHbl B TOM K€ TIOpAJIKE, YTO M DJIEMEHTHI Ienu. PexomeHmayercs
CHayaJia pa3MECTUTh Ha KOMIUIEKCHOM IUJIOCKOCTH TOYKHU, COOTBETCTBYIOIIHE
KOMITJIEKCHBIM TIOTEHIIMAJIOM BCEX TOYEK IEMH, a MOTOM COCIUHUTH COCEIHHE
TOUKU. Torga KaKIelii OTPE30K JuarpaMMbl OyJET COOTBETCTBOBATH AJIEMEHTY
TETIH.

Bri6epem 3a ypoBeHb 0TCuéTa MoTeHITMANIA TOUKY b Ha puc. 1: @gp = 0.

Torga mnoTeHHMANbl OCTAJIBHBIX TOYEK MOTYT OBITh HaWJEHbl MyTEM
no/icyéTa N3MEHEHUS MMOTEHIIN AN IPU JBUKEHUH OT TOYKU b (MM OT APYTUX TOUEK
C U3BECTHBIM MOTEHIIMAJIOM) K 3TUM ToukaM. [Ipu BbIOOpe MCXOAHON TOUKU U MyTH
MOYKHO PYKOBOJICTBOBATbCS IIPOCTOTOM PACUYETOB.



©a= @b+ Uao = Usp= —96,1 — 54,8]
©On=@b— jXrs® [1=—jXpse [1=—-79,4 — 109,7j
©Om=@a— E1=Uas—E1=-108,5 — 88,7j
©k= ©a— E3=Uap— E3=—-30,3 — 30,8j
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6. SAIIMCATD BBIPA’KEHUE JIJ151 MTHOBEHHOI'O
SHAYEHMUSA TOKA I1 1 TIOCTPOUTDH 'PA®PUK
3ABUCUMOCTH 11(2T) B UHTEPBAJIE OT 0 0 2I1.

BripakeHue 111 MTHOBEHHOTO 3HAYEHUS TOKA UMEET BU/I:
i=TImsin(wt+ yn)
riae I, = V2I - aMILTUTyAa Toka; [, = V2:0,855 = 1.209 (4);

| — netictByromee 3HaueHue; [; = 0,855; w = 2nf — yrnopas yactoTa;
-0,501

1 — HauanbHas (asa Toka; Y = arctg 0693 = —0,626 (pan).

3ameuanue: ecau Obl JEHCTBUTENbHAS YacTh TOKa Obula MeHbIIe Hys1: Rel; < 0,
TOrJa K HauadbHOU (haze HeoOX0auMO ObLII0 OBl JOOABUTH .
Urak, nonyyaem:
i1= 1,209 sin( wt — 0,626)
['pacduk 3TOM QyHKIMHN UMEET BU:
1 i
Iim=1,209
10 T

0,5
0 wt

-0;5 T3

-1,0"

yit=-0,626



